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The attached package contains background information prepared by the Food and Drug 
Administration (FDA) for the panel members of the Pharmacy Compounding Advisory 
Committee (advisory committee).  We are bringing certain compounding issues to this advisory 
committee to obtain the committee’s advice.  The background package may not include all issues 
relevant to the final regulatory recommendation and instead is intended to focus on issues 
identified by the Agency for discussion by the advisory committee.  The FDA background 
package often contains assessments and/or conclusions and recommendations written by 
individual FDA reviewers.  Such conclusions and recommendations do not necessarily represent 
the final position of the individual reviewers, nor do they necessarily represent the final position 
of the Review Division, Office, or Agency.   
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I. Introduction  
 

Section 503A of the Federal Food, Drug, and Cosmetic Act (FD&C Act) describes the 
conditions that must be satisfied for human drug products compounded by a licensed 
pharmacist in a State-licensed pharmacy or Federal facility, or by a licensed physician, to 
be exempt from the following three sections of the FD&C Act: section 505 (concerning 
the approval of drugs under new drug applications (NDAs) or abbreviated new drug 
applications (ANDAs)); section 502(f)(1) (concerning the labeling of drugs with adequate 
directions for use); and section 501(a)(2)(B) (concerning current good manufacturing 
practice (CGMP) requirements).   

 
The Drug Quality and Security Act added a new section 503B to the FD&C Act, under 
which a compounder can elect to register as an outsourcing facility. Outsourcing 
facilities, as defined in section 503B of the FD&C Act, are facilities that meet certain 
conditions described in section 503B, including registration with FDA as an outsourcing 
facility.  If these conditions are satisfied, a drug product compounded for human use by 
or under the direct supervision of a licensed pharmacist in an outsourcing facility is 
exempt from three sections of the FD&C Act: (1) Section 502(f)(1) (concerning the 
labeling of drugs with adequate directions for use); (2) section 505 (concerning the 
approval of human drug products under NDAs or ANDAs); and (3) section 582 
(concerning the requirements of the Drug Supply Chain Security Act).  Outsourcing 
facilities remain subject to CGMP requirements. Outsourcing facilities can compound 
drugs with or without receiving patient specific prescriptions or orders.  
 

A. Bulk Drug Substances That Can Be Used by Compounders 
under Section 503A 

 
One of the conditions that must be met for a compounded drug product to qualify for the 
exemptions in section 503A of the FD&C Act is that a licensed pharmacist or licensed 
physician compounds the drug product using bulk drug substances that meet one of the 
following criteria: 
 

(1) Comply with the standards of an applicable United States Pharmacopeia 
(USP) or National Formulary (NF) monograph, if a monograph exists, and the 
USP chapter on pharmacy compounding;  
(2) If such a monograph does not exist, are drug substances that are components 
of drugs approved by the Secretary; or  
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(3) If such a monograph does not exist and the drug substances are not 
components of drugs approved by the Secretary, appear on a list developed by the 
Secretary through regulations issued by the Secretary under subsection (c) of 
section 503A.   
 

(See section 503A(b)(1)(A)(i) of the FD&C Act.) 
 
FDA is considering those substances nominated for inclusion on the list of bulk drug 
substances that can be used to compound drug products under section 503A of the FD&C 
Act (503A Bulks List). As discussed at the February 2015 PCAC meeting, and as 
proposed in the Notice of Proposed Rulemaking published in the Federal Register of 
December 16, 2016 (81 FR 91071), FDA has proposed the following criteria to evaluate 
the nominated substances: 
 

(1) The physical and chemical characterization of the substance; 
(2) Any safety issues raised by the use of the substance in compounded drug 
products; 
(3) The available evidence of effectiveness or lack of effectiveness of a drug 
product compounded with the substance, if any such evidence exists; and 
(4) Historical use of the substance in compounded drug products, including 
information about the medical condition(s) the substance has been used to treat 
and any references in peer-reviewed medical literature. 

 
In evaluating the candidates for the 503A Bulks List under these criteria, the Agency has 
proposed to use a balancing test.  Specifically, the Agency has proposed to consider each 
criterion in the context of the others and to balance them, on a substance-by-substance 
basis, to decide whether a particular substance is appropriate for inclusion on the list. 
 

B. Drug Products and Categories of Drug Products that 
Present Demonstrable Difficulties for Compounding 

 
Both sections 503A and 503B of the FD&C Act require compounded drug products to 
satisfy several conditions to qualify for the statutory exemptions from the FD&C Act 
listed in each section. 
 
One of the conditions for the exemptions under section 503A is that the compounded 
drug product is not a drug product that “presents demonstrable difficulties for 
compounding that reasonably demonstrate an adverse effect on the safety or effectiveness 
of that drug product.” See section 503A(b)(3). 
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Similarly, one of the conditions for the exemptions under section 503B is that the 
compounded drug product “is not identified (directly or as part of a category of drugs) on 
a list published by the Secretary . . . of drugs or categories of drugs that present 
demonstrable difficulties for compounding that are reasonably likely to lead to an adverse 
effect on the safety or effectiveness of the drug or category of drugs, taking into account 
the risks and benefits to patients,” or “is compounded in accordance with all applicable 
conditions identified…as conditions that are necessary to prevent the drug or category of 
drugs from presenting [such] demonstrable difficulties.” See section 503B(a)(6). 
 
FDA is considering those substances nominated for inclusion on the list of drug products 
and categories of drug products that present demonstrable difficulties for compounding 
(Difficult to Compound List). As discussed at the March 2016 PCAC meeting, FDA 
proposes to apply six criteria to evaluate whether drug products or categories of drug 
products are difficult to compound under sections 503A and/or 503B of the FD&C Act: 
 

(1) The complexity of the formulation; 
(2) The complexity of the drug delivery mechanism;  
(3) The complexity of the dosage form; 
(4) The complexity of the bioavailability issues; 
(5) The complexity of the compounding process; and 
(6) The physicochemical or analytical testing complexity.  

 

II. Substances Nominated for Inclusion on the 503A Bulks 
List (in order of discussion at the meeting) 

 
A.   Astragalus (Tab 1) 

 
1. Nomination (Tab 1a) 

(a) Fagron 
 

2. Nomination Clarification (Tab 1b) 
(a) Fagron 

 
3. FDA Review (Tab 1c)  

 
B. L-Citrulline (Tab 2) 

 
1. Nominations (Tab 2a) 

(a) Professional Compounding Centers of America  
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(b) National Community Pharmacists Association 
(c) Fagron 
(d) International Academy of Compounding Pharmacists 

 
2. Nomination Clarification (Tab 2b) 

(a) Professional Compounding Centers of America 
(b) National Community Pharmacists Association 
(c) Fagron 
(d) International Academy of Compounding Pharmacists 

 
3. FDA Review (Tab 2c)  

 
C. Pregnenolone (Tab 3) 

 
1. Nominations (Tab 3a) 

(a) International Academy of Compounding Pharmacists 
(b) Fagron 
(c) Professional Compounding Centers of America 
(d) National Community Pharmacists Association 

 
2. Nomination Clarification (Tab 3b) 

(a) International Academy of Compounding Pharmacists 
(b) Fagron 
(c) Professional Compounding Centers of America 
(d) National Community Pharmacists Association 

 
3. FDA Review (Tab 3c)  

 
D. 7-Keto Dehydroepiandrosterone (Tab 4) 

 
1. Nomination (Tab 4a) 

(a) Fagron 
(b) International Academy of Compounding Pharmacists 
(c) McGuff Compounding Pharmacy Services, Inc. 
(d) National Community Pharmacists Association 

 
2. FDA Review (Tab 4b) 

 
E. Epigallocatechin Gallate (Tab 5) 

 
1. Nominations (Tab 5a)  

(a) Fagron 
 

2. Nomination Clarification (Tab 5b) 
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(a) Fagron 
 

3. FDA Review (Tab 5c) 
 

F. Resveratrol (Tab 6) 
 
1. Nominations (Tab 6a)  

(a) National Community Pharmacists Association 
 

2. Nominator Clarification (Tab 6b) 
(a) National Community Pharmacists Association 

 
3. FDA Review (Tab 6c) 

 

III. Drug Products and Categories of Drug Products That 
Present Demonstrable Difficulties for Compounding 

 
A. Liposome Drug Products (Tab 7) 

 
1. Nominations (Tab 7a) 

(a) AbbVie 
 

2. FDA Review (Tab 7b)  
 

B. Drug Products Produced Using Hot Melt Extrusion (Tab 8) 
 

1. Nominations (Tab 8a) 
(a) AbbVie 

 
2. FDA Review (Tab 8b)  

IV. Draft Points to Consider 
 

A. November 20, 2017, a.m. session 
 
Draft Points for the PCAC to Consider Regarding Whether to 
Include Certain Bulk Drug Substances on the 503A Bulks List  

 
1. FDA is proposing that astragalus NOT be included on the 503A Bulks 

List.  Should astragalus be placed on the list? 
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2. FDA is proposing that L-Citrulline for oral administration be INCLUDED 
on the 503A Bulks List.  Should L-Citrulline for oral administration be 
placed on the list?  

 
3. FDA is proposing that pregnenolone NOT be included on the 503A Bulks 

List.  Should pregnenolone be placed on the list? 
 
B. November 20, 2017, p.m. session 

 
Draft Points for the PCAC to Consider Regarding Whether to 
Include Certain Bulk Drug Substances on the 503A Bulks List  

 
1. FDA is proposing that 7-keto dehydroepiandrosterone NOT be included 

on the 503A Bulks List.  Should 7-keto dehydroepiandrosterone be placed 
on the list?  

 
2. FDA is proposing that epigallocatechin gallate NOT be included on the 

503A Bulks List.  Should epigallocatechin gallate be placed on the list? 
 

3. FDA is proposing that resveratrol NOT be included on the 503A Bulks 
List.  Should resveratrol be placed on the list? 
 

C. November 21, 2017, a.m. session 
 
Draft Points for the PCAC to Consider Regarding Whether to 
Include Certain Drug Products or Categories of Drug Products 
on the Difficult to Compound List  

 
1. FDA is proposing that liposome drug products be INCLUDED on the 

Difficult to Compound List under sections 503A and 503B of the FD&C 
Act.  Should liposome drug products be placed on the list?  

 
2. FDA is proposing that drug products produced using hot melt extrusion be 

INCLUDED on the Difficult to Compound List under sections 503A and 
503B of the FD&C Act.  Should drug products produced using hot melt 
extrusion be placed on the list?  

 

 
 
 
 
 



Tab 1 
 

Astragalus Extract 10:1 



Tab 1a 
 

Astragalus Extract 10:1 
Nominations  



 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 fagron.us Fagron - 2400 Pilot Knob Road - St. Paul, MN 55120 - Tel. (800) 423 6967 - Fax (800) 339 1596 

Division of Dockets Management (HFA-305) 
Food and Drug Administration 
Department of Health and Human Services  
5630 Fishers Lane  
Rm. 1061 
Rockville, MD 20852 
 
Re:  Docket FDA-2013-N-1525   
  

“List of Bulk Drug Substances That May Be Used in Pharmacy Compounding; Bulk Drug Substances 
That May Be Used To Compound Drug Products in Accordance With Section 503A of the Federal Food, 
Drug, and Cosmetic Act” 

 
Dear Sir or Madam, 
 
Fagron appreciates the opportunity to address the FDA’s request for nominations of bulk drug substances that 
may be used to compound drug products that are neither the subject of a United States Pharmacopeia (USP) or 
National Formulary (NF) monograph nor components of FDA-approved drugs. 
 
We hereby nominate the bulk drug substances in the attached spreadsheets for FDA’s consideration as bulk 
drug substances that may be used in pharmacy compounding under Section 503A.   
 
None of these items appear on an FDA-published list of drugs that present demonstrable difficulties for 
compounding.  In addition, none are a component of a drug product that has been withdrawn or removed from 
the market because the drug or components of the drug have been found to be unsafe or not effective. 
 
We include references in support of this nomination for your consideration. 
 
Thank you for your consideration. If Fagron can answer any questions, please contact me (j.letwat@fagron.com; 
847-207-6100).   
 
Respectfully submitted, 
 
 
Julie Letwat, JD, MPH 
Vice-President, Regulatory and Government Affairs 
 
  



 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 fagron.us Fagron - 2400 Pilot Knob Road - St. Paul, MN 55120 - Tel. (800) 423 6967 - Fax (800) 339 1596 

Re:  Docket FDA-2013-N-1525   
 
Substances submitted (see corresponding .xlxs file) 
 
7-Keto Dehydroepiandrosterone 
Acetyl-D-Glucosamine 
Aloe Vera 200:1 Freeze Dried 
Astragalus Extract 10:1 
Beta Glucan (1,3/1,4 –D) 
Boswellia Serrata Extract 
Bromelain 
Cantharidin 
Cetyl Myristoleate Oil 
Cetyl Myristoleate 20% Powder 
Chrysin 
Citrulline 
Dehydroepiandrosterone 
Deoxy-D-Glucose (2) 
Diindolylmethane 
Domperidone 
EGCg 
Ferric Subsulfate 
Glycolic Acid 
Glycosaminoglycans 
Hydroxocobalamin Hydrochloride 
Kojic Acid 
Methylcobalamin 
Nicotinamide Adenine Dinucleotide  
Nicotinamide Adenine Dinucleotide Disodium  Reduced (NADH) 
Ornithine Hydrochloride 
Phosphatidyl Serine 
Pregnenolone 
Pyridoxal 5-Phosphate Monohydrate 
Pyruvic Acid 
Quercetin 
Quinacrine Hydrochloride 
Ribose (D) 
Silver Protein Mild 
Squaric Acid Di-N-Butyl Ester 
Thymol Iodide 
Tranilast 
Trichloroacetic Acid 
Ubiquinol 30% Powder 
  



What is the name of the nominated ingredient? Astragalus Extract 10:1

Is the ingredient an active ingredient that meets the 
definition of “bulk drug substance” in § 207.3(a)(4)?

Yes. Astragalus is an active ingredient as defined in 207.3(a)(4) because when added to a 
pharmacologic dosage form it produces a pharmacological effect. References for Astragalas 
pharmacological actions are provided Wang B, Chen MZ. Astragaloside IV possesses antiarthritic 
effect by preventing
interleukin 1β-induced joint inflammation and cartilage damage. Arch Pharm Res.
2014 Jan 28. [Epub ahead of print] PubMed PMID: 24469603.
http://www.ncbi.nlm.nih.gov/pubmed/24469603

Agyemang K, Han L, Liu E, Zhang Y, Wang T, Gao X. Recent Advances in
Astragalus membranaceus Anti-Diabetic Research: Pharmacological Effects of Its
Phytochemical Constituents. Evid Based Complement Alternat Med. 2013;2013:654643.
Epub 2013 Nov 17. Review. PubMed PMID: 24348714; PubMed Central PMCID:
PMC3855992.
http://www.ncbi.nlm.nih.gov/pubmed/24348714

Lu L, Wang DT, Shi Y, Yin Y, Wei LB, Zou YC, Huang B, Zhao Y, Wang M, Wan H,
Li CJ, Diao JX. Astragalus polysaccharide improves muscle atrophy from
dexamethasone- and peroxide-induced injury in vitro. Int J Biol Macromol. 2013
Oct;61:7-16. doi: 10.1016/j.ijbiomac.2013.06.027. Epub 2013 Jun 29. PubMed PMID: 
23817095.
http://www.ncbi.nlm.nih.gov/pubmed/23817095

Wang RT, Shan BE, Li QX. [Extracorporeal experimental study on
immuno-modulatory activity of Astragalus membranaceus extract]. Zhongguo Zhong Xi
Yi Jie He Za Zhi. 2002 Jun;22(6):453-6. Chinese. PubMed PMID: 12585195.
http://www.ncbi.nlm.nih.gov/pubmed/12585195

Fagron
2400 Pilot Knob Road  
St. Paul, Minnesota 55120 - USA
(800) 423 6967
www.fagron.us



Is the ingredient listed in any of the three sections of the 
Orange Book?

The nominated substance was searched for in all three sections of the Orange Book located at 
http://www.accessdata.fda.gov/ scripts/cder/ob/docs/queryai.cfm. The nominated substance does 
not appear in any section searches of the Orange Book.

Were any monographs for the ingredient found in the USP 
or NF monographs?

The nominated substance was searched for at http://www.uspnf.com. The nominated substance is 
not the subject of a USP or NF monograph.

What is the chemical name of the substance? N/A
What is the common name of the substance? Bei Qi;Chinese Astragalus;Huang Qi;Huangqi;Membranous Milk Vetch (A. Membranaceus);Meng 

Gu Huang Qi (A. mongholicus);Milk Vetch;Milkvetch

Does the substance have a UNII Code? 922OP8YUPF
What is the chemical grade of the substance? No grade
What is the strength, quality, stability, and purity of the 
ingredient?

Extract Ratio: 10:1
Appearance & Color: Fine brown-yellow powder
Mesh Size: 100.0% through 80 mesh
Loss on Drying: ≤ 8.0%
Sulphated Ash: ≤ 5.0%
Solubility: 100% water soluble
Residual Solvents: None detected
Heavy Metals: ≤ 10ppm
Arsenic: ≤ 2ppm
Lead: ≤ 2ppm
Mercury: ≤ 2ppm
Cadmium: ≤ 2ppm
Total Plate Count: ≤ 10,000 cfu/g
Total Yeast & Mold: ≤ 500 cfu/g 
E. Coli: Negative
Salmonella: Negative
Staphylococcus: Negative

How is the ingredient supplied? Powder
Is the substance recognized in foreign pharmacopeias or 
registered in other countries?

Boiogito (Tsumura, Jpn) ,Daibofuto (Tsumura, Jpn) ,Defense (Future, Canad.) ,Echinacea Plus 
(Eagle, Austral.) ,Echinacea Royale (Eagle, Austral.) ,Elgucare (YSP, Malaysia) ,Eutears 
(Eupharmed, Ital.) ,Hangebyakujutsutemmato (Tsumura, Jpn) ,Hemofer (Pangaoshou, Philipp.) 
,Hochuekkito (Kracie, Jpn ; Tsumura, Jpn) ,Juzentaihoto (Tsumura, Jpn) ,Kamikihito (Tsumura, 
Jpn) ,Kihito (Tsumura, Jpn) ,Kyolic 103 (Quest, Canad.) ,Masculine Herbal Complex (GNLD, 
Austral.) ,NeuroAid (Moleac, Malaysia) ,NeuroAid (Moleac, Singapore) ,Ninjin'yoeito (Kracie, Jpn ; 
Tsumura, Jpn) ,Ogikenchuto (Tsumura, Jpn) ,Olf (GNLD, Austral.) ,Raylis (Promo-Med, Rus.) 
,Seishinrenshiin (Tsumura, Jpn) ,Seishoekkito (Tsumura, Jpn) ,Shichimotsukokato (Tsumura, Jpn) 
,Shine Growell (YSP, Malaysia) ,Tokiinshi (Tsumura, Jpn) ,Tokito (Tsumura, Jpn) ,Withania 
Compound (Phytomedicine, Austral.)



Has information been submitted about the substance to 
the USP for consideration of monograph development?

No USP Monograph submission found.

What dosage form(s) will be compounded using the bulk 
drug substance?

Capsule

What strength(s) will be compounded from the nominated 
substance?

500mg

What are the anticipated route(s) of administration of the 
compounded drug product(s)?

Oral

Are there safety and efficacy data on compounded drugs 
using the nominated substance?

Wang B, Chen MZ. Astragaloside IV possesses antiarthritic effect by preventing
interleukin 1β-induced joint inflammation and cartilage damage. Arch Pharm Res.
2014 Jan 28. [Epub ahead of print] PubMed PMID: 24469603.
http://www.ncbi.nlm.nih.gov/pubmed/24469603

Matkovic Z, Zivkovic V, Korica M, Plavec D, Pecanic S, Tudoric N. Efficacy and
safety of Astragalus membranaceus in the treatment of patients with seasonal
allergic rhinitis. Phytother Res. 2010 Feb;24(2):175-81. doi: 10.1002/ptr.2877.
PubMed PMID: 19504468.
http://www.ncbi.nlm.nih.gov/pubmed/19504468

Agyemang K, Han L, Liu E, Zhang Y, Wang T, Gao X. Recent Advances in
Astragalus membranaceus Anti-Diabetic Research: Pharmacological Effects of Its
Phytochemical Constituents. Evid Based Complement Alternat Med. 2013;2013:654643.
Epub 2013 Nov 17. Review. PubMed PMID: 24348714; PubMed Central PMCID:
PMC3855992.
http://www.ncbi.nlm.nih.gov/pubmed/24348714

Has the bulk drug substance been used previously to 
compound drug product(s)?

Capsules

What is the proposed use for the drug product(s) to be 
compounded with the nominated substance?

Astragalus has been shown to act as an anti-diabetes, Adaptogen, and Immune modulator

What is the reason for use of a compounded drug product 
rather than an FDA-approved product?

There are no FDA approved preparations with Astragalus Astragalus has been used for its mood 
and immunomodulating effects. (http://www.ncbi.nlm.nih.gov/pubmed/25087616)

Is there any other relevant information? All relevant information was expressed in the above questions
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Astragalus Extract 10:1 
Nomination Clarification  



			
	Astragalus	Extract	10:1		

	
	

Reviewer:		 Food	and	Drug	Administration	
CDER/OC/OPRO	
10903	New	Hampshire	Ave.,	Bldg	51,	Rm	3249	
Silver	Spring,	MD	20903	
(240)	402-8866	

	 	
	

	
Nominator:			 Fagron,	Inc.	

2400	Pilot	Knob	Road	
St	Paul,	MN	55120	
(800)	423-6967	
www.fagron.us	

	
	
	
Questions	&	Answers:	
	
Introduction:		
FDA	is	contacting	you	in	regard	to	your	submitted	nominations	for	“astragalus	extract	10:1”	to	be	considered	for	
the	503A	bulk	drug	substances	list	for	oral	administration.	Clarification	of	the	points	identified	below	is	intended	to	
help	guide	the	FDA	review	and	discussion	with	the	FDA’s	Pharmacy	Compounding	Advisory	Committee.		
Questions:		
	
1.	A	number	of	potential	uses	for	products	compounded	with	astragalus	extract	10:1	are	identified	in	your	
nomination.	You	have	proposed	that	astragalus	extract	10:1	be	used	to	treat	diabetes.	Further,	we	wish	to	clarify	
that	you	are	also	proposing	each	of	following	uses.		
a.	Treatment	of	“seasonal	allergic	rhinitis”		
b.	Treatment	of	“arthritis”		
	

-	The	articles	submitted	in	the	nomination	relative	to	allergic	rhinitis	and	arthritis	were	included	to	show	
safety.1,2	In	addition	the	article	relative	to	allergic	rhinitis	suggests	use	for	immune	modulation.1	

-	The	majority	of	literature	found,	supports	applications	in	the	treatment	of	diabetes	and	use	in	immune	
modulation.	As	such,	the	nomination	will	focus	there	for	“proposed	use	in	compounding.3,4,5,6,7,8”	

	
2.	The	term	“immune	modulator”	is	stated	in	your	nomination	as	“a	proposed	use	for	a	drug	product	to	be	
compounded	with	the	nominated	substance.”	Immune	modulation	is	a	non-specific	description	of	the	actions	of	
the	substance	and	does	not	identify	a	particular	disease	or	condition.	Please	specify	the	health	related	condition(s)	
or	disease(s)	that	is/are	responsive	to	immune	modulation	with	astragalus	extract	10:1	and	provide	scientific	
article(s)	that	support	each	health	related	condition	or	disease.		
	
	 -	Allergic	rhinitis1	
	 -	Wound	healing6	
	 -	Asthma9	

-	Herpes	simplex	Keratitis10	

	
	 	



	 		
	
3.	The	UNII	code	provided	in	your	nomination	(922OP8YUPF)	corresponds	to	Astragalus	propinquus	root.	Please	
identify	the	botanical	raw	material	for	“astragalus	extract	10:1”	with	respect	to	genus,	species,	variety,	and	plant	
part	(e.g.,	root	or	other).	Please	identify	the	solvent	used	in	the	extraction	process.		
	

- Botanical	source:	astragalus	membranceus	(syn.	propinquus)	
- Extraction	solvents:	water	and	ethanol	
- Plan	part:	whole	root	

	

1  Matkov c	Z,	Z vkov c	V,	Kor ca	M,	P avec	D,	Pecan c	S,	Tudor c	N 	Eff cacy	and	safety	of	Astraga us	membranaceus	 n	the	treatment	of	
pat ents	w th	seasona 	a erg c	rh n t s 	Phytother	Res 	2010	Feb;24(2):175 81 	

2  Wang	B,	Chen	MZ 	Astraga os de	 V	possesses	ant arthr t c	effect	by	prevent ng	 nter euk n	1β nduced	 o nt	 nf ammat on	and	
cart age	damage 	Arch	Pharm	Res 	2014	Jan	28 	 Epub	ahead	of	pr nt]	PubMed	PM D:	24469603 	

3  L u	M,	Wu	K,	Mao	X,	Wu	Y,	Ouyang	J 	Astraga us	po ysacchar de	 mproves	 nsu n	sens t v ty	 n	KKAy	m ce:	regu at on	of	PKB/GLUT4	
s gna ng	 n	ske eta 	musc e 	J	Ethnopharmaco 	2010	Jan	8;127(1):32 7 	

4  Agyemang	K,	Han	L,	L u	E,	Zhang	Y,	Wang	T,	Gao	X 	Recent	Advances	 n	Astraga us	membranaceus	Ant D abet c	Research:	
Pharmaco og ca 	Effects	of	 ts	Phytochem ca 	Const tuents 	Ev d	Based	Comp ement	A ternat	Med 	2013;2013:654643 	

5  Zou	F,	Mao	XQ,	Wang	N,	L u	J,	Ou Yang	JP 	Astraga us	po ysacchar des	a ev ates	g ucose	tox c ty	and	restores	g ucose	homeostas s	 n	
d abet c	states	v a	act vat on	of	AMPK 	Acta	Pharmaco 	S n 	2009	Dec;30(12):1607 15 	

6  Zhao	B,	Zhang	X,	Han	W,	Cheng	J,	Q n	Y 	Wound	hea ng	effect	of	an	Astraga us	membranaceus	po ysacchar de	and	 ts	mechan sm 	
Mo 	Med	Rep 	2017	Jun;15(6):4077 4083 	

7  Denz er	KL,	Waters	R,	Jacobs	BL,	Rochon	Y,	Lang and	JO 	Regu at on	of	 nf ammato y	gene	express on	 n	PBMCs	by	
mmunost mu atory	botan ca s 	PLoS	One 	2010	Sep	3;5(9):e12561 	

8  Q n	Q,	N u	J,	Wang	Z,	Xu	W,	Q ao	Z,	Gu	Y 	Astraga us	embranaceus	extract	act vates	 mmune	response	 n	macrophages	v a	
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I. INTRODUCTION 
Astragalus extract 10:1 has been nominated for inclusion on the list of bulk drug substances for 
use in compounding under section 503A of the Federal Food, Drug, and Cosmetic Act (FD&C 
Act) for use in the treatment of diabetes mellitus, allergic rhinitis, wound healing, asthma, and 
herpes simplex keratitis.  The proposed route of administration is oral, and capsules are the 
proposed dosage form.1    
 
We have reviewed publicly available data on the physicochemical characteristics, safety, 
effectiveness, and historical use in compounding of this substance.  For the reasons discussed 
below, we believe the evaluation criteria weigh against placing astragalus extract 10:1 on the list 
of bulk drug substances that can be used to compound drug products in accordance with section 
503A of the FD&C Act (503A Bulks List).    

 
II. EVALUATION CRITERIA 

A. Is the substance well characterized, physically and chemically, such that it is 
appropriate for use in compounding?2 

The nominated drug substance, astragalus extract 10:1 (1 gram of extracts from 10 grams of raw 
material) is not considered to be well-characterized for use in compounding for the following 
reasons:  
 
• The botanical raw material, astragalus root (also known as Astragali Radix/AR, or Huangqi 

in Chinese), is the dried root of Astragalus membranaceus (Fisch.) Bge. and another variety, 
A. membranaceus (Fish.) Bge. var. mongholicious (Bge.). The growing/cultivation 
conditions and different taxa of astragalus can affect the chemical profile and other properties 
of the botanical raw material.  It is not known whether all astragalus preparations that are 
marketed, or used in the studies described in this review, are made only from the root of 
these plants. 

 
• Typically, hot water or an aqueous ethanol solution may be used as solvents for extraction of 

the astragalus root.  However, the detailed manufacturing processes, such as extraction 
solvent(s) and related conditions (e.g., solvent-botanical raw material ratio, temperature) that 

                                                 
1 Astragalus intended for ingestion was also nominated for use as an “adaptogen” and “immune modulator.”  This 
review focuses on astragalus’s use in the treatment of diabetes mellitus, allergic rhinitis, wound healing, asthma, and 
herpes simplex keratitis because substances intended for ingestion for the other nominated uses are generally 
regulated by FDA as foods, not drugs. 
 
2 Among the conditions that must be met for a drug compounded using bulk drug substances to be eligible for the 
exemptions in section 503A of the FD&C Act is that the bulk drug substances are manufactured by an establishment 
that is registered under section 510 of the FD&C Act and that each bulk drug substance is accompanied by a valid 
certificate of analysis.  Sections 503A(b)(1)(A)(ii) and (iii).  A bulk drug substance is deemed to be adulterated if the 
methods used in, or the facilities or controls used for, its manufacture, processing, packing, or holding do not 
conform to or are not operated or administered in conformity with current good manufacturing practice. Section 
501(a)(2)(B). 
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have been used to produce the nominated astragalus extract 10:1, are essentially unknown.  
The manufacturing processes for producing the astragalus extract, as well as the raw material 
quality, are some of the important factors that could directly impact the chemical profiles and 
other properties of the astragalus extract.    

 
• Astragalus extract 10:1 is a complex and not well-defined mixture. There are approximately 

100 known compounds identified from the astragalus root and its various extracts.  The 
known compounds can be classified as the following groups of molecules: polysaccharides, 
saponins, flavonoids, amino acids, and trace elements.  However, the known and fully 
characterized compounds taken together are a small percentage of the whole astragalus 
extract.  We have included in this review data from studies of other astragalus preparations, 
because these data could be relevant to the nominated substance, astragalus extract 10:1.  
However, it should be noted that the degree of relevance is unknown because the nominated 
drug substance, and often the preparations used in published studies, are not well described 
and potentially not well characterized.  Therefore, they cannot be easily compared, 
qualitatively or quantitatively. 

 
• There are a few fully characterized saponins and flavonoids that have been used as 

representative chemical marker compounds for quality control of astragalus and its extracts.  
However, there are no data to suggest that these chemical marker compounds are the major 
active molecules relevant to the proposed compounding drug use.    

 
There are challenges to utilize available analytical techniques to characterize and quantify the 
large number of the potentially bioactive components, such as polysaccharides, in a given 
astragalus extract.  The following sections discuss the botanical raw material, extracts and related 
products.  Available information suggests that astragalus extract is complex and not well-
characterized.   

 
Astragalus species and monographs: Astragalus root (Astragali Radix, or astragalus) is the dried 
root of Astragalus membranaceus (Fisch.) Bge. and A. membranaceus (Fish.) Bge. var. 
mongholicious (Bge.), as defined in the Pharmacopoeia of the People’s Republic of China (2015 
Edition) (ChP). In addition to the ChP, the Japanese Pharmacopoeia (16th Edition) (JP) and 
European Pharmacopoeia (9th Edition, 2017, 9.2) (EP) also have astragalus root monographs.3  
The ChP, JP, and EP monographs refer to the same botanical sources of astragalus root, but 
adopted different binomial nomenclature conventions (see Appendix 1).  This may be related to 
the fact that the genus Astragalus is very large, with more than 2,000 species distributed 
worldwide.  The expert opinions on the taxonomy of some of the closely related astragalus taxa 
may change from time to time.  Most of the species are commonly known under the name 
milkvetch, which may prevent specificity in the collection and commercial use of astragalus root.  
Misidentification of astragalus species may cause commercially available astragalus root raw 
materials to be collected from species that are not listed in the ChP, JP, or EP, which adds 
potential variability and concerns about the identity, and chemical compositions that may impact 
the quality, safety, and therapeutic potential of material marketed as astragalus root.   
 
                                                 
3 Alternative Medicine Review Volume 8, Number 1: 72 (2003) 
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Major known components of astragalus extracts:   The major known components from 
astragalus root are grouped as four major classes of chemical entities: polysaccharides, saponins, 
flavonoids, and other constituents (e.g., amino acids and trace elements). The detailed 
quantitative data on the compositions of the nominated substance, astragalus extract 10:1, are not 
known.  The chemical profile of a particular astragalus root extract is highly dependent on the 
sources and quality of the raw material and the manufacturing processes, such as extraction 
solvents, methods, and conditions (e.g., temperature, solvent ratio).  Approximately one hundred 
compounds have been identified from astragalus root (Fu et al. 2014).  The ChP used 
astragaloside IV (ASIV)4 and calycosin-7-O-β-D-glucoside as identification markers using a high 
performance liquid chromatography (HPLC) method.  Both JP and EP listed ASIV as an 
identification marker for astragalus using a thin-layer chromatography (TLC) method.  However, 
these identification markers comprise only a small fraction (0.05% and 0.005% for ASIV and 
calycosin-7-O-β-D-glucoside, respectively) of astragalus root.  Thus, quantification of two minor 
albeit representative chemical markers is not adequate as a quality standard for supporting the 
compounding drug use of astragalus extract 10:1. 
 
• Polysaccharides: In general, naturally occurring polysaccharides from botanicals are difficult 

to accurately analyze and quantify in order to measure the composition consistency on a 
regular basis.  A series of advanced analytical methods, including gel chromatograph, 
hydrolysis reaction, and gas chromatography-mass spectrometry (GC-MS) analysis of the 
sugar fragments, are needed (Tomoda et al. 1992).  There are limited literature data on the 
polysaccharide components of astragalus with detailed structural and quality data to 
differentiate various extracts/products.  Representative astragalus polysaccharides were: i) 
astragalan I, a heteropolysaccharide containing D-glucose, D-galactose, and L-arabinose in 
the ratio of 1.75:1.63:1 with the molecular weight of 36kD; ii) astragalan II and III, α-(1,4)-
glucans with molecular weights of 12kD and 34kD, respectively (Agyemang et al. 2013).  
Even for a partially purified astragalus extract with the polysaccharides as the major 
components, their quality will still be significantly affected by the sources (i.e., raw material) 
and process procedures/conditions (as the polysaccharides may break down to smaller 
molecules under unfavorable conditions like high temperature and moisture).  Extensive 
analyses with advanced analytical techniques would be necessary to demonstrate that 
different batches of a product contain similar polysaccharides at consistent weight 
percentages.  
 

• Triterpenoid Saponins: Astragalus root contains a series of cycloartane triterpene glycosides, 
such as astragalosides I-VII (saponins) with the aglycone cycloastragenol and one to three 
sugars attached at the 3-, 6-, and 25-position (Monographs Astragalus membranaceus 2003). 
Among those saponins, astragaloside IV (see Figure 1) is one of the presumed major active 
components that has been purified and fully characterized via HPLC, MS, nuclear magnetic 
resonance (NMR), and other spectroscopic/spectrometric techniques (Wang and Chen 2014) 
and commonly used as a characteristic marker compound for the identification of astragalus 
root botanical raw material (Ma et al. 2002).  

 

                                                 
4 ASIV is the name of a chemical compound.  It does not signify a route of administration.  
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• Flavonoids: There are more than twenty flavones and flavonoid glycosides that have been 
isolated and characterized from various astragalus species through HPLC, liquid 
chromatography-mass spectrometry (LC-MS), and other spectroscopic/spectrometric 
techniques (Arias et al. 1991; Lin et al. 2000; Zhang et al. 2007). The structure of a 
representative flavonoid glycoside, calycosin-7-O-β-D-glucoside, is shown in Figure 1. 

    
• Other constituents: Astragalus root contains approximately 20 trace elements such as 

scandium, chromium, cobalt, copper, selenium, molybdenum, cesium, iron, manganese, zinc, 
and rubidium (Ye et al. 1999).  Amino acids, and likely also proteins, are present in 
astragalus root.   

 
Figure 1. Chemical structures of representative compounds from astragalus extract. 
 
Commercial astragalus extract products: Astragalus root and various extracts are currently 
marketed in the US as dietary ingredients of dietary supplement products, including combination 
products made from astragalus, likely the root of the plant, and other botanical and non-botanical 
ingredients. There are a number of astragalus extracts that have been marketed in Asia and 
European countries as herbal medicines or healthy food products.  Those products are often very 
complex, without characterization and quantification of even the most abundant classes of 
chemical constituents.  The nomination did not provide information explaining what is meant by 
the name astragalus extract 10:1, but the description 10:1 may refer to a standard water/aqueous 
ethanol extract with 10 grams of the astragalus root producing 1 gram of the extract.  

 
A few partially purified astragalus extracts containing mainly polysaccharides are commercially 
available in China with quality information of some products reported in the literature. For 
example, PG2® (provided by PhytoHealth Corp., Taiwan) is such a product.  PG2 is extracted, 
and then partially purified to yield the active fraction with mainly polysaccharides from A. 
membranaceus var. mongholicus.  The molecular weights of the polysaccharides in PG2 range 
between 20 to 60 kD. The dominant polysaccharides in this product are α-1,4-linked glucans 
with varying degrees of branching at the 6 positions of the backbone residues.  PG2 has recently 
been clinically investigated in cancer patients for relieving cancer-related fatigue through 
intravenous injection (Kuo et al. 2015).  Without the details of the raw material control and other 
manufacturing processes, the available analytical techniques for characterization could not allow 
us to determine whether different batches of PG2 will have consistent quality even if those 
batches have similar molecular weight range and/or linkage/branching information.  Available 
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characterization data of the polysaccharides in PG2 appear inadequate to allow us to determine 
that future manufactured batches of PG2 will be comparable with the ones used in clinical 
studies for drug use.      
 

1. Stability of the API and likely dosage forms 
No detailed data were found on stability.  Some classes of the known compounds in astragalus 
extract (such as polysaccharides and glycosides) may be hydrolyzed to smaller sized molecules 
in liquid formulations. 

 
2. Probable routes of API synthesis  

The nominated substance is a botanical-derived natural product, which is not synthesized. 
 

3. Likely impurities5 
For botanical products, the “impurities” are typically defined as the “contaminants” (e.g., heavy 
metals, pesticides).  Various chemical classes of naturally occurring molecules (e.g., amino 
acids, peptides, proteins, fatty acids/lipids, polysaccharides, etc.) may be considered as part of 
the active ingredient and are generally not considered as impurities.  The possible impurities in a 
given astragalus extract may include:  
 

• Residual organic solvents used in the manufacturing and purification process  
• Bioburden (e.g., microbial content, yeast, or mold) and microbial metabolites (e.g., 

aflatoxins) 
• Inorganic impurities, including heavy metals linked to the source of the starting material 

(e.g., lead, arsenic, or mercury) 

4. Toxicity of those likely impurities 
We do not have sufficient data on the specific amounts of impurities or about the likelihood of 
their presence and amounts in the bulk drug substance to determine their potential toxicity. 
 

5. Physicochemical characteristics pertinent to product performance, such as particle 
size and polymorphism  

No information is available. 
 

6.  Any other information about the substance that may be relevant, such as whether the 
API is poorly characterized or difficult to characterize. 

 
Astragalus extract contains a complex mixture of more than four classes of chemical entities and 
other, not yet completely characterized, components.  One of such chemical classes is 

                                                 
5 This review contains a non-exhaustive list of potential impurities in the bulk drug substance and does not address 
fully the potential safety concerns associated with those impurities.  The compounder should use the information 
about the impurities identified in the certificate of analysis accompanying the bulk drug substance to evaluate any 
potential safety and quality issues associated with impurities in a drug product compounded using that bulk drug 
substance taking into account the amount of the impurity, dose, route of administration, and chronicity of dosing. 
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polysaccharides, which are heterogeneous molecules and are difficult to fully characterize and 
quantify individually.  Moreover, the botanical source, cultivation and collection practices, and 
manufacturing processes that are used to produce various astragalus extracts are important 
factors in determining the chemical composition and other physicochemical properties of the 
astragalus extracts.  Without adequate control of the botanical raw material and manufacturing 
processes, it would be difficult to ensure the quality and therapeutic consistency of different 
batches of astragalus extracts, especially for extracts made by different manufacturers.   
 
Conclusions: Based on its characterization data and physicochemical characteristics, astragalus 
extract 10:1 is not well characterized, as it contains hundreds of known and unknown chemical 
entities (especially polysaccharides).  The majority of these molecules will be difficult to 
characterize and quantify by available analytical techniques, which presents challenges for 
quality control of astragalus extract 10:1 and products produced from it.  
 

B. Are there concerns about the safety of the substance for use in compounding? 
1. Pharmacology, toxicology, and pharmacokinetics 

The following database(s) were consulted regarding astragalus in the preparation of this portion 
of this review: Embase, PubMed, and Web of Science.  

a. General pharmacology of the drug substance 
 

A large body of research points to a relationship between astragalus and several biological 
activities including immunomodulatory, anti-oxidant, anti-tumor, anti-diabetes, antiviral, 
hepatoprotective, anti-inflammatory, anti-atherosclerosis, hematopoiesis, and neuroprotection 
properties.  The relationship between the bioactivity of astragalus and disease mitigation is not 
well understood.  
 
Astragalus has been shown to activate various immune pathways, and activation of those 
pathways is a potential mechanism for inducing various pharmacological activities.  Astragalus 
membranaceus polysaccharide was evaluated in a murine H22 hepatocarcinoma model.  At 
doses of 100 and 400 mg/kg, astragalus polysaccharide inhibited the growth of H22 
hepatocarcinoma in “Bagg albino” BALB/c mice.  It also increased the phagocytotic function of 
macrophages, increased interleukin (IL)-2, IL-12 and tumor necrosis factor (TNF)-α production 
and decreased IL-10 levels in serum (Yang et al. 2013). 
 
ASIV (3-O-b-D-xylopyranosyl-6-O-b-D-glucopyranosylcyl-cloastragenol), a lanolin alcohol-
shaped tetracyclic triterpenoid saponin, is one of the major active substances of Astragalus 
membranaceus.  ASIV has been shown to increase levels of glutathione peroxidase and 
superoxide dismutase, with the potential to attenuate oxidative stress (Luo et al. 2004; Cao et al. 
2014). ASIV inhibits nuclear factor (NF)-ĸB and Jun N-terminal kinase (JNK) signaling pathway 
resulting in the downregulation of TNF-α, IL-1b and other inflammatory cytokines (Huang et al. 
2017).  It can also enhance expression of major histocompatibility complex molecules and 
increase production of IL-2 and IL-6, both resulting in improved T-cell responses (Lin et al. 
2011).   
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Other constituents of astragalus include flavonoids, which have been shown to exert 
antioxidative effects (Bian and Li 2008).   
 
ASIV has been found to aid in calcium homeostasis by improving the activity of calcium pumps, 
an important factor in proper execution of myocardial calcium transport and cardiac function (Li 
and Cao 2002).   
 
Below is an overview of the published nonclinical information as it relates to each of the uses 
that were proposed for astragalus.  
 
Diabetes Mellitus:  ASIV treatment of mice with type 2 diabetes resulted in reduced glycogen 
phosphatases and glucose-6-phosphatases in the liver, leading to reduced blood sugar and 
triglycerides (Lv et al. 2010).  
 
Astragalus lowered the incidence rate and postponed the onset of diabetes mellitus (DM) in type 
1 DM mice (Chen et al. 2008).  In a study using a rat model of type 2 diabetes, astragalus 
constituents were associated with lower blood glucose levels and body weight and an 
improvement in impaired glucose tolerance  (Liao and Shi 2007).  Astragalus polysaccharides 
(700 mg/kg/day) ameliorated the hyperglycemia status, insulin sensitivity, glucose uptake, and 
activation level of AMPK6 in diabetic rats after 8 weeks of dosing (Zou et al. 2009).  Activation 
of AMPK increased liver glycogen synthesis and skeletal muscle glucose translocation.  
 
Allergic rhinitis:  No nonclinical or clinical pharmacology data were found specific to 
astragalus’ effects in allergic rhinitis. 
 
Wound healing:  ASIV solution at concentrations of 25–100 µM increased the migration and 
proliferation of keratinocytes and promoted wound healing by improving wound closure and skin 
tensile strength recovery, and inhibiting scar formation via regulating collagen synthesis and the 
ratio of type I/type III, modulating collagen deposition and reducing the concentration of 
collagen I/III and TGF-b1 secretion by fibroblasts in vitro and in vivo.  ASIV is thought to 
modulate the above mentioned cellular effects via activation of src/MEK/ERK signaling pathway 
in multiple cell lines [Reviewed in (Li et al. 2017)]. 
 
Using an in vitro model, a polysaccharide, APS2-1, isolated and purified from Astragalus 
membranaceus was shown to promote human skin fibroblast propagation and accelerate cell 
cycle progression.  Using an in vivo scalded mouse model, the same authors showed that a 
number of biochemical parameters were affected by the addition of APS2-1 (e.g., cyclin D1, 
inhibitor of nuclear factor κBα, transforming growth factor -β1, basic fibroblast growth factor 
and epidermal growth factor).  Changes were also confirmed by histopathological observation of 
the wounded areas, which suggest that APS2-1 has the potential of accelerating wound healing 
among treated mice compared to non-treated control counterparts (Zhao et al. 2017). 
 

                                                 
6 AMPK or 5' adenosine monophosphate-activated protein kinase is an enzyme that plays a role in cellular energy 
homeostasis. 
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In vitro studies using compounds isolated from astragalus species and astragalus-containing 
mixtures of herbs promoted human skin fibroblast propagation and cell cycle progression (Zhao 
et al. 2017), and upregulation of genes involved in angiogenesis in endothelial cells (Tam et al. 
2014).  An in vivo study suggested a role for such compounds in accelerating skin wound 
healing in diabetic mice (Luo et al. 2016).    
 
Asthma: Shen et al. (2008) found that daily intraperitoneal injections of  an aqueous extract of 
Astragalus membranaceus, prepared by boiling powdered Astragalis radix, to ovalbumin 
sensitized mice as a chronic asthma model for 28 days decreased airway hyperreactivity, 
decreased inflammatory infiltration and mucus secretion in the lung, and decreased 
proinflammatory cytokine production.  Subsequently, compounds isolated from astragalus 
species and astragalus-containing mixtures of herbs have shown anti-inflammatory activity in the 
airways of mice with ovalbumin-induced asthma (Yang et al. 2013; Chen et al. 2014; Lu et al. 
2016).   
 
The study of the protective effect of ASIV on the respiratory system of rodents has mainly 
focused on anti-asthma treatment.  ASIV regulated eosinophilic and ovalbumin-induced asthma 
by inhibiting the expression of CC chemokine receptor (CCR) 3, intercellular adhesion molecule 
(ICAM)-1, α-smooth muscle actin (SMA), vascular endothelial growth factor (VEGF), 
transforming growth factor (TGF)-β1, thymic stromal lymphopoietin (TSLP), the content of 
tumor necrosis factor (TNF)-α, granulocyte macrophage colony-stimulating factor (GM-CSF) 
and increasing cluster of differentiation (CD)4+, CD25+, forkhead box (Fox) p3, regulatory T 
cells (Tregs), and other cytokines [Reviewed in (Li et al. 2017)]. 
 
Herpes simplex keratitis: In vitro, astragalus polysaccharide protected astrocytes from infection 
by herpes simplex virus HSV-1 (Shi et al. 2014).  A preparation of Astragalus membranaceus 
appeared to affect serum cytokine levels in patients with herpes simplex keratitis, improving 
levels of IL-4, IL-10, IL-2, and gamma-interferon (IFN) (Mao et al. 2004).  
 
Conclusions: Nonclinical pharmacology studies suggest a potential mechanism of action for 
astragalus and associated compounds in diabetes, wound healing, asthma and herpes simplex 
keratitis.  However, the data are limited, variable and in some cases not reproducible; therefore, 
conclusions about the nonclinical pharmacologic activity of astragalus in these conditions based 
on animal data cannot be drawn. Very limited information is available regarding the clinical 
pharmacology of astragalus. 
 

b. Pharmacokinetic and toxicokinetic data 
 
No pharmacokinetic or toxicokinetic information is available regarding the astragalus extract 
10:1. It should be stated that pharmacokinetic data for this type of botanical product, which 
consists of a heterogeneous mixture of active chemicals, cannot be easily obtained without prior 
knowledge of the active component(s) of the botanical in question. 
 
ASIV has low gastrointestinal absorption and bioavailability in the rat and dog, which could be 
related to its high molecular weight, low fat solubility, or low availability in the small intestine.  
After intravenous administration, ASIV is rapidly absorbed and widely distributed.  Highest 
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concentrations are found in the liver and kidney (Chang et al. 2012).  It is highly bound to 
plasma protein (approximately 90%) and recovery in urine and feces is approximately 50% 
(Zhang et al. 2006).   
 
Intravenous administration of ASIV in rabbits (Tab 2) showed that ASIV was rapidly distributed 
to tissues and organs with a total apparent volume of distribution of 0.6 L/kg after which it was 
quickly eliminated from body. Excretion data from the rat (Tab 3) indicate that less than 20% of 
the dose is excreted unchanged, suggesting that ASIV is mainly eliminated as metabolites.  
However, data beyond 6 hours in this study may not be reliable since the authors state that the 
plasma level of ASIV fell below the quantification limit at 6 h after dosing and beyond (Ma et al. 
2004). 
 
 

 
 

 
 
After oral administration in rats, plasma concentrations of glucuronides, especially calycosin-3′-
glucuronide, were much higher than Astragalus parent compounds (Shi et al. 2015). The mean 
half-life was between 1 and 5 h.  Metabolites were eliminated faster than the parent drug.  The 
median time to reach Tmax was between 0.5 and 1 h.  The following contents were identified in 
the extract: calycosin 0.19 mg/g, formononetin 0.16 mg/g, calycosin-7-β-glucoside 0.37 mg/g, 
ononin 0.14 mg/g and ASIV 0.29 mg/g. 
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c. Acute toxicity7 

 
A review by Cho (2010) refers to a study by Chang and But (1987) where it was found that the 
LD50 of astragalus given intraperitoneally in mice was 40 g/kg.   
 

d. Repeat dose toxicity8 
 
No repeat dose toxicity studies were found for astragalus extract 10:1. 
 
A 90-day intraperitoneal subchronic study was conducted in Sprague Dawley rats using doses of 
5.7, 15.08, or 39.9 g/kg Radix astragali extract (30 rats per group).  In the same study, beagle 
dogs were administered 2.85, 7.54, or 19.95 g/kg of Radix Astragali (4 dogs per group).  A 
negative control group of rats and dogs were administered the vehicle solution, isovolum.  It was 
reported that toxicity was not observed in this study for either the rat or dog, but insufficient data 
were provided in this article to make any safety conclusions for Radix Astragali extract (Yu et al. 
2007). 
 
Cycloastragenol, a triterpene aglycone found in Astragalus root extracts, was evaluated in a 
subchronic toxicity study in rats (Szabo 2014) .  Rats were orally gavaged daily for 91 days with 
0, 40, 80, or 150 mg/kg cycloastragenol.  No significant toxicities were observed.  
 

e. Genotoxicity9  
 
A preparation of crude extracts of Astragalus mongholicus was evaluated in an Ames assay, 
which tested positive in the presence of S9 in S. typhimurium strain TA98 at concentrations of 5, 
10, 20, and 40 mg/plate (Yin et al. 1991).  Astragalus mongholicus extract at doses of 1, 2, 4, and 
10 g/kg induced chromosomal aberrations in murine bone marrow in vitro and increased the 
incidence of micronucleated polychromatic erythrocytes in the bone marrow of mice in vivo.  
The positive findings obtained in all of the assays conducted with this specific extract cannot be 
interpreted as a positive finding applicable to astragalus  due to the heterogeneity of the tested 
mixture and the unknown composition or quality of the extract used (Yin et al. 1991).  
 
In a separate study, the crude polysaccharide fraction from A. membranaceus aerial parts of the 
plant was found to be negative in three genotoxicity assays; the Ames assay, mammalian 

                                                 
7 Acute toxicity refers to adverse effects observed following administration of a single dose of a substance, or 
multiple doses given within a short period (approximately 24 hours). Endpoints captured in acute toxicity studies 
usually include mortality and gross clinical observations. Acute toxicity data are usually superseded by data 
obtained from longer term toxicity studies. 
8 Repeated-dose toxicity studies consist of in vivo animal studies that seek to evaluate the toxicity of the test 
substance by observing the changes that emerge in clinical observations, clinical chemistry, gross pathology, and 
histology endpoints when the test substance is repetitively administered daily for a predetermined period of time. 
9 The genotoxicity assessment battery usually consists of a gene mutagenicity assay (for single dose trials) and a 
variety of clastogenicity/genotoxicity assays. To support multiple dose administration in humans, additional 
genotoxicity testing assessment is usually conducted to detect chromosomal damage in mammalian systems. 
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chromosomal aberration assay, and the rodent in vivo micronucleus assay (Park et al. 2014), 
suggest that the genotoxic profile of astragalus may depend on the part of the plant used. 
 
Cycloastragenol, a triterpene aglycone found in astragalus root extracts, was evaluated in a 
battery of genotoxicity assays (Szabo 2014).  In an Ames assay at concentrations up to 5000 
ug/plate, no increase in mutagenicity was observed.  In an in vitro chromosomal aberration assay 
in Chinese hamster V79 cells, increases in chromosomal aberrations were observed in the 1.5 
mM group but not at other concentrations. In an in vivo assay in mice, no clastogenicity was 
observed in peripheral erythrocytes at doses up to 2000 mg/kg (intraperitoneal). 
 

f. Developmental and reproductive toxicity 10  

Sprague Dawley rats were intravenously dosed with 0.25, 0.5, or 1.0 mg/kg ASIV from gestation 
days 6 to 15 (Jiangbo et al. 2009).  A decrease in body weight gain was noted in dams dosed with 
1.0 mg/kg ASIV compared to negative controls. The incidence of fetal deaths was increased in 
rats exposed to > 0.5 mg/kg ASIV.  No teratogenicity was observed at any dose.  In the same 
report, rabbits were dosed with ASIV at 0.5, 1.0, and 2.0 mg/kg/day on gestation days 6–18.  The 
incidence of fetal deaths was higher among all dose groups of treated rabbits compared to 
controls.  No teratogenic effects were noted in rabbits at any of the tested doses.   
 
Another reproductive toxicity study was conducted in Sprague Dawley rats via intravenous 
dosing of ASIV at doses of 0.25, 0.5, and 1 mg/kg daily from 4 weeks before mating through 
gestation day 6 (Xuying et al. 2010).  Reproductive toxicity endpoints were evaluated throughout 
the treatment period and up to 21 days post-partum (lactational day 21).  A decrease in body 
weight gain and a reduction in female fertility were noted in F0/F1 rats dosed with 1.0 mg/kg 
ASIV compared to negative controls.  Significant delays in fur development, eye opening, and 
cliff parry reflex (a neurodevelopmental marker) were seen. However, no effect on memory or 
learning of newborn rats was observed in the pups of dams dosed with 1.0 mg/kg/dayASIV. 
 

g. Carcinogenicity11  
 

No carcinogenicity studies of astragalus were found.  
 
Conclusions:  No pharmacokinetic or toxicokinetic information is available regarding the 10:1 
astragalus extract.  Data for ASIV show that it is rapidly distributed to tissues and organs, highly 
bound to plasma protein, rapidly metabolized and eliminated via the urine and feces (~50%).  No 
                                                 
10 Developmental and reproductive toxicity studies are usually designed to assess the potential adverse effects in 
humans of both sexes and include females from various age groups that will be exposed to the proposed substance.  
Developmental toxicity or teratogenicity refers to adverse effects (can include embryo-fetal mortality, structural 
abnormalities, functional impairment, or alterations to growth) and can occur in pups either as a result of the 
exposure of their parents to the substance, prior to the pups’ birth, or by direct exposure of the pups to the substance 
after birth. 
11 Studies that assess cancer risk in animals are used as predictive tools to evaluate the potential for drugs to result in 
tumors when used by humans on a chronic basis.  Carcinogenicity studies are conducted if the clinical use is 
expected to be continuous for a minimum of 6 months of life, or if intermittent clinical use is expected to total 6 
months or more of life. 
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repeat dose toxicity studies were found for astragalus extract 10:1.  Subchronic toxicity studies 
were reported for Radix Astragali and Cycloastragenol, two related compounds, which showed 
no toxicity; however, the data are limited and cannot be used to draw a conclusion regarding the 
safety potential of astragalus.  The genotoxic potential of astragalus was shown to be positive in 
a battery of three assays using the root extract; in contrast, other studies using other parts of the 
plant suggest that astragalus is not genotoxic.  The significance of these findings to humans is 
not clear due to the unknown contents of the bulk drug substance used in these assays.  While 
ASIV was not teratogenic in either rats or rabbits, oral dosing data show maternal toxicity in rats 
and fetal deaths in both the rat and the rabbit.  Embryo-fetal toxicity study in rats where ASIV 
was administered intravenously showed decreased weight and fertility among treated dams and 
deaths among pups and delays in some developmental landmarks among pups.  Fetal deaths were 
also noted in an embryofetal toxicity study in the rabbit dosed ASIV intravenously.  The 
maternal toxicity and fetal death seen in both species dosed with ASIV is of concern. It is unclear 
whether the data collected for ASIV (genotoxicity and reproductive/developmental findings) 
have any significance on long term human use of astragalus extract 10:1 given that it only 
represents 0.05% of the astragalus root (see section II.Aabove).  No data could be found for the 
chronic toxicity or carcinogenic potential of astragalus or any of its constituents (e.g., ASIV, 
cycloastragenol).  
 

3. Human safety 
 

The following databases were consulted in the preparation of this section: PubMed, EMBASE, 
ClinicalTrials.gov, and Google  
  

a. Reported adverse reactions (FAERS, CAERS) 
 

Sources deriving information from historical experience with the botanical substance suggest 
that astragalus root and various extracts are generally well tolerated at commonly applied doses, 
such as up to 30 g/day of the raw herb, as recommended by the ChP.  Overdoses of astragalus 
extracts by oral administration have been reported to cause headache, tightness in the chest, 
insomnia, dizziness, and hypertension.  Adverse effects may also include allergic reactions, such 
as skin eruptions and pruritus (Bensky et al. 2004).  Anaphylactic reactions have also been 
reported in patients with intravenously administered astragalus extracts.  
 
The Office of Surveillance and Epidemiology conducted a search of the FDA Adverse Events 
Reporting System (FAERS) database for reports of adverse events for astragalus and related 
terms for the period January 1, 2000 through June 7, 2017.  There were two reports identified, 
each from the literature.  The first was a survey of reported eosinophil counts in association with 
drug eruptions from various substances, including astragalus.  Information is not specific to 
astragalus.  The second report was of a 73 year old male who was hospitalized for silicosis and 
respiratory infection.  He received an intravenous injection of ceftriaxone and astragalus and 
developed immune hemolytic anemia, a rare but known adverse event associated with 
ceftriaxone.    
 
The Center for Food Safety and Nutrition (CFSAN) collects reports of adverse events involving 
food, cosmetics, and dietary supplements in the CFSAN Adverse Event Reporting System 
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(CAERS).  A search of CAERS that was conducted for adverse events associated with astragalus 
on June 27, 2017, retrieved 547 cases.  There were four deaths reported; none of these cases were 
associated with astragalus as the sole active substance of the ingested product(s).  The 
predominant organ systems affected among the 547 cases were gastrointestinal (GI) (54% of 
cases), cardiac (9%), general (9%), allergy/hypersensitivity (7%), hepatobiliary (4%), and 
various other (17%).  Many of these reports described what sounded like a generalized acute 
illness characterized by malaise plus symptoms from several organ systems (diaphoresis, nausea, 
vomiting, diarrhea, headache, palpitations, dyspnea, etc.).  Most of these reports involved 
multiple ingredient supplement products.  In seven reports, astragalus was reported to be the sole 
active substance in the ingested product.  The cases are summarized in Table 1.   
 
Table 1.  Reports listing astragalus as the sole active substance 
Report 
No. 

Main Organ 
System 

 
Adverse Event(s) 

 
Past History 

78447 General “Sick” Asthma, allergy 
186001 Cardiac Prolonged QT Hyperlipidemia, 

hypertension 
186413 General Fatigue, somnolence, dizziness, nervousness None 
188914 Neurol Stroke Stents, pacemaker 
191238 Cardiac Dyspnea, atrial fibrillation, pulmonary 

thrombosis, valve incompetence 
None 

196358 GI Intestinal obstruction Colon cancer 
204494 GI Nausea, vomiting, diarrhea, flu symptoms None 
 
 

b. Clinical trials assessing safety 
 

We identified no published clinical trials specifically designed to assess safety.  The trials which 
we identified (see Section C below) indicate that astragalus appears to be generally well 
tolerated.  One Phase 1 trial was found that was designed to assess pharmacokinetics and 
tolerability, described in section II.B.1.d.  (Xu et al. 2013).  In the multiple dose portion of the 
study, two patients at the 500 ml dose reported a rash and one reported a fever.  At the 400 ml 
dose, 1 patient had an upper respiratory tract infection.  Various laboratory parameters were 
reported as having changed in one or two patients, with the only apparent notable being a 
decrease in total bilirubin in five of the eight 500 ml multiple dose patients. 
 

c. Published case reports 
 

See FAERS data, above.  
 

d. Pharmacokinetics 
 
Following evaluation of the absorption and metabolism of the components of a Radix Astragali 
decoction in silico and in vitro, which identified 124 compounds, Xu et al. (2006) dosed a single 
healthy adult volunteer with the decoction for five days.  Seven compounds that were identified 
in the subject’s urine were identical to those identified in previous testing.  The authors 
concluded that flavonoids in Radix Astragali, including isoflavones, pterocarpans and isoflavans, 
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can be absorbed and metabolized by the intestine and may provide the pharmacologic activity.   
 
The pharmacokinetics and tolerability of ASIV was studied in a Phase 1 trial of 40 healthy 
Chinese volunteers (Xu et al. 2013).  Each subject received a single dose of 200, 300, 400, 500, 
or 600 ml ASIV (containing 18, 27, 36, 45, or 54 mg ASIV, respectively).  Tolerability, but not 
pharmacokinetics, was studied with the 600 ml dose.  The maximum concentration (Cmax) 
increased with dose from 2.12 mcg/ml following the 200 ml dose to 5.17 mcg/ml with the 500 
ml dose.  Time to maximum concentration (Tmax) ranged from 1.08 h with 200 ml dose to 2.58 
h with the 500 ml dose and half-life (T1/2) ranged from 2.14 h to 2.69 h.  In the multiple dose 
phase of the same study, 16 volunteers were given 500 ml doses daily for 7 days.  Cmax at 
steady state was 5.40 mcg/ml, Tmax was 2.58 h, T1/2 was 2.80 h and area under the time-
concentration curve (AUC mcg h per ml) was 18.24.  Accumulation was not observed and it was 
established that urinary excretion is not the major elimination pathway. 

Zhou et al. (2013) investigated the potential for certain drug interactions with Radix Astragali 
extract, by evaluating systemic levels of co-administered fexofenadine, which is a substrate of 
the drug transporter P-glycoprotein.  It was concluded that because Radix Atragali did not 
significantly affect systemic levels of fexofenadine, it is not a potent modulator of the transport 
protein.  

e. Availability of alternative approved therapies that may be as safe or safer 
 

Numerous drugs are FDA approved and have been found to be safe for treatment of the proposed 
uses. 
 
Conclusions:  Based on limited data in which the formulation content and incident causality 
could be assessed, astragalus appears to be well tolerated.  However, the data do not allow for a 
thorough evaluation of all of the potential adverse effects.   

 
C. Are there concerns about whether a substance is effective for a particular use? 

 
The following databases were consulted in the preparation of this section: PubMed, EMBASE, 
Google Scholar, ClinicalTrials.gov, ToxNet, and Google. 
 

1. Reports of trials, clinical evidence, and anecdotal reports of effectiveness, or lack of 
effectiveness, of the bulk drug substance 

 
a. Diabetes mellitus 

In the first three investigations listed below, astragulus preparations were reported as the active 
treatment.  In each, it is unclear how the study formulation(s) may compare to the nominated 
substance astragalus extract 10:1.  Factors that may introduce variability among formulations are 
discussed in section II.A. 
 
Tian et al. (2016) performed a meta-analysis of 13 clinical trials (1054 total subjects) comparing 
astragalus (by oral or intravenous administration) to usual care in patients with type 2 diabetes 
mellitus.  All 13 trials were conducted in China, and all subjects were Chinese. The analysis 
concluded that astragalus by either route of administration reduced fasting plasma glucose, 
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postprandial plasma glucose, and insulin sensitivity.  Only the aqueous decoction reduced 
HbA1c levels.  
 
Li et al. (2011) performed a meta-analysis of 21 randomized controlled trials and 4 uncontrolled 
trials of astragalus, which enrolled a total of 1804 patients (945 in treatment group and 859 in 
control group) with diabetic nephropathy.  All trials were conducted in China, and all patients 
were Chinese.  The analysis concluded that astragalus may improve proteinuria and serum 
creatinine in these patients.   
 
Kim et al. (2014) reported a case of a 62 year old man with diabetic neuropathy who attained 
short-term improvement in proteinuria and glomerular filtration rate following administration of 
Astragalus membranaceus extract.  
 
In the following studies, patients receiving active treatment were dosed with a combination of 
astragalus and other herbs, providing non-specific data about astragalus’ use in diabetes.  
 
Chao et al. (2009) randomized 43 patients with newly diagnosed type 2 diabetes mellitus to 
traditional Chinese medicine (3 mg of a mixture of 50 mg of Coptis chinensis, 30 mg of 
Astragalus mambranesceus [sic], and 120 mg of Lonicera japonic) vs. placebo three times daily 
before meal.  At 3 months, patients in the investigational arm had improved insulin resistance 
compared to baseline.  
 
Lien et al. (2016) performed a retrospective analysis comparing 416 Taiwanese patients with 
type 1 diabetes mellitus whose treatment included traditional Chinese herbs (some of which 
contained astragalus) to 1608 matched case-control patients with type 1 diabetes mellitus who 
did not use traditional Chinese herbs. The analysis concluded that among patients with type 1 
diabetes mellitus, Chinese herbal therapy may reduce the incidence of diabetic ketoacidosis.  
 
Pang et al. (2016) performed a meta-analysis of 16 randomized controlled trials (1173 patients) 
of Huangqi Guizhi Wuwu Decoction (composed of Radix Astragali seu Hedysari, Ramulus 
Cinnamom, Radix Paeoniae Alba, Rhizoma Zingiberis Recens, and Fructus Jujubae) for the 
treatment of patients with diabetic peripheral neuropathy. All trials were conducted in China. 
The analysis concluded that Huangqi Guizhi Wuwu Decoction improved diabetic neurologic 
symptoms and nerve conduction velocities.  

 
b. Allergic rhinitis 

 
Matkovic et al. (2010) randomized 48 adults with seasonal allergic rhinitis to 6 weeks of 
treatment with an herbal mineral complex containing Astragalus membranaceus vs. placebo. The 
authors found patients in the active treatment group to have a trend toward symptomatic 
improvement, but no significant change in serum IgE or IgG or nasal eosinophils.  
 

c. Wound healing 

Ko et al. (2014) randomized 16 patients with type 1 or type 2 diabetes mellitus and mild diabetic 
foot ulceration to traditional Chinese medicine (a 2:1 mixture of Astragali Radix and 
Rehmanniae Radix) vs. placebo twice daily.  At 6 months, patients in the investigational arm 
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showed a trend toward improved wound healing.  It is noted that this active treatment was 
comprised of multiple herbs.  
  
 

d. Asthma 
 
Two studies were identified in which the effect of a mixture of herbs was assessed in pediatric 
asthma patients.  In one study, 85 children with asthma who were using inhaled corticosteroids 
were randomized to receive either a daily oral combination of five herbs including Astragalus 
mongholius (sic) or placebo for 6 months.  The study failed to show a reduction in steroid dosage 
or improvement in the disease severity score, lung function, or biochemical markers of disease 
(Wong et al. 2009).  In another study, 80 children ingested one gm of a traditional mix of crude 
herbals, called Yuping feng powder, or placebo, daily for three months (Zhang et al. 2016).  One 
of the herbal components was Astragalus membranaceus (Fisch.) Bunge.  Although the herbal 
preparation was regarded by the authors to have been beneficial, the study results were expressed 
as cure, improvement, ineffective and total effective rate, which do not correlate with current 
U.S. perspectives of asthma as a chronic inflammatory disease.   No studies were identified of 
the use of oral astragalus alone in the treatment of asthma.     
 
A meta-analysis of 18 randomized, controlled studies of the use of pharmacoacupuncture,12 
including four studies using Radix Astragali, suggest greater improvement in lung function 
parameters compared to conventional asthma therapies (Bang et al. 2017).  The authors conclude 
that the results are inconclusive due to the heterogeneity of the trials and rigorous, large scale 
trials should be conducted. 
 

e. Herpes simplex keratitis 
 
No published reports were found of astragalus affecting clinically meaningful endpoints in 
patients with herpes simplex keratitis. 
  

2. Whether the product compounded with this bulk drug substance is intended to be used 
in a serious or life-threatening disease  
 

Diabetes mellitus and asthma can be life-threatening diseases, and herpes simplex keratitis can 
threaten eyesight.  Seasonal allergic rhinitis and arthritis are generally not life-threatening 
diseases. 
 

3. Whether there are any alternative approved therapies that may be as effective or 
more effective. 
 

There are numerous FDA approved therapies that have been found to be safe and effective for 
diabetes mellitus, allergic rhinitis, wound healing, asthma, and herpes simplex keratitis.  
 
                                                 
12 Also called herbal acupuncture, treatment is applied by injecting sterilized herbal extracts into acupoints via 
syringe (Bang et al. 2017). 
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Conclusions:  In nonclinical models, certain compounds isolated from astragalus species and 
astragalus-containing mixtures of herbs suggest potential therapeutic value for patients with 
diabetes mellitus, wound healing, asthma, allergic rhinitis, and herpes simplex keratitis.  
However, these nonclinical findings have not yet translated to endpoints associated with clinical 
benefit in any of these patient populations.  Studies have not been systematically conducted with 
formulations that are consistent with the nominated astragalus extract 10:1. 
 

D. Has the substance been used historically as a drug in compounding? 
 

The following databases were consulted in preparation of this section:  PubMed, Natural 
Medicines Comprehensive Database, European Pharmacopoeia, British Pharmacopoeia, 
Japanese Pharmacopoeia, and Google.   
 

1. Length of time the substance has been used in pharmacy compounding 
 
Astragalus has been used in traditional Chinese medicine (TCM) for the treatment of various 
diseases for over 2000 years.  Traditionally, it was used to treat weakness, wounds, anemia, 
fever, multiple allergies, chronic fatigue, loss of appetite, uterine bleeding, and uterine prolapse 
(Fu et al. 2014).  Insufficient information is available to determine how long astragalus has been 
used in pharmacy compounding.   
 

2. The medical condition(s) it has been used to treat 
 
According to the Natural Medicines Comprehensive Database, astragalus is used orally for the 
common cold, upper respiratory infections, allergic rhinitis, swine flu, to strengthen and regulate 
the immune system, and for hepatitis B, lung cancer, fibromyalgia, anemia, HIV/AIDS, angina, 
asthma, athletic performance, beta-thalassemia, chronic fatigue syndrome, chronic nephritis and 
nephritic syndrome, diabetes, menopausal symptoms, amenorrhea, weight loss, and 
chemotherapy toxicity.  In addition, it is used orally as an antibacterial, antiviral, tonic, liver 
protectant, anti-inflammatory, antioxidant, as a diuretic, vasodilator, and as a hypotensive agent.  
Topically, astragalus is used as a vasodilator and to speed healing.  Astragalus is injected for 
angina, aplastic anemia, chemotherapy toxicity, congestive heart failure, hearing loss, diabetes, 
myocardial infarction, myocarditis, renal failure, systemic lupus erythematosus, and tetralogy of 
Fallot (Natural Medicines Comprehensive Database 2015).  
 
Results from a Google search using the terms astragalus compounding pharmacy indicate that 
astragalus is/has been compounded as a capsule in combination with other ingredients for hair 
loss.   
 

3. How widespread its use has been  
 
Insufficient data are available from which to draw conclusions about the extent of use of 
astragalus in compounded drug products.   
 

4. Recognition of the substance in other countries or foreign pharmacopeias 
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Astragalus Mongholicus Root (Ph. Eur. Monograph 2435) is listed in the herbal chapter of the 
British Pharmacopoeia (BP 2017) and European Pharmacopoeia (9th Edition, 2017, 9.2).  
Astragalus Root is listed in the Japanese Pharmacopoeia (16th Edition).  In addition, Astragali 
Radix (Huangqi) is listed in the Chinese Pharmacopeia (2015 Edition). 
 
Conclusions:  Astragalus has been used in TCM for thousands of years and based on internet 
searches is/has been compounded as a capsule in combination with other ingredients for hair 
loss.  Astragalus is recognized in the British, European, Japanese, and Chinese Pharmacopeia.   
 
 
III. RECOMMENDATION 
We have balanced the criteria described in section II above to evaluate astragalus extract 10:1 for 
the 503A Bulks List.  After considering the information currently available, a balancing of the 
criteria weighs against astragalus extract 10:1 being placed on that list based on the following:  
 

1. Astragalus extract 10:1 is not well characterized chemically or physically.  Consequently, 
absent strict controls on the manufacture and testing of the astragalus-containing drug 
product, there can be no assurance that its properties and toxicities would be consistent. 
 

2. Because astragalus extract 10:1 is not adequately characterized, its clinical safety cannot 
be fully assessed.  Limited data suggest the possible occurrence of a nonserious acute 
illness with generalized symptoms.  No nonclinical data were found for astragalus extract 
10:1.  Limited toxicology data are available for ASIV, a potentially major constituent of 
astragalus, and its reproductive toxicity profile showed a significant increase in fetal 
deaths in rats and rabbits.  Overall, nonclinical and clinical data are insufficient to allow 
for an adequate assessment of the safety of astragalus extract 10:1, particularly for its use 
in a chronic disease such as diabetes.   
 

3. There have been numerous investigations of astragalus extracts in the treatment of 
diabetes.  However, we do not know how the formulations in these studies compare to the 
nominated substance.  Therefore, they do not provide a basis to support the clinical use of 
the nominated substance.  Studies in allergic rhinitis, wound healing, and asthma were 
inadequate to assess efficacy, and no studies in herpes simplex keratitis were found that 
assessed clinically meaningful endpoints.   
 

4. Astragalus has been used historically as an herbal treatment for a variety of conditions, 
but there is insufficient information to determine whether astragalus extract 10:1 has been 
used in pharmacy compounding.   

Based on this information the Agency has considered, a balancing of the four evaluation criteria 
weighs against astragalus extract 10:1 being added to the 503A Bulks List. 
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Appendix 1: Variability in the substance that is called astragalus – terminology, sub-types 
and collection methods 
 

Table 1. Description of astragalus botanicals from various pharmacopeias 
Name of Botanical 
Raw Material Description Pharmacopeia 

Astragali Radix (黃
芪, Huangqi) 

Milkvetch Root is the dried root of Astragalus 
membranaceus (Fisch.) Bge. var. mongholicus 
(Bge.) Hsiao or Astragalus membranaceus (Fisch.) 
Bge. (Fam. Leguminosae). The drug is collected in 
spring or autum, removed from rootlet and root 
stock, dried in the sun. 

Chinese, 2010 English Edition 

Astragalus root 
Astragali Radix 

Astragalus root is the root of Astragalus 
membranaceus Bunge or Astragalus mongholicus 
Bunge (Leguminosae). 

Japanese, 16th Edition 

Atragalus 
Mongholicus Root 
Astragali mongholici 
radix 

Whole, dried root of Astragalus mongholicus var. 
mongholicus (syn. Astragalus membranaceus 
Bunge var. mongholicus (Bunge) P.K. Hsiao) and 
Astragalus mongholicus var. dahuricus (DC.) 
Podlech (syn. Astragalus membranaceus Bunge), 
freed from rootlets and rootstock, collected from 
spring to autumn. 

European, 8.0 

 
The botanical sources (e.g., different species/varieties) and related growing/cultivation 
conditions are also important factors for the quality control of astragalus root.  In China, 
astragalus root is usually collected at spring and autumn, and the fibrous roots and root heads are 
removed prior to drying.  Due to the increasing demand for the use of raw material as food 
supplements, most of the wild collection of astragalus root has now been replaced by farm 
cultivation in northeast China, such as Inner Mongolia, Hebei, Shanxi province, and other places. 
There are four main sub-types of astragalus root raw materials from cultivated A. membranaceus 
as listed in Table 2, according to traditional Chinese medicine (TCM) standards.  Although those 
different sub-types may have different chemical profiles, it is not clear how one can practically 
separate the botanical raw material into those four sub-types, or use the sub-types as one of the 
quality control attributes.   

 
Table 2. Four main sub-types of commercial astragalus root from cultivated Astragalus 

membranaceus. (Fu et al. 2014)  
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September 30, 2014 
 
Submitted electronically via www.regulations.gov 

 
Division of Dockets Management (HFA-305)  
Food and Drug Administration  
Department of Health and Human Services  
5630 Fishers Lane, Rm. 1061  
Rockville, MD 20852  
 
[Docket No. FDA-2013-N-1525]  
 
Re: FDA-2013-N-1525; List of Bulk Drug Substances That May Be Used in Pharmacy Compounding in 
Accordance with Section 503A  
 
Dear Sir or Madam: 
 
PCCA respectfully submits the following list of nineteen chemicals to be considered for the List of Bulk 
Drug Substances that may be used in Pharmacy Compounding in accordance with Section 503A.  
 
PCCA provides its more than 3,600 independent community compounding pharmacy members across 
the United States with drug compounding ingredients, equipment, extensive education, and consulting 
expertise and assistance.  
 
Regarding the specific nominations, we would like to reference the attached spreadsheet and point out 
a couple of facts regarding our research. To the best of our knowledge, all items submitted: 
 

- Do not appear in any of the three sections of the Orange Book. 
- Do not currently have a USP or NF monograph. 
- Meet the criteria of a “bulk drug substance” as defined in § 207.3(a)(4). 

 
In regards to the request for chemical grade information, we would like to point out that many of the 
items submitted do not currently have a chemical grade. PCCA believes that pharmacists should use the 
highest grade chemical available on the market for all aspects of pharmaceutical compounding and we 
continue to actively source graded chemicals from FDA-registered manufacturers. However, in the 
current marketplace, some graded chemicals cannot be obtained for various reasons. PCCA actively 
tests all products received to ensure they meet our required standards to ensure our members receive 
the highest quality chemicals possible.  
 
We would like to echo the concerns, voiced by NCPA and others in our industry, the strong 
recommendation to formalize the process by which the list is updated and communicated to the 
pharmacy industry. We also recommend an annual process to ensure understanding and adherence to 
the list. All submissions and updates to the list should be reviewed by the Pharmacy Compounding 
Advisory Committee (PCAC) and no changes to the list should occur with input and review by the PCAC. 
 
 



 
 
  
 
 

 

 
We are also dismayed in the fact that no appointments have been made to the PCAC despite the call for 
nominations closing in March 2014. Without these appointments, FDA is unable to consult the 
Committee regarding this list, as outlined in the Act. PCCA, along with industry partners, strongly 
recommends that the FDA consult with the PCAC related to every single submission the Agency received 
in relation to FDA-2013-N-1525.  
 
We appreciate this opportunity to submit this list for consideration and we look forward to continuing to 
work with the FDA in the future on this and other important issues as they relate to the practice of 
pharmacy compounding.  
 
Sincerely, 
 

      
 
Aaron Lopez      John Voliva, R.Ph. 
Senior Director of Public Affairs    Director of Legislative Relations 
PCCA       PCCA 
 

 

 



Ingredient Name L‐Citrulline
Is it a "bulk drug substance" Yes
Is it listed in the Orange Book No
Does it have a USP or NF Monograph No

Chemical Name α‐Amino‐δ‐ureidovaleric acid

Common Name(s) L‐Citrulline, Citrulline (L)

UNII Code 29VT07BGDA
Chemical Grade N/A

Strength, Quality, Stability, and Purity
Description, Assay; Example of PCCA Certificate of Analysis for 
this chemical is attached.

How supplied Powder
Recognition in foreign pharmcopeias or 
registered in other countries

OTC in US as a dietary supplement; Used in nine other 
countries

Submitted to USP for monograph consideration No

Compounded Dosage Forms Capsules; Oral Liquid

Compounded Strengths 25‐1000 mg

Anticipated Routes of Administration Oral

Saftey & Efficacy Data

Sharif Kashani B, et al. Oral l‐citrulline malate in patients with 
idiopathic pulmonary arterial hypertension and Eisenmenger 
Syndrome: A clinical trial. J Cardiol. 2014 Feb 10. pii: S0914‐
5087(14)00021‐5. 
[http://www.ncbi.nlm.nih.gov/pubmed/24525046]

PCCA Submission for Docket No. FDA‐2013‐N‐1525: Bulk Drug Substances That May Be Used To Compound 
Drug Products in Accordance With Section 503A of the Federal Food, Drug and Cosmetic Act; Revised Request 

for Nominations



Balderas‐Munoz K, et al. Improvement of ventricular function 
in systolic heart failure patients with oral L‐citrulline 
supplementation. Cardiol J. 2012;19(6):612‐7. 
[http://www.ncbi.nlm.nih.gov/pubmed/23224924]

Cormio L, et al. Oral L‐citrulline supplementation improves 
erection hardness in men with mild erectile dysfunction. 
Urology. 2011 Jan;77(1):119‐22. 
[http://www.ncbi.nlm.nih.gov/pubmed/21195829]



Used Previously to compound drug products
Urea Cycle Disorders, Erectile Dysfunction, Cardiovascular 
Diseases

Proposed use
Urea Cycle Disorders, Erectile Dysfunction, Cardiovascular 
Diseases

Reason for use over and FDA‐approved product
Treatment failures and/or patient unable to take FDA 
approved product

Other relevant information ‐ Stability 
information

Unless other studies performed / found: Capsules: USP <795> 
recommendation of BUD for nonaqueous formulations – “no 
later than the time remaining until the earliest expiration date 
of any API or 6 months, whichever is earlier. Oral Liquid: USP 
<795> recommendation of BUD for “water‐containing oral 
formulations” – “not later than 14 days when stored at 
controlled cold temperatures.”







 

 

 
Submitted electronically via www.regulations.gov 
 
March 4, 2014 
 
 
 
Division of Dockets Management (HFA-305) 
Food and Drug Administration 
5630 Fishers Lane, rm. 1061 
Rockville, MD 20852 
 
Re: Docket No.: FDA-2013-N-1525: List of Bulk Drug Substances That May Be Used in Pharmacy 
Compounding; Bulk Drug Substances That May Be Used To Compound Drug Products in 
Accordance With Section 503A of the Federal Food, Drug and Cosmetic Act; Withdrawal of 
Proposed Rule; request for nominations 
 
Dear Sir or Madam: 
 
The National Community Pharmacists Association (NCPA) is writing today to nominate specific bulk 
drug substances that may be used to compound drug products, although they are neither the subject of a 
United States Pharmacopeia (USP) or National Formulary (NF) monograph nor components of FDA-
approved drugs.  As the FDA considers which drugs nominated will be considered for inclusion on the 
next published bulk drugs list, NCPA is committed to working with the FDA and other interested 
stakeholders on these critical issues.  
 
NCPA represents the interests of pharmacist owners, managers and employees of more than 23,000 
independent community pharmacies across the United States. Independent community pharmacies 
dispense approximately 40% of the nation’s retail prescription drugs, and, according to a NCPA member 
survey, almost 86% of independent community pharmacies engage in some degree of compounding.  
 
Regarding specific nominations, NCPA would like to reference the attached spreadsheet of 2,403 bulk 
drug substances submitted by the International Academy of Compounding Pharmacists (IACP) as our 
formal submission of bulk drug substances that are currently used by compounding pharmacies and do 
not have a specific USP monograph nor are components of FDA approved prescription drug products. 
 
In addition to the IACP spreadsheet of bulk drug substances referenced above, NCPA would also like to 
formally submit collectively for review and consideration of the FDA Pharmacy Compounding 
Advisory Committee the drugs and standards contained within the British Pharmacopeia, the European 
Pharmacopeia and the Japanese Pharmacopeia. NCPA respectfully requests that all drugs and 
standards contained within these three pharmacopeias for which no USP corresponding monograph 
exists be accepted and approved to be used for the preparation of compounded medications under 
section 503A of the Federal Food, Drug and Cosmetic Act.   
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NCPA is requesting the recognition of these pharmacopoeias as there are examples of situations when 
our members need access to these alternative compendia for monograph information.  NCPA members 
may receive requests to compound medications that do not have a USP monograph, nor is the drug 
substance being used a component of an FDA approved drug product.  When these situations arise, the 
British Pharmacopeia, the European Pharmacopeia and the Japanese Pharmacopeia are used in 
practice to ensure compounds are made with the highest assurance of quality.   
 
NCPA is committed to working with the FDA and other stakeholders regarding these important matters.  We 
appreciate your consideration of our comments.  
 
Sincerely, 
 
 
 
 
 
Steve Pfister 
Senior Vice President, Government Affairs 
 
 
 
Attachment  



Ingredient 
Name

Chemic
al 

Name

Common 
Name

UNII 
Code

Description 
of strength, 
quality, 

stability and 
purity 

Ingredien
t 

Format(s)

Recogn
ition in 
Pharm
acopei
as

Final 
Compoun

ded 
Formulati

on 
Dosage 
Form(s)

Final 
Compound

ed 
Formulatio
n Strength

Final 
Compoun

ded 
Formulati

on 
Route(s) 

of 
Administr
ation

Bibliographies on Safety 
and Efficacy Data

Final 
Compounded 
Formulation 

Clinical Rationale 
and History of 

Past Use

L‐Citrulline L‐
citrullin
e (L); 
N5‐
(aminoc
arbonyl
)‐L‐
ornithin
e

Citrulline 29VT07B
GDA

From PCCA 
Certificate of 
Analysis: 
99.55% Pure 
(Pass); From 
PCCA MSDS: 
Stable.

Powder Not yet 
submitt
ed to 
USP; 
sold in 
US as a 
dietary 
supple
ment

Capsules, 
oral liquid

25‐1000mg Oral Balderas‐Munoz K, et al. 
Improvement of ventricular 
function in systolic heart 
failure patients with oral L‐
citrulline supplementation. 
Cardiol J. 2012;19(6):612‐7. 
[http://www.ncbi.nlm.nih.go
v/pubmed/23224924]

Cormio L, et al. Oral L‐
citrulline supplementation 
improves erection hardness 
in men with mild erectile 
dysfunction. Urology. 2011 
Jan;77(1):119‐22. 
[http://www.ncbi.nlm.nih.go
v/pubmed/21195829]

Indicated for 
inborn error of 
metabolism or 
inherited 
citrullinemia and 
for Urea Cycle 
Disorders, Erectile 
Dysfunction, and 
Cardiovascular 
Diseases; An alpha‐
amino acid key to 
the biochemical 
urea cycle 
(ammonia 
excretion).



 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 fagron.us Fagron - 2400 Pilot Knob Road - St. Paul, MN 55120 - Tel. (800) 423 6967 - Fax (800) 339 1596 

Division of Dockets Management (HFA-305) 
Food and Drug Administration 
Department of Health and Human Services  
5630 Fishers Lane  
Rm. 1061 
Rockville, MD 20852 
 
Re:  Docket FDA-2013-N-1525   
  

“List of Bulk Drug Substances That May Be Used in Pharmacy Compounding; Bulk Drug Substances 
That May Be Used To Compound Drug Products in Accordance With Section 503A of the Federal Food, 
Drug, and Cosmetic Act” 

 
Dear Sir or Madam, 
 
Fagron appreciates the opportunity to address the FDA’s request for nominations of bulk drug substances that 
may be used to compound drug products that are neither the subject of a United States Pharmacopeia (USP) or 
National Formulary (NF) monograph nor components of FDA-approved drugs. 
 
We hereby nominate the bulk drug substances in the attached spreadsheets for FDA’s consideration as bulk 
drug substances that may be used in pharmacy compounding under Section 503A.   
 
None of these items appear on an FDA-published list of drugs that present demonstrable difficulties for 
compounding.  In addition, none are a component of a drug product that has been withdrawn or removed from 
the market because the drug or components of the drug have been found to be unsafe or not effective. 
 
We include references in support of this nomination for your consideration. 
 
Thank you for your consideration. If Fagron can answer any questions, please contact me (j.letwat@fagron.com; 
847-207-6100).   
 
Respectfully submitted, 
 
 
Julie Letwat, JD, MPH 
Vice-President, Regulatory and Government Affairs 
 
  



 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 fagron.us Fagron - 2400 Pilot Knob Road - St. Paul, MN 55120 - Tel. (800) 423 6967 - Fax (800) 339 1596 

Re:  Docket FDA-2013-N-1525   
 
Substances submitted (see corresponding .xlxs file) 
 
7-Keto Dehydroepiandrosterone 
Acetyl-D-Glucosamine 
Aloe Vera 200:1 Freeze Dried 
Astragalus Extract 10:1 
Beta Glucan (1,3/1,4 –D) 
Boswellia Serrata Extract 
Bromelain 
Cantharidin 
Cetyl Myristoleate Oil 
Cetyl Myristoleate 20% Powder 
Chrysin 
Citrulline 
Dehydroepiandrosterone 
Deoxy-D-Glucose (2) 
Diindolylmethane 
Domperidone 
EGCg 
Ferric Subsulfate 
Glycolic Acid 
Glycosaminoglycans 
Hydroxocobalamin Hydrochloride 
Kojic Acid 
Methylcobalamin 
Nicotinamide Adenine Dinucleotide  
Nicotinamide Adenine Dinucleotide Disodium  Reduced (NADH) 
Ornithine Hydrochloride 
Phosphatidyl Serine 
Pregnenolone 
Pyridoxal 5-Phosphate Monohydrate 
Pyruvic Acid 
Quercetin 
Quinacrine Hydrochloride 
Ribose (D) 
Silver Protein Mild 
Squaric Acid Di-N-Butyl Ester 
Thymol Iodide 
Tranilast 
Trichloroacetic Acid 
Ubiquinol 30% Powder 
  



What is the name of the nominated 
ingredient?

Citrulline

Is the ingredient an active ingredient that 
meets the definition of “bulk drug 
substance” in § 207.3(a)(4)?

Yes, Citrulline is an active ingredient as defined in 207.3(a)(4) because when added 
to a pharmacologic dosage form it produces a pharmacological effect.

Awrich, Alan E., et al. "Hyperdibasicaminoaciduria, hyperammonemia, and growth 
retardation: Treatment with arginine, lysine, and citrulline." The Journal of pediatrics 
87.5 (1975): 731-738.

Mizutani, N. A. O. K. I., et al. "Oral administration of arginine and citrulline in the 
treatment of lysinuric protein intolerance." The Tohoku journal of experimental 
medicine 142.1 (1984): 15-24.

Is the ingredient listed in any of the three 
sections of the Orange Book?

The nominated substance was searched for in all three sections of the Orange Book 
located at http://www.accessdata.fda.gov/ scripts/cder/ob/docs/queryai.cfm. The 
nominated substance does not appear in any section searches of the Orange Book. 

Were any monographs for the ingredient 
found in the USP or NF monographs?

The nominated substance was searched for at http://www.uspnf.com. The nominated 
substance is not the subject of a USP or NF monograph.

What is the chemical name of the 
substance?

N5-(Aminocarbonyl)-L-ornithine

What is the common name of the 
substance?

N5-(Aminocarbonyl)-l-ornithine; Nδ-Carbamylornithine; Citrulina; l-Citrulline

Does the substance have a UNII Code? 29VT07BGDA
What is the chemical grade of the 
substance?

No grade

Fagron
2400 Pilot Knob Road  
St. Paul, Minnesota 55120 - USA
(800) 423 6967
www.fagron.us



What is the strength, quality, stability, and 
purity of the ingredient?

Description: White crystals or crystalline powder
Infrared Spectroscopy: Conforms
Assay: >= 98.0%
Specific Rotation: 24.5 to 26.8˚
Chloride: <= 0.05%
Iron: <= 10 ppm
Heavy Metals: <=10 ppm
Arsenic:  <=1 ppm
Loss on Drying: <= 0.3%
Residue on Ignition: <= 0.1%
Total Plate Count: <= 1000 cfu/g
Total Yeasts and Molds Count: <= 200 cfu/g
Tests for Specified Organisms: E. Coli
Tests for Specified Organisms: Salmonella
Tests for Specified Organisms: S. Aureus

How is the ingredient supplied? Powder
Is the substance recognized in foreign 
pharmacopeias or registered in other 
countries?

No 

Has information been submitted about the 
substance to the USP for consideration of 
monograph development?

no

What dosage form(s) will be compounded 
using the bulk drug substance?

IV Solution 

What strength(s) will be compounded from 
the nominated substance?

100 mg/mL, 100 mg - 10 g

What are the anticipated route(s) of 
administration of the compounded drug 
product(s)?

Oral, powder or Capsules 



Are there safety and efficacy data on 
compounded drugs using the nominated 
substance?

Lukkarinen M, et al. Oral supplementation corrects plasma lysine concentrations in 
lysinuric protein intolerance. Metabolism 2003; 52: 935-8. (PubMed id:12870174)

Carpenter TO, et al. Lysinuric protein intolerance presenting as childhood 
osteoporosis: clinical and skeletal response to citrulline therapy. N Engl J Med 1985; 
312: 290-4. (PubMed id:3917550)

Has the bulk drug substance been used 
previously to compound drug product(s)?

Yes, Citrulline has been compounded and dispensed from compouding pharmacies 
for at least the last 15 years or more.

What is the proposed use for the drug 
product(s) to be compounded with the 
nominated substance?

Citrulline has been given as an alternative to arginine in the management of 
hyperammonaemia (Arginine Hydrochloride) due to urea cycle disorders.
Lysinuric protein intolerance is another condition associated with hyperammonaemia 
and similar neurological sequelae. In this condition there is no deficiency of urea-
cycle enzymes but a deficiency of urea-cycle substrate, such as ornithine, which 
results in reduced synthesis of citrulline. Patients are treated with dietary protein 
restriction and citrulline supplementation, which improves protein tolerance and 
nutrition but only slightly ameliorates growth retardation. Osteoporosis may be severe 
in children with this disorder.   

What is the reason for use of a 
compounded drug product rather than an 
FDA-approved product?

There is no FDA-approved product which contains citrulline. However, ther is an FDA 
approved medication for the treatment of hyperammonaemia. Carglumic acid was 
approved and is a structural analog of N-acetylglutamate. Side effects associated with 
carglumic acid are but not limited to: infections, vomiting, abdominal pain, pyrexia, 
tonsillitis, anemia, ear infection, diarrhea nasopharyngitis and headache. Citrulline is 
a non essential amino acid.  At doses up to 15 grams it does not cause any notable 
side effects. (Moinard C, et al. Dose-ranging effects of citrulline administration on 
plasma amino acids and hormonal patterns in healthy subjects: the Citrudose 
pharmacokinetic study. Br J Nutr. (2008))  Citruline appears to have clear advantages 
over carglumic acid for patient compliance.

Is there any other relevant information? All relevant information was expressed in the above questions
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September 30, 2014 

 

Division of Dockets Management (HFA-305) 

Food and Drug Administration 

Department of Health and Human Services 

5630 Fishers Lane, Room 1061 

Rockville, Maryland 20852 

 

[Docket No. FDA-2013-N-1525] 

 

Re: FDA-2013-N-1525;   List of Bulk Drug Substances That May Be Used in Pharmacy 

Compounding in Accordance with Section 503A 

 

Dear Sir or Madam: 

 

Thank you for the opportunity to submit our comments on FDA’s request for a list of bulk drug 

substances that may be used in pharmacy compounding as defined within Section 503A of the 

Federal Food, Drug and Cosmetic Act.  As FDA receives these lists from the public, the medical 

and pharmacy practice communities, the International Academy of Compounding Pharmacists 

(IACP) appreciates the opportunity to identify and share drug substances which are commonly 

used in the preparation of medications but which have neither an official USP (United States 

Pharmacopeia) monograph nor appear to be a component of an FDA approved drug product.   

 

IACP is an association representing more than 3,600 pharmacists, technicians, academicians 

students, and members of the compounding community who focus on the specialty practice of 

pharmacy compounding. Compounding pharmacists work directly with prescribers including 

physicians, nurse practitioners and veterinarians to create customized medication solutions for 

patients and animals whose health care needs cannot be met by manufactured medications. 

 

Working in tandem with the IACP Foundation, a 501(c)(3) non-profit organization dedicated to 

enhancing the knowledge and understanding of pharmacy compounding research and education, 

our Academy is submitting the accompanying compilation of 1,215 bulk drug substances which 

are currently used by compounding pharmacies but which either do not have a specific USP 

monograph or are not a component of an FDA approved prescription drug product. 

 

These drug substances were identified through polling of our membership as well as a review of 

the currently available scientific and medical literature related to compounding.   
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Although the information requested in FDA-2013-N-1525 for each submitted drug substance is 

quite extensive, there are many instances where the data or supporting research documentation 

does not currently exist.  IACP has provided as much detail as possible given the number of 

medications we identified, the depth of the information requested by the agency, and the very 

short timeline to compile and submit this data. 

ISSUE:  The Issuance of This Proposed Rule is Premature 

 

IACP is concerned that the FDA has disregarded previously submitted bulk drug substances, 

including those submitted by our Academy on February 25, 2014, and created an series of clear 

obstructions for the consideration of those products without complying with the requirements set 

down by Congress.  Specifically, the agency has requested information on the dosage forms, 

strengths, and uses of compounded preparations which are pure speculation because of the 

unique nature of compounded preparations for individual patient prescriptions.  Additionally, the 

agency has developed its criteria list without consultation or input from Pharmacy Compounding 

Advisory Committee.  Congress created this Advisory Committee in the original and reaffirmed 

language of section 503A to assure that experts in the pharmacy and medical community would 

have practitioner input into the implementation of the agency’s activities surrounding 

compounding. 

 

As outlined in FDCA 503A, Congress instructed the agency to convene an Advisory Committee 

prior  to the implementation and issuance of regulations including the creation of the bulk 

ingredient list.   
 

(2) Advisory committee on compounding.--Before issuing     regulations to implement 
subsection (a)(6), the Secretary shall     convene and consult an advisory committee on 
compounding. The advisory committee shall include representatives from the National    
Association of Boards of Pharmacy, the United States Pharmacopeia,  pharmacists with 
current experience and expertise in compounding,    physicians with background and 
knowledge in compounding, and patient and public health advocacy organizations. 
 

Despite a call for nominations to a Pharmacy Compounding Advisory Committee (PCAC) which 

were due to the agency in March 2014, no appointments have been made nor has the PCAC been 

formed to do the work dictated by Congress. Additionally, the agency provides no justification in 

the publication of criteria within FDA-2013-N-1525 which justifies whether this requested 

information meets the needs of the PCAC.   
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In summary, IACP believes that the absence of the PCAC in guiding the agency in determining 

what information is necessary for an adequate review of a bulk ingredient should in no way 

preclude the Committee’s review of any submitted drug, regardless of FDA’s statement in the 

published revised call for nominations that: 

 

General or boilerplate statements regarding the need for compounded drug products or 
the benefits of compounding generally will not be considered sufficient to address this 
issue. 

 

IACP requests that the Pharmacy Compounding Advisory Committee review each of the 1,215 

drug substances we have submitted for use by 503A traditional compounders and we stand ready 

to assist the agency and the Committee with additional information should such be requested.   

 

 Thank you for the opportunity to submit our comments and IACP looks forward to working with 

the FDA in the future on this very important issue. 

 

Sincerely, 
 

 

 

David G. Miller, R.Ph. 

Executive Vice President & CEO 
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General Background on Bulk Drug Substance 
 
Ingredient Name  L-Citruline 

 

Chemical/Common Name Citrulline (L); N5-(Aminocarbonyl)-L-ornithine 

 

Identifying Codes  372-75-8  

 

Chemical Grade  Provided by FDA Registered Supplier/COA 

 

Description of Strength,  Provided by FDA Registered Supplier/COA 

Quality, Stability, and Purity  

 

How Supplied   Varies based upon compounding requirement 

 

Recognition in Formularies Not Listed in USP/NF for this specific salt/form 
(including foreign recognition) 

 

Information on Compounded Bulk Drug Preparation 

 
Dosage Form   Varies based upon compounding requirement/prescription 

 

Strength   Varies based upon compounding requirement/prescription 

 

Route of Administration Varies based upon compounding requirement/prescription 

 

Bibliography    
(where available) 

 

 

 

 

Past and Proposed Use The very nature of a compounded preparation for an individual patient 

prescription as provided for within FDCA 503A means that the purpose 

for which it is prescribed is determined by the health professional 

authorized to issue that prescription.  FDA’s request for this information 

is an insurmountable hurdle that has not been requested by the PCAC. 
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Nomination Clarification 

 
 



 

 

 

September 6, 2017 

 

FDA CDER 

Julie Dohm, Sara Rothman, Pinky Singh: 

 

PCCA, NCPA, IACP and Fagron would like to amend the nomination for the following items, which appear 
on the 503A Bulks List on Category 1. The information below represents the current uses in 
compounding and should replace the potential uses that were submitted with the original nominations 
from these nominees. 

• Ammonium tetrathiomolybdate – oral use as a copper chelator 
o Nominated by PCCA and NCPA 
o Brewer GJ, et al. Treatment of Wilson's disease with tetrathiomolybdate: V. Control of 

free copper by tetrathiomolybdate and a comparison with trientine. Transl Res. 2009 
Aug;154(2):70-7. 

o Brewer GJ, et al. Treatment of metastatic cancer with tetrathiomolybdate, an 
anticopper, antiangiogenic agent: Phase I study. Clin Cancer Res. 2000 Jan;6(1):1-10. 
 

• L-Citrulline – oral use in the management of urea cycle disorders 
o Nominated by PCCA, NCPA, IACP and Fagron 
o Berry GT, Steiner RD. Long-term management of patients with urea cycle disorders. J 

Pediatr. 2001;138(1 Suppl):S56-60. 
o Wijnands KA, Meesters DM, Van barneveld KW, et al. Citrulline Supplementation 

Improves Organ Perfusion and Arginine Availability under Conditions with Enhanced 
Arginase Activity. Nutrients. 2015;7(7):5217-38. 

Thank you for your consideration to amend these nominations.  Our organizations look forward to 
working with FDA on this important issue.  

 
Sincerely, 
 
 
 
 
Jim Smith  Ronna Hauser, PharmD  Baylor Rice, RPh, FIACP  Alex Govze 
PCCA President  NCPA Vice President of  IACP President   Fagron Legal Counsel 
 Pharmacy Affairs        
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U.S. Food & Drug Administration 
10903 New  Hampshire Avenue 
Silver Spring, MD 20993 
w ww.fda.gov  

DATE:   October 20, 2017 
 
FROM: Ben Zhang, Ph.D.  

ORISE Fellow, Office of New Drug Products (ONDP), Office of Pharmaceutical 
Quality (OPQ)  

 
  Ruby Mehta, M.D. 

Medical Officer, Division of Gastroenterology and Inborn Errors Products 
(DGIEP), Office of New Drugs (OND)  

   
Kathleen Donohue, M.D. 
Medical Officer, DGIEP, OND 
 
Tamal Chakraborti, Ph.D. 
Pharmacologist, DGIEP, OND  
 
Sushanta Chakder, Ph.D. 
Supervisory Pharmacologist, DGIEP, OND 

 
  Jonathan Jarow, M.D. 
  Office of the Center Director, Center for Drug Evaluation and Research 
 
  Yen-Ming Chan, M.Sc., Ph.D. 

ORISE Fellow, Office of Drug Evaluation IV (ODE IV), OND 
 
Wafa Harrouk, Ph.D. 
Senior Pharmacology/Toxicology Reviewer, ODE IV, OND 
 
Susan Johnson, Pharm.D., Ph.D. 
Associate Director, ODE IV, OND 

 
  Elizabeth Hankla, Pharm.D. 

Consumer Safety Officer, Office of Compliance, Office of Unapproved Drugs and 
Labeling Compliance (OUDLC) 

  
THROUGH: Ramesh K. Sood, Ph.D. 

Senior Scientific Advisor (Acting), ONDP, OPQ 
 

  Joyce Korvick, M.D. 
  Deputy Director for Safety, DGIEP 
 

Charles Ganley, M.D. 
 Director, Office of Drug Evaluation IV, Office of New Drugs 
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Frances Gail Bormel, R.Ph., J.D. 
Director, Division of Prescription Drugs, OUDLC 

 
TO:  Pharmacy Compounding Advisory Committee 
 
SUBJECT: Review of L-Citrulline for Inclusion on the 503A Bulk Drug Substances List  
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I. INTRODUCTION 
 
L-citrulline has been nominated for inclusion on the list of bulk drug substances for use in 
compounding under section 503A of the Federal Food, Drug, and Cosmetic Act (FD&C Act).  It 
was nominated for oral use in the management of urea cycle disorders.1  This review considers 
the oral use of L-citrulline for certain urea cycle disorders.2  
 
We have reviewed publicly available data on the physicochemical characteristics, safety, 
effectiveness, and historical use in compounding of this substance.  For the reasons discussed 
below, we believe the evaluation criteria weigh in favor of placing L-citrulline for oral 
administration on the list of bulk drug substances that can be used to compound drug products in 
accordance with section 503A of the FD&C Act (503A Bulks List).3    
L-citrulline is a non-essential amino acid.  All amino acids, with the exception of glycine, are 
utilized by the human body in the L-form.  Human cells produce L-forms of amino acids and L-
forms of amino acids are incorporated into proteins.  It is important to emphasize that this review 
pertains to L-citrulline alone.  Citrulline can be synthetically manufactured to yield the L-form 
and D-form, and the D-form is not the subject of this review.  Further information is available in 
the chemistry section of this review.   
  
II.  EVALUATION CRITERIA 
 

A. Is the substance well-characterized, physically and chemically, such that it is 
appropriate for use in compounding?4 

 

                                                           
1 Urea cycle disorders are a category of inborn errors of metabolism. 
2 L-citrulline was originally nominated for both oral and intravenous administration, for urea cycle disorders, 
citrullinemia, erectile dysfunction, and cardiovascular diseases.  By letter dated September 6, 2017, the nominators 
amended their nominations to limit the proposed use to oral use in the management of urea cycle disorders.  
Although the uses of L-citrulline for erectile dysfunction and cardiovascular diseases are outside the scope of this 
review, information about those uses is included in the attached appendices for the Committee’s information.  
3 Inclusion on the list of bulk drug substances that can be used to compound drug products in accordance with 
section 503A of the FD&C Act should not, in any way, be equated with or considered an FDA approval, 
endorsement, or recommendation of any drug compounded using the substance.  Nor should it be assumed that a 
drug compounded using a substance included on the list has been proven to be safe and effective under the standards 
required receiving Agency approval.  Any person who represents that a compounded drug made with a bulk drug 
substance that appears on the list of bulk drug substances that can be used to compound drug products in accordance 
with section 503A of the FD&C Act is FDA approved, or otherwise endorsed by FDA generally or for a particular 
indication, will cause the drug to be misbranded under section 502(a) and/or 502(bb) of the FD&C Act (21 U.S.C. 
352(a), (bb)). 
4 Among the conditions that must be met for a drug compounded using bulk drug substances to be eligible for the 
exemptions in section 503A of the FD&C Act is that the bulk drug substances are manufactured by an establishment 
that is registered under section 510 of the FD&C Act and that each bulk drug substance is accompanied by a valid 
certificate of analysis.  Sections 503A(b)(1)(A)(ii) and (iii).  A bulk drug substance is deemed to be adulterated if the 
methods used in, or the facilities or controls used for, its manufacture, processing, packing, or holding do not 
conform to or are not operated or administered in conformity with current good manufacturing practice. Section 
501(a)(2)(B). 
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The following databases were consulted in preparation of this section: PubMed, SciFinder, 
Analytical Profiles of Drug Substances, the European Pharmacopoeia, British Pharmacopoeia, 
Japanese Pharmacopoeia, USP/NF, and Google. 
 

 

H2N

O

N
H NH2

O

OH

                                
L-citrulline is a non-essential α-amino acid.  It is a key intermediate in the urea cycle, the 
pathway by which mammals excrete ammonia.  It has been marketed as a dietary supplement (or 
an ingredient of dietary supplement products) as capsules (500 mg – 1000 mg), tablets (1000 mg) 
and powder. 
 

1. Stability of the API and likely dosage forms 
 

When compounded as a solid, L-citrulline is likely to exist as 3 different polymorphic crystal 
forms: α, β, and δ, among which the δ form is the most stable form in terms of the phase 
behaviors (Allouchi et al. 2014). No other stability issues have been reported in the literature, 
and L- citrulline is likely to be stable under ordinary storage conditions both as a solid and 
solution. 

 
2. Probable routes of API synthesis 

 
Two routes of derivation for L-citrulline were identified.  
 
Route 1: L-citrulline is mainly produced by fermentation of L-arginine as the substrate with 
special microorganisms such as the L-arginine auxotrophs arthrobacterpa rafneus and Bacillus 
subtilis (Kakimoto et al. 1971; Katsumata et al. 1996). The yield can reach 25.9 g/L after a 72 h 
incubation (Kakimoto et al. 1971).  

 
Route 2: L-citrulline can also be obtained through chemical synthesis. The synthetic route is 
shown in the scheme below, and it involves hydrolysis of L-arginine under basic conditions to 
yield racemic D/L-citrulline followed by enantiomeric separation (Plimmer 1916). This route is 
much less efficient with harsh reaction conditions, tedious separation procedures, and 
environmentally unfriendly reagents.  Also, the yield and purity of the product from such a 
reaction has been problematic for industrial productions (Song et al. 2015).  
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3. Likely impurities5 
 

L-citrulline substance derived from route 1 may contain the following impurities: 
1) Starting substrate L-arginine. 
2) Residual bioburden, such as microorganisms. 
3) Byproducts from fermentation and residual agents and solutions used in separation. 
 

L-citrulline substance derived from route 2 may contain the following impurities: 
1) Residual starting materials, such as L-arginine. 
2) Residual reagents, byproducts such as ammonia, ornithine, copper (if used as a catalyst), 

or solvents. 
 

4. Toxicity of those likely impurities 
 

Residual L-arginine and ornithine are unlikely to be toxic.  High levels of residual ammonia or 
residual heavy metal catalyst, such as copper, may be present for L-citrulline produced during 
synthetic synthesis under route 2.  The nominators indicate an amount of total heavy metal of 
less than 10 ppm, which is a tolerable amount for copper according to the permitted daily 
exposure for copper in USP general chapter <232>.  As discussed in footnote 6, the compounder 
should use the information about the impurities identified in the certificate of analysis 
accompanying the bulk drug substance to evaluate any potential safety and quality issues 
associated with impurities in a drug product compounded using that bulk drug substance, taking 
into account the amount of the impurity, dose, route of administration, and chronicity of dosing.  
The low yield and tedious enantiomeric separation (Song et al. 2015) associated with the 
synthetic route makes it less likely that commercially available L-citrulline will be manufactured 
via synthetic pathway  
 

 
5. Physicochemical characteristics pertinent to product performance, such as particle 

size and polymorphism  
 
L-citrulline is a white solid and is soluble in water. The dissolution behavior of this substance is 
affected by its crystal form.  One study demonstrated that the α form of L-citrulline crystals 
exhibits a relative high initial solubility (> 220 mg / mL), followed by precipitation over time, 
which is indicative of dissolution of metastable forms. The δ form exhibits a more gradual 
increase in dissolved concentration until it levels off and stays as the saturated solution (120 mg / 
mL) for at least three weeks (Figure 1). When stored as a solid, the different crystal forms cannot 
interconvert to each other under ordinary storage conditions due to the strong hydrogen bonding 
networks (Allouchi et al. 2014).  No further information was available about the effect of 
different crystal forms on the bioavailability of this substance.  

                                                           
5 This review contains a non-exhaustive list of potential impurities in the bulk drug substance and does not address 
fully the potential safety concerns associated with those impurities.  The compounder should use the information 
about the impurities identified in the certificate of analysis accompanying the bulk drug substance to evaluate any 
potential safety and quality issues associated with impurities in a drug product compounded using that bulk drug 
substance taking into account the amount of the impurity, dose, route of administration, and chronicity of dosing. 
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Figure 1. Concentrations of L-citrulline form α (solid circles) and form δ (solid squares) in water as a 
function of time. Broken lines are guides to the eye (Allouchi, H. et al). 
 

 
6. Any other information about the substance that may be relevant, such as whether the 

API is poorly characterized or difficult to characterize 
 

L-citrulline has been well characterized with proton nuclear magnetic resonance (1H NMR) 
spectroscopy, Carbon-13 nuclear magnetic resonance (13C NMR) spectroscopy, Fourier 
transform infrared spectroscopy (FT-IR), X-ray crystallography, Ultraviolet-visible (UV-Vis) 
spectroscopy, and mass spectrometry (MS). 
 
Conclusions: L-citrulline is a non-essential amino acid.  The substance is likely to be stable 
when compounded into the proposed oral dosage forms under ordinary storage conditions.  The 
nominated substance has been well characterized with various analytical techniques and the 
synthesis of this substance has been well developed.   
 

B. Are there concerns about the safety of the substance for use in compounding? 
   

1. Nonclinical Assessment 
 
The following database(s) were consulted in the preparation of this section:  PubMed, Web of 
Science, and Google.   
 

a. General pharmacology of the drug substance 
 

As stated above, L-citrulline is a naturally occurring non-essential amino acid and an 
intermediate in the urea cycle.  L-citrulline is also found in certain foods (e.g., watermelons, 
cucumbers, squashes, and pumpkins) (Curis et al. 2005).  L-citrulline is the natural precursor of 
L-arginine, a substrate for nitric oxide synthase (NOS) in the synthesis of nitric oxide (NO).  Its 
basic function is to detoxify ammonia through conversion to urea.  It is also a hydroxyl radical 
scavenger.  Major pharmacological actions of L-citrulline include antioxidant, vasodilation, 
decreases in leukocyte migration, restoration of nitrogen balance, increase in muscle protein 
synthesis, and improvement of endothelial dysfunction (Kaore et al. 2013).   
 
Although L-citrulline is synthesized in humans in both the liver and intestine, only the small 
intestine has a major contribution to circulating L-citrulline levels.  Citrulline is synthesized from 
ornithine and carbamoyl phosphate by ornithine transcarbamylase (OTC) in the mitochondria of 
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hepatocytes (liver) and enterocytes (intestine).  Following intracellular transport via a selective 
membrane transporter, it is rapidly converted to arginine by argininosuccinate synthetase (ASS) 
and argininosuccinate lyase (ASL).  Arginine is then oxidized to citrulline with the concomitant 
release of NO.  Following release from enterocytes into the portal circulation, citrulline passes 
through the liver without undergoing significant metabolism.  The majority of L-citrulline is then 
absorbed by the kidney and subsequently metabolized by the kidney to produce arginine (Curis 
et al. 2005; Romero et al. 2006).  Appendix 1 illustrates the pathways for citrulline metabolism 
in the cell.   

 
b. Pharmacokinetics/Toxicokinetics 
 

In rats, following oral administration, L-citrulline significantly increased the exposure (AUC) of 
L-arginine to a greater extent than administration of L-arginine itself. The time to maximum 
concentration (Tmax) of plasma L-arginine after oral administration of L-citrulline is 
approximately 4 h in animals (Morita et al. 2014).  In a study in sheep, pharmacokinetics of 
citrulline in the maternal plasma (Gestation Day 135) following a single intravenous bolus 
injection of citrulline (155 μmol/kg) was as follows: area under the concentration curve (AUC) = 
70.8 nmol.min/L; clearance (CL): 2.64 mL/min.kg; half-life (T1/2): 89.2 min and maximum 
concentration (Cmax): 530.9 μmol/L (Lassala et al. 2009).  Administration of L-citrulline 
increased L-citrulline and L-arginine concentrations in maternal and fetal plasma between 5 and 
60 min following administration.  In a study in rats, the bioavailability of L-citrulline was 
assessed during endotoxemia.  Another rat study compared the pharmacokinetics of oral L-
citrulline in catabolic conditions (Elwafi et al. 2012). Endotoxemia considerably decreased the L-
citrulline bioavailability in both studies. 

 
No toxicokinetic information about L-citrulline was found. 

 
c. Acute toxicity6 
 

The effects of citrulline malate on lipopolysaccharide (LPS) induced endotoxemia were studied 
in male Wistar rats (Verleye et al. 1995).  In this study, rats were administered citrulline malate 
orally at 1.2 or 2.4 g/kg at 7 hours, 24 hours, or 30 hours after the first injection of LPS (total 
dose of citrulline malate = 3.6 g/kg or 7.2 g/kg).  Results indicated that the above dosing regimen 
of citrulline had no effect on rectal temperature, body weight, food consumption, or muscular 
performance. 

 

                                                           
6 Acute toxicity refers to adverse effects observed following administration of a single dose of a substance, or 
multiple doses given within a short period (approximately 24 hours). Endpoints captured in acute toxicity studies 
usually include mortality and gross clinical observations. Acute toxicity data are usually superseded by data 
obtained from longer term toxicity studies. 
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d. Repeat dose toxicity7 
 

The effect of orally administered citrulline in experimental animals fed an arginine-deficient diet 
was examined in a few nutritional studies.  In one study in rats, citrulline administration in the 
diet (10.1 g/kg) for 6 days did not affect body weight or food consumption (Hartman et al. 1994).  
In another study, English Pointer puppies fed an arginine-free diet resulted in growth failure, 
emetic episodes, mild hyperammonemia, and decreased plasma arginine and urea and orotic 
aciduria (Czarnecki and Baker 1984).  When these puppies (receiving an arginine-free diet) were 
treated with citrulline (0.45% or 4500 ppm or approximately 225 mg/kg/day for 14 days in the 
diet), near normal weight gains were observed.  In a study in growing kittens, oral administration 
of citrulline (830 mg/kg/day) for 10 days in an arginine-free diet maintained the growth rate of 
kittens (Morris et al. 1979). 

 
e. Genotoxicity8 
 

No genotoxicity data were found for L-citrulline. 
 
f. Developmental and reproductive toxicity9 
 

No developmental or reproductive toxicity data were found for L-citrulline.  
 
g. Carcinogenicity10  

 
No carcinogenicity data were found for L-citrulline.  

 

                                                           
7 Repeated-dose toxicity studies consist of in vivo animal studies that seek to evaluate the toxicity of the test 
substance by observing the changes that emerge in clinical observations, clinical chemistry, gross pathology, and 
histology endpoints when the test substance is repetitively administered daily for a predetermined period of time. 
 
8 The genotoxicity assessment battery usually consists of a gene mutagenicity assay (for single dose trials) and a 
variety of clastogenicity/genotoxicity assays. To support multiple dose administration in humans, additional 
genotoxicity testing assessment is usually conducted to detect chromosomal damage in mammalian systems. 
 
9 Developmental and reproductive toxicity studies are usually designed to assess the potential adverse effects in 
humans of both sexes and include females from various age groups that will be exposed to the proposed substance.  
Developmental toxicity or teratogenicity refers to adverse effects (can include embryo-fetal mortality, structural 
abnormalities, functional impairment, or alterations to growth) and can occur in pups either as a result of the 
exposure of their parents to the substance, prior to the pups’ birth, or by direct exposure of the pups to the substance 
after birth. 
 
10 Studies that assess cancer risk in animals are used as predictive tools to evaluate the potential for drugs to result in 
tumors when used by humans on a chronic basis.  Carcinogenicity studies are conducted if the clinical use is 
expected to be continuous for a minimum of 6 months of life, or if intermittent clinical use is expected to total 6 
months or more of life. 
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Conclusion:  The pharmacology of L-citrulline in humans has been extensively evaluated (see 
Appendix 1).  There has been no systematic evaluation of the toxicology of L-citrulline to 
support nonclinical safety.  Overall, the nonclinical safety of L-citrulline has not been adequately 
assessed. 
 

2. Human Safety  
 
The following databases were consulted in the preparation of this section:  PubMed, Web of 
Science, and Google.    
 

a. Reported adverse reactions 
 

The Office of Surveillance and Epidemiology conducted a search of FDA Adverse Event 
Reporting System (FAERS) for reports of adverse events with the product term “Citrulline,” 
which captures the L-isomer form, through August 2, 2017.   
 
The FAERS search retrieved 19 adverse event reports with the use of citrulline or L-citrulline 
products, including four duplicates.  The 15 unique reports were categorized as the following:  

1. eight cases involved sub-potent L-citrulline preparations resulting in increased ammonia 
levels in patients with urea cycle disorders.   

2. one report did not describe an adverse event; the reporter complained about the recall of 
sub-potent L-citrulline lots. 

3. a case of QT-prolongation involving polysubstance overdose with quetiapine, 
levetiracetam, propranolol, citrulline, and alcohol. 

4. a case of intrathecal baclofen pump malfunction leading to a drug delivery issue; the 
patient was taking multiple concomitant drugs including citrulline. 

5. a case of decreased sildenafil effect when sildenafil was co-administered with L-citrulline 
and L-arginine; the report lacked sufficient information for assessment. 

6. a case of “chills, shakes, and sluggishness” related to liver abscess. 
7. a case of drowsiness temporally associated with sodium phenylbutyrate administration; 

the patient also had a viral infection. 
8. a literature case report of premature rupture of the membranes in a pregnant patient with 

lysinuric protein intolerance. 
 

A case of sub-potent L-citrulline product was published in the medical literature.  A newborn 
patient was diagnosed with carbamoyl phosphate synthetase deficiency type I (CPS I), a 
condition in which there is a complete block of the proximal urea cycle, but are still able to 
achieve a normal plasma citrulline level on appropriate citrulline supplementation.  This patient 
was initially treated with intravenous arginine, phenylacetate/sodium benzoate, insulin, glucose 
and intralipids.  Once stabilized, the patient was transitioned to oral L-citrulline supplementation.  
Shortly after, the patient’s ammonia level rose again to 645 μmol/L (normal level 10 – 47 
umol/L).  Analysis of the L-citrulline product was performed and it was found that the product 
contained no L-citrulline, despite being labeled as 99.88% L-citrulline.  A second patient was 
identified shortly thereafter because the patient had received L-citrulline product from the same 
supplier, and subsequently had very low citrulline levels and reported clinical symptoms. The L-
citrulline product used by the second patient was analyzed and found to contain no L-citrulline.  
The treating physicians alerted the FDA and this led to recall of the product (D’Aco et al. 2014). 
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The Center for Food Safety and Nutrition (CFSAN) collects reports of adverse events involving 
food, cosmetics, and dietary supplements in the CFSAN Adverse Event Reporting System 
(CAERS).  A search of CAERS was conducted for adverse events associated with L-citrulline on 
July 31, 2017 based on the term “dietary supplements.”  The verbatim ingredients reported were 
L-Citrulline, watermelon concentrate. The system does not have standard product names. There 
were 272 cases spontaneously reported from September 2007 to July 2017. The ages of persons 
consuming L-Citrulline ranged from 16 to 80 years old.  
 
In the 272 cases reported, L-Citrulline was consumed predominately as powdered drink, in 
combination with amino acids, vitamins, or other herbal compounds. These combinations of L-
citrulline with other ingredients will be referred to as “L-citrulline mixture” for the purpose of 
this review.  Doses of the herbal products and multivitamins were not reported.  The potential 
causality of L-citrulline to the adverse events reported with L-citrulline mixtures cannot be 
assessed.   
 
The adverse events associated with “L-citrulline mixture” included the following: 

• Three deaths were reported.  Two were secondary to cardiac arrest (16 year old male in 
the first case, age of patient was not reported in the second case).  The third case was a 20 
year old male patient who died due to acute renal failure, cardiac arrest, acidosis, and 
hyperkalemia. 

• Serious adverse events that occurred in two or more reports included acute renal failure, 
blindness, increased International Normalized Ratio (INR), rash, swelling face, eye 
swelling, swollen tongue, edema, priapism, weight loss, panic attack, confusion, and 
hepatic failure.   

• Adverse events that were reported in three or more reports included dysphagia, 
hypersensitivity reaction, anaphylaxis, vomiting, bloody diarrhea, gastritis, dyspepsia, 
reflux, abdominal pain, gastrointestinal bleeding, cardiac arrest, convulsions, renal pain, 
hyperthermia, paresthesia, increased creatine phosphokinase, dizziness, dysphonia, 
tachycardia, irregular heart rate, hypertension, chest pain, electrolyte abnormalities, 
thrombosis, urticaria, oropharyngeal swelling, possible drug induced liver injury, 
abnormal liver tests, cerebrovascular accident, hyperhidrosis, nephrolithiasis, blood in 
urine, and myocardial infraction.   

 
An updated CAERS search identified that between August 2015 and May 2017 there were 60 
additional reports of events that occurred in association with products containing L-citrulline.  
None of the cases reported the use of a single ingredient L-citrulline product.  There were no 
deaths reported, and otherwise the nature of the events is consistent with the case descriptions 
above. 
 

b. Clinical trials assessing safety 
 
In pharmacokinetic studies of healthy humans administered oral L-citrulline doses of up to 15 
grams, used on a short term basis, no adverse events were reported (Smith et al. 2006; Moinard 
et al. 2008).  We found no safety data in patients with urea cycle disorders (UCDs) treated with 
multiple doses of L-citrulline.   
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c. Pharmacokinetic data  
 
The pharmacokinetics of L-citrulline was characterized after oral administration in healthy 
subjects (Moinard et al. 2008) and after intravenous infusion in pediatric patients undergoing 
congenital heart surgery (Barr et al. 2007).   
 
After oral administration, peak plasma concentrations (Cmax) were attained within an hour in 
healthy adults.  The systemic exposure (Cmax and area under the plasma concentration time 
curve (AUC)) increased in a dose-dependent manner within a range from 2 g to 15 g, and mean 
elimination half-life was about 1 hour.  Mean Cmax and AUC following a single dose of 15 g 
was 3849 (±190) µmol/L and 8637(±440) µmol·h/L, respectively.  The apparent clearance 
ranged 10-18 L/h (0.14-0.25 L/h/kg for a 70-kg adult) and the apparent volume of distribution 
ranged 15-17 L (~ 0.2 L/kg for a 70-kg adult) (Moinard et al. 2008).   
 

d. The availability of alternative approved therapies that may be as safe or safer 
 
There are approved drug therapies for UCDs (Carbamyl Phosphate Synthetase 1 Deficiency 
(CPS1D), N-Acetylglutamate Synthase Deficiency (NAGSD), Ornithine Transcarbamylase 
Deficiency (OTCD), and Ornithine Translocase Deficiency (HHH syndrome)).  These include 
glycerol phenylbutyrate, sodium phenylbutyrate, and carglumic acid.  
 
L-arginine and L-citrulline are available as dietary ingredients in dietary supplement products 
and are used in clinical practice in the treatment of UCDs.  There are no data comparing the 
safety of L-arginine relative to L-citrulline.  
 
Conclusions:  Overall, the clinical safety of L-citrulline for the treatment of UCDs has not been 
assessed in randomized clinical trials. Dietitians recommend the use of oral L-citrulline and 
evaluateprotein intake as part of the standard of care in patients with UCDs. There is an 
extensive history of use.  Serious adverse events that can be causally linked to L-citrulline have 
not been identified.   
  

C.  Are there concerns about whether a substance is effective for a particular use? 
 

1. Reports of trials, clinical evidence, and anecdotal reports of effectiveness, or lack of 
effectiveness, of the bulk drug substance 

 
Clinical Trial/s:  We could not identify clinical trials supporting the efficacy/effectiveness of L-
citrulline in patients with UCDs (specifically in NAGS, CPS-1, and OTC deficiency and HHH 
syndrome).  This is not surprising given the rarity of the disorder in the population.  However, 
chronic use of oral L-citrulline supplementation is standard of care for patients with certain 
UCDs because there is a strong mechanistic rationale based on the pathophysiology of the 
disorder and the goals of treatment.  Anecdotal experience (biochemical and clinical 
improvement) showing the successful treatment of certain UCDs with L-citrulline provides 
sufficient support for its use in these diseases.  Not all UCDs are amenable to therapy with L-
citrulline and, in some UCDs, the administration of L-citrulline would exacerbate the underlying 
condition (Haberle et al. 2012). 
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Anecdotal Report:  Based on the understanding of the underlying pathophysiology associated 
with the urea cycle disorders and a rational approach to treat resultant biochemical abnormalities 
(accumulation of ammonia), L-citrulline has been used successfully in the treatment of certain 
UCDs. 
 
Mechanistic rationale for use of L-citrulline in the treatment of UCDs: The clinical use of L-
citrulline in UCDs (specifically in NAGS, CPS-1, and OTC deficiency and HHH syndrome) is 
based on the role of L-citrulline in the physiological pathway of the urea cycle and protein 
metabolism.  L-citrulline is purported to: 
 

• Prevent catabolism and promote growth and normal protein homeostasis. 
• Allow for the incorporation of one nitrogen atom into arginine and urea, thereby 

removing excess nitrogen load (eliminate ammonia). 
• Improve long term management of NAGS, CPS1D and OTC deficiency; and HHH 

syndrome as per the guidelines published by Haberle et al. (2012).  These guidelines are 
accepted and followed for management of UCD, both in Europe and the US.  

 
Thus, despite a lack of randomized controlled trial(s) showing effectiveness/efficacy, it is logical 
to provide supplementations with L-citrulline in certain UCDs in order to promote anabolism and 
growth in children as well as to maintain normal protein turnover in adults for normal bodily 
function. 
 
Published Literature:  A 2007 publication by Dr. Rani Singh states that “the aim of treatment of 
patients with UCD is to maintain normal plasma ammonia and amino acid concentrations with 
enteral nutritional management and drug therapy.”  Singh (2007) proposes the following 
nutritional management for patients with UCDs:  
 

• Acute nutritional management: In the case of acute hyperammonemia crisis, the protein is 
withdrawn for 24-48 hours, after which it is imperative to start enteral nutrition to avoid 
catabolism. This nutritional support is carried out by supplementation of conditionally 
essential amino acids and either L-arginine or L-citrulline.  

• Chronic nutritional management: Enteral L-citrulline (170 mg/kg body weight per day or 
3.8 grams/m2/day) should be administered to patients with CPS I or OTC deficiency 

(Batshaw et al. 2001; Singh 2007).  
 
See Appendix 2 for dosing information. 

 
2. Whether the product compounded with this bulk drug substance is intended to be used 

in a serious or life-threatening disease  
 

UCDs are serious and life-threatening with complications such as hyperammonemia, a serious 
manifestation, which if left untreated leads to poor outcomes.  Patients with UCDs present with 
hyperammonemia immediately after birth (in 50% of patients) or later (at any age), leading to 
death or severe neurological handicap in many survivors (Haberle et al. 2012).  The acute and 
chronic serious manifestations of the disease include but are not limited to: seizures, 
encephalopathy, devastating neurocognitive outcomes, multi-organ failure, failure to thrive, 
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medically refractory hypertension, hepatomegaly, and death.  Patients require life-long treatment 
with a protein restricted diet with or without ammonia scavenging agents to prevent 
hyperammonemia.  

 
3. Whether there are any alternative approved therapies that may be as effective or 

more effective. 
 

There are approved drug therapies for UCDs (CPS1D, NAGSD, OTCD, and HHH syndrome): 
glycerol phenylbutyrate, sodium phenylbutyrate, and carglumic acid.  However, in most cases 
these are used as adjuvant drug therapy in addition to dietary management, which includes 
supplementation with L-citrulline.  Also, L-arginine, available as a dietary supplement, is used in 
clinical practice in the treatment of UCDs (Tuchman et al. 2008; Haberle et al. 2012). There are 
no data to compare the effectiveness of L-arginine to L-citrulline.   
 

Conclusions: The use of oral L-citrulline for UCDs is based on the underlying pathophysiology 
of the disorder and the demonstration of improvement of hyperammonemia with oral 
supplementation.  Oral L-citrulline is part of the standard of care for certain UCDs. 
 

D. Has the substance been used historically in compounding? 
 
The following databases were consulted in preparation of this section:  PubMed, Natural 
Medicines Database, European Pharmacopoeia, British Pharmacopoeia, Japanese 
Pharmacopoeia, USP/NF, and Google.   
 

1. Length of time the substance has been used in pharmacy compounding 
 
L-citrulline was first discovered in the 1930s and was extracted from watermelon (Citrullus 
vulgaris) (Wada, 1930; Mandel et al., 2005).  Although the exact duration and details of L-
citrulline use as a nutritional therapy and pharmacotherapy in UCDs cannot be determined from 
the literature, its use appears to be first proposed by Dr. Saul Brusilow et al. in 1979 (Brusilow et 
al. 1979).  Dr. Saul Bursilow’s (Brusilow et al. 1979; Batshaw et al. 2001) observation of 
increased excretion of nitrogen in urine when L-arginine was given to an infant with 
argininosuccinic aciduria (argininosuccinic acid lyase deficiency) paved the way for the use of 
L-citrulline in UCDs.  Although L-citrulline has been used for decades, there is insufficient 
information available to determine how long L-citrulline has been used in pharmacy 
compounding. 
 

2. The medical condition(s) it has been used to treat 
 

Per the Natural Medicines Database, L-citrulline is used orally for Alzheimer's disease, 
dementia, fatigue, muscle weakness, Reye's syndrome, sickle cell disease, lysinuric protein 
intolerance, impotence, erectile dysfunction, cardiovascular disease, vascular disease, 
hypertension, heart failure, diabetes, postoperative pulmonary hypertension, ischemia-
reperfusion injury, stimulating immune function, body building, increasing energy, and 
improving athletic performance; while L-citrulline is used intravenously for preventing 
pulmonary hypertension after heart surgery in children (Natural Database, 2015). 
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There are “suggested” standard of care guidelines published in Europe; and manuscripts 
published and utilized in the US that support the use of L-citrulline in UCDs (Singh 2007; 
Tuchman et al. 2008; Haberle et al. 2012).  See Appendix 2.   
 
As stated above, in 2014, several lots of L-citrulline were recalled due to adverse event reports 
associated with sub-potent L-citrulline.  According to an FDA alert, L-citrulline was shipped to 
pharmacies and clinics nationwide as containers filled with powdered L-citrulline to be 
compounded into tablets, capsules, or liquids by pharmacies, or remain as a powder to treat 
UCDs (FDA Safety Alerts, 2014; Medisca Inc Warning Letter, 2015).   
 
Results from a Google search using the terms L-citrulline compounding pharmacy indicate that 
at least one compounding pharmacy is using L-citrulline in combination with L-arginine and L-
ornitine for injection (Tri-Amino Injection).  According to advertisements, Tri-Amino Injection 
is designed to help improve lean body mass, athletic performance, cardiovascular health, and 
vascular function, among other claims. 
 

3. How widespread its use has been  
 
L-citrulline use is widespread in UCD patients, although the source (compounded drug product 
vs dietary supplement) of L-citrulline is unknown.  In a cross-sectional investigation to 
determine different medical treatment offered by geneticists to the UCD patients in the U.S., 
Tuchman et al. observed that 45% (44/141) of patients with OTC deficiency were taking L-
citrulline for chronic dietary management (Tuchman et al. 2008).  Many expert physicians from 
the U.S. and Europe in standard of care practice, manuscripts, and suggested guidelines 
recommend L-citrulline for NAGS deficiency, CPS1 deficiency, OTC deficiency, and HHH 
syndrome (Singh 2007; Tuchman et al. 2008; Haberle et al. 2012).   
 

4. Recognition of the substance in other countries or foreign pharmacopeias 
 
We did not locate any listings for L-citrulline in a search of the British Pharmacopoeia (BP 
2016), the European Pharmacopoeia (8th Edition, 2016, 8.8), and the Japanese Pharmacopoeia 
(16th Edition). 
 
Conclusions:  The exact duration L-citrulline has been used in compounding is not clear.  
However, it appears based on the review of the literature, that L-citrulline has been used 
clinically in the treatment of certain UCDs for approximately 30 to 40 years.  Based on internet 
searches, compounding pharmacies have been preparing L-citrulline in oral and intravenous 
forms.   
 
 
III. RECOMMENDATION 
 
We have balanced the criteria described in section II above to evaluate L-citrulline for the 503A 
Bulks List.  After considering the information currently available, a balancing of the criteria 
weighs in favor of L-citrulline being placed on that list, for oral administration only.  Other 
routes of administration were not nominated and are outside the scope of this review. 
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1. L-citrulline is well characterized, physically and chemically, such that it is appropriate for 

use in compounding, for oral use only.  The drug substance is likely to be stable under 
ordinary storage conditions in the proposed dosage form. 

 
2. In the limited safety data discussed in the medical literature, no significant adverse events 

were identified in the treatment of UCDs.  
 

3. The use of oral L-citrulline for UCDs is based on a mechanistic rationale consistent with 
the underlying pathophysiology of the disorders and the demonstration of improvement 
in hyperammonemia with oral supplementation.  Oral L-citrulline is part of the standard 
of care for certain UCDs. 

 
4. L-citrulline has been used clinically in the treatment of UCDs for approximately 30 to 40 

years.  The source of L-citrulline (compounded drug product vs dietary supplement) is 
unknown. 

 
Based on the information that the Agency has considered, a balancing of the four evaluation 
criteria weighs in favor of L-citrulline being added to the 503A Bulks List for oral use only. 
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APPENDIX 1: UREA CYCLE 

 
Electronically copied and reproduced from- Häberle J, Boddaert N, Burlina A, Chakrapani A, Dixon M, Huemer M, 
Karall D, Martinelli D, Crespo PS, Santer R, Servais A, Valayannopoulos V, Lindner M, Rubio V, Dionisi-Vici C. 
Suggested guidelines for the diagnosis and management of urea cycle disorders. Orphanet J Rare Dis. 2012 May 
29;7:32. 
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APPENDIX 2: DOSING IN UREA CYCLE DISORDERS 
 

 
Source  Batshaw ML, MacArthur RB, Tuchman M (2001) Alternative pathway therapy for urea cycle disorders  twenty years later. J Pediatr 

138(1 Supplement) S46–S54. 
 

 
Source  Häberle J, Boddaert N, Burlina A, Chakrapani A, Dixon M, Huemer M, Karall D, Martinelli D, Crespo PS, Santer R, Servais A, 

Valayannopoulos V, Lindner M, Rubio V, Dionisi-Vici C. Suggested guidelines for the diagnosis and management of urea cycle disorders. 
Orphanet J Rare Dis. 2012 May 29 7 32. 
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Appendix 4: Use of L-citrulline in cardiovascular disease 

The use of L-citrulline to treat “cardiovascular diseases” was proposed in the original 
nomination, but was withdrawn by the nominator. Although FDA has not evaluated the use of L-
citrulline to treat “cardiovascular diseases,” information relevant to the use has been included 
below.  

Information on effectiveness: 

Information in the medical literature refers to L-citrulline possibly being considered in the 
treatment of diseases associated with endothelial dysfunction including hypertension, heart 
failure, diabetic vascular disease, and atherosclerosis (Romero et al. 2006).  The medical 
literature generally includes studies using L-citrulline in patients with heart failure and/or 
pulmonary arterial hypertension by oral and intravenous routes of administration.   

Clinical Trial(s):  As of 7/15/2017, there were eleven clinical trials listed in ClinicalTrials.Gov 
for L-citrulline in heart disease.  Their status was listed as five completed, three recruiting, one 
active but not enrolling, and two unknown.  The studies are listed in Appendix 3.   

One study is being conducted in children undergoing repair of congenital heart defects to assess 
whether intravenous L-citrulline reduces the clinical sequelae of acute lung injury induced by 
cardiopulmonary bypass.11   The study is registered on ClinicalTrials.gov (Identifier 
NCT02891837)12; it is being supported by Asklepion Pharmaceuticals LLC. They have received 
orphan designation for this indication.   The study includes both pulmonary and cardiovascular 
endpoints. 
 
Anecdotal Report:  At the University of North Carolina, pediatric patients with refractory 
pulmonary hypertension have been treated with L-citrulline (150 mg/kg/dose every six hours 
orally) with “good outcomes” (Yang and So 2017). 
Purported Mechanism of Action:  L-citrulline is metabolized to arginine.  Arginine can be 
metabolized to nitric oxide by endothelial nitric oxide synthetase.  In various cardiovascular 
diseases, there may be endothelial dysfunction which leads to decreased production of nitric 
oxide.  Aside from the vasodilatory action, nitric oxide is reported to have anti-inflammatory, 
antiproliferative, and anti-aggregatory platelet properties (Romero et al. 2006).  L-citrulline may 
be more beneficial than arginine because it does not induce arginase (as arginine does) and has 
greater ability to increase arginine levels. 

Published Literature:  Most of the studies in which L-citrulline was administered orally and 
intravenously can be considered proof of concept or pharmacokinetic /pharmacodynamic studies.  
They are of short duration with a small number of patients and have insufficient power to 

                                                           
11 http://www.asklepionpharm.com/asklepion-pharmaceuticals-llc-announced-fda-granted-orphan-drug-designation-
l-citrulline/ 
12 Downloaded from https://www.ClinicalTrials.gov, August 7, 2017.  Study titled “A Phase III Double-Blind, 
Randomized, Placebo Controlled, Multi-Center Clinical Study to Evaluate the Efficacy and Safety of Intravenous L-
citrulline for the Prevention of Clinical Sequelae of Acute Lung Injury Induced by Cardiopulmonary Bypass in 
Pediatric Subjects Undergoing Surgery for Congenital Heart Defects.” 
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demonstrate significant clinical benefits.  Descriptions of some example studies are provided 
below. 

 
• Oral L-citrulline (1 gram orally three times a day for two weeks) was administered to 25 

patients with idiopathic pulmonary hypertension (N = 17) or Eisenmenger Syndrome (N = 8) 
in an uncontrolled study.  A six minute walk test and pulmonary artery pressure was 
conducted at baseline and after 2 weeks.  The 6 minute walk test at 2 weeks compared to 
baseline increased on average by 44 meters ( p = 0.005) and pulmonary artery pressure 
decreased from 83 mmHg to 79 mmHg (p = 0.01).  Two patients withdrew due to adverse 
events that included edema in terminal limbs, urinary frequency, increased cough, and 
heartburn (Kashani et al. 2014).  
 

• Forty children undergoing cardiopulmonary bypass, at risk for pulmonary hypertension 
intraoperatively, were enrolled in a randomized, double-blind, placebo controlled trial to 
evaluate the effect of oral L-citrulline on systemic blood pressure, L-citrulline and arginine 
blood levels, and pulmonary artery pressure during and after surgery.  Patients were 
administered L-citrulline (N = 20) as a 100 mg/ml suspension or placebo (N = 20) in a 
matching volume and color via nasogastric tube.  Five doses of 1.9 grams/m2 L-citrulline in 
water or water for 5 doses (prior to bypass, on arrival in ICU, 12, 24, and 36 hours post-op) 
were administered. The median age of the patients was 8 months in the placebo group and 12 
months in the L-citrulline group.  Mean blood pressure during and after surgery was not 
different between treatment groups.  L-Citrulline and L-arginine blood levels were higher in 
the citrulline treated group during surgery and after.  Nine patients experienced pulmonary 
hypertension (defined as mean pulmonary artery pressure of at least 25 mmHg or exceeding 
50% of the mean systemic artery pressure), six in the placebo and three in the citrulline 
group.  All of the patients who did not experience pulmonary hypertension had citrulline 
levels greater than 37 umol/L at all measurements (Smith et al. 2006).  

• The following is a summary of the first report in the medical literature of the use of 
intravenous L-citrulline in humans (Barr et al. 2007).  Seventeen children less than 6 years of 
age undergoing congenital heart surgery were administered either two bolus doses (injected 
over 10 minutes) of intravenous citrulline (50 mg/kg, 100 mg/kg or 150 mg/kg) given at the 
start of cardiopulmonary bypass and at 4 hours after the first dose or a bolus dose (150 
mg/kg) followed by a continuous infusion of 9 mg/ (kg. hr.) starting 4 hours later and 
continuing for 48 hours.  The first eight patients received the bolus doses only. After 
pharmacokinetic data showed that a target citrulline level of 80 to 100 umol/L was not 
maintained because of the sixty minute half-life for citrulline, the next nine patients received 
the bolus then infusion.  The following figure shows the concentration time curve for the 150 
mg/kg bolus dosing.   
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Concentration time curve of citrulline 150 mg/kg intravenous  
bolus administered 4 hours apart (Barr et al. 2007).  
 

In the other nine patients, who received a bolus then infusion, the plasma citrulline levels 
were maintained at levels of 125 umol/L.  The study also evaluated whether mean arterial 
blood pressure decreased by 20% or greater in any of the patients. Only one patient 
experienced a drop of this magnitude that was associated with complete heart block.  The 
investigators and Drug Safety Monitoring Board for the study did not believe this was 
related to citrulline (Barr et al. 2007).  

 
• Thirty-eight patients with New York Heart Association (NYHA) Class I and II systolic 

congestive heart failure were enrolled in a randomized, open label, non-placebo-controlled 
trial to evaluate the benefit of oral L-citrulline on functional class, ejection fraction, and 
peripheral blood flow.  L-Citrulline was administered in an oral dose of 1.5 grams twice a 
day for four months.  Measurement changes from baseline to 4 months were compared 
between L-citrulline and the no supplementation group. Thirty-five patients were evaluated, 
twenty in the L-citrulline group and fifteen in the no supplement group. Three patients 
withdrew, one L-citrulline patient withdrew due to gastrointestinal intolerance and two no 
supplementation patients withdrew for unspecified reasons.  There was a 13 to 20 percent 
relative improvement in rest and stress ejection fraction in the left and right ventricle that was 
statistically significant.  Although the paper reports that 35% of the L-citrulline patients 
improved their NYHA classification (7 of 10 from Class II to I), there were only four Class II 
patients in the no supplement group, so a comparison is difficult (2 of the 4 went from Class 
II to III).  Patients were on a wide variety of concomitant medications for their heart failure at 
the start and throughout the trial.  There is no information provided that explains how 
changes in other therapy over the four months may have influenced the results.  The study is 
insufficient in size and duration to conclude a benefit with L-citrulline (Balderas-Munoz et 
al. 2012). 
 

• In an uncontrolled study of NYHA Class I to III patients, fifteen patients were treated with 
oral L-citrulline (1.5 grams twice a day; N = 15) or arginine (4 grams twice a day; N = 15) 
for two months.  There was no significant difference in ejection fraction at rest or with stress 
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between baseline and two months.  There was a statistically significant difference from 
baseline to 2 months in systolic pulmonary artery pressure for arginine (56 to 44 mmHg) and 
L-citrulline (57 to 48 mmHg) (Orozco-Gutierrez et al. 2010) 

 
Information on safety:  
 
In a seventeen patient study of children less than six years of age with congenital heart disease 
undergoing cardiac surgery and receiving intravenous bolus and infusions of citrulline, there was 
one serious adverse event reported.  One patient experienced bradycardia and complete heart 
block approximately 8 hours post-operatively.  The patient was treated and the adverse event 
resolved.  The Drug Safety Monitoring Board for the study did not believe that the adverse event 
was due to citrulline (Barr et al. 2007). 
 
Appendix 5: Use of L-citrulline in erectile dysfunction 

The use of L-citrulline in erectile dysfunction was proposed in the original nomination, but was 
withdrawn by the nominator. Although FDA has not evaluated the use of L-citrulline in erectile 
dysfunction, information relevant to the use has been included below.  

Information on effectiveness: 

We located one published single-blind, sequential treatment, placebo-controlled study of L-
citrulline in 24 men with mild erectile dysfunction (Cormio et al. 2011).  The primary efficacy 
endpoint for the study was conversion of a patient-reported erectile hardness score from 3 to 4.  
This endpoint has not been used in the study of other drugs seeking FDA approval for the 
indication of treatment of erectile dysfunction.  Nevertheless, there was an 8% response rate in 
the placebo arm and a 50% response rate while taking 1.5 g/d of oral L-citrulline (p < 0.01).  
There are no other clinical studies of oral L-citrulline for the treatment of erectile dysfunction 
reported.  The results of this study are supported by two nonclinical studies of L-citrulline in rats 
demonstrating improvement in surrogate markers of penile function (Hotta et al. 2014; Ferrini et 
al. 2015).  The results of human pharmacokinetic and pharmacodynamic studies are mixed.  The 
pharmacokinetic study using doses up to 3 g twice daily of L-citrulline demonstrated significant 
increases in plasma L-arginine, the precursor for nitric oxide, however did not demonstrate an 
increase in flow-mediated vasodilation (Schwedhelm et al. 2008).  In contrast, an increase in 
vasodilation was observed in 12 healthy volunteers treated with seven days of 3 g/d oral L-
citrulline (Alsop and Hauton 2016).   
 
Information on safety: 
 
A study of 24 men with mild erectile dysfunction receiving 1.5 g/d L-citrulline orally for one 
month did not reveal any adverse events. 
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September 30, 2014 

 

Division of Dockets Management (HFA-305) 

Food and Drug Administration 

Department of Health and Human Services 

5630 Fishers Lane, Room 1061 

Rockville, Maryland 20852 

 

[Docket No. FDA-2013-N-1525] 

 

Re: FDA-2013-N-1525;   List of Bulk Drug Substances That May Be Used in Pharmacy 

Compounding in Accordance with Section 503A 

 

Dear Sir or Madam: 

 

Thank you for the opportunity to submit our comments on FDA’s request for a list of bulk drug 

substances that may be used in pharmacy compounding as defined within Section 503A of the 

Federal Food, Drug and Cosmetic Act.  As FDA receives these lists from the public, the medical 

and pharmacy practice communities, the International Academy of Compounding Pharmacists 

(IACP) appreciates the opportunity to identify and share drug substances which are commonly 

used in the preparation of medications but which have neither an official USP (United States 

Pharmacopeia) monograph nor appear to be a component of an FDA approved drug product.   

 

IACP is an association representing more than 3,600 pharmacists, technicians, academicians 

students, and members of the compounding community who focus on the specialty practice of 

pharmacy compounding. Compounding pharmacists work directly with prescribers including 

physicians, nurse practitioners and veterinarians to create customized medication solutions for 

patients and animals whose health care needs cannot be met by manufactured medications. 

 

Working in tandem with the IACP Foundation, a 501(c)(3) non-profit organization dedicated to 

enhancing the knowledge and understanding of pharmacy compounding research and education, 

our Academy is submitting the accompanying compilation of 1,215 bulk drug substances which 

are currently used by compounding pharmacies but which either do not have a specific USP 

monograph or are not a component of an FDA approved prescription drug product. 

 

These drug substances were identified through polling of our membership as well as a review of 

the currently available scientific and medical literature related to compounding.   
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Although the information requested in FDA-2013-N-1525 for each submitted drug substance is 

quite extensive, there are many instances where the data or supporting research documentation 

does not currently exist.  IACP has provided as much detail as possible given the number of 

medications we identified, the depth of the information requested by the agency, and the very 

short timeline to compile and submit this data. 

ISSUE:  The Issuance of This Proposed Rule is Premature 

 

IACP is concerned that the FDA has disregarded previously submitted bulk drug substances, 

including those submitted by our Academy on February 25, 2014, and created an series of clear 

obstructions for the consideration of those products without complying with the requirements set 

down by Congress.  Specifically, the agency has requested information on the dosage forms, 

strengths, and uses of compounded preparations which are pure speculation because of the 

unique nature of compounded preparations for individual patient prescriptions.  Additionally, the 

agency has developed its criteria list without consultation or input from Pharmacy Compounding 

Advisory Committee.  Congress created this Advisory Committee in the original and reaffirmed 

language of section 503A to assure that experts in the pharmacy and medical community would 

have practitioner input into the implementation of the agency’s activities surrounding 

compounding. 

 

As outlined in FDCA 503A, Congress instructed the agency to convene an Advisory Committee 

prior  to the implementation and issuance of regulations including the creation of the bulk 

ingredient list.   
 

(2) Advisory committee on compounding.--Before issuing     regulations to implement 
subsection (a)(6), the Secretary shall     convene and consult an advisory committee on 
compounding. The advisory committee shall include representatives from the National    
Association of Boards of Pharmacy, the United States Pharmacopeia,  pharmacists with 
current experience and expertise in compounding,    physicians with background and 
knowledge in compounding, and patient and public health advocacy organizations. 
 

Despite a call for nominations to a Pharmacy Compounding Advisory Committee (PCAC) which 

were due to the agency in March 2014, no appointments have been made nor has the PCAC been 

formed to do the work dictated by Congress. Additionally, the agency provides no justification in 

the publication of criteria within FDA-2013-N-1525 which justifies whether this requested 

information meets the needs of the PCAC.   
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In summary, IACP believes that the absence of the PCAC in guiding the agency in determining 

what information is necessary for an adequate review of a bulk ingredient should in no way 

preclude the Committee’s review of any submitted drug, regardless of FDA’s statement in the 

published revised call for nominations that: 

 

General or boilerplate statements regarding the need for compounded drug products or 
the benefits of compounding generally will not be considered sufficient to address this 
issue. 

 

IACP requests that the Pharmacy Compounding Advisory Committee review each of the 1,215 

drug substances we have submitted for use by 503A traditional compounders and we stand ready 

to assist the agency and the Committee with additional information should such be requested.   

 

 Thank you for the opportunity to submit our comments and IACP looks forward to working with 

the FDA in the future on this very important issue. 

 

Sincerely, 
 

 

 

David G. Miller, R.Ph. 

Executive Vice President & CEO 



 Bulk Drug Substances for Consideration by the  
 FDA’s Pharmacy Compounding Advisory Committee 
 
 Submitted by the International Academy of Compounding Pharmacists 
 
 

30 September 2014 Page 1 
 

General Background on Bulk Drug Substance 
 
Ingredient Name  Pregnenolone Micornized 
 
Chemical/Common Name Pregnenolone Micornized 
 
Identifying Codes  145-13-1  
 
Chemical Grade  Provided by FDA Registered Supplier/COA 
 
Description of Strength,  Provided by FDA Registered Supplier/COA 
Quality, Stability, and Purity  
 
How Supplied   Varies based upon compounding requirement 
 
Recognition in Formularies Not Listed in USP/NF for this specific salt/form 
(including foreign recognition) 
 
Information on Compounded Bulk Drug Preparation 
 
Dosage Form   Varies based upon compounding requirement/prescription 
 
Strength   Varies based upon compounding requirement/prescription 
 
Route of Administration Varies based upon compounding requirement/prescription 
 
Bibliography    
(where available) 
 
 
 
 
Past and Proposed Use The very nature of a compounded preparation for an individual patient 

prescription as provided for within FDCA 503A means that the purpose 
for which it is prescribed is determined by the health professional 
authorized to issue that prescription.  FDA’s request for this information 
is an insurmountable hurdle that has not been requested by the PCAC. 
   



 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 fagron.us Fagron - 2400 Pilot Knob Road - St. Paul, MN 55120 - Tel. (800) 423 6967 - Fax (800) 339 1596 

Division of Dockets Management (HFA-305) 
Food and Drug Administration 
Department of Health and Human Services  
5630 Fishers Lane  
Rm. 1061 
Rockville, MD 20852 
 
Re:  Docket FDA-2013-N-1525   
  

“List of Bulk Drug Substances That May Be Used in Pharmacy Compounding; Bulk Drug Substances 
That May Be Used To Compound Drug Products in Accordance With Section 503A of the Federal Food, 
Drug, and Cosmetic Act” 

 
Dear Sir or Madam, 
 
Fagron appreciates the opportunity to address the FDA’s request for nominations of bulk drug substances that 
may be used to compound drug products that are neither the subject of a United States Pharmacopeia (USP) or 
National Formulary (NF) monograph nor components of FDA-approved drugs. 
 
We hereby nominate the bulk drug substances in the attached spreadsheets for FDA’s consideration as bulk 
drug substances that may be used in pharmacy compounding under Section 503A.   
 
None of these items appear on an FDA-published list of drugs that present demonstrable difficulties for 
compounding.  In addition, none are a component of a drug product that has been withdrawn or removed from 
the market because the drug or components of the drug have been found to be unsafe or not effective. 
 
We include references in support of this nomination for your consideration. 
 
Thank you for your consideration. If Fagron can answer any questions, please contact me (j.letwat@fagron.com; 
847-207-6100).   
 
Respectfully submitted, 
 
 
Julie Letwat, JD, MPH 
Vice-President, Regulatory and Government Affairs 
 
  



 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 fagron.us Fagron - 2400 Pilot Knob Road - St. Paul, MN 55120 - Tel. (800) 423 6967 - Fax (800) 339 1596 

Re:  Docket FDA-2013-N-1525   
 
Substances submitted (see corresponding .xlxs file) 
 
7-Keto Dehydroepiandrosterone 
Acetyl-D-Glucosamine 
Aloe Vera 200:1 Freeze Dried 
Astragalus Extract 10:1 
Beta Glucan (1,3/1,4 –D) 
Boswellia Serrata Extract 
Bromelain 
Cantharidin 
Cetyl Myristoleate Oil 
Cetyl Myristoleate 20% Powder 
Chrysin 
Citrulline 
Dehydroepiandrosterone 
Deoxy-D-Glucose (2) 
Diindolylmethane 
Domperidone 
EGCg 
Ferric Subsulfate 
Glycolic Acid 
Glycosaminoglycans 
Hydroxocobalamin Hydrochloride 
Kojic Acid 
Methylcobalamin 
Nicotinamide Adenine Dinucleotide  
Nicotinamide Adenine Dinucleotide Disodium  Reduced (NADH) 
Ornithine Hydrochloride 
Phosphatidyl Serine 
Pregnenolone 
Pyridoxal 5-Phosphate Monohydrate 
Pyruvic Acid 
Quercetin 
Quinacrine Hydrochloride 
Ribose (D) 
Silver Protein Mild 
Squaric Acid Di-N-Butyl Ester 
Thymol Iodide 
Tranilast 
Trichloroacetic Acid 
Ubiquinol 30% Powder 
  



What is the name of the nominated ingredient? Prenenolone Micronized
Is the ingredient an active ingredient that meets the 
definition of “bulk drug substance” in § 207.3(a)(4)?

Yes, Pregnenolone Micronized is an active ingredient as defined in 207.3(a)(4) because when 
added to a pharmacologic dosage form it produces a pharmacological effect. References for 
Prenenolone Micronized pharmacological actions are provided L Guth, Z Zhang, E Roberts. Key 
role for pregnenolone in combination therapy that promotes recovery after spinal cord injury. 
Proc Natl Acad Sci U S A. 1994 December 6; 91(25): 12308–12312. 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC45426/

J F Flood, J E Morley, E Roberts. Pregnenolone sulfate enhances post-training memory 
processes when injected in very low doses into limbic system structures: the amygdala is by far 
the most sensitive. Proc Natl Acad Sci U S A. 1995 November 7; 92(23): 10806–10810. 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC40701/

G. Norman Myers. Pregnenolone in the Treatment of Rheumatoid Arthritis. Ann Rheum Dis. 
1951 March; 10(1): 32–45. 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1030626/

G. Norman Myers, David N. Ross. Further Observations on the use of Pregnenolone in 
Rheumatoid Arthritis. Ann Rheum Dis. 1951 December; 10(4): 432–440. 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1030709/

Is the ingredient listed in any of the three sections of the 
Orange Book?

The nominated substance was searched for in all three sections of the Orange Book located at 
http://www.accessdata.fda.gov/ scripts/cder/ob/docs/queryai.cfm. The nominated substance 
does not appear in any section searches of the Orange Book.

Were any monographs for the ingredient found in the USP 
or NF monographs?

The nominated substance was searched for at http://www.uspnf.com. The nominated substance 
is not the subject of a USP or NF monograph.

What is the chemical name of the substance? 3beta-Hydroxypregn-5-en-20-one
What is the common name of the substance? Pregnenolone
Does the substance have a UNII Code? 73R90F7MQ8

Fagron
2400 Pilot Knob Road  
St. Paul, Minnesota 55120 - USA
(800) 423 6967
www.fagron.us



What is the chemical grade of the substance? no grade
What is the strength, quality, stability, and purity of the 
ingredient?

Description: White or almost white crystalline powder
Melting Point: 185.0°C - 194.0°C
Specific Rotation: +27° - +30°
Loss on Drying: ≤ 0.5%
Related Substances: 
- Any Impurity: ≤ 0.5%
- Total Impurities: ≤ 1.0%
Heavy Metals: ≤ 10 ppm 
Total Count Colony Units: ≤ 1000/g
Salmonella: Negative
Staphylococcus: Negative
Pseudomonas: Negative
Coliform:s ≤ 100/g 
Mold & Yeasts: ≤ 100/g
Residual Solvents: 
- Ethanol: ≤ 5000 ppm
- Methanol: ≤ 3000 ppm
Particle Size:
- 100% through 200 mesh (74µm)
- ≥ 95% through 300 mesh (48µm) 
Assay (HPLC): ≥ 99.0%

How is the ingredient supplied? Powder
Is the substance recognized in foreign pharmacopeias or 
registered in other countries?

Metharmon-F (Zoki, Thai.)(FM)

Has information been submitted about the substance to 
the USP for consideration of monograph development?

No USP Monograph submission found.

What dosage form(s) will be compounded using the bulk 
drug substance?

Capsules and Cream

What strength(s) will be compounded from the nominated 
substance?

Capsules 50-100mg and cream 10-100mg/gm

What are the anticipated route(s) of administration of the 
compounded drug product(s)?

Oral and Topical



Are there safety and efficacy data on compounded drugs 
using the nominated substance?

Paula A. Zamudio-Bulcock, C. Fernando Valenzuela. Pregnenolone Sulfate Increases 
Glutamate Release at Neonatal Climbing Fiber-to-Purkinje Cell Synapses. Neuroscience. Author 
manuscript; available in PMC 2012 February 23. Published in final edited form as: 
Neuroscience. 2011 February 23; 175: 24–36. Published online 2010 December 3. doi: 
10.1016/j.neuroscience.2010.11.063
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3029476/

N. O'Higgins, P. Carson, N. Deshpande. Proceedings: Pregnenolone metabolism in patients with 
carcinoma. Br J Cancer. 1974 August; 30(2): 176. 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2009242/

L Guth, Z Zhang, E Roberts. Key role for pregnenolone in combination therapy that promotes 
recovery after spinal cord injury. Proc Natl Acad Sci U S A. 1994 December 6; 91(25): 
12308–12312. 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC45426/

J F Flood, J E Morley, E Roberts. Pregnenolone sulfate enhances post-training memory 
processes when injected in very low doses into limbic system structures: the amygdala is by far 
the most sensitive. Proc Natl Acad Sci U S A. 1995 November 7; 92(23): 10806–10810. 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC40701/

G. Norman Myers. Pregnenolone in the Treatment of Rheumatoid Arthritis. Ann Rheum Dis. 
1951 March; 10(1): 32–45. 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1030626/

G. Norman Myers, David N. Ross. Further Observations on the use of Pregnenolone in 
Rheumatoid Arthritis. Ann Rheum Dis. 1951 December; 10(4): 432–440. 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1030709/

Has the bulk drug substance been used previously to 
compound drug product(s)?

Capsule

What is the proposed use for the drug product(s) to be 
compounded with the nominated substance?

Pregnenolone has been shown useful in the treatment of Rheumatoid Arthritis.

What is the reason for use of a compounded drug product 
rather than an FDA-approved product?

No FDA approved preparation for pregnenolone. Pregnenolone is a normal part of a humans 
hormone cascade. It is the precursor to progesterone and 17-hydrxoypregnenolone. It crosses 
the blood brain barrier and helps contribute to mood stabilization and memory. It has been 
studied in bipolar disorder and autism. Since it is a naturally occurring hormone in the body there 
is no FDA approved preparation that can be used in its place. It can be used as a supplement 
when levels are determined low, or be used when needed in various errors of metabolism.

Is there any other relevant information? All relevant information was expressed in the above questions
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Division of Dockets Management (HFA-305)  
Food and Drug Administration  
Department of Health and Human Services  
5630 Fishers Lane, Rm. 1061  
Rockville, MD 20852  
 
[Docket No. FDA-2013-N-1525]  
 
Re: FDA-2013-N-1525; List of Bulk Drug Substances That May Be Used in Pharmacy Compounding in 
Accordance with Section 503A  
 
Dear Sir or Madam: 
 
PCCA respectfully submits the following list of nineteen chemicals to be considered for the List of Bulk 
Drug Substances that may be used in Pharmacy Compounding in accordance with Section 503A.  
 
PCCA provides its more than 3,600 independent community compounding pharmacy members across 
the United States with drug compounding ingredients, equipment, extensive education, and consulting 
expertise and assistance.  
 
Regarding the specific nominations, we would like to reference the attached spreadsheet and point out 
a couple of facts regarding our research. To the best of our knowledge, all items submitted: 
 

- Do not appear in any of the three sections of the Orange Book. 
- Do not currently have a USP or NF monograph. 
- Meet the criteria of a “bulk drug substance” as defined in § 207.3(a)(4). 

 
In regards to the request for chemical grade information, we would like to point out that many of the 
items submitted do not currently have a chemical grade. PCCA believes that pharmacists should use the 
highest grade chemical available on the market for all aspects of pharmaceutical compounding and we 
continue to actively source graded chemicals from FDA-registered manufacturers. However, in the 
current marketplace, some graded chemicals cannot be obtained for various reasons. PCCA actively 
tests all products received to ensure they meet our required standards to ensure our members receive 
the highest quality chemicals possible.  
 
We would like to echo the concerns, voiced by NCPA and others in our industry, the strong 
recommendation to formalize the process by which the list is updated and communicated to the 
pharmacy industry. We also recommend an annual process to ensure understanding and adherence to 
the list. All submissions and updates to the list should be reviewed by the Pharmacy Compounding 
Advisory Committee (PCAC) and no changes to the list should occur with input and review by the PCAC. 
 
 



 
 
  
 
 

 

 
We are also dismayed in the fact that no appointments have been made to the PCAC despite the call for 
nominations closing in March 2014. Without these appointments, FDA is unable to consult the 
Committee regarding this list, as outlined in the Act. PCCA, along with industry partners, strongly 
recommends that the FDA consult with the PCAC related to every single submission the Agency received 
in relation to FDA-2013-N-1525.  
 
We appreciate this opportunity to submit this list for consideration and we look forward to continuing to 
work with the FDA in the future on this and other important issues as they relate to the practice of 
pharmacy compounding.  
 
Sincerely, 
 

      
 
Aaron Lopez      John Voliva, R.Ph. 
Senior Director of Public Affairs    Director of Legislative Relations 
PCCA       PCCA 
 

 

 



PCCA Submission for Docket No. FDA-2013-N-1525: Bulk Drug Substances That May Be Used To 
Compound Drug Products in Accordance With Section 503A of the Federal Food, Drug and Cosmetic 
Act; Revised Request for Nominations 

  
Ingredient Name Pregnenolone 

Is it a "bulk drug substance" Yes 

Is it listed in the Orange Book No 

Does it have a USP or NF Monograph No 

Chemical Name 3-Beta-Hydroxypregn-5-en-20-one 

Common Name(s) Pregnenolone 

UNII Code 73R90F7MQ8 

Chemical Grade N/A 

Strength, Quality, Stability, and Purity Assay, Description, Melting Point, Solubility; 
Example of PCCA Certificate of Analysis for this 
chemical is attached. 

How supplied Powder 

Recognition in foreign pharmcopeias or registered 
in other countries 

None; OTC in US as dietary supplement 

Submitted to USP for monograph consideration No 

Compounded Dosage Forms Capsule, Suspension, Cream/Gel 

Compounded Strengths Capsule: 5 – 200 mg; Oral Suspension: 10 – 200 
mg/mL; Injection Suspension: 0.1 – 5 mg/mL; 
Cream/Gel: 1-20% 

Anticipated Routes of Administration Oral, Injection, Topical 



Saftey & Efficacy Data Osuji IJ, et al. Pregnenolone for cognition and 
mood in dual diagnosis patients. Psychiatry Res. 
2010 Jul 30;178(2):309-12. 
[http://www.ncbi.nlm.nih.gov/pubmed/20493557
] 

 Reddy DS. Neurosteroids: endogenous role in the 
human brain and therapeutic potentials. Prog 
Brain Res. 2010;186:113-37. 
[http://www.ncbi.nlm.nih.gov/pubmed/21094889
] 

 Dzugan SA1, Arnold Smith R. 
Hypercholesterolemia treatment: a new 
hypothesis or just an accident? Med Hypotheses. 
2002 Dec;59(6):751-6. 
[http://www.ncbi.nlm.nih.gov/pubmed/12445520
] 

 Meieran SE, et al. Chronic pregnenolone effects in 
normal humans: attenuation of benzodiazepine-
induced sedation. Psychoneuroendocrinology. 
2004 May;29(4):486-500. 
[http://www.ncbi.nlm.nih.gov/pubmed/14749094
] 

Used Previously to compound drug products Cognitive disorders, hormone replacement, pain, 
hypercholesterolemia 

Proposed use Cognitive disorders, hormone replacement, pain, 
hypercholesterolemia 

Reason for use over and FDA-approved product Treatment failures and/or patient unable to take 
FDA approved product 



Other relevant information - Stability information Unless other studies performed / found: Capsule: 
USP <795> recommendation of BUD for 
nonaqueous formulations – “no later than the 
time remaining until the earliest expiration date of 
any API or 6 months, whichever is earlier. Topical: 
USP <795> recommendation of BUD for water 
containing topical formulations – “no later than 30 
days." Injection: USP <797> recommendations for 
high risk level compounded sterile products. Oral 
Suspension: USP <795> recommendation of BUD 
for “water-containing oral formulations” – “not 
later than 14 days when stored at controlled cold 
temperatures.” 
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March 4, 2014 
 
 
 
Division of Dockets Management (HFA-305) 
Food and Drug Administration 
5630 Fishers Lane, rm. 1061 
Rockville, MD 20852 
 
Re: Docket No.: FDA-2013-N-1525: List of Bulk Drug Substances That May Be Used in Pharmacy 
Compounding; Bulk Drug Substances That May Be Used To Compound Drug Products in 
Accordance With Section 503A of the Federal Food, Drug and Cosmetic Act; Withdrawal of 
Proposed Rule; request for nominations 
 
Dear Sir or Madam: 
 
The National Community Pharmacists Association (NCPA) is writing today to nominate specific bulk 
drug substances that may be used to compound drug products, although they are neither the subject of a 
United States Pharmacopeia (USP) or National Formulary (NF) monograph nor components of FDA-
approved drugs.  As the FDA considers which drugs nominated will be considered for inclusion on the 
next published bulk drugs list, NCPA is committed to working with the FDA and other interested 
stakeholders on these critical issues.  
 
NCPA represents the interests of pharmacist owners, managers and employees of more than 23,000 
independent community pharmacies across the United States. Independent community pharmacies 
dispense approximately 40% of the nation’s retail prescription drugs, and, according to a NCPA member 
survey, almost 86% of independent community pharmacies engage in some degree of compounding.  
 
Regarding specific nominations, NCPA would like to reference the attached spreadsheet of 2,403 bulk 
drug substances submitted by the International Academy of Compounding Pharmacists (IACP) as our 
formal submission of bulk drug substances that are currently used by compounding pharmacies and do 
not have a specific USP monograph nor are components of FDA approved prescription drug products. 
 
In addition to the IACP spreadsheet of bulk drug substances referenced above, NCPA would also like to 
formally submit collectively for review and consideration of the FDA Pharmacy Compounding 
Advisory Committee the drugs and standards contained within the British Pharmacopeia, the European 
Pharmacopeia and the Japanese Pharmacopeia. NCPA respectfully requests that all drugs and 
standards contained within these three pharmacopeias for which no USP corresponding monograph 
exists be accepted and approved to be used for the preparation of compounded medications under 
section 503A of the Federal Food, Drug and Cosmetic Act.   
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NCPA is requesting the recognition of these pharmacopoeias as there are examples of situations when 
our members need access to these alternative compendia for monograph information.  NCPA members 
may receive requests to compound medications that do not have a USP monograph, nor is the drug 
substance being used a component of an FDA approved drug product.  When these situations arise, the 
British Pharmacopeia, the European Pharmacopeia and the Japanese Pharmacopeia are used in 
practice to ensure compounds are made with the highest assurance of quality.   
 
NCPA is committed to working with the FDA and other stakeholders regarding these important matters.  We 
appreciate your consideration of our comments.  
 
Sincerely, 
 
 
 
 
 
Steve Pfister 
Senior Vice President, Government Affairs 
 
 
 
Attachment  



Ingredient Name Chemical 
Name

Common 
Name

UNII Code Description of strength, 
quality, stability and 

purity 

Ingredient 
Format(s)

Recognition in 
Pharmacopeias

Final Compounded 
Formulation Dosage 

Form(s)

Final Compounded Formulation 
Strength

Final Compounded Formulation 
Route(s) of Administration

Bibliographies on Safety and 
Efficacy Data

Final Compounded 
Formulation Clinical 

Rationale and History of 
Past Use

Pregnenolone, 
Micronized

3.beta.‐
hydroxypregn‐
5‐en‐20‐one

Pregnenolone 73R90F7MQ8 From PCCA Database 
MSDS: Product is 100% 
by weight and stable.  
Protect from light.

Powder Not USP; sold OTC in 
US as a dietary 
supplement.

Capsule, suspension, 
cream/gel

Capsules: 5 ‐ 200mg, Cream: 1‐
20%, Oral Suspension: 10 ‐ 
200mg/ml, Injection Suspension: 
0.1 ‐ 5mg/ml

Oral, injection, topical Osuji IJ, et al. Pregnenolone 
for cognition and mood in dual 
diagnosis patients. Psychiatry 
Res. 2010 Jul 30;178(2):309‐
12. 
[http://www.ncbi.nlm.nih.gov/
pubmed/20493557]                     
Reddy DS. Neurosteroids: 
endogenous role in the human 
brain and therapeutic 
potentials. Prog Brain Res. 
2010;186:113‐37. 
[http://www.ncbi.nlm.nih.gov/
pubmed/21094889]

Cognitive disorders, 
hormone replacement, pain, 
hypercholesterolemia 

Nominated by: National Community Pharmacists Assocation



Tab 3b 
 

Pregnenolone 
Nomination Clarification 

 
 



FDA CDER 

Dr. Pawanprit Singh: 

 

Thank you for contacting me regarding PCCA’s submitted nomination for pregnenolone for 

consideration to the 503A bulk drug substances list.  The below information is intended to clarify our 

nomination, and it is consistent with the nomination intent from three other nominating entities: IACP, 

NCPA, and Fagron.  Representatives from those groups are copied on this email. 

 

Sincerely, 

A.J. Day, PharmD, RPh 

Director of Clinical Services, PCCA 

 

Proposed use & route of administration 

Oral formulations of pregnenolone are compounded as adjunctive therapy for positive and negative 

symptoms in patients with schizophrenia; and adjunctive therapy for manic and depressive symptoms in 

depressed patients with and without a history of substance abuse.  Commonly compounded doses range 

from 5 – 200 mg.  Below are clinical references.   

 

References: 

• Marx CE, Keefe RS, Buchanan RW, Hamer RM, Kilts JD, Bradford DW, Strauss JL, Naylor JC, Payne 

VM, Lieberman JA, Savitz AJ, Leimone LA, Dunn L, Porcu P, Morrow AL, Shampine LJ. Proof-of-

concept trial with the neurosteroid pregnenolone targeting cognitive and negative symptoms in 

schizophrenia. Neuropsychopharmacology. 34:1885–903. [PubMed: 19339966] 

• Osujia, I. J., Vera-Bolañosa, E., Carmodyb, T. J., Browna, E. S. (2010).  Pregnenolone for cognition 

and mood in dual diagnosis patients. Psychiatry Research. 178 (2). 309-312. 

• Brown ES, Park J, Marx CE, Hynan LS. A Randomized, Double-Blind, Placebo-Controlled Trial of 

Pregnenolone for Bipolar Depression. Neuropsychopharmacology. 2014;39, 2867-73. 

• Ritsner MS, Gibel A, Shleifer T, Boguslavsky I, Zayed A, Maayan R, Weizman A, Lerner V (2010) 

Pregnenolone and dehydroepiandrosterone as an adjunctive treatment in schizophrenia and 

schizoaffective disorder: an 8-week, double-blind, randomized, controlled, 2-center, parallel-

group trial. J Clin Psychiatry 71:1351–1362. 
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FDA Review of  
Pregnenolone 

 
 



 

U.S. Food & Drug Administration 
10903 New  Hampshire Avenue 
Silver Spring, MD 20993 
w ww.fda.gov  

DATE:  October 20, 2017 
 
FROM: Ben Zhang, Ph.D. 

ORISE Fellow, Office of New Drug Products (ONDP), Office of Pharmaceutical 
Quality (OPQ) 
 
Yen-Ming Chan, Ph.D. 
ORISE Fellow, Office of Drug Evaluation 4 (ODE 4), Office of New Drugs 
(OND) 

 
Wafa Harrouk, Ph.D. 

  Senior Pharmacology/Toxicology Reviewer, ODE 4, OND 
 
  Susan Johnson, Pharm.D., Ph.D. 
  Associate Director, ODE 4, OND 
 
  Elizabeth Hankla, Pharm.D. 

Consumer Safety Officer, Office of Compliance, Office of Unapproved Drugs and 
Labeling Compliance (OUDLC) 
 
Jean Kim, M.D., M.A. 
Medical Officer, Division of Psychiatry Products, OND 

 
THROUGH: Ramesh K. Sood, Ph.D. 

Senior Scientific Advisor (Acting), ONDP, OPQ 
 
Lesley-Anne Furlong, M.D. 

  Deputy Director, ODE 4, OND 
   

Frances Gail Bormel, R.Ph., J.D. 
Director, Division of Prescription Drugs, OUDLC 

 
       
TO:  Pharmacy Compounding Advisory Committee 

 
 

     
SUBJECT: Review of Pregnenolone for Inclusion on the 503A Bulk Drug Substances List 
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influence of particle size and polymorphism on bioavailability were found in the literature.   
 

6. Any other information about the substance that may be relevant, such as whether the 
API is poorly characterized or difficult to characterize 

 
Pregnenolone is easily characterized with proton nuclear magnetic resonance (1H NMR) 
spectroscopy, Carbon-13 nuclear magnetic resonance (13C NMR) spectroscopy, Fourier 
transform infrared spectroscopy (FT-IR), and mass spectrometry (MS). 
 
Conclusions: Pregnenolone is a steroid hormone that is likely to be stable under ordinary storage 
conditions. It is easily characterized with various analytical techniques and the preparation of this 
compound has been well developed.  
 
B.  Are there concerns about the safety of the substance for use in compounding? 
 

1. Nonclinical assessment 
 

The following database(s) were consulted in the preparation of this section: Embase, PubMed, 
Natural Medicine Comprehensive Database, ClinicalTrials.gov, UNII code database, Google, 
Toxnet, and Web of Science.   
 

a. General pharmacology of the drug substance 
 
Pregnenolone is an endogenous steroid that is a precursor in the biosynthesis of three key 
families of steroid hormones: reproductive steroids, mineralocorticoids, and glucocorticoids. 
(See Figure 1.)  These steroid families regulate critical body functions and are themselves tightly 
regulated by the body in feedback loops involving the various target organs and the nervous 
system.   
    
Pregnenolone is synthesized from cholesterol mainly in the adrenal glands and to a lesser extent 
in the liver, skin, brain, retina, testicles, and ovaries.  Pregnenolone is also produced in the spinal 
cord where it has been localized in sensory networks of the spinal cord dorsal horn.  CYP11A1 is 
the key metabolic enzyme that catalyzes the conversion of cholesterol into pregnenolone, the 
rate-limiting step in the biosynthesis of steroids.  The conversion of cholesterol to pregnenolone 
occurs inside the mitochondria. Upon its exit from the mitochondria into the cytoplasm, 
pregnenolone is converted into either progesterone or dehydroepiandrosterone (DHEA).  
Because pregnenolone synthesis is the first step in the biosynthesis of all steroid hormones, its 
disruption results in a wide array of steroidal/hormonal defects, the most severe of which results 
in congenital lipoid adrenal hyperplasia, a severe form of congenital adrenal hyperplasia which 
was reported to be caused by mutations in the steroidogenic acute regulatory (STAR) gene 
encoding the StAR protein (Katsumata, 2012). N-methyl-D-aspartate receptor (NMDA) and 
gamma-aminobutyric acid (GABA)-A receptors are among the receptors where pregnenolone 
sulfate, a metabolite of pregnenolone, acts to exert several pharmacological effects that are 
claimed to include anxiogenic, proconvulsant, memory enhancer, and neuroprotective activities 
(Reddy, 2010).  
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Figure 1. Diagram of the pathways of human steroidogenesis (Häggström et al. 2014).  
 
 

 
 
 
 
 

b. Pharmacokinetic and toxicokinetic data 
 
The predominance of metabolic pathways for pregnenolone is influenced by the species and the 
steroidogenic tissues where it is expressed (Vallee, 2016).  For example, pregnenolone (PREG) 
is mainly converted into its sulfated derivative (PREG-S) and progesterone (PROG) in rodents, 
whereas in humans pregnenolone is mainly converted into 17-hydroxy pregnenolone (17-OH 
PREG) (Luu-The, 2013).  
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Animal pharmacokinetics 
 
In rats, pregnenolone is absorbed (in its free or sulfated forms) from the small intestine, with a 
more rapid absorption for the free form of pregnenolone. The average time for enterohepatic 
circulation of pregnenolone was calculated to be around 3-4 hours. The ratio between 
radioactivity levels eliminated in feces and urine increased progressively and markedly with each 
enterohepatic cycle, as did the ratio between conjugated and free steroids, suggesting that 
pregnenolone undergoes extensive enterohepatic metabolism (Eriksson, 1971).  
 
Low bioavailability (~23%) has been observed following intranasal pregnenolone administration 
in rats.  Brain levels of pregnenolone were found to be about two-fold higher after intravenous 
exposure compared to intranasal administration at 10 minutes after administration.  Intranasal 
levels were stable between 2–120 minutes after initial exposure.  Whereas the uptake by the 
brain regions did not vary with intravenous administration, exposure following intranasal 
administration resulted in higher uptake in the olfactory bulb, hippocampus, and hypothalamus 
regions.  These results indicate that both the intravenous and intranasal routes of administration 
can deliver pregnenolone to the blood and brain, but that the two routes have significant 
differences with intranasal administration favoring higher levels of pregnenolone in some brain 
regions.  Although pregnenolone was rapidly degraded after both intravenous and intranasal 
delivery, the pattern of degradation was different via the two pathways; whereas pregnenolone 
was more resistant to degradation in the brain after intranasal administration, it was reported to 
be more stable in serum after intravenous administration (Ducharme et al. 2010). 
 
High doses of pregnenolone (50 mg/kg) administered intraperitoneally to ethanol-experienced 
rats induced a 3-fold increase in cortical allopregnanolone 45 minutes after exposure (Besheer et 
al. 2010). Moreover, major conversion to 5-β metabolites has been reported in urine after oral 
ingestion of 50 mg of pregnenolone (Saudan et al. 2004). 
 
No other toxicokinetic data were found (e.g., AUC, Tmax, Cmax, t1/2) for pregnenolone. 
 

c. Acute toxicity4 
 

The acute toxicity of pregnenolone was evaluated by oral administration to mice at doses up to 
5g/kg of body weight. No deaths or clinical signs were seen up to the maximum dose used 
(Henderson et al. 1950).  
  

                                                           
4 Acute toxicity refers to adverse effects observed following administration of a single dose of a substance, or 
multiple doses given within a short period (approximately 24 hours). Endpoints captured in acute toxicity studies 
usually include mortality and gross clinical observations. Acute toxicity data are usually superseded by data 
obtained from longer term toxicity studies. 
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d. Repeat dose toxicity5  
 
A review of repeat dose toxicology studies for pregnenolone was reported by Henderson et al. 
(1950). Among the studies reviewed, one study investigated the effects of various steroids, 
including pregnenolone, in albino rats.  Pregnenolone was administered subcutaneously at a dose 
of 0.5 mg/day for the first month, followed by increasing the dose to 1.0 mg/day for the second 
month and then to 2.0 mg/day during the third month.  Animals (n=2/sex/group/time point) were 
terminated at the end of each month of dosing.  Recovery animals (n=6/sex/group) were 
maintained for an additional two months after the end of the third month of dosing.  Additional 
animals (n=6/sex/group) were treated for only two weeks with pregnenolone at 2 mg/day. At the 
end of the study, organ weights were recorded and histopathology was performed.  No drug-
related findings were noted. However, insufficient details were provided in the review to 
determine the potential target organ toxicity for pregnenolone at the dose levels tested in this 
study.    
 
In rats, oral gavage administration of pregnenolone at 1g/kg three times per week for 50 doses 
(over a period of 17 weeks) had no significant effects on the following parameters:  red blood 
cell count, hemoglobin, white blood cell count, or visceral weights. In the daily dosing studies, 
the following parameters were assessed: growth rate, food intake, fertility, and the size and 
overall condition of treated rats. Dietary (oral) administration of pregnenolone at 0.01 and 0.1 
g/kg daily for three months did not reveal any significant findings of toxicity (Henderson et al. 
1950). 
 
Administration of pregnenolone to albino rats at a dose of 0.01 mg/kg subcutaneously for three 
months showed no change in the weight of several organ weights; however, the details of the 
organs that were evaluated were not specified. No other data were reported for this study 
(Henderson et al. 1950).  
 

e. Genotoxicity6   
 
No genotoxicity data were found for pregnenolone.   
 

f. Developmental and reproductive toxicity7   
 
No information is available to support the safe use of pregnenolone during pregnancy and 

                                                           
5 Repeated-dose toxicity studies are usually conducted to best mirror the duration, therapeutic use, and scope of the 
clinical use.  For a chronic use, such as the one proposed for pregnenolone, chronic toxicity studies as well as 
carcinogenicity studies are usually conducted in appropriate animal models using the same route of administration as 
that in humans.  
 
6 Genotoxicity assessment battery usually consists of a gene mutagenicity assay (for single dose trials). To support 
multiple dose administration in humans, additional genotoxicity testing assessment is usually conducted to detect 
chromosomal damage in mammalian systems.   
 
7 Reproduction toxicity studies are usually conducted based on the specific gender and age group intended to be 
exposed to the treatment in question.  
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lactation.  
 
Per MicroMedex (AltMedDex), no teratogenicity data are available and no human drug 
interaction data are available for pregnenolone.  
 

g. Carcinogenicity8   
 
No carcinogenicity data were found for pregnenolone. 
 
Conclusion: The available nonclinical information for pregnenolone is insufficient to inform its 
potential toxicity profile in humans. No data were found for genotoxicity, 
developmental/reproductive toxicity, or carcinogenicity for pregnenolone. 
 

2. Human safety 
 
The following databases were searched in preparation of this section: PubMed, Web of Science, 
Natural Medicine Comprehensive Database, ClinicalTrials.gov, and Embase.  
 
Pregnenolone is currently available to U.S. consumers as a dietary supplement.  A search of 
Amazon.com on July 14, 2017 turned up seven pages of listings.  Tablet or capsule sizes ranged 
from 5 mg to 100 mg, and dosing ranged from 2.5 mg (half tablet) to 100 mg daily.  Claims ran a 
gamut and included: balances hormones, supports memory, supports the brain, reduces stress, 
and improves overall function of brain, nervous system, skin and joints, anti-aging, etc.     
 
The state of California prohibits the sale of dietary supplements containing steroid hormone 
precursors if the label for the supplements lacks certain warnings about possible adverse health 
effects.9  
 

a. Reported adverse reactions (FAERS, CAERS) 
 
                                                           
8 Assessing cancer risk is important to evaluate for human drugs which are used or taken on a chronic basis.  
 
9 The law, Section 110423(b) of the California Health and Safety Code, states:  
 

The sale or distribution of dietary supplements containing steroid hormone precursors is prohibited unless 
the product label for the dietary supplements clearly, and conspicuously contains the following warning: 
“WARNING: NOT FOR USE BY INDIVIDUALS UNDER THE AGE OF 18 YEARS.  DO NOT USE IF 
PREGNANT OR NURSING. Consult a physician or licensed qualified healthcare professional before using 
this product if you have, or have a family history of, breast cancer, prostate cancer, prostate enlargement, 
heart disease, low “good” cholesterol (HDL), or if you are using any other dietary supplement, prescription 
drug, or over-the-counter drug. Do not exceed recommended serving. Exceeding recommended serving 
may cause serious adverse health effects. Possible side effects include acne, hair loss, hair growth on the 
face (in women), aggressiveness, irritability, and increased levels of estrogen. Discontinue use and call a 
physician or licensed qualified healthcare professional immediately if you experience rapid heartbeat, 
dizziness, blurred vision, or other similar symptoms.  KEEP OUT OF REACH OF CHILDREN. 

 
Additional warnings include: “Pregnenolone may affect levels of other hormones, such as progesterone, 
estrogen, testosterone, and/or DHEA. Do not take this product if you have a history of seizures. Do not take 
this product if you have breast cancer, prostate cancer, or other hormone-sensitive diseases.” 
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FAERS: 
 
The Office of Surveillance and Epidemiology conducted a search of the FDA Adverse Event 
Reporting System (FAERS) database for reports of all adverse events associated with 
“pregnenolone, prasterone/ pregnenolone/ progesterone/ testosterone” for the period covering 
January 1, 2000 - June 7, 2017. The search resulted in seven distinct cases where pregnenolone 
was taken orally or topically in combination with various drugs and/or supplements.  In the three 
cases where the dose was reported, oral dosing was either 10 or 50 mg per day and topical dosing 
was 0.5% topical solution (combined with multiple other ingredients) applied to the scalp twice a 
day.  No serious adverse events (AEs) were reported.  AEs included recurrence of menopausal 
symptoms, dizziness, nausea, and excessive growth of hair.  None of these AEs can be directly 
linked to the exclusive use of pregnenolone since in all of the reported cases other concomitant 
drugs/supplements were taken.  
 
CAERS: 
 
The Center for Food Safety and Nutrition (CFSAN) collects reports of adverse events involving 
food, cosmetics, and dietary supplements in the CFSAN Adverse Event Reporting System 
(CAERS).  A search of CAERS was conducted for adverse events associated with the use of 
pregnenolone on June 23, 2017, and retrieved 30 reports of adverse events.  Of these, serious 
adverse events were reported in 18 cases, including one death and 17 hospitalizations or other 
serious medical events.  Medical interventions were reported in 11 out of 18 cases of serious 
adverse events.  The dose of pregnenolone was reported in only 3 cases, and all 3 cases reported 
a daily dose of pregnenolone 50 mg capsule.  The most commonly reported symptoms in the 
serious adverse events included increase in heart rate (n=5), increase in blood pressure (n=3), 
dizziness (n=3), headache (n=4), pain (n=3), hypersensitivity (n=3), dyspnea (n=3), tremor 
(n=4), anxiety (n=3), and fatigue (n=3).  However, all cases were confounded with the use of 
multiple products and/or the use of products containing multiple ingredients.  Adverse events in 
the multi-ingredient reports could not be attributed to pregnenolone. 
 
Two cases from CAERS are summarized to illustrate the difficulties with attribution:  
Case #1:  A 52 year-old female was found dead.  She had a history of taking a large number of 
supplements, including multivitamins, DHEA, centrophenoxine, and pregnenolone on a daily 
basis.  In addition, she was reported to experience recent scalp hair loss, irritability, mood swings 
and palpitations.  The pre-existing medical conditions and the use of multiple dietary supplement 
products made causation difficult to establish.  
 
Case #2:  A 55 year-old female took “puritans pride pregnenolone” 50 mg capsule on a daily 
basis for around 2 weeks.  She experienced increase in heart rate, palpitations, increase in blood 
pressure (from 110/60 to 180/120), headache, agitation, dyspnea, tremor, and hypersensitivity.  
She was treated with diphenhydramine during her ER visit and was diagnosed with 
“hypertension without history of hypertension” upon discharge.  Concomitant medications 
included a multivitamin, calcium, magnesium, and progesterone cream.      
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Other Sources: 
 
The monograph for Natural Medicine Comprehensive Database (NMCD) indicates that oral 
supplementation of pregnenolone may cause steroid-related AEs, which include insomnia, 
nausea, irritability, anger, anxiety, acne, headache, negative mood changes, facial hair growth, 
hair loss, and irregular heart rhythm.  AEs can range from mild to severe, depending on the dose 
administered. 
 
The NMCD10  notes that since pregnenolone is converted to estrogen, women with hormone 
sensitive conditions (e.g., breast, uterine, ovarian cancer, and endometriosis and uterine fibroids) 
should avoid using pregnenolone.  The NMCD monograph also states that pregnenolone is 
contraindicated in people with hormone-independent prostate cancer and in individuals with 
seizure disorders. According to the NMCD monograph, the use of pregnenolone during 
pregnancy and lactation is advised to be avoided due to lack of safety data in these populations. 
 

b. Clinical trials assessing safety 
 
Numerous short-term studies in a variety of conditions reported few adverse events for oral doses 
of pregnenolone up to 600 mg daily.  Most articles did not report systematic collection of 
adverse events.    
 
Researchers conducting small uncontrolled studies in which pregnenolone was administered by 
intramuscular injection reported two adverse events consistent with known adverse effects of 
excess reproductive steroids:  menorrhagia and weight gain.  In a small study of 10 subjects 
treated with pregnenolone 10-300 mg IM for 5-44 days, Myers (1951) reported: injection site 
pain, three patients with weight gain (including 28 pounds in a 25-year old man), and a case of a 
patient with rheumatoid arthritis (RA) who experienced a marked deterioration in his RA 
symptoms while taking pregnenolone.  Brugsch and Manning (1951) studied the effects of 
intramuscular injection of pregnenolone suspension in oil at doses ranging from 100-600 mg in 
RA patients (n=12 females and 4 males) for 4-8 weeks.  AEs reported in this study included 
urticaria at the site of injection (2 patients), anxiety (1 patient), and a prolonged menstrual period 
(2 patients).  
 
Myers and Ross (1951) studied four patients with RA. Two patients were given 300 mg 
pregnenolone for 26 days and 100 mg for an additional 8 days.    The other two patients received 
pregnenolone 300 mg for 27 days and 100 mg for an additional 7 days. Pregnenolone was 
administered by intramuscular injection or sublingual tablet. The authors reported that injections 
often caused pain and a mild inflammation at the injection site; in those cases, either the volume 
of injection was reduced or pregnenolone was given as a sublingual tablet.   One patient 
experienced a marked decrease in appetite, and another showed signs of mental depression on 
                                                           
10 Natural Medicines Comprehensive Database. 2015. Pregnenolone. 
http://naturaldatabase.therapeuticresearch.com/(X(1)S(oztdqbvmpytufg55ehde3d55))/nd/Search.aspx?cs=CEPDA&s
=ND&pt=100&id=98&fs=ND&searchid=61534982  
Last accessed in July 14, 2017. 
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days 20-29 of the study. 
 
Dordick et al. (1951) reported a study in patients with RA: one group (n=17) was given 
pregnenolone in oral doses ranging from 300-600 mg; the other group (n=6) was given both oral 
and intramuscular doses ranging from 300-600 mg.  For the oral dosing group, pregnenolone was 
given for 10 to 150 days. The intramuscular group received injections for “at least” 14 days.  
Dosing in the IM group was interrupted in most patients (number was not provided) due to 
painful induration or inflammation at the site of injection, most of which progressed to sterile 
abscess formation.  Two patients required local incision to drain the abscesses. Treatment was 
resumed once the local site was treated successfully.  Headaches were noted in two patients 
receiving oral doses of 600 mg of pregnenolone daily; symptoms disappeared when the dose was 
reduced to 300 mg or less daily.  
 
Henderson et al. (1950) reported on clinical studies where no adverse effects were observed 
following dosing of pregnenolone: orally at 25-75 mg (males, number not given), 
intramuscularly at 2-20 mg (males, number not given), intramuscularly at 50-150 mg (sex 
unspecified, 8 patients), orally 100 mg/day for 75 days, or orally 100-300 mg in 10 patients for 5 
weeks.  The only AE reported among these subjects was erythema in one male following an oral 
dose of 50 mg/day (duration of treatment was not specified).  The authors concluded that 
pregnenolone is not associated with toxic actions in humans following parenteral administration. 
However, they stated that the possibility of side effects due to the prolonged parenteral 
administration of pregnenolone in large doses cannot be excluded.  
 
No significant safety signals were reported from trials in schizophrenic or bipolar patients where 
pregnenolone was used as an adjunctive therapy to FDA-approved drugs (Marx et al. 2011).  
 
We found no studies addressing the safety profile of pregnenolone when taken on a chronic 
basis.  Lack of long term data is a major safety data gap for a substance that is used in chronic 
conditions and that is a precursor of three families of steroid hormones that regulate critical body 
functions.   
 

c. Published case reports 
 

We did not find published case reports of safety issues. 
 

d.   Human pharmacokinetic data 
 
There is limited information assessing the pharmacokinetic profile of pregnenolone in humans.  
Following its oral administration, pregnenolone (400 mg) was found to be converted to multiple 
metabolites, including allopregnanolone (Sripada et al. 2013).  
 
Metabolism of pregnenolone in the human liver is not very well understood and no data were 
found for its metabolic fate in the brain.  Based on a small clinical study (n=3 subjects), 
pregnenolone’s half-life was estimated to range between 5-25 hours (Roberts, 1995).  Plasma 
levels of pregnenolone were reported in a study in postmenopausal women (0.36 ± 0.18 ng/mL) 
(Boudet and Zhang, 1994).  Additionally, the concentration of one of its metabolites, 
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pregnenolone sulfate, has been reported in the literature (5.3 ± 2.6 µg/dL in adults) (de Peretti 
and Mappus, 1983).  
 
A PK study was conducted in postmenopausal women (n=10) where a facial cream formulation 
containing several hormones (estrone, estradiol, testosterone, and pregnenolone11) was applied 
twice daily for four months (Boudet and Zhang, 1994).  Plasma concentrations of each of the 
hormones were measured at the end of the study.  Pregnenolone showed a small decrease in 
serum levels at the end of the study when compared to the baseline level measured at the start of 
the study.  The results of this limited study of four months daily exposure in postmenopausal 
women indicated that exogenously applied pregnenolone (in the amount and formulation used in 
the study) does not increase its endogenous concentrations, suggesting either that it is not 
absorbed or that upon its absorption it acts to downregulate the endogenous production of 
pregnenolone to maintain its normal postmenopausal levels.    
 

e.  The availability of alternative approved therapies that may be as safe or safer 
 
There are multiple FDA-approved drug products to treat the conditions mentioned in the 
nominations.  (See Section II.C.3 of this review for examples of approved products.) We have 
found no data comparing the safety of pregnenolone to any of the approved therapies indicated 
for the nominated uses.   
 
Conclusions: We do not find the clinical safety of pregnenolone adequately supported.  
Although there are few adverse events reported for pregnenolone in short term studies, we found 
no long term safety data to support the use of pregnenolone for chronic conditions.  Because of 
its role as a precursor in the production of key steroid hormones, we anticipate that a dose-related 
increase in adverse events, some of which can be serious, may occur with chronic administration 
if pregnenolone is given in sufficient amounts and in a form that is bioavailable.  
 
Data on bioavailability are limited.  Pregnenolone given orally is absorbed, although the extent 
of its bioavailability and how it is affected by formulation are unclear.  When applied topically, 
pregnenolone did not accumulate or cause an increase in endogenous pregnenolone levels. 
However, there are insufficient data to make a determination as to whether pregnenolone is 
bioavailable when administered by the topical route.    
 
C.  Are there concerns about whether a substance is effective for a particular use? 
 

1. Reports of trials, clinical evidence, and anecdotal reports of effectiveness, or lack of 
effectiveness, of the bulk drug substance 

 
Pregnenolone was first studied at the end of World War II when it was reported that 
pregnenolone has a positive impact on the attention span among Air Force pilots and bayonet 
factory workers (Pincus and Hoagland, 1945). However, a double-blinded trial by Sih et al. 
(1997) failed to show enhanced physical strength or improved cognitive function among subjects 

                                                           
11 1 g of pregnenolone was used in a 30 g cream which was divided into 2 applications per day. The cream was 
spread over a 3cm applicator which was applied to the subjects’ faces twice a day - the concentration is within the 
suggested dose of 1-20%.    
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treated with oral pregnenolone (50 mg/day).  A comprehensive review by Morley did not 
establish a connection between the improved well-being among older persons and supplement 
use of hormones and steroids such as pregnenolone (Morley, 2013). 
 
In recent years, researchers have focused on the effects of pregnenolone on cognition and other 
endpoints in a variety of mental health conditions in a range of exploratory studies.  A search of 
the clinicaltrials.gov website on June 15, 2017, resulted in 28 studies – proposed, underway, or 
completed.  Autism, bipolar disorder, schizophrenia, traumatic brain injury, perceived social 
isolation, obsessive compulsive disorder, substance dependence disorder, low back pain, obesity, 
and fatigue are among the conditions of research interest.  Our review of effectiveness for the 
nominated uses follows.  
 

a. Rheumatoid Arthritis (RA) 
 

We found no evidence that pregnenolone is effective in treating RA.  Interest in studying the 
treatment of RA with pregnenolone peaked in the 1950s.  The studies were generally small, 
uncontrolled case series, a study design that is especially problematic in a disease like RA with 
spontaneous remissions and exacerbations.   
 
Both articles submitted by the nominators related to RA are examples of 1950s case series: in 
both articles, some patients improved, others worsened, and others stayed the same (Myers, 
1951; Myers and Ross, 1951). The authors concluded that it was difficult to ascribe changes in 
RA to the administration of pregnenolone as “any of the changes may have been caused by the 
normal spontaneous variation frequently seen in untreated cases of rheumatoid arthritis.”  We 
concur.  In our search, we found two early clinical trials with controls (Brugsch and Manning, 
1951; Dordick et al. 1951).  Neither showed efficacy.  Brief summaries follow. 
 
Myers (1951) reported on the effects of treatment with pregnenolone (10 and 300 mg/day) in ten 
RA patients (5 males and 5 females) for a period ranging from 5 to 44 days.  In most cases, 
pregnenolone was given via intramuscular injection or a combination of intramuscular and 
sublingual tablets whenever the injections were too painful to be tolerated by the patient. There 
were “multiple subjective and objective endpoints.”  Patients improved, stayed the same, or 
worsened.  Of note, three patients “showed a substantial increase in body weight” during the trial 
(including approximately 28 pounds of weight gained by a 25-year-old man).   
 
Myers and Ross (1951) studied four female RA patients (age range between 20-41 years).  Two 
patients were given 300 mg pregnenolone for 26 days and 100 mg for an additional 8 days; the 
other two received 300 mg for 27 days and 100 mg for an additional 7 days.  Of note, the daily 
dose was decreased to 100 mg when all patients complained of increasing joint stiffness by 26-
27 days.  The drug was administered by the intramuscular and oral routes, depending on whether 
the patient reported pain from the intramuscular injection.  Two cases showed no improvement 
following pregnenolone treatment; the third had a minor clinical improvement while the fourth 
showed a marked clinical improvement.  All patients received physiotherapy throughout the 
study.  The authors concluded that pregnenolone did not exercise any beneficial action in the 
treatment of RA.    
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Brugsch and Manning (1951) compared the effects of an intramuscular injection (I.M.) of 
pregnenolone at doses ranging from 100-600 mg12 (n=15) to 21-acetoxypregnenolone (n=6) 
given I.M.  An additional course of adrenocorticotropic hormone (ACTH) (as a positive control) 
was given to 9 patients.  Among 21 patients, 18 had RA, 2 had ankylosing spondylitis, and 1 had 
gout.  Treatment continued for 7-42 days. Patients were observed for changes in pain, joint 
function, and laboratory measurements such as eosinophilia and erythrocyte sedimentation rate 
(ESR).  Only ACTH-treated patients had a “sustained beneficial effect” and showed a decrease 
in ESR and eosinophilia.  The authors concluded that neither pregnenolone nor 21-
acetoxypregnenolone could produce a sustained beneficial effect comparable to the effect 
obtained with ACTH.  In the pregnenolone arm, 1 patient had anxiety and 2 had prolonged 
menstrual periods.      
 
Dordick et al. (1951) studied RA patients (n=25) given pregnenolone orally at daily doses 
ranging from 300-1000 mg or injected I.M. at doses ranging from 300-600 mg daily.  According 
to Dordick et al, “[a]ll patients received placebos at some time during the study.” The authors 
report the study was double-blinded.  Treatment duration ranged from 10 days to 150 days.  Two 
patients showed “marked subjective improvement.”  In four other patients, questionable effect 
was noted.  The remaining patients didn’t report any benefit from the pregnenolone treatment.  
The authors concluded that treatment with pregnenolone was ineffective for treating RA.  
Headache that resolved with dose reduction was noted in 2 patients, and injections site reactions 
were common.   
 

b. Hypercholesterolemia 
 

We found no evidence that pregnenolone is effective in treating hypercholesterolemia.   
 
A nominator provided one article (Dzugan and Arnold Smith, 2002) that evaluated cholesterol.  
The study was a small, uncontrolled, observational study in adults who were seeking “antiaging 
therapy” and were treated with a “youthful hormonal protocol” consisting of seven steroids in 
individualized doses.  Total cholesterol and a variety of hormone levels were measured during 
the study.  Treatment duration ranged from two months to 4.1 years.  The authors retrospectively 
identified 20 subjects with high total cholesterol at baseline.  The authors noted a decline in total 
cholesterol (measured at baseline and as a mean of post-treatment assessments).  Which drug or 
drugs in the treatment regimen, if any, contributed to the decline in cholesterol, was unclear. 
Concomitant interventions were not reported.  
  
We found a second small, uncontrolled, retrospective chart review (Dzugan et al. 2011) of 43 
patients with hypercholesterolemia who had failed or had side effects with conventional 
treatment.  Treatment was a “hormonorestorative” therapy regimen consisting of “a combination 
of several agents, such as” pregnenolone, DHEA, three estrogens, progesterone, testosterone, 
hydrocortisone, and vitamin D-3.  Doses were individualized: pregnenolone daily dose ranged 
from 15 to 300 mg orally.  The authors measured lipid profiles and multiple hormone levels in 
this study.  Patients were followed from 3 to 9 months.  The authors report a decrease in mean 
total cholesterol (TC) from 228.8 mg/dL to 183.7 mg/dL. Mean LDL, HDL, and triglycerides 
also declined.  Concomitant interventions were not reported.  The authors identified no adverse 
                                                           
12 2 patients received 2 daily injections of 600 mg, with total daily dose of 1200 mg.  
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events.   
 
The main deficiencies in both studies with respect to conclusions about pregnenolone were the 
use of multiple substances in each subject and the lack of a control group; the effect, if any, of 
pregnenolone on cholesterol is unknown. 
 

c. Schizophrenia 
 
We find the data inadequate to support the effectiveness of pregnenolone in treating patients with 
schizophrenia.    
 
Use of pregnenolone as adjunctive treatment for schizophrenia has been an active area of 
research in the past decade.  Small studies have explored a variety of oral doses and a variety of 
instruments, their scales, and subscales, to measure effects.  Results have varied.   
 
Marx et al. (2009) reported a small, exploratory, randomized, placebo-controlled trial of 
pregnenolone as adjunctive therapy in patients with schizophrenia or schizoaffective disorder.  
Treatment was 8 weeks of placebo or oral pregnenolone.  Pregnenolone was up-titrated as 
follows: 100 mg/day for two weeks, followed by 300 mg/day for two weeks, followed by 500 
mg/day for four weeks.  Seventeen of 21 patients completed the entire study (n=8 in 
pregnenolone group, n=9 in placebo group).  Effects were explored using 10 different 
instruments.  Investigators noted a 20% reduction in SANS (scale for assessment of negative 
symptoms) and a trend for improvement in the positive symptom subscale of the PANSS 
instrument (positive and negative syndrome scale) for the pregnenolone group. Pregnenolone 
was well-tolerated.  This trial is too small to provide confirmatory evidence, and the total 
PANSS results were still not significant. This was only a small pilot study that was not 
adequately powered or controlled for multiple comparisons (using p=0.05 for each statistical 
test). On the SANS, the domain that was most responsive was affect, which could potentially be 
more related to improvement in mood, not negative symptoms. 
 
Ritsner et al. (2010) reported a small double-blind, randomized, placebo-controlled trial of oral 
pregnenolone as adjunctive therapy in 58 patients with chronic schizophrenia or schizoaffective 
disorder.  Treatment groups were: pregnenolone 30 mg/day (n=14), pregnenolone 200 mg/day 
(n=6), DHEA 400 mg/day (n=13), and placebo (n=11).  Forty-four patients completed the trial.  
Six scales13 and their subscales were used as outcome measures and analyses were exploratory.  
All patients were taking concomitant medication(s) for their disease.  The article states that no 
significant adverse events were observed. Compared with patients taking placebo, patients in the 
pregnenolone 30 mg/day arm showed improvement trends in the PANSS positive symptom 
subscale score and the attention and memory subtasks of the CANTAB; they had a positive trend 
in extrapyramidal side effects score.  Of interest, the higher-dose (pregnenolone 200 mg) group 
did not show any improvement, which adds to uncertainty about efficacy results. The authors 
concluded that further studies are needed.  
 

                                                           
13 PANSS (positive and negative syndrome scale), CGI-S (clinical global impressions improvement of illness scale), 
GAF (global assessment of functioning scale), ESRS (extrapyramidal symptom rating scale), BARS (Barnes 
akathisia rating scale), CANTAB (Cambridge automated neuropsychological test battery) 
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The two studies described above (Marx et al. (2009) and Ritsner et al. (2010)) were small, well-
designed, exploratory trials with multiple endpoints. Although the authors conducted statistical 
analyses, there were no corrections for multiple comparisons and no prespecified primary 
outcome(s).  While well-designed exploratory studies are useful for generating hypotheses for 
further study, they are inadequate support for effectiveness.    
 
Marx et al. (2014) reported a randomized, placebo-controlled trial of pregnenolone as adjunctive 
therapy in schizophrenia.  Patients were treated for 8 weeks with either ascending oral doses of 
pregnenolone (2 weeks at 100 mg daily, 2 weeks at 300 mg daily, and 4 weeks at 500 mg daily) 
or matching placebo.  The co-primary outcomes were a change in cognition14 and a change in 
functional capacity.15  Levels of pregnenolone and other steroids were measured.  Safety data 
were collected at each visit.    
 
The study enrolled 120 subjects and 102 subjects completed treatment.  All subjects were taking 
at least one concomitant treatment for schizophrenia, and 19 subjects had a change in their 
concomitant treatment during the treatment phase of the study.  The study did not show efficacy 
on its co-primary outcomes because cognition did not significantly improve in the pregnenolone 
group compared with the placebo group.  However, the analysis of functional capacity showed a 
small improvement in the pregnenolone group, particularly in the communication subscale of the 
instrument.  The overall difference in functional capacity between placebo and pregnenolone 
groups was small (3.25 points for an instrument with a scale of 1-100).  The frequency of 
treatment emergent adverse events was similar in both groups; however, there were 3 serious 
AEs reported in the pregnenolone group and none in the placebo group.  The article does not 
describe the serious AEs but notes that the AEs were not related to treatment.  At the end of 
treatment, the pregnenolone group had a three-fold increase over baseline in mean serum 
pregnenolone levels.  The authors stated that “further investigation will be required to clarify a 
potential therapeutic role for pregnenolone in schizophrenia.” Marx et al.’s largest study (120 
subjects) used several secondary endpoints to assess a secondary indication of “functional 
capacity” in schizophrenia.  Only the UPSA-B for this functional capacity assessment in the 
study showed a significant result, and the numerical degree was small. Most of the other 
measures (MCCB, SANS, PANSS) showed no significant changes. PANSS is the only measure 
in this study we have accepted for general efficacy in schizophrenia. (This population was 
already relatively stable at baseline: baseline PANSS average was low at 41.) Other measures 
reported as “positive” were not controlled for multiplicity. 
 
Kashani et al. (2017) studied a patient sample that was as homogeneous as possible in an attempt 
to resolve inconsistent results from earlier trials and a meta-analysis of those earlier trials that 
found no significant effect of oral pregnenolone on total, positive, or negative symptoms of 
schizophrenic patients, measured by the PANSS scale (Heringa et al. 2015).  The Kashani study 
was a randomized, double-blind, placebo-controlled clinical trial of 82 female patients with 
chronic schizophrenia.  The patients discontinued their antipsychotic medications for at least one 
week (for oral medication) or at least one month (for depot antipsychotic medication).  After 
washout, they were all treated with risperidone and were randomized 1:1 to receive either 
pregnenolone 50 mg/day or placebo for 8 weeks.  Primary outcome was predefined as the 
                                                           
14 Assessed by the MATRICS Consensus Cognitive Battery (MCCB) 
15 Assessed by the UCSD Performance-Based Skills Assessment-Brief (UPSA-B) 
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difference in the PANSS total score change from baseline to week 8 in the pregnenolone group 
compared to the placebo group.  Sample size was calculated based on expected effect size 
reported in previous trials.  Ninety subjects were randomized and 41 subjects in each group 
continued to the end of study.  The study failed to show a significant difference in PANSS total 
score changes between the pregnenolone and the placebo arms at week 8 (the primary endpoint).  
The authors did note a trend to a greater reduction in negative subscale scores for the 
pregnenolone group compared to placebo at biweekly time points; however, the difference did 
not meet statistical significance after Bonferroni correction for multiple comparisons.  Similarly, 
multiple other exploratory endpoints did not show significant differences.  Adverse events were 
similar between groups.  The authors concluded that the trial suggested a potential effect but that 
further comprehensive trials were warranted.  Kashani et al showed no change on PANSS total 
score or on subscales after Bonferroni correction, so it is essentially a negative study after using 
the most established outcome measures and having the best controlled design (all subjects also 
on risperidone). 
 
In summary, data are currently inadequate to support the effectiveness of pregnenolone as 
adjunctive therapy in treating patients with schizophrenia.  There is insufficient evidence to 
conclude thus far that pregnenolone is an effective adjunctive therapy for schizophrenia. The 
largest trials thus far (which were still very small) showed insignificant or equivocal results. 
 

d. Bipolar disorder 
 
We find the data inadequate to support the effectiveness of pregnenolone in treating patients with 
bipolar disorder.    
 
The nominators submitted two articles reporting the results of small, randomized, placebo-
controlled, studies in patients with bipolar disorder who were given pregnenolone as adjunctive 
therapy to their conventional therapy (Osuji et al. 2010).  Both articles detected trends in 
improvement in depression.  Changes in concomitant therapy during the trials, small numbers, 
statistical issues, and other study-specific issues preclude definitive conclusions.  Both articles 
called for further research.  
 
Osuji et al. (2010) treated 70 patients with bipolar disorder or recurrent major depression with 
pregnenolone or placebo for 8 weeks as adjunctive therapy.  All subjects also had a history of 
substance abuse but had abstained for ≥14 days prior to enrollment.  Only 37 subjects completed 
the 8-week study (19 in the pregnenolone group and 18 in the placebo group), and 30 patients 
had changes in their concomitant medications during the study.  In the pregnenolone group, 
pregnenolone was titrated from 50 mg/day for weeks 1-4 to 100 mg/day for weeks 4-8.  Mood 
was assessed biweekly, while cognition was evaluated at baseline and weeks 4 and 8.  Patients 
were assessed using six different instruments.  As an exploratory and hypothesis-generating 
study, no statistical adjustments were made for multiple analyses and multiple comparisons. 
Pregnenolone blood levels were not assessed.  The pregnenolone group showed trends toward 
greater improvement, relative to placebo, measured by the Hamilton Rating Scale for Depression 
(HRSD) and the Young Mania Rating Scale (YMRS) for one subgroup of bipolar patients.  
Pregnenolone was well tolerated.  No trends in improvement in memory or other cognitive 
symptoms were observed.  The authors suggest that pregnenolone use may be associated with 
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some improvement in manic and depressive symptoms and concluded that larger trials may be 
warranted.  This study was small and only about half of randomized subjects completed it. Of 
interest, there was a more rapid trend towards HRSD improvement on drug compared to placebo 
from Weeks 2 to 8. 
 
Brown et al. (2014) studied the effect of pregnenolone on depressive symptoms in patients with 
bipolar disorder (BPD).  Adults with BPD (n=80) who were in a depressed mood state were 
randomized to pregnenolone oral capsules (titrated from 50 mg/day to 500 mg/day by week 4) or 
placebo, as add-on therapy, for 12 weeks.  The primary outcome measure was changes in the 
Hamilton Rating Scale for Depression (HRSD).  Secondary outcomes included changes in scores 
for four other instruments and changes in neurosteroids blood levels at 12 weeks. 16  The 
published article appears to describe Study NCT01409096 that was reported in summary form at 
clinicaltrials.gov; however, the statistical assessment of results is reported differently, and which 
assessment represents the pre-specified statistical analysis is unclear.   
 
In the summary published on clinicaltrials.gov, mean baseline HRSD scores were 21.3 for the 
pregnenolone group and 23.5 for the placebo group.  The outcomes, reported as least squares 
mean HRSD were 9.18 for the pregnenolone group (n=38) and 9.41 for the placebo group 
(n=35).  The P value is reported as 0.91, which is not statistically significant.   
 
The results reported in the publication described a significant treatment by week interaction for 
the HRSD, and the authors concluded that pregnenolone was associated with a reduction in the 
primary outcome measure of HRSD scores compared with placebo.  The following figure from 
the article (Brown et al 2014) shows mean changes in HRSD scores over time at each 
assessment.   
 

                                                           
16 The scales used were the 17-item Hamilton Rating Scale for Depression (HRSD), the physician version of the 
SCID, Inventory of Depressive Symptomatology-Self-Report (IDS-SR), Hamilton Rating Scale for Anxiety 
(HRSA), and Young Mania Rating Scale (YMRS). HRSD is a 17-item, observer rated scale with possible scores 
ranging from 0-50.  A normal score is 7 or less.    
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Baseline HRSD values in the article were the same as those reported at clinicaltrials.gov.  The 
number of subjects analyzed was also the same.  We note that there is no apparent difference in 
HRSD between groups in the last four weeks of the study.  By week 12, pregnenolone levels 
increased approximately four-fold in the pregnenolone group but not the placebo group, 
suggesting that pregnenolone was absorbed; however, changes in depressive or manic symptoms 
did not correlate with changes in pregnenolone levels.  The authors note some limitations of the 
study: small sample size for a depression trial, participants were generally taking other 
psychotropic medications at baseline, the length of depressive symptoms in the current episode 
was not recorded, and some participants had changes in psychotropic medications (30 changes in 
concomitant medication in the pregnenolone group and 24 in the placebo group).   
 
In summary, there isn’t sufficient evidence currently to confirm the efficacy of pregnenolone as 
adjunctive therapy for bipolar depression, although these two studies show some promising 
trends.  
 
The potential downstream effects of pregnenolone on levels of many steroid hormones was 
raised in the safety section of this review, and downstream effects could also adversely impact 
efficacy in patients with schizophrenia or bipolar disorder.  Some steroid hormones (especially 
glucocorticoids) have been associated with worsening mania and psychosis.  
  

2. Whether the product compounded with this bulk drug substance is intended to be used in 
a serious or life-threatening disease  

 
The uses proposed by the nominators are chronic conditions that can be serious, depending on 
the severity and associated comorbidities.   
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a. Rheumatoid arthritis causes joint pain, stiffness, swelling, and decreased movement 

of the joints.  Advanced disease can be disabling and deforming. 
 

b. Hypercholesterolemia can lead to serious cardiovascular disease, including death. 
 

c. Schizophrenia is a disabling disease associated with psychotic symptoms like 
hallucinations and/or delusions, cognitive impairment, and the loss of functioning in 
areas such as work, interpersonal relations, and self-care. Patients with schizophrenia 
are at increased risk of death from suicide. 
 

d. Bipolar disorder can be disabling due to severe mood swings (mania and/or 
depression) and in some cases, psychosis and impaired judgment.  Patients with 
bipolar disorder are at increased risk of death from suicide. 

 
3. Whether there are any alternative approved therapies that may be as effective or more 

effective 
 
a. Rheumatoid Arthritis 

 
There are many FDA-approved drugs for the treatment of RA.  The goals of drug treatment are 
to decrease pain and swelling, to improve the ability to perform day-to-day activities, and to slow 
progression of joint damage.  Patients begin their drug treatment with disease-modifying 
antirheumatic drugs (DMARDs) along with nonsteroidal anti-inflammatory drugs (NSAIDSs) or 
low dose corticosteroids to decrease swelling and pain.  A few examples of DMARDSs include 
methotrexate, leflunomide, hydroxychloroquine, and sulfasalazine.  Patients with a more serious 
disease may receive one of several biologic drugs, for example, abatacept, adalimumab, or 
etanercept.  Janus kinase inhibitors, such as tofacitinib, are also used.  Sarilumab was approved 
in May 2017 to treat adults with moderate to severe RA who do not respond well to DMARDs.  
The American College of Rheumatology has published a guideline for the treatment of 
rheumatoid arthritis to guide physicians in practice (Singh JA, et al. 2015).  Pregnenolone is not 
among the recommended therapies.    
 

b.  Hypercholesterolemia 
 
Treatment of hypercholesterolemia involves addressing modifiable risk factors (for example, 
nutrition, smoking, and exercise) through lifestyle changes and patient education.  
Pharmacotherapy is used as needed to achieve targets.  There are many FDA-approved drugs for 
patients with hypercholesterolemia, including a variety of statins, bile acid sequestrants, a 
cholesterol absorption inhibitor (ezetimibe), and other drugs with different mechanisms of 
action.  The American Association of Clinical Endocrinologists and the American College of 
Endocrinology have together published a guideline that summarizes recommended therapies for 
hypercholesterolemia (Jellinger et al. 2017).  Pregnenolone is not among the recommended 
therapies.    
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c.  Schizophrenia 
 
There are many FDA-approved drugs indicated for the treatment of schizophrenia. Clinical 
practice guidelines also recommend psychosocial interventions and supportive therapy as 
warranted.  Pharmacologic treatments for schizophrenia are called antipsychotics. Antipsychotic 
drugs can improve a broad range of symptoms associated with schizophrenia, such as the 
positive symptoms of auditory hallucinations, paranoid delusions, and thought disorder; their 
efficacy remains questionable for the negative symptoms of apathy, poor self-care, and social 
withdrawal. Examples of FDA-approved drugs for schizophrenia include aripiprazole, asenapine, 
brexpiprazole, cariprazine, clozapine, haloperidol, iloperidone, loxapine, lurasidone, olanzapine, 
paliperidone, quetiapine, risperidone, and ziprasidone.   
 

d. Bipolar disorder  
 
There are many FDA-approved drugs used for the treatment of bipolar disorder, and practice 
guidelines also recommend treatment with psychotherapy and supportive care as warranted. 
These drugs are commonly called mood stabilizers, although some are also in the antipsychotic 
class. Depending on their individual properties, drugs for bipolar disorder may be used to treat 
the manic or depressive phase of bipolar illness, or both phases. These drugs may sometimes be 
used as monotherapy or as adjunctive therapy to another standing mood stabilizer. Examples of 
FDA-approved drugs for bipolar disorder include aripiprazole, asenapine, cariprazine, 
olanzapine, quetiapine, risperidone, ziprasidone, lamotrigine, divalproex, carbamazepine, and 
lithium.  
 
Conclusions: We found no evidence that pregnenolone is effective in treating rheumatoid 
arthritis or hypercholesterolemia.  Data are insufficient to support pregnenolone as an effective 
adjunctive therapy in treating schizophrenia or bipolar disorder.  There are multiple FDA-
approved products indicated to treat the conditions proposed in the nomination, which can be 
serious or life-threatening. 
  
D.  Has the substance been used historically in compounding? 
 
The following databases were consulted in preparation of this section: 
 PubMed, Natural Medicines Comprehensive Database, European Pharmacopoeia, British 
Pharmacopoeia, Japanese Pharmacopoeia, USP/NF, and Google.   
 

1. Length of time the substance has been used in pharmacy compounding 
 
Based on literature articles, pregnenolone has been used in pharmacy compounding since at least 
2003 (Ford et al. 2003).  
 

2. The medical condition(s) it has been used to treat 
 
According to the Natural Medicines Comprehensive Database, pregnenolone is used orally for 
slowing or reversing aging, for arthritis, depression, endometriosis, fatigue, fibrocystic breast 
disease, memory enhancement, menopause, premenstrual syndrome (PMS), stress, increasing 
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energy, and improving immunity.  It is also used for strengthening the heart, and to treat 
Alzheimer's disease, allergic reactions, detoxification, lupus, multiple sclerosis (MS), prostate 
disorders, psoriasis, scleroderma, seizures, trauma, and injuries (Natural Medicines 
Comprehensive Database, 2015).   
 
Results from a Google search using the terms pregnenolone compounding pharmacy indicate 
that pregnenolone is or has been included in compounded hormone replacement therapy with 
various final formulations (capsules, topical creams and gels, and pellet implants).  In addition, 
one pharmacy advertised compounded pregnenolone “SR” capsules for use in fatigue, 
enhancement of memory, Alzheimer’s disease, and treatment of endometriosis, among other 
claims. 
 
Two separate articles published in the International Journal of Pharmaceutical Compounding 
describe the use of compounded pregnenolone in hormone replacement therapy (Ford et al. 2003; 
Beshay et al. 2015).  According to the articles, pregnenolone has been compounded as a slow 
release capsule, troche, transdermal gel, and cream. 
    

3. How widespread its use has been  
 
Outside of the US, pregnenolone in compounded hormone replacement therapy has been 
reported in Australia.   
 

4. Recognition of the substance in other countries or foreign pharmacopeias 
 
A search of the British Pharmacopoeia (BP 2017), the European Pharmacopoeia (9th Edition, 
2017, 9.1), and the Japanese Pharmacopoeia (16th Edition) did not show any listings for 
pregnenolone.    
 
Conclusions:  Pregnenolone has been used in pharmacy compounding in the US since at least 
2003 and, based on internet searches and the published literature, has been used in hormone 
replacement therapy as well as other conditions.  Pregnenolone is not listed in the British, 
European, or Japanese Pharmacopoeia. 
 
III. RECOMMENDATION 
 
We have balanced the criteria described in section II above to evaluate pregnenolone for the 
503A Bulks List.  After considering the information currently available, a balancing of the 
criteria weighs against pregnenolone being placed on that list based on the following: 
 

1. Pregnenolone is a steroid hormone that well characterized and is likely to be stable under 
ordinary storage conditions.  

 
2. The safety of pregnenolone has not been adequately assessed.  The available nonclinical 

information for pregnenolone is insufficient with regard to its potential toxicity profile in 
humans. Although there are few adverse events reported for pregnenolone in short term 
studies, we found no long term safety data to support the use of pregnenolone for chronic 
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conditions.  Because of its role as a precursor in the production of key steroid hormones, 
we anticipate that a dose-related increase in adverse events, some serious, may occur with 
chronic administration.  
 

3. We found no evidence that pregnenolone is effective in treating rheumatoid arthritis or 
hypercholesterolemia.  Data are insufficient to support pregnenolone’s effectiveness as an 
adjunctive therapy in treating schizophrenia or bipolar disorder.   

 
4. Pregnenolone has been used in pharmacy compounding in the US since at least 2003 and 

based on internet searches and the published literature has been used in hormone 
replacement therapy as well as other conditions.  Pregnenolone is not listed in the British, 
European, or Japanese Pharmacopoeia. 

 
Based on this information the Agency has considered, a balancing of the four evaluation criteria 
weighs against pregnenolone being added to the 503A Bulks List.  
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 fagron.us Fagron - 2400 Pilot Knob Road - St. Paul, MN 55120 - Tel. (800) 423 6967 - Fax (800) 339 1596 

Division of Dockets Management (HFA-305) 
Food and Drug Administration 
Department of Health and Human Services  
5630 Fishers Lane  
Rm. 1061 
Rockville, MD 20852 
 
Re:  Docket FDA-2013-N-1525   
  

“List of Bulk Drug Substances That May Be Used in Pharmacy Compounding; Bulk Drug Substances 
That May Be Used To Compound Drug Products in Accordance With Section 503A of the Federal Food, 
Drug, and Cosmetic Act” 

 
Dear Sir or Madam, 
 
Fagron appreciates the opportunity to address the FDA’s request for nominations of bulk drug substances that 
may be used to compound drug products that are neither the subject of a United States Pharmacopeia (USP) or 
National Formulary (NF) monograph nor components of FDA-approved drugs. 
 
We hereby nominate the bulk drug substances in the attached spreadsheets for FDA’s consideration as bulk 
drug substances that may be used in pharmacy compounding under Section 503A.   
 
None of these items appear on an FDA-published list of drugs that present demonstrable difficulties for 
compounding.  In addition, none are a component of a drug product that has been withdrawn or removed from 
the market because the drug or components of the drug have been found to be unsafe or not effective. 
 
We include references in support of this nomination for your consideration. 
 
Thank you for your consideration. If Fagron can answer any questions, please contact me (j.letwat@fagron.com; 
847-207-6100).   
 
Respectfully submitted, 
 
 
Julie Letwat, JD, MPH 
Vice-President, Regulatory and Government Affairs 
 
  



 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 fagron.us Fagron - 2400 Pilot Knob Road - St. Paul, MN 55120 - Tel. (800) 423 6967 - Fax (800) 339 1596 

Re:  Docket FDA-2013-N-1525   
 
Substances submitted (see corresponding .xlxs file) 
 
7-Keto Dehydroepiandrosterone 
Acetyl-D-Glucosamine 
Aloe Vera 200:1 Freeze Dried 
Astragalus Extract 10:1 
Beta Glucan (1,3/1,4 –D) 
Boswellia Serrata Extract 
Bromelain 
Cantharidin 
Cetyl Myristoleate Oil 
Cetyl Myristoleate 20% Powder 
Chrysin 
Citrulline 
Dehydroepiandrosterone 
Deoxy-D-Glucose (2) 
Diindolylmethane 
Domperidone 
EGCg 
Ferric Subsulfate 
Glycolic Acid 
Glycosaminoglycans 
Hydroxocobalamin Hydrochloride 
Kojic Acid 
Methylcobalamin 
Nicotinamide Adenine Dinucleotide  
Nicotinamide Adenine Dinucleotide Disodium  Reduced (NADH) 
Ornithine Hydrochloride 
Phosphatidyl Serine 
Pregnenolone 
Pyridoxal 5-Phosphate Monohydrate 
Pyruvic Acid 
Quercetin 
Quinacrine Hydrochloride 
Ribose (D) 
Silver Protein Mild 
Squaric Acid Di-N-Butyl Ester 
Thymol Iodide 
Tranilast 
Trichloroacetic Acid 
Ubiquinol 30% Powder 
  



What is the name of the nominated ingredient? 7-Keto Dehydroepiandrosterone
Is the ingredient an active ingredient that meets the 
definition of “bulk drug substance” in § 207.3(a)(4)?

Yes, 7-keto Dehydroepiandrosterone is an active ingredient as defined in 207.3(a)(4) because when 
added to a pharmacologic dosage form it produces a pharmacological effect. References for 7-keto 
Dehydroepiandrosterone pharmacological actions are provided - Ihler G, Chami-Stemmann H. 7-oxo-
DHEA and Raynaud's phenomenon. Med Hypotheses 2003; 60: 391-7. (PubMed id:12581618)

Delbeke FT, et al. Prohormones and sport. J Steroid Biochem Mol Biol 2002; 83: 245-51. (PubMed 
id:12650722)

Sedláčková B, Dušátková L, Zamrazilová H, et al. 7-oxygenated derivatives of dehydroepiandrosterone 
and obesity. Prague Med Rep. 2012;113(2):147-55. http://www.ncbi.nlm.nih.gov/pubmed/22691285

Hampl R, Sulcová J, Bílek R, et al. How short-term transdermal treatment of men with 7-oxo-
dehydroepiandrosterone influence thyroid function. Physiol Res. 2006;55(1):49-54. 
http://www.ncbi.nlm.nih.gov/pubmed/15857167

Zenk J. MD, Helmer T. MD, Kassen L. RD, et al. The effect of 7-Keto Naturalean™ on weight loss: A 
randomized, double-blind, placebo-controlled trial. Current Therapeutic Research. 2002;63(4):263-272
http://www.sciencedirect.com/science/article/pii/S00113

Is the ingredient listed in any of the three sections of the 
Orange Book?

The nominated substance was searched for in all three sections of the Orange Book located at 
http://www.accessdata.fda.gov/ scripts/cder/ob/docs/queryai.cfm. The nominated substance does not 
appear in any section searches of the Orange Book.

Were any monographs for the ingredient found in the 
USP or NF monographs?

The nominated substance was searched for at http://www.uspnf.com. The nominated substance is not 
the subject of a USP or NF monograph.

What is the chemical name of the substance? (3β)-3-Hydroxyandrost-5-ene-7,17-dione

What is the common name of the substance? 7-Keto; 7-Oxo-DHEA; 7-Ketodehydroepiandrosterone; 7-Oxodehydroepiandrosterone

Does the substance have a UNII Code? 2334LJD2E9

What is the chemical grade of the substance? No grade

Fagron
2400 Pilot Knob Road  
St. Paul, Minnesota 55120 - USA
(800) 423 6967
www.fagron.us



What is the strength, quality, stability, and purity of the 
ingredient?

Assay (HPLC): >98.5%
Appearance: White or almost white powder
Melting point: 240.0 to 244.0˚C
Loss on Drying: <0.5%
Residue on Ignition: <0.1%
Heavy Metals: <10 ppm
TLC: Only One Spot

How is the ingredient supplied? Powder
Is the substance recognized in foreign pharmacopeias or 
registered in other countries?

No foreign pharmacopeia monographs or registrations found.

Has information been submitted about the substance to 
the USP for consideration of monograph development?

No USP Monograph submission found.

What dosage form(s) will be compounded using the bulk 
drug substance?

Creams, Capsules, Solution, Suspension

What strength(s) will be compounded from the nominated 
substance?

1 - 100 mg

What are the anticipated route(s) of administration of the 
compounded drug product(s)?

Oral, Sublingual, Topical

Are there safety and efficacy data on compounded drugs 
using the nominated substance?

Ihler G, Chami-Stemmann H. 7-oxo-DHEA and Raynaud's phenomenon. Med Hypotheses 2003; 60: 
391-7. (PubMed id:12581618)

Delbeke FT, et al. Prohormones and sport. J Steroid Biochem Mol Biol 2002; 83: 245-51. (PubMed 
id:12650722)

Sedláčková B, Dušátková L, Zamrazilová H, et al. 7-oxygenated derivatives of dehydroepiandrosterone 
and obesity. Prague Med Rep. 2012;113(2):147-55. http://www.ncbi.nlm.nih.gov/pubmed/22691285

Hampl R, Sulcová J, Bílek R, et al. How short-term transdermal treatment of men with 7-oxo-
dehydroepiandrosterone influence thyroid function. Physiol Res. 2006;55(1):49-54. 
http://www.ncbi.nlm.nih.gov/pubmed/15857167

Zenk J. MD, Helmer T. MD, Kassen L. RD, et al. The effect of 7-Keto Naturalean™ on weight loss: A 
randomized, double-blind, placebo-controlled trial. Current Therapeutic Research. 2002;63(4):263-272
http://www.sciencedirect.com/science/article/pii/S00113

Has the bulk drug substance been used previously to 
compound drug product(s)?

7-Keto Dehydroepiandrosterone has been used in topical creams, oral capsules, and sublingual 
suspensions and/or solutions for weight loss and DHEA replacement as component to hormone 
replacement in males and females.



What is the proposed use for the drug product(s) to be 
compounded with the nominated substance?

7-Keto Dehydroepiandrosterone may be used in topical creams, oral capsules, and sublingual 
suspensions and/or solutions for weight loss and DHEA replacement as component to hormone 
replacement in males and females.7-Keto Dehydroepiandrosterone can help relieve symptoms of 
Raynaud's Syndrome G. Ihler and H. Chami-Stemmann (2003) 7-oxo-DHEA and Raynaud's 
Phenomenon Med Hypotheses Mar;60(3):391-7

What is the reason for use of a compounded drug 
product rather than an FDA-approved product?

No FDA approved products containing 7-Keto DHEA. 7-Keto DHEA has been shown to be effective in 
treating the symptoms of Raynaud's syndrome. This syndrome is characterized by poor circulation in the 
hands and feet. It can lead to amputations of toes or fingers. 
(http://www.ncbi.nlm.nih.gov/pubmed/9814067) Current treatment with FDA approved medications 
include the use of oral Calcium Channel blockers, Serotonin reuptake inhibitors, Angiotension converting 
enzyme II inhibitors and Alpha Blockers. All of these orally available treatments come with a multitude of 
side effects . They can cause headaches, tachycardia, edema, flushing, syncope, hypotension, 
palpitations, weakness, fatigue, erectile dysfunction, and mood issues. Some of them have been issued 
FDA black box warnings concerning use in humans. Nitroglycerin topically is another FDA approved 
medication used for Raynaud's. Raynaud's is a chronic condition. It would require continuous treatment 
with nitroglycerin ointment to keep dilation of blood vessels. This could lead to increased side effects of 
headache, lightheadedness, flushing, and dizziness. Studies on use with patches or ointments for 
Angina pectoris are showing patient tolerance with loss of efficacy in long term use. 
(http://www.ncbi.nlm.nih.gov/pubmed/7848897) 7-Keto DHEA is an option with an improved safety and 
side effect profile. (http://www.ncbi.nlm.nih.gov/pubmed/12581618) It can be a useful tool for physicians 
wanting to combat the debilitating side effects of this syndrome. Allowing compounding can keep this 
available to customize dosing of individuals. 7-Keto-DHEA is also showing promise in weight loss and 
alcoholism. Both of these have FDA approved medical treatments that can be wrought with poor side 
effect profiles. 
(http://www.ncbi.nlm.nih.gov/pubmed/21051179)(http://www.ncbi.nlm.nih.gov/pubmed/21051179)(http://
www.ncbi.nlm.nih.gov/pubmed/21051179)

Is there any other relevant information? All relevant information was expressed in the above questions
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September 30, 2014 

 

Division of Dockets Management (HFA-305) 

Food and Drug Administration 

Department of Health and Human Services 

5630 Fishers Lane, Room 1061 

Rockville, Maryland 20852 

 

[Docket No. FDA-2013-N-1525] 

 

Re: FDA-2013-N-1525;   List of Bulk Drug Substances That May Be Used in Pharmacy 

Compounding in Accordance with Section 503A 

 

Dear Sir or Madam: 

 

Thank you for the opportunity to submit our comments on FDA’s request for a list of bulk drug 

substances that may be used in pharmacy compounding as defined within Section 503A of the 

Federal Food, Drug and Cosmetic Act.  As FDA receives these lists from the public, the medical 

and pharmacy practice communities, the International Academy of Compounding Pharmacists 

(IACP) appreciates the opportunity to identify and share drug substances which are commonly 

used in the preparation of medications but which have neither an official USP (United States 

Pharmacopeia) monograph nor appear to be a component of an FDA approved drug product.   

 

IACP is an association representing more than 3,600 pharmacists, technicians, academicians 

students, and members of the compounding community who focus on the specialty practice of 

pharmacy compounding. Compounding pharmacists work directly with prescribers including 

physicians, nurse practitioners and veterinarians to create customized medication solutions for 

patients and animals whose health care needs cannot be met by manufactured medications. 

 

Working in tandem with the IACP Foundation, a 501(c)(3) non-profit organization dedicated to 

enhancing the knowledge and understanding of pharmacy compounding research and education, 

our Academy is submitting the accompanying compilation of 1,215 bulk drug substances which 

are currently used by compounding pharmacies but which either do not have a specific USP 

monograph or are not a component of an FDA approved prescription drug product. 

 

These drug substances were identified through polling of our membership as well as a review of 

the currently available scientific and medical literature related to compounding.   
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Although the information requested in FDA-2013-N-1525 for each submitted drug substance is 

quite extensive, there are many instances where the data or supporting research documentation 

does not currently exist.  IACP has provided as much detail as possible given the number of 

medications we identified, the depth of the information requested by the agency, and the very 

short timeline to compile and submit this data. 

ISSUE:  The Issuance of This Proposed Rule is Premature 

 

IACP is concerned that the FDA has disregarded previously submitted bulk drug substances, 

including those submitted by our Academy on February 25, 2014, and created an series of clear 

obstructions for the consideration of those products without complying with the requirements set 

down by Congress.  Specifically, the agency has requested information on the dosage forms, 

strengths, and uses of compounded preparations which are pure speculation because of the 

unique nature of compounded preparations for individual patient prescriptions.  Additionally, the 

agency has developed its criteria list without consultation or input from Pharmacy Compounding 

Advisory Committee.  Congress created this Advisory Committee in the original and reaffirmed 

language of section 503A to assure that experts in the pharmacy and medical community would 

have practitioner input into the implementation of the agency’s activities surrounding 

compounding. 

 

As outlined in FDCA 503A, Congress instructed the agency to convene an Advisory Committee 

prior  to the implementation and issuance of regulations including the creation of the bulk 

ingredient list.   
 

(2) Advisory committee on compounding.--Before issuing     regulations to implement 
subsection (a)(6), the Secretary shall     convene and consult an advisory committee on 
compounding. The advisory committee shall include representatives from the National    
Association of Boards of Pharmacy, the United States Pharmacopeia,  pharmacists with 
current experience and expertise in compounding,    physicians with background and 
knowledge in compounding, and patient and public health advocacy organizations. 
 

Despite a call for nominations to a Pharmacy Compounding Advisory Committee (PCAC) which 

were due to the agency in March 2014, no appointments have been made nor has the PCAC been 

formed to do the work dictated by Congress. Additionally, the agency provides no justification in 

the publication of criteria within FDA-2013-N-1525 which justifies whether this requested 

information meets the needs of the PCAC.   
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In summary, IACP believes that the absence of the PCAC in guiding the agency in determining 

what information is necessary for an adequate review of a bulk ingredient should in no way 

preclude the Committee’s review of any submitted drug, regardless of FDA’s statement in the 

published revised call for nominations that: 

 

General or boilerplate statements regarding the need for compounded drug products or 
the benefits of compounding generally will not be considered sufficient to address this 
issue. 

 

IACP requests that the Pharmacy Compounding Advisory Committee review each of the 1,215 

drug substances we have submitted for use by 503A traditional compounders and we stand ready 

to assist the agency and the Committee with additional information should such be requested.   

 

 Thank you for the opportunity to submit our comments and IACP looks forward to working with 

the FDA in the future on this very important issue. 

 

Sincerely, 
 

 

 

David G. Miller, R.Ph. 

Executive Vice President & CEO 



 Bulk Drug Substances for Consideration by the  

 FDA’s Pharmacy Compounding Advisory Committee 
 

 Submitted by the International Academy of Compounding Pharmacists 

 

 

30 September 2014 Page 1 
 

General Background on Bulk Drug Substance 
 
Ingredient Name  7-Keto Dehydroepiandrosterone, Micronized 

 

Chemical/Common Name 7-Keto DHEA 

 

Identifying Codes  566-19-8  

 

Chemical Grade  Provided by FDA Registered Supplier/COA 

 

Description of Strength,  Provided by FDA Registered Supplier/COA 

Quality, Stability, and Purity  

 

How Supplied   Varies based upon compounding requirement 

 

Recognition in Formularies Not Listed in USP/NF 
(including foreign recognition) 

 

Information on Compounded Bulk Drug Preparation 

 
Dosage Form   Varies based upon compounding requirement/prescription 

 

Strength   Varies based upon compounding requirement/prescription 

 

Route of Administration Varies based upon compounding requirement/prescription 

 

Bibliography    
(where available) 

 

 

 

 

Past and Proposed Use The very nature of a compounded preparation for an individual patient 

prescription as provided for within FDCA 503A means that the purpose 

for which it is prescribed is determined by the health professional 

authorized to issue that prescription.  FDA’s request for this information 

is an insurmountable hurdle that has not been requested by the PCAC. 

   



      

     
     

      
     

   

   

            
            

    

     

        
            

           

   
           

             
          

          
           

          
           

              
 

              
           

          
            

          
            

           
         

          

 
 

  

 

 

 

 

    

  

    

   

  

   

 

  

   

  



               
              

                 
             

             
             

          

 

               
               

  

 

 
   

 
     

 



 503A renomination template Federal Register, Vol 79, No. 127 / Wed, Jul 2, 2014 / Notices

1 of 2

Column A—What information is requested? Column B—Put data specific to the nominated substance
What is the name of the nominated ingredient? 7-Keto Dehydroepiandrosterone

Is the ingredient an active ingredient that meets the definition of ‘‘bulk
drug substance’’ in § 207.3(a)(4)?   

Yes.                                                                                                                                                                                                                                                                                                               
1. Davidson MH, Weeks C, Lardy H, et al. Clinical Safety and Endocrine Effects of 7-KETO-DHEA. Abstract 
presented at: Experimental Biology 98, April 19-22, 1998, San Francisco, CA. Abstract obtained from 
Humanetics Corporation website.  

2. Nelson R, Herron M, Weeks C, Lardy H. Dehydroepiandrosterone and 7-KETO-DHEA augment Interleukin 2 
(IL2) Production by Human Lymphocytes In Vitro. Abstract presented at: The 5th Conference on Retroviruses 
and Opportunistic Infections, February 1-5, 1998, Chicago, IL. Abstract obtained from Humanetics Corporation. 

Is the ingredient listed in any of the three sections of the Orange Book? No

Were any monographs for the ingredient found in the USP or NF monographs? No
What is the chemical name of the substance? 3-beta-Hydroxyandrost-5-ene-7,17-dione
What is the common name of the substance? 7-Keto DHEA
Does the substance have a UNII Code? No
What is the chemical grade of the substance? Not graded

What is the strength, quality, stability, and purity of the ingredient?

A valid Certificate of Analysis accompanies each lot of raw material received.
Raw material can be supplied by a 510-FDA registered manufacturer.

How is the ingredient supplied? 7-Keto DHEA is a white to off white powder.

Is the substance recognized in foreign pharmacopeias or registered in
other countries?

No EP, BP, JP monograph is available.

Has information been submitted about the substance to the USP for
consideration of monograph development? Information not known
What dosage form(s) will be compounded using the bulk drug 
substance? Oral capsule

What strength(s) will be compounded from the nominated substance? Compounded strengths range from 5 mg to 10 mg of 7-Keto DHEA per capsule.

What are the anticipated route(s) of administration of the compounded
drug product(s)? Oral       

Nominated by: McGruff Compound Pharmacy Services, Inc.



 503A renomination template Federal Register, Vol 79, No. 127 / Wed, Jul 2, 2014 / Notices

2 of 2

Are there safety and efficacy data on compounded drugs using the
nominated substance?

1. Lardy H, Partridge B, Kneer N, Wei Y. Ergosteroids: induction of thermogenic enzymes in liver of rats treated with steroids derived from 
dehydroepiandrosterone. Proc Natl Acad Sci U S A 1995;92:6617-9. 

2. Shi J, Schulze S, Lardy HA. The effect of 7-oxo-DHEA acetate on memory in young and old C57BL/6 mice. Steroids 2000;65:124-9. 
3. Davidson MH, Weeks C, Lardy H, et al. Clinical Safety and Endocrine Effects of 7-KETO-DHEA. Abstract presented at: Experimental Biology 98, 
April 19-22, 1998, San Francisco, CA. Abstract obtained from Humanetics Corporation website.  

4. Nelson R, Herron M, Weeks C, Lardy H. Dehydroepiandrosterone and 7-KETO-DHEA augment Interleukin 2 ( L2) Production by Human 
Lymphocytes In Vitro. Abstract presented at: The 5th Conference on Retroviruses and Opportunistic Infections, February 1-5, 1998, Chicago, IL. 
Abstract obtained from Humanetics Corporation. 

5. Colker CM, Torina GC, Swain MA, Kalman DS. Double-Blind Study Evaluating the Effects of Exercise Plus 3-Acetyl-7-oxo-dehydroepiandrosterone 
on Body Composition and the Endocrine System in Overweight Adults. Abstract presented at 2nd ASEP Annual Meeting, October 14-16, 1999, and 
published in Journal of Exercise Physiology online, Volume 2 Number 4 October 1999.  

6. Davidson M, Marwah A, Sawchuk RJ, et al. Safety and pharmacokinetic study with escalating doses of 3-acetyl-7-oxo-dehydroepiandrosterone in 
healthy male volunteers. Clin Invest Med 2000;23:300-10. 

7. Sulcova J, Hill M, Masek Z, et al. Effects of transdermal application of 7-oxo-DHEA on the levels of steroid hormones, gonadotropins and lipids in 
healthy men. Physiol Res 2001;50 9-18.

8. Lardy, H. et al. Ergosteroids 3 II: Biologically active metabolites and synthetic derivatives of Dehydroepiandrosterone. Steroids 1998. 63: 158-65.

Has the bulk drug substance been used previously to compound drug
product(s)? Yes
What is the proposed use for the drug product(s) to be compounded 
with the nominated substance? Endocrine, metabolic balances to control muscle mass.

What is the reason for use of a compounded drug product rather than 
an FDA-approved product?

There are patients who choose or may benefit from compounded 7-Keto DHEA when the 
conventional FDA-approved products fail or cause unwanted side effects (acute, chronic). 

Is there any other relevant information?



 

 

 
Submitted electronically via www.regulations.gov 
 
March 4, 2014 
 
 
 
Division of Dockets Management (HFA-305) 
Food and Drug Administration 
5630 Fishers Lane, rm. 1061 
Rockville, MD 20852 
 
Re: Docket No.: FDA-2013-N-1525: List of Bulk Drug Substances That May Be Used in Pharmacy 
Compounding; Bulk Drug Substances That May Be Used To Compound Drug Products in 
Accordance With Section 503A of the Federal Food, Drug and Cosmetic Act; Withdrawal of 
Proposed Rule; request for nominations 
 
Dear Sir or Madam: 
 
The National Community Pharmacists Association (NCPA) is writing today to nominate specific bulk 
drug substances that may be used to compound drug products, although they are neither the subject of a 
United States Pharmacopeia (USP) or National Formulary (NF) monograph nor components of FDA-
approved drugs.  As the FDA considers which drugs nominated will be considered for inclusion on the 
next published bulk drugs list, NCPA is committed to working with the FDA and other interested 
stakeholders on these critical issues.  
 
NCPA represents the interests of pharmacist owners, managers and employees of more than 23,000 
independent community pharmacies across the United States. Independent community pharmacies 
dispense approximately 40% of the nation’s retail prescription drugs, and, according to a NCPA member 
survey, almost 86% of independent community pharmacies engage in some degree of compounding.  
 
Regarding specific nominations, NCPA would like to reference the attached spreadsheet of 2,403 bulk 
drug substances submitted by the International Academy of Compounding Pharmacists (IACP) as our 
formal submission of bulk drug substances that are currently used by compounding pharmacies and do 
not have a specific USP monograph nor are components of FDA approved prescription drug products. 
 
In addition to the IACP spreadsheet of bulk drug substances referenced above, NCPA would also like to 
formally submit collectively for review and consideration of the FDA Pharmacy Compounding 
Advisory Committee the drugs and standards contained within the British Pharmacopeia, the European 
Pharmacopeia and the Japanese Pharmacopeia. NCPA respectfully requests that all drugs and 
standards contained within these three pharmacopeias for which no USP corresponding monograph 
exists be accepted and approved to be used for the preparation of compounded medications under 
section 503A of the Federal Food, Drug and Cosmetic Act.   
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NCPA is requesting the recognition of these pharmacopoeias as there are examples of situations when 
our members need access to these alternative compendia for monograph information.  NCPA members 
may receive requests to compound medications that do not have a USP monograph, nor is the drug 
substance being used a component of an FDA approved drug product.  When these situations arise, the 
British Pharmacopeia, the European Pharmacopeia and the Japanese Pharmacopeia are used in 
practice to ensure compounds are made with the highest assurance of quality.   
 
NCPA is committed to working with the FDA and other stakeholders regarding these important matters.  We 
appreciate your consideration of our comments.  
 
Sincerely, 
 
 
 
 
 
Steve Pfister 
Senior Vice President, Government Affairs 
 
 
 
Attachment  



Ingredient Name Chemical Name Common Name UNII Code Description of strength, 
quality, stability and purity 

Ingredient Format(s) Recognition in Pharmacopeias Final Compounded 
Formulation Dosage 

Form(s)

Final Compounded 
Formulation Strength

Final Compounded Formulation 
Route(s) of Administration

Bibliographies on Safety and Efficacy Data Final Compounded Formulation Clinical Rationale and History of Past 
Use

7-Keto-
dehydroepiandrosterone

3B-hydroxyandrost-5-ene-
7,17-dione

7-Keto-DHEA 2334LJD2E9 From PCCA MSDS: 100% by 
weight and stable; avoid 
excess heat and oxidizing 
agents.

Powder Not yet submitted to USP; sold OTC 
in US as a dietary supplement

Capsules, cream, 
suppositories

Oral, topical, intravaginal Sulcová J, Hampl R, Hill M, Stárka L, Novácek A 
(2005). "Delayed effects of short-term 
transdermal application of 7-oxo-
dehydroepiandrosterone on its metabolites, some 
hormonal steroids and relevant proteohormones 
in healthy male volunteers". Clin. Chem. Lab. 
Med. 43 (2): 221–7. doi:10.1515/CCLM.2005.038;  
Zenk JL, Frestedt JL, Kuskowski MA (September 
2007). "HUM5007, a novel combination of 
thermogenic compounds, and 3-acetyl-7-oxo-
dehydroepiandrosterone: each increases the 
resting metabolic rate of overweight adults". J. 
Nutr. Biochem. 18 (9): 629–34. 
doi:10.1016/j.jnutbio.2006.11.008. PMID 
17418559;

Both DHEA (dehydroepiandrosterone) and 7-keto DHEA are 
associated with a variety of essential human functions, most 
notably immune system support and memory enhancement. In 
the body, DHEA can convert into various metabolites, including 7-
keto DHEA and steroid hormones, such as testosterone or the 
estrogens (estrone and estradiol). 7-keto DHEA, on the other 
hand, does not convert to active testosterone and/or estrogen in 
the body Nor does it convert back to DHEA. In fact, this improved 
form of DHEA has no known adverse effects.
Research has shown that 7-keto DHEA increases thermogenic 
enzyme activity, which is associated with heat generation An 
increase in thermogenic activity may enhance the body's basal 
metabolic rate, helping to promote weight loss without requiring 
significant alterations to caloric intake or activity levels. 
Additionally, 7-keto DHEA has been shown to support healthy 
thyroid function.The thyroid gland, which plays a permissive role 
in adaptive heat production, is also intricately involved in 
maintaining optimal metabolic rate.
An eight-week clinical trial found that supplementation with 7-
keto DHEA (200 mg/day), in conjunction with diet and exercise, 
significantly reduced both body weight and body fat 7-keto 
DHEA also supported healthy thyroid hormone (triiodothyronine 
or T3) levels, which may affect basal metabolic rate, further 
enhancing weight loss; 7-Keto-DHEA does not have the risk of 
increasing testerone levels.

Nominated by: National Community Pharmacists Assocation
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FDA Review of  
7-Keto Dehydroepiandrosterone 

 
 



 

 
U.S. Food & Drug Administration 
10903 New  Hampshire Avenue 
Silver Spring, MD 20993 
w ww.fda.gov  

 
DATE:   October 20, 2017 
 
FROM: Ben Zhang, Ph.D.  

ORISE Fellow, Office of New Drug Products (ONDP), Office of Pharmaceutical 
Quality (OPQ)  

 
Yen-Ming Chan, Ph.D. 
ORISE Fellow, Office of Drug Evaluation 4 (ODE 4), Office of New Drugs 
(OND) 

   
Wafa Harrouk, Ph.D. 

  Senior Pharmacology/Toxicology Reviewer, ODE4, OND 
   
  Susan Johnson, Pharm.D., Ph.D. 
  Associate Director, ODE4, OND 
 
  Lesley-Anne Furlong, M.D. 
  Deputy Director, ODE4, OND 
  
  Elizabeth Hankla, Pharm.D. 

Consumer Safety Officer, Office of Compliance, Office of Unapproved Drugs and 
Labeling Compliance (OUDLC) 

  
THROUGH: Ramesh K. Sood, Ph.D. 

Senior Scientific Advisor (Acting), ONDP, OPQ 
 

Charles Ganley, M.D. 
 Director, ODE4, OND 
 
 Frances Gail Bormel R.Ph., J.D. 
 Director, Division of Prescription Drugs, OUDLC 

 
TO:  Pharmacy Compounding Advisory Committee 
 
SUBJECT: Review of 7-keto Dehydroepiandrosterone for Inclusion on the 503A Bulk Drug 

Substances List  
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3. Likely impurities4 
Impurities may include: 

• Residual heavy metals from the allylic oxidation step reaction, such as Cr, Cu or Rh, 
depending on the specific reagents used in this step; 

• Residual starting material such as DHEA; 
• Residual solvents and reagents from reactions and purification processes, such as acetic 

acid. 
 

4. Toxicity of those likely impurities 
 

Residual starting materials, like DHEA, are unlikely to be toxic, but the current synthetic 
methods usually involve heavy metals in the allylic oxidation, which are highly toxic.  These 
impurities may be residues in the final product, and therefore, the amount of heavy metals in the 
product needs to be carefully monitored.  Additional toxicity issues are discussed in section II.B. 

 
5. Physicochemical characteristics pertinent to product performance, such as particle 

size and polymorphism  
 
7-keto-DHEA is a white powder, and it is practically insoluble in water.  No further information 
on the influence of particle size and polymorphism on bioavailability were found in the 
literature. 
 

6. Any other information about the substance that may be relevant, such as whether the 
API is poorly characterized or difficult to characterize 

 
7-keto-DHEA has been well characterized with proton nuclear magnetic resonance (1H NMR) 
spectroscopy, Carbon-13 nuclear magnetic resonance (13C NMR) spectroscopy, Fourier 
transform infrared spectroscopy (FT-IR), and mass spectrometry (MS). 
 
Conclusions: 7-keto-DHEA is a small, simple molecule. The compound is likely to be stable as 
a solid under ordinary storage conditions. The nominated compound can be easily characterized 
and the synthesis of this compound is simple and straightforward.  
 

B. Are there concerns about the safety of the substance for use in compounding? 
 
1. Nonclinical assessment 

 
The following database(s) were consulted in the preparation of this section: PubMed, Embase, 
TOXNET, and Web of Science.   
 
                                                 
4 This review contains a non-exhaustive list of potential impurities in the bulk drug substance and does not address 
fully the potential safety concerns associated with those impurities.  The compounder should use the information 
about the impurities identified in the certificate of analysis accompanying the bulk drug substance to evaluate any 
potential safety and quality issues associated with impurities in a drug product compounded using that bulk drug 
substance taking into account the amount of the impurity, dose, route of administration and chronicity of dosing. 
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a. General pharmacology of the drug substance   
 
The published literature establishes that 7-keto DHEA is produced in multiple organs from the 
metabolism of DHEA (Chalbot and Morfin 2005).  Cytochrome P450 (CYP) enzymes CYP7B1 
and CYP3A4 can convert DHEA to hydroxysteroid metabolites, 7α-hydroxy DHEA and 7β-
hydroxy DHEA.  Each of these hydroxyl metabolites can be converted to 7-keto DHEA via 11β 
–hydroxysteroid dehydrogenase (11βHSD) or other oxidoreductase, in reactions that have been 
shown to be reversible (Chalbot and Morfin 2005).  There is variation in the literature about 
whether 7-keto DHEA, through 7α-hydroxy DHEA or 7β-hydroxy DHEA, can be converted 
back to DHEA, a compound that serves as a substrate for the production of testosterone or 
estrogen (see Appendix 1) (Lardy et al. 2002; El Kihel 2012). 
 
The physiologic role of 7-keto DHEA continues to be investigated.  For example,   

• The potential for both DHEA and 7-oxo DHEA to indirectly induce estrogen-mediated 
gene expression has been shown in vitro (Miller et al. 2013).   

• The conversion by 11βHSD of 7α-hydroxy DHEA to 7-keto DHEA is kinetically favored 
in vitro over the conversion by 11βHSD of inactive cortisone to active cortisol, 
suggesting that 7-keto DHEA and related DHEA metabolites provide a “native anti-
glucocorticoid” effect (Muller et al. 2006). 

• In vitro studies suggest that while DHEA promotes androgen receptor intracellular 
trafficking and regulates androgen receptor-mediated reporter gene expression, 7-keto 
DHEA by itself appears to lack androgenic activity (Mo et al. 2006).   

 
Despite an apparent lack of androgenic activity, 7-keto DHEA has been classified as an “S1 
Anabolic Agent” and included with anabolic agents, their metabolites and isomers by the World 
Anti-Doping Agency and other athletic organizations (WADA 2017).  An excretion study of 7-
keto DHEA identified the intermediaries 7α-hydroxy DHEA and 7β-hydroxy DHEA as being 
“abundantly present” in urine following administration of 7-keto DHEA, but concluded that 
additional excretion studies would be needed to set threshold values for doping detection 
(Delbeke et al. 2002). 
 
Sulcova et al. (2001) investigated the effects of 25 mg 7-keto DHEA administered as a topical 
gel daily for 5 consecutive days on serum levels of steroid hormones, gonadotropins and 
lipoproteins measured prior to, and at the end of, treatment in 10 healthy male volunteers age 27 
to 72 years.  A significant decline in testosterone and estradiol was observed, as was a significant 
increase in lutenizing hormone, high density lipoprotein (HDL) cholesterol, apolipoprotein A-I, 
apolipoprotein B and lipoprotein (a).  
 
Sulcova et al. (2005) subsequently studied 21 healthy male volunteers, age 20 to 70 years, using 
the same 7-keto DHEA treatment for eight consecutive days.  Blood samples were collected up 
to 100 days following discontinuation of treatment.  Although 7α-hydroxy DHEA, testosterone, 
estradiol and sex hormone binding globulin remained significantly decreased from pre-dose 
levels as long as 91 days following treatment, 7β-hydroxy DHEA remained increased for 28 days 
and epitestosterone was increased for 100 days following discontinuation of treatment.  In the 
same study, it was noted that a slight but significant rise in thyroid stimulating hormone (TSH), 
free thyroxine (fT4) and free triiodothyronine (fT3) occurred after the fifth day of dosing but 
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levels returned quickly to baseline following discontinuation of treatment (Hampl et al. 2006).     
 

b. Pharmacokinetic and toxicokinetic data 
 

The substance 7-keto DHEA exists in a free form or a sulfated form in the body and can be 
detected in human sera.  In a study of eight women of reproductive age, levels of various steroid 
hormones were measured; maximal levels were noted in the morning followed by decreases 
throughout the day.  The decrease was sharper for DHEA (levels decreased from ~25 nmol/L 
early in the morning to ~ 5nmol/L at the end of the day) as compared to 7-keto DHEA, which 
was more constant throughout the day (levels ranged from 0.6 nmol/L in the morning to 0.4 
nmol/L at the end of the day) (Starka et al. 2015).   
 
No other pharmacokinetic data, and no toxicokinetic data, were found for 7-keto DHEA. 
 

c. Acute toxicity5 

No acute toxicity data were found for 7-keto DHEA.  In the absence of such data, we considered 
safety data from a closely related compound, 7-oxo-DHEA acetate.  A single oral gavage study 
was conducted in Sprague-Dawley rats treated with 7-oxo-DHEA-acetateat a dose level of 0 
(control), 250, 500, 1000, or 2,000 mg/kg of body weight in a dose volume of 10 ml/kg.  No 
adverse effects were noted in any of the dose groups in the following parameters: body weight, 
clinical observation, gross or microscopic pathology. The only change was an increase in food 
consumption among treated females (all 7-oxo-DHEA-acetate groups) during week two 
compared to controls cohorts; the significance of which is not understood.  A no-observable 
adverse effect level (NOAEL) of 2 g/kg was obtained in this study (Lardy et al. 1999). 
 

d. Repeat dose toxicity6 
 

The effect of oral gavage of 7-oxo-DHEA-acetate was studied in Rhesus macaques where 7-oxo-
DHEA-acetate was administered to two male and two female monkeys for 8 days.  Dose levels 
of 250, 500, and 1,000 mg/kg BW/day were administered on days 1, 3, and 5 respectively and 
1,000 mg/kg on days 7 through 11.  Each group received the dose in a volume of 10 ml/kg BW. 
All animals survived to the scheduled termination day (day 12 of experiment). No adverse 
clinical effects were observed at the 250 or 500 mg/kg doses.  Doses of 1000 mg/kg 7- oxo-
DHEA-acetate were associated with vomiting among treated females on treatment and non-
treatment days.  Excessive salivation was observed before or immediately after dosing on days 9 
through 11.  No other changes were noted in appearance, behavior or body weights among 
treated monkeys.  No findings were noted for the gross pathology or histopathology endpoints of 

                                                 
5 Acute toxicity refers to adverse effects observed following administration of a single dose of a substance, or 
multiple doses given within a short period (approximately 24 hours). Endpoints captured in acute toxicity studies 
usually include mortality and gross clinical observations. Acute toxicity data are usually superseded by data 
obtained from longer term toxicity studies. 
6 Repeated-dose toxicity studies consist of in vivo animal studies that seek to evaluate the toxicity of the test 
substance by observing the changes that emerge in clinical observations, clinical chemistry, gross pathology, and 
histology endpoints when the test substance is repetitively administered daily for a predetermined period of time. 
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treated monkeys. A NOAEL of 500 mg/kg BW was obtained in this study (Henwood et al. 
1999).  
 
In a separate Rhesus monkey study, a total of 16 male monkeys (aged 4-8 years of age) in three 
groups, were treated with the following protocol: First, 7-keto-DHEA was fed to groups of 2, 2 
and 3 monkeys at doses of 7, 35, and 70 mg/kg daily, respectively.  The two groups of low dose 
treated animals (7 and 35 mg/kg) received 7-keto DHEA for one week while the high dose group 
was treated for two weeks.  Liver biopsies were obtained prior to dosing and on days 7 (or 14) 
and 28.  An additional experimental group was added where dosing was extended to 26 days.  
Groups of three monkeys received placebo, 25 µg thyroxin or 140 mg/kg 7-keto DHEA. Liver 
biopsies for histological examinations were taken before and at the end of the dosing period.  In 
both experimental groups, fasting blood samples were drawn weekly.  No adverse effects were 
noted in the monkeys’ behavior or appearance. 7-keto-DHEA caused no detectable changes in 
blood chemistry, differential cell count, hemoglobin, hematocrit, mononuclear cell proliferation 
or liver histology.  Body weights were not affected by 7-keto-DHEA.  A NOAEL of 140 mg/kg 
body weight was obtained in this study.7  
 

e. Genotoxicity8  
 

A Salmonella-Escherichia coli/Mammalian-Microsome Reverse Mutation (Ames) Assay was 
conducted with 7-oxo-DHEA-acetate both in the presence and absence of exogenous metabolic 
activation system of mammalian microsomal enzymes (S-9) derived from Aroclor-induced rat 
liver.  Doses of 7-keto-DHEA acetate ranged from 0.1 to 5.0 mg per plate. 7-keto-DHEA acetate 
did not cause an increase in the number of revertants per plate in any of the tester strains either in 
the presence or absence of S-9.9    

 
f. Developmental and reproductive toxicity 10  

 
No developmental or reproductive toxicity data were found for 7-keto DHEA. 

 

                                                 
7 Unpublished study reported to FDA by Oral Deliveries Technologies, December 2005: 
https://www.fda.gov/ohrms/dockets/dockets/95s0316/95s-0316-rpt0328-04-vol255.pdf 
 
8 The genotoxicity assessment battery usually consists of a gene mutagenicity assay (for single dose trials) and a 
variety of clastogenicity/genotoxicity assays. To support multiple dose administration in humans, additional 
genotoxicity testing assessment is usually conducted to detect chromosomal damage in mammalian systems. 
9 Unpublished study reported to FDA by Oral Deliveries Technologies, December 2005: 
https://www.fda.gov/ohrms/dockets/dockets/95s0316/95s-0316-rpt0328-04-vol255.pdf 
 
10 Developmental and reproductive toxicity studies are usually designed to assess the potential adverse effects in 
humans of both sexes and include females from various age groups that will be exposed to the proposed substance.  
Developmental toxicity or teratogenicity refers to adverse effects (can include embryo-fetal mortality, structural 
abnormalities, functional impairment, or alterations to growth) and can occur in pups either as a result of the 
exposure of their parents to the substance, prior to the pups’ birth, or by direct exposure of the pups to the substance 
after birth. 
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g. Carcinogenicity11  
 

No carcinogenicity data were found for 7-keto DHEA. 
 
Conclusions:  The substance 7-keto DHEA is an endogenously produced steroid that is derived 
from the presumed irreversible metabolism of DHEA, a precursor for multiple pathways of 
human steroidogenesis.  Available nonclinical data for 7-keto DHEA were limited to acute oral 
toxicity studies in rats and monkeys and a single genotoxicity assay using 7-oxo-DHEA-acetate.  
The oral toxicity studies conducted in rats and monkeys did not show any potential toxicities 
associated with exposure.  The genotoxicity assay (Ames) was also found to be negative as 7-
keto-DHEA acetate did not cause an increase in the number of revertants per plate in any of the 
tester strains either in the presence or absence of S-9.  No data were available for chronic 
toxicity, reproductive toxicity or carcinogenicity for 7-keto DHEA.  The other nominated routes 
of exposure, namely the sublingual, intravaginal, and topical routes have not been studied in 
animal models. 

 
2. Human safety 

 
The following databases were consulted in preparation of this section: PubMed.   
 

a. Reported adverse reactions (FAERS, CAERS) 
 

The Office of Surveillance and Epidemiology  conducted a search of the FDA Adverse Events 
Reporting System (FAERS) database for reports of adverse events for 7-keto DHEA through 
April 10, 2017, and retrieved one case report associated with a product called 7-Keto® DHEA by 
Enzymatic Therapy, which contains 7-keto DHEA acetate, rather than 7-keto DHEA.  The 
reporter stated that despite the claim that this metabolite of DHEA did not affect estrogen or 
testosterone, his testosterone level has increased “by 5 times” following dosing of 25 mg twice 
daily for 60 days.  The patient did not provide a medical history or concomitant medication.   
 
The Center for Food Safety and Nutrition (CFSAN) collects reports of adverse events involving 
food, cosmetics, and dietary supplements in the CFSAN Adverse Event Reporting System 
(CAERS).  A search of CAERS was conducted for adverse events retrieved for the period of 
2009 through 2017 and identified 14 unduplicated reports of adverse reactions for substances 
named 7-keto DHEA.  We could not assess what substance was ingested or whether a causal 
connection exists between the adverse events and the substance that was called “7-keto DHEA” 
in the reports.  Most commonly, the concurrent use of multiple dietary supplements or drugs, or 
incomplete information, prevented an assessment of causality.  Reported adverse reactions 
showed no cause and effect patterns.  Some examples of reported adverse events are allergic 

                                                 
11 Studies that assess cancer risk in animals are used as predictive tools to evaluate the potential for drugs to result in 
tumors when used by humans on a chronic basis.  Carcinogenicity studies are conducted if the clinical use is 
expected to be continuous for a minimum of 6 months of life, or if intermittent clinical use is expected to total 6 
months or more of life. 
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reactions, hypertension, hypotension, cholecystitis, confusion, a case of a stroke,12 and pedal 
edema.   
 

b. Clinical trials assessing safety 
 
We found no clinical trials designed to assess safety and no safety data from other clinical 
studies of 7-keto DHEA. 
 

c. Published case reports 
 

We did not find published case reports of safety issues. 
 

d. Human pharmacokinetic data  
 

See Section B.1.b. 
 

e. Availability of alternative approved therapies that may be as safe or safer 
 

There are no drugs that are FDA-approved for the treatment of Raynaud’s phenomena.  The 
following drugs are FDA-approved as adjunctive therapy for weight loss or weight management: 
liraglutide, lorcaserin, phentermine, orlistat and the combination of phentermine and topiramate.   
  
Conclusions:  Very limited safety data are available from the FDA spontaneous reporting 
systems, which cannot rule out the existence of safety concerns for 7-keto-DHEA.  We found no 
long-term clinical safety data in the literature from the use of 7-keto DHEA.   
 

C. Are there concerns about whether a substance is effective for a particular use? 
 

The following databases were consulted in the preparation of this section: PubMed, Embase, 
Cochrane Library, and ClinicalTrials.gov. Due to concern regarding potential safety issues 
associated with the use of 7-keto DHEA for enhancing muscle mass (i.e., bodybuilding), we 
reviewed the published literature and found no clinical studies on the safety or efficacy of 7-keto 
DHEA on muscle mass. 
 

1. Reports of trials, clinical evidence, and anecdotal reports of effectiveness, or lack of 
effectiveness, of the bulk drug substance 
 
a. Raynaud’s phenomenon 

 
The American Academy of Rheumatology (2017) describes Raynaud’s phenomenon as being 
characterized by episodic and symptomatic vasospasm of the arteries or arterioles of the 
extremities, usually the fingers or toes.  For most patients, the symptoms are a nuisance; 
however, a few people suffer serious damage or even loss of tissue.  Cold temperature is a 
                                                 
12 The patient thought the stroke was due to taking ‘too much caffeine’ in the supplements.  The reporter ‘declined to 
provide additional information.’ 
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common trigger, and avoidance of triggers is the mainstay approach for treatment.  There are 
currently no drugs that are FDA-approved to treat Raynaud’s phenomenon, although various 
FDA-approved drugs are used off-label.  A variety of drugs that may be helpful fall into three 
general classes: calcium channel blockers, alpha blockers, and PDE-5 inhibitors.     
 
We found a single case report on the use of 7-keto DHEA to treat Raynaud’s phenomenon (Ihler 
and Chami-Stemmann 2003).  The authors describe a patient whose Raynaud’s attacks 
disappeared when treated with 7-keto DHEA, recurred when treatment was stopped, and 
disappeared on resuming 7-keto DHEA.  The authors hypothesize that 7-keto DHEA may be 
useful in preventing Raynaud’s attacks through its thermogenic effects.  This may be similar to 
the salutary effect of warming the hands in Raynaud’s phenomenon. 

 
b. Weight loss (in obesity) 

 
One observational study assessed the levels of 7-keto DHEA and other DHEA metabolites in 10 
obese boys and 10 obese girls compared to age-matched lean boys and girls (Sedlackova et al. 
2012).  Among 12 anthropometric assessments, circulating 7-keto DHEA levels significantly 
correlated, among girls only, to three endpoints: hip circumference, trunk fat based on 
bioimpedance measures and visceral fat based on bioimpedance.  In the same study, levels of the 
intermediary 7α-hydroxy DHEA correlated with 11 of 12 anthropometric assessments for boys.  
The authors suggest that, at least in boys, the metabolites of DHEA may affect the hormonal 
signal for fat formation and distribution.  In a follow-up study, 55 adolescent patients underwent 
weight reduction therapy (nutrition and exercise) for a month.  Circulating levels of 7-keto 
DHEA fell significantly during that period from 1.1 to 0.9 nmol/l, but only among boys (Macova 
et al. 2014). 
 
No interventional studies with 7-keto DHEA in weight loss were identified.  
 
 
Summary:  There are insufficient data to establish that 7-keto DHEA is effective for Raynaud’s 
phenomenon or weight loss.       
 

2. Whether the product compounded with this bulk drug substance is intended to be used 
in a serious or life-threatening disease  

 
Raynaud’s phenomenon can be divided into Primary and Secondary Raynaud’s.  Primary 
Raynaud’s is not associated with another disease whereas Secondary Raynaud’s is associated 
with another disease such as scleroderma.  Primary Raynaud’s is generally benign, but serious 
complications, such as digital ulcers and gangrene, can occur in Secondary Raynaud’s.   
 
Obesity is a complex and serious chronic disease currently affecting 1 in 3 American adults 
(NIDDK 2017).  Obesity has a profound impact on morbidity, mortality, patient suffering, and 
social and health care costs.  
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3. Whether there are any alternative approved therapies that may be as effective or 
more effective 

There are no drugs that are FDA-approved for treatment of Raynaud’s phenomena.  Non-drug 
treatments, such as avoidance of aggravating factors like exposure to cold temperatures, are 
important.  There are no robust trials establishing effectiveness of pharmacological therapies, but 
current drug management may include dihydropyridine-class calcium channel blockers, 
phosphodiestesterase-5 inhibitors, angiotensin II antagonists, nitroglycerin, prazosin, 
epoprostenol, pentoxifylline, and botulinum toxin (Wigley and Flavahan 2016).   
 
In the treatment of obesity, pharmacotherapy should be used only as an adjunct to lifestyle 
therapy and not alone.  The following drugs are FDA-approved as adjunctive therapy for weight 
loss or weight management: liraglutide, lorcaserin, phentermine, orlistat, and phentermine with 
topiramate. 
 
Conclusions:  There are insufficient data to establish that 7-keto DHEA is effective in the 
treatment of Raynaud’s phenomena or obesity. 
 

D. Has the substance been used historically as a drug in compounding? 
The following databases were consulted in the preparation of this section: PubMed, Natural 
Medicines Comprehensive Database, European Pharmacopoeia, British Pharmacopoeia, 
Japanese Pharmacopoeia, USP/NF, and Google.   
 

1. Length of time the substance has been used in pharmacy compounding 
 
Based on literature articles, 7-keto DHEA has been used in pharmacy compounding for at least 7 
years (Bramwell 2010; Williams 2010). 

 
2. The medical condition(s) it has been used to treat 

 
According to the Natural Medicines Comprehensive Database, 7-keto DHEA is used orally to 
increase metabolism and thermogenesis to promote weight loss, to improve lean body mass and 
build muscle, to increase activity of the thyroid gland and immune system, to boost memory, and 
to reduce aging (Natural Database 2015). 
 
Results from a Google search using the terms 7-keto DHEA compounding pharmacy and 7-keto  
Dehydroepiandosterone compounding pharmacy indicate that 7-keto DHEA is/has been included 
in compounded bioidentical hormone replacement therapy in various formulations (capsules, 
topical creams, gels and lotions, vaginal gels, creams, suppositories, and sublingual drops or 
troches). 
 
Two separate articles published in the International Journal of Pharmaceutical Compounding, 
describe the use of 7-keto DHEA alone or in combination with other ingredients for weight loss 
(Bramwell 2010; Williams 2010).  The articles provide formulas for compounding 7-keto DHEA 
capsules alone or in combination with other ingredients, but do not provide any information on 
the stability of the capsules. 
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3. How widespread its use has been  

 
Insufficient data are available from which to draw conclusions about the extent of use of 7-keto 
DHEA in compounded drug products in the US.  Outside of the US, 7-keto DHEA in 
compounded bioidentical hormone replacement therapy has been reported in Australia.   
 

4. Recognition of the substance in other countries or foreign pharmacopeias 
 
A search of the British Pharmacopoeia (BP 2017), the European Pharmacopoeia (9th Edition, 
2017, 9.1), and the Japanese Pharmacopoeia (16th Edition) did not show any listings for 7-keto 
DHEA.    
 
Conclusions:  The substance 7-keto DHEA has been used in pharmacy compounding in the US 
for at least 7 years and, based on internet searches and the published literature, has been used in 
bioidentical hormone replacement therapy and for weight loss.  It is not listed in the British, 
European, or Japanese Pharmacopoeia. 
 
III. RECOMMENDATION 
 
We have balanced the criteria described in section II above to evaluate 7-keto DHEA for the 
503A Bulks List.  After considering the information currently available, a balancing of the 
criteria weighs against 7-keto DHEA being placed on that list based on the following:  
 

1. The substance 7-keto DHEA is well characterized chemically and physically and likely to 
be stable in the proposed dosage forms. 
 

2. The safety of 7-keto DHEA has not been adequately assessed.  Nonclinical safety data 
are insufficient to characterize the potential toxicity profile for 7-keto DHEA.  Although 
the FDA voluntary adverse event reporting systems do not suggest a safety signal, there 
are minimal data available.  No clinical safety data were identified from the use of 7-keto 
DHEA.  
 

3. The effectiveness of 7-keto DHEA has not been adequately assessed for Raynaud’s 
phenomenon or weight loss. 
 

4. The substance 7-keto DHEA has been used in pharmacy compounding in the US for at 
least 7 years and, based on internet searches and the published literature, has been used in 
bioidentical hormone replacement therapy and for weight loss.   
 

Based on this information the Agency has considered, a balancing of the four evaluation criteria 
weighs against 7-keto DHEA being added to the 503A Bulks List. 
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 fagron.us Fagron - 2400 Pilot Knob Road - St. Paul, MN 55120 - Tel. (800) 423 6967 - Fax (800) 339 1596 

Division of Dockets Management (HFA-305) 
Food and Drug Administration 
Department of Health and Human Services  
5630 Fishers Lane  
Rm. 1061 
Rockville, MD 20852 
 
Re:  Docket FDA-2013-N-1525   
  

“List of Bulk Drug Substances That May Be Used in Pharmacy Compounding; Bulk Drug Substances 
That May Be Used To Compound Drug Products in Accordance With Section 503A of the Federal Food, 
Drug, and Cosmetic Act” 

 
Dear Sir or Madam, 
 
Fagron appreciates the opportunity to address the FDA’s request for nominations of bulk drug substances that 
may be used to compound drug products that are neither the subject of a United States Pharmacopeia (USP) or 
National Formulary (NF) monograph nor components of FDA-approved drugs. 
 
We hereby nominate the bulk drug substances in the attached spreadsheets for FDA’s consideration as bulk 
drug substances that may be used in pharmacy compounding under Section 503A.   
 
None of these items appear on an FDA-published list of drugs that present demonstrable difficulties for 
compounding.  In addition, none are a component of a drug product that has been withdrawn or removed from 
the market because the drug or components of the drug have been found to be unsafe or not effective. 
 
We include references in support of this nomination for your consideration. 
 
Thank you for your consideration. If Fagron can answer any questions, please contact me (j.letwat@fagron.com; 
847-207-6100).   
 
Respectfully submitted, 
 
 
Julie Letwat, JD, MPH 
Vice-President, Regulatory and Government Affairs 
 
  



 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 fagron.us Fagron - 2400 Pilot Knob Road - St. Paul, MN 55120 - Tel. (800) 423 6967 - Fax (800) 339 1596 

Re:  Docket FDA-2013-N-1525   
 
Substances submitted (see corresponding .xlxs file) 
 
7-Keto Dehydroepiandrosterone 
Acetyl-D-Glucosamine 
Aloe Vera 200:1 Freeze Dried 
Astragalus Extract 10:1 
Beta Glucan (1,3/1,4 –D) 
Boswellia Serrata Extract 
Bromelain 
Cantharidin 
Cetyl Myristoleate Oil 
Cetyl Myristoleate 20% Powder 
Chrysin 
Citrulline 
Dehydroepiandrosterone 
Deoxy-D-Glucose (2) 
Diindolylmethane 
Domperidone 
EGCg 
Ferric Subsulfate 
Glycolic Acid 
Glycosaminoglycans 
Hydroxocobalamin Hydrochloride 
Kojic Acid 
Methylcobalamin 
Nicotinamide Adenine Dinucleotide  
Nicotinamide Adenine Dinucleotide Disodium  Reduced (NADH) 
Ornithine Hydrochloride 
Phosphatidyl Serine 
Pregnenolone 
Pyridoxal 5-Phosphate Monohydrate 
Pyruvic Acid 
Quercetin 
Quinacrine Hydrochloride 
Ribose (D) 
Silver Protein Mild 
Squaric Acid Di-N-Butyl Ester 
Thymol Iodide 
Tranilast 
Trichloroacetic Acid 
Ubiquinol 30% Powder 
  



What is the name of 
the nominated 
ingredient?

EGCg

Is the ingredient an 
active ingredient that 
meets the definition of 
“bulk drug substance” 
in § 207.3(a)(4)?

Fagron
2400 Pilot Knob Road  
St. Paul, Minnesota 55120 - USA
(800) 423 6967
www.fagron.us

Yes, ECGg is an active ingredient as defined in 207.3(a)(4) because when added to a pharmacologic dosage form it 
produces a pharmacological effect. References for ECGg pharmacological actions are provided Bao S, Cao Y, Fan C, Fan 
Y, Bai S, Teng W, Shan Z. Epigallocatechin gallate
improves insulin signaling by decreasing toll-like receptor 4 (TLR4) activity in 
adipose tissues of high-fat diet rats. Mol Nutr Food Res. 2013 Nov 21. doi:
10.1002/mnfr.201300335. [Epub ahead of print] PubMed PMID: 24259392.
http://www.ncbi.nlm.nih.gov/pubmed/24259392

Uchiyama Y, Suzuki T, Mochizuki K, Goda T. Dietary supplementation with
(-)-epigallocatechin-3-gallate reduces inflammatory response in adipose tissue of
non-obese type 2 diabetic Goto-Kakizaki (GK) rats. J Agric Food Chem. 2013 Nov
27;61(47):11410-7. doi: 10.1021/jf401635w. Epub 2013 Nov 18. PubMed PMID:
24206061.
http://www.ncbi.nlm.nih.gov/pubmed/24206061

Al-Amri JS, Hagras MM, Mohamed I M. Effect of epigallocatechin-3-gallate on
inflammatory mediators release in LPS-induced Parkinson's disease in rats. Indian
J Exp Biol. 2013 May;51(5):357-62. PubMed PMID: 23821823.
http://www.ncbi.nlm.nih.gov/pubmed/23821823



Is the ingredient listed 
in any of the three 
sections of the Orange 
Book?

The nominated substance was searched for in all three sections of the Orange Book located at 
http://www.accessdata.fda.gov/ scripts/cder/ob/docs/queryai.cfm. The nominated substance does not appear in any section 
searches of the Orange Book.

Were any monographs 
for the ingredient 
found in the USP or NF 
monographs?

The nominated substance was searched for at http://www.uspnf.com. The nominated substance is not the subject of a USP 
or NF monograph.

What is the chemical 
name of the 
substance?

[(2R,3R)-5,7-dihydroxy-2-(3,4,5-trihydroxyphenyl)chroman-3-yl] 3,4,5- trihydroxybenzoate

4: Xiao J, Ho CT, Liong EC, Nanji AA, Leung TM, Lau TY, Fung ML, Tipoe GL.
Epigallocatechin gallate attenuates fibrosis, oxidative stress, and inflammation 
in non-alcoholic fatty liver disease rat model through TGF/SMAD, PI3 K/Akt/FoxO1,
and NF-kappa B pathways. Eur J Nutr. 2013 Mar 21. [Epub ahead of print] PubMed
PMID: 23515587.
http://www.ncbi.nlm.nih.gov/pubmed/23515587

Sheng R, Gu ZL, Xie ML. Epigallocatechin gallate, the major component of
polyphenols in green tea, inhibits telomere attrition mediated cardiomyocyte
apoptosis in cardiac hypertrophy. Int J Cardiol. 2013 Jan 20;162(3):199-209. doi:
10.1016/j.ijcard.2011.07.083. Epub 2011 Oct 15. PubMed PMID: 22000973.
http://www.ncbi.nlm.nih.gov/pubmed/22000973

Fu Z, Zhen W, Yuskavage J, Liu D. Epigallocatechin gallate delays the onset of
type 1 diabetes in spontaneous non-obese diabetic mice. Br J Nutr. 2011
Apr;105(8):1218-25. doi: 10.1017/S0007114510004824. Epub 2010 Dec 9. PubMed PMID:
21144096.
http://www.ncbi.nlm.nih.gov/pubmed/21144096

Boschmann M, Thielecke F. The effects of epigallocatechin-3-gallate on
thermogenesis and fat oxidation in obese men: a pilot study. J Am Coll Nutr. 2007
Aug;26(4):389S-395S. PubMed PMID: 17906192.
http://www.ncbi.nlm.nih.gov/pubmed/17906192



What is the common 
name of the 
substance?

(-)-Epigallocatechin gallate, epigallocatechin-3-gallate,

Does the substance 
have a UNII Code?

92587OVD8Z

What is the chemical 
grade of the 
substance?

no grade

What is the strength, 
quality, stability, and 
purity of the 
ingredient?

Appearance: Off-white to pale-pink powder
EGCg Content: ≥ 94.0% 
Caffeine: ≤ 0.1% 
Loss on Drying: ≤ 5.0%
Residue on Ignition: ≤ 0.5%
Bulk Density: 0.42 - 0.62 g/ml 
Heavy Metals: ≤ 10 µg/g 
Lead (Pb): ≤ 1 µg/g 
Arsenic (As2O3): ≤ 1 µg/g 
Arsenic (As): ≤ 1 µg/g 
Cadmium (Cd): ≤ 0.5 µg/g 
Mercury (Hg): ≤ 0.1 µg/g 
Standard Plate Count: ≤ 1000 cfu/g 
Yeast and Mold: ≤ 100 cfu/g 
Coliforms: Negative/ 0.1 g 
E. Coli: Negative/ 0.1 g
Salmonella: Negative/ 25 g 
Staphylococcus Aureus: Negative/ g

How is the ingredient 
supplied?

Powder

Is the substance 
recognized in foreign 
pharmacopeias or 
registered in other 
countries?

No foreign pharmacopeia monographs or registrations found.



Has information been 
submitted about the 
substance to the USP 
for consideration of 
monograph 
development?

No USP Monograph submission found.

What dosage form(s) 
will be compounded 
using the bulk drug 
substance?

Capsules, Topcial gel, Ophthalmic solution

What strength(s) will 
be compounded from 
the nominated 
substance?

200mg, 1%, 0.25-1%

What are the 
anticipated route(s) of 
administration of the 
compounded drug 
product(s)?

Oral, Ophthalmic, Topical



Are there safety and 
efficacy data on 
compounded drugs 
using the nominated 
substance?

Bao S, Cao Y, Fan C, Fan Y, Bai S, Teng W, Shan Z. Epigallocatechin gallate improves insulin signaling by decreasing toll-
like receptor 4 (TLR4) activity in adipose tissues of high-fat diet rats. Mol Nutr Food Res. 2013 Nov 21. doi: 
10.1002/mnfr.201300335. [Epub ahead of print] PubMed PMID: 24259392. http://www.ncbi.nlm.nih.gov/pubmed/24259392

Uchiyama Y, Suzuki T, Mochizuki K, Goda T. Dietary supplementation with (-)-epigallocatechin-3-gallate reduces 
inflammatory response in adipose tissue of non-obese type 2 diabetic Goto-Kakizaki (GK) rats. J Agric Food Chem. 2013 
Nov 27;61(47):11410-7. doi: 10.1021/jf401635w. Epub 2013 Nov 18. PubMed PMID: 24206061. 
http://www.ncbi.nlm.nih.gov/pubmed/24206061

Al-Amri JS, Hagras MM, Mohamed I M. Effect of epigallocatechin-3-gallate on inflammatory mediators release in LPS-
induced Parkinson's disease in rats. Indian J Exp Biol. 2013 May;51(5):357-62. PubMed PMID: 23821823. 
http://www.ncbi.nlm.nih.gov/pubmed/23821823

4: Xiao J, Ho CT, Liong EC, Nanji AA, Leung TM, Lau TY, Fung ML, Tipoe GL. Epigallocatechin gallate attenuates fibrosis, 
oxidative stress, and inflammation  in non-alcoholic fatty liver disease rat model through TGF/SMAD, PI3 K/Akt/FoxO1, and 
NF-kappa B pathways. Eur J Nutr. 2013 Mar 21. [Epub ahead of print] PubMed PMID: 23515587. 
http://www.ncbi.nlm.nih.gov/pubmed/23515587

Sheng R, Gu ZL, Xie ML. Epigallocatechin gallate, the major component of polyphenols in green tea, inhibits telomere 
attrition mediated cardiomyocyte apoptosis in cardiac hypertrophy. Int J Cardiol. 2013 Jan 20;162(3):199-209. doi: 
10.1016/j.ijcard.2011.07.083. Epub 2011 Oct 15. PubMed PMID: 22000973. http://www.ncbi.nlm.nih.gov/pubmed/22000973

Fu Z, Zhen W, Yuskavage J, Liu D. Epigallocatechin gallate delays the onset of type 1 diabetes in spontaneous non-obese 
diabetic mice. Br J Nutr. 2011 Apr;105(8):1218-25. doi:  0.1017/S0007114510004824. Epub 2010 Dec 9. PubMed PMID: 
21144096.
http://www.ncbi.nlm.nih.gov/pubmed/21144096



Has the bulk drug 
substance been used 
previously to 
compound drug 
product(s)?

Capsules

What is the proposed 
use for the drug 
product(s) to be 
compounded with the 
nominated substance?

Has been shown effective in the treatment of obesity, neovascularization

What is the reason for 
use of a compounded 
drug product rather 
than an FDA-approved 
product?

No FDA approved EGCg preparation. Neovascularization is a disorder affecting the cornea that exhibits as an incease in 
blood vessels and can result in inflammation. Current FDA approved therapies involve steroids and antbiotics. These can 
add side effects of upset stomach, reoocurence of latent viral infections, glaucoma formation and antbiotic resistance. EGCg 
can treat neovasulization with little to no side effcts. (V. Sanchez-Huerta, L. Gutierrez-Sanchez and J. Flores-Estrada(2011) (-
)-Epigallocatechin 3-Gallate(EGCG) at the ocular Surface Inhibits Corneal Re vasculariztion Med Hypotheses Mar;76(3):311-
3) Its healing properties can be extended to diabetic wounds. Its ability to block the receptor for advances glycation end-
products, plays a key role in diabetic wound healing process. (S.A. Chen,H.M. Chen, Y.D. Yao,C.F. Hung, C.S. TU, and Y.J. 
Liang(2012) Topical Treatment with Anti-Oxidant and AU Nanoparticles promote healing of Diabetic Wound Through 
Receptor for Advance Glycation End-Products Eur.J.PharmSci 18;47(5):875-83) EGCg is an imporatant addition to any 
physcian in need of wound healing preparations.

g

Boschmann M, Thielecke F. The effects of epigallocatechin-3-gallate on thermogenesis and fat oxidation in obese men: a 
pilot study. J Am Coll Nutr. 2007 Aug;26(4):389S-395S. PubMed PMID: 17906192. 
http://www.ncbi.nlm.nih.gov/pubmed/17906192

Sánchez-Huerta V, Gutiérrez-Sánchez L, Flores-Estrada J. (-)-Epigallocatechin 3-gallate (EGCG) at the ocular surface 
inhibits corneal neovascularization. Med Hypotheses. 2011 Mar;76(3):311-3. doi: 10.1016/j.mehy.2010.09.020. Epub 2010 
Oct  23. PubMed PMID: 20971568.



Is there any other 
relevant information?

All relevant information was expressed in the above questions
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Epigallocatechin	Gallate	(EGCg)	
	
	

Reviewer:		 Food	and	Drug	Administration	
CDER/OC/OPRO	
10903	New	Hampshire	Ave.,	Bldg	51,	Rm	3249	
Silver	Spring,	MD	20903	
(240)	402-8866	

	 	
	

	
Nominator:			 Fagron	

2400	Pilot	Knob	Road	
St	Paul,	MN	55120	
(800)	423-6967	
www.fagron.us	

	
	
	
Questions	&	Answers:	
	

FDA	is	contacting	you	in	regard	to	your	submitted	nomination	for	“epigallocatechin	gallate	(EGCg)”	to	be	
considered	for	the	503A	bulk	drug	substances	list	for	topical	application.	Clarification	of	the	points	
identified	below	are	intended	to	help	guide	the	FDA	review	and	discussion	with	the	FDA’s	Pharmacy	
Compounding	Advisory	Committee.		
Question:		
	
The	Unique	Ingredient	Identifier	(UNII)	that	is	listed	in	your	nomination	is	92587OVD8Z,	which	
corresponds	to	“epicatechin	gallate	(ECG)”	in	FDA’s	Substance	Registration	System	and	not	to	
epigallocatechin	gallate	(EGCg).”		
•	In	some	parts	of	the	nomination,	you	refer	to	ECG,	but	the	literature	references	that	you	have	provided	
are	for	EGCg.	Please	confirm	whether	you	are	nominating	EGCg	or	ECG.		
•	If	you	are	nominating	epigallocatechin	gallate	(EGCg),	please	clarify	the	UNII	code	that	represents	the	
substance	that	is	the	subject	of	your	nomination.	(Note:	There	are	at	minimum	12	different	EGCg	listings	
in	the	UNII	code	database.)		
	

-The	correct	UNII	for	epigallocatechin	gallate	(EGCg)	should	be	BQM438CTEL.		This	UNII	is	
consistent	with	the	nominated	product’s	molecular	formula	C22H18O11	and	CAS	#	989-51-5.	
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U.S. Food & Drug Administration 
10903 New  Hampshire Avenue 
Silver Spring, MD 20993 
w ww.fda.gov  

DATE:  October 20, 2017 
 
FROM: Ben Zhang, Ph.D.  

ORISE Fellow, Office of New Drug Products (ONDP), Office of Pharmaceutical 
Quality (OPQ) 

   
Yen-Ming Chan, Ph.D. 
ORISE Fellow, Office of Drug Evaluation IV (ODE IV), Office of New Drugs 
(OND) 
 
Wafa Harrouk, Ph.D. 

  Senior Pharmacology/Toxicology Reviewer, ODE IV, OND 
 

  Susan Johnson, Pharm.D., Ph.D. 
  Associate Director, ODE IV, OND 
  
  Feleke Eshete, Ph.D.  

Pharmacology/Toxicology Reviewer, Division of Metabolism and Endocrinology 
Products (DMEP), OND  
 
Todd Bourcier, Ph.D.  
Supervisory Pharmacologist, DMEP, OND 
 
Julie Golden, M.D. 
Medical Officer (Review Advisor), DMEP, OND 
 
Wiley A. Chambers, M.D.  
Medical Officer Team Leader, Ophthalmology, Division of Transplant and 
Ophthalmology Products (DTOP), OND 

 
Elizabeth Hankla, Pharm.D. 
Consumer Safety Officer, Office of Compliance, Office of Unapproved Drugs and 
Labeling Compliance (OUDLC) 

 
THROUGH: Ramesh K. Sood, Ph.D. 
  Senior Science Advisor (acting), ONDP, OPQ 
 

James Smith, M.D.  
Deputy Director, DMEP, OND  

 
Charles Ganley, M.D. 

 Director, ODE IV, OND 
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Frances Gail Bormel, R.Ph., J.D. 
Director, Division of Prescription Drugs, OUDLC 

 
TO:  Pharmacy Compounding Advisory Committee 
 
SUBJECT: Review of Epigallocatechin Gallate for Inclusion on the 503A Bulk Drug 

Substances List  
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I. INTRODUCTION 
 
Epigallocatechin gallate (EGCG) has been nominated for inclusion on the list of bulk drug 
substances for use in compounding under section 503A of the Federal Food, Drug, and Cosmetic 
Act (FD&C Act). This review considers EGCG for treatment of obesity, type 1 and type 2 
diabetes, cardiac hypertrophy, corneal neovascularization, non-alcoholic fatty liver disease 
(NAFLD), Parkinson’s disease, and wound healing.  EGCG’s administration via the oral, 
ophthalmic, and topical routes has been proposed.   
 
We have reviewed publicly available data on the physicochemical characteristics, safety, 
effectiveness, and historical use in compounding of this substance.  For the reasons discussed 
below, we believe the evaluation criteria weigh against placing EGCG on the list of bulk drug 
substances that can be used to compound drug products in accordance with section 503A of the 
FD&C Act (503A Bulks List).    
 
II. EVALUATION CRITERIA 

 
A. Is the substance well-characterized, physically and chemically, such that it is 

appropriate for use in compounding?1 
 

 
 

 
The substance (-)-epigallocatechin-3-gallate (EGCG) is a polyphenol, the ester of 
epigallocatechin and gallic acid.  It belongs to a group of compounds called catechins, and it is 
the most abundant type of catechin in green tea (GT).  EGCG may constitute between 20 and 
80% of green tea extract (GTE).  More than 55% of sinecatechins, a specific water extract of GT 
leaves from the plant Camillia sinesis, is EGCG.  Sinecatechins 15% is the active ingredient in 
an FDA approved topical botanical drug (Veregen® drug product labeling).  EGCG can also be 
found in white tea and black tea, as well as in trace amounts in other plant materials.  
 

                                                 
1 Among the conditions that must be met for a drug compounded using bulk drug substances to be eligible for the 
exemptions in section 503A of the FD&C Act is that the bulk drug substances are manufactured by an establishment 
that is registered under section 510 of the FD&C Act and that each bulk drug substance is accompanied by a valid 
certificate of analysis.  Sections 503A(b)(1)(A)(ii) and (iii).  A bulk drug substance is deemed to be adulterated if the 
methods used in, or the facilities or controls used for, its manufacture, processing, packing, or holding do not 
conform to or are not operated or administered in conformity with current good manufacturing practice. Section 
501(a)(2)(B). 
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The substance proposed for bulk compounding is described by the nominator as containing ≥ 
94% EGCG, but the other 6% is not described in the nomination; therefore this review will focus 
primarily on EGCG.  Efficacy outcomes of studies of GTE and GT administration will not be 
addressed, but the review will address GT and GTE to qualitatively identify potential toxicity 
and clinical safety issues.  The nominator proposes EGCG formulations of 200 mg capsules, 1% 
topical gel, and a 0.25-1% ophthalmic solution.  
 
The following databases were consulted in preparation of this section: 
PubMed, SciFinder, Analytical Profiles of Drug Substances, the European Pharmacopoeia, 
British Pharmacopoeia, and Japanese Pharmacopoeia, and USP/NF. 
 

1. Stability of the API and likely dosage forms 
 

A solid form of EGCG stored under ordinary storage conditions and protected from light did not 
degrade after one week.  At the end of one month, 13% of EGCG had degraded and, after 6 
months, 25% had degraded (Friedman et al. 2009). Based on these data, solid oral dosage forms 
of EGCG are not expected to be stable for more than one week, and significant degradation is 
expected within one month.   
 
Oxidation and degradation reactions were observed in the aqueous solutions of EGCG, 
especially at higher temperatures and in alkali pH (Hirun and Roach 2011).  At room 
temperature, under neutral pH (7.2), more than 20 percent of the EGCG in aqueous solutions 
degraded after 6 days (Proniuk et al. 2002).  Aqueous solutions of ECGC are thus unlikely to be 
stable.  

 
2. Probable routes of API synthesis 
 

Two routes of synthesis have been identified for EGCG.   
 
Route 1: Currently, EGCG can be extracted from GT leaves as the major component of a mixture 
of catechin derivatives.  More purified EGCG products require further purifications with high 
pressure liquid chromatography (HPLC), extractions or other advanced chromatographic 
techniques (Copeland et al. 1998; Bazinet et al. 2007; Ye et al. 2014).  The purity of adducts 
obtained from this method is usually around or lower than 80%. 

 
Route 2: The alternative route to obtain EGCG is through stereoselective total synthesis.  The 
synthetic scheme is shown below.  
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2) Trace amount of residual catalysts or reagents, including palladium (Pd) and 
dimethylaminopyridine (DMAP) 

 
For products from route 1, derivatives of catechins are not likely to be toxic. For products from 
route 2, some reagents involved in the synthesis may exhibit toxicity (i.e., Pd, DMAP and CS2).   
 

4. Physicochemical characteristics pertinent to product performance, such as particle 
size and polymorphism  
 

EGCG is a white solid and is soluble in water.  No further information was found in the literature 
on whether the particle size or polymorphism may affect the bioavailability of EGCG.  However, 
based on its high aqueous solubility, differences in particle size and polymorph forms are not 
expected to significantly affect EGCG’s bioavailability. 

 
5. Any other information about the substance that may be relevant, such as whether the 

API is poorly characterized or difficult to characterize 
 

EGCG has been well characterized with nuclear magnetic resonance (NMR) spectroscopy, 
Fourier transform infrared (FT-IR) spectroscopy, UV-Vis spectroscopy and mass spectrometry 
(MS) (Yang et al. 2003). 

 
Conclusions: EGCG, the ester of epigallocatechin and gallic acid, has been shown to be stable 
as a solid for one week under ordinary storage conditions when protected from light, but 
significant degradation was observed within one month. EGCG is also prone to oxidation in 
aqueous solutions and is not expected to be stable in formulations other than solid oral dosage 
forms.  The nominated substance has been well characterized with various analytical techniques.   
 

 
B. Are there concerns about the safety of the substance for use in compounding? 
 

1. Pharmacology, toxicology and pharmacokinetics 
 

The following databases were consulted in the preparation of this section:  PubMed, National 
Toxicology Program website, Embase, Web of Science, ToxNet, NIH dietary supplement label 
database, Google Scholar, GRAS notice inventory, US Pharmacopeia/NF monographs, and 
Drugs@FDA.  
 
The general pharmacology and toxicology information reviewed in section II.B.1. is specific to 
EGCG where such data are available.  For various topics, about which no EGCG studies could 
be found, data derived from studies of GT formulations are included.  While these studies do not 
provide information to determine the specific effects of the EGCG component, they provide 
background about potential EGCG activity.  

 
a. General pharmacology of the drug substance 

 
It has been claimed that a broad range of clinical conditions may benefit from administration of 
tea polyphenols, including various cancers, obesity, diabetes, inflammatory and ocular 
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conditions, and neurodegenerative diseases, among others (Singh et al. 2011; Yang et al. 2011; 
Shay et al. 2015).   
 
Epidemiologic studies of the ingestion of GT suggest links with health benefits.  For example, a 
population-based prospective cohort study was conducted in Japan, finding that GT consumption 
was associated with reduced mortality due to all causes and to cardiovascular disease (Kuriyama 
et al. 2006).  Meta-analyses of studies conducted in various countries support that tea drinking 
(type of tea unspecified) is associated with a lower risk of Parkinson’s disease (Barranco 
Quintana et al. 2009; Li et al. 2012).  GT polyphenols are thought to be most closely associated 
with any pharmacologic effects of GT, and EGCG is considered the most biologically active 
among the GT polyphenols (Smith 2011).   
 
EGCG has been reported to possess multiple cellular effects, the most important of which is its 
anti-oxidant properties where EGCG acts as a strong radical scavenger and metal chelator 
(Lambert and Elias 2010).  EGCG may also activate membrane proteins, including laminin 
receptor and receptor tyrosine kinases, and modulate cell proliferation, survival, angiogenesis, 
metabolism, and anti-inflammatory responses (Kim et al. 2014).  EGCG also activates signaling 
pathways that use calcium, cyclic adenosine monophosphate (cAMP) and cyclic guanosine 
monophosphate (cGMP), and modulates the expression of various transcription factors (Kim et 
al. 2014).  Below is an overview of the published nonclinical and clinical pharmacology 
information as it relates to each of the uses that were proposed for EGCG.  
 
Obesity/Weight Loss:   
The role of GTE in controlling obesity and stimulating weight loss has been investigated. It is 
postulated that GTE stimulates thermogenesis in brown adipose tissue, which could be attributed 
to various constituents of GTE including EGCG (Bansal et al. 2012). Using a mouse model, it 
was shown that the body weight increase and weight of intraperitoneal adipose tissues were 
significantly reduced by the diets containing GT, caffeine, theanine, caffeine and catechins 
(Zheng et al. 2004). The authors suggested that a synergistic effect between catechins and 
caffeine, both of which are present in GTE, are responsible for the anti-obesity activities. In 
humans, a pilot study on the effects of EGCG was conducted to understand the thermogenesis 
and fat oxidation in obese men. The findings of this study suggested that EGCG alone has the 
potential to increase fat oxidation in men and may thereby contribute to the anti-obesity effects 
of GT (Boschmann and Thielecke 2007). 
 
Diabetes:   
In vitro investigation by Waltner-Law et al. (2002) showed that EGCG decreased glucose 
production in rat hepatoma cells and is thought to be related to reduced expression of genes that 
encode gluconeogenic enzyme phosphoenolpyruvate carboxykinase.  Insulin shows similar 
activity to reduce glucose production, although the mechanism is likely different.  EGCG is 
believed to act by modifying the redox state of the cells.   
 
In vivo animal models of type II diabetes mellitus have been used to show that GT and GTEs 
improve glucose metabolism (Bansal et al. 2012).  EGCG ameliorated cytokine-induced β cell 
damage in vitro and prevented the decrease of islet mass induced by treatment with multiple low 
doses of streptozotocin in vivo.  Reviewed in (Chacko et al. 2010). 
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Cardiac hypertrophy:   
Hao et al. (2007) found that EGCG suppressed the load-induced increase in heart weight in rats, 
induced by suprarenal transverse abdominal aortic constriction, by 69% with EGCG 
administration.  Sheng et al. (2013) found that EGCG inhibits cardiomyocyte apoptosis and 
oxidative stress using a pressure overload-induced cardiac hypertrophy rat model.  Data support 
that this antiapoptotic effect is mediated by inhibition of telomere dependent apoptosis.  GTE has 
also shown benefit in animal models of cardiac hypertrophy.  GTE reduced angiotensin II-
induced blood pressure increases and cardiac hypertrophy in rats by regulating radical oxygen 
species (ROS) production and the Src3/epidermal growth factor/Akt4 signaling pathway 
activation (Papparella et al. 2008). 
 
Corneal neovascularization:  In vitro human data and animal (mouse, rabbit) models have been 
used to study the mechanism of action of EGCG on corneal neovascularization, which is 
postulated to be mediated by EGCG’s activity as an anti-angiogenic, anti-inflammation, or anti-
oxidative agent.  EGCG may inhibit angiogenesis by inhibiting the growth of endothelial cells 
and reducing vascular endothelial growth factor (VEGF)-induced corneal neovascularization 
(Chen et al. 2014; Koh et al. 2014; Lee et al. 2014; Chang et al. 2017).   
 
Parkinson’s disease:  Using in vitro and in vivo models, EGCG seems to show a neuroprotective 
effect modulated by several molecular targets including Akt, protein kinase C, and mitogen-
activated protein kinase (MAPKs).  Since oxidative stress stimulates MAPKs cascades and 
transduces extracellular stimuli into intracellular phosphorylation cascades leading to cell death, 
EGCG may exert neuronal protection against various insults by controlling these kinases.  In 
addition, EGCG might protect neurons by decreasing the expression of pro-apoptotic genes, such 
as Bax, Bad, cell cycle inhibitor Gadd45, Fas ligand, and the tumor necrosis factor (TNF)-α 
related apoptosis ligand (TRAIL).  It is hypothesized that these neuroprotective effects could 
postpone or prevent the onset and progression of Parkinson’s disease (Jurado-Coronel et al. 
2016). 
 
NAFLD: In vivo animal evidence suggest that EGCG may have an impact on NAFLD via 
multiple mechanisms such as anti-oxidation, anti-inflammation, effect on energy metabolism 
through up-regulation of low density lipoprotein receptors, activation of adenosine 
monophosphate (AMP)-activated protein kinase (AMPK), controlling sterol regulatory element 
binding proteins, increasing lipid oxidation, improving insulin resistance, and improving 
NAFLD-related fibrosis (Chen et al. 2017).   
 
Wound healing (including diabetic wounds):  EGCG (at concentrations of 10, 100, and 1,000 
ppm) was added to a collagen sponge (E-CS) for application and placed on full-thickness 
wounds to investigate its healing effects in type 2 diabetic mice.  After 14 days, the residual 
                                                 
3 Src is a tyrosine kinase that participates in signal transduction pathways that regulate growth of cells.  Src 
hydridizes with onocogenes of the highly virulent Rous sarcoma virus.  The human c-Src gene is located at 20g1213 
on the long arm of chromosome 20. 
4 The Akt pathway, or PI3K-Akt Pathway is a signal transduction pathway that promotes survival and growth in 
response to extracellular signals. Key proteins involved are phosphatidylinositol 3-kinase (PI3K) and protein kinase 
B (Akt). 
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wound size of the mice treated with 10 ppm E-CS had decreased faster than that of the untreated 
mice.  The 10 ppm E-CS treated mice were histologically observed to have results consistent 
with significant increases in the immunoreactivity of Ki-675 (reepithelialization at the wound 
site), CD316 (formation of blood vessels), and a-smooth muscle actin (the induction of 
myofibroblasts across the dermis).  The authors suggest that the 1000 ppm dose group did not 
promote wound healing and showed a worsening of the wound area compared to the untreated 
controls due to toxicity.  The mid dose (100 ppm) group was similar in severity to non-treated 
control (Kim et al. 2008). 
 

b. Pharmacokinetic and toxicokinetic data 
 
EGCG is poorly absorbed in rats after oral administration, with oral bioavailability, in the range 
of 0.1-5% (Chen et al. 1997; Nakagawa and Miyazawa 1997; Lin et al. 2007).  Bioavailability is 
modestly higher in dogs and mice than in rats (≥20%).  The extent of absorption of EGCG is 
altered by food, whereby administration in a fasted state generally increases exposure to and 
possibly the toxicity of EGCG (Chow et al. 2005).  Exposure to EGCG was significantly higher 
in fasted versus pre-fed dogs (~4-fold) and was associated with more severe toxicity in the fasted 
state.  Once absorbed, EGCG is distributed to many organs with most reaching the intestines, 
kidney, liver, and lungs.  Excretion occurs via the biliary route (Swezey et al. 2003).  
 

c. Acute toxicity7 
 
EGCG: An LD50 of 3-5 g/kg was obtained in an acute oral toxicity study in rats and an LD50 of 
2,170 mg/kg was obtained in an acute oral toxicity in mice (Cited in NCI report, 1999).8 The 
acute dermal LD50 in rats was reported to be above 1860 mg/kg (Isbrucker et al. 2006b). 
 
Lambert et al. (2010) reported mortality in fasted mice administered either single (1500 mg/kg) 
or multiple intragastric doses (500, 750 mg/kg) of EGCG (100%), accompanied by liver 
transaminase elevation and moderate to severe hepatic necrosis.  The lowest hepatotoxic dose of 
500 mg/kg EGCG in this study approximates a 30 mg/kg human intake (~2000 mg) based on 
allometric scaling.    
                                                 
5 The Ki-67 protein (also known as MKI67) is a cellular marker for proliferation. It is strictly associated with cell 
proliferation. During interphase, the Ki-67 antigen can be exclusively detected within the cell nucleus, whereas in 
mitosis most of the protein is relocated to the surface of the chromosomes. 
 
6 Platelet endothelial cell adhesion molecule (PECAM-1) also known as cluster of differentiation 31 (CD31) is a 
protein that in humans is encoded by the PECAM1 gene found on chromosome 17. PECAM-1 plays a key role in 
removing aged neutrophils from the body. 
 
7 Acute toxicity refers to adverse effects observed following administration of a single dose of a substance, or 
multiple doses given within a short period (approximately 24 hours). Endpoints captured in acute toxicity studies 
usually include mortality and gross clinical observations. Acute toxicity data are usually superseded by data 
obtained from longer term toxicity studies. 
8 NLM (1999) RTECS (Registry of Toxic Effects of Chemical Substances), Bethesda, MD, searched September 
2000 for EGCG [RTECS Nos. 30627, 60570, 53642, 53653, 122727] and can be found on this link: 
https://ntp.niehs.nih.gov/ntp/htdocs/chem background/exsumpdf/epigallocatechingallate 508.pdf: accessed Sep 22, 
2017. 
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Single oral doses of GTE (90% EGCG) in male and female Wistar (Crl:WI) BR rats showed 
overt toxicity at the 2 g/kg dose causing death of rats by 72 hrs after dosing.  The 200 mg/kg 
dose was well tolerated.  EGCG doses that caused severe toxicity in dogs were not associated 
with cardiovascular toxicity (no changes in electrocardiography, heart rate, or blood pressure) 
under the conditions of this study (Isbrucker et al. 2006b).  
 

d. Repeat dose toxicity9 
 
Short and long-term toxicology studies have been conducted in rats, mice, and dogs using orally 
administered GTE preparations that contain ~48% to 92% EGCG.  In general, these studies 
indicate that EGCG exposure is associated with hepatic, gastrointestinal, and renal toxicities, 
which were dose and duration dependent.  Labeling for various dietary supplement products in 
which EGCG is a dietary ingredient generally describe doses of EGCG as 125 mg to 700 mg per 
day.  In clinical studies, doses over 800 mg daily have been reported.  For the purposes of 
comparison to nonclinical doses, this review will consider an average dose of 400 mg EGCG of 
human dose. 
 
Rodent Toxicity Studies 
Isbrucker et al. (2006b) administered a 77% EGCG preparation in chow daily for 13 weeks to 
Sprague Dawley rats.  Doses up to 500 mg/kg were not toxic to fed rats, except for a statistically 
significant increase in total bilirubin in high-dose females at the end of the 4-week recovery 
period. 
 
The National Toxicology Program (2016) reported on the toxicological profile of a commercially 
available GTE preparation containing 48.4% (w/w) of EGCG in mice and rats. Animals were 
exposed to the GTE preparation for either 3 months or 2 years:10  
 
Rats: 3-month study  
Male and female F344/NTac rats (n=10/sex/group) were administered GTE in water by gavage 
at 0, 62.5, 125, 250, 500, or 1,000 mg/kg body weight (BW) in deionized water by gavage for 5 
days/week for 14 weeks.  The mean body weights of animals treated with ≥250 mg/kg BW was 
significantly lower than vehicle controls.  A number of findings were observed in rats of both 
sexes at the highest dose used (1,000 mg/kg) and included: suppurative inflammation of the nose 
with atrophy of olfactory epithelium, epithelial hyperplasia and epithelial metaplasia.  The 
increased incidence of inflammation (females), nerve atrophy, and olfactory epithelium 
metaplasia and pigmentation (males) were also significant in the 500 mg/kg groups. Injury to 
olfactory tissue was attributed to aspiration of the gavaged material, and was not considered 
clinically relevant. The incidences of histiocyte cellular infiltration in the mesenteric lymph node 
in 125 mg/kg or greater males were significantly increased compared to the vehicle control 
group.  Necrosis of the liver, bile duct hyperplasia, oval cell hyperplasia, mitosis as well as 
elevation of alanine transferase and bile salts were seen in high dose treated females (n=3/10).  A 
                                                 
9 Repeated-dose toxicity studies consist of in vivo animal studies that seek to evaluate the toxicity of the test 
substance by observing the changes that emerge in clinical observations, clinical chemistry, gross pathology, and 
histology endpoints when the test substance is repetitively administered daily for a predetermined period of time. 
10 Treatment consisted of 5 days/week for 2 years. 



 
 

11 
 

decrease in reproductive organs in males (epididymis, testes) and a prolonged estrous cycle in 
females were noted at 1,000 mg/kg.  
  
Mice: 3-month study 
Male and female B6C3F1/N mice (n=10/sex/group) were administered GTE in water at 0, 62.5, 
125, 250, 500, or 1,000 mg/kg BW in deionized water by gavage for 5 days/week for 14 weeks.  
Several premature deaths (n=6 males and 4 females dosed with 1,000 mg/kg BW) were reported 
to be secondary to liver necrosis. The mean body weights of animals treated with ≥250 mg/kg 
BW (males) and ≥125 mg/kg BW (females) was significantly lower than vehicle controls. 
Reduced number of spermatids in males (500 mg/kg BW) and extended diestrus in females (500 
mg/kg BW) were reported.  Centrilobular necrosis was seen in the liver of both sexes in mice 
treated with 1,000 mg/kg BW and karyomegaly was increased in the 1,000 mg/kg BW in 
females.  The incidence of nerve atrophy, olfactory epithelium atrophy, and olfactory epithelium 
metaplasia of the nose was significantly increased in males dosed with ≥250 mg/kg BW and in 
females dosed with ≥500 mg/kg BW; the incidence of olfactory epithelium necrosis was 
significantly increased in 1,000 mg/kg females.  The incidences of lymphoid atrophy in the 
spleen were significantly increased in females treated with ≥ 500 mg/kg BW.  The incidences of 
atrophy of the mandibular lymph node and thymus were significantly increased in 1,000 mg/kg 
BW (both sexes).  
 
Rats: 2 year study   
Male and female Wistar Han rats (n=50/sex/group) were administered GTE in water by gavage 
at 0, 100, 300, or 1000 mg/kg BW for 2 years.  An increase in the incidence of mortality was 
seen among high dose treated rats (1,000 mg/kg BW) of both sexes compared to the vehicle 
control groups.  No increases in the incidences of neoplasms in male or female rats were 
associated with GTE exposure.  The incidence of hepatic necrosis was significantly increased in 
the 1,000 mg/kg BW group (both sexes), and the incidence of oval cell hyperplasia was 
significantly increased among high dose treated females.  Other toxicities included lesions of the 
nose, liver, stomach, small intestine, heart, lung, and spleen in male and female rats as well as 
bone marrow in females.  The high dose was associated with an increase in the incidence of 
stomach mucosal necrosis.  Several of the findings noted for the high dose group were also seen 
in the mid-dose group.  A no-observed-adverse-effect-level (NOAEL) of 100 mg/kg BW (48 
mg/kg EGCG) was noted in this study, which is equivalent to 4 mg/kg (288 mg) human daily 
intake of EGCG.  
 
Mice: 2 year study 
Male and female B6C3F1/N mice were administered GTE in water by gavage at 0, 30, 100, or 
300 mg/kg BW for 2 years.  No deaths or tumors were seen in this study.  Non-cancerous 
findings included lesions of the nose (in all dose groups of both sexes), mandibular lymph node, 
and bone marrow in both sexes, and liver in males.  Liver inflammation and hematopoetic cell 
proliferation were observed at ≥ 300 mg/kg.  Under the conditions of this study, a NOAEL of 
100 mg/kg (48 mg/kg EGCG) was noted in this study, which is equivalent to 300 mg/kg (800 
mg) human daily intake of EGCG. 
 
 
 



 
 

12 
 

Non-Rodent (Dog) Toxicity Studies 
Isbrucker et al. (2006b) reported that GTE (80% EGCG) was not tolerated when given to fasted 
dogs for 13 weeks at doses of 150 or 500 mg/kg; an increase in the mortality and morbidity 
caused early termination of the study.  Anorexia, severe tubular necrosis in the kidneys, liver and 
myocardial necrosis, stomach erosion, hemolytic anemia, and elevated serum bilirubin and liver 
transaminases (at 500 mg/kg) were observed.  Toxicity was more severe and frequent at the 500 
mg/kg compared to the 150 mg/kg dose.  No significant adverse effect was seen at the lowest 
dose of 50 mg/kg.  The severe toxicity observed in the fasted state was not seen in dogs receiving 
the same doses in the fed state; the only adverse events seen in the fed dogs was vomiting, which 
increased in a dose-related manner and a slight decrease in erythrocytic parameters at 500 mg/kg.  
Similarly, no adverse effects were noted when 500 mg EGCG preparation/kg/day was 
administered to pre-fed dogs in divided doses.  The difference in biological response to EGCG in 
fed vs. fasted dogs may be in part due to a lower (~0.25X) AUC exposure to EGCG in fed 
compared to fasted dogs. Under the conditions of this study, a NOAEL of 500 mg/kg GTE (400 
mg/kg EGCG) was noted in this study, which is equivalent to 8 g/kg human daily intake of 
EGCG. 
 
A 9-month toxicity study was conducted in the dog where doses of 200, 500, and 1,000 
mg/kg/day of GTE (56-72% EGCG) were evaluated in fasted dogs.  The study was terminated at 
6.5 months due to severe dose-related toxicity and mortality which was seen in all dose groups 
except for placebo controls (Kapetanovic et al. 2009).  Other adverse effects noted included 
necrosis and inflammation of the stomach and gastrointestinal tissue, liver, kidneys, esophagus, 
and bone marrow among other tissues.   Elevated serum bilirubin and liver transaminases were 
seen in some of the treated dogs.  In a follow-up study, administering a dose of 200 mg/kg/day 
with food substantially lowered plasma levels of EGCG and prevented adverse gastrointestinal 
effects.  Exposure at the 200 mg/kg/day dose in fed dogs is approximately 5-fold higher than the 
clinical dose of 400 mg/day if also taken with food, and ~2-fold higher if taken without food. 
 
Dermal Studies 
In rats, no systemic signs of toxicity were observed in any of the animals following the dermal 
application of 2,000 mg/kg GTE (93% EGCG).  The only adverse event noted was a slight to 
moderate erythema in all dosed rats after removal of the dressing at 24 hours, which persisted for 
up to 5 days.  There were no abnormal macroscopic findings observed at necropsy.  Dermal 
sensitization/ erythema were noted in guinea pigs in a dose related manner when 80% EGCG 
was applied for 5 days per week for 4-weeks at 4%-30%.  These applications resulted in dermal 
reactions when animals were challenged, but the responses did not correlate with the 
sensitization doses. Sensitization was also noted after intradermal injection of EGCG in the 
Guinea pig maximization test (obtained from the Veregen® label).11 
 
Repeat Dose Toxicity Conclusion:  
Toxicology studies in mice, rats, and dogs demonstrate that EGCG can be toxic to the nose (in 
mice/rats only), liver, gastrointestinal tract, heart and kidneys, and is dose and duration related.  
Nasal toxicity associated with gavage administration of GTE for 2 years occurred in all dosed 
groups of rats and mice, suggesting a potential link to systemic exposure to GTE or its 
                                                 
11 https://www.accessdata.fda.gov/drugsatfda docs/label/2007/021902s002lbl.pdf 
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metabolites.  At 2 years, significant necrosis was also noted in the gastrointestinal tract of 1,000 
mg/kg male and female rats.  Increased incidences of hepatic necrosis were noted in the 3-month 
studies of rats and mice and in the 2-year study in rats.  Female rats appeared to be more 
susceptible to the liver toxicity of GTE in the 3-month and 2-year studies.  
 
A food effect was noted for EGCG where toxicities appear to worsen when animals were fasted 
compared to the effects seen in pre-fed animals.  The apparent mitigating effect of food on toxic 
responses to oral EGCG is not completely explained by reduced absorption and exposure to 
EGCG.  Based on the dog studies, a non-toxic dose of EGCG in dogs ranged from 2- to 35-fold 
higher than exposure reported in human subjects administered 400 mg EGCG, based on 
allometric scaling.  Evidence of liver or gastrointestinal injury in dogs appeared at exposures 
between 10- and 50-fold higher than a 400 mg clinical dose.  The overlap in exposure margins 
demonstrate the variability in response observed in the different fed/fasted conditions reported in 
these studies.  It should be noted that exposure in both dogs and humans is highly variable, 
particularly if EGCG is taken in a fasted state, indicating that conclusions regarding exposure 
comparisons should be viewed with caution. 
 
No systemic signs of toxicity were observed in rats exposed to EGCG via the dermal route of 
exposure; findings were limited to erythema at the site of application when examined 5 days post 
dosing. No long term dermal studies for EGCG were found in the literature. 
 

e. Genotoxicity12  
 
A preparation of sinecatechins tested negative in the Ames test, in vivo rat micronucleus assay, 
unscheduled deoxyribonucleic acid synthesis (UDS) test, and transgenic mouse mutation assay, 
but positive in the mouse lymphoma mutation assay (From the Veregen® label).  
 
The NTP conducted genetic toxicology studies with GTE (with 48% EGCG) which included the 
Salmonella typhimurium, Escherichia coli, and mouse peripheral blood erythrocytes.  GTE was 
mutagenic in S. typhimurium strains TA98 and TA100 in the presence of induced rat liver S9.  
No mutagenicity was observed in these strains without S9 or in the E. coli strain WP2 
uvrA/pKM101, with or without S9.  In vivo, no increases in the frequency of micronucleated 
erythrocytes were seen in peripheral blood of male or female B6C3F1/N mice in the 3-month 
study (National Toxicology Program 2016).  
 
The literature reports on several genotoxicity studies conducted in an array of in vitro and in vivo 
assays for EGCG and extracts containing EGCG; equivocal data have been shown for in vitro 
data but overall GTE consistently tested negative in studies conducted in vivo (Chang et al. 
2003; Isbrucker et al. 2006a; Ogura et al. 2008; National Toxicology Program 2016), suggesting 
that EGCG has low genotoxic potential. 
 

f. Developmental and reproductive toxicity13  

                                                 
12 The genotoxicity assessment battery usually consists of a gene mutagenicity assay (for single dose trials) and a 
variety of clastogenicity/genotoxicity assays. To support multiple dose administration in humans, additional 
genotoxicity testing assessment is usually conducted to detect chromosomal damage in mammalian systems. 
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An EGCG preparation (>91%) used in the dose range of 1,400, 4,200, or 14,000 ppm (~111, 337 
and 1,079 mg/kg/day) did not result in teratogenic effects when administered to pregnant 
Sprague Dawley rats during the period of organogenesis (Isbrucker et al. 2006c). 
 
Growing rats (F0) were administered black tea extracts (BTE) by gavage at levels of 0, 200, 700, 
and 2500 mg/kg/day to test its effect on F2 generation (rats of both sexes were dosed starting 
from 6 weeks of age until pups reached 18 months of age before mating, and throughout the 
mating period, pregnancy and up to the weaning of the F1 offspring).  Another group of dam rats 
was administered BTE throughout their gestation at the doses of 0, 200, 700, and 2500 
mg/kg/day to evaluate the developmental toxicity profile of BTE.  In the first study, the highest 
dose of 2500 mg/kg/day BTE reduced the body weight gain and altered the relative organ 
weights including testes, prostate, and ovary both for F0 parents and F1 offspring compared to 
the controls. Administration of a high dose of BTE (2500 mg/kg/day) resulted in adverse 
developmental effects including resorbed embryos, decreased embryo size, and skeletal 
anomalies.  A NOAEL of BTE was found to be 700 mg/kg/day both for reproductive toxicity 
and developmental toxicities (Wang et al. 2013). 
 

A two generation study was conducted in Sprague Dawley rats fed 1,200, 3,600, or 12,000 ppm 
(100, 300, 1,000 mg EGCG/kg/day) for 10 weeks before mating (F0 generation).  Progeny from 
each litter (F1 generation) were continued on the test diets at the same dose, and subsequently 
mated to yield the F2 generation.  A higher incidence of pup loss was observed at the mid- and 
high-doses in the F1 and F2 progeny during weaning.  Slightly lower pup weight was also 
observed in the F1 and F2 progeny at the highest dose.  A slight delay in the time to sexual 
maturation in the F1 progeny was reported, which the authors attributed to a reduced growth rate.  
The low dose of 100 mg/kg (or 200 mg/kg) EGCG (after adjusting for higher food intake by 
dams) had no adverse effect on any generation and the mid- and high-doses primarily affected 
growth but not reproduction (Isbrucker et al. 2006c).    

 
A 3-month toxicity study was conducted by the National Toxicology Program (2016) where 
male and female F344/NTac rats (n=10/sex/group) were administered GTE (48.4% EGCG) in 
water by gavage at 0, 62.5, 125, 250, 500, or 1,000 mg.  Reproductive effects noted included a 
decrease in weights of the cauda epididymis, epididymis, and testes at 1,000 mg/kg in males 
compared to vehicle controls. Females administered 1,000 mg/kg had longer estrous cycles and 
spent significantly more time in extended diestrus than did the vehicle controls. 
 
 

                                                                                                                                                             
13 Developmental and reproductive toxicity studies are usually designed to assess the potential adverse effects in 
humans of both sexes and include females from various age groups that will be exposed to the proposed substance.  
Developmental toxicity or teratogenicity refers to adverse effects (can include embryo-fetal mortality, structural 
abnormalities, functional impairment, or alterations to growth) and can occur in pups either as a result of the 
exposure of their parents to the substance, prior to the pups’ birth, or by direct exposure of the pups to the substance 
after birth. 
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g. Carcinogenicity14  
 
The National Toxicology Program (2016) evaluated the tumorigenic potential of GTE (48.4% 
EGCG), which was administered by oral gavage to Wistar Han rats and B6 mice for 2 years.  
While no GTE-related increase in tumor incidence was seen in any dose groups of rats or in male 
mice, two cases of squamous cell neoplasms were seen in the tongue of females treated with the 
highest dose (300 mg/kg GTE); specifically, there was one incidence of squamous cell papilloma 
and one incidence of squamous cell carcinoma of the tongue; these lesions did not occur in other 
treatment groups or in high dose treated males.  No effects on the tongue were reported in other 
chronic studies where a predisposition to cancerous events may have been noted.  While a link 
between GTE exposure and the tongue carcinogenicity cases cannot be ruled out, the signal is 
considered negative due to the low incidence of this finding, the absence of signal in males of the 
same group and the lack of preneoplastic signal in shorter term toxicity studies.  
 
Veregen®, an FDA approved topical botanical drug product containing 55% EGCG, did not 
increase tumor incidence when orally administered to P53 transgenic mice at doses up to 500 
mg/kg daily for 6 months.  
 
When taken orally, EGCG does not appear to present a genotoxic or carcinogenic risk with 
chronic use.  
 
Conclusions: Several in vitro and nonclinical in vivo models have reported on the pharmacology 
of EGCG. EGCG seems to play many potential intracellular activities; this includes its role as an 
anti-oxidant (radical scavenger and metal chelator), an activator of receptor tyrosine kinase, 
cAMP, cGMP, a modulator of cell proliferation, survival, angiogenesis, metabolism, and anti-
inflammatory responses.  It is unknown whether any of these potential mechanisms translate to a 
clear clinical pharmacodynamic impact. 
 
The nonclinical profile described in this review was obtained from studies where either EGCG 
was used alone or as a constituent of a commercially available GTE among other catechins (48-
80% EGCG in GTE preparations).  While these studies do not provide information to determine 
the specific toxicology profile of EGCG per se, they provide a general understanding of potential 
EGCG activity. 
 
Available data indicate a dose and time dependent increase in liver and gastrointestinal toxicities, 
which are associated with oral consumption of EGCG, which were seen at a range of doses 
ranging from equivalent doses to the nominated human doses of 400 mg EGCG (rat), to a 2- fold 
(mice) or 5-fold (dog) higher than the proposed human dose of 400 mg/day, based on allometric 
scaling.  Findings were exacerbated when animals were in a fasted state and decreased in 
severity when animals were fed prior to dosing with EGCG.  EGCG did not adversely affect 
fertility and was not teratogenic in rats, but an increase in pup loss was seen during the post-natal 

                                                 
14 Studies that assess cancer risk in animals are used as predictive tools to evaluate the potential for drugs to result in 
tumors when used by humans on a chronic basis.  Carcinogenicity studies are conducted if the clinical use is 
expected to be continuous for a minimum of 6 months of life, or if intermittent clinical use is expected to total 6 
months or more of life. 
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weaning period at ≥300 mg/kg.  When taken orally, EGCG does not appear to present a 
genotoxic or carcinogenic risk with chronic use.  
 
No long term dermal studies for EGCG were found in the literature.  
 

2. Human safety 
 

The following databases were consulted in the preparation of this section: PubMed, EMBASE, 
Cochrane Database of Systematic Reviews, and ClinicalTrials.gov. 
 
ClinicalTrials.gov identified 14 studies related to the effects of GT, GTE, or EGCG on weight 
loss or obesity and seven studies of diabetes.  Five of these studies included assessments of both 
weight loss/obesity and diabetes.  Only one trial intended to study the effects of EGCG as a 
single ingredient preparation.  This trial was related to both weight loss/obesity and to diabetes, 
but it was withdrawn before enrollment and there are no associated data.  Searching for GT, 
GTE, or EGCG trials in Parkinson’s disease identified one trial of GTE in ClinicalTrials.gov that 
will be discussed in the following sections.  No studies of GT, GTE, or EGCG were found in 
ClinicalTrials.gov for the treatment of cardiac hypertrophy, corneal neovascularization, NAFLD 
or wound healing.  
 

a. Reported adverse reactions (FAERS, CAERS) 
 

The Office of Surveillance and Epidemiology (OSE) conducted a search of the FDA Adverse 
Events Reporting System (FAERS) database for reports of adverse events with products 
containing EGCG, other than Veregen®, from January 1, 2000 through January 17, 2017.  Four 
reports were found that were considered possibly associated with products containing EGCG.  
Brand names were reported for only two of the cases; neither was identified as a Hydroxycut 
brand product.15    
 
One case was of a possible drug interaction in which an increase in cyclosporine blood levels 
following the addition of a supplement containing EGCG and other phytochemicals to an 
existing treatment regimen.  Two weeks after subsequent discontinuation of the supplement, the 
patient’s cyclosporine levels returned to pre-supplement levels.   
 
There were three cases of hepatotoxicity assessed as being possibly related to use of GTE 
products.  The EGCG content was not reported.  In the first, a 44-year-old female patient 
experienced liver failure and required a liver transplant six months after starting GTE for weight 
loss.  Three months prior to the events, the patient was vaccinated against viral hepatitis A and 
B; she received progesterone injections for contraception.  Viral serology, toxicity screenings, 
genetic screening and autoimmune markers were negative, and it was reported that no possible 
cause other than GTE supplements could be identified as the possible trigger.  In a second case, a 
37-year-old female patient who had been taking a GTE product for weight loss for four months 
was hospitalized with abdominal pain, nausea, jaundice, and elevated liver enzymes.  One month 

                                                 
15 Hydroxycut products, containing GTE and other ingredients, were recalled in 2009 based on reports of serious 
liver injury (See Appendix 2).  https://www fda.gov/NewsEvents/PublicHealthFocus/ucm155600.htm 
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after discontinuing the supplement, her liver enzyme levels returned to normal.  One year later, 
after having resumed taking the same supplement for one week, she was again admitted to the 
hospital with the same symptoms and elevated liver enzyme levels.  Liver values returned to 
normal six months after cessation of the GTE supplement.  In the third case, a 63-year-old 
female developed severe acute hepatitis six weeks after starting use of a GTE product in addition 
to ongoing use of concomitant anastrozole, ramipril, and oxybutynin.  She was hospitalized with 
painless jaundice and other physical symptoms, as well as elevated liver enzymes.  Her 
medications were discontinued, she received albumin dialysis and, at six months following 
discharge, she was asymptomatic, with normal liver enzyme levels.  Each of the cases shows a 
temporal relationship between the use of GTE products and onset of liver toxicity, all reported a 
positive dechallenge, and one also reported a positive rechallenge.  Because GTE contains both 
EGCG and other substances, the relationship between EGCG exposure and these cases cannot be 
clearly established or ruled out. 
 
The Center for Food Safety and Nutrition (CFSAN) collects reports of adverse events involving 
food, cosmetics, and dietary supplements in the CFSAN Adverse Event Reporting System 
(CAERS).  A search of CAERS was conducted for adverse events associated with products 
containing EGCG between January 2004 and June 2017.  The search retrieved 200 reports of 
adverse events in individuals using products containing EGCG or GTE.  There were no deaths 
reported.  Of the 200 reports, 72 reported the use of Hydroxycut products.  Among the other 128 
reports, there were multiple ingredients in the identified EGCG or GTE product and/or the 
patient was reported to have used other drugs or dietary supplements.  There were five reports of 
liver enzyme increases or liver injury, and six reports that specified the occurrence of liver 
failure, including one requiring transplantation.  
 
Two cases of adverse events associated with topical use of Proactive GT moisturizer, a multi-
ingredient product whose labeling lists EGCG as an ingredient, were reported.  In the first case, a 
female who had used the product for a month developed welts and cysts on her face that led to 
permanent scarring.  In the second case, a female reported that after having used the product 
twice she developed an “itchy burning rash” in her eyes and swelling and redness on her face.  
She was treated at a hospital, receiving a “Benadryl, an Epi injection and steroid shot.” In both 
cases, symptoms were reported to have decreased, but not completely abate, after discontinuing 
use of the product.  No assessment of causal association with EGCG can be made. 
  

b. Clinical trials assessing safety 
 
In this section, safety issues associated with studies that we could identify as having investigated 
EGCG essentially as a single ingredient test preparation are discussed separately from studies 
that used GT, GTE, or multi-ingredient test preparations.  Studies of EGCG as a single ingredient 
are the most appropriate to consider in evaluating whether there is a causal relationship between 
EGCG and particular adverse events.  We found few studies of this design in the literature. 
 
There are many studies and meta-analyses in the literature of GT, GTE, various catechins or 
polyphenol combinations, and each of these entities in combination with other ingredients.  
While these studies do not provide information that is sufficiently specific to determine how the 
component EGCG may have been related to any pharmacologic effects, we are providing a 
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summary of safety outcomes from these studies to highlight potential concerns with EGCG.   
 
As stated above, hepatotoxicity has been reported as a significant concern with GT, GTE, and 
other products of which EGCG is a component, so particular regard is given to the assessment of 
liver function in clinical studies.  There is a notion presented in many publications that because 
EGCG is the catechin in highest amounts in GT and GTE, and is considered to have the greatest 
biological activity (e.g., anti-oxidant activity), it is most likely responsible for the pharmacologic 
effects of GT and GTE (Hursel et al. 2009; Smith 2011).  We did not find direct evidence, such 
as a safety comparison among the myriad of moieties known to be contained in GT or GTE, to 
conclusively validate this supposition.  In fact, recent publications regarding the potential utility 
and development of EGCG as a therapeutic agent do not identify any known safety concerns 
(Bansal et al. 2012; Chakrawarti et al. 2016).  It is, however, beyond the scope of this review to 
either reassess causality between GT or GTE products and cases of liver toxicity, or to attempt to 
assess the likelihood of EGCG’s contribution to these events.      
 
Weight loss/obesity:  Two studies in which EGCG was administered as a single ingredient test 
preparation were found.  Both studies assessed liver function and neither found evidence of liver 
changes or other toxicity. 

• A trial in 83 obese women, evaluating 300 mg EGCG or placebo daily on metabolic 
endpoints after 3 months specifically noted that there were no significant changes in liver 
transaminases.  No patients withdrew from the study due to adverse events (Mielgo-
Ayuso et al. 2014).  

 
• A trial in 38 obese or overweight post-menopausal women evaluating 150 mg EGCG or 

placebo daily over 12 weeks, reported that measures of liver function, hematology, and 
serum electrolytes remained within normal ranges throughout the intervention (Hill et al. 
2007). 
 

Safety information from studies of GT, GTE, or mixed ingredients in weight loss/obesity is 
described in Appendix 3.  In summary, our review did not conclusively establish whether there 
are substantial safety concerns associated with GT, GTE, or mixed ingredient products that 
should be considered in the evaluation of EGCG’s use in weight loss/obesity.  We did identify 
that approximately 40 studies have been published worldwide since 2001 conducted with 
products containing various doses of EGCG.  This suggests that there is no widespread safety 
concern that has limited investigation of GT or GTE formulations in weight loss or obesity.      
 
Type 1 and type 2 diabetes mellitus:  The two studies identified above for EGCG treatment of 
obesity/weight loss also assessed parameters, such as insulin sensitivity, that are related to 
diabetes (Hill et al. 2007; Mielgo-Ayuso et al. 2014).  Safety information is discussed above.   
 
Two additional studies of EGCG as a single ingredient test preparation were found.   

• Brown et al. (2009)  compared a “commercial GTE comprising 97% EGCG” (400 mg 
twice daily) to placebo in 88 overweight or obese males for eight weeks.  Safety data 
were not reported.  
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• Zhang et al. (2017) randomized 404 pregnant women during their third trimester to 500 
mg EGCG or placebo daily until full term, measuring both maternal diabetic parameters 
at baseline and full term, and neonatal symptoms at birth.  Maternal safety data were not 
reported and neonatal symptoms or complications (e.g., low birth weight) are considered 
efficacy assessments. 

 
Safety information from studies of GT, GTE, or mixed ingredients in diabetes is described in 
Appendix 3.  In summary, our review did not conclusively establish whether there are substantial 
safety concerns associated with GT, GTE, or mixed ingredient products that should be 
considered in the evaluation of EGCG’s use in diabetes.  We did identify that approximately 30 
studies have been published worldwide since 2003 conducted with products containing various 
doses of EGCG.  This suggests that there is no widespread safety concern that has limited 
investigation of GT or GTE formulations in diabetes.      
 
Cardiac hypertrophy:  No clinical studies were found of the use of EGCG, GT, GTE, or mixed 
ingredients in cardiac hypertrophy. 
 
Corneal neovascularization:  We found one clinical study in which EGCG was used as a topical 
ophthalmic product for the treatment of dry eye and meibomian gland dysfunction (Nejabat et al. 
2017).  The authors state that no side effects of the treatment were observed.   
 
Parkinson’s disease:  Unpublished results of an EGCG related study identified on 
ClinicalTrials.gov (Identifier NCT00461942), discussed in section II.C.1.f., reported that the 
administered formulation of “green tea polyphenols” was well tolerated.  No studies of GTE or 
GT in the treatment of Parkinson’s disease were found. 
 
NAFLD:  No clinical data on the use of EGCG in the treatment of NAFLD were found.  Two 
studies of the use of GTE and one of GT in the treatment of NAFLD were identified.  None of 
these studies reported safety information (Sakata et al. 2013; Pezeshki et al. 2016; Hussain et al. 
2017).   
 
Wound healing:  No clinical studies were found of the use of EGCG, GT, GTE, or mixed 
ingredients in wound healing. 
 

c. Published case reports 
 
Mazzanti et al. (2015) reviewed 19 case reports published between 2008 and 2015 of 
hepatotoxicity related to the consumption of herbal products containing GT, and therefore 
EGCG.  Specifically, there have been numerous reports of hepatotoxicity with GTEs, in some 
cases leading to fulminant hepatic failure, liver transplantation, or death.   Cases published after 
the 2009 withdrawal of the prior formulations of Hydroxycut products from the U.S. market 
were excluded.  In 12 cases, patients used products in which GT or GTE was combined with 
other herbal ingredients while in seven cases patients used products that contained only GT or 
GTE.  Of these seven cases, causality in association with the GT product was assessed as 
probable in four cases and possible in three cases.  Based on these cases, the author cautions 
about the potential for hepatotoxicity associated with GT or GTE.  However, there are 
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insufficient data among these cases to assess the possible role of EGCG.  Regarding dose, 
Mazzanti et al. (2015) note in their review that the “doses of green tea active constituents taken 
by patients [with hepatotoxicity reactions] were reported only in four cases and were expressed 
as EGCG (270 and 400 mg/day) or as polyphenols (140 and about 700 mg/day).” 
Many reports contend that EGCG is believed to be the predominant active, and potentially most 
hepatotoxic, constituent in GT preparations (Seeff et al. 2015).   
 
The marketing of various products has been curtailed due to reports of hepatotoxicity.  A GTE 
extract marketed as Exolise was removed from the market in Spain and France in 2003 because 
of reports of liver injury.  As discussed above, Hydroxycut, a line of products containing GTE, 
was recalled in the U.S. in 2009 due to multiple cases of liver injury.  See Appendix 2.  The 
relationship of these events to the presence of EGCG in these products is unknown. 
 
Aside from hepatotoxicity, another published case reported thrombotic thrombocytopenic 
purpura (TTP) associated with GTE consumption (Liatsos et al. 2010). 
 

d. Pharmacokinetics 
 
The pharmacokinetics and metabolism of tea polyphenols and EGCG have been studied in 
humans.  Results from different studies vary widely, which may be related to the ingredients 
contained in the EGCG preparation studied, or may be due to in part factors that have yet to fully 
explored.  In reviews by Feng (2006) and Qiao et al. (2014), it is reported that the oral 
bioavailability of EGCG is low in humans (0.2-2%) due to multiple presystemic processes.  
EGCG is highly soluble, which gives it poor membrane permeability in the gut.  In the small 
intestine, EGCG undergoes extensive intestinal metabolism (methylation, glucuronidation, 
sulfation), degradation and efflux transporter-mediated intestinal excretion.  Further, first pass 
metabolism of EGCG has been shown and EGCG is metabolized by gut microflora in the large 
intestine.    
 
Because of EGCG’s extensive transformation in the gut, it is conjectured that any systemic 
pharmacologic action is likely due to the absorption and activity of EGCG metabolites or 
degradants (Kroon et al. 2004).  It has been suggested that the method of using in vitro models, 
such as cultured cell tissue models, may be flawed for if the parent substance is studied instead 
of the conjugated forms that would likely reach the tissues in vivo.  However, human 
pharmacokinetic studies have reported plasma levels following oral administration of both free 
and conjugated EGCG (Clifford et al. 2013).  In a study of 10 healthy volunteers administered 
500 ml of GT, estimated to contain 230 µmol of EGCG, the maximum concentration (Cmax) of 
55 nM was reached in 1.9 hours (Tmax), with an area under the concentration curve (AUC) of 
0.17 µM/h and half-life (T1/2) to 1.0 hours (Stalmach et al. 2009). Glucuronides and sulphate 
metabolites were also measurable.  In general, EGCG is considered to have a short Tmax and 
T1/2. 
 
It appears that formulation may have a considerable impact on EGCG pharmacokinetic profile 
and pharmacokinetic data from studies of several different formulations can be found in 
Appendix 1.  In one study of 40 healthy volunteers, EGCG’s T1/2 ranged between 2 and 5.5 hrs 
based on dose and duration of dosing (Chow et al. 2003).  After 4 weeks of daily dosing of 
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EGCG 800 mg, there was a 60% increase in the amount of free systemic EGCG, but this increase 
was not seen following dosing a GT polyphenol mix.   
 
Despite its presence in the plasma, EGCG is undetectable in urine and it is thought that most 
EGCG is probably excreted in bile (Lee et al. 2002; Feng 2006). 
 
The disposition of EGCG did not appear to be significantly altered in patients with cirrhosis 
based on a study of a single 400 mg dose of EGCG in 11 patients with cirrhotic or noncirrhotic 
hepatitis C.  However, the point estimate of area under the curve (AUC0-10) was larger in patients 
with cirrhosis compared to noncirrhotic patients (1281 vs. 670 min∙ng/mL, respectively) 
(Halegoua-De Marzio et al. 2012).   
 
The presence of food affects absorption in human subjects.  A 3-5 fold increase in plasma EGCG 
was reported when polyphenon E (60% EGCG) was taken after overnight fasting (Chow et al. 
2005).  A recent study found that the average plasma concentration of EGCG was increased by 
more than 3-fold when taken in the fasting state (Fung et al. 2013).   
 
The literature suggests there may be a low potential for EGCG to have drug-drug interactions.  
Misaka et al. (2013) reported that GTE and EGCG competitively inhibit human liver or intestinal 
microsomal CYP2B6, 2C8, and 3A with a Ki range of 4 to 18 uM.  However, plasma levels of 
EGCG did not exceed ~0.5 uM following repeated doses of 400 mg to human subjects, which 
may limit competitive inhibition activity (Chow et al. 2003).  Repeated dosing of human subjects 
with GTE containing 800 mg EGCG did not significantly alter metabolism of probe drugs 
metabolized by CYP3A4, 2C9, and 2D6 (Chow et al. 2006).  However, EGCG has been shown 
in vitro, and in an in vivo mouse model, to block the anticancer effects of boronic acid-based 
proteasome inhibitors (e.g., Velcade® (bortezomib)) (Golden et al. 2009). 
 
Methods are being investigated to improve the bioavailability of oral EGCG, including 
development of a prodrug (Ahmed et al. 2016), complexing EGCG with nanoparticle carriers 
such as gold, and encapsulating EGCG in nanolipids (Chakrawarti et al. 2016).  EGCG analogs 
are also being developed (Bansal et al. 2013). 

 
e. Availability of alternative approved therapies that may be as safe or safer 

 
The currently approved chronic treatments for weight management in patients who are obese 
(BMI ≥ 30 kg/m2) or overweight (BMI ≥ 27 kg/m2) with one or more weight-related co-
morbidities include: Orlistat (Xenical), Lorcaserin (Belviq), Phentermine/topiramate (Qsymia), 
Bupoprion/naltrexone (Contrave), and Liraglutide (Saxenda).  In addition, a number of 
prescription drugs are approved for short-term weight loss (i.e., phentermine, phendimetrazine, 
methamphetamine, diethylpropion, benzphetamine); one is available over-the-counter for weight 
loss (i.e., orlistat (Alli)). 
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A summary of FDA approved products, which have been found by FDA to be safe and effective 
for the treatment of diabetes, is in Table 1 below. 
 

Table 1.  FDA-approved drugs for the treatment of diabetes mellitus 
 

Drug Class Approved Drug Products 
Insulins and insulin analogs Many different products and formulations 
Sulfonylureas (SU) Acetohexamide, chlorpropamide, tobutamide, 

glipizide, gliclazide, glyburide, glimepiride 
Biguanides Metformin 
Thiazolidinediones (TZDs) Rosiglitazone, pioglitazone 
Analogues of glucagon-like peptide 1 (GLP-1) Exenatide, lixisenatide, liraglutide, albiglutide, 

dulaglutide, alogliptin 
Dipeptidyl peptidase 4 (DPP-4) inhibitors Sitagliptin, saxagliptin, linagliptin, alogliptin 
Sodium-glucose cotransporter-2(SGLT2) 
inhibitors 

Empagliflozin, dapagliflozin, canagliflozin 

Alpha-glucosidase inhibitors Acarbose, miglitol, voglibose 
Meglitinides Repaglinide; nateglinide 
Synthetic analogues of human amylin Pramlintide 
Bile acid sequestrants Colesevelam 
Dopamine agonists Bromocriptine 
 
There are many FDA approved products to treat various aspects of Parkinson’s disease and to 
improve wound healing. The treatment of cardiac hypertrophy depends on the underlying 
etiology and may include medications (e.g. beta blockers, angiotensin converting enzyme 
inhibitors, angiotensin II receptor blockers, calcium channel blockers) or surgery.  There are no 
FDA drug or biologic products approved for the treatment of corneal neovascularization or 
NAFLD.   

 
Conclusions: There are numerous case reports of hepatotoxicity, including fulminant hepatic 
failure, liver transplantation, or death, that could potentially be associated with EGCG.  
However, a causal relationship has not been established in large part because EGCG is typically 
administered as one ingredient of a multi-ingredient dietary supplement/botanical product.  In the 
few studies in which EGCG has been administered as a single ingredient product, no evidence of 
hepatotoxicity has been identified.  The dose relationship of EGCG or any other GT component 
to this toxicity is unclear, and the potential for an idiosyncratic reaction cannot be excluded.  
Idiosyncratic reactions are relatively rare events and are not generally identified in small, short-
term trials.  It is our recommendation that EGCG be considered to have a potential causal or 
contributory role in cases of hepatotoxicity and to require additional clinical safety assessment.   
 
It is also noted that cases of atrial fibrillation and TTP associated with EGCG have been 
reported. There are limited long-term safety data available from clinical trials and scant safety 
data regarding topical use.   
  

C. Are there concerns about whether a substance is effective for a particular use? 
 
The following databases were consulted in the preparation of this section: PubMed, EMBASE, 
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Cochrane Database of Systematic Reviews, and ClinicalTrials.gov.   
 
 

1. Reports of trials, clinical evidence, and anecdotal reports of effectiveness, or lack of 
effectiveness, of the bulk drug substance 

 
In this section, only studies that used EGCG as a single ingredient test preparation are included.  
As described in section B, there are many studies and meta-analyses in the literature of GT, 
GTE, various catechin or polyphenol combinations, and each of these entities in combination 
with other ingredients.  However, such studies do not provide information that is sufficiently 
specific to determine how the component EGCG may have been related to any pharmacologic 
effects.  Studies that report the dose of EGCG contained in the test preparations containing other 
ingredients do not suffice in providing information to assess EGCG’s effects.   
 

a. Obesity/weight loss   
 
We found two studies in which EGCG was administered as a single ingredient test preparation.    
One study evaluated the metabolic effects of 12 weeks of treatment with 150 mg EGCG twice 
daily versus control combined with a program of regular aerobic exercise in 38 overweight or 
obese postmenopausal women (Hill et al. 2007).  No difference was observed between groups in 
waist circumference, total body fat, abdominal fat (by dual-energy x-ray absorptiometry (DXA)), 
intra- abdominal adipose tissue (by computed tomography (CT)), blood pressure, lipids, insulin, 
or glucose.  EGCG was associated with a decrease in resting heart rate (p < 0.01) and reduction 
in plasma glucose in subjects with impaired glucose tolerance (p < 0.05). 
 
Mielgo-Ayuso et al. (2014) examined the effects of 300 mg/d EGCG versus placebo (lactose) on 
changes in body composition, energy and substrate metabolism, cardiometabolic risk factors and 
liver function enzymes after an energy-restricted diet intervention in 83 pre-menopausal obese 
women.  No significant difference in the changes in body weight, fat mass, energy and fat 
metabolism, lipids or homeostasis assessment model for insulin resistance was found between 
the EGCG and control groups after 3 months.   
 
One study of EGCG alone in obesity/weight loss was listed as “withdrawn prior to enrollment” 
on the website Clinicaltrials.gov (Identifier NCT00434499). 
 

b. Type 1 and 2 diabetes 
 
The two studies identified above for EGCG treatment of obesity/weight loss also assessed 
parameters, such as insulin sensitivity, that are related to diabetes (Hill et al. 2007; Mielgo-
Ayuso et al. 2014).  Only Hill et al. (2007) showed a difference on a single parameter (plasma 
glucose in subjects with impaired glucose tolerance) between EGCG treatment and control.   
 
Two additional studies of EGCG as a single ingredient test preparation were found.   
 
Brown et al. (2009) investigated the effect of dietary supplementation with EGCG on insulin 
resistance and associated metabolic risk factors in overweight or obese male subjects, aged 40-65 
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years.  Treatments were 400 mg capsules of EGCG (n=46) or the placebo lactose (n=42), twice 
daily for 8 weeks.  EGCG treatment had no effect compared to placebo on insulin sensitivity, 
insulin secretion, glucose tolerance, or metabolic parameters (BMI, waist circumference, 
percentage body fat, systolic blood pressure, lipids), except for reducing diastolic blood pressure 
(p=0.014). 
 
Zhang et al. (2017) randomized 404 pregnant women during their third trimester to 500 mg 
EGCG or placebo daily until full term, measuring both maternal diabetic parameters at baseline 
and full term, and neonatal symptoms at birth.  At full term, the EGCG group of pregnant women 
had significantly lower fasting plasma glucose, insulin levels and insulin resistance.  Of the 57 
patients who had to begin insulin treatment before full term, 16 were from the EGCG group and 
41 were from the placebo group.  There were fewer cases of neonatal complications (e.g., low 
birth weight) in the EGCG group compared to placebo.  
 

c. Cardiac hypertrophy 
 

There were no studies identified of EGCG efficacy in the treatment of cardiac hypertrophy. 
 

d. Corneal neovascularization  
 

No clinical data were found on the use of EGCG in corneal neovascularization.  The only 
identified published paper describing a potential topical ophthalmic use for the treatment of 
corneal neovascularization is by Sanchez-Huerta et al. (2011).  This paper states that before 
clinical application, EGCG should be tested in an animal model of corneal neovascularization.   
 

e. Parkinson’s disease  
 
A search of EGCG on ClinicalTrials.gov identifies a Phase 2 study titled “Efficacy and Safety of 
Green Tea Polyphenols in De Novo Parkinson’s Disease Patients” (Identifier NCT00461942).  
The study is reported to have been started in 2006, completed in 2009 and treated 410 newly 
diagnosed patients.  No journal was found to have published the results of the study, but a 
summary of the study outcome, as identified by the location of study conduct (Beijing, China), 
principal investigator and other study details, appears on the Michael J. Fox Foundation for 
Parkinson’s Research website.16  It is concluded that GT polyphenols “appear to provide, at 
least, a mild symptomatic benefit in early untreated Parkinson’s disease”; however, no data are 
provided. 
 
No other clinical data were found regarding the use of EGCG to treat Parkinson’s disease and   
overall, there is insufficient information to assess EGCG’s effects. 
 

f. Non-alcoholic fatty liver disease (NAFLD)  
 

Practice guidelines on the diagnosis and management of NAFLD from the American 
Gastroenterological Association (Chalasani et al. 2012) and a Cochrane review of the use of 
                                                 
16 Accessed September 13, 2017. https://www michaeljfox.org/foundation/grant-detail.php?grant id=187. 
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pharmacologic interventions in NAFLD (Lombardi et al. 2017) do not identify the use or study 
of EGCG in the treatment of NAFLD.  No clinical studies of EGCG in NAFLD were found. 
 

g. Wound healing  
 

There were no clinical data found regarding use of EGCG in wound healing, including healing of 
diabetic wounds. 
 

2. Whether the product compounded with this bulk drug substance is intended to be used 
in a serious or life-threatening disease  

 
Obesity is a chronic condition that can be considered serious, depending on its severity and 
associated co-morbidities.  Weight-related co-morbidities can increase the risk for cardiovascular 
disease and other life-threatening conditions.  However, it is unknown if the target patient 
population for use of EGCG is intended to be those with obesity and/or associated serious 
complications, or rather a much broader population of patients who are interested in weight loss.  
 
Diabetes mellitus is a serious disease affecting more than 29 million Americans.  Diabetes 
complications are life-threatening and include heart disease, stroke, kidney disease, blindness 
and other eye problems, and peripheral vascular disease.  Parkinson’s disease, cardiac 
hypertrophy and wounds, particularly diabetic wounds that are slow to heal, are serious diseases 
and can be life threatening.  NAFLD can result in serious or life-threatening outcomes, for 
instance, if it progresses to cirrhosis or cancer.  The proposed ophthalmic use, corneal 
neovascularization, is a serious ocular condition that, if untreated, could lead to visual 
impairment. 
 

3. Whether there are any alternative approved therapies that may be as effective or 
more effective 

 
See section II. B. 2. e. above.   
 
Conclusions: There is no convincing evidence to support EGCG as an effective weight loss 
therapy in patients with obesity or effective in the treatment of diabetes.  The majority of trials 
demonstrated no significant effect or only a minimal effect of unclear clinical significance. 
EGCG did show some treatment effect in gestational diabetes.  There are insufficient data to 
assess oral EGCG use in cardiac hypertrophy, Parkinson’s disease, or NAFLD.  No clinical data 
are available on the topical use of EGCG for wound healing.  There is no evidence that EGCG is 
effective as a topical ophthalmic treatment for corneal neovascularization. 
  

D. Has the substance been used historically as a drug in compounding? 
 
The following databases were consulted in preparation of this section:  PubMed, 
clinicaltrials.gov, Natural Medicines Database, European Pharmacopoeia, British 
Pharmacopoeia, Japanese Pharmacopoeia, USP/NF, and Google.   
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1. Length of time the substance has been used in pharmacy compounding 
 
EGCG was first isolated from tea in 1944 (Bradfield and Penney 1944; Aree and 
Jongrungruangchok 2016).  There is insufficient information available to determine how long 
EGCG has been used in pharmacy compounding. 
 

2. The medical condition(s) it has been used to treat 
 
There is scant information regarding EGCG’s use in compounding.  Results from a Google 
search using the terms epigallocatechin gallate compounding pharmacy indicated that EGCG is 
being advertised as an antioxidant that can be added to compounded topical scar therapy 
treatment.   
 

3. How widespread its use has been  
 
Insufficient data are available from which to draw conclusions about the extent of use of EGCG 
in compounded drug products. 
 

4. Recognition of the substance in other countries or foreign pharmacopeias 
 
A search of the British Pharmacopoeia (BP 2016), the European Pharmacopoeia (8th Edition, 
2016, 8.8), and the Japanese Pharmacopoeia (16th Edition) did not show any listings for EGCG. 
 
 
Conclusions:  Information is insufficient to determine the historical use of EGCG in pharmacy 
compounding.  There is no evidence of official recognition of EGCG by other countries. 
 
 
III. RECOMMENDATION 
 
We have balanced the criteria described in section II above to evaluate EGCG for the 503A 
Bulks List.  After considering the information currently available, a balancing of the criteria 
weighs against EGCG being placed on that list based on the following:  
 

1. EGCG is well characterized chemically and physically. As a solid, it is unlikely to be 
stable for more than one week under ordinary storage conditions when protected from 
light.   In aqueous solutions it is susceptible to oxidation at room temperature.   

 
2. The safety of EGCG was evaluated in several nonclinical models where liver and 

gastrointestinal toxicities were noted. The effects are exacerbated in fasted animals. The 
pharmacokinetic profile differs between animals and humans, the dog being the most 
closely similar model to humans.  Dog pharmacokinetic data show large variability in 
exposure and toxicities are also affected by the fed status of animals.  In humans, there 
are numerous case reports of hepatotoxicity, including fulminant hepatic failure, liver 
transplantation, or death associated with products that contain EGCG, which is 
typically administered as one component of a multi-component dietary 
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supplement/botanical product.  Establishing whether EGCG has a causal link with these 
existing cases is not feasible.  It is recognized that multiple clinical studies have been 
conducted with EGCG products.  However, only a minimal number of studies have 
been conducted with EGCG as a single entity and additional study is needed to 
establish a valid safety profile for EGCG.    

 
3. In general, there are hypotheses regarding the potential therapeutic utility of EGCG, as 

well as nonclinical and clinical pharmacologic data identifying potential mechanisms of 
action in various disease states.  However, clinical data for EGCG have not been 
identified to support the effectiveness of EGCG for any of the proposed uses.  Studies 
in obesity/weight loss and diabetes have shown minimal treatment effects and no 
overall therapeutic benefit.  Oral bioavailability of EGCG appears to be minimal and 
may be a factor in limiting clinical results.  There are insufficient data to assess the use 
of oral EGCG in the treatment of cardiac hypertrophy, Parkinson’s disease, or NAFLD.  
The clinical use of topical EGCG for wound healing has not been evaluated.  There is 
no clinical evidence to support the use of EGCG as a topical ophthalmic treatment for 
corneal neovascularization, or any indication.  The relevance of the efficacy outcomes 
of studies of substances that contain, but are not solely, EGCG cannot be established.   
 

4. EGCG was first isolated from tea in 1944.  There is insufficient information available 
to determine how long EGCG has been used in pharmacy compounding.  Based on 
internet searches, EGCG has been used as an antioxidant that can be added to 
compounded topical scar therapy treatment.   

 
Based on this information the Agency has considered, a balancing of the four evaluation criteria 
weighs against EGCG being added to the 503A Bulks List. 
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Appendix 1:  Pharmacokinetics from three EGCG formulations 
 
A number of studies have evaluated the pharmacokinetics of EGCG, although interpretation of 
the results for EGCG seems to be confounded by ingredient or formulation differences.  For 
example, EGCG is often administered in combination with other tea constituents that may 
modify its pharmacokinetic profile.  Evidence of the variation in EGCG pharmacokinetics is 
shown in these three clinical pharmacokinetic studies. 
 
• One study administered EGCG as capsules of “Sunphenon DCF-1,” which contained 75 mg 

EGCG and 2.5 mg of EGC per capsule.  Ninety minutes after 3, 5, and 7 capsules (225 mg, 
375, and 525 mg EGCG), plasma EGCG increased to 300, 1970, and 2020 ng/mL, 
respectively (Nakagawa et al. 1997). 

 
• Another trial randomized healthy participants (8/group) to 4 weeks of treatment with 800 mg 

EGCG once/d, 400 mg EGCG twice/d, 800 mg EGCG as “Polyphenon E” (a decaffeinated 
green tea polyphenol mixture) once/d, 400 mg EGCG as Polyphenon E twice/d, or placebo 
once/d (Chow et al. 2003).  On the first and last treatment day, subjects took the assigned 
treatment with a standardized light breakfast and then underwent plasma sampling.  
Pharmacokinetic results are shown in the following table:   

 
 

 
 
 
• In another study, 18 individuals were given varying amounts of green tea: 1.5 g, 3.0 g, or 4.5 

g green tea solids dissolved in 500 mL of hot water plus 45 g of sucrose, 7.5 g of coffee 
whitener, and vanilla flavor  (1 g of green tea powder contained 73 mg of EGCG) (Yang et 
al. 1998).  Plasma pharmacokinetic results for EGCG and other constituents are shown in the 
following table: 
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Appendix 2:  Hydroxycut Safety  
 
Hydroxycut, a dietary supplement that in a previous formulation included green tea extract as 
one of numerous constituents, was recalled after an FDA warning due to reports of 
hepatotoxicity in 2009. 
http://www.fda.gov/ForConsumers/ConsumerUpdates/ucm152152.htm 
 
Fong et al. (2010), in a comprehensive case series and review, suggested that the liver toxicity 
seen with Hydroxycut resembled that of the reports associated with green tea extract (implicating 
green tea extract as a contributing cause to the observed liver toxicity with Hydroxycut). 
 
In addition to the hepatotoxicity reports, there was a case report of symptomatic atrial fibrillation 
with rapid ventricular response in a 63-year old obese female associated with Hydroxycut use; 
the EGCG component was proposed as the suspected causative component (Karth et al. 2010).  
The patient reportedly used the labeled dose (2 capsules 3 times daily; ~702 mg of EGCG daily) 
for 2 weeks prior to presentation.  Of note, the patient reported a similar, less-intense 
symptomatology during a previous usage of Hydroxycut, 3 months prior to admission.  She did 
not seek medical attention and reported that the symptoms resolved 5 days after discontinuation, 
which supports a potential causal association with Hydroxycut (possible positive re-challenge).  
According to the authors, “EGCG blocks the atrial-specific KCNA5 potassium channel.  Loss of 
KCNA5 function has been reported in patients with familial lone AF [atrial fibrillation].” 
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Appendix 3:  Safety data from studies of GT, GTE or ingredient mixtures (i.e., not EGCG as a 
single ingredient) 
 
A. Studies of the effect of GT, GTE or ingredient mixes in weight loss or obesity have been 

evaluated in several meta-analyses.  There is overlap in the studies considered among these 
meta-analyses. 
 
• Hursel et al. (2009) analyzed 14 studies of “EGCG in combination with caffeine,” which 

was a term used by the authors to represent administration of GTEs.  Studies included in 
the analysis were published between 2001 and 2008.  Overall, compared to placebo, 
GTEs were found to have a “small positive effect” on weight loss and weight 
management.  No safety data were reported.   

• A Cochrane review was conducted of 18 randomized, controlled studies, published 
between 2002 and 2010, of at least 12 weeks duration in which the effect of “green tea 
preparations” on weight loss and weight maintenance was assessed in overweight or 
obese adults (Jurgens et al. 2012).  The authors concluded that active treatments induced 
a “small, statistically non-significant weight loss” that “may not be clinically relevant” 
and had “no effect on maintenance of weight loss.”  Eight studies recorded adverse 
events and of these studies four reported the occurrence of adverse events.  Most were 
considered mild to moderate, including, in one study, a report of elevated liver enzymes.  
Two adverse events experienced by patients in the active treatment group of their study 
required hospitalizations.  One event was reported to be an elevation in blood pressure 
while the other event was not described in the publication.  Both of these events were 
reported by the investigators to be not associated with treatment. 

• Farhat et al. (2017) conducted a meta-analysis of 19 studies the effect of polyphenols on 
weight reduction in obesity.  Seven of the studies, published between 2005 and 2012, 
included products that contained EGCG; all of these products also contained other 
ingredients.   

 
B. We identified multiple studies of the effects of GT, GTE or ingredient mixes on weight loss 

or obesity that were not included in any of the three meta-analyses listed above in section A. 
 
• Chantre and Lairon (2002) described a 12-week open-label trial of 70 patients ages 20 to 

69 years, with a body mass index between 25 and 32 kg/m2.  The main exclusion criteria 
were: history of any serious systemic disease, including diabetes; significant cardiac, 
renal, hepatic or endocrine disorders, pregnancy or lactation.  Patients received 2 capsules 
in the morning and 2 capsules midday of AR25, a green tea extract (also known as 
Exolise).  Four capsules containing AR25 provided a daily total of 375 mg catechins, of 
which 270 mg was EGCG.  One patient (1.4%) was reported to have an elevation in 
transaminases, although further details were not provided.  
 

• Rondanelli et al. (2009) evaluated the effects of a supplement containing N-oleyl-
phosphatidylethanolamine (NOPE)+EGCG (170 mg/d+100 mg/d) versus placebo in 138 
healthy overweight individuals for 8 weeks.  Changes in weight (mean difference and the 
proportion that lost 5%), body composition, lipids, and glucose were not significantly 
different between groups.  NOPE+EGCG treatment was associated with improvements in 
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insulin resistance (p<0.001), the sensation feelings of fullness (p<0.05), depressive 
symptoms (p<0.004), and severity of binge eating (p<0.0001). 
 

• In a randomized study comparing GT infusion (4 cups per day; 440 mg EGCG), GTE 
capsules (2 capsules and 4 cups water per day; 460 mg EGCG) and placebo (4 cups water 
per day), 35 obese subjects with metabolic syndrome received treatment for 8 weeks.  
Three publications report various outcomes from this study: effects on biomarkers of 
inflammation (Basu et al. 2010), effects on glutathione and plasma antioxidant capacity 
(Basu et al. 2011) and effects on body weight, lipids and lipid peroxidation (Basu et al. 
2013).  Over the 8 week treatment period, patients in the green tea group lost 2.5 ± 0.7 kg 
body weight versus control (p < 0.01) and patients in the green tea extract group lost 1.9 
± 0.6 kg versus control (p < 0.05).  Significance levels were not adjusted for multiple-
hypothesis testing.  No significant changes were seen in percent body fat, waist 
circumference, blood pressure, glycemic parameters, or lipids.  Safety data were not 
reported but it was noted in the publication that “no significant side effects were noted” 
and safety parameters, including hematology and liver, renal and thyroid function, were 
not affected based on assessment of fasting blood samples at baseline and weeks 4 and 8. 

 
• Hsu et al. (2011) conducted a 16-week randomized controlled trial of decaffeinated green 

tea extract providing a daily dose of 856 mg EGCG versus placebo in 80 obese 
individuals with type 2 diabetes.  Between-group differences for BMI, waist 
circumference, blood pressure, fasting glucose, hemoglobin A1c (HbA1c), fasting 
insulin, and lipids failed to reach statistical significance. 

 
• Chen et al. (2016) conducted a 12-week safety and efficacy study in obese women with 

decaffeinated green tea extract (EGCG 856.8 mg/d) versus placebo.  The study evaluated    
effects on weight reduction, lipid profile and obesity-related hormone peptides in 102 
women with central obesity (BMI ≥ 27 kg/m2, waist circumference ≥ 80 cm).  No 
significant differences were detected in body weight, BMI, or waist circumference in a 
between-group analysis.  Liver function tests showed a significant increase in mean 
alanine aminotransferase from 27.2 ± 14.9 IU/mL to 33.6 ± 22.2 IU/mL in EGCG.  No 
elevation of alanine transaminase was observed in the placebo group.  No major adverse 
events were reported.  

 
• Janssens et al. (2015) examined whether green tea supplementation (> 560 mg/d EGCG + 

280-450 mg/d caffeine) versus placebo for 12 weeks has beneficial effects on weight 
control via a reduction in dietary lipid absorption or an increase in resting energy 
expenditure (REE) in 60 individuals with BMI 18-25 kg/m2 or > 25 kg/m2.  There was no 
significant effect on fecal energy content, fecal fat content, REE, respiratory quotient, or 
body composition. 

 
• In a randomized, double-blind, placebo-controlled study of decaffeinated GTE, a total of 

1075 postmenopausal women were randomly assigned to consume GTE containing 843 
mg EGCG or placebo daily for one year.  Three publications report various outcomes 
from this study: impact on breast cancer biomarkers for the entire study population 
(Dostal et al. 2015), and results in a subset of the study population, women who were 
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overweight and obese (Dostal et al. 2016a; Dostal et al. 2016b).  Dostal et al. (2015) 
reported there were no significant differences in percent of women with adverse events 
(75.6% and 72.8% of the GTE group and placebo group, respectively) or serious AEs 
(2.2% and 1.5% of GTE and placebo groups, respectively).  Women on GTE reported 
significantly higher incidence of nausea (P < 0.001) and dermatologic AEs (P = 0.05) and 
significantly lower diarrhea incidence (P = 0.02).  More women in the GTE group 
experienced an alanine aminotransferase (ALT) elevation compared with placebo group 
(n = 36, (6.7%) vs. n = 4, (0.7%); P < 0.001).  Of note, seven ALT elevations were 
classified as SAEs, which according to the authors, “highlights the serious hepatotoxicity 
risk that individuals should consider when initiating high-dose GTE consumption.”  They 
did note that all of these events were associated with simultaneous infection, use of new 
medication, alcohol consumption, or self-reported past medical history of liver enzyme 
elevations. 

 
• Kumar et al. (2017) randomized 97 men at high risk for prostate cancer, with precursor 

lesions, to receive either a decaffeinated green tea catechin formulation containing a 400 
mg per day dose or placebo for one year.  The active formulation was considered to be 
well tolerated but ineffective in reducing biomarkers of obesity such as body weight and 
body mass index.  No additional safety data were reported.    

 
C. Studies of the effect of GT, GTE or ingredient mixes in diabetes have been evaluated in 

several meta-analyses.  There is overlap in the studies considered among these meta-
analyses.  
 
• Liu et al. (2013) conducted a meta-analysis of 17 randomized controlled studies on the 

effects of GTE or decaffeinated GTE beverages on glucose control and insulin 
sensitivity, covering the years 2005 to 2012.  The analysis suggested that GTE has 
favorable effects on fasting glucose and hemoglobin A1c (HbA1c), but did not describe 
the safety data from the included studies. 

• Wang et al. (2014) included seven randomized controlled studies published between 2006 
and 2011 in a meta-analysis.  It was concluded that GT, GTE and decaffeinated GTE do 
not improve levels of fasting plasma glucose, serum insulin or other parameter. Safety 
data were not discussed in the analyses. 

• Li et al. (2016) included 10 studies published between 2003 and 2014 in a meta-analysis 
of various teas and tea extracts on type 2 diabetes.  Minimal beneficial effects on stable 
fasting blood insulin and waist circumference were described.  The analysis found no 
significant effects on serum lipids or blood pressure.  

 
D. We found two additional studies of the effects of GT, GTE or ingredient mixes on diabetes 

that were not included in any of the three meta-analyses listed above in section C. 
 
• Toolsee et al. (2013) (ClinicalTrials.gov Identifier NCT01248143) studied 155 

prediabetics who were randomized to drink 3 cups of green tea infusion or warm water 
placebo daily for 14 week.  Each cup of green tea was assessed to contain 235 mg of 
EGCG.  Plasma samples were collected at baseline and after 14 weeks of treatment to 
assess various clinical laboratory parameters.  Fasting glucose and HbA1c were not 
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changed in either group at week 14.  Mean estimated glomerular flow rate declined 7.1% 
among males in the active treatment group (n = 33) at week 14 and rose after treatment 
discontinuation.  ALT was reported to have significantly decreased (13% decline) among 
females in the active treatment group (n = 32), but not among the controls.  Adverse 
event data were not reported.  

 
• Borges et al. (2016) investigated the effect of green tea polyphenols (GTPs) on residual 

albuminuria, despite maximum recommended doses of renin-angiotensin (RAS) 
inhibition, in 42 diabetic patients with nephropathy.  Patients were randomized to receive 
four capsules of a mix of GTPs per day, containing a total of 800 mg of EGCG, or 
placebo for 12 weeks.  Two patients reported adverse events in the GTP group: diarrhea 
and dyspepsia.  No patients discontinued the study due to adverse events.  
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Submitted electronically via www.regulations.gov 
 
March 4, 2014 
 
 
 
Division of Dockets Management (HFA-305) 
Food and Drug Administration 
5630 Fishers Lane, rm. 1061 
Rockville, MD 20852 
 
Re: Docket No.: FDA-2013-N-1525: List of Bulk Drug Substances That May Be Used in Pharmacy 
Compounding; Bulk Drug Substances That May Be Used To Compound Drug Products in 
Accordance With Section 503A of the Federal Food, Drug and Cosmetic Act; Withdrawal of 
Proposed Rule; request for nominations 
 
Dear Sir or Madam: 
 
The National Community Pharmacists Association (NCPA) is writing today to nominate specific bulk 
drug substances that may be used to compound drug products, although they are neither the subject of a 
United States Pharmacopeia (USP) or National Formulary (NF) monograph nor components of FDA-
approved drugs.  As the FDA considers which drugs nominated will be considered for inclusion on the 
next published bulk drugs list, NCPA is committed to working with the FDA and other interested 
stakeholders on these critical issues.  
 
NCPA represents the interests of pharmacist owners, managers and employees of more than 23,000 
independent community pharmacies across the United States. Independent community pharmacies 
dispense approximately 40% of the nation’s retail prescription drugs, and, according to a NCPA member 
survey, almost 86% of independent community pharmacies engage in some degree of compounding.  
 
Regarding specific nominations, NCPA would like to reference the attached spreadsheet of 2,403 bulk 
drug substances submitted by the International Academy of Compounding Pharmacists (IACP) as our 
formal submission of bulk drug substances that are currently used by compounding pharmacies and do 
not have a specific USP monograph nor are components of FDA approved prescription drug products. 
 
In addition to the IACP spreadsheet of bulk drug substances referenced above, NCPA would also like to 
formally submit collectively for review and consideration of the FDA Pharmacy Compounding 
Advisory Committee the drugs and standards contained within the British Pharmacopeia, the European 
Pharmacopeia and the Japanese Pharmacopeia. NCPA respectfully requests that all drugs and 
standards contained within these three pharmacopeias for which no USP corresponding monograph 
exists be accepted and approved to be used for the preparation of compounded medications under 
section 503A of the Federal Food, Drug and Cosmetic Act.   
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NCPA is requesting the recognition of these pharmacopoeias as there are examples of situations when 
our members need access to these alternative compendia for monograph information.  NCPA members 
may receive requests to compound medications that do not have a USP monograph, nor is the drug 
substance being used a component of an FDA approved drug product.  When these situations arise, the 
British Pharmacopeia, the European Pharmacopeia and the Japanese Pharmacopeia are used in 
practice to ensure compounds are made with the highest assurance of quality.   
 
NCPA is committed to working with the FDA and other stakeholders regarding these important matters.  We 
appreciate your consideration of our comments.  
 
Sincerely, 
 
 
 
 
 
Steve Pfister 
Senior Vice President, Government Affairs 
 
 
 
Attachment  



Ingredient Name Resveratrol

Chemical Name 5-((1E)-2-(4-hydroxyphenyl)ethenyl)-1,3-benzenediol

Common Name Resveratrol

UNII Code Q369O8926L

Description of strength, quality, 

stability and purity 

From PCCA Database MSDS: Product is chemical stability: air 

and heat sensitive. Should be protected from strong oxidizing 

agents.

Ingredient Format(s) Powder

Recognition in Pharmacopeias Not USP; sold OTC in US as a dietary supplement.

Final Compounded Formulation Dosage 

Form(s)

various

Final Compounded Formulation 

Strength

various

Final Compounded Formulation 

Route(s) of Administration

various

Bibliographies on Safety and Efficacy 

Data

Crandall JP, Oram V, Trandafirescu G, et al. Pilot study of 

resveratrol in older adults with impaired glucose tolerance. 

J.Gerontol.A  Biol.Sci.Med.Sci. 2012;67(12):1307-1312. 

Cudmore MJ, Ramma W, Cai M, et al. Resveratrol inhibits the 

release of soluble fms-like tyrosine kinase (sFlt-1) from 

human placenta. Am J Obstet.Gynecol.  2012;206(3):253-

255.De Groote D, Van Belleghem K, Deviere J, et al. Effect of 

the intake of resveratrol, resveratrol phosphate, and catechin-

rich grape seed extract on markers of oxidative stress and 

gene expression in adult obese subjects. Ann.Nutr.Metab 

2012;61(1):15-24.

National Community Pharmacists Assocation -- Resveratrol -- 503A Nomination



Final Compounded Formulation Clinical 

Rationale and History of Past Use

antioxidant  Resveratrol is a natural compound that is found 

in more than 70 plant species, including nuts, grapes, pine 

trees, and certain vines, as well as in red wine. It is thought to 

play a role in preventing heart disease. As a plant source, the 

natural polyphenol is derived from the root of the Japanese 

knotweed. This combination formula was designed to help 

maintain protection against free-radical oxidative damage to 

tissues
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Resveratrol 
 

 
Nominator:   National Community Pharmacists Association 
 

 
Introduction:  
FDA is contacting you in regard to your submitted nominations for “resveratrol” to be considered for the 

503A bulk drug substances list for oral administration.  Clarification of the points identified below is 
intended to help guide the FDA review and discussion with the FDA’s Pharmacy Compounding Advisory 

Committee. 

 
 

Question: 
 
1. The term “antioxidant” is stated in your nomination as “final compounded formulation clinical 

rationale and history of past use.”  Antioxidant is a non-specific description of the actions of a 
substance and does not identify a particular disease or condition.  We wish to clarify that you 

are proposing each of following as uses. 

 Treatment of older adults with impaired glucose tolerance 

 Prevention of heart disease 

  
 
NCPA would like to propose for Treatment of older adults with impaired glucose tolerance.  

 
Sincerely, Ronna Hauser, PharmD 

VP Pharmacy Affairs 
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U.S. Food & Drug Administration 
10903 New Hampshire Avenue 
Silver Spring, MD 20903 
www.fda.gov  
 

DATE:  October 20, 2017 
 
FROM: Ben Zhang, Ph.D.  

ORISE Fellow, Office of New Drug Products (ONDP), Office of Pharmaceutical 
Quality (OPQ)  
 
Yen-Ming Chan, PhD 
ORISE Fellow, Office of Drug Evaluation 4 (ODE4),  
Office of New Drugs (OND) 
 

  Wafa Harrouk, PhD 
  Senior Pharmacology/Toxicology Reviewer, ODE4, OND 
   
  Elizabeth Hankla, PharmD 

Consumer Safety Officer, Office of Compliance, Office of Unapproved Drugs and 
Labeling Compliance (OUDLC) 
 
Thao Tran, PharmD, BCPS  
Acting Team Leader  
Division of Pharmacovigilance-I (DPV-I) 

  
THROUGH: Ramesh K. Sood, Ph.D. 

Senior Scientific Advisor (Acting), ONDP, OPQ 
  
  Charles Ganley, MD 
 Director, ODE4, OND 

 
Frances Gail Bormel, RPh, JD 
Director, Division of Prescription Drugs, OUDLC 
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I. INTRODUCTION 
Resveratrol has been nominated for inclusion on the list of bulk drug substances for use in 
compounding under section 503A of the Federal Food, Drug, and Cosmetic Act (FD&C Act) for 
impaired glucose tolerance1 in elderly.  In addition to the use of resveratrol for impaired glucose 
tolerance, this review considers the use of resveratrol for pain.2  No route of administration or 
formulation was proposed in the nomination.  This review addresses clinical use via oral 
administration for impaired glucose tolerance and topical and oral administration for pain. 
Resveratrol has two structural isomers: cis-(Z) and trans-(E). The nominator has nominated the 
drug substance under the chemical name 5-((1E)-2-(4-hydroxyphenyl)ethenyl)-1,3-benzenediol, 
which is the Trans-resveratrol isomer. Therefore, this review will be based on the Trans-
resveratrol isomer.3 

We have reviewed available data on the physicochemical characteristics, safety, effectiveness, 
and historical use in compounding of this substance.  For the reasons discussed below, we 
believe the evaluation criteria weigh against placing resveratrol on the list of bulk drug 
substances that can be used to compound drug products in accordance with section 503A of the 
FD&C Act (503A Bulks List).    

 

II. EVALUATION CRITERIA 
Is the substance well characterized, physically and chemically, such that it is appropriate for use 
in compounding?4 

                                                 
1 Resveratrol was nominated with an unclear statement of proposed use.  By email dated August 10, 2017, the 
nominator clarified the proposed use was for treatment of older adults with impaired glucose tolerance.   
 
2 Consistent with its practice as stated in the Notice of Proposed Rulemaking entitled List of Bulk Drug Substances 
That Can Be Used To Compound Drug Products in Accordance With Section 503A of the Federal Food, Drug, and 
Cosmetic Act, published in the Federal Register of December 16, 2016 (81 FR 91071, 91075), FDA in its discretion 
opted to review the unnominated use of pain.  Pain is considered a serious condition, as it interferes with the quality 
of life. Resveratrol also came to FDA’s attention through a 2016 letter from Representatives in Congress noting that 
resveratrol has been prescribed for use in compounded drug creams for back pain.  See letter from Representatives 
Scott and Cummings, September 30, 2016, available at https://democrats-oversight house.gov/news/press-
releases/scott-cummings-express-concerns-about-the-skyrocketing-costs-of-compounded-drugs.  
 
3 If a given study specified the resveratrol isomer used, it is reported as stated in the article. If a study did not specify 
the resveratrol isomer used, it is referred to as resveratrol in this review. 
4 Among the conditions that must be met for a drug compounded using bulk drug substances to be eligible for the 
exemptions in section 503A of the FD&C Act is that the bulk drug substances are manufactured by an establishment 
that is registered under section 510 of the FD&C Act and that each bulk drug substance is accompanied by a valid 
certificate of analysis.  Sections 503A(b)(1)(A)(ii) and (iii).  A bulk drug substance is deemed to be adulterated if the 
methods used in, or the facilities or controls used for, its manufacture, processing, packing, or holding do not 
conform to or are not operated or administered in conformity with current good manufacturing practice. Section 
501(a)(2)(B). 
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4. Toxicity of those likely impurities 
 

The impurity generated from the photo-induced degradation of the cis isomer is potentially 
genotoxic. Other impurities are unlikely to be highly toxic.  

 
5. Physicochemical characteristics pertinent to product performance, such as particle 

size and polymorphism  
 
Resveratrol is a solid and is slightly soluble in water. No further information on the influence of 
particle size and polymorphism on bioavailability were found in the literature. 

 
6. Any other information about the substance that may be relevant, such as whether the 

API is poorly characterized or difficult to characterize 
 

Resveratrol is easily characterized with proton nuclear magnetic resonance (1H NMR) 
spectroscopy, Carbon-13 nuclear magnetic resonance (13C NMR) spectroscopy, Fourier 
transform infrared spectroscopy (FT-IR), UV-Vis spectroscopy and mass spectrometry (MS). 
 
Conclusions: Resveratrol is a mixture that consists of the trans and cis isomers. The trans 
isomer is very stable under ordinary storage conditions when protected from light. The 
nominated compound is easily characterized with various analytical techniques and the 
preparation of this compound has been well developed. 

 

A. Are there concerns about the safety of the substance for use in compounding? 
 
1. Nonclinical assessment 

The following databases were consulted in the preparation of this section:  PubMed, 
TOXNET/HSDB, Google, Web of Science, and EMBASE. 

a. General pharmacology of the drug substance   

Resveratrol (trans-3,4′,5-trihydroxystilbene, Rsv) is a small polyphenol, which occurs naturally 
in a large variety of plant species, in particular, mulberries, peanuts and grapes, and has been 
claimed to possess antioxidant and anti-inflammatory properties.  At the molecular level, 
resveratrol is thought to upregulate endothelial NO synthase (eNOS) and scavenge free radicals 
(OH/O2, peroxyl radicals), which can limit the lipid peroxidation processes.  Nonclinical studies 
have identified several molecular targets for resveratrol including Silent Regulator 2/sirtuin 1 
(SIRT-1), AMP‐activated protein kinase (AMPK), Nuclear factor (erythroid‐derived 2)‐like 2 
(Nrf2), and Nuclear factor B (NFB) whose levels can be used as surrogates to assess resveratrol’s 
pharmacological activity. Among these, SIRT-1, a NAD-dependent acetylase which appears to 
play a role in anti-aging processes in several species, is thought to be activated by resveratrol 
(Elliott et al 2009). Using a model of bovine aortic endothelial cell line under glucose-induced 
oxidative stress, resveratrol was associated with a restored activity of dimethylargininedimethyl 
aminohydrolase (DDAH), an enzyme that degrades an endogenous inhibitor of eNOS 
(asymmetric dimethylarginine, ADMA), thus improving nitric oxide’s (NO’s) availability in 
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vitro to affect its antioxidative properties in a dose-dependent manner (Frombaum et al. 2012).  
A schematic representation of the potential activities affected by resveratrol is shown in Figure 1 
below (Bonnefont-Rousselot 2016).   
 
 
Figure 1- Some of the potential effects of resveratrol on diabetes and glucose homeostasis.6  

 

 
 
A number of therapeutic claims have been made for resveratrol ranging from protection from 
free radical damage to preventing cancer [Reviewed by (Haneke 2002)]. Two of these claims, 
namely resveratrol’s role to treat impaired glucose tolerance and in treating pain, are discussed 
below. 
 
Nonclinical data supporting a role of resveratrol in ameliorating impaired glucose 
tolerance  
 
Various animal models have shown that resveratrol is associated with an increase in insulin 
sensitivity (Tome-Carneiro et al. 2013; Kulkarni and Canto 2015). A summary of animal models 
used to investigate the effect of resveratrol on obesity, diabetes, and metabolic dysfunction  can 
be found in Appendix 1. Among these models, a few illustrations are described below.   

                                                 
6Abbreviations: AMPK: AMP‐activated protein kinase; ARE: antioxidant response element; eNOS: endothelial NO 
synthase; HMG‐CoA reductase: 3‐hydroxy‐3‐methyl‐glutaryl‐CoA reductase; ICAM‐1:intercellular adhesion 
molecule‐1; LDL: low density lipoprotein; MCP‐1: monocyte chemotactic protein‐1; NF‐κB: nuclear factor‐kappa 
B; Nox1: NADPH oxidase 1; Nrf2: nuclear factor (erythroid‐derived 2)‐like 2; PAI‐1: plasminogen activator 
inhibitor‐1; PGC‐1α peroxisome proliferator‐activated receptor‐γ co‐activator 1α; ROS: reactive oxygen species; 
SIRT‐1: silent regulator 2/sirtuin 1; SMC: smooth muscle cells; VCAM‐1: vascular cell adhesion. 
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• In mice, a higher glucose tolerance and insulin sensitivity were shown in high-fat fed 
mice (Tan et al. 2012). The addition of resveratrol to a high fat diet in a male 
C57BL/6NIA mouse model decreased arterial wall inflammation and other risk 
markers associated with aging, including reduction of osteoporosis, cataract 
formation, vascular dysfunction, and decline in motor coordination (Pearson et al. 
2008).  

• In a streptozocin (STZ)-induced diabetic nephropathy model, rats treated with 
resveratrol for 6 weeks showed an amelioration of renal dysfunction when compared 
to non-treated diabetic rats. Resveratrol supplementation was associated with reduced 
levels of creatinine and urea clearance, proteinuria, and a marked decrease in 
oxidative stress, as determined by levels of antioxidant enzymes and lipid 
peroxidation (Sharma et al. 2007).   

• In porcine models, resveratrol improved myocardial perfusion and regional 
contractility while decreasing oxidative stress (Elmadhun et al. 2013).  

• Rhesus macaques fed a high-fat/high-sucrose diet for two years and supplemented 
with resveratrol in their food showed a significant reduction in central arterial wall 
inflammation and stiffening, which accompanies age-associated diseases, such as 
atherosclerosis, hypertension, and diabetes (Mattison et al. 2014).  

 
Mechanistic studies in animal models of type 2 diabetes have shown that resveratrol acts to 
improve pancreatic islet structure and function and decrease insulin resistance in diabetic animals 
(see Figure 2 below). Resveratrol supplementation was linked to changes in expression and 
activity of AMPK and SIRT1 in different tissues of diabetic animals. Resveratrol has also been 
shown to exert anti-oxidant and anti-inflammatory properties, both of which play a role in 
ameliorating the pathology of diabetes (Szkudelski and Szkudelska 2015).  
 
Figure 2- Direct and indirect effects of resveratrol on insulin secretion from pancreatic islets of 
animal models of type 2 diabetes. 
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Abbreviations: RSV – resveratrol, ROS – reactive oxygen species, UCP2 – uncoupling protein 2 
Nonclinical data in support of a role for resveratrol in managing pain 
 
Animal models of neuropathic pain have been used to test the antinociceptive effects of 
resveratrol.  Animal models show that the use of polyphenols such as resveratrol was associated 
with an attenuation of neuropathic and nociceptive pain [reviewed in (Boadas-Vaello et al. 
2017)] Boadas-Vaello et al., 2017). In STZ-induced diabetic rats injected intraperitoneally with 
resveratrol (10 and 20 mg/kg), hyperalgesia was ameliorated, whereas motor nerve conduction 
velocity and nerve blood flow decreased, and the number of apoptotic cells in sciatic nerve 
sections also decreased (Kumar et al. 2007). In STZ-induced diabetic mice, the daily treatment 
with resveratrol by the oral route ((5, 10, and 20 mg/kg body weight (BW)) for 4 weeks 
(resveratrol use started from the 4th week of STZ injection) significantly attenuated, in a dose-
dependent manner, thermal hyperalgesia and decreased serum TNF-α levels and whole brain 
nitric oxide release (Sharma et al. 2007).  Using a carrageenan induced rat paw edema model, the 
anti-inflammatory activity of topically-applied resveratrol entrapped hydrogel (gel formulation 
contained 0.025% w/w resveratrol) was measured in vitro (release assay), ex vivo (Franz cell 
model) and in vivo (Wistar male rats).  Resveratrol treatment was associated with reduced edema 
in rats in comparison to negative controls when measured at 1, 2, and 4 hours post injury (Negi et 
al. 2017).   
 

b. Pharmacokinetic and toxicokinetic data  

The short biological half-life, very poor oral bioavailability, and rapid metabolism and 
elimination of resveratrol have limited its therapeutic potential [reviewed in (Amri et al. 2012)]. 
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To improve its bioavailability, several formulations of resveratrol have been developed and 
tested both in clinical and nonclinical models.  Of note, there are two formulations which have 
been described in the literature, Resvida and SRT501. 
 
Resvida (also referred to as ResVida) is a trans-resveratrol formulation patented by DSM 
Nutritional Products.  According to the manufacturing website, Resvida is 99% pure trans-
resveratrol and is available in 100 mg tablets.  SRT501 is a liquid formulation of trans-
resveratrol which was developed by GlaxoSmithKline to increase the systemic exposure of 
resveratrol.   
 
SRT501 development was halted in 2010 due to lack of efficacy and adverse safety signals seen 
in animal and human studies.  
 
Nonclinical data discussed below include, among other data, those found for the two 
formulations, Resvida and SRT501.   
 
Absorption: 
Bertelli and colleagues conducted a series of in vivo experiments that first characterized the 
intestinal metabolism of resveratrol in rodent models (Bertelli et al. 1996a; Bertelli et al. 1996b; 
Bertelli et al. 1998).  Red wine with known resveratrol content (6.5 mg/L) was administered by 
gastric intubation at a dose of 80 µg/kg of resveratrol to rats.  Resveratrol was quickly absorbed, 
was detectable in plasma within 30 minutes of administration and reached its peak concentration 
(Cmax) approximately 60 minutes after administration.  Further investigations confirmed that 
resveratrol is rapidly absorbed and reached Cmax between 15 to 30 minutes following its 
intraperitoneal or intragastric administration (Soleas et al. 2001; Yu et al. 2002).     
 
Consistent with data obtained using unlabeled resveratrol as described above, oral administration 
of 14C-trans-resveratrol (1 and 10 mg/kg) showed rapid absorption of resveratrol in Wistar rats.  
The time to reach maximum concentration (Tmax) ranged from 10 to 30 minutes and the 
elimination half-life of 14C in plasma ranged from 7.9 to 12.4 hours.  The administration of 14C-
trans-resveratrol at 10 mg/kg resulted in an approximately10-fold higher area under the curve 
(AUC) of plasma resveratrol concentrations compared to the 1 mg/kg dose, suggesting a dose-
dependent response [(Beck et al. 2007) detailed data not found, reviewed in (Williams et al. 
2009)].    
 
Soleas et al. (2001) reported at least 50% of resveratrol was absorbed after intragastric 
administration to rats as was determined by the amount of radioactivity recovered in urine 
following 3H-labelled trans-resveratrol administration.  
 
Absorption of resveratrol administered at a higher dose was investigated as a part of the 
development of Resvida.  After oral administration of Resvida at a 1000 mg/kg dose to Wistar 
rats, AUC of total (free and conjugated) resveratrol was 1515 and 2029 µg h/ml for male and 
female rats, respectively.  The AUC of parent resveratrol was 62.1 and 81µg h/ml for male and 
female rats, respectively (Williams et al. 2009).    
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In a 90-day toxicity study, trans-resveratrol (Resvida) was orally administered to Wistar rats at 0, 
120, 300 and 750 mg/kg BW/day.  Plasma concentrations of total trans-resveratrol showed linear 
dose-dependent increases in both male and female rats (data shown for males in Figure 3 below; 
similar data were reported for treated females).  Plasma levels of trans-resveratrol and the main 
metabolite, dihydroresveratrol, did not increase following dosing for a 13-week treatment period 
in any dose group, indicating a lack of accumulation in the plasma.  Neither free trans-resveratrol 
nor free dihydroresveratrol were observed after 1 week of recovery among treated males, and 
only low levels of total trans-resveratrol were seen in samples obtained from female rats 
(Williams et al. 2009).   
 

 

Figure 3. Plasma content of total resveratrol in male rats treated with Resvida (Williams et al. 
2009)  
 
Distribution:  
 
After being metabolized in the liver, resveratrol and its conjugates enter the systemic circulation 
and are distributed in various tissues.  Resveratrol was found to be highly distributed following 
intravenous administration of 14C- micronized trans-resveratrol (SRT501, 42.6 mg/kg).  The 
highest level of radioactivity was detected 30 minutes post-dose in the liver, followed by the 
pituitary gland, muscle, and optic nerve and was still detectable at 9 hours post dosing (species 
was not specified for this study).  The brain and spinal cord showed relatively low levels of 
radioactivity, suggesting a lack of blood-brain barrier penetration.  SRT501 was shown to have a 
3-4-fold increase in AUC and Cmax compared to unprocessed resveratrol in animals and man. 
Significant plasma exposure was observed after administration of SRT501 to rats and rabbits, but 
only limited absorption was seen in dogs (Elliott et al. 2009).   
 
In another study, 3H-labelled trans-resveratrol was recovered in the liver, lungs, heart, and brain 
of rats following oral administration of the labelled dose (Abd El-Mohsen et al. 2006).  
Similarly, 14C was detected in the stomach, liver, intestine, bile, and urine following single oral 
administration of 14C trans-resveratrol to mice (Vitrac et al. 2003).  After ingestion of 4 mL of 
red wine (43 µg/kg of resveratrol) for 15 days in rats, resveratrol was found to be distributed in 
the plasma, urine, heart, liver, and kidneys (Bertelli et al. 1996a).  
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Metabolism:  
 
Resveratrol undergoes phase 1 (oxidation, reduction, and hydrolysis) and phase II (glucuronic 
acid, sulfate and methyl conjugations) metabolism in the liver and intestinal epithelial cells after 
ingestion (Neves et al. 2012)  (Kaminski et al. 2012).  Thereafter, the glucuronide and sulfate 
derivatives/conjugates undergo enterohepatic recirculation and can be deconjugated and 
reabsorbed in the small intestine or excreted in the feces or urine (Marier et al. 2002; Walle et al. 
2004).   
 
In rodents, trans-resveratrol-3-O-glucuronide and trans-resveratrol-3-sulfate are the most 
abundant metabolites of resveratrol, while unconjugated resveratrol is almost undetectable in 
urine or serum (Yu et al. 2002).  After oral administration of 14C-trans-resveratrol in rats, more 
than 90% of the metabolites detected in urine over a 24 hours post dose collection period were 
conjugates (mono-glucuronide trans-resveratrol and dihydro-resveratrol were the two major 
metabolites).   
 
The metabolism and tissue distribution of dermally applied resveratrol was assessed in a hairless 
mouse model.7  Resveratrol metabolites, which are thought to have lower pharmacological 
activity than resveratrol, namely the sulfated and glucuronidated forms, as well as 
dihydroresveratrol, were detected using LC-MS analysis 4 h after topical administration. A 
comparison between oral and topical administration showed similar quantities of most 
resveratrol metabolites were observed, except that glucuronidated resveratrol metabolites were 
more abundant in skin after topical resveratrol application than after oral administration 
(Murakami et al. 2014). 
 
Elimination: 
 
Fecal elimination seems to be the major route of elimination of resveratrol in rodents and dogs 
(Amri et al. 2012).  
 
Male Wistar rats were orally fed with 1 mg of 14C-trans-resveratrol/kg BW.  Radioactivity was 
recovered in urine, feces, and the carcass, with 36.6% of the dose found in the urine, and 45.9% 
in the feces after 72 hours, suggesting an almost complete elimination of resveratrol after 72 
hours of single oral dose administration. The main fraction of radioactivity was found in the 
urine and feces during the 0 to 24 hour collection period, accounting for 30.8% and 34.8% of the 
dose, respectively (Beck and Bruchlen 2007).   
 
In another study, 14C-trans-resveratrol (SRT501) was administered orally at 1000 and 300 mg/kg 
to rats and dogs, respectively.  In rats, mean recoveries of 14C were 74% and 21% in feces and 
urine, respectively, whereas in beagle dogs, 78% of the 14C dose was found in feces (Elliott et al. 
2009).        
 
Summary 
                                                 
7 1 mg resveratrol dissolved in ethanol was directly applied on the dorsal skin or mixed with 230 mg of base (0.4% 
resveratrol) 
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Orally administered resveratrol is well absorbed and rapidly undergoes first-pass glucuronidation 
and sulfate conjugation in the liver and intestinal epithelial cells of rodents. The glucuronide and 
sulfate derivatives/conjugates undergo enterohepatic recirculation and can be deconjugated and 
reabsorbed in the small intestine or excreted.  Resveratrol is mainly excreted via the feces as seen 
in rodent and dog studies. Similar to the oral route of administration, dermally applied resveratrol 
to dorsal skin in a mouse model resulted in systemic detection of resveratrol metabolites when 
measured at 4 hours post application. 
 

c. Acute toxicity8 

Acute toxicity studies were conducted as a part of the safety assessment profile for Resvida. 
Studies included skin and eye irritation, and dermal sensitization where trans-resveratrol was 
found to be non-irritating to skin and eyes of New Zealand white rabbits at 72 hours post 
exposure, and was non-sensitizing in mice using the local lymph node assay (Williams et al. 
2009).  

d. Repeat dose toxicity9 

In a 28-day dietary toxicity study, no major adverse effects were seen in Wistar rats dosed with 
trans-resveratrol (Resvida) at 50, 150, and 500 mg/kg body weight (BW)/day (corresponding to 
an average intake of 0, 48, 140, 473 in males, and 0, 48, 141, and 473 mg/kg BW/day in 
females).  Adverse effects included the death of one male treated with 50 mg/kg BW/day while 
collecting blood on the last day of the study, which was considered accidental and an increase in 
heart weight among males treated with 500 mg/kg BW/day; this latter effect was not considered 
adverse due to the lack of histopathological findings (Williams et al. 2009).  

In a four week toxicity study, daily oral gavage administration of resveratrol at 300, 1000, and 
3000 mg/kg/day in rats resulted in a dose-related increase in dehydration, labored breathing, 
hunched posture, decreased activity, rough coat, diarrhea, soft stool, and red material around the 
nose in the high dose group. Treated males showed cases of leukocytosis. A dose-related 
increase in nephrotoxicity was also noted. Based on the results, the no observed adverse effect 
level (NOAEL) under the conditions of this study was 300 mg/kg/day (Crowell et al. 2004).  A 
similar NOAEL (300 mg/kg/day) was obtained for SRT501 when tested in a four-week toxicity 
study in the rat (Elliott et al. 2009).  

                                                 
8 Acute toxicity refers to adverse effects observed following administration of a single dose of a substance, or 
multiple doses given within a short period (approximately 24 hours). Endpoints captured in acute toxicity studies 
usually include mortality and gross clinical observations. Acute toxicity data are usually superseded by data 
obtained from longer term toxicity studies. 
9 Repeated-dose toxicity studies consist of in vivo animal studies that seek to evaluate the toxicity of the test 
substance by observing the changes that emerge in clinical observations, clinical chemistry, gross pathology, and 
histology endpoints when the test substance is repetitively administered daily for a predetermined period of time. 
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Resveratrol was tested in the dog in a four week oral gavage study where the kidney seemed to 
be the target organ of toxicity (NOAEL of 300 mg/kg/day).  Findings included hydronephrosis 
and urothelial hyperplasia (Edwards et al. 2011).  A separate 28-day study was conducted with 
SRT501 which reported a similar NOAEL of 300 mg/kg/day; however, the study did not offer 
more details regarding target organ toxicities (Elliott et al., 2009).    

 
In a four-week oral gavage study of SRT501 conducted in rabbits, a number of toxicities were 
reported. These include body weight loss at the highest dose (750 mg/kg/day) in both sexes 
(animals had to be terminated prematurely) and clinical abnormalities (increases in total 
bilirubin, urea nitrogen, and urine and stool abnormalities). The kidney was identified as the 
target organ of toxicity where increases in kidney weights and renal lesions were seen in males 
treated with 750 mg/kg/day and in females treated with ≥500 mg/kg/day. All treatment-related 
histopathological findings in the kidneys were reversed following the four-week recovery period.  
Based on the renal findings, a NOAEL of 500 mg/kg/day was obtained in males and 250 
mg/kg/day in females under the conditions of this study (Elliott et al. 2009).   
 
In a 13-week study followed by a four-week recovery period, Wistar rats were fed a diet 
containing trans-resveratrol (Resvida) at 120, 300 and 750 mg/kg BW/day. No adverse effects 
were reported for clinical signs, ophthalmoscopic analysis, clinical pathology, hematology or 
gross pathology up to the highest dose tested of 750 mg/kg BW/day under the conditions of this 
study.  One male treated with 750 mg/kg BW resveratrol died on day 30 of the study; the cause 
of death was unknown. Adverse effects seen among treated rats included a decrease in food 
consumption and body weights among rats treated with ≥300 mg/kg BW/day, which was 
attributed to a palatability effect of the formulation.  Histopathological findings observed among 
rats in the recovery period included a case of mammary gland fibroadenoma in a female treated 
with 750 mg/kg BW/day and an increase in the number of cases of corticomedullary tubular 
basophilia among females treated with 750 mg/kg BW/day (seen in 3 animals compared to 1 in 
control recovery groups).  However, this latter finding was also seen among control males and 
was attributed by the authors to a background pathology finding.  A NOAEL of 300 mg/kg 
BW/day was obtained for this study (Williams et al. 2009).   

 
Data presented in an abstract by McCormick et al. (2008) reported the results of a 13 week daily 
oral gavage study in rats where resveratrol was administered at 200, 400, and 1000 mg/kg/day. A 
NOAEL of 200 mg/kg BW was established for the study. No details on the target organ toxicity 
were provided.  
 
The difference in NOAEL values reported by different laboratories in the repeat dose toxicity 
studies [See table 2 below from (Edwards et al. 2011)] could be attributed to the species used 
(Sprague vs. Wistar) or route of administration (gavage vs. dietary feed), but seems to be most 
likely due to the difference in quality attributes such as pharmacokinetic (PK) profiles of each of 
the formulations used (e.g., SRT501, Resvida, or other formulations).    
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Chronic toxicity studies were conducted in rats and rabbits. In rats, a 6-month study was 
conducted using the oral gavage route of administration for SRT501. A 6-month treatment period 
of SRT501 in rabbits (100, 300, and 500 mg/kg) did not have morbidities or clinical observations 
except for some slight changes in clinical chemistry (increases in total protein, albumin, GGT, 
globulin, glucose, urea nitrogen, indirect bilirubin and calcium, and decreases in potassium in 
animals treated with 500 mg/kg), none of which was present in the recovery animals. A NOAEL 
of 500 mg/kg10 was established for this study, which is consistent with the results of the four 
week study above for males (Elliott et al. 2009).  A comparison between the results of the four 
week studies to those obtained from the 6-month studies (refer to table 3 below) indicates that 
the severity of toxicity did not increase with increased duration of exposure, as shown by the 
NOAEL values, indicating that the effect of resveratrol occurs within a short period of exposure 
but does not increase in severity over time. The significance of these findings to human safety is 
unknown.  
 

 
   

                                                 
10 Female rabbits in the 4-week study showed renal lesions, but these were not seen in the 6-month study. 
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e. Genotoxicity11  
Trans-resveratrol (Resvida) was found to be non-mutagenic in a bacterial reverse mutation assay 
in Salmonella typhimurium and Escherichia coli (Ames assay) in the presence and absence of 
metabolic activation.  While Resvida exhibited clastogenic activity in a chromosomal aberration 
test in human lymphocytes (both in the presence or absence of metabolic activation), no 
genotoxic activity was observed in the in vivo bone marrow micronucleus test in rats (Williams 
et al. 2009).   
 
In a separate study, the Ames assay results were confirmed to be negative in the presence and 
absence of metabolic activation.  Using a Chinese hamster lung cell line, trans-resveratrol caused 
cytotoxicity when evaluated at the 24 and 48 hours treatment groups (cell death was seen in all 
dose groups starting at 2.5 μg/mL but incidence increased with increased doses). Trans-
resveratrol induced structural chromosomal aberrations (mainly chromatid breaks and 
exchanges) as well as aneuploidy (micronuclei (MN), polynuclei and karyorrhectic (PN)) in a 
dose-dependent manner starting at 10 μg/mL (doses tested 2.5-20 μg/mL) at the 48 and 54-hour 
treatment periods.  Sister chromatid exchanges were seen in all doses and their numbers 
increased in a dose-dependent manner at all concentrations tested (2.5- 10 μg/mL). Cell cycle 
analysis showed that trans-resveratrol caused S phase arrest and induced apoptosis after a 48-
hour treatment (Matsuoka et al. 2001).  
 
SRT501 was found to be negative in the Ames test and in the mouse lymphoma and mammalian 
micronucleus tests (Elliott et al. 2009).  
 

f. Developmental and reproductive toxicity 12  

Based on its structure, which is similar to diethylstilbestrol, resveratrol was investigated for its 
role as a potential estrogen receptor (ER) agonist.  In vitro studies show that resveratrol can bind 
to ER and induce expression of ER responsive genes at concentrations of 3-10 μM. Resveratrol 
was able to competitively reduce binding of estradiol to ER in MCF-7 cells.  However, in vivo 
studies did not show an effect on the growth and differentiation of uteri of growing rats, nor was 
there an association between resveratrol use and adverse effects on the radial bone growth, serum 
cholesterol levels, or animal body weight at doses ranging from 1 to 100𝜇𝜇g/day (Gambini et al. 
2015). 
 

                                                 
11 The genotoxicity assessment battery usually consists of a gene mutagenicity assay (for single dose trials) and a 
variety of clastogenicity/genotoxicity assays. To support multiple dose administration in humans, additional 
genotoxicity testing assessment is usually conducted to detect chromosomal damage in mammalian systems. 
12 Developmental and reproductive toxicity studies are usually designed to assess the potential adverse effects in 
humans of both sexes and include females from various age groups that will be exposed to the proposed substance.  
Developmental toxicity or teratogenicity refers to adverse effects (can include embryo-fetal mortality, structural 
abnormalities, functional impairment, or alterations to growth) and can occur in pups either as a result of the 
exposure of their parents to the substance, prior to the pups’ birth, or by direct exposure of the pups to the substance 
after birth. 
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In developing white Leghorn chick embryos, resveratrol (1, 10, 25, 50, and 100 μg/disk, 
equivalent to 0.004, 0.044, 0.11, 0.22, and 0.438 μmol/disk) incubated for 48-72 hours induced 
vascular zones in the developing chorioallantoic membrane (Haneke 2002). 

No adverse effects were noted when resveratrol was tested for alterations in estrous cyclicity or 
sperm parameters (sperm number, motility, or morphology) (Williams et al. 2009).  

In an embryo–fetal toxicity study where pregnant rats were exposed up to 750 mg/kg BW/day 
resveratrol on gestation days (GD) 5-20, Resvida did not induce any adverse reproductive or 
fetal effects. A NOAEL of 750 mg/kg BW/day was established for maternal and developmental 
toxicity under the conditions of the study.  

A separate embryo–fetal toxicity study was conducted in rats where dams were exposed to 
SRT501 via oral gavage at 300, 1000, and 3000 mg/kg BW on GD 7-17. Findings in the dams 
included adverse clinical conditions (not specified). No adverse effects were noted in the fetuses 
at any of the doses used under the conditions of this study. A maternal NOAEL of 300 mg/kg 
BW and a developmental NOAEL of 1000 mg/kg BW were obtained for this study (Elliott et al. 
2009).   

g. Carcinogenicity13  

A number of studies have reported on the potential role of resveratrol in reducing the incidence 
of tumor initiation, promotion, and progression in skin and breast cancer cell lines [Reviewed in 
(Tome-Carneiro et al. 2013)]. The mechanism of action cited is via the blockade of mitotic signal 
transduction and removal of reactive oxygen species by resveratrol (Lin and Tsai 1999).  
 
A six-month study was conducted in p53(±) mice to evaluate the possible carcinogenicity of 
trans-resveratrol.  p53(±) mice (25/sex/group) received daily gavage exposure to vehicle only 
(negative control), resveratrol at doses of 1000, 2000, or 4000 mg/kg/day, or p-cresidine (400 
mg/kg/day; a positive control which has been shown to increase incidence of urinary bladder 
cancer).  Early deaths were noted around week 2 (high dose treated males) and around week 5 
(mid dose treated) males. As a result, the treatment in the high dose group was reduced from 
4000 mg/kg/day to 3000 mg/kg/day at the end of week 4 of the study until the end of the study. 
A similar pattern of mortality was seen among treated females but at a lower incidence.  At the 
end of the 25 week exposure period, survival was noted to be ~ 20% in HD-treated mice and 
~60% in MD-treated mice. No deaths were seen either in the low dose group, positive or 
negative control14 animals. All mortality cases seen were associated with impaction and 
accumulation of resveratrol in the gastrointestinal tract.   Resveratrol had no effect on body 
weight, food consumption, or clinical signs among surviving mice in any dose group. Findings 
were limited to dose-related increases in liver weight (absolute and relative weight in middle and 
high dose groups in both sexes) and serum cholesterol in both sexes but without associated 
histopathological changes in the liver of treated mice. Mild anemia was seen in male mice at the 
                                                 
13 Studies that assess cancer risk in animals are used as predictive tools to evaluate the potential for drugs to result in 
tumors when used by humans on a chronic basis.  Carcinogenicity studies are conducted if the clinical use is 
expected to be continuous for a minimum of 6 months of life, or if intermittent clinical use is expected to total 6 
months or more of life. 
14 Survival was 96% in negative control males and 100% in negative control females. Survival was 100% for the 
positive control group of both sexes.  
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high dose treatment group only. No hematologic effects were seen in treated females.  
Histopathology findings included the kidney (hydronephrosis) and urinary bladder (epithelial 
hyperplasia) as target tissues for resveratrol toxicity.  Resveratrol was not associated with an 
increase in either benign or malignant tumors among treated mice when compared to vehicle 
controls (Horn et al. 2007).  The renal and urinary bladder toxicity of resveratrol identified in the 
present study is consistent with the findings of Crowell et al. (2004) where the kidney and 
bladder were identified as target organs of resveratrol’s toxicity in the 4-week toxicity study.   
No full term (2 year rodent) carcinogenicity studies were found in the literature for resveratrol.  
 
 
Conclusions:  Resveratrol has been reported to have antioxidant and anti-inflammatory 
properties and has been studied in various nonclinical models (in vitro, in vivo) as a potential 
therapeutic agent for various diseases. Nonclinical studies have reported an association between 
resveratrol use and improvement in insulin sensitivity in diabetic models where reduced levels in 
creatinine and urea clearance, proteinuria, and decreased oxidative stress have been reported.  
Functional changes include improved glucose tolerance and insulin sensitivity, both of which 
play a role in diabetes-associated sequelae such as atherosclerosis, vascular dysfunction, as well 
as decline in motor activity, and renal dysfunction.  Animal models of neuropathic pain and 
inflammation point to a role of resveratrol in reducing the harmful effects induced by pain.  
Resveratrol was non-irritating to skin and eyes and was non-sensitizing.  While no toxicities 
were reported for one of the trans-resveratrol formulations (Resvida), the kidney seems to be a 
consistent target organ in several species (mice, rat, dog, and rabbit) as was reported in the 4-
week, 13-week and 6-month toxicity studies (for SRT501 and other formulations).  However, 
renal effects did not increase in severity in the 6-month studies when compared to the 4- and 13-
week studies and adverse effects were reversible after a drug-free recovery period.  

Resveratrol was negative in the Ames assay in the presence and absence of metabolic activation 
and was not genotoxic in the in vivo bone marrow micronucleus test in rats.  However, a positive 
clastogenic activity was seen for resveratrol in the chromosomal aberration test using human 
lymphocytes (both in the presence or absence of metabolic activation).  

Although resveratrol shows estrogenic activity in vitro, no effects were seen in an in vivo model 
of juvenile rats. Resveratrol did not have an effect on estrous cyclicity or sperm parameters 
(sperm number, motility, or morphology) and was negative in an embryo–fetal toxicity study in 
rats.  

Resveratrol was not associated with an increase in either benign or malignant tumors in a 6-
month transgenic mouse model study (p53 homozygous mice). No other carcinogenicity 
bioassays have been conducted with resveratrol.   

  

2. Human safety 
The following databases were consulted in the preparation of this section: PubMed, EMBASE, 
Google Scholar, ClinicalTrials.gov, ToxNet, and Google. 

A search of clinicaltrials.gov on September 13, 2017, identified 130 clinical trials with oral 
resveratrol.  There were no studies involving topical/dermal application.  There are a broad 
variety of diseases evaluated in the trials, which are listed in Appendix #2.  Despite the extensive 
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number of trials included in clinicaltrials.gov, there is minimal clinical data reported in the 
literature that includes outcome measures or efficacy data.  Most studies are small and either not 
controlled or open label when a control was included.  When provided, most studies used a 
dietary supplement form of resveratrol rather than a specific compounded product.  

a. Reported adverse reactions (FAERS, CAERS) 

FAERS: 
The FDA Adverse Event Reporting System (FAERS)15 database was searched on August 9, 
2017, for all adverse events reported for resveratrol during the time period 01/01/2000 to 
8/9/2017.   The FAERS search retrieved seven cases for resveratrol. None of these cases 
described the use of resveratrol as part of a compounded product. The seven cases reported 
gynecomastia (1), decreased effectiveness of an Aleve® transcutaneous electrical nerve 
stimulation (1), unspecified “sick feeling” (1), interstitial nephritis and persistent vomiting and 
diarrhea leading to acute pre-renal failure (1), Hodgkin’s lymphoma (1), multiple myeloma (1), 
and depression (1) during the use of resveratrol. For most of the cases, there were multiple 
concomitant medications. Four of the seven cases were assessed as unlikely to be related to 
resveratrol because of concomitant therapies or underlying disease states provided a more likely 
explanation. The remaining three cases did not provide adequate details for causality assessment.  
The case of gynecomastia involved a 15 year old male who was being treated with risperidone. 
He was also ingesting resveratrol four times a day (dose unknown). Risperidone can cause 
gynecomastia but the temporal relationship was not provided for the use of resveratrol and the 
development of gynecomastia. This missing information is relevant because risperidone is 
metabolized by CYP2C9 and resveratrol has been shown to inhibit CYP2C9.  This drug 
interaction may have prolonged the elimination of risperidone and led to higher exposure which 
could have contributed to this adverse event. 

CAERS: 
The Center for Food Safety and Nutrition (CFSAN) collects reports of adverse events involving 
food, cosmetics, and dietary supplements in the CFSAN Adverse Event Reporting System 
(CAERS).  A search of CAERS was conducted for adverse events associated with resveratrol on 
August 17, 2017.  There are 377 reports identified.  In most cases, multiple dietary supplements 
were being ingested. It was not unusual for individuals to be ingesting more than 50 ingredients.  
Because of this, it is difficult to attribute any of the adverse events to resveratrol.  There are 
however some cases that are suggestive that resveratrol may be responsible.   

• A male patient (age unknown) treated with Coumadin developed an increased 
International Normalized Ratio (INR) of 18 nineteen days after starting resveratrol (dose 
unknown).  The patient was treated in the emergency room with fresh frozen plasma.   

• A male patient (age unknown) had “elevated liver enzymes” that “came back down to 
normal” only after stopping resveratrol (dose unknown).   

• A 62 year old female was taking 1000 mg resveratrol at bedtime for two months when 
she purchased a product containing 1400 mg resveratrol.  When she took the higher 

                                                 
15 The FDA Adverse Event Reporting System (FAERS) is a database that contains information on adverse event and 
medication error reports submitted to FDA. The database is designed to support the FDA's post-marketing safety 
surveillance program for drug and therapeutic biologic products. 
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strength product, she developed a severe dry mouth and throat that lasted several hours 
and then resolved.  She repeated a dose the next night and the same symptoms occurred.  
She did not have these symptoms with her other supplements and she was planning to 
take a lower dose of resveratrol.  

 
b.   Clinical trials assessing safety 

Many of the trials evaluating resveratrol are primarily mechanistic studies of short duration and 
some do not report on the occurrence of adverse effects.  As such it is not clear whether an 
adverse event occurred and was just not reported in the reference. The studies ranged in dose 
from less than 1 mg per day to five grams per day.  In a review of resveratrol, a summary of 
adverse events with resveratrol in clinical trials is provided.  Studies ranging in size from 8 to 25 
subjects in which daily doses from less than 1 mg to 500 mg per day was administered over a 
period of 4 days to one year (8 mg to 16 mg for one year study) had few side effects that were 
not believed to be due to resveratrol. In studies ranging in size from 8 to 40 subjects where 1 
gram to 5 grams were administered over 8 days to 1 month, the adverse events were 
predominately gastrointestinal and included mild to moderate diarrhea, abdominal pain, 
flatulence, nausea, and heartburn.  In many of these studies, metabolic and hematologic 
parameters were measured and found to be normal.  There were occasional elevations of 
bilirubin noted (Cottart et al. 2014).  A search for resveratrol human clinical trials in PUBMed 
yielded 140 citations.  A complete assessment of all of these citations is outside the realm of this 
review.  We have identified some studies that warrant mention for the possibility of adverse 
events in specific populations. 

In a phase 2 study of twenty four multiple myeloma patients with relapsed disease, resveratrol 
(SRT501) five grams per day was administered for twenty days of a twenty-one day cycle (Popat 
et al. 2013).  After two cycles, those with stable disease or improvement were continued on 
resveratrol for an additional two cycles, while those with progressive disease had bortezomib 
added.  The most common adverse events included nausea (79%), diarrhea (71%), vomiting 
(54%), fatigue (46%), and renal failure (21%). Fifteen of twenty-four patients treated with 
resveratrol monotherapy were withdrawn from treatment.  Ten of fifteen were withdrawn 
because of adverse events.  An unexpected early finding was renal failure in five patients.  Renal 
failure occurred within the first two cycles of SRT501 monotherapy. Recruitment was stopped 
after the fifth case of renal failure.  Renal biopsy was performed in two patients and one showed 
acute tubular injury with no casts.  The other patient’s biopsy showed cast nephropathy.  The 
authors speculated that the nausea and vomiting may have led to dehydration and to renal failure. 
Without evidence of efficacy, the authors felt that the safety profile may not be acceptable in 
multiple myeloma patients.   
 
In a study of patients with nonalcoholic fatty liver disease (NAFLD), ten patients received three 
grams of resveratrol per day and another ten received placebo for eight weeks.  Increased 
frequency of loose stools occurred in 80% of the resveratrol and 20% of the placebo patients.  
The authors reported that alanine and aspartate aminotransferase increased significantly at week 
six in the resveratrol group compared to the placebo group.  The highest individual values for a 
patient were approximately double the upper limit of normal.  The authors characterized this as a 
concern in need of further investigation (Chachay et al. 2014). 
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In vivo animal and ex vivo evidence suggests that resveratrol inhibits platelet adhesion, platelet 
secretion and platelet aggregation (Das et al. 2011; Phang et al. 2011; Vilahur and Badimon 
2013), which may lead to an increased bleeding time (Natural Medicines Comprehensive 
Database 2015).  However, no clinical literature that we identified has reported the effects of 
resveratrol in individuals with bleeding disorders.      
 
Resveratrol is structurally similar to diethylstilbestrol16.  Resveratrol was shown to be a 
phytoestrogen that exhibited estrogen receptor agonist activity in various test systems (Gehm et 
al. 1997).   Some organizations17 recommend that resveratrol supplementation should be avoided 
in women with hormone sensitive conditions such as breast cancer, uterine cancer, ovarian 
cancer, endometriosis, and uterine fibroids. 
 

c. Published case reports 

We did not locate any case reports that specifically addressed adverse events reported with 
resveratrol use. 

d. Pharmacokinetic Data  

Resveratrol is found in grape skin (20–100 μg of resveratrol per gram of dry grape skin, 
depending on the grape variety), is immediately metabolized, and is barely detected at systemic 
levels (Baur and Sinclair 2006) after oral consumption.  At doses similar to those achievable 
through normal diet, resveratrol levels in plasma are either not detectable or below the 
micromolar range (Boocock et al. 2007b; Almeida et al. 2009).  A recent study reports that 
resveratrol is quickly metabolized in human colorectal cells into stable sulfate-conjugated forms, 
which would then gradually regenerate into the parental compound, providing the beneficial 
effects in vivo (Patel et al. 2013).  
 
The pharmacokinetics of resveratrol has been evaluated in numerous studies at doses of 25 mg or 
greater as single or multiple doses primarily as the trans form of resveratrol.  To put this into 
perspective, a liter of red wine generally contains less than 10 mg of resveratrol so these doses 
are much higher than the exposure from wine.  The longest multi-dose pharmacokinetic study 
was three days.  Resveratrol is characterized as being highly absorbed but having low absolute 
bioavailability after oral administration because of extensive first pass metabolism and possibly 
metabolism by gut bacteria.  The metabolites are primarily glucuronide and sulphate (sulfate) 
conjugates that achieve blood concentrations up to twenty fold greater than resveratrol 
concentrations.  There is no evidence that these metabolites are active.  However, some 
researchers have speculated, without evidence, that the glucuronide metabolites may undergo 
metabolism either systemically or locally by β-glucuronidase in the body to form trans-
resveratrol (Almeida et al. 2009).   The blood levels achieved even with the highest dose of 

                                                 
16 Diethylstilbestrol (DES) was a drug associated with increased risk of clear cell adenocarcinoma of the lower 
genital tract in the daughters of women who took the drug during pregnancy.  Approximately 1 in 1000 DES 
daughters developed this tumor.  Source:   https://www.cancer.gov/about-cancer/causes-
prevention/risk/hormones/des-fact-sheet   
 
17 Susan G. Komen Foundation at https://ww5.komen.org/BreastCancer/Resveratrol html   
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resveratrol are much less than the concentrations used in vitro and ex vivo studies to elicit a 
biologic effect. The volume of distribution of resveratrol is approximately 1.8 L/kg.    
 
In a PK study, six subjects received an oral dose of 14C-resveratrol 25 mg.  Five of these subjects 
also received an intravenous dose of 14C-resveratrol 0.2 mg at least one week between the oral 
dosing.  Serial blood samples and urine samples were collected for 72 hours after dosing.  Total 
radioactivity was measured and represented resveratrol and metabolites. Five metabolites were 
detected in the plasma and urine (glucuronides and sulfate).  After oral dosing, attempts to 
measure resveratrol were difficult and only trace amounts could be detected (< 5.0 ng/mL).  
Based on the urine excretion data, the absorption of resveratrol is approximately 70% but the 
failure to measure resveratrol in the plasma after oral administration suggests that it is 
metabolized quickly.  A sulfate conjugate appeared rapidly within the first 2 hours after 
intravenous administration and may be the limiting factor in the bioavailability of resveratrol. 
(Walle et al. 2004). 
 
A single dose PK study enrolled forty subjects to ingest a single dose of resveratrol 0.5, 1.0, 2.5, 
or 5.0 grams (N=10 for each dose group).  Blood, urine, and feces samples were collected for 24 
hours.  The study measured resveratrol and six conjugated metabolites by HPLC and mass 
spectrometry.  Resveratrol is rapidly absorbed and yielded a Cmax ranging from 73 to 539 ng/ml 
(0.3 – 2.4 umol/L) within 0.8 to 1.5 hours post dose.  The six metabolites were described as two 
monosulfates, one disulfate, two monoglucuronides and one glucuronide-sulfate.  Resveratrol 3-
sulfate was the most abundant metabolite in the plasma with the AUC approximately twenty fold 
greater than resveratrol.  The glucuronides AUC in plasma was four to six fold greater than 
resveratrol. The elimination half-life of resveratrol ranged from approximately three to eight 
hours.   Appendix #3 shows the PK data for resveratrol and three of the metabolites (Boocock et 
al. 2007a).  The authors also noted that mechanistic cancer chemoprevention experiments 
suggest that a concentration of at least 5 umol/L (1140 ng/ml) resveratrol is necessary to have a 
pharmacologic effect.  This plasma level is not achieved in this study but it does not rule out the 
possibility that tissue concentrations may be higher or that some metabolites may be active.  
Further study is needed. 
 
In a multi-dose PK study, trans-resveratrol was administered to four groups of ten healthy 
subjects (5 males, 5 females) in doses of 25 mg, 50 mg, 100 mg, and 150 mg every 4 hours for 
thirteen doses.  Pharmacokinetic parameters of trans-resveratrol were calculated after the first 
and thirteenth dose.  The Cmax ranged from 1.48 ng/ml to 24.8 ng/ml after the first dose and 
from 6.9 ng/ml to 63.8 ng/ml after the thirteenth dose.  The increase in Cmax and AUC was 
more than dose proportional.  The Tmax ranged from 0.8 to 1.5 hours (Almeida et al. 2009).   
The PK parameters for each dose regimen and the relationship between the systemic exposures 
and increasing dose can be found in tables in Appendix #4. 
 
A PK trial (Nunes et al. 2009) enrolled twelve subjects to receive a single dose of trans-
resveratrol 200 mg on day 1.  On day 2, each received a 200 mg dose followed by 200 mg doses 
every 8 hours for a total of seven doses from day 2 to 4 (8 total doses from day 1 – 4).  Blood 
was collected over 24 hours on day 1 and day 4, otherwise it was obtained prior to dosing for 
doses 2 through 8.  The subjects were characterized as six young (age range 20 – 40 years) and 
six elderly (age > 65 years of age) subjects.  Doses were administered under fasting conditions.  
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There were no significant differences in the PK parameters of trans-resveratrol between young 
versus elderly and male versus female subjects.  The elimination half-life after multiple doses 
ranged from 2.5 to 4.7 hours.  The Cmax after multiple doses ranged from 27.1 to 34.5 ng/mL.  
The authors noted that the plasma Cmax was well below the concentration of trans-resveratrol 
shown to have biologic activity in vitro (> 1000 ng/mL). Appendix #5 shows the PK results for 
the study.  
 
Resveratrol (500 ug of resveratrol in 10 ul/cm2) was topically applied to the ventral forearms of 
six women with no dermatological diseases.  Skin penetration was evaluated using the tape 
stripping method18  and HPLC to measure resveratrol levels.  The mean resveratrol recovery 
after 10 strips was 4.27 + 3.35%.  There was high variability.  Most of the resveratrol remained 
mainly in the stratum corneum layers. This method is not able to evaluate penetration into the 
dermis where the blood vessels and nerves are located (Alonso et al. 2017).   
 
The glucuronide and sulfate conjugates of dihydroresveratrol may comprise a substantial fraction 
of the resveratrol metabolites.  Dihydrororesveratrol has been identified in incubates of 
resveratrol with mammalian fecal bacterial species, suggesting that resveratrol is metabolized by 
human gut bacteria with the metabolites being absorbed into the circulation. The activity of these 
metabolites requires further study.  The volume of distribution of resveratrol was 1.8 L/kg.  
Tissue accumulation has been observed in rats, particularly in the liver and kidney, and in mice 
(intestinal tissue).  Further study for tissue accumulation in humans is needed.  Resveratrol 
analogs have been developed to attempt to improve bioavailability.  Resveratrol exists in nature 
in the cis and trans form.  The disposition and metabolism of each isomer needs additional study 
(Walle 2011).  
 
Resveratrol administered as 1 gram per day orally for 4 weeks in healthy subjects suggested 
inhibition of cytochrome (CYP) enzymes 3A4, 2D6, and 2C9.  For drugs metabolized by these 
enzymes, this could lead to higher levels of the drug and may contribute to adverse events.  The 
study also suggested that CYP1A2 is mildly induced with 1 gram per day.  In vitro studies of 
CYP1A2, however, suggest mild inhibition (Chow et al. 2010).  In a review of resveratrol drug 
interaction potential (Detampel et al. 2012), the following observations were summarized. 
 

• In vitro studies showed inhibition of cyclosporine (IC50 4.5 uM) and testosterone (IC50 
1.4 uM). It is believed that inhibition is irreversible and is the result of direct inhibition of 
enzyme activity rather than an effect on gene expression. 

• There is evidence that resveratrol is a weak substrate for CYP2A4 but no metabolite has 
been identified. 

• Resveratrol-3-sulfate, a major metabolite of resveratrol, has been shown in some models 
to be a weak inhibitor of CYP2C9 but not in other models.  In vitro testing of resveratrol-
3-sulfate did not show inhibition of CYP1A2, CYP 2C9, CYP 2D6 and CYP 3A4. 

• Resveratrol is a weak, noncompetitive inhibitor of CYP2E1 in liver microsomes (IC50 
150 uM). 

                                                 
18 Tape stripping of the outermost layers of the skin (stratum corneum, SC), is a minimally invasive method which 
can yield the concentration profiles of topically applied compounds in vivo by analysis of the tape strips with HPLC. 
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• In a human recombinant CYP1B1 preparation, resveratrol is metabolized to piceatannol19 
and a second tetrahydroxystilbene. 

• Resveratrol does not inhibit phase II conjugating enzymes. 
• Red wine extract may have an inhibitory effect to intestinal CYP3A4 similar to grapefruit 

juice.  The amount of resveratrol in red wine is variable with most being less than 10 mg 
per liter but levels as high as 14 mg per liter have been found in some red wines.  White 
wines generally have less than 2 mg per liter.  Oral consumption of resveratrol in dietary 
supplements is much greater and leads to greater concentrations in the gastrointestinal 
tract which could inhibit intestinal CYP3A4. 

 

Because of the low bioavailability of resveratrol, there is ongoing research utilizing various 
mechanisms to improve bioavailability (Amri et al. 2012; Smoliga and Blanchard 2014).  These 
include: 

• Creating different formulations such as micronized forms or using liposomes to deliver 
the drug; 

• Administering other polyphenols with resveratrol that will compete with phase II 
enzymes that metabolize resveratrol; and 

• Developing resveratrol prodrugs. 
 

e. Availability of alternative approved therapies that may be as safe or safer 

For impaired glucose tolerance, the mainstay of treatment is an intensive behavioral life-style 
intervention program to achieve and maintain at least a 7% weight loss during the first 6 months 
of intervention and increase physical activity to at least 150 minutes per week.  Weight loss is 
achieved by reduced calorie intake but it is also important to be selective in the food eaten.  The 
quality of fats consumed can be more important than the total quantity.  Metformin may be 
considered in patients whose body mass index is greater than 35 kg/m2, are less than 60 years of 
age, in women with prior gestational diabetes, and in patients whose A1C continues to rise 
despite lifestyle changes (American Diabetes Association 2017).  Metformin is not approved for 
this indication in the FDA label.  
 
There are many oral and topical drugs approved for pain.  Some of the drugs used for pain relief 
can cause serious adverse events.  For example, nonsteroidal anti-inflammatory drugs can cause 
gastrointestinal bleeding.  Narcotic analgesics can cause respiratory depression and result in 
dependence. Resveratrol causes gastrointestinal symptoms and may present other risks in 
specific populations such as renal failure in multiple myeloma patients, liver toxicity in patients 
with NAFLD and act as a phytoestrogen in patients with certain cancers.  
 
Conclusions: Published clinical trials report primarily gastrointestinal related adverse events 
associated with resveratrol; these included mild to moderate diarrhea, abdominal pain, flatulence, 
nausea, and heartburn.  In a phase 2 study in myeloma patients, the use of resveratrol was 
associated with an increase in a number of adverse events which included nausea, diarrhea, 

                                                 
19 Piceatannol is a stilbene also found in various plants, including grapes, and is thought to have anti-cancer 
properties. 
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vomiting, fatigue, and renal failure. Resveratrol is associated with inhibition of several CYP 
enzymes which may lead to drug interactions.  

B. Are there concerns about whether a substance is effective for a particular use? 
The following databases were consulted in the preparation of this section: PubMed, EMBASE, 
Google Scholar, ClinicalTrials.gov, ToxNet, and Google. 

1. Reports of trials, clinical evidence, and anecdotal reports of effectiveness, or lack of 
effectiveness, of the bulk drug substance 

 
Impaired glucose tolerance 
 
Impaired glucose tolerance is not a recognized disease.  It is a risk marker for future diabetes.  
Delaying the onset of diabetes has not been shown to offer any microvascular or macrovascular 
benefits to patients in long term randomized controlled trials.  Subjects would therefore be 
exposed to risks for at this point no tangible medical benefits.  We do not regard delaying the 
time to a biochemical diagnosis (i.e., diabetes) to be a clinical benefit.   
 
Only one clinical trial was identified where resveratrol was studied in patients with impaired 
glucose tolerance (Crandall et al. 2012).  Ten older (> 64 years of age) patients with impaired 
glucose tolerance were enrolled in a 4 week open label study with total daily doses of resveratrol 
of 1.0, 1.5, or 2.0 grams of resveratrol in divided doses.  The study was conducted in the United 
States at a single institution.  Adults with a glucose tolerance test with fasting plasma glucose 
less than 126 mg/dl and 2-hour glucose of greater than 139 mg/dl were eligible.  A standard meal 
was provided prior to the first dose and last dose and blood samples were collected to measure 
blood levels and perform testing.  The following tests were conducted before the first dose and 
after the last dose:  insulin sensitivity (HOMA-IR20 and Matsuda Index), insulin secretion (using 
the corrected insulin response at 30 minutes), β-Cell function (oral disposition index), percent 
body fat, and insulin and glucose area under the curve (AUC).  The results of the study included: 

• The fasting blood sugar was unchanged 
• The peak post-meal glucose and 3-hour glucose AUC decreased (195 vs 166 mg/dl and 

469 vs. 428, respectively) 
• Post meal insulin decreased by 18% 
• Insulin sensitivity improved by the Matsuda index (3.1 vs 3.8) and not significantly with 

the HOMA-IR (3.6 vs. 3.3). 
• Insulin secretion and disposition index did not change significantly 

The authors noted that the open label design and small number of subjects did not exclude the 
possibility of subtle changes in diet and exercise accounting for the observations.  
 
Pain 
 
We did not identify any clinical trials, either by oral or topical routes of administration, for the 
treatment of pain using resveratrol alone.  Resveratrol appears to have some anti-inflammatory 

                                                 
20 Homeostatic model assessment (HOMA) is a method for evaluating β-cell function (β) and insulin resistance (IR).  
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effects in in vitro and in vivo animal models. We did not identify any clinical trials evaluating 
the use of resveratrol to treat the pain associated with arthritis. 
  
There was one open label study in 12 women with endometriosis pain where resveratrol was 
added to contraceptive therapy (Maia et al. 2012).  The study was conducted in an office practice 
in Brazil.  The twelve women were treated initially with drospirenone (3 mg) and 
ethinylestradiol (30 ug) for endometriosis related dysmenorrhea and pelvic pain; resveratrol 30 
mg orally was added after 6 months of use because the patients were not completely pain free.  
The pain was graded at baseline, after 6 months of drospirenone/ethinylestradiol treatment and 
after the addition of resveratrol to contraceptive treatment.  The women achieved significant 
relief with the contraceptive alone with the pain scores decreasing from a mean of 3 to 2.1 
(categorical rating scale of 0 – 3).21  After resveratrol + contraceptive treatment for 2 months, the 
pain scores decreased significantly from 2.1 to 0.2.  This is a small, open label, uncontrolled 
study.  A randomized and blinded placebo controlled trial using validated measures to assess 
pain would be necessary to demonstrate a clinically significant effect on the treatment of pain.   
 

2. Whether the product compounded with this bulk drug substance is intended to be used 
in a serious or life-threatening disease  

Impaired glucose tolerance is not a recognized disease.  However, patients with this risk factor 
may develop diabetes mellitus, which is a serious disease. 

Pain can vary in severity from mild to severe.  Patients with serious illnesses (e.g., cancer, severe 
injury, post-surgery, or infection) may have intolerable pain, which is a serious condition.  

 
3. Whether there are any alternative approved therapies that may be as effective or 

more effective 

As stated above, for impaired glucose tolerance, the mainstay of treatment is an intensive 
behavioral life-style intervention program to achieve and maintain at least a 7% weight loss 
during the first 6 months of intervention and increase physical activity to at least 150 minutes per 
week.  Weight loss is achieved by reduced calorie intake but it is also important to be selective in 
the food eaten.  The quality of fats consumed can be more important than the total quantity.  
Metformin may be considered in patients whose body mass index is greater than 35 kg/m2, are 
less than 60 years of age, in women with prior gestational diabetes and in patients whose A1C 
continues to rise despite lifestyle changes (American Diabetes Association 2017).  Metformin is 
not approved for this indication in the FDA label.  
 
There are many oral and topical drugs approved for pain.  In addition to commonly used oral 
drugs such as nonsteroidal anti-inflammatory drugs and narcotic analgesics, there are drugs 
directed at specific conditions such as gabapentin for the treatment of post-herpetic neuralgia and 
the triptans for the treatment of migraine headaches.  For topical drugs, there are a wide variety 
of ingredients such as local anesthetics (lidocaine, benzocaine, tetracaine), alcohols (benzyl 
alcohol, menthol), ketones (camphor), salicylates, non-steroidal anti-inflammatory drugs 
                                                 
21 0 = absence of pain; 1 = mild pain, some loss of work; 2 = moderate pain, occasional loss of work; 3 = severe 
pain, incapacitated, in bed for one or more days.  
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(diclofenac) and narcotics (fentanyl). 
 

Conclusions:  There are limited clinical data evaluating the benefit of resveratrol in the treatment 
of impaired glucose tolerance and pain.  Although there may be some treatment effect on glucose 
metabolism, the data is not adequate to consider whether there is a clinical benefit from the use 
of resveratrol for the treatment of impaired glucose tolerance. Impaired glucose tolerance is a 
risk marker for future diabetes.  Delaying the onset of diabetes has not been shown to offer any 
microvascular or macrovascular benefits to patients in long term randomized controlled trials.  
Resveratrol has not been adequately studied for the treatment of pain.  

   

D. Has the substance been used historically as a drug in compounding? 
The following databases were consulted in preparation of this section:  PubMed, Natural 
Medicines Comprehensive Database, European Pharmacopoeia, British Pharmacopoeia, 
Japanese Pharmacopoeia, USP/NF, and Google.   
 

1. Length of time the substance has been used in pharmacy compounding 
 
Resveratrol is produced by a wide variety of plants including grapes, mulberry, cranberry, 
blueberry, eucalyptus, spruce, and peanuts in response to stress or injury (Das and Das, 2007).  
Resveratrol was first identified from the roots of white hellebore (Veratrum grandiflorum) in 
1940 (Aggarwal et al. 2004).  Insufficient information is available to determine how long 
resveratrol has been used in pharmacy compounding.   
 

2. The medical condition(s) it has been used to treat 
 
According to the Natural Medicines Comprehensive Database, resveratrol is used orally for 
atherosclerosis, lowering cholesterol levels, increasing HDL cholesterol levels, preventing cancer 
and cardiovascular disease, aging skin, diabetes, metabolic syndrome, non-alcoholic fatty liver 
disease, and to reduce symptoms associated with chronic obstructive pulmonary disease. It is 
used topically for acne and intranasally to reduce the symptoms of allergic rhinitis (Natural 
Medicines Comprehensive Database 2015).   
 
Results from a Google search using the terms resveratrol compounding pharmacy indicate that 
resveratrol is/has been included in combination with other ingredients in compounded topical 
products for “addressing aging skin.”    
 
In addition, the International Journal of Pharmaceutical Compounding recently published a 
recipe for a topical gel-cream consisting of resveratrol, tocopherol acetate, and niacinamide for 
use in “enhancing skin tone and reducing wrinkles” (Loyd 2016). 
    

3. How widespread its use has been  
 
In a comment submitted to the September 6, 2016, Notice in the Federal Register (81 Fed. Reg. 
61255) regarding the “Authorization Request Form and Certification/Letter of Medical Necessity 
for Compounded Drugs” for US Department of Labor injured workers, which would require an 
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injured worker’s treating physician to answer questions about compounded drugs to certify they 
are medically necessary to treat the work-related injury, Congressman Robert C. Scott and 
Congressman Elijah E. Cummings state that “[t]he Postal Inspector General provided data which 
show payments for over 5,000 prescriptions for resveratrol totaling more than $16 million” and 
also note that “resveratrol is a dietary supplement which has been prescribed for use in 
compounded drug creams for back pain” (Scott and Cummings 2016).22 
 

4. Recognition of the substance in other countries or foreign pharmacopeias 
 
A search of the British Pharmacopoeia (BP 2017), the European Pharmacopoeia (9th Edition, 
2017, 9.2), and the Japanese Pharmacopoeia (16th Edition) did not show any monograph listings 
for resveratrol.    
 
On January 12, 2017, trans-resveratrol was granted orphan designation by the European 
Commission to Luis Pereira de Almeida, Portugal, for the treatment of spinocerebellar ataxia 
(European Medicines Agency, 2017).  We note that an orphan designation is not a marketing 
authorization.   A demonstration of quality, safety, and efficacy is necessary before the European 
Medicines Agency will grant a product marketing authorization. 
 
Conclusions:  Based on internet searches and the published literature resveratrol has been used 
topically for various dermatologic conditions and for pain.  Resveratrol is not listed in the 
British, European, or Japanese Pharmacopoeia. 
 
 
III. RECOMMENDATION 
We have balanced the criteria described in section II above to evaluate resveratrol for the 503A 
Bulks List.  After considering the information currently available, a balancing of the criteria 
weighs against resveratrol being placed on that list based on the following:  
 

1. Trans-resveratrol is very stable under ordinary storage conditions when protected from 
light. Resveratrol is easily characterized. 

 
2. The primary adverse events reported in clinical studies are gastrointestinal related and 

appear to increase with increasing dose (especially when greater than 1 gram a day is 
ingested).  Kidney toxicity is a concern in nonclinical studies and possibly in certain 
clinical populations (e.g., multiple myeloma).  Insufficient safety (clinical and 
nonclinical) data exist for resveratrol, particularly its use in impaired glucose tolerance or 
pain.  Due to its phytoestrogen activity, some organizations recommend that resveratrol 
in dietary supplements should be avoided in women with hormone sensitive conditions 
until more information becomes available.  Because resveratrol appears to have an effect 
on certain cytochrome enzymes at doses that are being studied for clinical use (i.e., one 

                                                 
22 The United States Postal Service Office of Inspector General analyzed U.S. Postal Service workers’ compensation 
data for compound drug prescriptions and costs for FYs 2011 through 2015.   
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gram per day and greater), the possibility of drug-drug interactions is a concern and needs 
further exploration.   

 
3. Resveratrol appears to have anti-inflammatory, antioxidant, anti-cancer, and other effects 

in many in vitro, ex vivo, and in vivo models.  Clinical trials for the most part are small, 
of short duration and have few clinical outcome measures that would establish an 
effective dose for any of the many conditions for which it has been studied. The results of 
the clinical trials are inadequate to assess for the efficacy of resveratrol for use in treating 
impaired glucose tolerance and pain.  Resveratrol has poor oral bioavailability because of 
significant metabolism by phase II enzymes.  The primary metabolites are sulfate and 
glucuronide conjugates.  Attempts are being made to improve bioavailability by 
developing unique formulations. The blood levels observed in clinical pharmacokinetic 
studies with oral formulations do not achieve the concentrations that were required to 
elicit biologic activity in in vitro and in vivo studies. Topical pharmacokinetics has not 
been adequately evaluated.  
 

4. Resveratrol was first identified from the roots of white hellebore (Veratrum 
grandiflorum) in 1940.There is insufficient information to determine how long resveratrol 
has been used in pharmacy compounding.  Based on internet searches and the published 
literature, resveratrol has been and is used topically for various dermatologic conditions 
and for pain.   

 
Based on this information the Agency has considered, a balancing of the four evaluation criteria 
weighs against resveratrol being added to the 503A Bulks List. 
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 Appendix #1 [From (Tome-Carneiro et al. 2013)Tome-Carneiro, 2013] 
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Appendix #3.  The Pharmacokinetic Data for Resveratrol and Major Metabolites from 
(Boocock et al. 2007a) 

 
 
 
Concentrations versus Time Curve for Different Doses of Resveratrol and Metabolites 
 

 
Mean plasma concentrations of resveratrol (A), two resveratrol monoglucuronides (B and C), and resveratrol-3-sulfate (D) versus 
time in healthy volunteers who received a single dose of resveratrol at 0.5, 1 , 2.5 , or 5 g .  Points, mean of 10 volunteers per 
dose level. Insets, coefficients of variation. 
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Appendix #4.  Pharmacokinetic Data from (Almeida et al. 2009) 
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Appendix #5.  Pharmacokinetic Parameters from (Nunes et al. 2009) 
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I. INTRODUCTION 
 
The category “drugs manufactured by extrusion or nanotechnology” has been nominated for the 
list of drug products or categories of drug products that present demonstrable difficulties for 
compounding (the Difficult to Compound List) under sections 503A and 503B of the Federal 
Food, Drug, and Cosmetic Act (FD&C Act).  There are a wide variety of drug products that 
contain nanomaterials (D’Mello et al. 2017).  Liposomes, which are often a type of nanomaterial, 
are microvesicles composed of a bilayer and/or a concentric series of multiple bilayers separated 
by aqueous compartments formed by amphipathic molecules such as phospholipids that enclose 
a central aqueous compartment.  In this review, we are evaluating “liposome drug products.”  For 
the purposes of this review, the Food and Drug Administration (FDA or the Agency) defines a 
“liposome drug product” as a drug product in which the active pharmaceutical ingredient is 
contained in liposomes.1  Also for the purposes of this review, this category includes products in 
which the active pharmaceutical ingredient is intended to be contained in liposomes.  For 
liposome drug products, the API can be encapsulated (i.e., within the aqueous core) or 
                                                           
1 See Draft Guidance for Industry. Liposome drug products, chemistry, manufacturing, and controls; human pharmacokinetics and bioavailability; 
and labeling documentation. U.S. Food and Drug Administration (2015).   
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm070570.pdf . In general, FDA’s guidance 
documents do not establish legally enforceable responsibilities.  This draft guidance, when finalized, will represent the Agency’s current thinking 
on this topic.   The information in the draft guidance should be viewed as recommendations, unless specific regulatory or statutory requirements 
are cited.   
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intercalated (i.e., incorporated within bilayer).  It should be noted that some liposome drug 
products contain liposomes that are larger than what would commonly be considered nanoscale.  
For the purposes of this review, the Agency has evaluated all liposome drug products, including 
those containing liposomes that would not fall within what is commonly considered to be the 
nanoscale size range for the Difficult to Compound List.   
 
The Agency has reviewed the information submitted by the nominators and other available 
sources on the formulation, drug release mechanism, dosage form, bioavailability, compounding 
process, and physicochemical and analytical testing of liposome drug products.  For the reasons 
discussed below, we believe liposome drug products should be included on the Difficult to 
Compound List under sections 503A and 503B of the FD&C Act.    
 
II. BACKGROUND 
 

A. An Introduction to Liposome Drug Products 
 

Liposomes are microvesicles composed of a bilayer and/or a concentric series of multiple 
bilayers separated by aqueous compartments formed by amphipathic molecules such as 
phospholipids that enclose a central aqueous compartment.  In a liposome drug product, the API 
is contained in liposomes.2  Since the approval of the first liposome drug product in 1995, FDA 
has approved ten more liposome drug products for a variety of indications, including cancer, 
pain, and infection.  Part of the popularity of using liposomes in [approved] drug products is 
attributed to their versatile nature, as these structures are capable of entrapping both hydrophilic 
(in the inner core) and hydrophobic (in the bilayer) APIs.  Additionally, the liposome surface can 
be modified for longer circulation times and targeted delivery.  A representative schematic of a 
liposome drug product is presented in Figure 1 (Kapoor et al. 2017). 
  
 
 

                                                           
2 See fn 1. 
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throughout this review) in order to clarify statements in the 2002 draft guidance and address 
changes in technology, the addition of BLAs reviewed by CDER, and the addition of ANDAs.3  
In addition, FDA has published product-specific bioequivalence draft guidances for some 
liposome drug products.4  
 
Products that involve the application of nanotechnology are discussed within the Agency’s 
guidance on nanotechnology.5  In this guidance, FDA stated that when considering whether an 
FDA-regulated product involves the application of nanotechnology, FDA will ask:  

 
(1) Whether a material or end product is engineered to have at least one external 
dimension, or an internal or surface structure, in the nanoscale range (approximately 1–
100 nm), and 

 
(2) Whether a material or end product is engineered to exhibit properties or phenomena, 
including physical or chemical properties or biological effects, that are attributable to its 
dimension(s), even if these dimensions fall outside the nanoscale range, up to one 
micrometer (1000 nm). 

 
Note that a liposome drug product does not have to have the dimensions stated above, as it is 
feasible to produce micron-range liposomes.  However, the majority of liposome drug products 
do fall below 1000 nm. 

 
When used in a drug product, liposomes commonly serve as the carrier system of an API to alter 
its biodistribution, the drug product’s exposure-response profile, and the drug product’s 
residence time.  By virtue of API entrapment and liposome surface modification, a drug 
product’s pharmacokinetic profile can be modified for improved drug dissolution, stability, 
deliverability, biodistribution, and bioavailability (Gregoriadis 2016).  Approved liposome drug 
products are administered by intravenous, epidural, or intrathecal injection.  Indications for 
FDA-approved liposome drug products include the treatment of ovarian cancer, certain fungal 
infections, age-related macular degeneration, and pain.  

 
B.  Examples of FDA-Approved Liposome Drug Products  
 

There are 11 FDA-approved drug products containing liposomes, which are listed in Table 1 
(Kapoor et al. 2017).  
 
                                                           
3 See fn 1. 
4 Product-Specific Guidances for Generic Drug Development 
https://www.fda.gov/drugs/guidancecomplianceregulatoryinformation/guidances/ucm075207.htm. 
5 Guidance for Industry: Considering Whether an FDA-Regulated Product Involves the Application of Nanotechnology (2014). 
https://www.fda.gov/downloads/RegulatoryInformation/Guidances/UCM401695.pdf. 



 
 

                                                                  5 
 

 
 

Table 1. Examples of approved liposome drug products 
 

Trade name Active Ingredient Indication Route 
Initial 

Approval Date 

Doxil  Doxorubicin  HCl 

Ovarian cancer, AIDS-
related Kaposi’s 
sarcoma, multiple 
myeloma 

Intravenous  11/17/1995 

DaunoXome  Daunorubicin Citrate 
Advanced HIV-
associated  Kaposi’s 
sarcoma  

Intravenous 4/8/1996 

AmBisome Amphotericin B 
Certain fungal 
infections 

Intravenous 08/11/1997 

DepoCyt Cytarabine 
Lymphomatous 
meningitis 

Intrathecal 04/01/1999 

Visudyne  Verteporfin 
Photosensitizer for 
treatment of certain 
patients  

Intravenous 04/12/2000 

Definity Perflutren  
Ultrasound contrast 
agent for use in certain 
patients 

Intravenous 07/31/2001 

DepoDur Morphine Sulfate 
For treatment of pain 
following major 
surgery 

Epidural 05/18/2004 

Exparel  Bupivacaine Postsurgical analgesia Intravenous 10/28/2011 

Marqibo Vincristine  Sulfate 

Treatment of certain 
adult patients with 
Philadelphia 
chromosome-negative 
acute lymphoblastic 
leukemia (ALL) 

Intravenous 08/09/2012 

Onivyde  Irinotecan HCl 

Treatment of certain 
patients with 
metastatic 
adenocarcinoma of the 
pancreas 

Intravenous 10/22/2015 

Vyxeos 
Daunorubicin and 
Cytarabine 

Treatment of adults 
with newly-diagnosed 
therapy-related acute 
myeloid leukemia (t-
AML) or AML with 
myelodysplasia-related 
changes (AML-MRC) 

Intravenous 08/03/2017 
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III. EVALUATION CRITERIA 
 
FDA has considered the following criteria in developing a recommendation as to whether drug 
products or categories of drug products present demonstrable difficulties for compounding that 
reasonably demonstrate and are reasonably likely to lead to an adverse effect on the safety and/or 
effectiveness of the drug product or category of drug products:6 
 

1. Complex formulation 
2. Complex drug delivery mechanism 
3. Complex dosage form  
4. Complex bioavailability issues 
5. Complex compounding process  
6. Complex physicochemical or analytical testing issues 

 
IV. ANALYSIS 
 

A. Liposome Drug Products Have Complex Formulations 
 
As mentioned in the GDUFA II commitment letter,7 liposome drug products are considered 
complex formulations.  The factors that are known to demonstrate formulation complexity and 
their impact on product performance include: (1) lipid attributes (2) other inactive ingredient 
attributes, and (3) stability of liposome.  These factors are briefly discussed below.  
 

1. Lipid Attributes 
 
A liposome drug product consists of two key components: encapsulated API and the liposome as 
the drug carrier.  A liposome is made up of a combination of two or more lipids.  The structure of 
a lipid contains three key regions that may impact lipid function and stability: hydrophilic head 
group, hydrophobic tail region, and the linker that connects the hydrophilic and hydrophobic 
regions.  Phospholipid tail length, tail unsaturation, linker type (ether versus ester), as well as 
head group structure influence overall performance of liposome drug products (especially when 
entrapping biological molecules).  For instance, long chain lipids, low degree of tail unsaturation, 
and ether linkage promote liposome stability, while ester linkages make the liposome 

                                                           
6 The analyses of the complexity of the formulation, drug delivery mechanism, dosage form, bioavailability issues, compounding process, and 
physicochemical or analytical testing issues are solely for purposes of determining whether drug products that are the subject of this consult 
are difficult to compound under sections 503A and 503B. 
 
 
7 GDUFA Reauthorization Performance Goals and Program Enhancements Fiscal Years 2018-2022. U.S. Food and Drug Administration (2016). 
https://www.fda.gov/downloads/forindustry/userfees/genericdruguserfees/ucm525234.pdf. 
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pharmacokinetic/pharmacodynamic performance of the product (Li et al. 2017). 
 

3. Stability of Liposomes 
 

The physical and chemical stability of liposome drug products can be affected by a number of 
formulation-related factors (e.g., the size and size distribution of the lipid vesicles, morphology, 
surface coating, pH, buffer, or counter ions).  Structural integrity of liposomes could be 
compromised due to lipid fusion (i.e., irreversible coalition of smaller liposomes to form larger 
liposomes), aggregation (i.e., reversible conglomeration or pooling of two or more liposomes 
without fusion), and leakage of the contained API during storage.  Fusion, aggregation, or 
leakage can be affected by the lipid components in the liposome (e.g. lipid bilayer phase 
transition temperature, unsaturation of the fatty acid groups) or by the contained API (Lasic and 
Barenholz 1996).  

 
4. Conclusion 

 
In conclusion, the complexity of liposome drug product formulation is reflected by (1) the 
attributes of lipids, including chemistry and structure, (2) the attributes of other inactive 
ingredients, including grade, ratio and concentration range, and (3) the stability of liposomes, 
including particle size and size distribution, morphology, surface coating and characteristics, 
liposome structural integrity, phase transition temperature, and internal environment.  The 
formulation complexity of liposome drug products presents demonstrable difficulties for 
compounding.   
 

B. Liposome Drug Products Have a Complex Drug Delivery Mechanism 
 

To achieve proper performance, liposome drug products need to be designed to release the API 
contained in the liposome in a predictable manner and are expected to remain stable throughout 
the intended shelf-life as well as under in-use conditions (e.g., prevent off-target premature drug 
release in systemic circulation after administration).  Different delivery profiles and delivery 
mechanisms can be achieved by selection of different lipids and appropriate production process 
(Lasic et al. 1995).  

 
The primary route of administration associated with liposome drug products is the parenteral 
route, with intravenous, epidural, or intrathecal injection being the route of administration in 
FDA-approved liposome drug products.  The literature describes how liposome drug products 
can potentially have other routes of administration, such as oral (Patel and Ryman 1976), topical 
(Schreier and Bouwstra 1994), and pulmonary (Bangham 1998).  Factors that are known to have 
a substantial impact on the complex nature of the drug delivery mechanism include: interactions 
between the liposomes and the body, physicochemical properties (including size and internal 
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environment), and lipid composition.  This complexity applies to all routes of administration.  
 

1. Interactions Between Liposomes and Blood Components 
 

Ensuring predictable drug delivery with liposome drug products depends on a delicate balance of 
interactions between the liposome carrier system and blood components within the body, namely 
lipid proteins and opsonins.  The interactions can be harnessed to facilitate delivery of the API, 
or it may lead to undesired API release if not controlled, which is especially important from a 
safety perspective.  Liposome drug products generally incorporate a higher dose of API than 
traditional dosage forms; therefore, undesired API release such as “dose dumping” can lead to 
exposure at a toxic level. Lipid proteins interact with liposomes, causing lipid exchange.  
Various factors, including lipid concentration, particle size, and lipid composition (e.g., absence 
or low cholesterol content, use of lipid with unsaturated bonds, lipid with high impurities) have 
all been reported to contribute to a faster lipid exchange rate (Senior and Gregoriadis 1982).  
Without proper formulation, design, and control over raw material attributes (e.g., lipid 
impurities), excess lipid exchange may occur in vivo, which may lead to membrane instability 
and consequently loss of API content before reaching the intended target. Opsonins (e.g., 
immunoglobins and mannose-binding lectins) bind to the liposome surface, triggering 
macrophage uptake and elimination through MPS (Gregoriadis 1988).  When desired, 
opsonization could be reduced by modulating the composition, size, and surface characteristics 
of the liposomes, as well as by modulating dosing regimen to alter in vivo biodistribution 
(Leychenko et al. 2002).  For example, liposomes of approximately 100 nm in diameter are often 
subject to the enhanced permeability and retention effect where the particles preferentially 
accumulate in a tumor due to the more permeable microvasculature and leaking lymphatic 
drainage system (Zheng et al. 2017).  However, as discussed earlier, when making any change in 
formulation design and/or dosing regimen it is critical to consider the balance of the interactions 
between the liposome carrier system and in vivo environment, as well as stability of the drug 
product. 
 

2. Other Factors Affecting Drug Delivery 
 

As described below, in addition to interactions between liposome and blood components, the rate 
of in vivo release depends on the API’s physicochemical properties, loading mechanisms, 
location and state of entrapped drug, lipid composition, and liposome internal environment, such 
as internal pH and buffer concentration (Barenholz 2012).  For example, lipophilicity of the API 
can affect its location in liposomes and in vivo release rate.  Research has shown that different 
loading mechanisms, such as passive or active loading, can significantly impact the loading 
efficiency for certain liposome drug products, which in turn impacts in vivo release (Barenholz 
2012).  
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3. Conclusion 
 
The mechanism by which an API is released from a liposome drug product is complex because it 
involves precisely designing and formulating a system that delivers a specific amount of API per 
unit time and, in most cases, in a specific region (e.g., tumor tissues, intracellular compartments).  
In addition, because the in vivo biodistribution and release characteristics are affected by several 
factors, precise control of raw materials, the manufacturing process, and the final product are 
critical to achieving a safe and effective drug product.  Based upon the considerations discussed 
above, the complexity of the drug delivery mechanisms of liposome drug products presents 
demonstrable difficulties for compounding. 

 
C. Liposome Drug Products Are Complex Dosage Forms 

 
For the reasons stated in sections A and B above, liposome drug products are complex dosage 
forms because they have complex formulations and mechanisms by which the API is delivered in 
vivo.  It is critical that the formulation components, composition, and process parameters of 
liposome drug products are well-designed to maintain product quality.  As a result, the 
characteristics of the liposome drug products are difficult to achieve or maintain.   
 
Liposome drug product dosage forms are suspensions or lyophilized powders for suspension.  
Characteristics of the physical dosage units of liposome suspensions or lyophilized powders for 
suspension are difficult to consistently achieve or maintain, including: 1) well-defined and 
controlled particle size and particle size distribution; 2) the status of the API (e.g., whether it is 
contained within the liposome); and 3) the surface chemistry of the liposomes.  These 
characteristics have a significant impact on the safety and effectiveness of liposome drug 
products.  In addition, as mentioned in section A, various formulation components play a critical 
role in dosage form performance and product stability.  Such components can vary for different 
drug products that have different routes of administration.  For example, the components of an 
injectable drug product may include different inactive ingredients than potential topical or 
inhalation drug products.  Inactive ingredient selection and control are critical to the performance 
of a liposome drug product’s dosage form.  Extensive product development and precise control 
over raw materials and optimization of the process parameters are essential to produce safe, 
effective, and high-quality liposome drug products.  Based on these considerations, the 
complexity of the dosage form of liposome drug products presents demonstrable difficulties for 
compounding. 
 

D. Complexity of Characterizing and Controlling Drug Bioavailability of Liposome 
Drug Products 
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FDA defines bioavailability as “the rate and extent to which the active ingredient . . . is absorbed 
from a drug product and becomes available at the site of drug action.” 21 C.F.R. § 314.3. 
Characterizing and controlling the bioavailability of liposome drug products is complex.  Subtle 
changes to the formulation composition, lipid raw material purity, and/or manufacturing 
processes could significantly impact the biodistribution and release characteristics of an API 
from liposomes, which in turn influence the availability of an API in systemic circulation at 
tissue or sub-cellular targets. 
 

1. Plasma Clearance of Liposome Drug Products 
 

After administration of a parenteral liposome drug product, the API may be present in different 
forms in systemic circulation, including encapsulated within the liposome, released from the 
liposome and bound to serum proteins, and released from the liposome and not bound to serum 
proteins.  The plasma clearance of the liposome drug product occurs as a combination of several 
processes with different elimination rates.  These include: tissue uptake of the liposome drug 
product; API leakage from the liposomes; clearance of released and unbound API; clearance of 
the liposome drug product (possibly due to the general mononuclear phagocyte system uptake); 
and clearance of nanoparticulate drug carriers (Jiang et al. 2011).  Different API forms may have 
different ADME (absorption, distribution, metabolism, elimination) and the difficulty in 
determining the amount of various forms of API makes it complex to characterize and control 
bioavailability. 

 
2. Pharmacokinetic and Pharmacodynamic Studies 
 

In order to obtain a thorough understanding of the pharmacokinetic and pharmacodynamic 
relationship of the drug product, the different forms of the API (e.g., encapsulated within the 
liposome, released from the liposome) need to be measured. Because of the complexity of the 
interaction between API release from the liposomes and tissue uptake of the API, a simple 
measurement of total API may not be reflective of bioavailability of the API at the intended 
target (i.e., site of action).  Information from pharmacokinetic studies is critical for establishing 
proper dosing regimens and developing dose-concentration-response relationships.  In addition, 
depending on the type of lipids used in formulating liposomes, interactions between blood 
proteins and lipoproteins may affect API release and pharmacological properties of a liposome 
drug product in vivo.  Such interactions can have safety implications because of “dose dumping.” 
 

3. Conclusion 
 
Characterizing and controlling the bioavailability of liposome drug products is complex.  The 
API release and ultimate bioavailability may be altered when subtle changes to the formulation 
composition, lipid raw material purity, and/or manufacturing processes occur.  These changes, in 
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turn, influence the availability of API in systemic circulation, at tissue or sub-cellular targets.  
For parenteral liposome drug products, in vitro assessments (e.g., in vitro drug release testing) 
are often used in conjunction with in vivo testing to predict the availability of drug at its intended 
target.  Based on these considerations, characterizing and controlling the bioavailability of 
liposome drug products is complex and presents a demonstrable difficulty for compounding. 

E. Liposome Drug Products Involve Complex Compounding Processes 
 

The production process used to create a liposome drug product may significantly influence its 
quality and performance.  Generally, the production process for a liposome drug product 
involves the following four steps: (1) formation of liposomes, (2) size reduction, (3) loading of 
API(s), and (4) purification (Xu and Burgess 2012).  These four steps may be arranged in 
different orders or combined together to suit different purposes.  For example, steps 1 and 3 may 
be combined for passively loading hydrophilic APIs into liposomes by forming liposomes in the 
presence of drug solution.  For actively loaded drug products, e.g., doxorubicin liposomes, steps 
1 through 4 are generally separated.  The majority of these processes involve special equipment 
(for example, an extruder/microfluidizer or dia-filtration device), and quality of the produced 
liposome drug products are highly dependent on the process parameters, such as choice of 
extrusion membrane pore size, extrusion/microfluidization pressure, temperature, extrusion 
cycles, etc.  In addition, sterilization of most parenteral liposome drug products is achieved using 
sterile filtration, which can be challenging due to the size and components of the liposome. The 
quality of the liposome drug product needs to be tested after sterile filtration to ensure drug 
loading and/or liposome structure has not been adversely affected. 
 

1. Product Quality and Performance 
 

Commonly used liposome formation methods include film hydration (Xu et al. 2011), ethanol or 
ether injection (Kremer et al. 1977), detergent removal (Allen et al. 1980), and reverse phase 
evaporation (Szoka and Papahadjopoulos 1978).  Liposomes prepared using any of the above 
methods typically generate heterogeneous polydispersed vesicles, either unilamellar or 
multilamellar. Oftentimes, a processing step is needed to reduce the size of the liposomes. 
Common particle size reduction methods include sonication, microfluidization/homogenization, 
or extrusion.  As mentioned above, depending on whether the API is passively or actively 
loaded, the loading step may be performed together with the liposome formation or as a separate 
step.  In either case, the driving force of drug loading is typically the chemical gradient across 
lipid bilayers.  Freshly prepared API-containing liposomes always contain some unencapsulated 
API, which may cause liposome stability issues during storage due to API-liposome interactions 
at the surface (e.g., charge-charge interactions). Also, unencapsulated API may result in 
unwanted systemic toxicity upon administration to patients due to high API exposure.  
Therefore, it is crucial to remove any unencapsulated API following preparation to obtain 
purified liposome drug product and maintain product quality, safety, effectiveness, and 
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consistency. Commonly used purification techniques include dialysis, diafiltration, and gel-
filtration.  It is critical that any employed purification procedure(s) do not adversely impact the 
quality and performance of the liposome drug product.  In addition to the aforementioned four 
steps, additional adjustments to the formulation may occur in order to achieve the desired final 
concentration before aseptic filtration is performed.  The final liposome drug product is usually 
produced in the form of a suspension or a lyophilized powder. 

2. Factors Affecting Product Quality and Performance  
 

It is important to understand the impact of critical process parameters on product quality, safety, 
and effectiveness through prior knowledge and a holistic application of science- and risk-based 
approaches to product/process development and control strategy appropriate to mitigate risk to 
product quality. This understanding is critical to ensure batch-to-batch reproducibility and 
maintain product quality despite the potential of small excursions in the process parameters.  
Some examples of excursions in manufacturing process parameters and their potential effect on 
liposome drug product quality/performance are as follows:  
 

• Temperature of aqueous phase influences liposome particle size and size distribution 
• Speed, time, and temperature during homogenization influence mean liposome particle 

size which, in turn, can alter product performance, as the size of a liposome determines 
its biodistribution and mechanism of clearance 

• Temperatures during the API loading process impact encapsulation and loading 
efficiency 

• Freezing and primary and secondary drying temperatures during the lyophilization 
process impact morphology, residual water content, and stability of lyophilized liposomes 

 
Understanding the effect of the variables described above on the production process is critical for 
establishing appropriate (in-process) controls during product development that ensure desired 
process performance and finished product quality.  Some examples of in-process controls are 
visual inspection for complete lipid dissolution after hydration of thin lipid film (thin film 
hydration process), reduce toxic solvent to level acceptable for safety (e.g. Class II solvent 
chloroform), assessing the particle size measurement pre- and post-extrusion using appropriate 
technique (refer to Characterization section). As with any method critical to product quality, 
efficacy and safety, these in-process control methods should be validated to demonstrate its fit-
for-purpose.  

 
Critical processes and procedures for producing liposome drug products include establishing and 
implementing specifications for starting materials, raw materials, solvents, and reagents, and 
controls for critical steps and intermediates.  The physical and chemical complexity of liposome 
drug products can provide unique challenges to the sterilizing filtration process.  For example, 
components of liposomes could interact with the filter matrix and clog it. Therefore, product-
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specific purification and sterilization methods with corresponding validation studies are 
necessary to demonstrate the ability of the microbial sterilizing filters to function correctly. 

 
Liposome drug product manufacturing is also sensitive to changes in scale (size of the batches). 
Some examples of manufacturing process parameters that may be altered during scale-up which 
may affect liposome drug performance are shear, pressure, temperature, batch-size-related hold 
times, and lyophilization parameters.  It is important to identify the appropriate operating ranges 
for the production of different batch sizes.   
 

3. Conclusion 
 
The production of liposome drug products is complex because of unique equipment and unit 
operations involved and the critical need for in-process controls to ensure consistent product 
quality.  Poor control over these unit operations may lead to variability in product quality, which 
may potentially lead to a negative impact on product efficacy and safety.  For these reasons, 
producing liposome drug products involves complex compounding processes that present 
demonstrable difficulties for compounding. 
 

F. Liposome Drug Products Involve Complex Physicochemical or Analytical 
Testing 

 
The quality evaluation of liposome drug products involves complex physicochemical testing and 
related analytical testing.  

 
Due to the complexities described above, and the impact of physicochemical properties on 
product performance, it is important to characterize liposomes thoroughly from a 
physicochemical perspective to ensure batch-to-batch reproducibility and for batch release 
testing.  It is important to perform characterization for critical quality attributes of liposomes 
such as particle size, lipid impurities, in vitro drug release, lamellarity, and free and encapsulated 
drug ratios.  The complexity of certain physicochemical tests for liposome drug products, related 
in-process materials, and components are highlighted below.  

 
1. Particle Size 

 
Liposome particle size and size distribution impact biodistribution and drug pharmacokinetics 
and are often critical determinants for drug product efficacy and safety.  Parameters used for 
reporting particle size may vary based on the technique used and the instrument parameters.  For 
example, a common technique for measuring particle size and particle size distribution is 
dynamic light scattering (DLS).  DLS results may vary based on the algorithm and weighting 
parameters (intensity, volume, or number) built in an instrument to calculate the values, and 
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require end-user to properly select the right parameter and procedure before performing the test. 
Oftentimes, the sample preparation procedure itself has great influence on the measurement 
results which may or may not be properly captured in the test report.  The liposome draft 
guidance describes reporting parameters for mean particle size as volume or mass distribution (if 
particle density is known).  In addition, multiple techniques, such as DLS and electron 
microscopy (EM), are usually recommended to thoroughly characterize particle size and size 
distribution.  
 

2. Lipid Excipients 
 

Lipid inactive ingredients are considered critical raw materials for liposome drug product 
manufacturing as they may impact the quality and performance of liposome drug products.  As 
described above, detailed information, such as manufacturing, characterization, and control of 
lipid inactive ingredients should be known.  Particularly for novel lipids, the level of detail 
should be comparable to that for an API.  Specifications for a lipid inactive ingredient may 
include, but are not limited to, source, physicochemical characteristics, and degradants 
(especially lysophospholipid).  
 

3. Lipid Degradants 
 

With respect to lipid degradants, complete degradation profiles of liposome drug products are 
needed to accurately determine potential safety risks of the product. As discussed in section 
IV.A.1, a typical phospholipid has three ester linkages vulnerable to hydrolysis and possible 
oxidation if unsaturated bonds are present.  This may lead to complex degradation pathways, 
which require sensitive and selective analytical methods to quantify the degradants.  It is critical 
to monitor whether lysolipids form during product manufacturing and/or storage.  Lysolipid 
content is a critical attribute to monitor and control due to the associated toxicity issues 
(hemolysis and/or apoptosis) as discussed previously.  Lysolipid content should be monitored 
and controlled through in-process and shelf-life product testing. 
 

4. In Vitro Release 
 
Liposome drug product characterization should include an in vitro test for release of API from 
the liposomes within an appropriate simulated physiological medium.  This test is used to 
understand the in vivo behavior of the product and facilitates evaluation of product quality, 
suitability of in-process controls during manufacturing, and influence of chemistry, 
manufacturing, and controls (CMC) changes on product quality.  The in vitro release method 
should be able to discriminate between acceptable and non-acceptable batches of the drug 
product.  In addition to the development and optimization of an in vitro release method, the 
liposome draft guidance, if finalized as written, would encourage establishment of in vitro in 
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vivo correlation (IVIVC) or some in vitro/in vivo relationships (IVIVR) for liposome drug 
products in order to justify the use of an in vitro test, such as a release test, for prediction of in 
vivo performance of a liposome drug product. 

 
Suitable analytical methods need be employed to properly characterize liposome drug products, 
and can often be difficult given the complexity of liposome drug product formulations.  Use of 
inappropriate methods could produce false results, thereby questioning data reliability and, 
hence, product quality.  

 
Certain physicochemical properties of liposome drug products can lead to unpredictable and 
undesirable behavior of the liposome drug product, including leakage of the API from the 
liposomes (Szoka and Papahadjopoulos 1978).  The liposome draft guidance proposes a range of 
physicochemical and analytical attributes and tests to be considered for liposome drug products.8  
The physicochemical methods used to measure these attributes may themselves be complex in 
terms of the measurement technique, sample preparation, and/or analysis.  Some of the attributes 
that are complex to measure are listed below: 
 

• Morphology of the liposome, including lamellarity determination, if 
applicable 

• Surface characteristics, as applicable  
• Liposome structure and integrity, which refers to the ability of the liposome 

drug formulation to contain the desired API and to retain the API inside the 
liposome 

• Parameters of the contained drug 
o For example, drug encapsulation efficiency (defined as percentage of 

drug contained inside liposomes compared with total amount of drug) 
and liposome drug loading (defined as the percentage of drug 
contained which is then compared with the amount of the lipid used, 
which is the drug-to-lipid ratio) 

• Particle size (i.e., mean and distribution profile), preferably defined on the 
basis of volume or mass if particle density is known 

• In vitro release of the API from the liposome drug product with supportive 
data and information regarding the choice of those conditions 

• Leakage rate of drug from the liposomes throughout its shelf life 
• Liposome integrity changes (e.g., release, containment efficiency, size) in 

response to changes in salt concentration 
• Spectroscopic data to support the liposome structure (e.g., phosphorus nuclear 

magnetic resonance) 
                                                           
8 See fn 1. 
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5. Conclusion 
 

Liposome drug products involve comprehensive and complex physiochemical testing to ensure 
quality of the raw material, consistency of the product quality, and predictable in vivo 
performance.  Furthermore, suitable analytical methods need to be employed to properly 
characterize liposome drug products, which can often be difficult given the complexity of 
liposome formulations.  Use of inappropriate methods could produce false results, thereby 
calling data reliability and, hence, product quality, into question.  For these reasons, the 
physicochemical and analytical testing for liposome drug products is complex and presents 
demonstrable difficulties for compounding.  

 
V. RISKS AND BENEFITS TO PATIENTS OF COMPOUNDED LIPOSOME DRUG 

PRODUCTS 
 
Compounded drugs are not FDA-approved, but they can serve an important role for patients 
whose clinical needs cannot be met by an FDA-approved drug product, such as a patient who has 
an allergy to a certain dye and needs a medication to be made without it, or an elderly patient or 
a child who cannot swallow a tablet or capsule and needs a medicine in a liquid dosage form that 
is not otherwise available, or for appropriate pediatric or weight-based dosing.   
 
Liposome drug products present a significant safety risk for compounding given the complexities 
described above.  Many of the APIs used in liposome drug products are cytotoxic.  In addition, 
improper selection of inactive ingredients, or improper mixing of liposomes with APIs present 
safety risks that the APIs will not be encapsulated properly, or be released prematurely, causing 
the drug product to be potentially ineffective or hazardous.  Therefore, the risks to patient safety 
outweigh any potential benefit of increased patient access. 
 
VI. RECOMMENDATION 
 
We have evaluated the category of liposome drug products as a candidate for the Difficult to 
Compound List.  Based on an analysis of the evaluation criteria, we believe that liposome drug 
products present demonstrable difficulties for compounding that reasonably demonstrate, and are 
reasonably like to lead to, an adverse effect on the safety or effectiveness of this category of drug 
products, and taking into account the risks and benefits to patients, we believe liposome drug 
products should be included in the Difficult to Compound List under sections 503A and 503B of 
the FD&C Act. 
 
KEY TERMS 
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Liposome:  Microvesicles composed of a bilayer and/or a concentric series of multiple bilayers 
separated by aqueous compartments formed by amphipathic molecules such as phospholipids 
that enclose a central aqueous compartment.  
 
Liposome Drug Product:  A drug product where the API is contained in liposomes. 
  



 
 

                                                                  19 
 

REFERENCES 
 
Allen TM, AY Romans, H Kercret, B Segrest, 1980, Detergent Removal During Membrane 
Reconstitution, Biochim Biophys Acta, 18;601(2):328-342.  
 
Bangham A, 1998, Artificial Lung Expanding Compound (ALEC). In: Lasic D and D 
Papahadjopoulos, editors, Medical Applications of Liposomes, New York (NY): Elsevier 
Science, 455-472. 
 
Barenholz Y, 2012, Doxil® — The First FDA-Approved Nano-Drug: Lessons Learned, J 
Control Release, 10;160(2):117-134. 
 
D’Mello SR, CN Cruz, ML Chen, M Kapoor, SL Lee, KM Tyner, 2017, The Evolving 
Landscape of Drug Products Containing Nanomaterials in the United States, Nat Nanotechnol, 
12(6):523-529. 
 
Gregoriadis G, 2016, Liposomes in Drug Delivery: How It All Happened, Pharmaceutics, 
8(2):19. 
 
Gregoriadis G, 1988, Fate of Injected Liposomes: Observations on Entrapped Solute Retention, 
Vesicle Clearance and Tissue Distribution In Vivo. In: Gregoriadis G, editor, Liposomes as Drug 
Carriers: Recent Trends and Progress, New York (NY): Wiley, New York, 3–18. 
 
Jiang W, Lionberger R, Yu LX, 2011, In Vitro and In Vivo Characterizations of PEGylated 
Liposomal Doxorubicin, Bioanalysis, 3(3):333-344. 
 
Kapoor M, SL Lee, KM Tyner, 2017, Liposomal Drug Product Development and Quality: 
Current US Experience and Perspective, AAPS J, 19(3):632-641. 
 
Kirby C, J Clarke, G Gregoriadis, 1980, Effect of the Cholesterol Content of Small Unilamellar 
Liposomes on Their Stability In Vivo and In Vitro, Biochem J, 186(2):591-598. 
 
Kremer JM, MW Esker, C Pathmamanoharan, PH Wiersema, 1977, Vesicles of Variable 
Diameter Prepared by a Modified Injection Method, Biochemistry, 16(17):3932-3935. 
 
Lasic DD and Y Barenholz, 1996, An Overview of Liposome Scaled-Up Production and Quality 
Control. In: Lasic DD and Y Barenholz, editors, Handbook of Nonmedical Applications of 
Liposomes: From Design to Microreactors, Boca Raton (FL): CRC Press, 23-30.   
 



 
 

                                                                  20 
 

Lasic DD, B Ceh, MCA Stuart, L Guo, PM Frederik, Y Barenholz, 1995, Transmembrane 
Gradient Driven Phase Transitions Within Vesicles: Lessons for Drug Delivery, Biochim 
Biophys Acta, 1;1239(2):145-156. 
 
Levchenko TS, R Rammohan, AN Lukyanov, KR Whiteman, VP Torchilin, 2002, Liposome 
Clearance in Mice: The Effect of a Separate and Combined Presence of Surface Charge and 
Polymer Coating, Int J Pharm, 240(1–2):95–102. 
 
Li M, P Zou, K Tyner, S Lee, 2017, Physiologically Based Pharmacokinetic (PBPK) Modeling 
of Pharmaceutical Nanoparticles, AAPS J, 19(1):26-42. 
 
Patel HM and BE Ryman, 1976, Oral Administration of Insulin By Encapsulation Within 
Liposomes, FEBS letters, 62(1):60-63. 
 
Rijnders BJ, JJ Cornelissen, L Slobbe, MJ Becker, JK Doorduijn, WC Hop, EJ Ruijgrok, B 
Löwenberg, A Vulto, PJ Lugtenburg, S de Marie.  Aerosolized Liposomal Amphotericin B for 
the Prevention of Invasive Pulmonary Aspergillosis During Prolonged Neutropenia: A 
Randomized, Placebo-Controlled Trial, Clin Infect Dis, 46(9):1401-1408. 
 
Schreier H and J Bouwstra, 1994, Liposomes and Niosomes As Topical Drug Carriers: Dermal 
and Transdermal Drug Delivery, J Cont Rel, 30:1–15. 
 
Senior J and G Gregoriadis, 1982, Stability of Small Unilamellar Liposomes in Serum and 
Clearance from the Circulation: The Effect of the Phospholipid and Cholesterol Components, 
Life Sci 30(24):2123–2136. 
 
Szoka F and D Papahadjopoulos, 1978, Procedure for Preparation of Liposomes With Large 
Internal Aqueous Space and High Capture By Reverse-Phase Evaporation, Proc Natl Acad Sci U 
S A, 75(9):4194-4198. 
 
Tanaka Y, K Mashino, K Inoue, S Nojima, 1983, Mechanism of Human Erythrocyte Hemolysis 
Induced By Short-Chain Phosphatidylcholines and Lysophosphatidylcholine, J Biochem, 
94(3):833-40. 
 
Xu X and DJ Burgess, 2012, Liposomes As Carriers for Controlled Drug Delivery. In: Wright J 
and DJ Burgess, editors, Long Acting Injections and Implants, New York (NY): Springer-
Verlag, 195-220. 
 



 
 

                                                                  21 
 

Xu X, Khan M, Burgess DJ, 2011, A Quality by Design (QbD) Case Study on Liposomes 
Containing Hydrophilic API: I. Formulation, Processing Design and Risk Assessment, Int J 
Pharm, 419(1-2):52-59. 
 
Zheng N, DD Sun, P Zou, W Jiang, 2017, Scientific and Regulatory Considerations for Generic 
Complex Drug Products Containing Nanomaterials, AAPS J, 19(3):619-631. 
 
 
 
 
 
 



Tab 8 
 

Drug Products Produced Using Hot 
Melt Extrusion 



Tab 8a 
 

Drug Products Produced Using Hot 
Melt Extrusion Nominations  











Tab 8b 
 

FDA Review of  
Drug Products Produced Using Hot 

Melt Extrusion 
 



 

U.S. Food & Drug Administration 
10903 New Hampshire Avenue 
Silver Spring, MD 20903 
www.fda.gov  

DATE:  October 24, 2017 

FROM: Naresh Pavurala, Ph.D. and Celia N. Cruz, Ph.D., Office of Testing and Research, 
Office of Pharmaceutical Quality 

THROUGH: Sau (Larry) Lee, Ph.D., Acting Director Office of Testing and Research, Office of 
Pharmaceutical Quality 

TO:  Pharmacy Compounding Advisory Committee 

SUBJECT: Review of drug products produced through the hot melt extrusion process for 
inclusion on the difficult to compound list  

 

I. INTRODUCTION 

The category “drugs manufactured by extrusion or nanotechnology” has been nominated for the 
list of drug products or categories of drug products that present demonstrable difficulties for 
compounding (hereinafter the “Difficult to Compound List”) under sections 503A and 503B of 
the Federal Food, Drug, and Cosmetic Act (FD&C Act).  This review only concerns drug 
products produced using hot melt extrusion (HME).  For the purpose of this review, we define 
HME as a continuous process operation that achieves or is intended to achieve the molecular 
mixing of active pharmaceutical ingredients (APIs) and inactive ingredients (e.g., polymers) at 
temperatures above their glass transition temperatures (Tg) and/or melting temperatures (Tm) 
within an extruder.  The objective of an HME process is to enhance the solubility of poorly 
water-soluble drugs by converting the formulation components into an amorphous phase (not 
crystalline) product with uniform content. 

The Agency has reviewed the information submitted by the nominators and other available 
sources on the formulation, drug delivery mechanism, dosage form, bioavailability, 
compounding process, and physicochemical and analytical testing of HME drug products.  For 
the reasons discussed below, we believe that drug products produced using HME should be 
included on the Difficult to Compound List under sections 503A and 503B of the FD&C Act.    

II.   BACKGROUND 

A. An Introduction to Hot Melt Extrusion 

As stated above, and for the purpose of this review, we define HME as a continuous process 
operation that achieves the molecular mixing of active pharmaceutical ingredients (APIs), 
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inactive ingredients (e.g., polymers) at temperatures above their glass transition temperatures 
(Tg) and/or melting temperatures (Tm) within an extruder.  HME is a process by which heat and 
shear are applied to melt a mixture of API and inactive ingredients within an extruder that is then 
pushed through an orifice with the objective of converting the ingredients into an amorphous 
phase material with uniform content, referred to below as the “extrudate.”   

Figure 1 below shows a simplified model extruder containing a hopper, transport section, die, 
and some downstream equipment.  A mixture of API and inactive ingredients (e.g., polymers) is 
continuously fed from the hopper into an extruder.  The barrel and screws in the transport section 
simultaneously mix, heat, and convey the material.  Heat and shear are applied to melt the 
ingredients and force the mixture through the orifice.  The screw elements are designed and 
configured to impart different amounts of shear (that range from light to aggressive) and to 
provide energy to the system, which increases heating and mixing.  The temperature profile 
within the extruder’s barrel, the screw configuration, and speed are optimized and maintained for 
proper conveying and mixing, without thermally degrading the materials.  The die at the end of 
the extruder gives a desired shape to the extrudate (Breitenbach 2002).  The extrudate is then 
cooled for further processing into a finished dosage form. The theoretical approach to 
understanding the melt extrusion process is generally presented by dividing the process of flow 
into four sections (Breitenbach 2002): 

1) Feeding of the extruder; 

2) Conveying of mass (mixing, heating, and melting polymer); 

3) Flow through the die; and 

4) Exit from the die and cooled for further processing. 
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Figure 1. A typical twin screw (co-rotating) hot melt extruder assembly with input and 
output process parameters 

The barrel is divided into three sections: feed zone, transition zone, and metering zone.  The API 
and inactive ingredients are fed from a hopper directly in to the feed zone, which has deeper 
screw flights or flights of greater pitch.  This geometry allows the feed material to fall easily into 
the screw for conveying along the barrel. The pitch and helix angle determine the throughput at a 
constant rotation speed of the screws. The feed material is transported as a solid plug to the 
transition zone, where it is mixed, compressed, melted, and plasticized.  Compression is 
developed by decreasing the thread pitch but maintaining a constant flight depth or by decreasing 
flight depth while maintaining a constant thread pitch (Johnson 1983).  Both methods result in 
increased pressure as the material moves along the barrel.  The material reaches the metering 
zone in the form of a homogeneous plastic melt suitable for extrusion.  For an extrudate of 
uniform thickness, flow should be consistent and without stagnant zones right up to the die 
entrance. The function of the metering zone is to reduce pulsating flow and ensure a uniform 
delivery rate through the die cavity (Breitenbach 2002).  
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The heat required to melt or fuse the feed material is supplied by the heat generated by friction as 
the material is sheared between the rotating screws and the wall of the barrel in combination with 
electric or liquid heaters mounted on the barrel (Martin 2001).  In typical commercial extruders, 
there is an option to alter the configuration of the feed, transition, and metering zones by 
selecting and replacing certain sections of the screw.  The process can be modified, ranging from 
low to high shear extrusion (e.g., co-rotating twin screw for low shear mixing and counter 
rotating twin screw for high shear mixing).  It is important to understand the contribution of the 
screw design to the level of shear during mixing.  A favorable shear is necessary to induce the 
material to form a melt extrudate (e.g., API into polymer).   

As explained above, the current review is limited to drug products produced using HME.  HME 
is distinct from processes such as hot melt granulation and any other type of extrusion,1 which 
have not been evaluated.  Generally, hot melt granulation is the process of applying shear to 
aggregate particles under heat and partial melting, but the output is a physical mixture of the API 
and inactive ingredients in some state of aggregation (increased particle size) rather than a 
uniform single phase system.   

B. Common Examples 
 

Drug products produced using HME include several dosage forms.  The literature also describes 
how the HME process can be applied to produce microcapsules, films, and implants for drug 
delivery via oral, transdermal, and transmucosal routes, as well as to develop nano-particulate 
systems (Crowley, Zhang et al. 2007, Stankovic, Frijlink et al. 2015).   Based on literature, the 
most common application of HME is for the formulation of solid oral dosage forms with low 
solubility API.  

III. EVALUATION CRITERIA 

FDA has considered the following criteria in developing a recommendation as to whether drug 
products or categories of drug products present demonstrable difficulties for compounding that 
reasonably demonstrate and are reasonably likely to lead to an adverse effect on the safety or 
effectiveness of the drug product or category of drug products: 2 

1. Complex formulation 

2. Complex drug delivery mechanism 

                                                           
1 Generally extrusion (e.g., extrusion-spheronization process), which refers to any process where material passes 
through an orifice (aperture of diminished size) under some pressure, with the intent to shape or reduce particle size.     
2  The analyses of the complexity of the formulation, drug delivery mechanism, dosage form, bioavailability issues, 
compounding process, and physicochemical or analytical testing issues are solely for purposes of determining 
whether drugs that are the subject of this consult are difficult to compound under sections 503A and 503B. 
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3. Complex dosage form  

4. Complex bioavailability issues 

5. Complex compounding process  

6. Complex physicochemical or analytical testing issues 

IV.        ANALYSIS 

A.  Drug Products Produced Using HME Have Complex Formulations  

Drug products produced using HME have complex formulations because the selection of API 
and the inactive ingredients is difficult due to limitations on API and inactive ingredients that 
will result in a stable amorphous phase when extruded.  These limitations include: the ratio of 
API to inactive ingredients that will result in a uniform amorphous extrudate, the raw material 
thermal properties conducive to melting without degradation within a specific temperature range, 
and the compatibility of the API and inactive ingredients during and after HME to ensure a stable 
drug product.  The critical quality attribute of the extrudate is a single amorphous phase, or solid 
solution, in order to ensure uniformity, performance, and stability of the drug product.  In this 
case, the extrudate stabilizes the API in an amorphous form, which tends to have higher 
solubility than the crystalline form (Hancock and Parks 2000) and increases bioavailability. 
Other possible forms of extrudate could include solid dispersions, which are multiple amorphous 
phase or semi-crystalline phase. However, these are not considered desirable for drug product 
quality, performance and stability, when targeting increased bioavailability (Prodduturi, Urman 
et al. 2007, Laitinen, Priemel et al. 2014).   

The extrudate can then be incorporated into a finished dosage form in a variety of ways.  To 
maintain quality in drug products produced using HME, the extrudate must maintain its 
amorphous state (i.e., not recrystallize) after production, during storage, and upon release in vivo. 
Formulation selection is difficult because its components are carefully selected to ensure that the 
extrudate is uniform, amorphous, and stable.  Extrudate formulation (e.g. polymer selection and 
inclusion of solubilizers) can also help achieve other performance attributes such as modified 
release, targeted drug delivery, and taste-masking for bitter API (Crowley, Zhang et al. 2007, 
Repka, Battu et al. 2007, Repka, Majumdar et al. 2008, Maniruzzaman, Boateng et al. 2012, 
Repka, Shah et al. 2012, Rahman, Yang et al. 2016). 



6 
 

 

Figure 2: A schematic of HME process from raw materials to final extrudate 

1. API 

Several properties of API used in an HME process may affect the drug product’s performance 
characteristics.  In particular, thermal properties impact the ability to process and maintain a 
stable API during its formulation in the HME process. These properties include: API thermal 
properties (e.g., Tm and Tg), solubility, polymorphic form, solvent content, physicochemical 
stability, and purity.  In most cases, a single API is used; however, multiple APIs can be used if 
they have similar thermal properties, such as melting point and thermal degradation. 

a. Thermal Properties  

The API involved in the HME process is subjected to varying thermal conditions.  These 
conditions require the API to be thermally stable and able to maintain its chemical stability 
during the HME process and during storage in order to achieve proper performance.  Therefore, 
an initial assessment of thermal, chemical and physical properties of the drug substance is 
essential.  Failure to understand the limitations of API performance under temperature and shear 
conditions could lead to improper extrusion conditions, generation of impurities, and lack of 
compatibility of the API and inactive ingredients, which could impact product quality.  The API 
melting point should be within the acceptable ranges in order to prevent thermal degradation and 
avoid thermal impurities.  

As mentioned above, one of the main objectives of using an HME process is to increase 
bioavailability of poorly soluble drugs by producing an amorphous API form. However, 
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amorphous products are less thermodynamically stable than crystalline products.  Commonly, 
amorphous product unwantedly gets converted to a crystalline state (leading to undesired 
changes in API solubility) during storage.  Therefore, it is essential to monitor the Tg of the 
extrudate containing the API under various temperature and humidity conditions.  

b. Solubility  

There are two types of API solubility that are important to characterize when processing using 
HME.  The first is API solubility in water for both the crystalline and amorphous forms.  As 
discussed, the HME process increases API solubility by converting it to its amorphous state. 
Therefore, understanding this change in API solubility is important to predict its release and 
bioavailability.  The second is solubility of the API in the polymer matrix (solid in solid 
solubility). At elevated temperatures in the extruder, and if the components are miscible, the 
solubility of the API in the polymer carrier is increased, resulting in the formation of a solid 
solution.  If the components are only partially miscible, a solid particulate dispersion may 
unwantedly form.  In a solid particle dispersion extrudate, the API is only partly dispersed and 
potentially crystalline, and a physical mixture of API and polymer carrier may exist.  Therefore, 
establishing the solubility limit (i.e., max API to polymer ratio) for the formulation, which 
requires pre-formulation physical characterization of ingredients (individually and as mixtures), 
is critical to proper product performance (Dong, Chatterji et al. 2008).  

c. Polymorph 

The HME process converts the API from a crystalline to amorphous state, and this conversion is 
critical for achieving enhancements in solubility and bioavailability.  API entering the extruder 
can take on multiple crystalline forms.  The properties of these polymorphs should be known and 
considered when operating the extruder for proper conversion to an amorphous state. For 
example, if a single API exists in multiple polymorphic forms and each form has a significantly 
different melting point, then the optimized melting environment in the extruder (temperature, 
shear rate, and residence time) may not be sufficient to completely melt those polymorphs that 
have a melting point that exceeds the temperature in the extruder.  Detecting and determining 
different polymorphic forms of the API and the thermal transitions that can occur upon heating 
can be difficult and requires interpretation of calorimetry studies.  Additionally, some APIs may 
exhibit thermally induced polymorphism and convert into a different polymorph at a higher 
temperature instead of melting, potentially resulting in the presence of crystalline API of 
different solubilities in the extrudate.   
 

d. Purity 

The purity of the API is critical to the safety and effectiveness of drug products produced using 
HME.  The presence of degradants, solvents, or other process impurities within the API may 
influence the performance characteristics of the extrudate and final product.  Degradants may 
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increase during heat processing and storage and this may impact the safety of the product.  
Impurities and solvents can impact the process efficiency, resulting in inadequate melting.   The 
interactions between API and impurities (e.g., thermal impurities and residual solvents) during 
melting and quenching should be analyzed through accelerated stability studies on the extrudate 
because of their effect on HME product performance.   

2.  Inactive Ingredients 

The characterization and control of key inactive ingredients are critical to the safety, efficacy, 
quality, and performance of drug products produced using HME.  Ingredients that are fed into 
the extruder commonly consist of one or more API and inactive ingredient (e.g., polymer, 
plasticizer, surfactant/stabilizer).  Ingredients must be properly selected to ensure solubility and 
incorporation of the API into the polymer matrix, while achieving adequate melting and viscous 
properties during processing.  The polymer to API ratio is also a critical measure that can affect 
the solubility of API into the carrier matrix and in turn affect the physical stability of the 
extrudate.  The surfactant helps with disintegration and dissolution when the drug is released.  
Surfactants and plasticizers may also reduce the melting point of the system, which in turn 
reduces the energy input demands and minimizes thermal degradation of the API.  

The inactive ingredients typically used in HME can be broadly classified as API carriers, release-
modifying agents, fillers, thermal lubricants, stabilizing agents, plasticizers, surfactants, and 
antioxidants.  

a. API Carriers 

The drug products produced using HME contain API embedded in a carrier (or matrix) system.  
This carrier system is usually composed of one or two materials that melt at elevated 
temperatures and other inactive ingredients.  These carriers can generally be classified into two 
categories, polymeric and non-polymeric carriers.  Examples of polymeric carriers include 
polyvinylpyrrolidone (PVP) (Tantishaiyakul, Kaewnopparat et al. 1999), ethyl cellulose, various 
grades of polyethylene glycol (PEG) (Perissutti, Newton et al. 2002), cellulose-esters (Yano, 
Kajiyama et al. 1997) and cellulose-acrylates (Abd El-Bary, Geneidi et al. 1998), polyethylene 
oxides (PEOs) of varying molecular weights (Li, AbuBaker et al. 2006), poly-methacrylate 
derivatives, poloxamers, copolymers such as polyvinylpyrrolidone-vinyl acetate (PVP-VA) 
(Zingone, Moneghini et al. 1992), poly (ethylene-co-vinyl acetate) (Follonier, Doelker et al. 
1995), and an example of a non-polymeric carrier is carnauba wax (Miyagawa, Okabe et al. 
1996).  These carriers may function as thermal binders, drug stabilizers, drug solubilizers, or 
drug-release controlling inactive ingredients.  

Polymers, the most common type of carrier, should exhibit appropriate thermoplastic 
characteristics to enable the HME process, be thermally stable at extrusion temperatures, and be 
safe for use.  The applicability of a carrier to an HME process is mainly determined by Tg or Tm 
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and melt viscosity. Carriers with a high molecular weight exhibit high melt viscosity and are 
difficult to hot melt extrude.  Carriers should be able to be processed at relatively lower 
temperatures (have low Tg or Tm), especially for heat-sensitive API.  Carriers should also have a 
low hygroscopicity and be nontoxic. Selecting a polymer with inadequate thermoplastic 
characteristics can result in a non-uniform extrudate phase with potential crystallinity and 
degraded API. 

b. Plasticizers 

Plasticizers must be appropriately selected and controlled during the HME process.  If 
improperly selected, a lack of API release from extrudate, higher melting temperature 
requirements (which may lead to degradation), and inadequate viscous flow during extrusion can 
result.  Plasticizers are typically low molecular weight compounds and are used to soften 
polymers (which are typically used as HME carriers) to make them more pliable.  Plasticizers are 
often used with polymeric carriers in HME to improve the conditions during processing or to 
improve the physical or mechanical properties of the final product. With the addition of a 
plasticizer, an HME process can be conducted at lower temperatures and with less torque being 
applied to the screws.  Generally, both the API and the polymer will be more stable during the 
HME process due to these improved processing conditions.  

The most commonly used plasticizers include citrate esters such as triethyl citrate, tributyl 
citrate, acetyl triethyl citrate, acetyl tributyl citrate, fatty acid esters such as butyl stearate, 
glycerol monostearate, stearyl alcohol, sebacate esters, such as dibutyl sebacate, phthalate esters, 
such as dioctyl phosphate, glycol derivatives, such as polyethylene glycol, propylene glycol, and 
others, such as triacetin, mineral oil, castor oil, and vitamin E d-alpha tocopherol PEG 1000 
succinate (TPGS) (Crowley, Zhang et al. 2007, Verreck 2012). 

c. Other Inactive Ingredients 

Other inactive ingredients such as antioxidants and light absorbers are used to improve the 
stability of the polymers, which are prone to degradation at high temperatures.  These ingredients 
must be properly selected, characterized and controlled in consideration of the desired 
characteristics of the resultant formulation in order to maintain product performance.  Some 
commonly used antioxidants include edetate disodium (EDTA), citric acid and chain-breaking 
antioxidants such as butylated hydroxyanisole, butylated hydroxytoluene and vitamin E.  Other 
inactive ingredients include thermal lubricants such as glyceryl monostearate and silicon dioxide, 
which help move the mixture through the extruder.  

3. Conclusion   

Drug products produced using HME have complex formulations because the extrudate must 
remain a stable and amorphous solid solution of API within a matrix throughout the shelf life of 
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the final drug product, in order to achieve proper product performance. This is necessary to 
ensure that the API has higher solubility, resulting in the desired bioavailability of the drug 
product.  To avoid a negative impact on the safety and efficacy of the product, the extrudate 
should have a uniform distribution of API in the matrix and a controlled level of impurities.  It is 
critical for these formulations to be thermally stable during the extrusion process and physically 
stable afterwards.  Raw material selection and control and ingredient ratios influence several 
attributes of the extrudate and, in turn, the final product.  If drug products produced using HME 
are not formulated correctly, taking into account the principles discussed above, it could lead to 
significant variability in performance within and across batches, and may impact bioavailability.  
Based upon the considerations discussed above, the complex formulations of drug products 
produced using HME present demonstrable difficulties for compounding.         

B. Drug Products Produced Using HME Can Have a Complex Drug Delivery 
Mechanism 

Drug products produced using HME may have complex drug delivery mechanisms because the 
extrudate formulation determines the solubility and dissolution of the API from the matrix.  Also, 
the extrudate can be employed within products that microencapsulate, target delivery, mask taste, 
film coat, modify release, and use nanotechnology.  Depending on the design of the final dosage 
form, the type of extrudate matrix, and the amorphous state of the API, the drug delivery rate can 
be modulated and controlled.  The dosage form incorporating the extrudate can control the 
release rate of the API by dosage form disintegration or extrudate dissolution.  In addition, the 
drug delivery mechanism should ensure that the API does not recrystallize in situ, thereby 
decreasing solubility.  The qualitative and quantitative characteristics of API and inactive 
ingredient, physical design, and the site of action all influence the release rate and intended 
performance of these types of drug products produced using HME. 

Conclusion   

The mechanism by which API is released from the drug products produced using HME can be 
complex because it is dependent on a product design (e.g., immediate or sustained) that 
implicates API dissolution and solubility in an amorphous state within the extrudate to ensure 
appropriate drug delivery.  Product design involves achieving and maintaining an amorphous 
state of the API in the extrudate, extrudate incorporation into the final dosage form, and selection 
of a carrier/API matrix that will release the drug at a predetermined rate.  In addition, because the 
dose release profile is impacted by several factors, precise control of raw materials, the extrusion 
process, and the final product are all necessary to ensure safety and efficacy.  Based upon the 
considerations discussed above, the complexity of the drug delivery mechanisms of drug 
products produced using HME presents demonstrable difficulties for compounding. 



11 
 

C. Some Drug Products Produced Using HME are Complex Dosage Forms 

Some dosage forms of drug products produced using HME are complex because of the   
structural arrangement or distribution of the extrudate within the dosage form, the function or 
role of the extrudate in the dosage form’s drug delivery mechanism, or the interaction of 
extrudate with other ingredients within the dosage form.    For example, for topical drug products 
produced using HME, such as ointments, it is critical to appropriately process the extrudate in 
order to yield a particular viscosity, a drug release profile that enables either local or systemic 
drug delivery, and a texture (e.g., firmness) that is compatible for use in an ointment  
(Bhagurkar, Angamuthu et al. 2016).  Similarly, in topical film drug products produced using 
HME, the extrudate needs to be produced in a way that provides for proper interaction with 
inactive ingredients so that the product adheres to the skin and delivers the API appropriately 
(Repka and McGinity 2001).   

As discussed, extrudate can be incorporated into different dosage forms for different routes of 
administration to increase bioavailability and product performance.  In most dosage forms, the 
extrudate and other ingredients may need to be of a certain size and shape within the dosage 
form and arranged in a particular way to deliver the API properly. In all dosage forms containing 
extrudate, there is a relationship between the drug delivery mechanisms and the incorporation of 
the extrudate, so the HME process and ingredients must be tailored depending on the resultant 
dosage form to ensure proper drug delivery. 

Drug products produced using HME require well designed controls of ingredient attributes and 
process parameters for predictable API release from a dosage form.  These controls may vary 
from dosage form to dosage form, depending on what downstream incorporation steps the 
extrudate will undergo. As previously mentioned in section A, various ingredients play a critical 
role in the dosage forms’ performance.  Extensive product development and precise control over 
raw material selection and the production process are essential to evaluating the API release 
mechanism and profile, and other product performance characteristics.  Based upon these 
considerations, the complexity of dosage forms produced through HME can present 
demonstrable difficulties for compounding. 

D. Bioavailability is Difficult to Characterize and Control in Drug Products Produced 
Using HME   

FDA defines bioavailability as “the rate and extent to which the active ingredient . . . is absorbed 
from a drug product and becomes available at the site of action.”  21 C.F.R. § 314.3.  For drug 
products produced using HME, there is an established link between bioavailability and 
formulation.  Due to increased solubility of the API following extrusion, minor variations in the 
formulation of the extrudate can significantly impact bioavailability and, in turn, the safety and 
effectiveness of the product.  Formulation and production processes for drug products produced 
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by HME need to be well controlled to achieve to achieve a specified measure of API solubility 
and an optimal rate and extent of API absorption at the site of action.    

It is critical to measure the impact of recrystallization on bioavailability (in vivo) and utilize bio-
relevant dissolution methods to predict performance (in vitro) to ensure that products have a 
consistent release rate of API that falls uniformly within predetermined and specific acceptable 
ranges.   

Conclusion 

Characterizing and controlling the bioavailability of drug products produced using HME is 
complex.  Subtle changes to any components or production processes could significantly impact 
a drug product’s solubility and intrinsic dissolution, which may in turn influence local and 
systemic bioavailability.  In general, for drug products produced using HME, in vitro 
assessments, such as dissolution testing, alone are insufficient to accurately predict 
bioavailability and overall clinical effect.  Rather, in vivo assessments are needed.  Based on 
these considerations, characterizing and controlling bioavailability of products produced using 
HME is complex and presents a demonstrable difficulty for compounding. 

E. HME Involves Complex Compounding Processes 

Controls are necessary before, during, and after the HME process to ensure that the extrudate 
achieves and maintains critical quality attributes (amorphous state, uniformity, purity).  A central 
electronic control unit used in HME processing controls the various process parameters such as 
screw speed (typically measured as “rpm,” or revolutions per minute), feed rate, temperatures 
along the barrel and the die, and the vacuum level for devolatilization. The central electronic 
control unit may contain information about other parameters, such as melt pressure and 
temperature, motor amperage, viscosity, and specific energy consumption. Downstream 
processing equipment to process the extrudate can include conveyer belts, chillers and air knives 
for cooling, strand-cutters and pelletizers for cutting, and spoolers for collection.  

Extruders allow in-process monitoring and control of certain parameters, such as the temperature 
in the extruder, head, and die, as well as pressure in the extruder and die (Shah, Kabadi et al. 
1994). The main monitoring and controlling parameters are barrel temperatures, feed rate, screw 
speed, motor load (torque), temperature of the melt, and die pressure.  Barrel temperature, feed 
rate, and screw speed are controlled parameters (i.e., having a setpoint) and motor load and melt 
pressure are monitored (measured responses) parameters.  

i) Barrel temperatures: The glass transition or melting temperatures of the feed 
mixture informs the target barrel temperature profile. 
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ii) Feed rate and screw speed: The constant feeding rate and screw speed establish 
the level of fill in extruder, which is critical to the HME process because it 
governs the balance between the weak and strong mass transfer mode and  affects 
residence time distribution of the material in the extruder chamber (Martin 2001).  
Maintaining a constant feed rate and screw speed ensures a constant amount of 
material (i.e. fill) in the extruder, and thus, a constant amount of shear stress and 
residence time applied to the material.  

iii) The motor load and melt pressure: These parameters depend on feed rate and 
screw speed. With constant feed rate and screw speed, these parameters depend 
upon the molecular weight of polymer and drug as well as polymer miscibility in 
binary mixtures (Breitenbach 2002). 

Heat is generated in the extruder due to frictional heating within the barrel caused by the 
shearing of material between the rotating screws and between the screws and the wall of the 
barrel.  The barrel is heated by heating elements that are mounted externally on the barrel.  Water 
is used to externally cool the barrel when and where cooling is needed.  These mechanisms are 
employed for adjusting and controlling the barrel temperature profile, because variations in 
barrel temperature may alter the desired characteristics of the extrudate. These temperature 
controls are necessary to maintain the melt viscosity, which allows for proper conveying and 
mixing without thermally degrading the ingredients.  Selecting the appropriate temperature 
profile along the barrel sections that will lead to robust conveying and melting without 
degradation of the extrudate can be difficult and important for extrudate quality.   

Once the extrudate exits the barrel through the orifice, it must be cooled at a predetermined and 
specified rate.  This is typically done by placing the extrudate in contact with surface cooled 
using water or air flow.  The cooled extrudate is a glass (amorphous solid), which can be 
processed downstream using conventional pharmaceutical equipment for milling, cutting, 
blending, compressing, and encapsulating; which equipment will be used depends on the type of 
final dosage form.  Variations in extrudate cooling rates and endpoints may alter the desired 
characteristics of the extrudate.  For example, cooling too slowly can lead to annealing and 
potential recrystallization of the API; therefore, cooling conditions need to be monitored and 
applied consistently to the exiting extrudate.   

The main assembly of the extruder consists of a drive motor and a gravimetric feeder.  The drive 
motor controls the screw speed while the gravimetric feeder controls the feed rate.  The screw 
speed and the feed rate are independent, predetermined, and specific, depending on the 
characteristics of the ingredients introduced into the extruder and the desired characteristics of 
the extrudate.  Programmed in consideration of one another, these controls lend to a 
“multivariate” or combinatorial effect on extrudate quality.  Variations in the combination of 
screw speed and feed rate may affect the residence time of the mixture moving through the 
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barrel, motor load, melt pressure, shear rates, and the temperature achieved by materials in the 
barrel.  For example, significant fluctuations in feed rate may lead to intermittent starving and 
clogging of the extruder, which can lead to accumulation of product that can thermally degrade.  
Similarly, poor temperature control in portions of the barrel can lead to melting or solidification 
in the wrong section of the extruder and cause stoppage of product flow and poor extrudate 
quality.  If these variations fall outside of the predetermined parameters, the extrudate may not 
exhibit the desired characteristics. 

Conclusion   

The compounding process for drug products that are produced by HME is complex because 
specialized equipment under appropriate controls is critical for ensuring product quality.  The 
extruder must be properly calibrated based on the characteristics of the ingredients fed into the 
extruder and desired characteristics of the extrudate.  Poor technique or control at any step will 
likely result in a product that does not achieve or maintain critical quality attributes.  For 
example, uncontrolled processing can lead to unstable, non-uniform, and crystalline extrudate, 
which may result in diminished API bioavailability and in turn may adversely affect the safety 
and effectiveness of the drug product.  For these reasons, HME is a complex compounding 
process that presents demonstrable difficulty for compounding.   

F. Drug Products Produced Using Hot Melt Extrusion Necessitate Complex 
Physicochemical or Analytical Testing 

1. Raw Materials Testing 

A rigorous characterization of the ingredients processed by HME is important to avoid a negative 
impact on the safety and effectiveness of HME drug products.  For example, raw material 
properties, such as melt viscosity, thermal properties, and impurity content, can often impact the 
characteristics of the extrudate (typically, a uniform amorphous solid dispersion with a low level 
of impurities).  Raw materials properties may vary from manufacturer to manufacturer, and 
across batches.  FDA is not aware of available standard raw material testing methods (e.g., those 
found in the United States Pharmacopeia) that capture specific aspects of melting and 
crystallinity.  Conducting complex methods of testing of raw materials used in HME is critical 
for ensuring processability of the components, the quality of the extrudate, and proper 
performance of the final drug product.  This may require the use of specialized testing tools and 
equipment, such as a rheometer, which measures the melt viscosity of the raw polymer. 

2. Product Quality Testing 

The presence of API crystals is detrimental to the amorphous solid dispersion as they can seed 
formation of other crystals, and ultimately lead to reduction in product performance.  The 
measurement system to properly characterize the extrudate is complex because it incorporates 
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multiple complementary methods to interpret similar properties, such as a limit of detection for 
crystallinity and thermal history of amorphous phase.  Properly determining the extrudate quality 
is not always possible through the interpretation of a single analytical technique and requires 
complex analysis of supportive data.   

Test methods for the amorphous extrudate, such as microscopy (for particle size and 
crystallinity), thermal analysis (for detecting amorphous phase), spectroscopy (for detecting 
crystallinity and composition), and non-sink dissolution (for drug release) are frequently used to 
characterize HME formulation candidates and provide drug product performance and stability 
information.  Microscopy (light or scanning electron microscopy (SEM) and/or hot stage 
microscopy), thermal analysis, differential scanning calorimetry (DSC), thermomechanical 
analyzer (TMA), or thermogravimetric analysis (TGA) may be employed to evaluate the quality 
of the amorphous solid dispersion prepared by HME.  Dynamic mechanical analysis (DMA) is a 
sensitive technique to measure Tg and is used for characterizing a product’s viscoelastic 
property. Microscopy is used to visually assess the extrudate to detect the presence of drug 
crystals or air bubbles within the extrudate. 

As discussed above, the extrudate is considered a glass (i.e., amorphous solid).  Extrudate has a 
Tg (Angell 1995), which is an important indicator of physical stability, because it indicates the 
temperature at which the amorphous solid will become a viscous liquid. As the extrudate 
approaches conditions near the Tg, this can destabilize the amorphous state and increase 
molecular mobility.  The API in the extrudate can recrystallize if temperature and humidity are 
not controlled and extrudate is stored above the glass transition temperature.  A critical quality 
attribute of the extrudate is an amorphous phase API in the carrier matrix, so analytical methods 
are needed to detect whether there is a single Tg for the extrudate, confirming a single 
amorphous phase. Modulated differential scanning calorimetry (mDSC) is used to qualitatively 
confirm that the extrudate has a single Tg, identify a value for the Tg, and verify the lack of a 
melting point corresponding to the drug substance as evidence of amorphous state. TGA is 
employed to evaluate the solvent content and thermal degradation of the individual formulation 
components as well the final extrudate.  

Physical forms of the extrudate can be characterized (qualitatively and quantitatively) using x-
ray powder diffraction (XRPD) or Raman spectroscopy.  XRPD or Raman spectroscopy may be 
used to identify the presence of crystals within the sample.  If API concentrations in the 
extrudate are relatively low, other methods may need to be employed to identify the presence of 
crystals, such as solid state nuclear magnetic resonance.  The physical blend of the formulation is 
typically also analyzed to serve as a control.  

The performance of the extrudate and final product is sometimes evaluated using a non-sink 
dissolution test.  Non-sink dissolution testing evaluates final drug product containing extrudate 
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(amorphous solid dispersion) for enhancement and sustainability of supersaturation over the 
crystalline drug form, and can be used to rank-order formulations. 

3. Stability 

Ensuring the stability of a drug product produced using HME is a major challenge during 
production, storage and administration.  Typically, the stability of the extrudate in the final 
product should be evaluated during the initial stages of product development.  Recrystallization 
of API after extrusion should be directly measured.  Recrystallization is a nucleation 
phenomenon that occurs after thermal relaxation of the glass after initial formation, and is 
impacted by heat and moisture exposure during storage.  Therefore, recrystallization cannot be 
linearly extrapolated, like chemical degradation, because it does not follow a predictable rate.  
Typically, the extrudate in the finished dosage form should be evaluated using a combination of 
accelerated, stressed, and long term stability tests to understand its behavior when exposed to 
humidity and temperature.  These stability studies usually incorporate thermal and/or 
spectroscopic methods described below to detect changes in the amorphous state of the 
extrudate, which is not detectable by typical liquid chromatography methods commonly used for 
assay.   

In addition, the hygroscopicity of the extrudate can be significant, due to presence of polymer, 
which in turn reduces Tg and increases potential for recrystallization by increasing molecular 
mobility within the glass (Hancock and Zografi 1994).  A Tg of at least 20°C above the storage 
temperature is recommended for stable shelf life (Alhalaweh, Alzghoul et al. 2015).  Therefore, 
characterization of the extrudate’s Tg and the propensity for API recrystallization when exposed 
to temperature and moisture are critical for defining appropriate storage, handling and packaging 
conditions. 

The physical and chemical stability of the extrudate is evaluated generally by mDSC and/or 
XRPD for crystallinity and high performance liquid chromatography (HPLC) for purity and 
assay.  mDSC is used to analyze how the Tg changes as a function of humidity.  This test is used 
to rank-order formulations based on the value of the Tg at a constant equilibrated humidity.  
Generally, the highest Tg formulations would have the best expected physical stability for 
miscible mixtures of drug and polymer.  Lastly, HPLC is also employed to perform related 
substance test, in order to check for any chemical degradation of the drug substance under the 
HME processing conditions. 

4. In-Process Measurements for HME 

Physicochemical characterization of the extrudate formed during HME is necessary to properly 
assess its properties and performance in the finished drug product.  Interpretation of the 
analytical data can be challenging.  It generally requires the development of new methods 
specific to the formulation for detecting crystalline content, content uniformity, and thermal 
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impurities.  A screening approach using these methods can be employed for characterizing and 
comparing different formulations that yield critical quality attributes.  Also, these analytical 
methods are often introduced as in-process controls for determining whether the extrudate is 
acceptable for continued processing.   

Due to the continuous nature of the HME operation, which combines several mixing and 
processing steps, it is imperative that drug product composition is monitored and consistency 
ensured throughout the batch.  Traditional off-line techniques, such as chromatographic and 
spectroscopic methods, can be used for compositional and solid state measurements.  However, 
the nature of the matrix-based extrudate and drug extraction makes sample preparation difficult 
and untimely as in-process control.  Rather, process analytical technology (PAT) tools such as 
Near Infrared (NIR) and Raman spectroscopy can be employed to monitor and control the HME 
process. 

NIR or Raman can be used for assessing polymer layer thickness in multi-polymer systems.  NIR 
can be used to monitor critical quality attributes such as content uniformity and moisture content, 
extruder operation stability (by detecting changes due to process start-up, feeder refill 
fluctuations, and process variations).  Raman can be employed to monitor polymorphic form of 
the drug during the extrusion process. 

Conclusion 

Physicochemical and analytical testing before, during, and after HME to evaluate thermal 
properties, recrystallization, dissolution, and uniformity requires specialized analytical devices 
and procedures for accurate measurement.  For these reasons, the physicochemical and analytical 
testing required for production of drug products produced using HME is complex and 
demonstrates difficulties for compounding. 

V. RISKS AND BENEFITS TO PATIENTS OF COMPOUNDED DRUG PRODUCTS 
PRODUCED USING HME 

Drug products produced using HME can benefit patients due to enhanced bioavailability, 
controlled delivery rates, and stabilized formulations.  Compounded drugs are not FDA-
approved, but they can serve an important role for patients whose clinical needs cannot be met 
by an FDA-approved drug product, such as a patient who has an allergy to a certain dye and 
needs a medication to be made without it, or an elderly patient or a child who cannot swallow a 
tablet or capsule and needs a medicine in a liquid dosage form that is not otherwise available, or 
for appropriate pediatric or weight-based dosing.   

The Agency is not aware of any compounders that produce drug products using HME. Such 
products could potentially benefit patients if they are produced with taste-masking properties 
suitable for children or are in dosage forms that are suitable for patients with swallowing 
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difficulties, such as mini-tablets and liquid suspensions (Bhatt-Mehta et al. 2015).  However, 
these potential benefits are theoretical because, as noted above, we are unaware of compounders 
producing drug products using HME and because of the complexities described throughout this 
consult. 

Compounding of drug products using HME would pose a significant risk to patients.  As 
discussed above, HME process design complexities and the relationship between inactive 
ingredient and API of products produced through HME directly impacts bioavailability, release 
and performance.  These in turn affect drug product effectiveness and safety.  Substituting or 
removing inactive ingredients, such as polymers, plasticizers, or surfactants, would likely change 
the solubility and release characteristics of the product, and, in turn, may adversely impact 
product performance.  Also, consistent quality controls for raw materials, the extrusion process, 
and final product are essential for predictable and reproducible API release, which directly 
affects the safety and effectiveness of the product.  Any potential benefit of compounded drug 
products produced using HME would be outweighed by the risks discussed above. 

VI. RECOMMENDATION 

We have evaluated the category of drug products produced using HME as a candidate for the 
Difficult to Compound List.  Based on an analysis of the evaluation criteria, we believe that drug 
products produced using HME present demonstrable difficulties for compounding that 
reasonably demonstrate and are reasonably likely to lead to an adverse effect on the safety or 
effectiveness of such products.  Taking into account the risks and benefits to patients, we believe 
that HME should be included in the Difficult to Compound List under sections 503A and 503B 
of the FD&C Act. 
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