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Cycloastragenol upregulates SIRT1 expression, attenuates
apoptosis and suppresses neuroinflammation after brain
ischemia
Man Li1,2, Shi-chun Li1,2, Bao-kai Dou1,2, Ying-xiang Zou1,2, Hao-zhen Han3,4, Dong-xiang Liu3,4, Zun-ji Ke2 and Zhi-fei Wang1,2

Cycloastragenol (CAG) is the active form of astragaloside IV isolated from Astragalus Radix, which displays multiple pharmacological
effects. Silent information regulator 1 (SIRT1), a class III histone deacetylase, has been shown to play an important role in
neuroprotection against cerebral ischemia. In this study, we investigated whether CAG protected against ischemic brain injury and,
if so, whether the beneficial effects were associated with the regulation of SIRT1 in the ischemic brain. Mice were subjected to
45min of middle cerebral artery occlusion (MCAO) followed by reperfusion. CAG (5, 10, 20 mg/kg) was injected intraperitoneally at
the onset of reperfusion, 12 h later and then twice daily for up to three days. CAG dose-dependently reduced brain infarct volume,
significantly ameliorated functional deficits, and prevented neuronal cell loss in MCAO mice. Meanwhile, CAG significantly reduced
matrix metalloproteinase-9 activity, prevented tight junction degradation and subsequently ameliorated blood-brain barrier
disruption. Moreover, CAG significantly upregulated SIRT1 expression in the ischemic brain but did not directly activate its
enzymatic activity. Concomitant with SIRT1 upregulation, CAG reduced p53 acetylation and the ratio of Bax to Bcl-2 in the ischemic
brain. CAG also inhibited NF-κB p65 nuclear translocation. As a result, CAG suppressed the mRNA expression of pro-inflammatory
cytokines, including TNF-α and IL-1β, and inhibited the activation of microglia and astrocytes in the ischemic brain. Our findings
suggest that CAG is neuroprotective against ischemic brain injury in mice and that its beneficial effect may involve SIRT1
upregulation and the inhibition of apoptosis and neuroinflammation in the ischemic brain.
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INTRODUCTION
Stroke is one of the leading causes of death and adult disability
worldwide. Ischemic stroke is the most common type of stroke and
accounts for more than 70% of all strokes in China [1]. To date,
recombinant tissue plasminogen activator (rtPA) is the only clinically
approved treatment for acute ischemic stroke. However, its narrow
therapeutic window and safety concerns limit the clinical use of rtPA.
Therefore, it is crucial to develop new therapies for ischemic stroke.
Silent information regulator 1 (SIRT1) is a class III histone

deacetylase, and its enzymatic activity depends on oxidized
nicotinamide adenine dinucleotide. SIRT1 is expressed throughout
the body and deacetylates histones and nonhistone proteins to
regulate cell metabolism in response to stress [2]. The neuropro-
tective properties of SIRT1 have been demonstrated in many
neurodegenerative disorders, including neurodegenerative and
cerebrovascular diseases [3–5].
Sirt1 knockout mice exhibit larger brain infarction than wild-type

littermates following middle cerebral artery occlusion (MCAO) [6]. In
contrast, Sirt1 overexpression attenuates hippocampal damage in
mice subjected to cerebral ischemia [7]. On the other hand,

resveratrol, a natural SIRT1 activator, has been shown to exert
neuroprotective effects via SIRT1 pathways in in vitro and in vivo
models of cerebral ischemia, while the inhibition of SIRT1 activation
by sirtinol can abolish the neuroprotective effects of resveratrol
[8, 9]. Together, these findings suggest that SIRT1 has emerged as a
promising target for neuroprotection against cerebral ischemia [4, 5].
Astragalus radix is a traditional Chinese herbal medicine that is

commonly used to treat cardiovascular diseases, diabetes and
cancers in China [10]. Astragaloside IV is the major active
component of Astragalus radix and is responsible for most of
the observed effects of this herbal medicine. Most astragaloside IV
is metabolized to cycloastragenol (CAG, Fig. 1a) in vivo [11].
Therefore, CAG is regarded as an active form of astragaloside IV
[12]. CAG has been demonstrated to possess multiple pharmaco-
logical effects, including telomerase-activating, anti-aging, anti-
apoptotic, and anti-inflammatory effects [12–14]. The effect of
CAG against cerebral ischemia remains elusive. The present study
investigated whether CAG can protect against ischemic brain
injury and, if so, whether the beneficial effect is associated with
the upregulation of SIRT1 in the ischemic brain.
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