
425

NEURAL REGENERATION RESEARCH 
March 2017,Volume 12,Issue 3 www.nrronline.org

RESEARCH ARTICLE

Fermented Chinese formula Shuan-Tong-Ling 
attenuates ischemic stroke by inhibiting inflammation 
and apoptosis

*Correspondence to:
Zhi-gang Mei, M.D., 
zhigangmei@139.com.

orcid: 
0000-0002-0377-7785
(Zhi-gang Mei)

doi: 10.4103/1673-5374.202946

Accepted: 2017-02-07

Zhi-gang Mei1, 2, *, Ling-jing Tan1, 2, Jin-feng Wang1, Xiao-li Li1, Wei-feng Huang1, Hua-jun Zhou3

1 Third-Grade Pharmacological Laboratory on Chinese Medicine Approved by State Administration of Traditional Chinese Medicine, Medical 
College of China Three Gorges University, Yichang, Hubei Province, China
2 Key Laboratory of Cardiovascular and Cerebrovascular Diseases Translational Medicine, China Three Gorges University, Yichang, Hubei 
Province, China 
3 Institute of Neurology, the First College of Clinical Medical Sciences, China Three Gorges University, Yichang, Hubei Province, China
  
How to cite this article: Mei ZG, Tan LJ, Wang JF, Li XL, Huang WF, Zhou HJ (2017) Fermented Chinese formula Shuan-Tong-Ling attenu-
ates ischemic stroke by inhibiting inflammation and apoptosis. Neural Regen Res 12(3):425-432.
Open access statement: This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial- 
ShareAlike 3.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as the author is credited and 
the new creations are licensed under the identical terms.
Funding: This study was supported by the National Natural Science Foundation of China, No. 81202625; and Open Fund of Key Laboratory of 
Cardiovascular and Cerebrovascular Diseases Translational Medicine of China Three Gorges University of China, No. 2016xnxg101.

Abstract
The fermented Chinese formula Shuan-Tong-Ling is composed of radix puerariae (Gegen), salvia miltiorrhiza (Danshen), radix curcuma 
(Jianghuang), hawthorn (Shanzha), salvia chinensis (Shijianchuan), sinapis alba (Baijiezi), astragalus (Huangqi), panax japonicas (Zhujiesh-
en), atractylodes macrocephala koidz (Baizhu), radix paeoniae alba (Baishao), bupleurum (Chaihu), chrysanthemum (Juhua), rhizoma cyperi 
(Xiangfu) and gastrodin (Tianma), whose aqueous extract was fermented with lactobacillus, bacillus aceticus and saccharomycetes. Shuan-
Tong-Ling is a formula used to treat brain diseases including ischemic stroke, migraine, and vascular dementia. Shuan-Tong-Ling attenuated 
H2O2-induced oxidative stress in rat microvascular endothelial cells. However, the potential mechanism involved in these effects is poorly 
understood. Rats were intragastrically treated with 5.7 or 17.2 mL/kg Shuan-Tong-Ling for 7 days before middle cerebral artery occlusion 
was induced. The results indicated Shuan-Tong-Ling had a cerebral protective effect by reducing infarct volume and increasing neurolog-
ical scores. Shuan-Tong-Ling also decreased tumor necrosis factor-α and interleukin-1β levels in the hippocampus on the ischemic side. 
In addition, Shuan-Tong-Ling upregulated the expression of SIRT1 and Bcl-2 and downregulated the expression of acetylated-protein 53 
and Bax. Injection of 5 mg/kg silent information regulator 1 (SIRT1) inhibitor EX527 into the subarachnoid space once every 2 days, four 
times, reversed the above changes. These results demonstrate that Shuan-Tong-Ling might benefit cerebral ischemia/reperfusion injury by 
reducing inflammation and apoptosis through activation of the SIRT1 signaling pathway. 

Key Words: nerve regeneration; traditional Chinese medicine; ferment; Shuan-Tong-Ling; middle cerebral artery occlusion; cerebral ischemia/
reperfusion; silent information regulator 1; inflammation; apoptosis; tumor necrosis factor-α; interleukin-1β; Bcl-2; Bax; acetylated-protein 53; 
neural regeneration
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Shuan-Tong-Ling (STL) protected against ischemic stroke by activating silent information regulator 1 
(SIRT1) signaling pathway
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Introduction
Ischemic stroke is the major cause of mortality and disabil-
ity worldwide, especially in developing countries (Hankey, 
2012). It results from a transient or permanent reduction 
in cerebral blood flow restricted to major brain arteries. At 
present, the most effective treatment strategy is to restore 
cerebral blood flow immediately. However, reperfusion may 
injure the brain when the blood supply is restored leading 
to poor clinical outcomes and a series of pathophysiologic 
events, such as inflammation, apoptosis, oxidative stress, glu-
tamate excitotoxicity, calcium overload and mitochondrial 
dysfunction (Lanzillotta et al., 2013; Thompson et al., 2015; 
Yang et al., 2015; Han et al., 2016). Although thrombolytic 
agents are used to treat ischemic stroke in the clinic, their 
narrow therapeutic window and other safety problems limit 
their application (Yepes et al., 2009). Therefore, it is vital to 
explore new targets for the prevention and treatment of isch-
emic stroke. 

Traditional Chinese medicine has positive effects on isch-
emic stroke (Wu et al., 2011; Hao et al., 2012; Zhang et al., 
2014). Shuan-Tong-Ling (STL) is a novel fermented Chinese 
formula adapted from a classical prescription for Sanpian 
Decoction, which is a famous traditional Chinese formula 
for curing vascular migraine and stroke, invented by Shiduo 
Chen, a great doctor in the Ming Dynasty (Liang et al., 2011; 
Li et al., 2012a). STL comprises 14 herbs, whose aqueous 
extract is fermented with lactobacillus, bacillus aceticus and 
saccharomycetes. Based on the theory of traditional Chinese 
medicine (Chen et al., 2012; Law et al., 2016), the herbs in 
STL are classified into three types. Radix puerariae (Gegen), 
salvia miltiorrhiza (Danshen), radix curcuma (Jianghuang), 
hawthorn (Shanzha), salvia chinensis (Shijianchuan), and 
sinapis alba (Baijiezi) promote qi and enhance blood circula-
tion. Astragalus (Huangqi), panax japonicas (Zhujieshen), and 
atractylodes macrocephala koidz (Baizhu) are used to invigo-
rate qi and enrich the blood. Radix paeoniae alba (Baishao), 
bupleurum (Chaihu), chrysanthemum (Juhua), rhizoma cyperi 
(Xiangfu) and gastrodin (Tianma) are used to modulate ab-
normal liquid metabolism and disperse stagnated liver qi. In 
traditional Chinese medicine, qi is an energy that invigorates 
the body and enhances the blood circulation and meridian 
circulation (Ni, 1995; Zhao et al., 2012; Li et al., 2014). Isch-
emic stroke is mainly caused by blood stasis, qi deficiency and 
stagnation. Based on the normal dosage used in the clinic, we 
used four times the weight of Radix puerariae, astragalus and 
radix paeoniae alba as a “monarch medicine” to enhance its 
efficacy to invigorate qi and blood circulation. Other herbs 
were present at their normal dosage and played a role of “min-
ister medicine” or “assistant medicine”. The fermented STL 
tasted better than the common decoction of STL and it was 
accepted more easily by patients and healthy people. Based 
on this novel formulation and its pharmacological effects, we 
have applied for a Chinese patent (CN105833184A).  

Silent information regulator 1 (SIRT1) deacetylase ac-
tivity is dependent on nicotinamide adenine dinucleotide 
(NAD+) levels, which can directly activate SIRT1 as a sub-
strate (Zschoernig and Mahlknecht, 2008; Ma et al., 2015). 

SIRT1 was implicated as a key molecule that protects against 
cerebral ischemia/reperfusion (I/R) injury (Paraíso et al., 
2013). Cerebral hypoperfusion/ischemia, inflammation and 
apoptosis induce vascular cognitive impairment (Hattori 
and Ihara, 2016). SIRT1 can block cerebral hypoperfusion 
and ischemia through deacetylating anti-inflammatory and 
anti-apoptotic molecules as well as endothelial nitric oxide 
synthase to induce arterial dilation (Hernández-Jiménez et 
al., 2013; Pan et al., 2016). In addition, some components 
within STL had a protective effect on cerebral ischemia-reper-
fusion via SIRT1 in other studies. For example, curcumin 
protected ischemic brains by SIRT1 activation, leading to 
reduced acetylated-protein 53 (Ac-p53) expression and Bax 
and the increased expression of Bcl-2. Curcumin also mitigat-
ed inflammatory responses and mitochondrial dysfunction 
in cerebral ischemia (Miao et al., 2016). Salvianolic acid B 
upregulated SIRT1 and Bcl-2 expression, and downregulated 
Ac-FOXO1 and Bax expression (Lv et al., 2015). However, the 
mechanism of STL activation remains unclear. Therefore, this 
study investigated the mechanism involved in the beneficial 
effects of STL using in vivo experiments. We hypothesize that 
STL protects the brain from cerebral I/R injury and attenuates 
inflammation and apoptosis after I/R by activating SIRT1. 

Materials and Methods
STL preparation
Fourteen herbs within STL were purchased from the Yichang 
Hospital of Traditional Chinese Medicine, Hubei province, 
China, and were identified by Maohua Chen a pharmacist 
who is Chief of the Pharmacy Department of Yichang Hos-
pital, China. The weight percentage of each crude herb of 
STL is listed in Table 1. Combined herbs were minced and 
the mixture was submerged in water (five times the weight 
of the herbs) for 30 minutes and then heated for 1 hour at 
100°C in marmite. The pH of the filtered STL water decoc-
tion was adjusted to 7.0 using 1 M NaOH and autoclaved 
for 20 minutes at 120°C. For fermentation, the STL water 
decoction was inoculated (1%, v/v) with three probiotics 
(saccharomyces, lactobacillus, and bacillus aceticus) for 2 days 
at 37°C. After sterilizing and pasteurization, the fermented 
STL liquid was canned and stored at 4°C. 

Quality control by high performance liquid 
chromatography (HPLC)
Standard chemicals, including puerarin, paeoniflorin, salvi-
anolic acid B, chikusetsu V, astragaloside IV and curcumin, 
were purchased from Chengdu Mann Stewart Biological 
Technology Co., Ltd., China. Briefly, the quality of the fer-
mented STL was determined by HPLC fingerprints. The 
multiple components of STL were characterized using an 
Alliance 2695 HPLC system (Waters Corporation, MA, 
USA). All chromatographic separations were performed on a 
Welchrom C18 column (4.6 × 250 mm, 5 μm; Welch Materi-
als, Inc., MD, USA) at room temperature. The mobile phase 
consisted of 0.2% phosphoric acid water (A) and acetonitrile 
(B). The following gradient program was used: 0–60 minutes, 
10–65% B. The flow rate was 1 mL/min, and the ultraviolet 
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detection wavelength was set at 254 nm. The column tem-
perature was 30°C, and the sample injection volume was 10 
μL. The chromatographic data were recorded and processed 
with Empower 3.0 software (Waters Corporation, Milford, 
MA, USA). 

Animals
All protocols were approved by the Experimental Animal 
Center of China Three Gorges University, China. Specif-
ic-pathogen-free male Sprague-Dawley rats aged 8 weeks 
and weighing 250–280 g were purchased from the Labora-
tory Animal Center of Three Gorges University, China (li-
cense No. SCXK (E) 2011-0061). All rats were kept under a 
controlled environment with a 12-hour light and dark cycle, 
with 60 ± 5% humidity and at 22 ± 3°C. They were allowed 
free access to water and food. Rats were acclimatized for 1 
week before experiments. Animal welfare and experimental 
procedures were carried out strictly in accordance with the 
Laboratory Animal Management Committee of Three Gorg-
es University and the guidelines of the National Institutes of 
Health Guide for the Care and Use of Laboratory Animals. 
All rats were randomly assigned to the following groups (n 
= 8 per group): sham, I/R, I/R + STL (5.7 mL/kg), I/R + STL 
(17.2 mL/kg) and I/R + STL (17.2 mL/kg) + EX527. 

Rat models of focal cerebral I/R
Cerebral I/R models were established by middle cerebral 
artery occlusion (MCAO) as previously described (Longa 
et al., 1989). First, rats were intraperitoneally anesthetized 
with 10% chloral hydrate (350 mg/kg) (Sinopharm Chemical 
Reagent Co., Ltd., Shanghai, China) before surgery. The rats 
were placed on a 37°C operating table. The right common 
carotid artery, the right external carotid artery and the in-
ternal carotid artery were exposed and isolated using a mid-
line neck incision. A monofilament nylon suture (4-0) was 
inserted into the internal carotid artery through an external 
carotid artery stump and then advanced into the internal 
carotid artery approximately 18–22 mm from the carotid 
bifurcation until mild resistance to block the origin of the 
middle cerebral artery. At 90 minutes after ischemia, the ny-
lon suture was slowly pulled out to allow reperfusion. 

Drug administration
As reported previously (Yu et al., 2014; Lv et al., 2015; Hu et 
al., 2016), the SIRT1 inhibitor EX527 (Selleckchem, Hous-
ton, TX, USA) was first dissolved in dimethyl sulfoxide and 
diluted to a final concentration with normal saline (final di-
methyl sulfoxide concentration < 2%). The sham group and 
the I/R group rats were administered physiological saline 
(5.7 mL/kg) once daily for 7 days before MCAO. The I/R + 
STL (5.7 or 17.2 mL/kg) group rats received the intragas-
tric administration of STL at 5.7 or 17.2 mL/kg, once per 
day for 7 days before MCAO (Tan et al., 2016). The I/R + 
STL (17.2 mL/kg) + EX527 group rats were intragastrically 
administrated STL at a dose of 17.2 mL/kg once daily for 7 
days and received the subarachnoid administration of the 
SIRT1 inhibitor EX527 at a dose of 5 mg/kg every 2 days, 
four times in total, before MCAO.

Evaluation of neurological deficits
Neurological deficits were measured after 24 hours of reper-
fusion according to the method of Longa et al. (1989). The 
neurological findings were scored as previously described: 
normal, 0 = no motor deficits; mild, 1 = forelimb weakness 
and torso turning to the ipsilateral side when held by tail; 
moderate, 2 = circling to the contralateral side but normal 
posture at rest; severe, 3 = unable to bear weight on the af-
fected side at rest; and critical, 4 = no spontaneous locomo-
tor activity or barrel rolling. 

Assessment of infarct volume
Infarct volume was assessed by staining with 2,3,5-triphen-
yltetrazoliumchloride (TTC) at 24 hours after reperfusion. 
Rats in each group were decapitated immediately following 
euthanasia using 10% (v/v) chloral hydrate (350 mg/kg) 24 
hours after cerebral I/R. The brains were rapidly removed 
and frozen for 10–15 minutes at −20°C. Five 2-mm-thick 
sections of each brain were sliced and stained with 2% TTC 
for 15 minutes at 37°C. The images were photographed and 
analyzed using Image-pro plus 6.0 software (Media Cyber-
netics, Rockville, MD, USA). The infarct volume was calcu-
lated by using the formula (%) = (area of the contralateral 
hemisphere − area of the normal part in the ipsilateral hemi-

Figure 1 High performance 
liquid chromatography
fingerprint chromatogram of 
fermented Shuan-Tong-Ling at 
254 nm. 
Shuan-Tong-Ling contained (1) 
puerarin, (2) paeoniflorin, (3) 
salvianolic acid B, (4) chikusetsu 
V, (5) astragaloside IV and (6) 
curcumin, which were detected 
at 10.455 minutes, 13.165 min-
utes, 23.300 minutes, 34.034 
minutes, 35.990 minutes and 
49.222 minutes, respectively. 
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Figure 2 Effects of STL on neurological deficits 24 hours after 
cerebral I/R injury in rats. 
Neurological function was assessed by Longa’s score, with higher 
scores indicating severer neurological deficits. Data are analyzed by 
analysis of variance followed by the least significant difference test. 
**P < 0.01. STL: Shuan-Tong-Ling; I/R: ischemia/reperfusion; EX527: 
Silent information regulator 1 inhibitor. 

sphere)/area of the contralateral hemisphere × 100%. 

Detection of inflammatory cytokines
TNF-α and IL-1β enzyme linked immunosorbent assay 
(ELISA) kits were purchased from NeoBioscience Technolo-
gy Co., Ltd., Shenzhen, Guangdong Province, China. Twen-
ty-four hours after reperfusion, rats were deeply anesthetized 
and decapitated. The hippocampus was rapidly removed and 
grinded until fully homogenized. Saline (500 μL) was add-
ed to the samples and these were centrifuged at 10,000 × g 
for 15 minutes. The supernatant was collected and stored at 
−20°C. All standards were prepared before starting the assay. 
The procedure was performed according to the manufac-
turer’s recommendations. The mean optical density value at 
450 nm for each set of reference standards and samples was 
calculated. All data were recorded with a microplate reader 
(Multiskan MK3, Thermo, MA, USA). 

Western blot assay
The hippocampus of the ischemic penumbra was collected 
and lysed in ice-cold lysis buffer for 10 minutes. The lysates 
were centrifuged at 12,000 × g for 15 minutes, and the resulting 
supernatant was collected, boiled and stored at −80°C. Equal 
amounts of total protein were separated by 10% (w/v) sodi-
um dodecyl sulfate-polyacrylamide gel electrophoresis and 
then proteins were transferred to polyvinylidene difluoride 
membranes (Millipore, Bedford, MA, USA). Membranes were 
blocked in 5% (w/v) non-fat milk in phosphate buffered saline 
(PBS) containing 0/1% (v/v) Triton X-100 (PBST) for 1 hour at 
room temperature. The membranes were incubated overnight 
with rabbit anti-mouse SIRT1 polyclonal antibody (1:1,000; 
Abcam, Cambridge, MA, USA), rabbit anti-mouse Ac-p53 
polyclonal antibody (1:500; Santa Cruz Biotechnology, Buffalo, 
CA, USA), anti-mouse Bcl-2 monoclonal antibody (1:500; San-
ta Cruz Biotechnology), anti-mouse Bax monoclonal antibody 
(1:500; Santa Cruz Biotechnology) and goat anti-rat β-actin an-
tibody (1:2,000; Boster, Wuhan, Hubei Province, China) at 4°C. 
Membranes were washed twice with TBST (10 minutes each). 

The blots were incubated with peroxidase-conjugated goat an-
ti-rabbit or rabbit anti-mouse IgG (1:3,000; Boster) for 1 hour 
at room temperature. The blots were immersed in Immobilon 
Western Chemiluminescent Horseradish Peroxidase Substrate 
(Boster). Protein expression was expressed as the optical den-
sity percentage of the target protein to β-actin using Image J 
Software (Wayne Rasband, National Institutes of Health, USA). 

Statistical analysis
HPLC results were directly obtained from the HPLC device. 
Other data are expressed as the mean ± SEM. All analyses 
were carried out using SPSS 19.0 (SPSS, Chicago, IL, USA). 
Analysis of variance was used for multiple comparisons of 
groups. The least significant difference test was used to com-
pare the means between each of the two groups. A P value < 
0.05 was considered statistically significant. 

Results
Qualitative analysis of STL components
HPLC was used to identify the active ingredients of STL 
extracts. As shown in Figure 1, by comparing the retention 
times and the ultraviolet spectra of the referene standards, 
six compounds, including (1) puerarin, (2) paeoniflorin, (3) 
salvianolic acid B, (4) chikusetsu V, (5) astragaloside IV and 
(6) curcumin, were definitively identified in STL.

STL improved neurological deficits induced by cerebral I/R
At 24 hours after cerebral I/R, rats in the sham group did 
not present any symptoms of neurobehavioral dysfunction 
(Longa’s score 0), while rats in the I/R group showed sig-
nificant neurobehavioral dysfunction (P < 0.01, vs. sham 
group). Pretreatment with different concentrations of STL 
produced significant improvements in neurological func-
tion (P < 0.01, vs. I/R group). However, I/R + STL (17.2 
mL/kg) + EX527 treatment did not significantly improve 
the neurological function of I/R rats compared to STL at 
17.2 mL/kg treatment (Figure 2). 

Table 1 Weight percentage of Shuan-Tong-Ling raw materials (Tan et 
al., 2016)

Herbs Weight percentage (%)

Radix puerariae (Gegen) 16
Salvia miltiorrhiza (Danshen) 8
Salvia chinensis (Shijianchuan) 4
Hawthorn (Shanzha) 6
Sinapis alba (Baijiezi) 4
Radix curcuma (Pianjianghuang) 4
Astragalus (Huangqi) 12
Panax japonicas (Zhujieshen) 6
Atractylodes macrocephala koidz (Baizhu) 6
Radix paeoniae alba (Baishao) 12
Bupleurum (Chaihu) 6
Chrysanthemum (Juhua) 6
Rhizoma cyper (Xiangfu) 6
Gastrodin (Tianma) 4
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STL reduced infarct volume after cerebral I/R
At 24 hours after cerebral I/R, the infarct volumes were 
measured by TTC assay. Obvious cerebral infarcts were de-
tected in I/R rats. As shown in Figure 3, pretreatment with 
STL at 5.7 mL/kg or 17.2 mL/kg significantly reduced the 
infarct volume of I/R rats (P < 0.05, P < 0.01, vs. I/R group). 
Furthermore, the protective effect of STL at 17.2 mL/kg was 
partly blocked by EX527 (Figure 3). 

STL reduced the expression of inflammatory cytokines in 
ischemic brain after cerebral I/R
To elucidate the effects of STL on inflammation induced by 
I/R, we evaluated the production of IL-1β and TNF-α in the 
hippocampus on the ischemic side of the brain by ELISA at 
24 hours after cerebral I/R. As shown in Figure 4, the levels 
of IL-1β and TNF-α were significantly increased after cere-
bral I/R (P < 0.01, vs. sham group). Pretreatment with STL 
at 5.7 mL/kg or 17.2 mL/kg remarkably attenuated the in-
creasing levels of IL-1β and TNF-α (P < 0.01, vs. I/R group) 
and these decreases were significantly suppressed by EX527 
treatment (P < 0.01, vs. I/R + STL (17.2 mL/kg) group).

Effects of STL on SIRT1, Ac-p53, Bcl-2, and Bax
expression 
As shown in Figure 5, low levels of SIRT1 and Bcl-2 protein 
expression and high levels of Ac-p53 and Bax protein expres-
sion were detected in the hippocampus of ischemic brains at 24 
hours after cerebral I/R by western blot assay. STL (5.7 and 17.2 
mL/kg) treatment markedly augmented SIRT1 and Bcl-2 pro-
tein expression compared with the I/R group (P < 0.01). EX527 
treatment significantly lowered SIRT1 and Bcl-2 expression 
in the I/R + STL (17.2 mL/kg) + EX527 group compared with 
the I/R + STL (17.2 mL/kg) group (P < 0.01). Moreover, STL 
(5.7 and 17.2 mL/kg) treatment also decreased the expression 
of Ac-p53 and Bax compared with the I/R group (P < 0.01). 
EX527 significantly increased Ac-p53 and Bax expression in 
the I/R + STL (17.2 mL/kg) + EX527 group compared with the 
I/R + STL (17.2 mL/kg) group (P < 0.01; Figure 5). 

Discussion
Cerebral I/R during ischemic stroke activates many patho-
physiological processes, including inflammation, apoptosis 
and oxidative stress (Chen et al., 2012; Yin et al., 2013; Cao 
et al., 2015; Xiang et al., 2015; Zhang et al., 2016a). Inflam-
mation and apoptosis have crucial roles in the pathophysio-
logical process of cerebral ischemia, and TNF-α and IL-1β are 
the key inflammatory cytokines (Kong et al., 2009; Palencia et 
al., 2015; Ma and Yin, 2016). These cytokines are involved in 
inflammatory responses after ischemic stroke that induce en-
dothelial cell damage, microglial activation, and neuronal in-
jury (Sharief and Thompson, 1992; Pytel and Alexander, 2009; 
Li et al., 2015; Zhang et al., 2016b; Zhao et al., 2016). Thera-
peutic interventions that attenuate inflammatory responses 
are effective for curing ischemic stroke (Sieber et al., 2011). 
In addition, during post-ischemia reperfusion, many vulner-
able neurons, particularly in the penumbra region, undergo 
apoptosis (MacManus and Buchan, 2000). Apoptosis can be 
triggered by intrinsic stimulation through the mitochondrial 

signaling pathway, or by extrinsic stimulation through cell 
surface death receptors (Liu et al., 2016). Members of the Bcl-
2/Bax family have important roles in modulating apoptotic 
pathways (Dirnagl et al., 1999).

To maintain health and treat disease, Chinese people have 
developed traditional Chinese medicine over many years (Lin 
et al., 2008; Yang et al., 2016). Based on the theory of tradi-
tional Chinese medicine, qi is a vital energy that invigorates 
blood circulation and improves immunocompetence. Ischemic 
stroke is usually attributed to qi deficiency, qi-stagnancy and 
blood stasis. For targeted treatment, we designed the prescrip-
tion of STL to nourish qi, invigorate the blood circulation, and 
smooth liver qi. In this study, HPLC was used to identify the 
active ingredients of fermented STL, and puerarin, paeoni-
florin, salvianolic acid B, chikusetsu V, astragaloside IV and 
curcumin were confirmed. We found that puerarin protected 
against brain injury via counteracting the inflammation after 
cerebral I/R via the cholinergic anti-inflammatory pathway. 
Zhang et al. (2015) found that paeoniflorin inhibited the apop-
tosis of neurons and accumulation of Bcl-2 expression, and 
reduced Bax expression to protect neurons. Another active 
ingredient, salvianolic acid B, also exerted anti-inflammatory 
effects as indicated by the decreased TNF-α and IL-1β levels in 
brain tissues. Salvianolic acid B upregulated SIRT1 and Bcl-2 
expression, and downregulated Ac-FOXO1 and Bax expression 
(Lv et al., 2015). Furthermore, Duan et al. (2016) reported that 
chikusetsu V protected cerebral I/R in diabetes through the 
AMPK-mediated phosphorylation of GSK-3β downstream of 
the APN-LKB1 pathway. Li et al. (2012b) found that astragalo-
side IV exerted a protective effect by decreasing the production 
of intercellular adhesion molecule-1, which was attenuated 
through the inhibition of TNF-α, IL-1β and NF-κB levels after 
I/R. In addition, curcumin protected ischemic brains through 
SIRT1 activation, leading to reduced Ac-p53 and Bax expres-
sion and the increased expression of Bcl-2. Curcumin also 
mitigated inflammatory responses and mitochondrial dysfunc-
tion in cerebral ischemia (Miao et al., 2016). Fermentation is 
a slow decomposition process whereby organic substances are 
degraded by microorganisms (Talebnia et al., 2010). It signifi-
cantly ruptures the cells releasing molecules to the menstruum, 
allowing bacterial enzymes to break down cell membranes to 
help herb ingredients to leach into the preparation. A recent 
study showed that fermented traditional Chinese medicine was 
safe (Park et al., 2014), and can be used as an anti-tumor, an-
ti-fungal (Kuwaki et al., 2002), and anti-oxidative stress agents 
as well as improve neuroprotection (Yang et al., 2011; Weon et 
al., 2014). Taken together, the above active constituent mixtures 
combined with the fermentation process may act together to 
achieve a beneficial efficacy of fermented STL. 

SIRT1 is highly expressed in various brain areas involved 
in cognitive functions and regulation of gene expression 
(Paraíso et al., 2013; Yang et al., 2013). Many studies have 
suggested that SIRT1 might have multiple roles in gene 
silencing, inflammation, apoptosis, stress, and senescence 
(Chung et al., 2010; Rahman et al., 2012; Yao and Rahman, 
2012), including I/R (Morris et al., 2011) and neurodegen-
eration (Donmez, 2012). NF-κB acetylation at lysine 310 
has a crucial role in inflammatory factor transcription and 
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Figure 5 Effects of STL on the protein expression of SIRT1, Ac-p53, Bcl-2 and Bax in the brain 24 hours after cerebral I/R.
(A) Western blot assay for protein expression in each group. (B–E) Density analysis of SIRT1 (B), Ac-p53 (C), Bcl-2 (D), and Bax (E) protein ex-
pression. β-Actin was used as a loading control. The protein expressions were expressed as the optical density percentage of the target protein to 
β-actin. Values are expressed as the mean ± SEM (n = 4 rats per group), and were analyzed by analysis of variance followed by the least significant 
difference test. **P < 0.01, vs. sham group; ##P < 0.01, vs. I/R group; &&P < 0.01, vs. I/R + STL (17.2 mL/kg) group. STL: Shuan-Tong-Ling; I/R: 
ischemia/reperfusion; Ac-p53: acetylated-protein 53; EX527: SIRT1 inhibitor; SIRT1: silent information regulator 1. 

Figure 3 Effect of STL on infarct 
volume 24 hours after cerebral I/R 
injury in rats. 
Infract volume was assessed using 2,3, 
-triphenyltetrazolium chloride assay. 
(A) Infarct picture of staining. Normal 
areas are red, and ischemic areas are 
white. (B) Quantitative results of infarct 
volume. Data are expressed as the mean 
± SEM (n = 4 rats per group), and were 
analyzed by analysis of variance fol-
lowed by the least significant difference 
test. **P < 0.01, vs. sham group; #P < 
0.05, ##P < 0.01, vs. I/R group; &&P < 
0.01, vs. I/R + STL (17.2 mL/kg) group. 
STL: Shuan-Tong-Ling; I/R: ischemia/
reperfusion; EX527: silent information 
regulator 1 inhibitor.

Figure 4 Inhibitory effect of STL on 
imflammatory cytokines in the brain 
at 24 hours after cerebral I/R injury. 
Quantitative results of (A) TNF-α 
levels and (B) IL-1β levels. Values are 
expressed as the mean ± SEM (n = 4 
rats per group), and were analyzed by 
analysis of variance followed by the 
least significant difference test. **P < 
0.01, vs. sham group; ##P < 0.01, vs. I/R 
group; &&P < 0.01, vs. I/R + STL (17.2 
mL/kg) group. STL: Shuan-Tong-Ling; 
I/R: ischemia/reperfusion; TNF: tumor 
necrosis factor; IL: interleukin; EX527: 
silent information regulator 1 inhibitor.
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increased inflammatory reactions were observed after the re-
duced expression of SIRT1 (Ousman and Kubes, 2012; Pan et 
al., 2016). SIRT1 physically interacted with RelA/p65, a sub-
unit of NF-κB and de-acetylated the RelA/p65 of lysine 310 
residue to inhibit its transcription (Yeung et al., 2004; Shen 
et al., 2016). A previous study showed that Ac-p53-mediated 
apoptosis was regulated by promoting SIRT1 translocation 
from the nucleus to the cytoplasm (Gu et al., 2016). In cerebral 
I/R, the deacetylase activity of SIRT1 is critical for preventing 
nerves from brain ischemia by deacetylation and suppressing 
p53 and NF-κB-induced inflammatory and apoptotic signaling 
pathways (Hernández-Jiménez et al., 2013). SIRT1 also medi-
ated tolerance of hyperbaric oxygen preconditioning-induced 
ischemia of the rat brain (Yan et al., 2013). STL intervention 
markedly increased SIRT1 levels and lowered Ac-p53 levels, as 
well as increasing anti-apoptotic protein Bcl-2 expression and 
reducing pro-apoptotic protein Bax expression. In contrast, 
EX527 administration blocked the above effects. These results 
suggest that SIRT1 activation might mediate the neuroprotec-
tive effects of STL through de-acetylating p53 and extenuating 
apoptosis of the ischemic brain.

In conclusion, the fermented Chinese formula STL pro-
tected against ischemic stroke by activating SIRT1 signaling 
pathways, leading to decreased Ac-p53 and Bax expression 
and increased Bcl-2 expression. Activated SIRT1 attenuat-
ed inflammation by decreasing TNF-α and IL-1β levels in 
experimental stroke rats. We plan to offer STL as a recovery 
therapy for cerebral ischemia in stroke patients and as an 
effective health-care food for clinical targets suffering from 
ischemic stroke or other vascular encephalopathies. How-
ever, the specific mechanism involved remains to be deter-
mined. We will use sham + EX527, I/R + EX527, and EX527 
alone groups to derive further information. Recently, endo-
thelial progenitor cells were associated with the outcome of 
ischemic stroke (Yang et al., 2015). Therefore, we will inves-
tigate whether STL mitigates cerebral I/R injury via affecting 
circulating endothelial progenitor cells in the future. 
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