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Abstract
In�ammation reactions and neuronal apoptosis are the major pathophysiological mechanism of cerebral
ischemia/reperfusion injury (CI/RI). Zhongfeng capsules (ZFCs), composed of panax notoginseng,
hirudo, red ginseng, eupolyphaga, pangolin scales, rhubarb, and radix salviae miltiorrhizae. It has been
reported that composition of ZFCs has a de�nite curative effect on CI/RI. Thus far, the speci�c molecular
mechanisms of ZFCs remain unclear. This article would set rats model of middle cerebral artery
occlusion(MCAO) to research the probable mechanisms of ZFCs underlying in�ammation reactions and
neuronal apoptosis signaling pathways. Our analyses revealed that in the ZFCs treatment group, there
was an obvious decrease in neurologic impairment, as well as alleviation of the area of cerebral
infarction, cerebral edema, histopathologyrats and neuronal apoptosis were also alleviated. The IL-1β, IL-
6, and TNF-α were found to be down-regulated expression in the ZFC treatment group as well as the
expression of Bcl-2, p-PI3K, p-Akt, and I-κBα was increased and the expression level of TLR4, NF-κB, Bax,
caspase-3 was tended to decrease. The results indicated that ZFCs was effective in protecting the brain
against CI/RI. One of their neuro-protective mechanisms may be associated with TLR4/NF-κB signalling,
and they may negatively regulate the transcriptional activity of NF-κB and the secretion of downstream
inflammatory factors. Another of their neuro-protective mechanisms may occur by regulating the
expression of Bcl-2-Bax proteins of PI3K/Akt pathway. Our �ndings could facilitate that the suppressing
PI3K/Akt signal pathway-mediated neuronal apoptosis, suppressing TLR4/NF-κB signal pathway-
mediated in�ammatory reaction were the potential mechanisms for the regulations, activation of
PI3K/Akt pathway can inhibit the secretion of proin�ammatory cytokines, which may be another
functional mechanism of ZFCs against CI/RI.

1. Introduction
An ischaemic stroke can result in death or permanent disability, and occurs in patients worldwide[1]. The
main pathogenesis of ischaemic stroke includes in�ammatory reactions, oxidative stress, excitatory
amino acid toxicity, and apoptosis[2]. There are reports that the activation of apoptosis, necrosis and
necroptosis may be one of the chief pathogenic mechanisms underpinning cerebral ischaemia-
reperfusion damage[3-4]. A lot of attention has been attracted about the molecular mechanisms of
stroke-associated apoptosis in order to improve treatment and recovery. Apoptosis is also closely linked
to the pathology of cerebral ischaemia-reperfusion damage[5]. Maintaining a balance among the Bcl-2
family proteins (such as Bax and Bcl-2) has an important role in regulating apoptosis [6]. Caspase-3 of
caspase family protein participates in apoptosis cascade reaction, which is a mutual downstream
effector of various apoptosis ways[7]. The mechanism of apoptosis in CI/RI is complex, and involves
multiple signals. One pathway involved in CI/RI is PI3K/Akt signalling, which can further phosphorylate
mTOR and other target proteins by activating Akt, thus mediating different biological effects involving
in�ammation, autophagy,  apoptosis[8-9]. 

It is believed that CI/RI induces an inflammatory response that elicits tissue damage in several
organs[10]. According to reports, some of the key inflammatory factors (IL-1β, IL-6, TNF-α) play key
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regulatory roles in inflammatory responses, which was enhanced leukocyte
adherence, cerebral impregnation, as well as endothelium dysfunction, resulting in neuronal ischaemic
injury[11].Neuroinflammatory responses induced by a massive release of chemokines, proinflammatory
cytokines further exacerbate cerebral injury in CI/RI[12-16].  TLR4 expressed in nerve cells was in
response to the inflammatory reaction[17]. The activation of TLRs (TLR2, TLR4, and TLR6) promotes the
secretion of downstream chemokines, adhesion factors, type I interferons, costimulatory molecules, and
proin�ammatory factors by indirectly activating the NF-κB pathway[18-20]. Therefore, a key reason for
the neuro- inflammation observed in CI/RI is the activation of the TLR4/NF-κB channel[21], thus the
inhibition of TLR4/NF-κB activity may well be a new target for CI/RI therapy.

In recent years, research has focused on cerebral ischaemic diseases in order to reduce CI/RI. The
treatment of CI/RI typically includes chemicals such as calcium antagonists, free radical scavengers, and
neuronal protective drugs. However, a number of adverse reactions, such as gastrointestinal problems
and cerebral haemorrhage, have seriously affected the therapeutic outcomes of long-term clinical
treatment programs[22]. Studies have con�rmed that traditional Chinese medicinal ingredients have
substantial advantages in treating CI/RI[23-25]. Traditional Chinese medicine (TCM) is garnered
considerable attention for its multi-e�cacy, multi-target, and multi-linked effects.

Zhongfeng capsules (ZFCs) are composed of Panax notoginseng, Hirudo, Red ginseng, Eupolyphaga
sinesis, pangolin scales, Rhubarb, and Radix salvia miltiorrhizae. It activates and promotes blood
circulation by warming yang. It has been reported that the individual components in ZFCs have a de�nite
curative effect in the treatment of CI/RI. For example, P.notoginseng in ZFCs can protect the
neurovascular unit in rats with CI/RI by inhibiting apoptosis[26]. Shuizhi extract has signi�cant protective
activity against cerebral cell apoptosis in rat with middle cerebral artery occlusion[27-28]. The
neuroprotective effect of E. sinesis water on CI/RI in rats may occur via anti-peroxidation[29]. Salvianolic
acid, an active component of R. salvia miltiorrhizae, alleviates CI/RI in rats by promoting SIRT1
expression, reducing the release of in�ammatory factors (such as P-53) in downstream pathways, and
inhibiting neuronal apoptosis[30]. However, the speci�c molecular mechanisms associated with ZFCs is
unknown. This study reveals the protective effects of ZFCs in treating a CI/RI rat model and improves our
understanding of the mechanisms involved.

2. Materials And Methods
2.1 Drug

ZFCs were bought from the Teaching Hospital of TCM Research of Henan(Lot No. 20180901, Henan,
China). Zhongfeng capsules (ZFCs) are composed of Panax Notoginseng, Hirudo, Red
Ginseng, Eupolyphaga, Pangolin Scales, Rhubarb, and Radix Salvia Miltiorrhizae. It was identi�ed by
Institute of Traditional Chinese Medicine, and was produced by A�liated Hospital of Henan Academy of
Chinese Medicine. It weighs 0.5g per capsule, and contains 1.4245 g of the raw powders per capsule. dl-3-



Page 4/19

butylphthalide was purchased from CSPC NBP PHARMACE UTICAL CO, LTD(Lot No. 118190343, Hebei,
China).

2.2 Experimental animals 

SD male rats were weighed 200+20 g, and purchased from Gansu University of Chinese Medicine
(Lanzhou, China, Certi�cate No.: SCXK (gan) 2015-0002). All animals were controlled by humidity and
temperature, speci�c pathogen free grade animal room kept in 12 h cycle light or dark; animals ate freely,
drunk freely. Animals were fasted 12 h before surgery, drinking freely. 

2.3 Grouping and drug intervention

Sixty healthy SD male rats were andomized into sham control group (SHAM), ischemia reperfusion
group(I/R), I/R+dl-3- butylphthalide(I/R+DBT) group(0.05g/kg); and I/R+ Zhongfeng capsule at high-
dosage(I/R+ZFCH), middle-dosage(I/R+ZFCM), and low-dosage(I/R+ZFCL) groups (1.08g, 0.54g, and
0.27g/kg, respectively)six groups with 10 rats in each group: Dosages were calculated using the body
surface area exchange algorithm[31]. The dosage of ZFCs for adult is 6 g/d, which can be converted into
the dosage of rats with standard body weight: 6×0.018×5=0.54 g/d, this dose was used as the medium
dose of intervention in rats. Therefore, the high-dosage, middle-dosage and low-dosage of ZFCs were
1.08, 0.54, and
0.27g/d. Rats in each group were given equal volume of saline and gavage administration, repectively for
10 consecutive days after operation. 

2.4 Middle cerebral artery occlusion rat model

We performed modi�ed a Zea-Longa method to induce CI/RI[32-33]. Brie�y, all anesthetized rats were
ligated the right carotid common artery (CCA), external carotid artery (ECA). Following this,
at the CCA incision, we inserted nylon wire(0.285mm diameter) into the internal carotid
artery(ICA), block the middle cerebral artery (MCA) for 2hour by moving abut 18mm through
pulling forward. Reperfusion was established by pulling out the nylonwire. The SHAM rats were
not blocked the MCA. The successfully establishment of MCAO rat was evaluated by zeal longa method
24 hours after operation. A score of 1-3 grades indicated that MCAO model rats are successfully
established[15]. 24h after the MCAO surgery, I/R+ZFC treatment group dosages were determined to
be 1.08g, 0.54g, and 0.27g/kg for the high, middle, and low groups, respectively. Rats in the
interfered group were administered intragastrically by dl-3-butylphthalide or ZFC for 10 consecutive days
after surgery[26,34], however, rats were infused normal saline in SHAM group and I/R group. The rats
were executed after neurological evaluation, serum, brain tissue samples were collected. The sera
was used for the ELISA, the brain tissue was used for the immunohistochemical stains, HE stains, TTC
stains, TUNEL stains, RT-PCR, and WB assays.

2.5 Neurobehavioral de�cit assessement 
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Neurological impairment[35] was assessed as previously described. The speci�c scoring criteria are as
follows[15]; rats with unconscious, unable to stand and walk were scored 4 grades; rats with the �exion of
the front paw, resistance to lateral pressure and a left turning were scored 3 grades; the �exion of the
front paw resistant to lateral pressure without the turn were scored 2 grades; the opposite front paw not
able to be fully extended were scored 1 grades; and no symptoms of nervous system injury were recorded
as 0 grades.

2.6 Infract size in brain tissues measurement 

The rats were killed with the injection of sodium pentobarbital (100mg/kg) in abdominal cavity, the brain
tissues were collected and frozen. Then, each brain tissue was sectioned coronally and cut into 5 pieces.
All sections were soaked with TTC solution (Sangon Biotech, Shanghai, China), and they were
photographed for 10-15 min at 37 ℃. The infract size expressed as infarct area percentage(%) was
calculated using Adobe Photoshop CS6 (Adobe Systems Inc., USA)[36]. 

2.7 Haematoxylin-eosin staining for brain histopathology 

Rats were administered general anesthesia and the extracted brain tissue �xed by 4%
paraformaldehyde. Next, it was dehydrated, embedded, sliced, stained for 5 min and 5-
10 min respectively using hematoxylin and 1% eosin. Finally, All sections were photographed by inverted
microscope(BX53, Olympus, Tokyo, Japan). The cell-damaging was observed in 5 high power fields of
ischemic cortex(×20), its evaluation criteria are as follows, the cell arrangement was disorderly and
irregular and hyperchromic, pyknosis or eosinophilic degeneration appeared, intercellular space was
enlarged, interstitial edema was obvious, and capillary lumen was collapsed[37].

2.8 Cerebral water content

The cerebral tissue was removed and dried to a constant weight ( 100 ℃ for 72h). The cerebral water
content were measured with the wet-dry method[38].

2.9 ELISA for in�ammatory cytokines 

Serum was isolated from the blood by centrifuging the blood and stored at -80 ℃. ELISA with the
Multiskan Sky Microplate Spectrometer (Beijing Haonuos Technology Co. Ltd., Beijing, China) was
checked the IL-1β, IL-6, TNF-α levels.

2.10 TUNEL Staining for neuronal apoptosis

After behavioral evaluation, the rats were anesthetized and sacri�ced by femoral artery blood collection,
the cerebral tissue was quickly dissected and �xed by 4% paraformaldehyde, para�n embedding.
sections of brain tissue were randomly selected. TUNEL method was applied to detect cells of apoptosis
according to the instructions of TUNEL kit(Yeasen Biotech Co. Ltd., Shanghai, China). After TUNEL
dyeing, anti �uorescence quenching agent was added dropwise for sealing, neuronal apoptosis was
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observed by �uorescence microscope (IX73-A12FL/PH, Olympus, Japan). Two sections
of each sample were taken to acquire data from different �ve �elds of view in ischemic area at high
power magni�cation(20×), the numbers of TUNEL positive staining cells (green represents the positive
cells) were analyzed by pathological image analysis system, and calculate the
neuronal apoptosis rate[39].

2.11 RT-PCR analysis for gene expression

The brains of the anesthetized rats were removed and were quickly frozen at -80 ℃ for analyzing in the
next step. PCR primers pairs were as follows: for GAPDH (sense, 5′AGTGCCAGCCTCGTCTCATA3′, anti-
sense, 5′TTGTCACAAGAGAAGGCAG C3′), IL-1β (sense, 5′TGACCCATGTGAGCTGAAAG3′, anti-
sense, 5′CGTTGCT TGTCTCTCCTTGTA3′), IL-6 (sense,
5′CTTCACAAGTCGGAGGCTTAAT′, anti- sense, 5′GCATCATCGCTGTTCATACAATC3′), TNF-α (sense,
5′ACCTTATCTA CTCCCAGGTTCT3′, anti-sense, 5′GGCTGACTTTCTCCTGGTATG′), TLR4 (sense,
5′CCGCTCTGGCATCATCTTCA3′, anti-sense, 5′CTCCCACTCGAGGTAGGTG T3′), NF-κB p65 (sense,
5′TGCCGAGTAAACCGGAACTC3′, anti-sense, 5′CAGC CAGGTCCCGTGAAATA3′), Bcl-2 (sense,
5′AGCATGCGACCTCTGTTTG A3′, anti-sense, 5′TCACTTGTGGCCCAGGTATG3′), Bax(sense,
5′GGGTTTCATCCA GGATCGAGCA3′, anti-sense, 5′ACACTCGCTCAGCTTCTTGGT3′), Caspase-3 (sense,
5′GAGCTTGGAACGCGAAGAAA3′, anti-sense, 5′AGTCCATCGACTTGC TTCCA3′). RNA in brain was
extracted by Trizol method(Yeasen Biotech, Shanghai, China), RNA concentration was determined using
an ultramicro ultraviolet-visible spectrophotometer (Q5000, Quawell Technology Inc., San Jose, CA,
USA). Reverse- transcription kit (Yeasen Biotech, Shanghai, China) was used for cDNA synthesis, then the
target gene was ampli�ed by PCR(7500, �uorescence quantitative PCR, Foster City, CA, USA). The
condition of RT-PCR ampli�ed reaction was 95℃ preheat for 2minutes, 95℃ degeneration for
40seconds, 58℃ annealing for 50 seconds, 60℃ extension for 2minutes, which were cycled for 42
times. The GAPDH gene served as the control gene, and the relative quantity of objective gene was
detected by 2−△△Ct formula[40].

2.12 Immunohistochemical staining measure for in�ammatory cytokines 

The cerebral ischemia tissue of animals were embedded in para�n and dried. The slices were inactivated
with 3% hydrogen peroxide solution. After antigen repair and 5% serum blocking for 1h, the slices were
cultured with antibodies IL-1β (1:400, Bioss, Beijing, China), IL-6 (1:500, Genetex, San Antonio, USA), TNF-
α (1:300, Genetex, San Antonio, USA) throughout the night, washed with PBS for 3 times, then dropped
into the secondary antibody, then the sections were washed by PBS and colored by DAB. Hematoxylin
counterstaining was used. After sealing, three visual �elds were randomly selected for observation. The
cell was investigated, photographed with a microscope(BX43+sc50, Olympus, Japan). The cell was
positive cells, which they were stained brown. Using image Plus 6.0 software(Media Cybernetics,
Rockville, MD, USA) to measure the positive cells of each visual �eld, and the IHC scores was
calculated[41]. 
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2.13 Western blot analysis 

50 mg ischemic brain tissue was plused 500 μl lysis buffer (Solarbio, Beijing, China), and the total
protein of ischemic brain tissue was prepared. Using an ultramicro ultraviolet-visible
spectrophotometer to select for protein content(50 μg/μl). Then, total protein(10 μl/sample) was
loaded and ran on 10–15% polyacrylamide gels, PAGE gel area was selected to
conduct trarsmembrane according to relative molecular weight of target protein. Five percent skimmed
milk was applied for the closure steps. Western blotting analyses were performed with antibodies
against PI3K (1:1000, A�nity, Shanghai, China), p-PI3K (1:1000, Immunoway, Plano, USA), Akt
(1:1000, Immunoway, Plano, USA), p-Akt (1:1000, Genetex, San Antonio, USA), NF-κB p65 and I-
κBα(1:1000, Immunoway, Plano, USA), Bcl-2 (1:1000, Genetex, San Antonio, USA), Bax (1:1000, Genetex,
San Antonio, USA), Caspase-3 (1:1000, Immunoway, Plano, USA), and GAPDH (1:2000, Immunoway,
Plano, USA). These antibodies were applied in cold storage all night. Next day, the
membrane was incubated by secondary antibody IgG(1:10000, Immunoway, Plano, USA) for 1
h. Objective protein were expressed after a reaction with ECL reagent (Yeasen Biotech Co. Ltd., Shanghai,
China) and exposured in darkroom. Using image J software to analyze the target protein's gray value of
mixed protein band[39].

2.14 Data analysis

Data analysis was presented as the mean ± STDEV, and using one-way ANOVA of SPSS 20.0 software to
tanalyzed data. The LSD method was used for homogeneous variance and tamhane's method was used
for heterogeneous variance in group comparison. The criterion of signi�cant difference was p < 0.05.

3. Results
3.1Zhongfeng capsules decreases neurological de�cit scoresand alleviate cerebral swellingsin rats model
of ischemic/reperfusion 

To estimate the neuroprotective effects of ZFCs on rats model of ischemic/ reperfusion, neurologic
impairment was scored by the Zea–Longa method. Results  re�ects an higher tend on the neurological
de�cit scores of I/R rats(##p < 0.01, Figure1A). Whereas, the neurological de�cit scores decreased
obviously in ZFCs (1.08 g/kg) group than the I/R group(*p < 0.05, Figure 1A). Additionally, DBT(0.05 g/kg)
had similar decreases in the neurological de�cit scores (*p < 0.01, Figure 1A).

Moreover, to evaluate alleviating effect of cerebral swellings of ZFCs on rats model of
ischemic/reperfusion, we measured the brain water content. Results showed that the content of brain
water signi�cantly raised in I/R rats(##p < 0.01, Figure1B), yet with the ZFC(1.08, 0.54,
0.27 g/kg) treatments, this was remarkably reduced ( **p< 0.01, Figure 1B). Additionally, DBT(0.05 g/kg)
had similar decreases in the brain water contents (**p < 0.01, Figure 1B).

3.2 Zhongfeng capsules reduces infarct volume in rats model of ischemic/ reperfusion 
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To measure the infarct volume in ischemic hemisphere, we performed TTC staining. The area of cerebral
infarction showed a signi�cant increase in I/R group(##p<0.01, Figures 2A-B), yet with the
ZFC(1.08 g/kg) treatments, this was remarkably reduced. (**p < 0.01, Figure 2A-B). Additionally, DBT(0.05
g/kg) had similar decreases in the the infarct volume (**p < 0.01, Figure 2B). Therefore, we suggest that
ZFCs may induce expansion of the infarct size. 

3.3 Zhongfeng capsules alleviates inflammatory cytokines in rats model ofischemic/reperfusion 

It was previously reported that the in�ammatory response was caused by in�ammatory destruction in I/R
rats[8]. To study whether ZFCs treatment has anti-in�ammatory e�ciency, the inflammatory
cytokines expression in sera was determined by ELISA, RT-PCR, immunohistochemical staining. Results
re�ects a higher tend on the IL-1β, IL-6, and TNF-α concentrations of I/R rats(##p<0.01, Figures 3A-C),
meanwhile, the IL-1β, IL-6, and TNF-α expressions also increased obviously in I/R group(##p<0.01, Figures
3D-L) . Incontrast, ZFCs administration (1.08 g/kg) treatment caused the IL-1β, IL-6, TNF-α concentrations
of sera and the IL-6 expression of cerebral tissue dropped obviously(*p < 0.05 or **p < 0.01, Figure 3A-
C, E, H, K), ZFCs (1.08, 0.54 g/kg) treatment doses markedly decreased the TNF-α expression
of cerebral tissue (**p < 0.01, Figure 3 F,I, L), ZFCs (1.08, 0.54, 0.27 g/kg) groups markedly lowered the IL-
1β expression of cerebral tissue (**p < 0.01, Figure 3 D,G, J). Additionally, DBT(0.05
g/kg) showed similar results between the concentrations of inflammatory cytokines and
the expression of inflammatory cytokines(*p < 0.05 or **p < 0.01, Figure 3A-L).   

3.4Zhongfeng capsules decreases neural cell apoptosis and ischemic cerebral injury

We explored the pathologic morphologic change of ischemic cerebral cortex by HE staining. HE results
showed that the cell arrangement was disorderly and irregular and hyperchromic; moreover, pyknosis or
eosinophilic degeneration appeared, intercellular space was enlarged, interstitial edema was obvious, and
capillary lumen was collapsed in I/R group(Figure 4A). Incontrast, ZFCs administration(1.08
g/kg) treatment caused the cells to swell slightly, decrease nuclear pyknosis and eosinophilic
degeneration, and increase the intercellular space (Figure 4A). Whereas, TUNEL observation hints
that showed that neuronal apoptosis was appearant(Figure 4B). ZFC (1.08, 0.54, 0.27 g/kg) treatment
doses had the lower concentration of apoptosis index (Figure 4C, **p<0.01). Therefore, we suggest
that ZFCs can accelerate the neurofunctional recovery in rats model of ischemic/reperfusion.

3.5 Zhongfeng capsules inhibits the NF-κB channel

The activation of the NF-κB channel, as everyone knows, closely related with in�ammation, we
ultimately studied whether ZFCs can inhibit the in�ammation of the NF-κB channel, thus,
potentially helping to relieve the CI/RI damage. Consequently, using RT-qPCR to analyze the NF-κB
p65 mRNA expression as well as TLR mRNA expression, its upstream gene, in the brain tissues. The NF-
κB p65 and I-κBα expression of cerebral tissue was semi-quantitated by Western-blot.
The expression of the total NF-κB and TLR genes was higher in I/R group  than SHAM group(#p <
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0.05 or ##p < 0.01, Figures 5A-B), meawhile, it also increased the level of the total NF-κB
p65 protein and decreased the level of the I-κBα protein in cerebral tissue (#p < 0.05 or ##p < 0.01, Figure
5C-E). ZFCs(1.08, 0.54, and 0.27 g/kg) treatment notably down-regulated the levels of the NF-κB p65 gene
(*p<0.05 or **p<0.01, Figure 4B); The ZFCs(1.08 g/kg) treatment also notably inhibitedthe gene
expressions of the TLR(*p<0.05, Figure 5A) . Moreover, the ZFCs(1.08 g/kg) treatment notably decreased
the protein levels of the NF-κB pathway (**p<0.01, Figure 5C-D), however, ZFCs(1.08, 0.54, and 0.27 g/kg)
treatment notably increased the protein levels of the I-κBα, in brain tissues(**p<0.01, Figure 5C,E).

3.6 Zhongfeng capsulesRegulate the PI3K/Akt channel

The apoptosis of I/R inducted might be related with regulation of PI3K/Akt channel. T-
qPCR results re�ected a sharp decrease trend on the levels of bcl-2 gene in I/R model, however, the level
of bax and caspase-3 genes re�ected a sharp up-regulate trend (##p < 0.01, Figures 6A-C). According to
western-blot �ndings, the level of p-PI3K, p-Akt, Bcl-2 proteins obviously down-regulated, whereas the level
of Bax, Caspase-3 proteins obviously raised in I/R model (##p < 0.01, respectively, Figures 6D-I).
Comparatively, ZFCs (1.08, 0.54, 0.27 g/kg) treatment markedly increased the speci�c value
between pPI3K/PI3K and pAkt/Akt, as well as the overall levels of Bcl-2 (**p < 0.01, Figures 6 D-G).
Furthermore, ZFCs (1.08, 0.54, 0.27 g/kg) treatment markedly lowered the Bax and Caspase-3
protein level (**p < 0.01, Figures 6 D, H, and I). Our data indicates a possible mechanism of ZFCs may
upregulate the phosphorylation level of PI3K/ Akt pathway, so as to reduce neuro-apoptosis of ischemia
through regulating apoptosis proteins. 

4. Discussion
CI/RI belongs to Traditional Chinese Medicines apoplexy and was �rst recorded in Neijing (China). CI/RI,
as per western medicine, is an acute brain dysfunction disease, where during a certain period of cerebral
ischemia, the symptoms and signs are more serious than those of occlusion after the reperfusion of
infarct related vessels. More than 15 million patients suffer from ischemic cerebrovascular disease every
year globally and about 2 million patients of these are in China every year; The disease rate is still
increasing each year and is profoundly affecting the health of the people[42-43]. Currently, thrombolysis
and neuroprotective agents are the main treatment methods for CI/RI. These treatments, which aims to
recover the defective neurological function; however, the effectiveness of these medicines remains
unsatisfactory. As the TCM advantages of being a multi-component, multi-target treatment with low
toxicity and high safety, study of TCM on CI/RI has been received much attention[44]. Additionally, as a
unique advantage to TCM, the two-way regulation of TCM has gradually attracted the attention of the
public. Components of ZFC is mainly panax notoginseng, hirudo, red ginseng, eupolyphaga, pangolin
scales, rhubarb and radix salvia miltiorrhizae. ZFC and their properties are as follows; panax
notoginseng and pangolin scales disperseing blood stasis to stop bleeding; hirudo eupolyphaga, and
rhubarb removeing blood stasis and dredging meridians; red ginseng shengjin anshen; radix salvia
miltiorrhizae blood-activating and stasis-eliminating. This whole prescription has the effect of dispelling
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wind, strengthening the body, warming meridians, and dredging collaterals. According to the formula
analysis, ZFCs may be an effective treatment for CI/RI; however, the speci�c molecular mechanism is
unclear.Blood-activating and Stasis-eliminating

The pathogenesis of CI/RI so far remains unclear, and the in�ammatory reaction plays
a critical roles during the process of brain injury caused by CI/R. NF-κB is a protein involved in several
types of immune stress responses, including cell apoptosis, cell proliferation and cell differentiation.
Moreover, it is also an important in�ammatory factors in regulating cellular in�ammatory responses can
cause neuronal death in the process of ischemic brain injury. Previous �ndings have con�rmed the
importance of NF-κB in the pathogenesis of acute ischemic damage and neurodegenerative diseases[45-
46]. Furthermore, it has discovered that the TLR4/NF-κB channel can be regulated to modulate the
in�ammatory response[47]. Therefore, it is crucial to prevent the abnormal activation of the TLR4/NF-κB
channel. Without stimulation, the trimer formed from the binding of NF-κB and I-κB can inhibit its own
speci�c binding to target the DNA regulatory region and ensure inactive NF-κB exists in the cytoplasm.
After cerebral ischemia, I-κB phosphorylates and degrades under the action of the I-κB kinase (IKK)
complex, and it dissociates from the NF-κB dimer. Moreover, NF-κB activation was resulted in the NF-κB
release and its exposure to the p65 subunit, which then migrates into the nucleus, initiating the
transcription of a series of cytokines, chemokines, adhesion molecules, and other genes, thus promoting
the expression of in�ammatory factors[48-49]. Furthermore, a large number of neutrophils are
chemotactic and release oxygen free radicals, proteolytic enzymes, and peroxidase, which aggravate
brain tissue damage.

In addition, TLR4 belongs to the toll-like receptor family which is associated
with the generation and development of several different pathemas closely. When an organism is
stimulated by various physiological or pathological stimuli, TLR activates the NF-κB channel through the
dimerization of its ligand binding[50], which up-regulates the expression
of various in�ammatory cytokines(IL-1β, IL-6, TNF-α, etc); this is done by promoting NF-κB p65 to
translocate into the nucleus and connecting with the target sequences[51-52]. Evidence has shown that
several in�ammatory signals are released after CI/RI; it makes platelet, brain vessel endothelial cells and
glial cells release in�ammatory cytokines, like TNF-α and IL-1 in this instance[53]. IL-
1β is an important pro-in�ammatory factor, which has a close
link with immune and in�ammatory response, the TNF-α can mediate the activation of neutrophils and
lymphocytes, promote the expression of adhesion factors, induce the synthesis of in�ammatory
mediators, which aggravate brain injury especially in reperfusion[54]. Other studies have con�rmed that
the overexpression of IL-1 β, IL-6, TNF-α from CI/RI can lead to a variety of pathological changes[15].
These are key inducers in the triggering of the in�ammatory cascade reaction of ischemic brain injury[55].
Hence, in�ammation inactivation may be a valuable target for anti-ischemic cerebral injuries[56]. It has
been demonstrated that the activating of TLR4/NF-κB channel may cause unwarranted in�ammation, the
interplay between in�ammatory factors and NF-κB is one of the main reasons to cause CI/RI
in�ammation reactions. In the current study, ZFCs were shown to sharply decrease the IL-1 β, IL-6, TNF-α,
TLR4, NF-κB levels of CI/RI rat, and it significantly inhibited the reductions in I-κBα. These findings
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suggest that ZFCs might inhibit in�ammatory response to ameliorate CI/RI injury via the TLR4/NF-κB
channel, so as to relieve the pathomorphological damage of brain tissue and play a neuroprotective role.

Apoptosis maybe another important pathological step in CI/RI[57]. The PI3K/Akt pathway regulation is
very important for the CI/RI apoptosis , among the several other signaling pathways that are involved[7-
9]. When CI/RI occurs, the mitochondrial structure is destroyed, and cytochrome c (Cytc) is released. This
promotes the homologous oligomerization of apoptotic protein activating factor 1, which then (Aparf 1),
Aparf 1 promotes the binding of Caspase-9 to apoptotic bodies, which activates Caspase-9 and further
activates other Caspases, such as Caspase-3, thus inducing apoptosis[58]. Bax and Bcl-2 are also
participated in apoptosis regulatory. Bcl-2 can prevent the release of Cytc, promote the glutathione (GSH)
accumulation of nucleus, change the redox balance of nucleus, reduce the reactivity of Caspases, and
then inhibit apoptosis[59]. Focal cerebral ischemia promotes irreversible nerve injury at the ischemic
center. However, the ischemic penumbra can keep the cells, which is dependent on its residual blood �ow
and the energy provided by the new blood vessels. Furthermore, the blood-brain barrier is still relatively
intact, thus, apoptosis is reversible to an extent. Therefore, PI3K/Akt signaling pathway can raise Bcl-2
level and reduce Bax level, which is an important anti apoptotic channel[60]. In our study, the PI3K/Akt
signaling pathway was highly activated which was intervened by ZFCs in R/I rats. It can further promote
the level of Bcl-2 expression , inhibit the level of Bax and Caspase-3 expression, and play the role of anti
neuronal apoptosis. Taken together, our data showed that ZFCs can inhibit the neuron apoptosis in rats
with CI/RI injury by raising the antiapoptosis protein level and lowering the proapoptosis protein level in
PI3K/Akt signal pathway, so as to exert the neural protective effect. 

Our study presented �rst evidence approaching the mechanism on the protective role of Zhongfeng
capsule (ZFC) that is composed of panax notoginseng, hirudo, red ginseng, etc for ischmic stroke. And a
comparatively comprehensive set of results suggest that the suppressing PI3K/Akt signal pathway-
mediated neuronal apoptosis, suppressing TLR4/NF-κB signal pathway-mediated in�ammatory reaction
were the potential mechanisms for the regulations (Figure. 7). On the other side, activation of PI3K/Akt
channel can inhibit the release of proin�ammatory media, including NF-κB, IL-1β, IL-6, TNF-α, which may
be another functional mechanism of Zhongfeng Capsule against CI/RI (Figure. 7).  But, in PIK/Akt
channel and TLR4/NF-κB channel, the primary target channel of ZFCs may be PIK/Akt signaling pathway
mediated apoptosis. However, which is the most effective and direct target molecule in PI3K/Akt channel-
mediated neuronal apoptosis and TLR4/NF-κB channel- mediated in�ammatory response? Are there
other miRNAs involved in the regulation of PI3K/Akt channel and TLR4/NF-κB channel? It has not been
studied in this study.

5. Conclusion
In our �nding, ZFCs were related to the decrease expression of IL-1β, IL-6, TNF-α, TLR4, NF-κB in CI/RI rat,
and it significantly inhibited the reductions in I-κBα, it can also further raise the Bcl-2 expression level,
reduce the Bax and Caspase-3 expression levels, and exert effects through anti-neuronal apoptosis.
 Given all of that, our �ndings reveal that ZFCs can alleviate CI/RI damage by decreasing in�ammatory
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factor secretion and neuronal apoptosis via the TLR4/NF-κB, and PI3K/Akt channel. Moreover, ZFC
treatment delayed the pathological damage of brain tissue, which was dependent on the in�ammatory
reaction and apoptosis during cerebral CI/RI injury. The molecular mechanism of ZFC on CI/RI is shown
in Figure. 7; however, due to the complexity of the ZFC components, the factor playing the lead protective
role remains to be further simulated and analyzed using bioinformatics technology, such as molecular
docking and network pharmacology. Following this, the speci�c molecular mechanism can be further
studied through the experiments of CI/RI in vivo.
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Figures

Figure 1

Zhongfeng capsules(ZFCs) intervention decreased neurologic impairment scores and brain water content
in rats model of ischemic/reperfusion injury. (A) Neurological de�cit scores measured using Zea–Longa
method(n = 10). (B) Brain water content analyzed using drying wet method (n = 10). Mean values±SD
represent the value; #p < 0.05, ##p < 0.01 vs SHAM group; *p < 0.05, **p < 0.01, vs I/R group.

Figure 2

Zhongfeng capsules(ZFCs) intervention reduced the ischemic areas of brain in rats model
ischemic/reperfusion injury. (A) Typical images of cerebral infarct using TTC (n = 5). (B) Cerebral infarct
size using a percentage of the infarct hemisphere (n = 5). Mean values±SD represent the value; ##p < 0.01
vs I/R group; **p < 0.01, vs I/R group.

Figure 3

Zhongfeng capsules (ZFCs) intervention restrained the excretion of in�ammatory cytokines in rats model
ischemic/reperfusion. (A) the IL-1 β concentrations, checked using ELISA (n = 5). (B) the IL-6
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concentrations, determined by ELISA (n = 5 in each group). (C) the TNF-α concentrations, checked using
ELISA (n = 5). (D) the IL-1 β gene expression, determined using RT-qPCR (n = 3). (E) the IL-6 gene
expression, determined using RT-qPCR (n = 3). (F) the TNF-α gene expression, determined using RT-qPCR
(n = 3). (G) the IL-1 β protein expression, determined using immune-histochemistry (n = 6). (H) the IL-6
protein expression, determined using immune-histochemistry(n = 6). (I) the TNF-α protein expression,
determined using immune- histochemistry (n = 6). (J) the average optic density of IL-1 β protein
expression, determined using immune-histochemistry (n = 6). (K) the average optic density of IL-6 protein
expression, determined by immune-histochemistry (n = 6 in each group). (L) the average optic density of
TNF-α protein expression, determined by immune- histochemistry (n = 6 in each group). Mean values±SD
represent the value; #p < 0.05, ##p < 0.01 vs SHAM group; *p < 0.05, **p < 0.01, vs I/R group.

Figure 4

Zhongfeng capsules(ZFCs) intervention decreases neural cell apoptosis and in rats model
ischemic/reperfusion. (A) Typical images of heamatoxylin and eosin (HE) staining performed in ischemic
brains, measured by HE(n = 5). (B) Representative images of TUNEL assay performed in ischemic brains,
measured using the TUNEL staining kit(n = 3). (C) The relative neuronal apoptotic rate levels in in
ischemic brains in all groups (n = 3). Mean values±SD represent the value; #p < 0.05, ##p < 0.01 vs SHAM
group; *p < 0.05, **p < 0.01, vs I/R group. on a scale of 50 µm.

Figure 5

Zhongfeng capsules(ZFCs) intervention activated the toll like receptor (TLR)-mediated NF-κB channel in
rats model ischemic/reperfusion. (A) Examination of TLR gene level with RT-qPCR method. (B)
Examination of NF-κB gene level with RT-qPCR method. . (C) Determination of NF-κB and I-κB α protein
bands with western blot method. (D) Determination of NF-κB relative expression levels with Image J
software; (E) The relative expression levels Determination of I-κBα relative expression levels with Image J
software. Mean values±SD represent the value(n = 3); #p < 0.05, ##p < 0.01 versus ischemic/reperfusion
(I/R) group; *p < 0.05, **p < 0.01, versus I/R group. 

Figure 6
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Zhongfeng capsules(ZFCs) intervention upregulated the expression levels of phosphorylated PI3K, and
Akt of PI3K/Aktin rats model ischemic/reperfusion. (A) Examination of the Bcl-2 gene level with RT-qPCR
method. (B) Examination ofthe Bax gene level with RT-qPCR method. (C) Examination of the Caspase-3
gene level with RT-qPCR method. (D) Determination of PI3K, phospho-PI3K, Akt, phospho-Akt, Bcl-2, Bax,
and Casepase-3 protein bands with western blot method. (E)–(I) Determination of pPI3K/PI3K, pAkt/Akt
Bcl-2, Bax, and Casepase-3 relative expression levels with Image J software. Mean values±SD represent
the value(n = 3); #p < 0.05, ##p < 0.01 vs SHAM group; *p < 0.05, **p < 0.01, vs I/R group. 

Figure 7

Molecular mechanism of Zhongfeng capsules on cerebral ischemia reperfusion injury. Zhongfeng
capsules (ZFC) relieves I/R damage-induced in�ammation activation as evidenced by inhibiting the
secretion of in�ammation cytokines, including IL-1β, IL-6, and TNF-α, which then subsequently
downregulated TLR/NF-κB dependent in�ammation. ZFC also suppressed PI3K/Akt mediated apoptosis
by down-regulating levels of Bax and Caspase-3, while up-regulating expression of PI3K/Akt.
On the other side, activation of PI3K/Akt signaling pathway can inhibit the release of proin�ammatory
cytokines, like NF-κB, IL-1β, IL-6, TNF-α, which may be another functional mechanism of Zhongfeng
capsule against CI/RI.


