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Abstract
Backbround

Oxidative stress plays an important role in the ischemic stroke induced brain damage. Our previous study
showed that Scutellarin protects against ischemic injury in vitro and in vivo induced oxidative damage in
rats, and we also reported that the involvement of Aldose reductase (AR) in oxidative stress and cerebral
ischemic injury, in this study we furtherly explicit whether the antioxidant effect of Scutellarin on cerebral
ischemia injury is related to AR gene regulation and its speci�c mechanism.

Methods

C57BL/6N mice (Wild-type, WT) and AR knockout (AR-/-) mice were subjected to transient middle cerebral
artery occlusion (tMCAO) model with 1h occlusion followed by 3d reperfusion, and Scutellarin was
administered from 2h before surgery to 3 days after surgery. Subsequently, Neurological function were
assessed by the modi�ed Longa score method, the histopathological morphology observed with 2,3,5-
triphenyltetrazolium chloride and hematoxylin-eosin staining. Enzyme-linked immunosorbent assay was
used to detect the levels of ROS, 4-hydroxynonenal (4-HNE), 8-hydroxydeoxyguanosine (8-OHDG),
Neurotrophin-3 (NT-3), poly ADP-ribose polymerase-1 (PARP1) and 3-nitrotyrosine (3-NT) in the ischemic
penumbra regions. Quantitative proteomics pro�ling using quantitative nano-HPLC-MS/MS were
performed to compare the protein expression difference between AR-/- and WT mice with or without
tMCAO injury. The expression of AR, NOX1, NOX2 and NOX4 in the ipsilateral side of ischemic brain were
detected by Real time-PCR, Western blot and immuno�uorescence co-staining with NeuN.

Results

Scutellarin treatment alleviated brain damage suffered from tMCAO injury such as improved neurological
function de�cit, brain infarct area and neuronal injury and reduced the expression of oxidation-related
products, moreover, also down-regulated tMCAO induced AR mRNA and protein expression.

Conclusions

Scutellarin would be a potential drug for the treatment of ischemic stroke through regulating AR-NOX Axis
modulate oxidative stress injury to play the protective role of cerebral ischemia injury.

Introduction
Cerebral ischemia-reperfusion injury is one of the pathological characteristics of many cerebrovascular
diseases [1]. Severe cerebral ischemia-reperfusion injury which occurs during an ischemic stroke can
produce irreversible ischemic nervous tissue damage in a short time [2]. Long-term cerebral ischemia can
ignite an in�ammatory response and amino acid toxicity, resulting in cascade of reactions leading to
cerebral infarction and neuronal apoptosis [3–7]. In addition, after the cerebral ischemia-reperfusion
injury occurs the increased in�ammation and oxidative stress damages to the blood-brain barrier leading
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to augmented vascular permeability and brain edema [8]. To date, due to multifunctional complex
mechanisms of cerebral ischemia injury, there is a critical need for �nding the effective therapeutic
strategies to explore the protective agents and methods.

In recent years, it is widely believed that there are neuroprotective possibilities of natural compounds
extracted from plants against cerebral ischemia injury. These natural agents with the anti-in�ammatory,
anti-oxidative, anti-apoptotic, and neurofunctional regulatory properties exhibit preventive or therapeutic
effects against brain damage [9]. Erigeron breviscapus (Vant.) Hand-Mazz. is a plant species in the
Compositae family, �ndings have indicated that Erigeron breviscapus improves cardiovascular and
cerebrovascular function, and that one of its ingredients, scutellarin, has potential value in the treatment
of Alzheimer's disease, cancer, diabetic vascular complications, and other conditions [10, 11]. Several
studies have reported that Scutellarin has anti-oxidative actions in several disease model such as cerebral
ischemia injury and abilities in learning and memory [12–14]. Our previous study indicated that
Scutellarin protects against ischemic injury in vitro and in vivo by decreasing oxidative damage [15],
However, it is not clear about the speci�c mechanism of Scutellarin affects oxidation injury after cerebral
ischemia.

Aldose reductase (AR) is a key protein in factor of the polysaccharide pathway of sugar metabolism
which regulates the intracellular redox balance as well as maintaining cellular osmotic pressure and
oxidative stress [16]. Following AR activation, the body’s antioxidant capacity is reduced by consuming a
large amount of reduced coenzyme . It also leads to the accumulation of intracellular sorbitol, which
causes increased cell membrane permeability and edema leading to neurological dysfunction [17]. Our
previous study showed that the deletion of aldose reductase leads to protection against cerebral ischemic
injury indicating its involvement of AR in oxidative stress associated with brain ischemia [18]. Therefore,
we consider whether the antioxidant effect of Scutellarin on cerebral ischemia injury is related to the
regulation of AR.

Therefore, in these experiments, we �rst investigate the effect of Scutellarin on tMCAO induced
neurological function de�cits and brain infarct size in WT and AR-/- mice, then we study the effects of
Scutellarin on AR and its downstream gene under cerebral ischemia by quantitative proteomic analysis
and proteomic veri�cation molecular biology methods.

Materials And Methods

Experimental animals
One hundred C57BL/6N male mice, SPF grade, weighing 20–24 g and aged between 8–12 weeks were
purchased from the Guangdong Medical Experimental Animal Center. The mice were then bred at the
Experimental Animal Center of Guangdong Traditional Chinese Medicine Hospital. The aldose reductase
knockout (AR−/−) mice were obtained from Dr. Sookja Kim Chung, University of Hong Kong [18, 19] and
were back-crossed to the 11th generation (N11) strain considered to be congenic with C57BL/6N mice.
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One hundred male SPF-grade AR−/− mice weighing 20–24 g and aged 8–12 weeks were selected from
this pool. Age-matched normal C57BL/6N mice were, therefore, used as control wild-type mice. All mice
were kept at the Experimental Animal Center of Guangzhou University of Chinese Medicine. They were
kept at a temperature of (22 ± 2) ° C, a relative humidity of (45 ± 5 %, and a light duration of 12 hours. The
mice were housed in cages containing 5 animals and allowed to feed and drink freely.

Transient middle cerebral artery occlusion (tMCAO) model
The tMCAO model was established as previously described [15, 20], except type of anesthesia. Brie�y, all
mice were individually anesthetized with pentobarbital (50mg/kg, i.p.). Then under the microscope (S100
/ OPMI pico, Zeiss, Germany), the right common carotid artery, the right external carotid artery, and the
right internal carotid artery were separated, and a 6 − 0 suture (cat: FHX60, Beijing Xinong Technology Co.,
Ltd.) was attached to the origin and distal end of the right external carotid artery. The special thread plug
(cat: A4-162050, Beijing Xinong Technology Co., Ltd.) was introduced into the right external carotid artery
and pushed up into the right internal carotid artery until resistance is felt (about 9–10 mm from the
carotid bifurcation), blocking the middle cerebral artery. Regional cerebral blood �ow was monitored
during the whole surgical procedure to con�rm appropriate suture placement. The plug was left inserted
for 60 min, then the plug was removed. The right external carotid artery was permanently ligated. Mice in
the sham group only exposed the arteries without embolization.

Experimental group and Scutellarin administration
All WT and AR−/− mice, 10 in each group, were randomly divided into Sham group, tMCAO + vehicle (0.9%
saline) group, Scutellarin low dose group (50mg / kg) and Scutellarin high dose group (100mg/kg).
Scutellarin (cat: 27740-01-8, Chengdu Munster Biotechnology Co., Ltd.) was all prepared with 0.9%
physiological saline, and the intraperitoneal injection given 2 h before the tMCAO surgery and then 12 h,
24 h, 36 h, 48 h, 60h and 72 h after surgery according to our previous study [15]. The sham operation
group and the tMCAO + vehicle group were given the same volume of normal saline at the same times.

Neurological score
After the last administration, the neurological de�cits of the mice in each group were evaluated according
to the modi�ed Longa score method [21]. Scoring standard: 0: normal limb movements, no neurological
de�cits; 1: points: when the tail is lifted vertically, the left forepaw is �exed and cannot be straightened; 2:
points: the rat leans to the left when walking �at can be rotated to the left; 3 points: unstable walking, the
entire body dumped to the left; 4 points: conscious disturbance or unable to walk autonomously. Based
on the results of the �rst neurological impairment score, tMCAO model animals with death, dyspnea,
unstable vital signs, or intracranial hemorrhage after execution were discarded.

2,3,5-triphenyltetrazolium chloride (TTC) staining
After neurological scoring, the mice were anesthetized with 10% chloral hydrate by intraperitoneal
injection and then brain was perfused with normal saline. The brain was quickly removed into icy water,
and then cut into 5 consecutive coronal slices with a thickness of 2 mm. The slices were incubated in 2 %
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TTC (cat: T8877, Sigma, USA) for 15 min at 37°C (The infarcted area was white after TTC staining, while
the non-infarcted area remained red). The infarct area was calculated using Image J software after taking
pictures with a digital camera. Infarct area were presented as the percentage of infarct area of the
contralateral hemisphere as previously described [15, 20].

Hematoxylin-eosin (HE) staining
The brain tissue from mice in each group was randomly placed in 4 % paraformaldehyde (cat: JX0100,
Guangzhou Jingxin Biological Technology Co., Ltd.) and �xed at room temperature for 24 h. Conventional
tissues were dehydrated, wax-impregnated, and para�n-embedded to make coronal sections (thickness:
4 µm). Each para�n section was placed in a full-automatic dyeing machine, dewaxed with xylene,
rehydrated with alcohol, dyed with hematoxylin, rinsed with distilled water, �xed with alcohol,
counterstained with eosin, cleared with xylene, and placed in a microscope after neutral gum seal. The
histopathological changes of the penumbra zone in the cortex of each group of mice were assessed, and
the morphological structure of neurons in the 200-fold visual �eld was observed under microcopy (Zeiss,
Oberkochen, Germany).

Enzyme-linked immunosorbent assay (ELISA) detection of
oxidative stress
Brain tissues were accurately weighed, then added to ice-cold saline saline at a ratio of 1: 9 by weight and
then homogenize in an ice bath. The tissue was then centrifuged at 10,000 g for 15 min at 4°C to obtain
the supernatant. The following ELISA kits were used oxidative stress across treatment groups: ROS (Lot:
07/2019, Nanjing Herbal Source Biotechnology Co., Ltd.), 4-hydroxynonenal (4-HNE, Lot: UK92FFJBWN,
Wuhan Elite Biotech Co., Ltd.), 8-hydroxydeoxyguanosine (8-OHDG, Lot: C22013999, Wuhan Huamei
Biological Engineering Co., Ltd.), Neurotrophin-3 (NT-3, Lot: 820013980, Wuhan Huamei Biological
Engineering Co., Ltd.), poly ADP-ribose polymerase-1 (PARP1, Lot: 07/2019, Nanjing Herbal Source
Biotechnology Co., Ltd.) and 3-nitrotyrosine (3-NT, Lot: 07/2019, Nanjing Herbal Source Biotechnology
Co., Ltd.) .

Quantitative Real-time polymerase chain reaction (qRT-PCR) detection of AR, NOX1, NOX2 and NOX4
mRNA in brain tissue

The pooled respective groups’ brain tissue from both sides were added to respective 1 ml tubes of trizol
(Lot: 191012, Invitrogen, USA) and homogenized in an ice bath. The homogenate was centrifuged at
12,000 g for 10 min at 4 ° C to obtain the supernatant. After the RNA was separated, precipitated and
washed with chloroform, isopropanol, and ethanol sequentially, 50 µl of RNase-free ddH2O was added
after drying to fully dissolve the RNA. The RNA concentration was measured by spectrophotometry and
the dissolved total RNA stored at -80°C. Following the instruction contained in the Prime Script™ RT
reagent Kit (Cat: RR037A, Dalian TaKaRa Biological Technology Co., Ltd.) kit manual, reverse transcription
was performed on a PCR instrument to synthesize cDNA from total RNA. cDNA was stored at -20°C until
use. Following the kit manual of SYBR PremixEx Taq TM II (Tli RNaseH Plus) kit (Cat: RR820A, Dalian
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TaKaRa Biological Technology Co., Ltd.), Real-time PCR was performed to using the reverse transcription
product as a template to detect and quantify AR, NOX1, NOX2 and NOX4 mRNA levels. The primer
sequences used for qPCR are listed in Table 1 (Shanghai British Weijieji Trading Co., Ltd). The reaction
conditions were as follow: pre-denaturation at 95 ℃ for 10 min, cycle once; denaturation at 95 ℃ for 15
s, 40 cycles; annealing at 65 ℃ for 60 s, extension at 72 ℃ for 60 s, 40 cycles. The mRNA expression
level was calculated by the 2−ΔΔCt method. The value for mRNA on the contralateral side served as
normal control and was set at 100%.

Table 1
Primer sequence

Name Primer sequences (5’-3’) Product length (bp)

AR Forward primer 5’-AGAGCATGGTGAAAGGAGCC-3’ 142

  Reverse primer 5’-GGTATCACGTTCCCTGAGGC-3’  

NOX1 Forward primer 5’-GTTTCTCTCCCGAAGGACCTC-3’ 136

  Reverse primer 5’-TTCAGCCCCAACCAGGAAAC-3’  

NOX2 Forward primer 5’-TGGCGATCTCAGCAAAAGGT-3’ 131

  Reverse primer 5’-ACCTTGGGGCACTTGACAAA-3’  

NOX4 Forward primer 5’-ACCAAATGTTGGGCGATTGTG-3’ 70

  Reverse primer 5’-GATGAGGCTGCAGTTGAGGT-3’  

β-actin Forward primer 5’-ACACTCTCCCAGAAGGAGGG-3’ 147

  Reverse primer 5’-TTTATAGGACGCCACAGCGG-3’  

Note: AR, aldose reductase; NOX, NADPH oxidase.

Western blot (WB) detection of AR, NOX1, NOX2 and NOX4
protein in brain tissue
The brain tissue was accurately weighed and placed on an ice bath and mixed with a protease inhibitor-
containing lysis buffer (cat: P0013, Shanghai Biyuntian Biological Technology Co., Ltd.), and then
centrifuged at 12000g at 12°C for at 15 min. The protein concentration of the supernatant was
determined by the BCA method. The sample buffer was added to the sample and boiled for 10 min. Load
50 µg of protein was then loaded onto the 10% SDS-PAGE, and run at 80 V for 20 min. The voltage was
adjusted to 110 V until the end of the electrophoresis. The membrane was wet transferred for 120 min.
Blocking in BSA was carried out for 1 h after which the membrane was placed into the the following
primary antibodies: AR (cat: ab175394, abcam, USA); NOX1 (cat: ab55831, abcam, USA); NOX2 (cat:
ab80508, abcam, USA); NOX4 (cat: ab154244, abcam, USA) and GAPDH (cat: #5174S, Cell Signaling
Technology, USA) and incubated at 4°C overnight (dilution ratios were all 1: 1000). After the overnight
incubation, the membranes were washed with TBST and further incubated for 1 h at room temperature
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with an HRP-conjugated secondary antibody (1: 3000, cat: #5174S, Cell Signaling Technology, USA) After
an hour the strips were washed again, thrice with TBST and then drenched in the ECL chemiluminescence
solution to develop color. Detection was carried out in the chemiluminescence system (ChemiDoc XRS,
Bio-Rad, PA, USA). Quantitative analysis of protein bands was carried out using Image J software
(National Institutes of Health, Bethesda, USA). All experiments were performed in triplicate.

Double Immuno�uorescence labeling of AR, NOX1, NOX2,
NOX4 and NeuN in brain tissue
Para�n brain sections were routinely dewaxed in ethanol and water. After washing and soaking in PBS,
the working solution in normal goat serum was added dropwise and placed in a 37 ° C incubator for 30
minutes. The overlying serum blocking solution was shaken off, and then AR (cat: ab175394, abcam,
USA), NOX1 (cat: ab55831, abcam, USA), NOX2 (cat: NBP2-41291, Novus Biologicals, LLC, USA), NOX4
(cat: ab154244, abcam, USA) and NeuN (cat: ab104224, abcam, USA) primary antibodies (dilution ratios
were all 1: 200) were added dropwise to cover the tissues, and incubated overnight at 4°C. The following
day, the brain sections were washed 3 times with PBS for 5 min each. Then, the goat anti-rabbit
�uorescent secondary antibody (cat: #4412S, CST, USA) and the goat anti-mouse �uorescent secondary
antibody (cat: #4409S, CST, USA,dilution ratios were all 1: 2000) were added and incubated for an hour at
room temperature in the dark. After washing with PBS, the slices were mounted with anti-�uorescence
quencher (cat: P0126, Shanghai Biyuntian Biological Technology Co., Ltd.) and observe under a
�uorescence microscope (Zeiss, Oberkochen, Germany). Later, quantitative analysis was performed using
Image J software (National Institutes of Health, Bethesda, USA).

Quantitative proteomics pro�ling detection in AR-/- and WT
mice suffered from cerebral ischemia/reperfusion injury
Our previous study showed that the deletion of aldose reductase leads to protection against cerebral
ischemic injury indicating its involvement of AR in oxidative stress associated with brain ischemia [16],
but the In order to better explore the difference of protein expression between AR−/− and WT mice under
cerebral ischemia conditions, quantitative proteomics pro�ling using quantitative nano-HPLC-MS/MS
were performed to compare the protein expression difference between AR−/− and WT mice with or without
tMCAO injury at 3d. Brifely, the fresh brain tissue on the right side of the two mice were selected, and each
group is represented by 3 biological replicates. Lysis buffer (1% SDS, 8 M urea, 1x Protease Inhibitor
Cocktail (Roche Ltd. Basel, Switzerland)) was added into the samples, the samples were then lysed on ice
for 30 min and centrifuged at 15000 rpm for 15min at 4℃. The supernatant was collected. Then protein
digestion at 37℃ overnight. The peptide mixture was quanti�ed by Pierce™ Quantitative Colorimetric
Peptide Assay (23275). The mass spectrometer was run under data independent acquisition mode, and
automatically switched between MS and MS/MS mode. The parameters was: (1) MS: scan range (m/z) = 
350–1500; resolution = 120,000; AGC target = 4e5; maximum injection time = 50 ms; (2) HCD-MS/MS:
resolution = 30,000; AGC target = 1e5; collision energy = 33; (3) DIA (Data independent acquisition) was
performed with variable Isolation window, and each window overlapped 1 m/z, and the window number
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was 47. The iRT kit (Ki3002, Biognosys AG, Switzerland) was added to all of the samples to calibrate the
retention time of extracted peptide peaks. DIA dataset was performed by Spectronaut 13 (Biognosys AG,
Switzerland) including data normalization and relative protein quanti�cation. After Welch's ANOVA Test,
different expressed proteins were �ltered if their p value < 0.05 and fold change > 1.3.

Statistical analysis
SPSS 17.0 statistical software (SPSS Inc. Chicago, IL, USA) was used for statistical analysis.
Measurement data were expressed as mean ± standard deviation. One-way ANOVA was used for
comparison between multiple groups, and t test was used for comparison between two groups. P < 0.05
was considered statistically signi�cant.

Results

Scutellarin alleviated tMCAO induced neurological function
de�cits and brain infarct size in mice
According to the time point of administration of Scutellarin explored in our previous study[22],all
C57BL/6N male mice subjected to 1 h occlusion followed by 3 days reperfusion (sham controls were
not). Neural function scores were assessed according to the Longa score method while the brain tissue
sections of each group of mice were evaluated after TTC staining for the computation of cerebral infarct
area sizes.

Neurological function de�cit scores are shown in Tables 2 and 3. The higher the score, the more severe
the cerebral ischemia-reperfusion injury in mice. The data shows higher neurological function de�cit
scores in the tMCAO model groups compared with the sham group in WT mice. The neurological function
de�cit scores were signi�cantly decreased by treatment with 100 mg/kg of Scutellarin in WT mice. The
high dose of 100mg/kg Scutellarin resulted in a signi�cantly more pronounced preservation of
neurological function.

Table 2
Scutellarin alleviated tMCAO induced neurological function de�cits in mice

Groups n Neurological score Median ± standard deviation

0 1 2 3 4

WT Sham 10 10 0 0 0 0 0.00 ± 0.00###

WT Model 10 1 1 1 6 1 2.50 ± 1.18***

WT Scu 50mg/kg 10 2 2 2 4 0 1.80 ± 1.23***

WT Scu 100mg/kg 10 2 1 6 1 0 1.60 ± 0.97**#

Note: **P < 0.01, ***P < 0.001 vs WT Sham; #P < 0.05, ###P < 0.001 vs WT Model.
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Table 3
Neurological scores of mice in each group

Groups n Neurological score Median ± standard deviation

0 1 2 3 4

AR−/− Sham 10 10 0 0 0 0 0.00 ± 0.00###

AR−/− Model 10 1 2 3 4 0 2.00 ± 1.05***

AR−/− Scu 50mg/kg 10 1 2 5 2 0 1.80 ± 0.92***

AR−/− Scu 100mg/kg 10 1 4 4 1 0 1.50 ± 0.85***

Note: ***P < 0.001 vs AR−/− Sham; ###P < 0.001 vs AR−/− Model.

Representative TTC-staining slices shown in Fig. 1A indicate that the sham-operated mice did not display
any infarct. However, there were signi�cantly larger infarct areas in ipsilateral side brain slices of WT mice
brains as seen at 3 days after the tMCAO injury. Also, the ipsilateral infarct area sizes were signi�cantly
reduced after scutellarin treatment at doses of 50 mg/kg or 100 mg/kg in WT mice. The results also
showed that a high dose of 100 mg/kg Scutellarin was more effective in reducing the size of the infarcts.
Taken together, these results show that Scutellarin treatment could reduce cerebral infarction area and
neurological function de�cits after tMCAO injury, which were insistent with our previous �ndings in
cerebral ischemic injury induced rat model [15].

Scutellarin decreased neuronal damage induced by tMCAO
Histological evaluation by hematoxylin and eosin staining was conducted to identify neuronal cell loss in
the ischemic cortical border zone (Fig. 1B). The results showed that in WT mice, there was a high number
of neurons with a complete structure in the sham group compared with tMCAO model groups. The nuclei
of these cells in the sham operated mice are round and large with minimal pyknosis while those in the
tMCAO model groups were disordered, swollen with a large number of nuclei either contracted or
disappeared. Also, the number of deeply stained neuronal cells as well as the number of vacuolated cells
increased at 3d after tMCAO injury. However, 50mg/kg and 100mg/kg Scutellarin could partially
prevented neuronal cell loss damage induced by tMCAO in WT mice. These results indicate that
Scutellarin could alleviate neuronal injury after ischemia/reperfusion insults in WT mice.

Scutellarin reduces tMCAO induced oxidative damage
related ROS, 4-HNE, 8-OHDG, NT-3, PARP1 and 3-NT levels
The following oxidative damage related markers were assessed by ELISA: ROS, 4-HNE, 8-OHDG, NT-3,
PARP1 and 3-NT expression. The present data showed that compared with the sham group, the contents
of ROS, 4-HNE, 8-OHDG, NT-3, PARP1 and 3-NT in the reperfusion injury model groups increased
signi�cantly as seen at 3 days post injury (P < 0.01). Meanwhile, the levels of ROS, 4-HNE, 8-OHDG, NT-3,
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PARP1 and 3-NT in the Scutellarin treatment group were signi�cantly reduced than that in saline treated
tMCAO model group (P < 0.01). Moreover, the concentrations of these indicators were signi�cantly lower
in the 100 mg/kg Scutellarin group relative to those in the half dose group (P < 0.05). (Fig. 1C)

Collectively, these above results indicate that Scutellarin could reduce the size of the infarct, improve the
neurological symptoms, alleviate neuronal injury and decrease oxidative damage induced by cerebral
ischemia in mice. Thus, Scutellarin could be an effective anti-oxidative injury agent for treating cerebral
ischemia.

Scutellarin down-regulated tMCAO induced AR mRNA and
protein level
Our previous study showed that the deletion of aldose reductase leads to protection against cerebral
ischemic injury indicating its involvement of AR in oxidative stress associated with brain ischemia [16], so
whether the antioxidant effect of Scutellarin on cerebral ischemia injury is related to AR gene. Both qPCR
and Western-blot analysis were used to check the mRNA and protein expression levels of AR gene in the
ipsilateral side of brain at 3 days after tMCAO. The results showed that AR mRNA and protein expression
were all signi�cantly increased in the tMCAO model group compared to that in the sham group in WT
mice at 3 days after ischemic injury; Moreover, the levels of AR mRNA and protein were decreased by
Scutellarin treatment and the expression levels recorded in the 100 mg/kg Scutellarin treatment group
were signi�cantly lower than in the 50 mg/kg Scutellarin treatment group (P < 0.01, Fig. 2A and 2B).
These results showed that Scutellarin could down-regulated tMCAO induced AR mRNA and protein levels
in a dose dependent manner.

The therapeutic effect of Scutellarin on the reduction of cerebral infarction area and neurological function
de�cits were abolished in AR-/- mice under ischemia cerebral injury

All AR−/− mice subjected to 1 h occlusion followed by 3 days reperfusion (sham controls were not). Neural
function scores were assessed according to the Longa score method while the brain tissue sections of
each group of mice were evaluated after TTC staining for the computation of cerebral infarct area sizes.

Neurological function de�cit scores are shown in Table 3. The result showed that higher neurological
function de�cit scores in the tMCAO model groups compared with the sham group in AR−/− mice, but the
neurological function de�cit scores were no signi�cantly difference by treatment with 50 mg/kg or 100
mg/kg of Scutellarin compared with that in tMCAO model group in AR−/− mice. Representative TTC-
staining slices shown in Fig. 3 indicate that in the AR−/− mice, the sham-operated mice did not display any
infarct. However, there were signi�cantly larger infarct areas in ipsilateral side brain slices of AR−/− mice
brains as seen at 3 days after the tMCAO injury. But the ipsilateral infarct area sizes were not signi�cantly
difference after scutellarin treatment at doses of 50 mg/kg or 100 mg/kg in AR−/− mice. The results
indicated that Scutellarin treatment had abolished the effects on the reduction of cerebral infarction area
and neurological function de�cits when AR gene knockout after tMCAO injury. The above results
suggested that the antioxidative effect of Scutellarin on cerebral ischemia injury related to AR regulation.
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Comprehensive Proteome Pro�les of Brains in AR-/- and WT
mice after cerebral ischemia injury
Our previous study showed that its involvement of AR in oxidative stress associated with cerebral
ischemia [18], but the protein target of AR in cerebral ischemia is not clear. To better explore the molecular
mechanisms and discover the potential targets of AR in tMCAO injury, a data independent acquisition
(DIA) quantitative proteomic analysis was performed on cerebral ischemic brain tissues in WT and AR−/−

mice at 3d after tMCAO injury using the nano-HPLC-MS/MS Analysis approach in the current study.
Different expressed proteins (DEPs) were �ltered if their p value < 0.05 and fold change > 1.3. In total, 123
DEPs were detected to be speci�c-differentially expressed in sham controls compared with tMCAO group
in WT mice, of which 61 and 62 were signi�cantly up- and downregulated, respectively, 770 DEPs in
tMCAO group of AR−/− mice compared with in tMCAO group of WT mice, with 350 and 420 representing
up- and down-regulation, whereas 704 DEPs were detected to be speci�c-differentially expressed in sham
group of AR−/− mice compared with in Sham group of WT mice, of which 331 and 373 were signi�cantly
up- and downregulated, respectively. The protein expression patterns and DEPs were visualized via
volcano plots in Fig. 4A,4B and 4C. Hierarchical clustering shows that the samples cluster in agreement
with the group information in additional �les Fig. S1. Furthermore, the Venn diagram analysis revealed
that 62 DEPs were co-expressed between WT tMCAO versus WT sham and AR−/− tMCAO versus WT
tMCAO but there is 21 DEPs among these 62 DEPs were also co-expressed between WT Sham versus
AR−/− sham in Fig. 4D.

Go enrichment and KEGG pathway enrichment in AR-/- and
WT mice after cerebral ischemia injury
To get a deep overview of molecular and functional differences of DEPs after cerebral ischemia with or
without AR gene, GO enrichment and KEGG pathway annotation were carried out. GO terms of BP, cell
component (CC), and MF in WT tMCAO versus WT sham and AR−/− tMCAO versus WT tMCAO are
summarized in additional �les Table S1 and S2 and every term was constructed with P-values less than
0.05, as shown in additional �les Figure S2, after GO categorical analysis.

When the WT mice were subjected to the I/R injury induced by tMCAO, the BP analysis demonstrated that
the majority of DEPs (additional �les Fig S3B) were signi�cantly involved in the catabolic process (P = 
1.37 × 10− 6), organic substance catabolic process (P = 3.20 × 10− 6), cellular catabolic process (P = 1.09 ×
10− 6), and so forth. Regarding the CC, most DEPs (additional �les Fig S3B) predominately originated
from the intracellular part (P = 1.07 × 10− 2), cytoplasmic part (P = 2.64 × 10− 5), intracellular organelle (P = 
4.98× 10− 3), and so forth. The representative MF of DEPs (additional �les Fig S3B) were mainly classi�ed
into identical protein binding (P = 7.79 × 10− 4), calcium ion binding (P = 7.55 × 10− 4), microtubule binding
(P = 5.16 × 10− 3), and so forth. These results demonstrated that the molecular mechanisms of I/R
induced by tMCAO were complex, and many BPs such as protein kinase activity, autophagy, cytokine



Page 13/31

production involved in in�ammatory response and cell proliferation participated in this physiopathologic
procedure which required different MF of DEPs and cell organelles.

When AR gene knockout under cerebral ischemia condition, compared with AR−/− tMCAO and WT tMCAO
group, the BP of DEPs (additional �les Fig S3A) were strongly enriched in response to purine
ribonucleotide biosynthetic process (P = 4.39 × 10− 7), ribonucleotide biosynthetic process (P = 4.7 × 10− 7),
oxidoreduction coenzyme metabolic process (P = 4.23 × 10− 7) and so forth. The DEPs in CC (additional
�les Fig S3A) mainly participated in cytosol (P = 3.96 × 10− 6), mitochondrial part (P = 1.84 × 10− 6),
membrane protein complex (P = 3.07 × 10− 6), and so forth. The DEPs clustered in MF (additional �les Fig
S3A) primarily associated with catalytic activity (P = 5.34 × 10− 6), ion binding (P = 1.05 × 10− 5), anion
binding (P = 3.44 × 10− 6), and so forth.

As we known, AR is a key enzyme in the polyol pathway, catalyzes nicotinamide adenosine dinucleotide
phosphate-dependent reduction of glucose to sorbitol, leading to excessive accumulation of intracellular
reactive oxygen species (ROS) in various tissues of diabetes mellitus including the heart, vasculature,
neurons, eyes, and kidneys [16], so we focus on the abnormal cellular responses especially in
oxidoreduction activity after I/R injury under AR knockout condition, possibly which was the underlying
mechanism in protection of I/R. What attracts our great attention and interest of Go enrichment is that AR
knockout in cerebral ischemia affects oxidoreduction activity acting on NADPH.

In addition, the dysregulated DEPs in WT tMCAO versus WT sham and AR−/− tMCAO versus WT tMCAO
were mainly mapped into the following pathways summarized in additional �les Table S3 and S4, and
presented in bar plots versus P-values and listed in additional �les Fig. S3. The KEGG pathway analysis
of DEPs (additional �les Fig. S3) in WT tMCAO versus WT sham was mainly related with cell adhesion
molecules (4.79 × 10− 3), endocytosis (4.63 × 10− 2), focal adhesion (1.29 × 10− 2), and so forth.
Interestingly, the DEPs in AR−/− tMCAO versus WT tMCAO (additional �les Fig. S3) were mainly
associated with metabolic pathways (8.69 × 10− 22), oxidative phosphorylation (1.12 × 10− 12), Parkinson’s
disease (3.31× 10− 11) and so forth. According to the KEGG pathway enrichment analysis, it was evident
that AR maybe plays an important role in activating anti-oxidative related pathway which responsible for
I/R injury, which was consistent with GO analysis.

AR knockout decreased tMCAO induced NOX isoforms mRNA and protein in mouse brain.

Since AR knockout in cerebral ischemia affects oxidoreduction activity acting on NADPH from the above
proteomics analysis. Our previous study showed that Scutellarin protects against ischemic injury in vitro
and in vivo by downregulating NOX2 derived reactive oxygen species (ROS) induced oxidative damage in
rats. In the brain there are NOX1, 2 and 4 isoforms of NADPH oxidases. Previous studies have shown that
NOX1 and NOX4 participate in ROS-induced neuronal apoptosis and brain injury during ischemia-
reperfusion in rats [23–24]. So NOX1, NOX2 and NOX4 were chosen for further validation to explore
whether AR regulate NOX isoforms under I/ R injury by qPCR, western blotting and double
Immuno�uorescence labeling in WT and AR−/− mice after cerebral ischemia injury. At 3 days after tMCAO
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injury, the results of qPCR and western blot showed that there were increased NOX1, NOX2 and NOX4
mRNA and protein expressions in both the WT and AR−/− tMCAO injured mice. The expression of NOX1,
NOX2 and NOX4 at mRNA and protein levels in AR−/− mice was less than that in WT mice among the
sham group. Moreover, NOX1, NOX2 and NOX4 mRNA and protein were signi�cantly lower in the AR−/−

tMCAO model group compared to the WT tMCAO model group. Our data indicated that AR knockout
resulted in a signi�cant decrease in the protein expression of NOX at 3d after tMCAO injury (Fig. 5).

To furtherly check the expression of AR and NOX isoforms in neurons in the penumbra regions of the
ipsilateral side of brain after tMCAO injury, immuno�uorescence staining of AR, NOX1, NOX2 and NOX4
with neuronal nuclei (NeuN) was carried out on brain sections harvested after 3 days of reperfusion.
Immunostaining evidence indicates that NeuN is distributed in the nuclei of mature neurons in nearly all
parts of vertebrate nervous system, nearly all nuclei and perikaryons and some proximal processes are
strongly positive for NeuN expression. AR, NOX1, NOX2 and NOX4 were all expressed in cytoplasm of
brain cells. The results showed that the density and distribution of the AR, NOX1, NOX2 and NOX4 co-
staining NeuN positive immunoreactions showed increases in the ipsilateral side brain in tMCAO model
groups, while fewer AR, NOX1, NOX2 and NOX4 co-staining NeuN positive cells were observed in the
sham group both in WT and AR−/− tMCAO mice. Moreover, there were less NOX1, NOX2 and NOX4 co-
staining NeuN positive cells were signi�cantly lower in the ipsilateral side of brain of AR−/− tMCAO model
group compared to the WT tMCAO model group, which is consistent with the results of Western-blot
analysis (Fig. 6).The observations suggest that AR could regulate the level of NOX1,NOX2, NOX4 mRNA
and protein in neurons e�ciently after tMCAO injury and that it may be acting upstream of NOX isoforms
following cerebral ischemia.

Scutellarin down-regulated tMCAO induced NOX isoforms
mRNA and protein level
Both qPCR and Western-blot analysis were used to check the mRNA and protein expression levels of
NOX1, NOX2 and NOX4 gene in the ipsilateral side of brain at 3 days after tMCAO. The results showed
that NOX1, NOX2, and NOX4 mRNA and protein expression were all signi�cantly increased in the tMCAO
model group compared to that in the sham group in WT mice at 3 days after ischemic injury; Moreover,
the levels of NOX1, NOX2, and NOX4 mRNA and protein were decreased by Scutellarin treatment and the
expression levels recorded in the 100 mg/kg Scutellarin treatment group were signi�cantly lower than in
the 50 mg/kg Scutellarin treatment group (P < 0.01, Fig. 2A and 2B). These results showed that Scutellarin
could down-regulated tMCAO induced NOX isoforms mRNA and protein levels in a dose dependent
manner. The above results suggested that Scutellarin treatment could reduce ischemic brain injury in
tMCAO injury mice and would acts on the AR-NOX Axis to remediate oxidative stress injury in a mouse
model of cerebral ischemia/reperfusion injury.

Discussion
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Our previous study indicated that AR involvement in oxidative stress associated with cerebral ischemia
and AR knockout leads to protection against cerebral ischemic injury [18], but the protein target of AR in
cerebral ischemia is not clear. AR is a key protein in factor of the polysaccharide pathway of sugar
metabolism which regulates the intracellular redox balance as well as maintaining cellular osmotic
pressure and oxidative stress [16]. AR also plays an important role in the induction of hyperglycemia-
induced oxidative stress whereby excessive amounts of glucose are shunted into the polyol pathway.
Here, AR reduces glucose into sorbitol at the expense of NADPH. Since NADPH is essential for generation
of glutathione (GSH) (intracellular antioxidant) from oxidized glutathione disul�de (GSSG), the depletion
of NADPH by the AR pathway may impair intracellular antioxidant defense. Sorbitol is then converted to
fructose by succinate dehydrogenase (SDH) (along with the production of NADH) ultimately causing
liberation of ROS via NOX signaling [25] Taken together, these �ndings suggest that there is a relationship
between AR and NOX signaling. Some studies have reported that regulating the activity of AR and NOX
can reduce platelet aggregation and apoptosis under high glucose condition [26, 27]. Various animal
studies of cerebral ischemia by others and in our previous study note that both AR and NOX isoforms
genes are induced in the brain. However, whether there is a regulatory relationship between these two
genes after cerebral ischemia is unclear. In this study, we performed quantitative proteomics pro�ling
using quantitative nano-HPLC-MS/MS to compare the protein expression difference between AR−/− and
WT, and the result showed that AR knockout in cerebral ischemia affects oxidoreduction activity acting on
NADPH. Nicotinamide adenine dinucleotide phosphate oxidase (NOX)derived reactive oxygen species
(ROS) serve an important role in the evolution of cerebral ischemia/reperfusion (I/R) injury [28]. In the
brain there are NOX1, 2 and 4 isoforms. Previous studies have shown that NOX2 and NOX4 participate in
ROS-induced neuronal apoptosis and brain injury during ischemia-reperfusion in rats [29]. It has also been
reported that targeting NOX4, a source of oxidative stress, is neuroprotective after ischemic stroke [23].
NOX1 signaling contributes to oxidative damage to DNA and subsequent cortical neuronal degeneration
as well as functional recovery, and regulation of ischemic neurogenesis in the peri-infarct regions after
stroke [24].Our previous study also found that NOX2 expression were signi�cantly increased the oxygen–
glucose-deprivation/reperfusion (OGD/R) exposed astrocytes and those on the ipsilateral side of
ischemic brain [15]. So which and how NOX is regulated by AR under cerebral ischemia injury has not yet
been fully elucidated. Then we furtherly check the AR and NOX isoforms expression in the in AR−/− and
WT suffered from tMCAO mouse model. Our results showed that there was a signi�cant decrease in the
protein expression of NOX isoforms after 72 h of tMCAO injury in AR−/− mice. This indicated that AR
regulated NOX isoforms expression under ischemia stroke conditions. Our previous study found that
Scutellarin protects against ischemic injury in vitro and in vivo by downregulating NOX2 derived reactive
oxygen species induced oxidative damage [15]. This study further demonstrated that Scutellarin does not
only down-regulate the expression of NOX2, but it also reduced other NOX isoforms such as NOX1 and
NOX4 as well as associated oxidative injury markers after cerebral ischemia. Most importantly, and
Scutellarin also could down-regulated the expression of the AR gene. As a result, we think that the
protective effects of Scutellarin on ischemic stroke is through the AR-NOX axis to modulate the oxidative
stress injury.(Fig. 7)
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Cerebral ischemia-reperfusion injury involves complex and diverse mechanisms [32]. Enhanced oxidative
stress characterized by increased expression of oxygen free radicals is one of its main pathological
mechanisms [33, 34]. After cerebral ischemia occurs, prompt blood �ow can effectively reduce brain
tissue damage and associated neurological dysfunction [35]. However, during reperfusion a large amount
of ROS such as superoxide free radicals, hydroxyl free radicals, and excessive increased hydrogen oxide
are generated and can cause deoxyribonucleotide (DNA) damage, protein and lipid oxidation, and
eventually cause or exacerbate neuronal damage [36]. ROS easily affect lipids on cell membranes and
lipid peroxidation produces a large number of lipid peroxides (toxic aldehydes such as 4-HNE) which
increases cell membrane permeability as well as disrupt their structural integrity and functions [37]. In
addition, 8-OHDG can activate hydroxyl radicals or oxygen free radicals to further damage the
mitochondria in neurons resulting in neuronal energy utilization disorders [38]. In the case of ischemia-
reperfusion, due to the production of a large number of free radicals and oxidants, PARP1 gets activated
causing a large amount of intracellular NAD to be consumed, and eventually ATP gets depleted [39].
Reducing the level of 3-NT in ischemia-reperfusion damaged brain tissue has been shown to attenuate
cerebral ischemia-reperfusion injury [40]. Oxidative stress is widely involved in various pathophysiological
processes such as aging and in�ammation [41]. NT-3 supports the growth and development of neurons,
and also participates in the occurrence and development of various in�ammatory diseases [42]. The
results of the current experiments showed that the oxidative stress-related factors (ROS, 4-HNE, 8-OHDG,
PARP1, NT-3 and 3-NT) are expressed in WT mice after tMCAO signi�cantly more than that in the sham
operated group. This indicated that the oxidative stress response of the cerebral ischemia-reperfusion
model was indeed activated. Therefore, measures aimed at reducing oxidative stress were considered to
be of potential value in the treatment of ischemic stroke. Under cerebral ischemia, the source of ROS is
also an important scienti�c question. NOX is a key enzyme in the production of ROS (such as O2− and
H2O2) after cerebral ischemic injury [43]. Also, NOX activity is among the three distinct processes that
generate ROS [44]. AR is also a major contributor to oxidative stress in diabetic neuropathy [45]. A
previous study also reported that AR contributes to oxidative stress after ischemic/reperfusions since the
expression of platelet aggregation rate (PAR) and nitrotyrosine, indicators of increased oxidative or
nitrosative stress, is decreased in AR−/− brains after tMCAO[18]. So the antioxidant drugs with therapeutic
effects on cerebral ischemic injury may have multi-target characteristics.

Scutellarin has anti-neurotoxicity, anti-in�ammatory response, anti-oxidative stress, and neuroprotective
effects [46]. Studies have reported that Scutellarin can inhibit some molecules related to neuronal
apoptosis signaling pathways thereby protecting against neural damage caused by cerebral ischemia
[47]. ROS produced during ischemia-reperfusion injury has been shown to activate AR [48]. After
activation, AR can reduce the body’s antioxidant capacity and aggravate neural dysfunction [49]. A
previous study showed that the deletion of aldose reductase leads to protection against cerebral ischemic
injury while its inhibition had therapeutic potential against cerebral ischemic injury, demonstrating its
involvement in oxidative stress and cerebral ischemic injury [18]. Based on this, it was speculated that
Scutellarin may have the effect of regulating AR to prevent oxidative stress. The present experimental
results elucidated that when tMCAO injured mice were treated with Scutellarin, tMCAO induced AR
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expression was reduced. In addition, the area under cerebral infarction was also reduced. This illuminated
the pathological role of AR in tMCAO and also exposed the pharmacotherapeutic effects of Scutellarin.
Therefore, AR is one of the targets of Scutellarin for ischemic stroke protection.

Basic research showed that increasing AR expression changed intracellular NADPH/NAD ratio, affected
intracellular redox status, increased intracellular ROS production, leading to endothelial cell damage [50].
NADPH was a key protein that catalyzes generation of oxygen free radicals [51]. During ischemia-
reperfusion, NOX, a main source of ROS, is activated in the brain tissue thereby generating a large amount
of ROS and triggers oxidative stress and associated tissue oxidative damage [52, 53]. The central nervous
system expressed NOX1, NOX2, NOX4, indicating that these isoforms participates in oxidative damage of
the brain tissue [54–56]. It was, thus, speculated that AR may regulate NOX expression under cerebral
ischemia. According to the current results, isoforms NOX1, NOX2, and NOX4 were signi�cantly decreased
tMCAO in AR−/− mice suggesting that AR may regulate NOX expression under cerebral ischemia. In WT
mice, subjected to tMCAO, AR and NOX1, NOX2, and NOX4 expression were attenuated by Scutellarin
treatment. This showed that Scutellarin can inhibit the tMCAO induced overexpression of AR and NOX
isoforms. These results suggest that AR is the upstream protein regulating NOX in the Scutellarin
medicated neuroprotection against cerebral ischemia. Our previous study found that Scutellarin protects
against ischemic injury in vitro and in vivo by downregulating NOX2, decreasing oxidative damage, and
reducing apoptotic cell death [15]. In this study, the results showed that Scutellarin could decrease the
neurological de�cit and brain infarct area in WT mice, but the effect of Scutellarin abolished in AR−/−

mice. This indicated that Scutellarin treatment have effects tMCAO injury would act on AR-NOX Axis to
remediate oxidative stress injury in mouse.

Conclusions
Therefore, from the above results, we demonstrated that Scutellarin could play a protective role of
cerebral ischemia in mice. Scutellarin acts on the AR-NOX Axis to remediate oxidative stress injury in a
mouse model of cerebral ischemia/reperfusion injury.
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Figure 1

Scutellarin reduces ischemia-reperfusion injury by reducing oxidative factors in WT tMCAO mice. (A)TTC
stained brain sections (n = 10),(B)HE staining of ischemic penumbra (n = 3, × 200),(C)ELISA detected the
content of ROS, 4-HNE, 8-OHDG, NT-3, PARP1 and 3-NT in the ischemic penumbra of each group of WT
mice (n = 7). **P<0.01 vs WT Sham; ## P<0.01 vs WT Model;▲▲P<0.01. Abbreviations:Scu, Scutellarin;
WT, wild type; ROS, reactive oxygen species; 4-HNE, 4-hydroxynonenal; 8-OHDG, 8-
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hydroxydeoxyguanosine; NT-3, neurotrophin-3; PARP1, poly ADP-ribose polymerase-1; 3-NT, 3-
nitrotyrosine; TTC, 2,3,5-triphenyltetrazolium chloride; HE, hematoxylin-eosin; ELISA, enzyme-linked
immunosorbent assay.

Figure 2

Scutellarin treatment reduced the expression of AR, NOX1, NOX2 and NOX4 in WT mice after tMCAO.
(A)AR, NOX1, NOX2 and NOX4 mRNA expression by RT-RCR (n = 7),(B)AR, NOX1, NOX2 and NOX4 protein
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expression by WB (n = 3). **P<0.01 vs WT Sham; ## P<0.01 vs WT Model; ▲▲P<0.01. Abbreviations:AR,
aldose reductase; NOX, NADPH oxidase; WT, wild type; Scu, Scutellarin; RT-PCR, Real-time Polymerase
chain reaction; WB, Western blot.

Figure 3

Scutellarin did not reduce the cerebral infarction area in AR-/- tMCAO mice. Scutellarin treatment had
synergistic effects on the reduction of cerebral infarction area in AR-/- mice under ischemia cerebral injury
by TTC (n = 10).**P<0.01 vs AR-/- Sham; ## P<0.01 vs AR-/- Model.Abbreviations:Scu, Scutellarin; AR,
aldose reductase; TTC, 2,3,5-triphenyltetrazolium chloride.
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Figure 4

Different expressed proteins from Volcano diagram and Venn diagram in WT and AR-/- mice. The volcano
plot illustrated the up- (red) and down-dysregulated (blue) DEPs from the comparison in WT sham
group,WT tMCAO group,AR sham group and AR tMCAO group (A,B,C).The log2 fold-change (x axis) was
plotted against the–log10 P-value (y-axis) (A,B,C).(A)Comparing WT tMCAO group with WT sham
group,there are 61 up-regulations and 62 down-regulations in DEPs,(B)Comparing AR tMCAO group and
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AR sham group DEPs have 350 up-regulations and 420 down-regulations,(C)Comparison between AR
sham group and WT sham group, and there are 331 up-regulations and 373 down-regulations of DEPs,
(D)Venn diagram between WT sham group, WT tMCAO group, AR sham group and AR tMCAO
group.N=3.Abbreviations:DEPs, Different expressed proteins; WT, wild type; tMCAO, transient middle
cerebral artery occluded; AR, aldose reductase.

Figure 5

AR knockout decreased tMCAO induced NOX1 NOX2 and NOX4 mRNA and protein in mouse brain. The
NOX1,NOX2 and NOX4 expressions in the AR-/- model group were signi�cantly reduced compared with
the WT model group (P <0.05).(A)the expression of NOX1, NOX2 and NOX4 mRNA in WT and AR-/- mice
by RT-PCR (n = 7),(B)the expression of NOX1, NOX2 and NOX4 proteins in WT and AR-/- mice by WB (n =
3). *P<0.05, **P<0.01 vs WT Sham; #P<0.05, ## P<0.01 vs WT Model; ▲▲P<0.01.Abbreviations:NOX,
NADPH oxidase; AR, aldose reductase; WT, wild type; RT-PCR, Real-time Polymerase chain reaction; WB,
Western blot.
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Figure 6

Comparison of NOX1, NOX2 and NOX4 protein expression in penumbra of WT and AR-/- tMCAO mice by
immuno�uorescence. The NOX1, NOX2 and NOX4 expressions in the AR-/- group were signi�cantly
reduced compared with the WT group (P <0.05).The NOX1, NOX2 and NOX4 expressions in the AR-/-
sham group were signi�cantly reduced compared with the AR-/- model group (P <0.01).N=3. Green is the
positive expression of protein, which is marked by FITC. Red are neurons, marked by NeuN. Blue is the
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nucleus, stained by DAPI.Yellow is positive expression in neurons.White arrows indicate some signi�cant
positive expressions.The scale bar is 50 μm.*P<0.05,**P<0.01 vs WT Sham; #P<0.05, ## P<0.01 vs WT
Model;▲▲P<0.01.

Figure 7

Scutellarin has the effect of inhibiting oxidative stress, and its target is aldose reductase. Scutellarin does
not only down-regulate the expression of NOX2, but it also reduced other NOX isoforms such as NOX1
and NOX4 as well as associated oxidative injury markers after cerebral ischemia. Scutellarin also could
down-regulated the expression of the AR gene.AR involvement in oxidative stress associated with cerebral
ischemia and AR knockout leads to protection against cerebral ischemic injury. As a result, we think that
the protective effects of Scutellarin on ischemic stroke is through the AR-NOX axis to modulate the
oxidative stress injury.
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