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Abstract. – OBJECTIVE: The aim of this 
study was to explore whether Dl-3-n-butylph-
thalide (DBT) could protect blood-brain barrier 
(BBB) of mice with experimental cerebral infarc-
tion and the relevant mechanism.

MATERIALS AND METHODS: Adult male 
CD-1 mice were selected as the study objects. 
The permanent middle cerebral artery occlu-
sion (MCAO) model was prepared by Longa’s 
modified suture-occluded method. The mice 
were randomly divided into 3 groups: the sh-
am operation group (Sham group), the cerebral 
infarction model group (CI group) and the DBT 
(120 mg/kg) intervention group (DBT group). 
Neurologic function deficits were evaluated by 
Longa’s modified scoring method after 24 h 
of permanent MCAO. The wet and dry weight 
method was used for measuring water content 
in brain tissues. 2% 2,3,5-triphenyltetrazolium 
chloride (TTC) staining method was applied to 
determine the volume of cerebral infarction. 
Changes in the protein and messenger ribonu-
cleic acid (mRNA) expression levels of matrix 
metallopeptidase 9 (MMP-9), claudin-5, vascu-
lar endothelial growth factor (VEGF), glial fibril-
lary acidic protein (GFAP), NF-E2 related factor 
2 (Nrf-2) and heme oxygenase 1 (HO-1) in isch-
emic brain tissues were detected using immu-
nohistochemistry, Western blotting and quanti-
tative Reverse Transcription-Polymerase Chain 
Reaction (qRT-PCR). Ultrastructure changes in 
BBBs were observed under an electron micro-
scope.

RESULTS: DBT improved the neurologic func-
tion deficits of mice and reduced the infarction 
volume of mice with cerebral infarction. DBT al-
leviated edema and decreased the permeabil-
ity of BBBs of mice with cerebral infarction. 
DBT down-regulated the expression of MMP-
9 and up-regulated the expression of claudin-5 
in brain tissues of mice with cerebral infarction. 
DBT increased the expressions of VEGF and 
GFAP. DBT improved the ultrastructure in capil-
lary endothelial cells of BBBs and increased the 
expressions of Nrf-2 and HO-1.

CONCLUSIONS: DBT may protect BBB by ac-
tivating the Nrf-2/HO-1 signaling pathway, thus 
achieving its protective effect on the brain.
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Introduction

Ischemic stroke is the most common type of 
stroke worldwide. Assessments of disease bur-
den, injury, and risk factors have shown that 
cerebral infarction is the second most common 
cause of death and the third most common cause 
of disability1. Intravenous thrombolysis is con-
sidered to be the most effective treatment for 
acute cerebral infarction, but the rate of venous 
thrombolysis after cerebral infarction is not high 
due to the rigorous therapeutic time window and 
post-treatment bleeding complications2,3. There-
fore, it is particularly important looking for a 
new drug target to provide a reliable basis for the 
therapeutic regimen of cerebral infarction.

The blood-brain barrier (BBB) is a special 
barrier existing between cerebral blood circu-
lation and nerve tissues. Its main function is 
to maintain the steady state of brain tissues, 
regulates the balance of substance exchange in 
the brain, and protects the brain from infringe-
ment. The pathophysiology of ischemic stroke 
involves the BBB dysfunction, primary and 
secondary cell destructions, and death4,5. As 
the BBB plays a central role in the pathogene-
sis of cerebrovascular disease, it is considered 
as a new target for the treatment of cerebral 
infarction. BBB studies provide bases for clin-
ical drug research. The nuclear transcription 
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factor, NF-E2-related factor 2 (Nrf-2) regulates 
the expressions of various downstream detox-
ification enzymes and antioxidant enzymes by 
binding to cellular stress signals6. Nrf-2/heme 
oxygenase1 (HO-1) signaling pathway is the 
most important cell defense mechanism7. Nrf-2, 
as a brain protective factor, plays a vital role in 
regulating the inflammatory reaction and oxi-
dative stress response after cerebral infarction. 
Studies8 have shown that in the experimental 
brain injury model, the application of Nrf-
2 agonist sulforaphane to activate the Nrf-2 
signaling pathway improves the integrity and 
stability of BBB. Therefore, the Nrf-2 signaling 
pathway and downstream protective factors are 
key targets for the treatment of stroke-induced 
BBBs.

Dl-3-n-butylphthalidle (DBT) is a kind of new 
drug that has been successfully developed in 
China for the treatment of cerebral ischemia. It 
can act on multiple links of injury after cerebral 
ischemia-reperfusion and reduce the degree of 
nerve damage. Animal experiments and clinical 
trials have confirmed that DBT exerts affirmative 
therapeutic effects on ischemic stroke9-11. How-
ever, there is no study on the effect of DBT on 
BBB after cerebral infarction. Therefore, a model 
of experimental cerebral infarction in middle 
cerebral artery occlusion (MCAO) mice was es-
tablished using Longa’s modified suture-occlud-
ed method. Whether DBT could protect BBB of 
mice with experimental cerebral infarction was 
observed, and the relevant mechanism of DBT 
was explored, thus providing a theoretical and 
experimental basis for the clinical application of 
DBT.

Materials and Methods

Experimental Animals and Models
Healthy adult male CD-1 mice (aged 10-12 

weeks, weighing 27-30 g) were provided by Bei-
jing Vital River Laboratory Animal Technology 
Co., Ltd. (Beijing, China). The right-side per-
manent MCAO (pMCAO) animal model was 
established using Longa’s modified suture-oc-
cluded method12. The mice were anesthetized by 
intraperitoneal injection of 10% chloral hydrate 
(35 mg/g), and fixed on the operating table in the 
supine position. After disinfection, the middle 
of the neck was longitudinally incised, and right 
common carotid artery (CCA), external carotid 
artery (ECA) and right internal carotid artery 

(ICA) were exposed. Sutures were inserted and 
used for ligation at the distal end of ECA 3-4 
mm away from the bifurcation site of the CCA, 
and then branches at the distal end of ECA were 
separated. The separation was deepened 2-3 mm 
to the basis crania along the ICA, and the internal 
carotid artery was carefully occluded using a 
micro-artery clip. A 3.0-cm-long nylon occlusion 
was prepared, whose diameter was 0.1518 mm, 
and the head end was spherical. An about 0.2-mm 
incision in the stump of the ECA was cut, and 
the occlusion was inserted into the ECA. At this 
point, the micro-artery clip was removed, and 
the occlusion was reversed and inserted into the 
encephalic segment of the internal carotid. When 
the occlusion was smoothly inserted (9.5±0.5) 
mm in depth, slight resistance could be felt, and at 
this time, the spherical dot on the occlusion head 
was located in the anterior cerebral artery of the 
cranium, blocking the opening of the MCA. After 
the occlusion successfully entered the cranium, 
ligation was conducted in the internal carotid, 
and then the occlusion was cut off. Subcutaneous 
tissues and skin were sutured. Operations in the 
sham operation group were the same as those in 
the model group except that the occlusion was not 
inserted. This study was approved by the Animal 
Ethics Committee of Capital Medical University 
Animal Center.

Experimental Grouping 
CD-1 mice were randomly divided into 3 

groups: the sham operation group (Sham group), 
the cerebral infarction model group (CI group) 
and the DBT (120 mg/kg) intervention group 
(DBT group).

Neurologic Function Deficit Scores
Based on Longa’s scoring method for neuro-

logic function deficits, the animals were scored 
at 24 h after they awaked from anesthetization, 
and symptoms of the neurologic function deficits 
were recorded. Scoring criteria: 0 points for no 
nerve injury symptom, 1 point for inability to 
extend the contralateral forelimb, 2 points for 
contralateral forelimb flexion, 3 points for mild 
rotation to the opposite side, 4 points for severe 
rotation to the opposite side, and 5 points for fall-
ing to the opposite side.

Determination of the Volume of 
Cerebral Infarction

At 24 h after operation, the mice were sac-
rificed after anesthesia, and their brains were 
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quickly and completely removed. The olfac-
tory bulbs and cerebellums were excised, and 
the brains were continuously and equidistantly 
cut into 5 coronal sections. The brain slices 
were completely immersed in 2% 2,3,5-triph-
enyltetrazolium chloride (TTC) solution and 
incubated at 37°C for 15 min. TTC was dis-
carded after staining. Then, the brain slices 
were fixed in 4% paraformaldehyde for 24 h, 
and placed in order. After that, pictures were 
taken at the same focal length, the images were 
imported into the computer for image analysis, 
and cerebral infarction area and volume were 
determined.

Determination of Water Content 
in Brain Tissues

Water content in the brain was measured at 
24 h after cerebral infarction using the wet and 
dry weight method. About 4-mm-thick brain 
tissues were taken after the removal of the 
forehead for the determination of water content 
in the brain.

The brain tissues were put into a piece of 
tinfoil weighed in advance (A), and then they 
were immediately weighed (B). Wet weight = 
B-A. Afterwards, the brain tissues were wrapped 
with tinfoil and dried in an oven at 100°C for 24 
h before being removed and returned to room 
temperature for weighing (C). Dry weight = C-A. 
Water content of brain tissues were calculated in 
the formula: (wet weight of brain tissues - dry 
weight of brain tissue)/wet weight × 100%, name-
ly, (B-C)/(B-A) × 100%.

Evans Blue Staining and Content 
Determination

Mice received tail intravenous injection of 2% 
Evans blue (4 mL/kg) at 22 h after operation. 2 
h later, mice were anesthetized, and then normal 
saline was used for cardiac perfusion, followed 
by decollation and brain collection. After the 
forehead and cerebellum were removed from the 
brain tissues using mouse abrasives, the tissues 
were cut into 5 slices on average, and placed in 
order for photographing. Then, the brains were 
divided into two parts: the infarcted hemisphere 
and the non-infarcted hemisphere, which were 
collected in an Eppendorf (EP) tube, respectively, 
and they were prepared into homogenate with 1 
mL trichloroacetic acid, followed by centrifu-
gation for 20 min. Finally, the optical density of 
supernatant was measured using a microplate 
reader.

Reverse Transcription-Polymerase 
Chain Reaction (RT-PCR)

After 100 mg cortical brain tissues on the in-
farcted side of mice were taken, the total ribonucle-
ic acid (RNA) in brain tissues was extracted using 
TRIzol method, and the purity and concentration 
of the extracted RNA were measured. According 
to the product instructions, complementary deoxy-
ribonucleic acid (cDNA) reverse transcription was 
conducted, followed by PCR amplification. After 
amplification, β-actin was used as an internal 
reference gene to obtain the Ct value of the target 
gene expression compared with that of the control 
group, and the relative quantitative analysis of the 
data was carried out using the 2-∆∆Ct method.

Western Blotting
After 50 mg brain tissues on the infarcted 

side of mice were weighed, the total protein was 
extracted according to the instructions of the pro-
tein extraction kit. BCA protein detection kit was 
used to determine protein concentration. Sodium 
dodecyl sulfate (SDS)-polyacrylamide gel elec-
trophoresis was conducted, and the primary and 
secondary antibodies of the target protein were 
incubated, respectively, after membrane transfer, 
which were then observed under exposing con-
ditions.

Immunohistochemistry
The brain tissues were fixed in 4% paraformal-

dehyde solution and received gradient dehydra-
tion using ethanol. Tissue blocks were embedded 
in paraffin. Paraffin-embedded brain tissues were 
made into serial sections with the thickness of 5 
μm, which were attached to glass slides. The sec-
tions were dewaxed, put into water, and blocked 
using goat serum. Primary antibodies of the tar-
get protein were incubated overnight, secondary 
antibodies were incubated, followed by hematox-
ylin restaining the cell nucleus for 1 min on the 
next day, and finally neutral resins were used for 
mounting. Observation under a microscope: The 
positive and negative tissues of the experimental 
group and the control group were selected for 
photomicrography.

Procedures of Electron Microscopy
At 24 h after operation, the mice were anes-

thetized, and the thoracic cavity was opened for 
perfusion. 400 mL stationary solution was added 
at the end of perfusion. The first 1/3 of the sta-
tionary solution was rapidly perfused, while the 
left 2/3 were slowly perfused. The brain was tak-
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en from the forehead and put into 4% glutaralde-
hyde fixed vial at 4°C overnight. After the sample 
preparation, photographing was conducted using 
an electron microscope.

Statistical Analysis
Statistical Product and Service Solutions (SPSS) 

19.0 software (IBM, Armonk, NY, USA) was used 
for statistical analysis. Comparisons of data among 
multiple groups were conducted using one-way 
analysis of variance (ANOVA). When the varianc-
es were homogeneous and significantly different, 
pairwise comparisons were further performed us-
ing the Student-Newman-Keuls (SNK) test. When 
the variances were heterogeneous, nonparametric 
rank sum test was performed. Pairwise compar-
isons of neurologic function deficit scores were 
carried out using the Mann-Whitney U test, and all 
the data were expressed as mean ±standard error 
of measurement (SEM) except neurologic function 
deficit scores. p<0.05 represented that the differ-
ence was statistically significant.

Results

DBT Improved the Neurologic Function 
Deficits of Mice With Cerebral Infarction 

Longa’s modified scoring method was used to 
determine the neurologic function of mice. The 
results showed that the neurologic function deficit 
score in CI group was significantly higher than 
that in sham group, indicating that pMCAO mod-
el causes obvious neurologic function deficits. 
Compared with that in CI group, neurologic func-
tion deficit score in DBT group was significantly 
decreased, and the difference was statistically 
significant (p<0.05) (Figure 1A).

DBT Reduced the Infarction Volume 
of Mice With Cerebral Infarction 

The volume of cerebral infarction was mea-
sured by TTC staining. The results showed that 
TTC staining in brain tissues of mice in sh-
am group was uniform and red, whereas TTC 
staining manifested a large pale infarction area 
in ischemic brain tissues of mice in CI group. 
Compared with that in CI group, the volume of 
cerebral infarction in DBT group was notably 
reduced, and the difference was statistically sig-
nificant (p<0.05) (Figure 1B).

DBT Alleviated Edema in Mice With 
Cerebral Infarction

The water content of brain tissues was deter-
mined by the wet and dry weight method. The 
results revealed that the water content of brain 
tissues on the infarcted side in CI group was 
significantly increased. Compared with that in 
CI group, the water content of brain tissues in 
DBT group was markedly decreased at 24 h af-
ter operation, and the difference was statistically 
significant (p<0.05) (Figure 1C).

DBT Decreased the Permeability of BBB 
of Mice With Cerebral Infarction 

The effect of DBT on the permeability of BBB 
was evaluated by detecting the exudation rate 
of Evans Blue. The results showed that in sham 
group, there was no Evans blue exudation, and 
BBB were intact. At 24 h after operation, the 
Evans blue exudation was relatively severe in 
CI group. Compared with that in CI group, the 
Evans blue exudation was significantly decreased 
in DBT group at 24 h after operation (p<0.05) 
(Figure 2A).

Figure 1. The effect of Dl-3-n-butylphthalide on cerebral infarction in mice. (A) Analysis of neurological deficit scores by 
Longa’s modified scoring method. (B) Analysis of cerebral infarct volume by TCC. (C) Analysis of brain water content by the 
wet and dry weight method. *p<0.05 vs. Sham group, #p<0.05 vs. CI group.
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mRNA expression levels of VEGF and GFAP in 
DBT group were significantly increased at 24 
h after cerebral infarction, and the differences 
were statistically significant (p<0.05) (Figure 
3A-C).

DBT Improved the Ultrastructure in 
Capillary Endothelial Cells of BBB

In sham group, the endothelial cell structure 
was normal with a small amount of pinocytotic 
vesicles, while in CI group, cytoplasmic edema 
appeared in endothelial cells of BBB with in-
creased pinocytotic vesicles at 24 h after oper-
ation. Compared with that in CI group, edema 
of endothelial cells in DBT group was alleviated 
with decreased pinocytotic vesicles (Figure 3D).

DBT Increased the Expressions 
of Nrf-2 and HO-1

It was found from Western blotting and qRT-
PCR that compared with those in CI group, the 

DBT Down-Regulated the Expression of 
Matrix Metallopeptidase 9 (MMP-9) 
and Up-Regulated the Expression 
of Claudin-5 in Brain Tissues of Mice 
with Cerebral Infarction

Western blotting and quantitative RT-PCR (qRT-
PCR) demonstrated that compared with those in 
CI group, the protein and messenger ribonucleic 
acid (mRNA) expression levels of MMP-9 in DBT 
group were significantly decreased at 24 h after 
operation, and the differences were statistically 
significant (p<0.05). The protein and mRNA ex-
pression levels of claudin-5 were overtly increased 
at 24 h after operation, and the differences were 
statistically significant (p<0.05) (Figure 2B-D).

DBT Increased the Expressions of 
Vascular Endothelial Growth Factor (VEGF), 
Glial Fibrillary Acidic Protein (GFAP)

Western blotting and qRT-PCR indicated that 
compared with those in CI group, the protein and 

Figure 2. The effect of Dl-3-n-butylphthalide on blood brain barrier after cerebral infarction in mice. (A) DBT decreased the 
permeability of BBBs of mice. (B) Analysis of mRNA level of MMP-9 and claudin-5. (C) Western blotting showed that DBT 
down-regulated the expression of MMP-9 and up-regulated the expression of claudin-5. (D) Analysis of protein level of MMP-
9 and Claudin-5. *p<0.05 vs. Sham group, #p<0.05 vs. CI group.
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protein and mRNA expression levels of Nrf-2 and 
HO-1 in DBT group were significantly increased 
at 24 h after operation, and the differences were 
statistically significant (p<0.05). Immunohisto-
chemical staining results were consistent with the 
above results (Figures 4 and 5).

Discussion

Cerebrovascular disease has become the major 
cause of disability and death worldwide. Although 
major research progress has been made in the 
pathophysiology of cerebral infarction, the treat-
ment of cerebral infarction remains the focus of 
future scientific research. The pathological mech-
anism of secondary brain injury after cerebral 
infarction mainly includes oxidative stress re-
sponse, inflammatory response, excitatory amino 
acid toxicity, apoptosis and calcium overload13,14. 
Oxidative stress aggravates the damage to BBB 
after cerebral infarction, and promotes neurons, 
endothelial cells and other cells to participate in 

the cascade injury reaction. Therefore, anti-oxi-
dative stress response is becoming an important 
way to treat cerebral infarction. Mouse MCAO 
model is able to induce the effects of a series of 
pathological injury drugs. In this work, a pMCAO 
was used to better simulate the clinical experi-
ment. Evaluating the neurologic function score 
of mice after cerebral infarction and determining 
the infarction volume and brain water content, are 
common research tools to assess the degree of 
brain injury and evaluate the efficacy of drugs. In 
the experiment, Longa’s modified scoring meth-
od was used to assess the neurologic function of 
mice after cerebral infarction. After DBT inter-
vention, the neurologic function deficit score of 
mice was significantly decreased, indicating that 
DBT can improve neurologic function deficits in 
mice with experimental cerebral infarction, and 
play a protective role in the brain. TTC staining 
was applied to determine the volume of cerebral 
infarction. TTC is a liposoluble photosensitized 
complex, which reacts with the dehydrogenase in 
normal tissues showing red. The infarcted tissues 

Figure 3. The effect of Dl-3-n-butylphthalide on the expression of VEGF/GFAP and ultrastructure of capillary endothelial 
cells. (A) Analysis of mRNA level of VEGF and GFAP. (B) Western blotting showed that DBT increased the expressions of 
VEGF and GFAP. (C) Analysis of protein level of VEGF and GFAP. (D) The representative images of ultrastructure of capil-
lary endothelial cells of BBBs. *p<0.05 vs. Sham group, #p<0.05 vs. CI group.
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Figure 5. The effect of Dl-3-n-butylphthalide on the expression of HO-1. (A) Analysis of mRNA level of HO-1. (B) Analysis 
of protein level of HO-1 by Western blotting in vivo. (C) The representative images of immunohistochemistry. p<0.05 vs. Sham 
group, #p<0.05 vs. CI group.

Figure 4. The effect of Dl-3-n-butylphthalide on the expression of Nrf-2. (A) Analysis of mRNA level of Nrf-2. (B) Analysis 
of protein level of Nrf-2 by Western blotting in vivo. (C) The representative images of immunohistochemistry. p<0.05 vs. Sham 
group, #p<0.05 vs. CI group.
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cannot make responses due to the decrease of 
dehydrogenase activity caused by the ischemic 
reaction, so it does not change to become pale. 
We found that, compared with that in CI group, 
the volume of cerebral infarction was significantly 
reduced in DBT group, indicating that DBT exerts 
a protective effect in cerebral ischemic injury. The 
water content of brain tissues was measured by 
the standard wet and dry weight method, and then 
calculated by formula to determine the degree of 
brain edema in mice with experimental cerebral 
infarction. Compared with that in CI group, the 
water content of brain tissues in DBT group was 
significantly decreased at 24 h after cerebral in-
farction, suggesting that DBT plays a protective 
role in ischemic brain tissues of cerebral infarc-
tion. Neuronal damage and BBB permeability are 
important parts of the pathophysiology of cerebral 
infarction. Recent studies have confirmed that the 
damage to the BBB integrity will aggravate the 
physiopathological process of brain ischemia after 
the occurrence of cerebral infarction15,16. Main-
taining BBB stability can reduce the damage to 
ischemic brain tissues and protect the brain. The 
tight junction protein between endothelial cells is 
an important part of the BBB, and its dysfunc-
tion is an important aspect of the pathogenesis 
of cerebral infarction. In MCAO rats, the expres-
sions of tight junction proteins including clau-
din-5, occludin and zonula occludens-1 (ZO-1) 
were down-regulated, and BBB permeability was 
increased17. MMPs play special roles in the patho-
physiological mechanism of BBB dysfunction18,19. 
They degrade the tight junction proteins including 
claudin-5. With the aggravation of brain injury, 
MMPs are activated, which will further aggravate 
the tissue damage, brain edema, micro-hemor-
rhage in brain tissues and cell death. The study 
confirmed that at 24 h after experimental cerebral 
infarction, BBB permeability in ischemic brain 
tissues was increased, and the integrity was im-
paired. However, DBT could significantly reduce 
BBB permeability and maintain BBB integrity, 
thereby reducing damages to brain tissues. After 
the application of DBT, the expression of MMP-9 
in ischemic brain tissues was decreased, suggest-
ing that DBT effectively inhibits the activity of 
MMP-9, inhibits MMP-9 to resolve tight junction 
proteins, and alleviates damages to brain tissues 
and cell death due to the activation of MMP-9, 
thus reliving cerebral edema and reducing cere-
bral infarction area. After the application of DBT, 
claudin-5 expression was up-regulated, and BBB 
tightness was increased, thus enhancing BBB 

stability. VEGF is a key factor to promote angio-
genesis. Researches20 have shown that the content 
of VEGF begins to increase at 3 h after cerebral 
infarction for 3 to 7 days. This work revealed 
that DBT could increase the content of VEGF in 
ischemic brain tissues, thus initiating the process 
of angiogenesis after infarction, promoting the 
repair of endothelial cells after infarction and 
maintaining the density of blood vessels in isch-
emic brain tissues. The application of DBT could 
also reduce endothelial cell swelling and reduce 
the number of pinocytotic vesicles of endothelial 
cells in the infarction area, suggesting that DBT 
can protect the morphology of endothelial cells, 
thus maintaining the capillary structural stability 
and increasing the BBB stability. Astrocytes are 
involved in the BBB cytoskeleton21, and GFAP is 
a marker for their activation, which can maintain 
the astrocyte tightness. GFAP-deficient mice have 
significantly reduced tolerance to hypoxia after 
cerebral infarction22. We demonstrated that the 
expression of GFAP was increased after the appli-
cation of DBT, suggesting that DBT can increase 
the tolerance of mice with cerebral infarction to 
hypoxia, stabilize the skeleton structure of astro-
cyte membrane, stabilize the BBB structure, thus 
strengthening the BBB function and increasing 
the BBB stability. HOs play important roles in 
endogenous anti-oxidative damage during cere-
bral ischemia and inflammation23,24. HO-1 is a 
free radical scavenger in vivo. It is induced by 
various factors such as oxidative stress, cytokines 
and ischemia-reperfusion, and plays an important 
role in the resistance to oxidative tissue damages. 
A large number of studies have shown that Nrf-
2 is the most important transcription factor of 
HO-1, and it is a key factor in cellular oxidative 
stress25,26. The expression of Nrf-2 is significantly 
up-regulated in the parts relatively sensitive to 
ischemia and hypoxia in brain tissues. The acti-
vation of Nrf2 can enhance the expression activ-
ities of a variety of antioxidant and detoxifying 
enzymes, and greatly improve the antioxidant 
and detoxification abilities of cells. In the experi-
mental brain injury model, the Nrf-2 agonist sul-
foraphane activates the Nrf-2 signaling pathway, 
increasing the integrity and stability of BBBs. We 
found that DBT could increase the mRNA and 
protein expression levels of Nrf-2 and HO-1, and 
increase the number of positive cells expressing 
Nrf-2 and HO-1, indicating that after the experi-
mental cerebral infarction, DBT can activate the 
Nrf-2/HO-1 signaling pathway in ischemic brain 
tissues.
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Conclusions

We showed that DBT may protect BBBs by ac-
tivating the Nrf-2/HO-1 signaling pathway, thus 
achieving its protective effect on the brain.
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