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Ginkgo biloba extract-761 protects myocardium by
regulating Akt/Nrf2 signal pathway

This article was published in the following Dove Medical Press journal:
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Xiao-jie Chen' Objective: The aim of this study was to investigate the protective effect and mechanism
Shu-min Ren? of Ginkgo biloba extract-761 (EGb 761) in the rat with myocardial ischemia—reperfusion
Jian-zeng Dong' injury (MIRI).

Chun-guang Qiu' Materials and methods: Forty Sprague Dawley rats were randomly divided into following four
Yin g-wei Chen! groups: sham group, I/R group and EGb 761 groups (20 and 40 mg/kg). MIRI model was established

Hai-long Tao'

after 14 days of administration. The myocardial infarct size and myocardial histology were measured

and compared. Meanwhile, the levels of creatine kinase-MB (CK-MB), lactate dehydrogenase
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Results: The levels of infarct size, CK-MB, LDH, TnT, TNF-a,, IL-6 and IL-1f in the EGb 761
groups were significantly lower than those in the ischemia/reperfusion (I/R) group. The content
of MDA was lower in the myocardium, whereas the activities of SOD and GSH-Px were higher
than those in the I/R group. The expressions of Caspase-3 and Bax in the EGb 761 groups were
significantly lower than those in the I/R group, whereas the expressions of Bcl-2, p-Akt and
HO-1 and nuclear protein Nrf2 in the EGb 761 groups were higher than those in the I/R group.
Conclusion: EGb 761 might inhibit the apoptosis of myocardial cells and protect the myo-
cardium by activating the Akt/Nrf2 pathway, increasing the expression of HO-1, decreasing
oxidative stress and repressing inflammatory reaction.

Keywords: Ginkgo biloba extract, myocardial ischemia-reperfusion injury, oxidative stress,
superoxide dismutase

Introduction

Myocardial ischemia—reperfusion injury (MIRI) refers to the aggravation of metabolic
disorder in the process of reperfusion after myocardial ischemia, causing myocardial
ultrastructural damage. It is a common type of myocardial injury in clinic. The pathology
and pathogenesis of MIRI are complex, including oxygen-free radical injury, inflam-
matory reaction, energy metabolism disturbance and microvascular permeability.'? In
recent years, a large number of evidence showed that the body was in oxidative stress
state after MIRI, which increased the formation of reactive oxygen species, further
resulting in oxidative stress damage to cells.** Therefore, inhibiting the oxidative
stress effectively was an important way to reduce MIRI and protect myocardial tissue.
Some research studies indicated that PI3K—Akt signaling pathway played an important
role in the expression of nuclear factor Nrf2 and downstream antioxidant gene in the
antioxidation process.>® And the activities of GSH-Px and SOD were enhanced by the
activated Nrf2 pathway, decreasing the oxidative stress and inflammatory response,
inhibiting the cell apoptosis and tissue damage.”®
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Ginkgo biloba extract-761 (EGb 761), whose main
components are ginkgo flavonoids and ginkgolides, is a
natural platelet activation factor antagonist. EGb 761 has
many pharmacological effects, such as inhibiting platelet
aggregation, scavenging free radicals and protecting micro-
vascular endothelial cells. Meanwhile, it could also mediate
smooth muscle relaxation in blood vessels and improve
ischemia and tissue metabolism.’ Clinical research showed
that EGb 761 had been widely used in the treatment of
various cardiovascular and cerebrovascular diseases, and
obtained significant effect on preventing MIRI.'® However,
the molecular mechanism of EGb 761 against MIRI had not
been well elucidated. In this study, EGb761 was pretreated
MIRI rat model to explore the protective effect of EGb761
on myocardium and whether the effect achieved through
regulating the Akt/Nrf2/HO-1 pathway.

Materials and methods

Animals

Forty male Sprague Dawley (SD) rats weighed 200-220 g
were provided by the experimental animal center of Zhengzhou
University. The animal feeding operations were compliant
with the Laboratory animal guideline for the ethical review
of animal welfare (GB/T 35892-2018). All animal experi-
ments were examined and approved by the ethics committee
of Zhengzhou University.

Main reagents

Ginaton® tablets contained 24% of flavonol glycosides and
6% of terpene trilactones (EGb 761, 40 mg/tablet, registra-
tion number: H20140768, Dr Willmar Schwabe GmbH &
Co0.KG). Troponin T (TnT), superoxide dismutase (SOD),
malondialdehyde (MDA), glutathione peroxidase (GSH-Px)
assay kits and TNF-o, IL-6 and IL-13 ELISA kits were
purchased from American R&D Systems. Antibodies
against Casp-3, Bax, Bcl-2, HO-1, Nrf2, Akt and p-Akt were
purchased from British Abcam Corporation.

Grouping and modeling

All the SD rats were randomly divided into four groups
(ten rats in each group): 1) sham group treated with saline
but without ischemia/reperfusion injury (MIRI); 2) MIRI
group treated with saline alone; 3) low-dose group treated
with 20 mg/kg EGb 761 and 4) high-dose group treated with
40 mg/kg EGb 761. Before modeling, the rats in the sham and
MIRI groups were given 1 mL saline (once a day) by gavage
for 14 days, whereas the rats in the two EGb 761 groups
were administered with 1 mL EGb 761 solution (20 or
40 mg/kg, once a day) by gavage for 14 days, respectively.

One hour after the last gavage, the rats were anesthetized
with 2% pentobarbital sodium and fixed in supine position.
Endotracheal intubation was connected with an animal ven-
tilator. The heart was exposed through the left thoracotomy.
Then, the snare encircling the coronary artery was used for
occlusion by pulling up on the suture which was clamped
with plastic tubes at the left ventricular. Rats were subjected
to a coronary artery occlusion for 45 minutes followed by
2 hours reperfusion by releasing the clamp. The rats in the
sham group were exposed through the coronary artery for a
time-matched normal perfusion without ligation. Observing
the changes of the electrocardiogram: Elevated ST segment
meant myocardial ischemia. After releasing, the elevated ST
segment dropped more than half, the amplitude of R wave
decreased, the arrhythmia or accompanied by Q waves was
determined successful in reperfusion. At the end of reperfu-
sion, 2 mL of blood was collected from the abdominal aorta
and the left ventricle was obtained for detection of myocardial
infarction size and other analysis.

Detection of myocardial infarction size
After reperfusion, the hearts of rats were removed rapidly
and cryopreserved at —80°C for 10 minutes. Then, the frozen
hearts were sliced transversely (perpendicular to the long axis
of heart) into 1-1.5 mm sections. The sections were incubated
at 37°C for 20 minutes in 1% triphenyltetrazolium chloride
in PBS solution, then fixed with 4% poly-formaldehyde solu-
tion for 8 hours. The images were captured and analyzed.
The size of myocardial infarction was calculated by image
analysis software Image Proplus 6.0.

Histological observation of myocardial

tissue

After the rats were sacrificed, the hearts were quickly
removed and fixed in 10% formalin solution. The left ven-
tricular tissue of the heart was paraffin embedded, sectioned.
The sections were stained with H&E, and the histological
changes of myocardium were observed using an optical
microscope.

Detection of CK-MB, LDH,TnT and

pro-inflammatory cytokines in serum

At the end of reperfusion, 2 mL of blood was collected from
the abdominal aorta. The serum was separated by centrifu-
gation (2,000 rpm, 5 minutes). To evaluate the myocardial
cellular damage, the serum creatine kinase-MB (CK-MB)
and lactate dehydrogenase (LDH) were measured by AU5800
automatic biochemical analyzer (Beckman Coulter), and the
level of TnT and pro-inflammatory cytokines, such as IL-6,
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IL-1f and TNF-q,, in the serum was detected by ELISA kits
(R&D Systems) according to the manufacturer’s instructions.

Oxidative stress biomarkers

The myocardium tissue of each group was homogenized to
detect SOD and GSH-Px activities and MDA contents. The
activity of SOD was measured by xanthine oxidase method; the
activity of GSH-Px was determined by dithio-dinitrotoluidine
method and the content of MDA was determined by thiobar-
bituric acid method. Detailed process was performed accord-
ing to the protocol provided by the manufacturer.

Cell apoptosis rate in myocardium tissue
by TUNEL

The cell apoptosis rate in myocardium tissue was detected
by ApopTag® fluorescein in situ cell death detection kit after
being fixed in 4% phosphate-buffered paraformaldehyde
overnight. The nucleus was colored blue by DAPI, and
the apoptosis cells were colored green. The cell color was
observed in spectromicroscope, and the apoptosis rate was
the percentage of positive cells in all DAPI-colored cells.
Average value was taken from five views.

Related proteins’ detection by Western
blot

Nuclear protein and cytoplasmic protein were extracted
from heart tissue using nuclear and cytoplasm extrac-
tion kits, respectively, according to the manufacturer’s
instructions. The protein concentration was determined by

A

20 mg/kg

group ‘
40 mg/kg

group

Figure | Effect of EGb 761 on infarct size.

e . . . . '

bicinchoninic acid methods. Forty micrograms of protein
samples was loaded and separated by SDS-PAGE and
transferred to polyvinylidene fluoride membranes. The
membranes were blocked with skim milk (5%) at room tem-
perature for 2 hours. Then the membranes were incubated
with primary antibodies, anti-Bax, anti-Bcl-2, anti-Caps-3,
anti-HO-1, anti-Nrf2, anti-Akt, anti-p-Akt and anti-B-actin
(1:1,000) at 4°C overnight. Following primary antibody
incubations, the secondary antibodies (anti-rabbit or anti-
mouse IgG [1:2,000]) were incubated for 1 hour at room
temperature. The bands were visualized using enhanced
chemiluminescence detection reagents and gel imaging
system. The gray value ratio of the target band and the
B-actin band was calculated by ImagelJ to represent the
relative expression of the target protein.

Statistical analyses

All data were analyzed by SPSS 19.0. Measurement data
in accordance with the normal distribution were shown as
mean *+ SD (x £ 5). The comparison between two groups
was conducted by independent sample #-test, whereas the
comparison among multiple groups was analyzed using one-
way ANOVA, P<<0.05 represented the significant difference.

Results

Myocardial infarct size and myocardial
injury

As shown in Figure 1, the myocardial infarct size percent-
age in the MIRI group was significantly higher than that in
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Notes: (A) TTC staining result of myocardial tissue in each group; (B) comparison of myocardial infarct size among groups. *Compared with the sham group, P<<0.05;
#compared with the MIRI group, P<0.05, “compared with the 20 mg/kg EGb 761 group, P<<0.05.
Abbreviations: EGb 761, Ginkgo biloba extract-761; MIRI, myocardial ischemia—reperfusion injury; TTC, triphenyltetrazolium chloride.
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Table | The level of myocardial injury serum markers (x15)

Groups CK-MB LDH TnT

(U/L) (U/L) (ng/mL)
Sham group 44.95+10.24 117.28+15.31 0.07+0.03
MIRI group 138.51£19.03* | 226.77+29.24° 1.69+0.172
20 mglkg group | 99.82+12.43* | 170.63+19.43*> | 0.96+0.96*
40 mglkg group | 73.54%11.46%>< | 142.50+14.27>>< | 0.41+0.09*><
F 396.216 52.565 12.351
P <0.001 <0.001 <0.001

Notes: *Compared with the sham group, P<<0.05. *Compared with the MIRI group,
P<0.05. “Compared with 20 mg/kg group, P<<0.05.

Abbreviations: CK-MB, creatine kinase-MB; LDH, lactate dehydrogenase; MIRI,
myocardial ischemia—reperfusion injury; TnT, troponin T.

the sham group and pretreatment with 20 mg/kg EGb 761
or 40 mg/kg EGb 761 groups could significantly decrease
the percentage of myocardial infarct size of MIRI rats
(P<0.05). In Table 1, the levels of CK-MB, LDH and TnT
in the MIRI group were remarkably higher than those in
the sham group. When compared with the MIRI group, the
levels of CK-MB, LDH and TnT in the EGb 761 groups were
decreased (P<<0.05), and the decrease in the high-dose group
was more obvious. The results suggested that EGb 761 could
reduce myocardial infarct size and protect myocardial tissue.

Figure 2 H&E staining of myocardial histology.

Myocardial histology

H&E staining of myocardial histology is shown in Figure 2.
Compared with the sham group, the myocardial tissue dam-
age and infiltration of inflammatory cells were observed in the
MIRI group, in which the myocardial cells appeared edema
and disorderly arranged. However, the degree of myonecro-
sis, edema and infiltration of inflammatory cells was reduced
in the EGb 761 groups compared with the MIRI group.

Pro-inflammatory cytokines

The levels of pro-inflammatory cytokines in each group are
shown in Table 2. The levels of TNF-c, IL-6 and IL-1 in the
MIRI group were significantly higher than those in the sham
group (P<0.05). However, compared with the MIRI group,
the levels of TNF-o., IL-6 and IL-1J in the groups pretreated
with EGb 761 were significantly decreased (P<<0.05). The
levels of pro-inflammatory cytokines in the high-dose group
were lower than those in the low-dose group.

Oxidative stress indexes
As shown in Table 3, compared with the sham group, the
content of MDA was increased, whereas the activities of
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Notes: (A) Sham group; (B) MIRI group; (C) low dose group (EGb 761 20 mg/kg); (D) high dose group (EGb 761 40 mg/kg). Compared with the MIRI group, the degree of
myonecrosis, edema and infiltration was reduced pretreatment with EGb 761 (scale bar: 50 pm).
Abbreviations: EGb 761, Ginkgo biloba extract-761; MIRI, myocardial ischemia—reperfusion injury.
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Table 2 The level of serum pro-inflammatory cytokines (x£5)

Groups TNF-a IL-6 IL-1B
(pg/mL) (pg/mL) (pg/mL)
Sham group 58.80x10.01 25.78+5.01 23.44+4.30
MIRI group 96.08+15.36° 66.09+9.34° 54.43+9.51°
20 mglkg group | 85.13+13.57° 45.89+7.09° | 44.98+7.29*
40 mglkg group | 68.37+9.60% 37.8316.07*> | 36.476.96*>
F 16.980 61.789 39.324
P <0.001 <0.001 <0.001

Notes: *Compared with sham group, P<<0.05. ®Compared with the MIRI group,
P<0.05. “Compared with 20 mg/kg group, P<<0.05.
Abbreviation: MIRI, myocardial ischemia—reperfusion injury.

antioxidant enzymes SOD and GSH-Px were significantly
decreased in the MIRI group. In the groups pretreated with
EGb 761, MDA content was lower and the activities of
SOD and GSH-Px were higher than those in the MIRI group
(P<<0.05), and it was more obvious in the high-dose group.
The results showed that the groups pretreated with EGb
761 could enhance the antioxidant enzymes activities and
decrease the level of oxidative stress in myocardial tissue,
and the effect may be dose dependent.

Cell apoptosis rate by TUNEL

The results of cell apoptosis rate in myocardial tissue detected
by TUNEL are shown in Figure 3. It could be seen that the
apoptosis rate of the MIRI group was higher than those in
the sham group, and that of the EGb 761 groups was lower
compared with the MIRI group. The results indicated that
there was some protective effect of pretreatment with EGb
761 on myocardial tissue.

Expression of Caspase3, Bax and Bcl-2

protein

Compared with the sham group, the expression of Caspase3
and Bax was significantly increased in the myocardium
tissue of the MIRI group, whereas the expression of Bcl-2

Table 3 The level of serum oxidative stress indexes (xt5)

Groups SOD MDA GSH-Px
(U/mL) (nmol/mL) (U/mL)

Sham group 202.57+12.02 2.38+0.41 429.51452.34

MIRI group 103.12+10.12* | 5.68+0.73% 326.80+£39.51°

20 mg/kg group 145.06+11.23*° | 3.79+0.37** 389.51431.34°

40 mgl/kg group | 165.36+9.35%< | 3.03+0.34>< 414.02+37.54°

F 220.200 92.629 16.857

P <0.001 <0.001 <0.001

Notes: *Compared with the sham group, P<0.05. °"Compared with the MIRI group,
P<0.05. “Compared with the 20 mg/kg group, P<<0.05.

Abbreviations: GSH-Px, glutathione peroxidase; MDA, malondialdehyde; MIRI,
myocardial ischemia—reperfusion injury; SOD, superoxide dismutase.

was significantly decreased (Figure 4). The expressions of
Caspase3 and Bax in EGb 761 groups were significantly
lower than those in the MIRI group, whereas the expression
of Bcl-2 in EGb 761 was higher than that in the MIRI group
(P<<0.05), and were in a dose-dependent manner.

Expression of protein related to Akt/Nrf2

signaling pathway

The expression of Akt/Nrf2/HO-1 pathway-related proteins
was detected to explore the molecular mechanism of EGb 761
in myocardium protection effect. There was no significant
difference in the expression of cytoplasmic proteins Akt and
Nrf2 in the sham group, MIRI group and EGb 761 groups
(Figure 5). Compared with the sham group, the expressions
of cytoplasmic proteins p-Akt, HO-1 and nuclear protein
Nrf2 were significantly decreased in the MIRI group, which
were regulated by oxidative stress. When compared with the
MIRI group, pretreatment with EGb 761 (20 or 40 mg/kg)
showed that the expressions of cytoplasmic proteins p-Akt,
HO-1 and nuclear protein Nrf2 were gradually increased and
the differences were statistically significant (P<<0.05). The
results indicated that EGb 761 could protect the myocardium
by activating the Akt/Nrf2 pathway, and the expression of
downstream antioxidant-associated protein HO-1.

Discussion

MIRI is closely related to the occurrence and development of
various clinical cardiovascular diseases and its pathophysi-
ological is complex. Research studies showed that oxidative
stress and inflammatory reactions were the main causes
of MIRI. Under normal conditions, the inflammatory and
anti-inflammatory reactions, the oxidation and anti-oxidant
system of the myocardium were in the dynamic balance state.
During myocardial ischemia—reperfusion, a large amount of
pro-inflammatory cytokines, such as TNF-o, IL-6 and IL-1J3,
were released with the aggravated inflammatory reaction
and a large amount of reactive oxygen species and MDA
were produced, decreasing the activities of endogenous anti-
oxidants SOD and GSH-Px. The balance state was broken,
which ultimately damaged the myocardial cell, inducing
apoptosis and necrosis.!"™"* The present results found that
the myocardial tissue in the MIRI group was seriously dam-
aged compared with the sham group. The levels of TNF-q,
IL-6, IL-13 and MDA in the MIRI group were significantly
higher than those in the sham group, whereas the activities
of SOD and GSH-Px were significantly lower than those
in the sham group. The results suggested that myocardial
ischemia—reperfusion aggravated the inflammatory reaction,
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Figure 3 Cell apoptosis observation by TUNEL.

Notes: (A) Cell apoptosis detection by TUNEL; scale bar: 25 um; (B) comparison of apoptosis rate among groups, *compared with the sham group, P<<0.05; “compared
with the MIRI group, P<<0.05, “compared with the 20 mg/kg group, P<<0.05.

Abbreviations: EGb 761, Ginkgo biloba extract-761; MIRI, myocardial ischemia—reperfusion injury.
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Figure 4 Effect of EGb 761 on myocardium Caspase3, Bax, Bcl-2 protein expression.

Notes: (A) Result of Western blot; (B) comparison of Caspase3 expression level among groups; (C) comparison of Bax expression level among groups; (D) comparison
of Bcl-2 expression level among groups. *Compared with the sham group, P<<0.05; *compared with the MIRI group, P<<0.05; “compared with the 20 mg/kg group, P<<0.05.
Abbreviations: EGb 761, Ginkgo biloba extract-761; MIRI, myocardial ischemia—reperfusion injury.

weakened the antioxidant capacity and led to myocardial
tissue damage and necrosis.

EGb 761 as an effective medicinal ingredient is widely
used against ischemia injury in lung, brain, kidney and other
organ diseases. Some studies showed that EGb 761 could pro-
mote vasodilation, improve microcirculation, regulate blood
lipids, reduce the aggregation of platelets mediated by inflam-
matory mediators and affect the thrombosis.'* !¢ The reductive
group of EGb 761 could directly scavenge oxygen-free radi-
cals, reduce the content of MDA and improve the activity of
antioxidant enzyme SOD. Meanwhile, it also upregulated the
ability of oxygen-free radical scavenging system, making the
formation/clearance of oxygen-free radical balance, reducing
ischemia—reperfusion injury.'”!® In the study, the myocardial
infarct size and the levels of CK-MB, LDH and TnT were
significantly reduced in EGb 761 groups, which were in a
dose-dependent manner. The levels of TNF-q, IL-6, IL-15
and MDA were decreased, whereas the activities of SOD and
GSH-Px were significantly increased in the EGb 761 groups
(P<<0.05), compared with the MIRI group. The results indi-
cated that EGb 761 could reduce the inflammatory response

and oxidative stress reaction, improve the body’s antioxidant
capacity, reduce myocardial ischemia—reperfusion injury and
protect the myocardial tissue in MIRI rats. In addition, the
effect of the high-dose group was more obvious. The result
of expression of apoptosis-related proteins also confirmed
that EGb 761 could inhibit the apoptosis of cardiac myocytes,
which was consistent with the existing research results. !>
Nrf2 pathway, as an important endogenous antioxidant
stress pathway, played a key role in oxidative stress response.”!
The PI3K/Akt signaling pathway was involved in the activa-
tion of nuclear factor Nrf2 and the expression of downstream
antioxidant genes in oxidative stress.”>?* The Nrf2 was phos-
phorylated by Akt to activate and release from Keapl and
transferred to the nucleus, combining with the antioxidant
reaction element, upregulating the expression of the Phase 11
detoxifying enzyme and antioxidant gene, improving the activ-
ity of antioxidant enzymes GSH-Px and SOD, responding to
antioxidant stress.”*? HO-1 was a small heat shock protein
that could catalyze the degradation of hemoglobin to produce
bilirubin, CO and Fe*". The four factors formed the endogenous
protective system for the antioxidative stress damage, which
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Figure 5 Effect of EGb 761 on myocardium Akt, p-Akt, Nrf2 and HO-1 protein expression.

Notes: (A) Result of Western blot; (B) comparison of Akt expression level among groups; (C) comparison of p-Akt expression level among groups; (D) comparison of
Nrf2 (cytoplasm) expression level among groups; (E) comparison of Nrf2 (nucleus) expression level among groups; (F) comparison of HO-| expression level among groups.
*Compared with the sham group, P<0.05; “compared with the MIRI group, P<0.05; “compared with the 20 mg/kg group, P<<0.05.

Abbreviations: EGb 761, Ginkgo biloba extract-761; MIRI, myocardial ischemia—reperfusion injury.

weakened the oxidative stress and inflammatory response,
and inhibited the expression of the apoptotic protein, playing
arole in antiapoptosis.”® In this study, the expression of nuclear
protein Nrf2 and cytoplasmic protein Nrf2, Akt, p-Akt and
HO-1 was detected to explore the molecular mechanism of
EGb 761-protecting myocardium. Results showed that EGb
761 could somehow induce phosphorylation of Akt to activate

Akt, promoting the Nrf2 transferred into nuclear to upregulate
the expression of HO-1, inhibiting oxidative stress response
and protecting the myocardium.

Conclusion
EGb 761 had an obvious protective effect against myocardial
ischemia—reperfusion injury in the rat model. The mechanism
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may be that EGb 761 upregulated the expression of HO-1 by
activating the Akt/Nrf2 pathway, reducing oxidative stress

and inflammatory reaction and inhibiting the myocardial cell

apoptosis to protect the myocardium.
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