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Impact statement

Ginkgolide B has a well-established role of
neuroprotective effect that could be bene-
ficial for the treatment of ischemia. Our
study demonstrated that ginkgolide B
could promote oligodendrocyte precursor
cell (OPC) differentiation into oligodendro-
cytes and promote oligodendrocyte sur-
vival following a white matter lesion. In
addition, ginkgolide B promotes rats’
learning and memory ability after white
matter lesion (WML), reduces the myelin
loss, promotes OPC differentiation, and
attenuates the apoptosis. We analyzed the
underlying mechanisms, including
changes in membrane protein level of p-
Akt, p-CREB, and Bcl-2. The findings show
that ginkgolide B has a central role in pro-
moting OPC differentiation and oligoden-
drocyte survival following chronic cerebral
hypoperfusion by means of the Akt/CREB/
Bcl-2 signaling pathway, and so ginkgolide
B could potentially be a promising thera-
peutic agent for WML.

Abstract

White matter lesion (WML) is caused by chronic cerebral hypoperfusion, which are usually
associated with cognitive impairment. Evidence from recent studies has shown that gink-
golide B has a neuroprotective effect that could be beneficial for the treatment of ischemia;
however, it is not clear whether ginkgolide B has a protective effect on WML. Our data show
that ginkgolide B can promote the differentiation of oligodendrocyte precursor cell (OPC)
into oligodendrocytes and promote oligodendrocyte survival following a WML. Ginkgolide
B (5, 10, 20mg/kg) or saline is administered intraperitoneally every day after WML. After
4 weeks, the data of Morris water maze suggested that rats’ memory and learning abilities
were impaired, and the administration of ginkgolide B enhanced behavioral achievement.
Also, treatment with ginkgolide B significantly attenuated this loss of myelin. Our result
suggests that ginkgolide B promotes the differentiation of OPC into oligodendrocytes.
We also found that ginkgolide B ameliorates oligodendrocytes apoptosis. Furthermore,
ginkgolide B enhanced the expression of phosphorylated Akt and CREB. In conclusion,
our data firstly show that ginkgolide B promotes oligodendrocyte genesis and oligoden-
drocyte myelin following a WML, possibly involving the Akt and CREB pathways.
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Introduction

Oligodendrocytes are known to encase axonal processes
and assemble compact myelin, thereby forming cerebral
white matter."” White matter lesion (WML) is often seen
in aging, stroke.> WML is usually the cause of cognitive
impairment, usually caused by chronic cerebral hypoper-
fusion.®” The neuropathologic features of cerebral WML
are: comprehensive apoptosis of oligodendrocytes, demye-
lination, and axonal injury.**
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However, the internal mechanism of these changes has
not been well studied. Multiple experiments have shown
that inflammation is critical in the initiation of WML.'>"**
Thus, relieving WML is of great significance for the
apoptosis of oligodendrocytes after inflammatory
injury. Moreover, in some cases, OPCs may differentiate
to mature oligodendrocytes that constitute myelin
sheath.'>"'” Apoptosis or myelin sheath injury of oligoden-
drocytes may lead to rapid proliferation of oligodendrocyte
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progenitor cells and migration to demyelinating zone,
thereby differentiating into mature oligodendrocytes and
forming new myelin sheath.'® Therefore, these results
indicate that any drug may achieve the therapeutic effect
of WML by reducing apoptosis of oligodendrocyte and
OPC can differentiate into mature oligodendrocyte.

Ginkgolide B can improve atherosclerosis by inhibiting
platelet activation in the PI3K/ Akt pathway.*' Ginkgolide
B is able to penetrate cerebral blood-brain barrier, particu-
larly following cerebral ischemia-reperfusion damage,
which may produce a significant effect to treat cerebral
ischemia-reperfusion injury.** The electrical activity of par-
aventricular neurons can be inhibited by ginkgolide B.*
Ginkgolide B may inhibit the inflammatory reaction of
TLR-4 and NF-k B, and alleviate the apoptosis of neuron
after traumatic brain injury (TBI), which shows the thera-
peutic effect of ginkgolide B on TBIL** Ginkgolide B can
enhance endothelial progenitor cells through the Akt sig-
naling pathway.” Ginkgolide B is able to precondition
against the apoptosis induced by ischemia, and its mecha-
nism could be related to the phosphatidylinositol 3 kinase
(PI3K) signal pathway.?

However, whether ginkgolide B can promote OPC dif-
ferentiation and survival has not been reported. First of all,
the rat WMLs model was established by blocking bilateral
common carotid arteries. Next, our study focused on
whether the protection of ginkgolide B against WML
induced by means of cerebral hypoperfusion was related
to the anti-apoptotic effect by activating Akt phosphoryla-
tion. Finally, our experiments showed that ginkgolide B
promotes OPC differentiation by activating Akt/CREB/
Bcl2 signaling pathway.

Materials and methods

Animals treatment and experiments design

All Sprague-Dawley (SD) rats described in the research
were allowed through the Animal Research Committee of
Airforce Military Medical University. All animals were
nursed using the guidelines for animal use and nurse
issued through National Institutes of Health Guide. SD
rats, which were adult males and weighed between 280
and 320 g, were raised in a standardized laboratory and
were given free food and water. We randomly divide SD
rats into four groups: normal, control, ginkgolide B and
LY294002 + ginkgolide B group. LY294002 + ginkgolide B
group was only used in the mechanism study of ginkgolide
B. In addition to Morris water maze and anxiety-related
behavior experiments, 12-15 rats were used in each
group, and 3-5 rats were used in other experiments. The
WML model was constructed through blocking bilateral
common carotid artery using the previously represented
method.”*® The body temperature of SD rats was held at
374 0.5°C during chronic cerebral ischemia operation. Rats
in control, ginkgolide B, and LY294002 + ginkgolide B
groups underwent the operation. Rats in the ginkgolide B
group were given different doses (5, 10, 20 mg/kg) of gink-
golide B (Sigma, USA), which is soluble in normal saline by
intraperitoneal injection every day for 4weeks after
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operation. The control group was given equal amount of
distilled water after operation. Those in the
LY294002 + ginkgolide B group received 5mg/kg of gink-
golide B after operation. The final concentration of PI3K
inhibitor LY294002 (5 ul, Cell signaling, USA) was 10 mM,
which is soluble in dimethyl sulfoxide, through injecting
into the lateral ventricle with microinjector 1 h before oper-
ation, as described previously.*’

Morris water maze experiment

Morris water maze trial was executed using previous
method.>® The purpose of all experiments was to assess
the spatial learning and memory level of SD rats. There is
a circular platform submerged under the water. All exper-
imental sessions were performed between 09:00 and 12:00.
The navigation trial was repeated four times daily for 5
days. The animals were tested on a set of semi-random
starting positions. The starting position of the far end in
the pool must be equal to the length of the target, and the
time of each experiment is 60 s. If the SD rat cannot seek out
the platform at a certain time, the experimenter guides it to
the target and places it on the platform for 15s. The escape
latency is calculated by the time it takes the animal to suc-
cessfully seek out the platform. The time of each arrival at
the platform will be recorded. A 60 s probe experiment was
implemented 24 h after the last training day to assess spa-
tial memory retention. The platform needs to be removed
during the probe test. In the probe experiment, the exper-
imenter recorded the percentage of time spent in the target
quadrant and the distance traveled in SD rats.

Anxiety and depression experiment

The open field trial was conducted in an independent, quiet
square site with a total of 3600 square centimeters, with
white floors in the center and black glass walls of 25cm
high all around. There were 36 small squares of the same
size among them. Twenty small squares close to the glass
walls were protected sites, or “arena periphery,” and the
remaining 16 were exposed fields, or “arena centers.” The
experimenters placed each rat in the middle of a square and
the camera monitored it for 15min, recording how long
each rat stayed in the middle of the arena. The elevated
plus trial was initiated with the method described earlier.*!
The experimenters placed each rat in the middle of the ele-
vated plus maze with SD rat head facing the open arm. The
camera above the maze continuously monitored the rats for
5min, recording the visit times to the open and closed arms.

Histology and electron microscopy

To assess histologic changes after WML, hematoxylin and
eosin (H&E) was used, as previously described.**** Briefly,
brains were removed and fixed in 4% paraform. The rat
brain was sliced into 30 pm coronal slices before staining
with H&E. After dehydration, the slices were washed and
observed under a microscope. Luxol Fast Blue (LFB) was
carried out as previously described™ to assess the degree of
demyelination. The rat brain slices were immersed over-
night in 0.1% LFB liquid (Sigma, USA) at 37°C, and then



1200 Experimental Biology and Medicine Volume 246 May 2021

the dyes were removed successively with 95% ethanol,
0.05% lithium carbonate liquid, 70% ethanol and distilled
water. After dehydration, the slices were fixed with gum
and observed under a microscope. Demyelination was
assessed using the previous methodology, from 0 to 3 (no
demyelination to complete demyelination).>> Before scan-
ning electron microscope, the corpus callosum of rats
which had been embedded with Epon and fixed with glu-
taraldehyde should be trimmed and repositioned in order
to obtain a more ultrathin and accurate image. Myelin
sheath thickness, diameter of fiber and axon were analyzed
by Docu System. G ratios are the axons diameter divided by
fibers diameter (sum of axon diameter and myelin sheath
thickness). All G ratios, which were calculated as the G
ratio for each fiber from one brain, were averaged. The pro-
portion of axons with diameter >400nm in all axons was
counted as myelinated fibers.

TUNEL assay

Briefly, rinsed rat brain sections were soaked in osmotic
solution for 2 min on ice, and the sections were rinsed
and reacted with terminal deoxynucleotidyl transferase-
mediated dUTP-biotin nick end labeling assay (TUNEL)
Kit at 37°C for 1 h. The washed sections reacted with
Cy3-conjugated streptavidin for 60 min. The images were
scanned by FV1000 confocal microscope (Olympus, Japan).

OPC culture

OPC was cultured and purified by the previous research
methods.*® In order to observe the differentiation of OPC
more clearly, the experimenters cultured OPCs in modified
OPC growth-medium. OPC was cultured with ginkgolide B
(0.1,1.0, 10, and 100 uM) and equal volume of normal saline
for 3days. Then 4% paraformaldehyde was applied to fix
the OPCs for 30 min before immunocytochemistry.

Immunofluorescence staining

In Leica CM1900 cryostat (Germany), a 30 pm coronal sec-
tion was cut at the corpus callosum level (1.20 to 5.04 mm
posterior from bregma) in rats. First, rat slices were cul-
tured all-night at 4°C in PBS with anti-APC (1:100,
Calbiochem, USA). The rinsed sections were cultured at
room temperature with the second antibody combined
with Cy3 (1:200, Vector) for 2h. Hoechst 33342 (Sigma,
USA) was applied to contrast the cell nuclei. The pictures
were scanned using a confocal microscope (Olympus,
Japan). OPCs were cultured all-night at 4°C in PBS with
anti-CNPase (1:500, Abcam). The rinsed OPCs were cul-
tured at room temperature with the second antibody com-
bined with Cy3 (1:300; Vector) for 1 h. Hoechst 33342
(Sigma, USA) was applied to contrast the cell nuclei. The
pictures were scanned by means of a Leica microscope.
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Figure 1. Learning in Morris water maze is impaired in WML rats and is ameliorated by treatment with ginkgolide B. (a to e) Spatial learning and memory ability in the
Morris water maze experiment was assessed in normal and control rats, treated with ginkgolide B (5, 10, 20 mg/kg). (a) The escape latency of rats treated with
ginkgolide B on the fourth day of training was significantly affected. (b) The escape latency of the fourth training day showed no conspicuous difference between
ginkgolide B treatment SD rats. Data are the mean + SEM of 12-15 rats each group. #p< 0.05 vs. normal rats. *p< 0.05 vs. control rats. (c) The swimming speed of rats
in each group had no significant effect. (d and e) Data showed that no conspicuous difference existed among the ginkgolide B, control, and normal rats on anxiety and
depression by (d) open field trial and (e) elevated plus experiments. (A color version of this figure is available in the online journal.)
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Western blot analysis

We used the previous methods to conduct western blot
experiments on the corpus callosum of rats and OPC cells
cultured in vitro.”” Briefly, Millipore’s protein extraction kit
is used for total protein extraction. The proteins were elec-
trophoretic, transmembrane, and reacted with the first anti-
body overnight: anti- MBP (1:1000, Santa Cruz), anti-
PDGFaR (1:500, Abcam), anti-CNPase (1:1000, Abcam),
anti-GAPDH (1:3000, Kangwei), anti-cleaved caspase-3,
anti-p-Akt, anti- p-CREB and anti-bcl-2 (1:1000, Cell signal-
ing). The rinsed protein reacted with the second antibody
(1:10,000, Kangwei) for 1 h, and then detected with the kit
(Kangwei). The gray value of the stripe was quantitatively
analyzed by Image ] (NIH). GAPDH was analyzed as a con-
trol in all bands. The gray values of p-Akt and p-CREB were
statistically analyzed with Akt and CREB, respectively.

Statistical analysis

APC positive cells were quantified by calculating immune
labeled cells per square millimeter under a microscope (400
times magnification). At least six sections of each rat were

g -
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used for statistical analysis. The area of cell count was con-
centrated in the middle of the corpus callosum of the rats.
The CNPase positive cells were quantified by counting
immune labeled cells per square centimeter under a micro-
scope (200 times magnification). Statistical analysis was
conducted through three to five times of experimental
results. Results were showed mean +SEM and assessed
by SPSS 16.0 software. One-way ANOVA and Tukey’s
post hoc test were used to study the marked differences
among groups in behavioral experiments and Western
blot. Student’s t-test was applied to investigate differences
among ginkgolide B and the control groups in vitro exper-
iment. For a P value < 0.05, the difference is deemed to be
statistically significant.

Results

Ginkgolide B promotes rat learning and memory ability
after WML

To investigate whether ginkgolide B can ameliorate learn-
ing and memory following WMLs, we performed the
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Figure 2. Corpus callosum (cc) rarefaction and vacuolation was more prominent in the brains of rats after WML. (a to e) We observed ginkgolide B attenuates white
matter rarefaction and vacuolation after WML, using H&E staining. (a) Normal rats, (b) control rats, (c to €) 5-20 mg/kg ginkgolide B treatment of WML in rats. (f)
Quantitation of the percentage of vacuoles to the total corpus callosum provided from the brain of SD rats following WMLs. Data are the mean + SEM of six sections
each rat and five rats each group. #p< 0.05 vs. normal rats. *p< 0.05 vs. control rats. Scale bar =50 um.
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Morris water maze experiment. The results indicated that
the escape latency of rats after WML was conspicuously
longer than that of normal rats (Figure 1a). In addition,
ginkgolide B treatment group rats were no different from
those that were treated with NaCl for the first 3 days of
training. Nevertheless, rats that were treated with ginkgo-
lide B (5, 10, 20 mg/kg) took less time to seek out the plat-
form on the fourth day after training (Figure 1b). However,
none of the different dose ginkgolide B treatment groups
were conspicuously different. Moreover, no conspicuous dif-
ference existed in swimming speed among all rats on four
training days (Figure 1c). To determine whether ginkgolide B
has an effect on anxiety and depression, open field and ele-
vated plus maze experiments were applied to exclude
behavior performance. The data indicated that no conspicu-
ous difference existed among the ginkgolide B, control, and
normal rats spent in middle of the stadium in the open field
experiment (Figure 1d) and open-arm access ratio in the ele-
vated plus experiment (Figure 1le). Overall, these results
imply that ginkgolide B can enhance learning and memory
ability following WMLs.

Ginkgolide B reduces the myelin loss

We used H&E staining to evaluate the histological changes
of cerebral white matter following WMLs in rats. Our
results suggest that in control group, the rarefaction and
vacuolation of cerebral white matter was more obvious
than in normal rats (Figure 2a and b). However, the effect
was inverted by doses of 5-20mg/kg of ginkgolide B
groups (Figure 2c to f). To further examine the damage to
the myelin sheaths, we performed LFB staining. In control
rats, the staining demonstrated that myelin loss was appar-
ent than in the normal group (Figure 3a and b). In sharp
contrast, the effect was reversed by the ginkgolide B treat-
ment (Figure 3c to f). To assess the degree of myelin loss at
the ultrastructural level, Epon-embedded tissue of the
corpus callosum was analyzed. The electron microscopy
examinations demonstrated that, when compared with
normal rats, myelinated axons and myelin thickness were
greatly decreased in the control rats (Figure 4a and b).
The effect was reversed by ginkgolide B administration
(Figure 4c to i). Thus, these results indicate that ginkgolide
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Figure 3. Corpus callosum (cc) demyelination was more prominent in the brains of rats after WML. (a to ) We observed ginkgolide B attenuates white matter
rarefaction and vacuolation after WML, using Luxol Fast Blue (LFB) staining. (a) Normal rats, (b) control rats, (ctoe) WML rats treated with 5-20 mg/kg ginkgolide B. (f)
Quantitation of demyelination of corpus callosum provided from the brain of SD rats following WMLs. Data are the mean 4+ SEM of six sections per rat and five rats each

group. #p< 0.05 vs. normal rats. *p< 0.05 vs. control rats. Scale bar =100 um.
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Figure 4. Corpus callosum (cc) demyelination was more prominent in the brains of rats after WML. Ginkgolide B promotes myelin thickness after WML. (a) Normal
group, (b) control group, and (c to e) different concentrations of ginkgolide B treatment group after 4 weeks of electron microscopic images (40,000 x). Demyelination
is represented by arrows and myelination thinning by asterisks. Scale bar: 0.5 pm. (f to i) demonstrated quantitation of the percentage of (f) myelinated axons to the total
axons in each group, (g) axon diameter, (h) myelin thickness, (i) G-ratio at 4 weeks. Data are the mean + SEM of six sections each rat and five rats each group. #p< 0.05

vs. normal rats. “p< 0.05 vs. control rats.

B may protect against chronic cerebral hypoperfusion by
suppressing histopathological changes and attenuating
myelin loss.

Ginkgolide B promotes OPC differentiation

To examine whether ginkgolide B has an effect on oligoden-
droglia in WMLs in rat brains, we used the changes of
mature oligodendrocytes to evaluate WML. The APC pos-
itive oligodendrocytes in WML rats were conspicuously
lower than that in the normal group (Figure 5a and b).
However, ginkgolide B treatment ameliorated the decrease

of oligodendrocytes after cerebral ischemia (Figure 5c to f).
The expression of PDGFaR was upregulated by western
blot following WML and was decreased through the treat-
ment of ginkgolide B (Figure 6b). In sharp contrast, ische-
mia induced the downregulation of MBP expression
(Figure 6a), which was reversed by ginkgolide B treatment.
Interestingly, ginkgolide B treatment did not affect CNPase
expression (Figure 6c). Then, in order to investigate wheth-
er ginkgolide B can increase mature oligodendrocytes in
vitro, the cultured OPCs were incubated with ginkgolide
B for 3 days. The data indicated that, when compared to the
control, more CNPase positive cells were examined in
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Figure 5. Ginkgolide B increases survival of oligodendrocytes following WMLs. (a) Normal, (b) control, and (c to e) 5-20 mg/kg ginkgolide B-treated rats of immu-
nofluorescence staining of oligodendrocytes. Data are mean + SEM of six sections each rat and five rats each group. (f) Quantitative analysis of APC + cells in each
group. #p< 0.05 vs. normal rats. *p< 0.05 vs. control rats. Scale bars =50 um. (A color version of this figure is available in the online journal.)
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Figure 6. Ginkgolide B enhances the expression of oligodendrocyte proteins following WML. (a to c) Immunoblots and representative graphs showing the protein
expression of (a) mature oligodendrocyte marker, MBP, (b) OPC marker, PDGF«R and (c) pre-oligodendrocytes protein marker, CNPase by western blot. n=3-5. #p<

0.05 vs. normal rats. *p< 0.05 vs. control rats. Values are mean + SEM.

the groups treated with 0.1-100 uM ginkgolide B (Figure 7b
to f). Overall, our data indicate that ginkgolide B could
promote OPC differentiation.

Ginkgolide B attenuates the apoptosis

To confirm the effects of ginkgolide B after a WML, TUNEL
staining was used to observe apoptosis. The data suggest
that, compared to control SD rats, there are more apoptotic
cells in the brain following WML (Figure 8b). However, the
effect was reversed by ginkgolide B (Figure 8c to f). For the
sake of making further efforts investigating the ameliorate

influence of ginkgolide B on apoptosis at protein level,
western blot was applied to assess protein level of cleaved
caspase-3. Our data demonstrate that cleaved caspase-3
expression was upregulated following chronic cerebral
hypoperfusion, and was decreased after ginkgolide B treat-
ment (Figure 8g and h).

Ginkgolide B enhances AKT activities

Previous experiments suggest that the oligodendroglial
development and apoptosis is essential through Akt signal-
ing pathway®*° To investigate the endogenous
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Figure 7. Ginkgolide B promotes cultured OPC differentiation in vitro. (a to ) showed immunofluorescence staining of OPCs cultured with (a) ethanol (control) and (b
to e) 0.1-100 uM ginkgolide B. The cultured OPCs were single-stained with CNPase (red; a to e), and Hoechst 33342 (blue; a to €) was used to contrast the nuclei. (f)
Data showed the percentage of CNPase™ cells to all cells. *p< 0.05 vs. control group. Scale bars =100 um.

mechanism of ginkgolide B, we assessed the protein levels
of phosphorylated-Akt, phosphorylated-CREB, and Bcl-2
after WML. Our results showed that, when compared
with controls, 5 mg/kg ginkgolide B significantly increased
MBP protein levels (Figure 9g and h) and markedly
enhanced the Akt signaling pathway activity by upregulat-
ing phospho-Akt, phospho-CREB, and Bcl-2 expression
(Figure 9a and c). In sharp contrast to these observations,
the effect was reversed by treatment with the Akt inhibitor
LY294002 (Figure 9a to h). In addition, ginkgolide B admin-
istration reduced the protein level of cleaved caspase-3 in
the corpus callosum after chronic hypoperfusion, when
compared to the control (Figure 9e). However, the effect
was reversed by LY294002 administration (Figure O9f).
Overall, our results demonstrate that ginkgolide B may
promote oligodendrocyte differentiation and prevent apo-
ptosis by enhancing Akt signaling pathway activity.

Discussion

Our data confirm firstly that ginkgolide B can improve
learning and memory ability, alleviate myelin loss, reduce
oligodendrocyte apoptosis, and promote the differentiation
of OPC after WML. The therapeutic effect of ginkgolide B
may be related to the enhancement of Akt phosphorylation.

Several studies have shown that late-life depressive dis-
order is always accompanied with vascular cognitive
impairment.‘“‘43 Furthermore, it has been shown that gink-
golide B may alleviate the cognitive impairment of
Alzheimer’s disease.** Thus, to determine whether ginkgo-
lide B has a therapeutic effect on learning and memory
impairment but not depression after cerebral hypoperfu-
sion, we conducted open field and elevated maze

experiments. The data suggested that ginkgolide B exclud-
ed the effects on anxiety and depression in rats.

Oligodendrocyte, as myelinating sheaths, is vulnerable
to ischemia by activating caspase pathways.*™*’
Oligodendrocyte apoptosis is involved in initiating demy-
elination.*® Our findings indicate that ginkgolide B can
alleviate oligodendrocyte apoptosis and myelin loss follow-
ing WML. This suggested that the therapeutic result of
ginkgolide B on myelin sheath may involve the reduction
of oligodendrocyte apoptosis.

Moreover, our data demonstrated that ginkgolide B
promotes OPC differentiation into oligodendrocytes and
myelination in vivo and in vitro (Figures 2 to 4). We
observed that ginkgolide B could upregulate the expression
of markers in mature oligodendrocyte (such as APC and
MBP) while suppressing those of OPC markers (such as
PDGFaR). We induce that ginkgolide B could promote
additional OPCs differentiation rather than proliferation.
In addition, our data suggest that ginkgolide B has little
effect on pre-mature oligodendrocytes (such as marker
CNPase), which may indicate the balance of oligodendro-
cyte lineage.

Akt, as a serine/threonine kinase, is crucial to regulate
cell development, growth, and survival. The Akt phosphor-
ylation may have a beneficial effect on cell survival by pre-
venting apoptosis. The phosphorylation of CREB by AKT
leads to CREB transcription and activation,** which upre-
gulates the protein expression level of Bcl-2.”° The survival
of oligodendrocytes after cerebral ischemia may be related
to the phosphorylation of CREB.”** Moreover, recent work
has shown that ginkgolide B can activate the tyrosine phos-
phorylation of EGFR/SRC/FAK/Paxilin, which is related
to the activation of PI3K.>® The outcomes coincide with
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Figure 8. Ginkgolide B attenuates the apoptosis following WML. (a to e) showed the oligodendrocytes apoptosis of (a) normal, (b) control, and (c to e) 5-20 mg/kg
ginkgolide B-treated rats by TUNEL staining. Data are the mean & SEM of six sections each rat and five rats each group. (f) Quantitative analysis of TUNEL + cells
(white triangle; a to e) per group. #p< 0.05 vs. normal rats. o< 0.05 vs. control rats. Scale bars (a to ) =50 um. (g) Representative immunoblot image of cleaved

caspase 3 of the normal, control, and 5-20 mg/kg ginkgolide B-treated rats. (h) Quantitative analysis of change in cleaved caspase 3 in each group. n=3-5. #p< 0.05

vs. normal rats. *p< 0.05 vs. control rats. Data are mean + SEM.

those from our experiments which showed that ginkgolide
B treatment could upregulate Akt/CREB/Bcl-2 activity,
suggesting that ginkgolide B induced Akt signaling path-
way activation may involve oligodendrocyte survival.
Furthermore, a line of evidence has shown that oligoden-
drocyte differentiation was associated with the Akt signal-
ing pathway.>*® A group of studies have shown that
ginkgolide B promotes neuron and astrocyte proliferation
and differentiation via the Akt pathway.>>*® Our study has

shown that ginkgolide B treatment could enhance Akt
activity, which suggests that ginkgolide B-mediated Akt
activation may involve OPC differentiation. Together, the
studies demonstrated that the Akt/CREB/Bcl-2 signaling
pathway may have a central role in suppressing apoptosis
and promoting OPC differentiation by ginkgolide B
treatment.

All in all, the data demonstrate that ginkgolide B has a
central role in promoting OPC differentiation and
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Figure 9. Ginkgolide B enhances MBP and decreases cleaved caspase 3 activities via AKT/CREB/Bcl-2 pathways after WML. (a to h) Representative western blot
analysis shown in (a) phospho-AKT, phospho-CREB, (c) Bcl-2, (e) cleaved caspase 3, and (g) MBP protein expression of normal, control, 5mg/kg ginkgolide B and
5mg/kg ginkgolide B plus Akt inhibitor LY294002-treated rats. n =3-5. #p < 0.05 vs. the normal. *p < 0.05 vs. control rats. **p < 0.05 vs. ginkgolide B treatment rats.
Data are mean + SEM.
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