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Protective effects of extract of Ginkgo biloba (EGb 761) on nerve cells
after spinal cord injury in rats
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Study design: An experimental animal model was used to assess spinal cord injury following
lateral hemitransection at thoracic spinal cord level.
Objective: To determine whether extract of Ginkgo biloba (EGb) could have a neuroprotective
effect in spinal cord injury (SCI) in rats.
Setting: Department of Biological Sciences and Biotechnology, Tsinghua University, China.
Methods: A total of 72 adult rats were divided randomly into three groups: the EGb group,
normal saline (NS) group, and sham operation group (sham group). After thoracic spinal cord
hemitransection was performed at the level of the 9th thoracic vertebra (T9), rats in the EGb
group were given 100mg/kg EGb 761 daily, while rats in the NS group received NS. The rats in
the sham group only underwent laminectomy without spinal cord hemitransection. At various
time points after surgery, thoracic spinal cords were sampled and sliced for histochemistry,
immunohistochemistry of inducible nitric oxide synthase (iNOS), and terminal deoxynucleotidyl
transferase-mediated dUTP nick-end labeling (TUNEL) of apoptotic cells.
Results: Myelin staining showed that the area of cavities was small and the demyelinated zones
were limited at and around the injury site of the spinal cord in the EGb group, while the area
of cavities was large and the demyelinated zones were serious in the NS group. Nissl staining
showed that the ratio of bilateral ventral horn neurons (transection side/uninjured side) in the
EGb group was higher than that in the NS group (Po0.05). The apoptotic index and the
percentage of iNOS-positive cells were lower in the EGb group than in the NS group.
Furthermore, the percentage of iNOS-positive cells positively correlated with the apoptotic
index (r2¼ 0.729, Po0.01) after SCI.
Conclusion: This study demonstrated that EGb 761 could inhibit iNOS expression and have
neuroprotective effect by preventing nerve cells from apoptosis after SCI in rats.
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Introduction

Traumatic spinal cord injury (SCI) is a consequence of
a primary mechanical insult and also a consequence of
progressive secondary pathophysiological events includ-
ing a number of cellular and biochemical cascades.
These secondary injury processes are potential targets
for therapies.1,2 A variety of agents, for example,
neurotrophic factors, methylprednisolone, ganglioside,
and NMDA antagonist gacyclidine have been investi-

gated for protecting the injured spinal cord from
secondary pathological processes,3–6 but there is not a
satisfactory therapeutic answer to spinal cord injury yet.
Animal experiments have shown that extracts of Ginkgo
biloba (EGb 761) can prevent neuronal damage in brain
ischemia through inhibition of nitric oxide synthesis,7

and clinical studies have shown some beneficial effects of
EGb 761 in the treatment of patients with Alzheimer’s
disease and other types of dementia.8,9 Recently, in vitro
studies have shown that EGb 761 has a protective effect
against neuronal apoptotic death,10–12 and EGb 761
might also influence caspase-3 activation.13 However, its
potential use in patients with SCI is still vague. The
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purpose of the present study was to investigate the
protective role of EGb 761 on nerve cells in secondary
degeneration after SCI using histochemistry and term-
inal deoxynucleotidyl transferase (TdT)-mediated de-
oxyuridine triphosphate (dUTP) nick-end labeling
(TUNEL), which is a specific method for visualizing
apoptotic cells. In addition, inducible nitric oxide
synthase (iNOS) immunohistochemistry was performed
for evaluation of the correlation between iNOS expres-
sion and the apoptotic index (AI).

Materials and methods

Spinal cord injury model and drug application
A total of 48 adult female Sprague–Dawley (SD) rats
(200–230 g) were used to prepare SCI models. After each
rat was anesthetized by administering 10% chloral
hydrate (0.35ml/100 g) intraperitoneally (i.p.), a midline
skin incision was made in the dorsal side, and the
vertebral plates were exposed from T7 to T11. Then the
lamina of T9 was carefully removed using a micro
rongeur. After laminectomy, a lateral hemitransection
was made at the T9 level with a No. 11 surgical blade.
These animals were divided randomly into two groups:
the EGb group and the normal saline (NS) group. After
surgery, rats in the EGb group were given 100mg/kg
EGb 761 (W Schwabe Co., Karlsruhe, Germany)
(dissolved in 2ml NS) by intragastric administration
daily till killed, a dose that has commonly been used by
others in the investigation of CNS effects of EGb 761.14

The rats in the NS group were given 2ml NS daily as
control. The animals recovered in a clean cage, and
bladders were evacuated twice a day until reflex bladder
function was established. Another 24 adult female SD
rats (200–230 g), which underwent laminectomy without
spinal cord hemitransection, were used as the sham
operation group (sham group).

All the animal tests were carried out in accordance
with the US National Institute of Health Guide for the
Care and Use of Laboratory Animals (NIH Publications
No. 80–23) revised 1996 and approved by the Beijing
Administration Committee of Experimental Animals.

Sample preparation and histochemistry
Six animals were killed by deep anesthesia at 1, 7, 14,
and 21 days postoperation (PO) respectively in each
group (n¼ 6, each time point). Transcardiac perfusion
was performed with a left ventricular cannula while the
right atrium was opened widely. First, circulating blood
was washed out with 250ml NS (371C), and then 200ml
4% neutral-buffered paraformaldehyde (41C) was simi-
larly used for fixation. The vertebral canal was dissected
and a 20mm-long section of the thoracic spinal cord was
removed (10mm away from the hemitransection site in
both the rostal and caudal directions). The specimens
were post fixed in 4% neutral-buffered paraformal-
dehyde (41C) for 6 h, and then soaked in sucrose
solution until subsidence. Then serial frozen sections
with a thickness of 10 mm were made, and in each group

three specimens were crosscut for cross-section while the
other three were cut longitudinally for coronal section.
The cross-sections were prepared from four locations:
3 and 7mm rostral to the center of injury, 3 and 7mm
caudal to the center of injury.

The myelin structure was stained with Solochrome
Cyamine (Beijing Chemical Factory, China) in order
to manifest myelinoclasis zone. Nissl staining was made
with Cressyl fast violet (Beijing Chemical Factory,
China) to show Nissl body changes, and in order to
count surviving cells and calculate the ratio of bilateral
ventral horn neurons (ie injured side/uninjured side).

TUNEL examination
The Apop-Tag kit (Boster Co., Wuhan, China) was used
for TUNEL, according to the supplier’s recommenda-
tion. In brief, the frozen sections were digested with
20 mg/ml proteinase K in 0.1M Tris buffer (pH 7.5) for
15min, and the endogenous peroxidase was blocked
with 2% H2O2 for 5min at room temperature. Then the
sections were incubated with a reaction buffer contain-
ing TdT enzyme and dUTP-digoxigenin for at least 14 h
at 41C. After being incubated in biotinylated antidigoxi-
genin solution at 371C for 30min, the sections were
incubated with streptavidin biotin complex solution at
371C for 60min. Finally, they were visualized with
diaminobenzidine substrate working solution and then
counterstained with hematoxylin. After each step, the
sections were washed adequately with 0.1M Tris buffer
(pH 7.5). A negative control study was performed by
replacing TdT enzyme with distilled water. The nuclei of
positive cells were stained dark brown. In each section,
eight high-power visual fields (� 400) were selected (four
in the gray matter, the other four in the white matter)
to calculate the apoptotic index (AI, ie, the number of
TUNEL-positive cells divided by the total number of
cells).

Immunohistochemistry analysis
The primary anti-iNOS was rabbit multiclonal antibody
(Sigma Co., USA), and the ABC kit was purchased from
the Boster Company in Wuhan, China. The procedure
of iNOS immunohistochemistry was as follows. The
frozen sections were incubated in 3% hydrogen peroxide
at room temperature for 10min to inactivate endogen-
ous peroxidase, then after the nonspecific reaction was
blocked with normal goat serum at room temperature
for 20min, the sections were incubated with a reaction
buffer containing primary antibody at a dilution of
1:100 for at least 14 h at 41C. Afterwards the sections
were incubated with biotinylated anti-rabbit IgG for
20min at 371C, then were incubated with streptavidin
biotin complex solution at 371C for 20min. Each step
was followed by adequately washing with phosphate
buffered saline (PBS, 0.1mol/l, pH 7.2–7.4), and PBS
was used to replace the primary antibody for negative
control. Finally, they were visualized with diaminoben-
zidine substrate working solution and then counter-
stained with hematoxylin. Brown granules were found in
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the plasma of iNOS-positive cells. In each section,
eight-high power visual fields (� 400) were selected (four
in gray matter, the other four in white matter) to
calculate the percentage of iNOS-positive cells (the
number of iNOS-positive cells divided by the total
number of cells).

Data analysis
The cross-sections for histochemistry, TUNEL and
immunohistochemistry were prepared from four loca-
tions as foregoing description. At each location,
calculations were made for at least three sections.
Averages and standard error of the means (SEM) are
reported. The independence exponent t-test was used for
comparisons of the ratio of bilateral ventral horn
neurons, the percentage of iNOS-positive cells, and the
apoptosis index (AI) between the EGb group and the
NS group. One-way ANOVA was used for comparisons
of above indexes among various time points post
operation. The pearson correlation test was adopted
for analysis of the relationship between the percentage
of iNOS-positive cells and the apoptotic index. A value
of Po0.05 was considered significant, and Po0.01 was
considered very significant. Data were expressed as
mean7SEM.

Results

Histochemistry (Figures 1 and 2)
Myelin staining showed that the area of cavities was
small and the demyelinated zones were limited at and
around the injury site of the spinal cord in the EGb
group (Figure 1a), while the area of cavities was large
and the demyelinated zones were serious in the NS
group (Figure 1b). Nissl staining showed that relatively
more surviving neurons were found near the injury site
as well as in the rostral and caudal zones of the spinal
cord in the EGb group (Figure 1c and e), while there was
a significant reduction in number of neurons in the NS
group (Figure 1d, f–h). Quantitively, although the
number of neurons at the ventral horn decreased over
time in both groups, the ratio of bilateral ventral horn
neurons (ie transection side/uninjured side) in the EGb
group was higher than that in the NS group at 7, 14, and
21 days after SCI (Po0.05, Figure 2). In the sham
group, there were no significant differences between the
numbers of bilateral ventral horn neurons, and the
ratios of bilateral ventral horn neurons did not differ
significantly among various time points (1, 7, 14, and 21
days) postoperation (Figure 2).

TUNEL (Figures 3 and 4)
The apoptotic indexes (AI) at four time points post
operation (PO) in the three groups are shown in
Figure 3. TUNEL-positive cells were hardly detected
in the sham group at four locations and all four time
points. The pattern of changes in AI tended to be similar
in both the EGb and NS groups. There were a few

Figure 1 Images of myelin staining (a, b) and Nissl staining
(c–h) at 21 days after SCI for the EGb group (a, c, e) and the
NS group (b, d, f–h). (a) The area of cavities was small and the
demyelinated zones were limited in coronal sections of the
EGb group. The cavity is indicated with the asterisk (the same
below). (b) The area of cavities was large and the demyelinated
zones were serious in the NS group. (c) Relatively more
surviving neurons were found at the ventral horn near the
injury site in coronal sections of the EGb group, while (d)
shows that there was a significant reduction in the number of
neurons in the NS group. (e) The numbers of neurons in the
cross-sections 3mm caudal to the injury center were similar on
both sides in the EGb group, while (f) showed that neurons in
the transection side decreased significantly compared with the
uninjured side in the NS group also in the cross-sections 3mm
caudal to the injury center, and the spinal cord central canal
dilatated markedly (indicated by an arrow). (g) Enlarged
image of spinal cord ventral horn of the uninjured side in (f)
showed the morphology of the most neurons was normal. (h)
Enlarged image of spinal cord ventral horn of the transection
side in (f) showed that the neurons swelled and the Nissl bodies
were stained light (indicated by arrows). Bar¼ 20mm (a–f),
10mm (g, h)
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TUNEL-positive cells scattered in gray matter and white
matter 1 day after SCI, and AI in the EGb group was
significantly lower compared to the NS group (Po0.05).
The number of apoptotic cells reached a peak at
7 days after SCI for both EGb and NS groups, and
significant decrease of AI was observed in the
EGb group compared to that in the NS group
(Po0.01). From 7 days after SCI, TUNEL-positive
cells were found predominantly in white matter
(Figure 4). At 14 days after SCI, the number of
TUNEL-positive cells had decreased in both groups,
and there was still a significant difference of AI between
the two groups (Po0.01). At 21 days after SCI, the
number of TUNEL-positive cells had further decreased,
and there was no significant difference of AI between
the two groups.

Immunohistochemistry (Figures 5 and 6)
iNOS-positive cells could be observed in gray matter
and white matter, and included neurons, glial cells,
ependymal cells, and endothelial cells. Percentages of
iNOS-positive cells at four time points PO in three
groups are shown in Figure 5. The pattern of changes in
iNOS-positive cells tended to be similar to the TUNEL-
positive reaction. Few iNOS-positive cells were detected
in the sham group at all four time points PO, and there
were no significant differences in the percentages of
iNOS-positive cells among the four time points PO. For
both EGb and NS groups, the percentages of iNOS-
positive cells increased at 1 days after SCI, and reached
a peak at 7 days after SCI (Figure 6). At 14 days after
SCI, the iNOS-positive cells decreased, reaching a
minimum at 21 days after SCI. When the rats were
treated with EGb 761, the percentage of iNOS-positive
cells was significantly lower than that in animals treated
with NS at each time point (Po0.01 or Po0.05).
Furthermore, the pearson correlation test showed that
the percentage of iNOS-positive cells positively corre-
lated with the apoptotic index (r2¼ 0.729, Po0.01) after
SCI.

Figure 2 Ratio of bilateral ventral horn neurons (injured side/
uninjured side) at various time points (1, 7, 14, and 21 days)
PO in each group. Error bars represent mean7SEM, *Po0.05

Figure 3 AI at various time points (1, 7, 14, and 21 days) PO
in each group. Error bars represent mean7SEM, *Po0.05,
**Po0.01

Figure 4 Images of TUNEL staining in the cross-sections
3mm caudal to the injury center in the EGb group (a) and the
NS group (b) at 7 days after SCI. In both groups, TUNEL
positive cells (cell nuclei were stained dark brown) were found
predominantly in white matter. The number of positive cells
was significantly lower in the EGb group compared to the NS
group. Bar¼ 10mm (a, b)

Figure 5 Percentages of iNOS-positive cells at various time
points (1, 7, 14, and 21 days) PO in each group. Error bars
represent mean7SEM, *Po0.05, **Po0.01
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Discussion

In the first few hours after SCI, damage, hemorrhage
and inflammation contribute to a large amount of
cellular necrosis, which is followed by a long period (up
to several weeks) of secondary cell denaturalization and
apoptosis.15–18 Wallerian degeneration following SCI is
long-term apoptotic death of oligodendrocytes in long
tracts.19 Preventing or reducing this delayed apoptosis
may improve neurological recovery or facilitate nerve
regeneration.20,21 EGb 761 prevents neurons from dying
through a variety of mechanisms, and has been applied
for clinical cerebrovascular and neurodegenerative
diseases. This raises the question of whether EGb 761
has a similar effect on SCI.

The present experiments evaluated the protective role
of EGb 761 on nerve cells after SCI. As contusive spinal
cord injuries are the most common SCI in clinical
treatment, animal models of contusive SCI may be more
appropriate for assessing acute management strategies.
However, the difference among individual animals and
poor reproducibility of contusive models would deval-
uate the comparability, so in this study, we adopted
spinal cord hemitransection models to observe nerve cell
changes on both sides of each animal specimen,
comparing the lesioned side to the uninjured side, thus
avoiding individual difference and enhancing compar-
ability.

Myelin staining showed that the area of cavities was
small and the demyelinated zones were limited at and
around the injury site of the spinal cord in the EGb
group, while the area of cavities was large and the

demyelinated zones were serious in the NS group. Nissl
staining showed that the ratio of bilateral ventral horn
neurons (transection side/uninjured side) in the EGb
group was higher than that in the NS group. These
results suggested the protective effect of EGb 761 on
nerve cells after SCI.

We also investigated the effect of EGb 761 on iNOS
expression and cellular apoptosis after SCI with
immunohistochemistry and TUNEL methods. The
results demonstrated that iNOS expression was upregu-
lated after SCI and positively correlated to the apoptotic
index. Nitric oxide (NO) is produced when nitric oxide
synthase (NOS) catalyzes L-arginine to generate citrul-
line, and studies22,23 have shown that overdose of NO
produced by iNOS was found to induce cell apoptosis in
the traumatic SCI models, so inhibition of iNOS may be
an efficient therapy for secondary SCI. Our experimental
results showed the percentage of iNOS-positive cells and
apoptotic index of nerve cells in the EGb group was
significantly lower than that in the NS group, which
suggested that EGb 761 suppressed iNOS expression
and then prevented nerve cell death. Of course, EGb 761
may also protect nerve cells through other path-
ways:9,10,13,24–26 (1) ginkgolide is a native specific
antagonist to the platelet activating factor (PAF) and
can notably mitigate tissue injuries resulting from PAF.
Additionally, ginkgolide B can prevent neurons from
gluneurotoxicity through reduction of the rise in
[Ca2þ ]I; (2) ginkgo chromocor can efficiently eliminate
oxygen-derived free radicals; (3) some of the constitu-
ents of EGb 761 can also suppress monoamine oxidase,
maintain activity of ATPase and facilitate neuroregen-

Figure 6 Images of iNOS staining in the cross-sections 3mm caudal to the injury center in the EGb group (a, b) and NS group
(c, d) at 7 days after SCI. In both groups, iNOS-positive cells were found in gray matter (a, c) and white matter (b, d). The number
of positive cells was significantly lower in the EGb group than in the NS group. Bar¼ 5mm (a–d)
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eration. EGb 761 is an extract found in the leaves of
ginkgo, an ancient Chinese tree that is widespread, and
this extract is available for clinical application.
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