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Rats were divided into six groups: sham/control, DI-
3-n-butylphthalide, P1 (low phenytoin, 100 mg/kg), P2
(high phenytoin, 200 mg/kg), NP1 (DI-3-n-butylphthalide
80 mg/kg, phenytoin 100 mg/kg), NP2 (DI-3-n-
butylphthalide 80 mg/kg, phenytoin 200 mg/kg). Hema-
toxylin/eosin and Nissl staining showed that, compared
to the sham/control group, the DI-3-n-butylphthalide group
had no obvious hippocampal and cerebellar neuron loss,
but there was a significant neuron loss in the P1 and
P2 groups (P < 0.05), which was more obvious in the
P2 group (P < 0.05). The positive expression of Bax
and Bcl-2 proteins in hippocampal and cerebellar neurons
was not significantly different between sham and DI-3-n-
butylphthalide groups; however, compared to sham, Bax
expression was significantly increased and Bcl-2 was sig-
nificantly decreased in the hippocampal and cerebellar
neurons of rats in both P1 and P2 groups (P < 0.05), being
more obvious in the P2 group (P < 0.05). Furthermore,
the administration of DI-3-n-butylphthalide attenuated the
deleterious effects of phenytoin (P < 0.05). Our results
indicate that phenytoin causes apoptosis of hippocampal
and cerebellar neurons in rats in a dose-dependent man-
ner, with the effect of a higher dose being more obvi-
ous, whereas, DI-3-n-butylphthalide inhibits the phenytoin-
induced apoptosis of neurons and has a neuroprotective
role.
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1. Introduction
Abnormal discharge of the brain, thalamic cortical system, and
upper midbrain neurons is the root cause of epilepsy, but its spe-
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cific pathogenesis remains unclear (Baldassari et al., 2019; Devin-
sky et al., 2013).

Studies have shown that neuronal apoptosis is a key event in the
pathogenesis of epilepsy and can play arole in reducing brain dam-
age after epilepsy by inhibiting apoptosis (Dai et al., 2018; Singh
et al., 2019).

Phenytoin (PHT) is a common antiepileptic drug with a nar-
row therapeutic spectrum. Numerous studies have shown that PHT
not only has antiepileptic properties but also may induce neuronal
apoptosis and thus damage the nervous system (Kaushal et al.,
2016). Long-term use or an overdose of PHT may cause irre-
versible cerebellar atrophy (Fang et al., 2016; Singh et al., 2019;
Ye et al., 2018). Therefore, preventing neuronal apoptosis is es-
sential for the treatment of epilepsy.

DI-3-n-butylphthalide (NBP) belongs to a new class of drugs
that protect nerve cells and inhibit apoptosis and is used in the
treatment of heart and cerebrovascular diseases (He et al., 2017;
Lv et al.,, 2018). Whether NBP can inhibit PHT-induced apoptosis
of nerve cells in the treatment of epilepsy is still unclear. Bcl-2 is
an anti-apoptotic protein that regulates the apoptotic pathway and
prevents cell death. Alternatively, Bax is a pro-apoptotic protein
of the Bcl-2 family. Apoptosis can be detected by measuring Bax
and Bcl-2 expression (He et al., 2016; Teymournejad et al., 2017;
Zhang et al., 2016).

Given the neurotoxic side effects of PHT, we investigate
whether NBP plays a protective effect on the PHT-induced apopto-
sis of neurons. To this end, the morphology and quantity of apop-
totic cells were assessed in the hippocampus and cerebellum by
hematoxylin and eosin (H&E) and Nissl staining. Expression lev-
els of the anti-apoptotic protein Bcl-2 and the pro-apoptotic pro-
tein Bax in the hippocampus and cerebellum were also detected by
immunohistochemistry.
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2. Materials and methods
2.1 Animal studies

Male Sprague Dawley rats (8-10 weeks old, 170 + 20 g) were
provided by the animal experimental center of Hebei medical uni-
versity (certificate No.: 1409045) and housed in the neurology
laboratory of second hospital of Hebei medical university. All
animals were kept at a constant temperature of 22 + 1 °C with
a 12-hour light/dark cycle and given access to food and water ad
libitum. All animal care and experimental procedures complied
with regulations of the animal care and management committee
of the second hospital of Hebei medical university (permit No.
HMUSHC-130318) and the ARRIVE guidelines for reporting ex-
periments (Kilkenny et al., 2010; McGrath et al., 2010).

2.2 Drug administration and experimental protocol

NBP and PHT were purchased from CSPC Pharmaceutical
Company (CSPC Pharmaceutical Group Limited, Shijiazhuang,
China). Rats were randomly divided into groups of six using
a random number table generated with SPSS software version
21.0, IBM Corporation, Armonk, NY, USA). An effective dose
of PHT is between 200 mg/day and 500 mg/day. The high and low
doses of PHT in rats were approximately 200 mg/kg/day and 100
mg/kg/day, respectively, which are 25 times higher than the nor-
mal effective therapeutic dose for adults of standard bodyweight.
The dose used for NBP was 80 mg/kg/day (Qi et al., 2018). Nor-
mal saline was used for equal dose feeding. The specific groups
tested were sham (same volume of normal saline was adminis-
tered), NBP (NBP 80 mg/kg/day), P1 (low PHT, 100 mg/kg/day),
P2 (high PHT, 200 mg/kg/d), NP1 group (NBP 80 mg/kg/d, PHT
100 mg/kg/d) and NP2 (NBP 80 mg/kg/d, PHT 200 mg/kg/day).
The two drugs were administered between 09: 00 am and 11: 00
am daily for 30 days. PHT was administered first, and after 30
minutes it was followed by NBP.

2.3 Specimen preparation

Animals underwent intracardiac perfusion with saline quickly
followed by cold 4% paraformaldehyde in 0.1 M phosphate-
buffered saline (PBS). The brain was then immersed in 4%
paraformaldehyde (for at least 24 hours), dehydrated in serial dilu-
tions of ethanol and embedded in paraffin. Brain tissues were cut
into 5 um sections using a rotary microtome (Leica® RM1850,
Germany) and these sections were used for H&E and Nissl stain-
ing.

2.4 Hematoxylin and eosin staining

After the brain sections were routinely dewaxed, hydrated, and
stained in hematoxylin solution for five minutes, they were decol-
orized in 1% hydrochloric acid ethanol for 10 seconds. Sections
were then stained with eosin for two minutes. After sealing the
slides with a neutral resin, they were observed under light mi-
croscopy (Olympus BH-Z, Japan).

2.5 Nissl staining

Paraffin sections were incubated at 65 °C for 10 minutes, de-
waxed and washed with water. Sections were then hydrated in
0.1% cresyl violet for six minutes, then dehydrated in serial dilu-
tions of ethanol and cleaned with xylene. The slides were then
viewed and photographed under the light microscope.
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2.6 Immunohistochemical staining

Brain sections were blocked in 3% H,O; and 3% normal goat
serum and incubated with rabbit polyclonal antibody for Bax (1
: 100, Zhongshan Biology Technology Company, Beijing, China)
and Bcl-2 (1 : 100, Zhongshan Biology Technology Company,
Beijing, China) in 0.01 M PBS overnight at 4 °C. The next day,
sections were heated for 45 minutes in a 37 °C incubator and
washed with 0.01 M PBS. After incubation with goat anti-rabbit
horseradish peroxidase secondary antibody, sections were stained
with DAB chromogen and counterstained with hematoxylin. Fi-
nally, slides were analyzed by an optical microscope. Six brain
sections were randomly selected from each rat, and the average
optical density (AOD) values of cells positive for Bax and Bcl-2
obtained.

2.7 Statistical analysis

Statistical analysis was performed with SPSS 21.0 software.
The AOD value was expressed as mean &= SD. The data were first
tested for normality, and Levene's test was used to assess the uni-
formity of the variance. Statistical comparisons were performed
by one-way ANOVA, followed by the least significant difference
test for multiple comparisons. A value of P < 0.05 was considered
statistically significant.

3. Results
3.1 Hematoxylin and eosin staining of hippocampal and
cerebellar neurons in each experimental group

Hippocampal neurons from the sham and NBP groups showed
a clear cell structure, and an organized cellular pattern and H&E
staining showed no obvious pathological changes. The nucleus
was round or elliptical, the nucleolus clear and morphology nor-
mal. Compared with the sham group, neurons in the P1 and P2
groups were sparsely arranged, their outline was blurred, and the
nucleus was condensed and surrounded by vacuoles, this was more
marked in the P2 group. In NP1 and NP2 groups, NBP treatment
reduced PHT-induced cell damage (Fig. 1A).

H&E staining showed no obvious pathological changes in cere-
bellar neurons in the NBP group compared with sham: cell struc-
ture was clear, and the cellular arrangement was organized. The
nucleus was round or elliptical, the nucleolus was clear, and the
morphology was normal. Compared with the sham group, the neu-
rons in the P1 and P2 groups were sparsely arranged, the outline
was blurred, the nucleus was condensed, and the surrounding vac-
uoles were formed, which was more marked in the P2 group. In
NP1 and NP2 groups, NBP treatment reduced PHT-induced cell
damage (Fig. 1B).

3.2 Nissl staining observation of hippocampal and cerebel-
lar neurons in rats of each experimental group

Nissl staining showed that hippocampal neurons from the sham
and NBP groups were stained light blue and their contour was
intact. However, in the P1 and the P2 groups, the occurrence
of shrunken somata and pyknotic nuclei revealed PHT-induced
neuron damage, which was more severe in the P2 group. In the
NP1 and NP2 groups, NBP treatment decreased the occurrence of
shrunken somata and PHT-induced pyknotic (Fig. 2A).

Nissl staining showed that the cerebellar neurons from the
sham and NBP groups were stained light blue and their contour
was intact. However, in the P1 and the P2 groups, the occurrence
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Figure 1. Hematoxylin and eosin staining. Staining of A: Hippocampal and B: Cerebellar regions in sham, NBP, P1, P2, NP1, and NP2 groups.

A: Hippocampal neurons from the sham and NBP groups showed a clear cell structure and an organized cellular pattern. Hippocampal neurons

in the P1 and P2 groups were sparsely arranged, their outline was blurred, and the nucleus was condensed and surrounded by vacuoles. In

the NP1 and NP2 groups, NBP treatment reduced PHT-induced cell damage. B: Cerebellar neurons from the sham and NBP groups showed a

clear cell structure and an organized cellular pattern. Cerebellar neurons in the P1 and P2 groups were sparsely arranged, their outline was

blurred, and the nucleus was condensed and surrounded by vacuoles. In the NP1 and NP2 groups, NBP treatment reduced PHT-induced cell

damage.

of shrunken somata and pyknotic nuclei revealed neuron damage
induced by PHT, which was more severe in the P2 group. In the
NP1 and NP2 groups, NBP treatment decreased the occurrence of
shrunken somata and pyknotic nuclei induced by PHT (Fig. 2B).

3.3 Positive expression of Bax protein in rat hippocampal

and cerebellar neurons

The positive expression of Bax protein is observed as brown
color particles that were mainly distributed in the cell membrane
and cytoplasm. Compared with the sham group, there was no sig-
nificant increase in either Bax-positive cells or optical density in
the hippocampal and cerebellar neurons of the NBP group. In P1
and P2 groups, both Bax-positive cells and optical density in hip-
pocampal neurons were both significantly increased when com-
pared with the sham group (P = 0.038, P1 group vs. sham group;
P = 0.008, P2 group vs. sham group; n = 6 each group). In P1
and P2 groups, Bax-positive cells and optical density were sig-
nificantly increased in the cerebellar neurons compared with the
sham group (P = 0.033, P1 group vs. sham group; P = 0.007, P2
group vs. sham group; n = 6 each group). A relative higher op-
tical density was observed in the P2 group compared to the P1
group, suggesting that neuronal damage caused by PHT may be
dose-related (P = 0.012, P2 group vs. P1 group in hippocampal
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neurons; P = 0.010, P2 group vs. P1 group in cerebellar neurons;
n =6 each group). NBP treatment significantly attenuated both the
enhancing effects of PHT on Bax-positive cells and optical den-
sity in hippocampal and cerebellar neurons (P = 0.026, NP1 group
vs. P1 group in hippocampal neurons; P = 0.013, NP2 group vs.
P2 group in hippocampal neurons; P = 0.023, NP1 group vs. P1
group in cerebellar neurons; P = 0.018, NP2 group vs. P2 group
in cerebellar neurons; n = 6 each group) (Figs. 3A-D).

3.4 Positive expression of Bcl-2 protein in rat hippocampal
and cerebellar neurons

The positive expression of Bcl-2 protein was observed as
brown, heavily stained granules, mainly distributed in the cell
membrane and cytoplasm.

Compared with the sham group, there was no significant de-
crease in either Bcl-2-positive cells or optical density in the hip-
pocampal and cerebellar neurons of the NBP group. In the P1 and
P2 groups, the Bcl-2-positive cells and optical density were both
significantly decreased in the hippocampal and cerebellar neurons
when compared with the sham group (P < 0.0005, P1 group vs.
sham group in hippocampal neurons; P < 0.0005, P2 group vs.
sham group in hippocampal neurons; P < 0.0005, P1 group vs.
sham group in cerebellar neurons; P < 0.0005, P2 group vs. sham
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Figure 2. Nissl staining. Staining of A: Hippocampal and B: Cerebellar regions in sham, NBP, P1, P2, NP1, and NP2 groups. A: Hippocampal

neurons from the sham and NBP groups were stained light blue, and their contour was infact. In the P1 and the P2 groups, the occurrence

of shrunken somata and pyknotic nuclei. In the NP1 and NP2 groups, NBP treatment decreased the occurrence of shrunken somata and

PHT-induced pyknotic. B: Cerebellar neurons from the sham and NBP groups were stained light blue, and their contour was intact. In the

P1 and the P2 groups, the occurrence of shrunken somata and pyknotic nuclei. In the NP1 and NP2 groups, NBP treatment decreased the

occurrence of shrunken somata and pyknotic nuclei induced by PHT.

group in cerebellar neurons; n = 6 each group). A relatively lower
optical density was observed for the P2 group when compared to
the P1 group, suggesting that neuronal damage caused by PHT
may be dose-related (P = 0.020, P2 group vs. P1 group in hip-
pocampal neurons; P = 0.032, P2 group vs. P1 group in cerebellar
neurons; n = 6 each group). When compared with the P1 group,
the Bcl-2-positive cells and optical density were both significantly
decreased for the hippocampal and cerebellar neurons of the NP1
group (P < 0.0005, NP1 group vs. P1 group in hippocampal neu-
rons; P < 0.0005, NP1 group vs. P1 group in cerebellar neurons;
n = 6 each group). When compared with the P2 group, NBP treat-
ment significantly attenuated the PHT-induced decrease in both
Bcl-2-positive cells and the optical density of hippocampal and
cerebellar neurons (P < 0.0005, NP2 group vs. P2 group in hip-
pocampal neurons; P < 0.0005, NP2 group vs. P2 group in cere-
bellar neurons; n = 6 each group) (Figs. 4A-D).

4. Discussion

Antiepileptic drugs for the treatment of seizures are accom-
panied by adverse effects, such as cognitive impairment, micro-
cephaly, and congenital disabilities. The cause of the adverse ef-
fects of antiepileptic drugs is unknown (Fang et al., 2016; Land-
mark and Patsalos, 2010; Ye et al., 2018). PHT is a common
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antiepileptic drug, but its therapeutic spectrum is narrow (Apple-
ton and Gill, 2003). Some studies have shown that PHT can cause
neuronal damage, in the nervous system (Bittigau et al., 2002;
Guimaraes et al., 2010; Zhao et al., 2003). Here, the effects of
high and low doses of PHT on neuronal damage of the hippocam-
pus and cerebellum in rats were studied. H&E staining showed
that hippocampal and cerebellar neurons of rats treated with high
and low doses of PHT were damaged compared with a sham group.
This indicates that PHT has adverse effects and damages neurons
of the central nervous system.

The mechanism of toxicity by which PHT induces neuronal
damage is unclear. Some studies have shown that PHT causes neu-
ronal apoptosis (Bittigau et al., 2002; Zhao et al., 2003). Apoptosis
refers to a form of cell death controlled by genes, regulates the de-
velopment of the body and maintains the stability of the internal
environment (Abeti et al., 2016; Chen et al., 2017; Gahl et al., 2016;
Han et al., 2018). Studies have shown that neuronal apoptosis is
a key event in the pathogenesis of epilepsy, cerebral ischemia and
other diseases (Abiega et al., 2016; Dai et al., 2018; Li et al., 2017;
Singh et al., 2019). In this work, the effect of high and low doses of
PHT on the apoptosis of cells of the rat hippocampus and cerebel-
lum was studied. Nissl staining in rat hippocampal and cerebellar
neurons treated with high and low doses of PHT showed apopto-
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Figure 3. Immunohistochemical staining of Bax in rat hippocampus and cerebellum neurons. Bax positive cell expression in A: Hippocampus

and B: Cerebellum of sham, NBP, P1, P2, NP1, and NP2 groups. Mean average optical density (Bax) in C: Hippocampal neurons of each
group (P = 0.038, P1 vs. sham; %+ P = 0.008, P2 vs. sham; #P = 0.012, P2 vs. P1; &P = 0.026, NP1 vs. P1; P = 0.013, NP2 vs. P2; n
= 6, one-way ANOVA with LSD test) and D: Cerebellar neurons of each group (xP = 0.033, P1 vs. sham; %% P = 0.007, P2 vs. sham; #P =
0.010, P2 vs. P1; &P = 0.023, NP1 vs. P1; "P = 0.018, NP2 vs. P2; n = 6, one-way ANOVA with LSD test).

sis when compared with the sham group. Compared with the sham
group, there was a significant decrease in both Bcl-2-positive cells
and optical density in the hippocampal and cerebellar neurons of
rats treated with high and low doses of PHT, while Bax-positive
cells and their optical density were both significantly increased.
This suggests that high and low doses of PHT play a role in the
apoptosis of rat hippocampal and cerebellar nerve cells, while a
high dose of PHT causes more serious neuronal apoptosis.

Many studies suggest that NBP promotes the recovery of neu-
rological function after an ischemic stroke and reduces the vol-
ume of cerebral infarction by inhibiting apoptosis (Abdoulaye and
Guo, 2016; Chang and Wang, 2003; Wen et al., 2016). In cortical
neuron oxygen-glucose deprivation and permanent middle cere-
bral artery occlusion animal model experiments, NBP attenuates
neuronal apoptosis induced by serum deprivation and reduces the
expression of apoptosis-inducing factor in the ischemic penumbra,
thereby protecting ischemic brain tissue (Li et al., 2010). In bone
marrow stem cell oxidative stress injury models, NBP attenuates
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apoptosis by up-regulating both the Bax/Bcl-2 ratio, and caspase-3
expression levels (Sun et al., 2012). In the oxygen-glucose depri-
vation model of brain microvascular endothelial cells, NBP down-
regulates both the expression of caspase-3 and apoptosis by up-
regulating Bcl-2 expression (Yang et al., 2012). Whether NBP can
alleviate PHT- induce neuronal apoptosis remains unclear. We had
shown that NBP could alleviate PHT-induced neuronal damage to
the rat hippocampus and cerebellum.

Additionally, it was found that NBP attenuates PHT-induced
apoptosis of rat hippocampal and cerebellar neurons by increasing
the expression of the anti-apoptotic protein Bcl-2 and decreasing
expression of the pro-apoptotic protein Bax. This indicates that
NBP alleviates the adverse reactions induced by PHT. Different
therapeutic doses of PHT cause dose-dependent apoptosis of hip-
pocampal and cerebellar neurons in rats, as apoptosis is more evi-
dent in the high dose group while NBP inhibits this apoptosis and
has a neuroprotective role.
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Figure 4. Immunohistochemical staining of Bcl-2 in rat hippocampal and cerebellar neurons. Bel-2 positive cell expression of A: Hippocampal

and B: Cerebellar neurons in sham, NBP, P1p, P2, NP1, and NP2 groups. Mean average optical density (Bcl-2) in C: Hippocampal neurons
of each group (xP < 0.0005, P1 vs. sham; xxP < 0.0005, P2 vs. sham; #P = 0.020, P2 vs. P1; &P < 0.0005, NP1 vs. P1; “P < 0.0005,
NP2 vs. P2; n = 6, one-way ANOVA with LSD fest) and D: Cerebellar neurons of each group (P < 0.0005, P1 vs. sham; P < 0.0005, P2
vs. sham; #P = 0.032, P2 vs. P1; &P < 0.0005, NP1 vs. P1; *P < 0.0005, NP2 vs. P2; n = 6, one-way ANOVA with LSD test).
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