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Abstract. The primary active component of black pepper 
is piperine, which is purified and used to treat epilepsy, 
achieving higher efficiency when purified. The present study 
was conducted to evaluate whether the anticonvulsant effect 
of piperine ameliorates pilocarpine‑induced epilepsy, and to 
investigate the mechanism underlying these effects. Epilepsy 
was induced in Sprague  Dawley rats using pilocarpine. 
Pilocarpine‑induced epilepsy in the rats was treated with 
40 mg/kg piperine for 45 consecutive days. Status epilep-
ticus and a Morris water maze test were used to analyze 
the anticonvulsant effects of piperine in the epileptic rats. 
Inflammation and oxidative stress were then measured using 
commercially‑available kits following piperine treatment. 
Lastly, the activity of caspase‑3 and the protein expression 
levels of B‑cell lymphoma 2 (Bcl‑2) and Bcl‑2‑associated 
X protein (Bax) were evaluated using commercially‑available 
kits and western blot analysis, respectively. The results 
demonstrated that treatment with piperine was able to reduce 
the status epilepticus and prevented memory impairment 
following pilocarpine‑induced epilepsy in rats. The anti-
convulsant effects of piperine decreased inflammation and 
oxidative stress following pilocarpine‑induced epilepsy in rats. 
The upregulated activity of caspase‑3 and expression levels of 
Bax/Bcl‑2 were suppressed following treatment with piperine 
in the rats with pilocarpine‑induced epilepsy. These results 
suggest that the anticonvulsant effects of piperine ameliorate 
memory impairment, inflammation and oxidative stress in a 
rat model of pilocarpine‑induced epilepsy.

Introduction

Epilepsy is a neurological disease, and usually refers to a 
chronic disease with various recurrent clinical manifesta-
tions, resulting from the sudden abnormal electrical impulses 
of neurons in the brain (1). Refractory epilepsy, also known 
as intractable epilepsy, refers to epilepsy occurring multiple 
times each month and persists for >2 years, with no improve-
ment observed with regular treatment (2). Approximately 30% 
of patients with epilepsy suffer from refractory epilepsy (3). 
The prevalence of epilepsy is ~5% worldwide, causing 
a heavy financial and emotional burden to families and 
communities (4).

For decades, in vitro and in vivo models of epilepsy have 
been used to explore the molecular and cellular mechanisms 
underlying recurrent spontaneous epilepsy  (5). Although 
progress has been made in the understanding of epilepsy 
occurrence, investigators have yet to develop reliable 
biomarkers or surrogate markers for epileptogenic lesions (6). 
At present, the pathological mechanism underlying epilepsy 
occurrence is poorly understood, specifically in the case of 
epilepsy caused by cumulative events such as head trauma, 
inflammation or chronic febrile seizures (7). The primary 
challenge for epilepsy treatment is the inherent complexity, 
heterogeneity and various genetic susceptibilities that epilepsy 
seizures exhibit (8).

Piperine is the primary active component of black pepper 
and belongs to the cinnamon phthalocyanine amine alkaloid 
family, which is widely distributed in nature, and especially 
present in numerous pepper plants families (9). Piperine has 
been demonstrated to have numerous effects, including anti-
oxidant  (10), immunomodulatory  (11), anti‑tumor  (12) and 
drug metabolism promotion effects (13).

The present study aimed to evaluate the anticonvulsant 
effects of piperine in rats with pilocarpine‑induced epilepsy. In 
addition, the potential effects of piperine on memory impair-
ment, inflammation and oxidative stress in the rat model of 
pilocarpine‑induced epilepsy were also evaluated.

Materials and methods

Drugs and chemicals. Piperine (Fig. 1) and pilocarpine was 
purchased from Sigma‑Aldrich (St. Louis, MO, USA). Tumor 
necrosis factor‑α (TNF‑α; cat. no. H052), interleukin‑1β (IL‑1β; 
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cat. no. H002), malondialdehyde (MDA; cat. no. A003‑1), 
glutathione (GSH; cat. no. A006‑2), superoxide dismutase 
(SOD; cat. no. A001‑1), catalase (CAT; cat. no. A007‑1) and 
caspase‑3 (cat. no. H076) activity assay kits were purchased 
from Jiancheng Bioengineering Institute (Nanjing, China). In 
addition, methylscopolamine, diazepam and chloral hydrate 
were purchased from Nanjing Chemical Reagent Co., Ltd. 
(Nanjing, China).

Animals. A total of 24 male Sprague‑Dawley rats (230‑280 g; 
8‑weeks‑old) were housed in individual metabolic cages in a 
controlled environment (23±1˚C; humidity, 55±5%) under a 
12‑h light/dark cycle. Food and water were available ad libitum. 
The study was carried out under the recommendations of 
the Sichuan University of Animal Experimentation, and the 
experimental procedures received prior ethical approval from 
the Committee for Health Guide for the Care and Use of 
Laboratory Animals. Prior to treatment the rats were provided 
with normal dry‑food pellets and water‑soaked food.

Induction of epilepsy in the rats using pilocarpine. Prior to 
treatment with 340 mg/kg of pilocarpine hydrochloride injec-
tion, the experimental rats were intraperitoneally injected with 
methylscopolamine (1 mg/kg) for 45 min. The rats were then 
evaluated for behaviors indicative of seizure activity (such 
as mouth and focal movements, head nodding, contra‑lateral 
forelimb clonus, symmetrical forelimb clonus with rearing or 
severe seizure with rearing and falling) for 120 min after the 
administration of pilocarpine hydrochloride. Epileptic activity 
was evaluated in accordance with the Racine scale  (14). 
When generalized seizure activity was continuously observed 
without normal behavior during each episode, the rats were 
considered suffer from seizure episodes. When the rats 
continuously suffered from seizure episodes for 1 h, they were 
intraperitoneally administered diazepam (10 mg/kg) to termi-
nate the seizures.

Experimental procedures. The rats were randomly divided into 
three experimental groups: i) A control group (n=8), in which 
the rats were administered 0.9% normal saline; ii) an epilepsy 
group (n=8), in which the rats with pilocarpine‑induced epilepsy 
were administered 0.9% saline; and iii) a piperine group (n=8), 
in which the rats with pilocarpine‑induced epilepsy were orally 
administered 40 mg/kg piperine for 45 days.

Morris water maze (MWM) test. Following treatment with 
pilocarpine, a MWM test was used to assess the spatial 
memory of the rats. A circular water tank (diameter, 140 cm; 
depth, 60 cm) was filed with water (23±1˚C), and made opaque 
by the addition of a white non‑toxic paint (Dulux; AkzoNobel, 
Amsterdam, Netherlands). The rats were placed into the tank 
from different quadrants for 120 sec of training. Subsequently, 
the rats were tested for their ability to locate the hidden 
platform (10x10 cm) and given two trials/day. When the rat 
escaped onto the platform, the trial was terminated. Each trial 
was started and terminated manually by the experimenter, and 
the experiment duration was 5 days.

Sample collection and homogenization. All rats were anes-
thetized with 10% chloral hydrate (350 mg/kg) and sacrificed 

by decapitation. Hippocampus tissue samples were rapidly 
removed and weighed and kept at ‑80˚C until analyzed. The 
brain tissue samples were homogenized using 5% w/v 20 mM 
RIPA lysis buffer (Beyotime Institute of Biotechnology, 
Haimen, China). The lysate was then subjected to centrifu-
gation at 10,000 x g for 10 min at 4˚C, and the supernatant 
containing the protein was collected.

Inflammation and oxidative stress. Following homogenization 
of the brain tissues and protein extraction, the activity levels 
of inflammatory cytokines (TNF‑α and IL‑1β) and oxidative 
stress‑associated factors (MDA, GSH, SOD, and CAT) in the 
tissues were determined using ELISA kits, in accordance with 
the manufacturer's instructions.

Caspase‑3 activity determination. Following homogenization 
of the brain tissues and protein extraction, the protein concen-
tration was measured using a Bicinchoninic Acid Disodium kit 
(BCA; Beyotime Institute of Biotechnology). Equal amounts 
(20  µg) of protein were incubated with Ac‑LEHD‑pNA 
(Beyotime Institute of Biotechnology) at 37˚C for 2 h in the dark. 
The activity of caspase‑3 was determined with the appropriate 
ELISA kit, in accordance with the manufacturer's instructions.

Western blot analysis. Following homogenization of the 
brain tissues and protein extraction, the protein concentration 
was measured using the BCA kit and equal amounts (50 µg) 
of protein were separated by 10% SDS‑PAGE. The protein 
was then electrotransferred onto nitrocellulose membranes, 
and blocked with 5% non‑fat milk in Tris‑buffered saline 
with Tween‑20 (TBST). The membrane was incubated at 4˚C 
overnight with anti‑B‑cell lymphoma 2 (Bcl‑2; sc-783, dilution, 
1:1,000) and anti‑Bcl‑2‑associated X protein (Bax; ; sc-6236; 
dilution, 1:1,000) and anti‑β‑actin (sc-130656; dilution, 1:800; 
all from Santa Cruz Biotechnology, Inc., Dallas, TX, USA) 
primary antibodies. Subsequently, the membrane was incu-
bated with goat anti‑mouse immunoglobulin  G secondary 
antibody (cat. no. 6401-05; Amyjet Scientific Inc., Wuhan, 
China). In order to detect the target protein, the blots were 
then visualized in an enhanced chemiluminescence solution 
(P0018A; Beyotime Institute of Biotechnology) and exposed to 
a ChemiDoc MP Imaging System (Bio‑Rad Laboratories, Inc., 
Hercules, California, USA).

Statistical analysis. The data are presented as the mean ± stan-
dard error of the mean from ≤3 independent experiments. The 
data were analyzed using by a Student's t‑test with the statistical 
software SPSS version 13.0 (SPSS Inc., Chicago, IL, USA). 
P<0.05 was considered to indicate a statistically significant 
difference. 

Figure 1. Chemical structure of piperine.
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Results

Anticonvulsant effects of piperine relieve pilocarpine‑induced 
epilepsy in rats. Following the induction of epilepsy using 
pilocarpine, treatment with piperine significantly increased 
latency to first seizure (P=0.0051) and time of status epilepticus 
(P=0.0042), as compared with the rats with pilocarpine‑induced 
epilepsy (Table I). Status epilepticus refers to the continuous 
seizure episodes subsequent to intraperitoneal injection of 
epileptic rats with methylscopolamine. Compared with the 
epileptic rats, the rats treated with piperine exhibited a signifi-
cant reduction in the percentage of status epilepticus (P=0.0012; 
Table I). In addition, piperine significantly enhanced the survival 
percentage of rats with status epilepticus, as compared with the 
rats with pilocarpine‑induced epilepsy (P=0.0009; Table I).

Anticonvulsant effects of piperine prevent memory impairment 
in rats with pilocarpine‑induced epilepsy. The induction of 
epilepsy using pilocarpine significantly increased the escape 
latency in status epilepticus rats compared with the control rats 
(P<0.05; Fig. 2). However, piperine significantly decreased the 
escape latency compared with rats with pilocarpine‑induced 
epilepsy (P<0.05; Fig. 2).

Anticonvulsant effects of piperine decrease the levels of 
inflammation in rats with pilocarpine‑induced epilepsy. 
Following epilepsy induction using pilocarpine, the activity 
levels of TNF‑α (P=0.0017) and IL‑1β (P=0.0022) were signifi-
cantly increased in the epileptic rats, as compared with the 
control rats (Fig. 3). However, piperine significantly reversed 
the increase in TNF‑α (P=0.0054) and IL‑1β (P=0.0043) levels, 
as compared with the rats with pilocarpine‑induced epilepsy 
(Fig. 3).

Anticonvulsant effects of piperine decrease the levels of 
oxidative stress in rats with pilocarpine‑induced epilepsy. 
In the present study, pilocarpine significantly increased the 
activity levels of MDA, and suppressed the activity of SOD, 
CAT and GSH, as compared with the control rats (P=0.0067, 
0.0041, 0.0023 and 0.0014, respectively; Fig. 4). Treatment with 
piperine significantly reversed these effects and decreased 
the levels of oxidative stress in rats with pilocarpine‑induced 
epilepsy (P=0.0089, 0.0072, 0.0030 and 0.0091, respectively; 
Fig. 4).

Anticonvulsant effects of piperine decrease the activity levels 
of caspase‑3 in rats with pilocarpine‑induced epilepsy. The 
effects of piperine on cell apoptosis are shown in Fig. 5. Piperine 
significantly increased caspase‑3 activity levels in rats with 
epilepsy compared with the control rats (P=0.0010; Fig. 5). 
Notably, administration of piperine significantly reduced 
caspase‑3 activity levels in rats with pilocarpine‑induced 
epilepsy (P=0.0031; Fig. 5).

Anticonvulsant effects of piperine decrease the expression 
levels of Bax/Bcl‑2 in rats with pilocarpine‑induced epilepsy. 

Table I. Anticonvulsant effects of piperine relieve pilocarpine‑induced epilepsy in rats.

Group	 Latency to first seizure	 Time of SE	 SE percentage	 Survival percentage in SE rats

Epilepsy	 15.9±3.11 min	 28.7±2.10 min	 97%	 55%
Piperine	 46.1±2.59 mina	 51.2±2.98 mina	 51%a	 91%a

aP<0.01, vs. the epilepsy group. SE, status epilepticus.
 

Figure 2. Anticonvulsant effects of piperine prevent memory impairment 
in rats with pilocarpine‑induced epilepsy. **P<0.01, vs. the control group; 
##P<0.01, vs. the epilepsy group.

Figure 3. Anticonvulsant effects of piperine decrease inflammation in rats 
with pilocarpine‑induced epilepsy. The anticonvulsant effects of piperine 
decreased the expression levels of (A) TNF‑α and (B) IL‑1β in the rats with 
pilocarpine‑induced epilepsy. **P<0.01, vs. the control group; ##P<0.01. vs. 
the epilepsy group. TNF‑α, tumor necrosis factor‑α; IL‑1β, interleukin‑1β. 
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The effects of piperine on the Bax/Bcl‑2 signaling pathway are 
shown in Fig. 6. Piperine significantly activated the Bax/Bcl‑2 
signaling pathway in the epileptic rats compared with the 
control rats (P<0.05; Fig. 6). However, treatment with piperine 
significantly downregulated Bax/Bcl‑2 expression levels 
following the induction of epilepsy in the rats using pilocar-
pine (P<0.05; Fig. 6).

Discussion

Epilepsy is a chronic neurological disorder caused by the 
repeated and excessive abnormal electrical impulses of brain 
neurons (1). The prevalence of epilepsy in the global popula-
tion is ~5%, with up to 10 million patients with epilepsy in 
China alone (15). Numerous factors can lead to the occurrence 
of epilepsy, including traumatic brain injury, cerebral hemor-
rhage, intracranial infections, brain tumors, cerebral cortex 
abnormalities and brain surgery (16). A total of 70% of patients 
with epilepsy experience an improvement in their symptoms 
with the existing anti‑epilepsy drugs, although there are still 
30% of patients that do not have satisfactory results (17). In 
these cases, surgery is a good option, although many patients 

are not eligible for surgery if the correct brain regions 
cannot be located, if limited neuronal impulses are present, 
or if the surgical risks are too high (18). Therefore, there is 

Figure 4. Anticonvulsant effects of piperine decrease the effects of oxidative stress in rats with pilocarpine‑induced epilepsy. The anticonvulsant effects 
of piperine increased the activity levels of (A) MDA and decreased those of (B) SOD, (C) CAT and (D) GSH in the rats with pilocarpine‑induced epilepsy. 
**P<0.01, vs. the control group; ##P<0.01, vs. the epilepsy group. MDA, malondialdehyde; SOD, superoxide dismutase; CAT, catalase; GSH, glutathione.

Figure 5. Anticonvulsant effects of piperine decrease the activity levels of 
caspase‑3 in rats with pilocarpine‑induced epilepsy. **P<0.01, vs. the control 
group; ##P<0.01, vs. the epilepsy group.

Figure 6. Anticonvulsant effects of piperine decrease the expression levels of 
Bax/Bcl‑2 in rats with pilocarpine‑induced epilepsy. (A) The anticonvulsant 
effects of piperine decrease the protein expression levels of Bax and Bcl‑2, 
as determined by western blotting. Quantification of the protein expression 
levels of (B) Bcl‑2 and (C) Bax in rats with pilocarpine‑induced epilepsy. 
Bcl‑2, B cell lymphoma 2; Bax, Bcl‑2‑associated X protein. **P<0.01 vs. the 
control group; ##P<0.01 vs. the epilepsy group.
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an urgent requirement for novel and effective anti‑epilepsy 
drugs or therapeutic approaches. The results of the present 
study suggested that the potential anticonvulsant effect of 
piperine relieved status epilepticus and prevented memory 
impairment following the induction of epilepsy in rats using 
pilocarpine. Pal  et  al  (19) reported that piperine protects 
against epilepsy‑associated depression, although the mecha-
nism underlying these effects remains unclear. In addition, 
Rinwa et al (20) suggested that piperine enhanced chronic 
stress‑induced cognitive impairment in mice. These results 
indicate that piperine is an effective drug for the treatment of 
status epilepticus and other neurologic diseases.

The occurrence and the development of epilepsy are closely 
associated with immune regulation and inflammation. IL‑1β 
is an important inflammatory mediator in acute stress reac-
tions and damage, and increased IL‑1β levels in the brain may 
increase the inflammation of the brain tissue, thereby causing 
convulsions (21). IL‑1β is also able to activate endothelial cells 
and neutrophils, enhance the expression of adhesion molecules, 
promote the release of other cytokines such as IL‑6, IL‑8, and 
granulocyte‑macrophage colony‑stimulating factors, and cause 
various inflammatory responses together with TNF‑α, thus 
inducing or aggravating epileptic convulsions (22). TNF‑α is a 
pro‑inflammatory cytokine that is rarely expressed in normal 
brain tissue. TNF‑α levels increase rapidly in various central 
nervous system disorders, such as cerebral ischemia and 
epilepsy (23). TNF‑α regulates synaptic transmission, specifi-
cally TNF‑α released by glial cells. Synaptic transmission can 
be accelerated through AMPA receptors in neurons. Through 
its binding to different receptors and the adjustment of interac-
tion with the glutamic acid system, the nervous excitability 
can be affected, thereby affecting the sensitivity of epilepsy 
occurrence (24).

Oxidative stress caused by the excessive release of free 
radicals participates in the pathogenesis of numerous neuro-
degenerative diseases (25). However, the association between 
oxidative stress and epilepsy has only recently been recognized. 
Accumulating evidence suggests that oxidative stress is not only 
a consequence of the onset of epilepsy, but may also be involved 
in the occurrence of epilepsy (24). Therefore, antioxidants that 
reduce oxidative stress have recently attracted attention in the 
treatment of epilepsy (26). However, oxidative stress damage 
has been shown to occur in all models of epilepsy seizures (27). 
In the present investigation, the results demonstrated an increase 
in TNF‑α, IL‑1β and MDA expression levels, and a reduction 
in SOD, CAT and GSH expression levels in the rats with pilo-
carpine‑induced epilepsy. In addition, the results suggested that 
treatment with piperine reversed these effects. Concordant with 
these results, Umar et al (28) reported that piperine suppresses 
oxidative stress and inflammation in collagen‑induced arthritis. 
Pragnya et al (29) revealed that piperine reduces oxidative stress 
in sodium valproate‑induced autism in BALB/C mice.

Apoptosis is a cell death process triggered by internal 
and external factors, and is not only necessary to maintain 
normal physiological function, but also closely associated 
with the occurrence of certain diseases (30). Previous studies 
have demonstrated that epilepsy causes a loss of neurons 
via neuronal apoptosis  (31). The mechanism underlying 
the loss of neurons may be that apoptotic stimuli stimulate 
various receptors including NMDA and p75NTR, causing the 

activation of apoptosis‑associated genes, such as p53 (32). This 
would in turn lead to a series of biochemical changes within 
the cell. For instance, calcium overload is caused through 
NMDA receptor, which then activates the endonuclease that 
Ca2+ and Mg2+ are dependent on and causes DNA breakage. 
p75NTR‑mediated signals may be associated with JNK activa-
tion and cause the phosphorylation of the c‑Jun end. Caspase 
protease is a common transduction pathway that induces 
apoptosis in epilepsy (33). In the present study, cell apoptosis 
levels increased following the induction of epilepsy in the rats. 
However, the upregulation of caspase‑3 activity and Bax/Bcl‑2 
expression levels was suppressed by treatment with piperine. 
Shrivastava et al (34) reported that piperine exerts a protec-
tive effect on 6‑OHDA‑induced Parkinson's disease via its 
anti‑apoptotic and anti‑inflammatory properties.

In conclusion, the results of the present study suggested 
that piperine exerts anticonvulsant effects in pilocar-
pine‑induced epileptic rats. In addition, piperine attenuates 
memory impairment, neuronal inflammation and neuronal 
oxidative stress in the hippocampus. The beneficial effect of 
piperine in the treatment of epilepsy is associated with the 
suppression of caspase‑3 activity and Bax/Bcl‑2 levels in the 
pilocarpine‑induced epileptic rats. Therefore, the results of 
this study further demonstrated the anticonvulsant effects of 
piperine. Future studies are required in order to complete our 
understanding of the underlying mechanism.
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