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Abstract

Present study investigates the protective effect of Secologanin (SLG) on neuronal cell damage induced by
epilepsy. Epilepsy was induced by pilocarpine (350 mg/kg, Ip) and scopolamine (1 mg/kg, Subcutaneous)
injection at an interval of 30 min. SLG was administered at a dose of 10 mg/kg and 20 mg/kg of body
weight for the period of 7 day after the injection of pilocarpine. Effect of SLG on convulsions was
monitored for 30 min at the end of protocol. Whereas, its neuroprotective effect was assessed by caspase
activity, neurochemicals concentration (Dopamine and 5 HT) and oxidative stress parameters like
Superoxide Dismutase (SOD); Catalase (CAT); Lipid Peroxidation (LPO) in brain tissues. Neuronal cell
damage was assessed by histopathological study using NeuN staining. Result suggested that SLG
treatment significantly increases (p<0.01) the latency of myoclonic jerking and absent of latency and
duration generalized tonic seizer compared to negative control group. There was significant decrease
(p<0.05) in the caspase activity in SLG treated group compared to negative control group. Treatment
with SLG increases the neurochemical (Dopamine and 5 HT) level and ameliorates the oxidative stress
parameters compared to negative control group. However histopathology study suggested that treatment
with SLG improves the quantity of normal cell and decreased the injured neuronal cell. Present
investigation concludes that SLG possess neuroprotective effect in epilepsy induced rat model and also
postulates its possible mechanism, by managing the neurochemical balance and amelioration of
oxidative stress.
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Introduction
Epilepsy is a severe neurological disease, affecting 1% of
people globally [1]. Characteristic symptoms of epilepsy are
sudden start of convulsion or loss of consciousness for short
period of time, over excitement of sensory nerves. Convulsions
in epilepsy arrive due to excessive firing of neurons or
decreased threshold potential of the neuronal cells [2]. These
changes in the neuronal cells are caused by neurochemical
imbalance such as glutamate, 5 hydroxy triptamine, dopamine
and GABA [3].

Reported study reveals that dopamine and 5 hydroxy
triptamine plays a role in the pathogenesis of epilepsy.
Literature suggested that altered release of glutamic
neurotransmitter results in the neuronal cell death due to
induction of apoptosis which is controlled by dopamine [4].
Whereas, dopamine agonists are the drug used in the
management of epilepsy and neuronal damage in Parkinson’s
disease and schizophrenia [5].

Alternative medicines gain interest for the management of
epilepsy throughout the globe and many of herbal drugs shows
potent anticonvulsant activity. Secologanin is an alkaloid
isolated from Catharanthus roseus and its medicinal property

was not explored till dated. Literature suggested that SLG is a
precursor alkaloid of dopamine and 5 HT in the plant [6]. On
the basis of this property present study evaluates the
neuroprotective effect of SLG in Epilepsy induced cell
damage.

Material and Methods

Animals
Healthy male wistar rats (200-250 g) were procured from
Avian Disease Research Center, Sichuan Agricultural
University, China. All the animals were kept under controlled
condition as per the guidelines with pallet feed and water ad
libitum. Investigation protocols of the present study approved
by Institutional ethical committee.

Acute toxicity
Acute toxicity of secologanin was performed as per the OECD
guideline (423). In this study overnight fasted male wistar rats
were used for the dosing of SLG. Lethal dose of SLG was
estimated and 1/10th and 1/20th of LD50 considered as
effective dose [7].
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Induction of epilepsy
In all the animals epilepsy was induced in all the rats by a
single intraperitoneal injection of pilocarpine (4%, Merck) at a
dose of 350 mg/kg body weight. Effect of peripheral
acetylcholine was reduced by the injection of scopolamine at a
dose of 1 mg/kg subcutaneously, 30 min prior to pilocarpine.
Seizures were developed after 10 min. of pilocarpine injection.
Seizures were seized with the Ip injection of diazepam at a
dose 10 mg/kg after 90 min of study. Control group receives
saline solution in place of pilocarpine, scopolamine and
diazepam [8].

Administration of secologanin
All the animals were separated in to two major groups: control
group (n=10) was treated with saline instead of pilocarpine and
also received saline for 7 days. Whereas epilepsy induced
group was further separated into 3 sub-groups i.e. Negative
control group (n=10) received pilocarpine and saline for 7
days, SLG treated group received 10 mg/kg and 20 mg/kg
(n=10, each group), Ip of SLG 30 min prior to pilocarpine.
Effect of SLG on epilepsy induced neuronal damage was
assessed at the end of protocol [9].

Monitoring of seizures
After the drug administration, every day rats were observed for
the period of 30 min for myoclonic jerking and generalized
tonic seizers’ latency and duration of it also [10].

Estimation of biochemical parameter
Brain tissue homogenate preparation: Rats were scarified
and brain dissected out, washes it thoroughly with saline
solution and divided into two halves. One half of brain of each
rat was homogenized instantaneously in solution containing
Tris-Hcl (50 mM, pH 7.4) and sucrose (300 mM). The tissue
homogenate was centrifuged at 10000 RPM for 10 min at 4ºC
and the supernatant was separated for the below given
biochemical estimation. Another half of brain of each rat was
used for histoplathological study.

Estimation of caspase activity: Caspase activity was
estimated in rat brain. Tetra peptide substrates were incubated
with brain tissues homogenate at 37ºC. These peptides were
Trp-Glu-His-Asp (Ac-WEHD-AMC, 4 mM) for caspase 1 and
Asp-Glu-Val-Asp (Ac-DEVD-AMC, 4 mM) for caspase 3.
Homogenate again treated with inhibitors of caspase 1 and
caspase 3 and incubated the given mixture with their particular
substrate. Activity of caspase was estimated for 90 min using
spectroflurimetery at 360 and 465 nm [11].

Estimation of dopamine and serotonin
Tissue extract was mixed with equal volumes of Isobutane
(10%) and buffer (pH 10). Thereafter heptane (10%) was
added in the given solution and then hydrochloric acid (0.1 N,
5 ml) added with vigorous shaking. The given solution was
then centrifuge for the separation of organic mixture.

Determination of dopamine and 5 HT was achieved by using
separated aqueous phase.

Estimation of dopamine was achieved by adding 0.4 M EDTA
and pH 6.9 buffer at a volume of 0.02 ml and 0.05 ml
respectively in 0.02 ml of aqueous phase. Thereafter, for
oxidation 0.1 M iodine solution prepared in ethanol (0.01 ml)
added in the given solution. In the solution acetic acid was mix
and heated at 100ºC for the period of 6 min. and the estimation
spectra for excitation and emission for dopamine was done at
330-375 nm using spectroflurophotometer.

Estimation of 5 HT was achieved by using O-pthaldialdehyde
method. In the aqueous phase of solution O-pthaldialdehyde
(0.025 ml) was added and the mixture was heated at 100ºC for
10 min. Estimation of 5 HT spectra was achieved at 360 and
470 nm for excitation and emission respectively [12].

Estimation of markers of oxidative stress
Superoxide Dismutase (SOD) was estimated in the brain tissue
of rats by using riboflavin sensitized method. The alteration in
absorbance was observed for 4 min at 460 nm [13].

Level of Lipid Peroxidation (LPO) was estimated the method
given by Ohkawaka in the brain tissue of rats. The quantity of
Malondialdehyde (MDA) was estimated at 532 nm [14].

Activity of Catalase (CAT) in the brain tissue was assessed on
the ability of catalase to oxidize H2O2. The change in
absorbance was recorded for 3 min at 1 min interval at 240 nm
[15].

Histopathology study
NeuN staining was used for the estimation of neuronal cells in
the regions (CA1 and CA3) as mentioned by TANG et al.
Neuronal cells counted in the study having size more than 8
µm whereas cells with lower size considered as normal glial
cells. Neuronal cells were also by characterized on the basis of
morphology [9].

Results

Effect of secologanine on Convulsion
Effect of secologanine on latency myoclonic jerking,
generalized tonic seizer and duration of generalized tonic
seizer in pilocarpine induced epileptic rat mode as shown in
Table 1. It was observed that SLG treatment significantly
(p<0.01) increases the latency of myoclonic jerking and
latency of generalized tonic seizer. There were generalized
tonic seizers found absent in SLG treated group of rats. This
increased latency of generalized tonic seizer proves the
significant effect of SLG in the treatment of epilepsy.

Estimation of caspase activity
Activity of both the type of caspase found to be increases in the
brain tissues of pilocarpine induced epileptic rats as shown in
Table 2. It was observed that treatment with SLG decreases
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(p<0.05) the activity of caspase 1 significantly compared to
negative control group in a dose dependant manner. Whereas
SLG treatment was not able to alter the increased activity of
caspase 3 in the brain tissues of pilocarpine induced epileptic
rats.

Table 1. Effect of secologanine on latency myoclonic jerking,
generalized tonic seizer and duration of generalized tonic seizer.

Sr.
No.

Group Latency
myoclonic jerking
(sec)

Latency
generalized tonic
seizer (sec)

Duration of
generalized
tonic seizer (sec)

1 Negative
control

39.4 ± 3.2 46.2 ± 3.1 20.3 ± 3.1

2 SLG 10 mg/kg 217 ± 11.3** 205 ± 5** No generalized
tonic seizer**

3 SLG 20 mg/kg 294 ± 15** No generalized
tonic seizer**

No generalized
tonic seizer**

Values are means ± SD (n=10); **p<0.01 (vs. Negative control group)

Table 2. Effect of secologanin on the caspase activity in the brain
tissues.

Sr.
No.

Group Caspase-1 (WEHDase
activity)

(RFU/min/mg of protein)

Caspase-3 (DEVDase
activity)

(RFU/min/mg of protein)

1 Control 25 ± 7 4 ± 2

2 Negative
control

57 ± 12@ 12 ± 7@

3 SLG 10 mg/kg 39 ± 10* 11 ± 5@

4 SLG 20 mg/kg 30 ± 8* 11 ± 4@

Values are means ± SD (n=10); @p < 0.01 (vs. Control group),*p<0.05 (vs.
Negative control group)

Estimation of dopamine and 5 HT
Dopamine and 5 HT level in the brain tissues were estimated
as shown in Table 3. There were significant decrease in the
level of dopamine and 5HT up to 485 and 86 pg/mg of wet
tissue respectively in epileptic rats compared to controlled
group. However treatment with SLG significantly (p<0.01)
increases the dopamine and 5 HT level in the brain tissues
compared to negative control group. SLG treatment
ameliorates the level of dopamine and 5 HT in the brain tissues
in dose dependent manner.

Table 3. Effect of secologanin on the Dopamine and 5 HT in the brain
tissues.

Sr.
No.

Group Dopamine

(pg/mg of wet tissue)

5 HT

(pg/mg of wet tissue)

1 Control 649.16 ± 5.52 128.6 ± 5.08

2 Negative
control

485 ± 5.21@ 86.33 ± 5.3@

3 SLG 10 mg/kg 632 ± 7.09** 97.5 ± 4.13*

4 SLG 20 mg/kg 737 ± 5.77** 130.1 ± 8.5**

Values are means ± SD (n=10); @p<0.01 (vs. control group),*p<0.05, **p<0.01
(vs. negative control group)

Estimation of oxidative stress parameters
Effect of SLG on superoxide dismutase, lipid peroxidation,
catalase in the brain tissue of pilocarpine induced epileptic rats
as shown in Table 4. Pilocarpine induced epilepsy, results in
significant (p<0.01) decrease in the SOD and increase (p<0.01)
in the LPO and CAT level compared to control group of rats.
However treatment with SLG significantly improved the SOD
level in the brain tissues compared to negative control group of
rats. LPO and CAT level were found to be significantly
decreases (p<0.01) in the brain tissues of SLG treated group of
rats compared to negative control group of rats. Moreover,
study result also suggested that this improvement in the level
of oxidative stress parameters was dose dependent.

Table 4. Effect of secologanin on SOD, LPO and CAT in the brain
tissue.

Sr.
No.

Group SOD

(Unit/mg protein)

LPO

(nmol MDA/mg
protein)

CAT

(µmol H2O2
consumed/min/m
g protein)

1 Control 15.3 ± 1.25 7.6 ± 0.3 42.15 ± 1.3

2 Negative control 4.2 ± 0.5@ 13.2 ± 1.11@ 69.2 ± 1.7@

3 SLG 10 mg/kg 9.8 ± 1.3** 9.8 ± 0.7** 53.1 ± 1.4**

4 SLG 20 mg/kg 12.13 ± 1.2** 7.9 ± 0.6** 44.9 ± 1.1**

Values are means ± SD (n=10); @p<0.01 (vs. control group),*p<0.05, **p<0.01
(vs. negative control group)

Histopathological analysis
Histopathology study of brain tissue by using NeuN staining
(CA3) was shown in Figure 1. TS of the brain tissues reveals
sever neuronal cell damage in (CA3) the negative control
group of rats. Whereas, TS of SLG treated group was showed
comparative fewer damage of neuronal cell than that of
negative control group. This observation suggested the
neuroprotective activity of SLG in epilepsy induced neuronal
damage rat model.

Figure 1. Effect of secologanin on the neuronal cell damage in
pilocarpine induced epileptic rats by NeuN-staining (CB3). A.
Control group B. Negative control C. SLG 10 mg/kg D. SLG 20
mg/kg. (n=10).
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Discussion
Literature reveals that pathogenesis of epilepsy is related to
altered neurochemical levels in the brain like glutamate,
dopamine, 5 HT and GABA [16]. Altered level of biological
amine progressed into neuronal cell damage through increased
level of oxidative stress in the brain tissues [17]. The
commonest animal model for epilepsy is pilocarpine and found
to produce the neuronal damage.

Present investigation evaluates the neuroprotective effect of
SLG in pilocarpine induced epileptic rat model. The result of
the study demonstrated that treatment with SLG significantly
increases the latency of myoclonic jerking in pilocarpine
induced epileptic rats. Latency of generalized tonic seizer and
its duration was absent in the SLG treated epileptic rats. Anti-
epileptic drugs were reported to reduce the myoclonic jerking
and generalized epilepsy [18].

Imbalance between the level of neurochemical results in the
development of epilepsy [16]. Result of this study also
suggested that treatment with SLG significantly increases
(p<0.01) the dopamine and 5 HT concentration in the brain
tissues compared to pilocarpine induced epileptic rats. Reports
suggested that inhibition of dopamine and 5 HT develops the
oxidative stress by increasing the reactive oxygen species.
However there was significant decrease in the level of
oxidative stress parameters in SLG treated group compared to
negative control group of rats. Thus treatment with SLG
increases the dopamine and 5 HT level thereby reduced the
oxidative stress in the brain tissues. On the basis of it was
found that the number of neuronal cell damage decreases by
reducing the caspase expression.

Conclusion
Present study concludes that secologanin protects the neurons
in epilepsy induced neuronal damage on the basis of its
modulatory effect on neurochemical and antioxidant.
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