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Abstract

Introduction: Lagenaria siceraria (Molina) Standley (Cucurbitaceae) is a traditional vegetable plant, popularly known as bottle gourd
(English) and lauki (Hindi). It is a climbing herb characterized with a number of therapeutic properties. Traditionally Lagenaria sicer-
aria (LS) fruits were used for their cardioprotective, hepatoprotective, diuretic, and purgative effects, but there is very little scientific data
available on its neuroprotective potential.

Aims: The present study aimed to assess the neuropharmacological profile of the sterol-enriched chloroform fraction of methanolic
extract of Lagenaria siceraria fruits in animal experimental models.

Materials and methods: Neuropharmacological screening was conducted in specific reported animal models. Adult Wistar albino
rats were subjected to behaviour despair test and elevated plus maze test. Thiopental-induced sedation, locomotor activity, and rota
rod test were conducted on Swiss albino mice. Similarly, pentylenetetrazole-induced convulsions and maximal electroshock-induced
seizures in Swiss albino mice were performed to evaluate the anti-epileptic potential.

Results: The results of the study demonstrated that the anxiolytic activity of phytocompound-enriched chloroform fraction of metha-
nolic extract of Lagenaria siceraria fruits (100, 200, and 400 mg/kg per os) was characterized by increased time spent in and increased
number of entries into the open arms of the elevated plus maze prototype as compared to the control group (p<0.001). Chloroform
fraction (100-400 mg/kg, p.o.) showed the dose-dependent significant reduction in duration of immobility (p<0.001) in the behaviour
despair test. Similarly, the chloroform fraction was found to exert a significant reduction in motor co-ordination (p<0.001) and pro-
longation of thiopental-induced sleeping time (p<0.001) during the animal studies. Moreover, the test fraction significantly increased
(p<0.001) the onset of myoclonic seizures in pentylenetetrazole-induced convulsions model as well as in the maximal electroshock-
induced seizures model at all three dose levels selected. Interestingly, the chloroform fraction neither produced any overt motor dys-
function nor any kind of extra pyramidal symptoms in any of the animal models during pharmacological screening. Preliminary phy-
tochemical screening of the fraction showed presence of saponins, phytosterols, terpenoids, fats, and trace amount of polyphenolic
compounds. HPTLC fingerprinting analysis was also carried out.

Copyright by authors. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Conclusions: This is the first study exploring the neuroprotective potential of Lagenaria siceraria fruits by showing the anxiolytic,

anti-depressant, sedative, and anti-epileptic-like activities, confirming the traditional claims. Future prospectus and investigations will

give emphasis on isolation of the bioactive phytocompounds and their precise mechanisms involved in the neuroprotective activities.
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Abbreviations:

Ach: acetyl chlorine;

CFMLS: chloroform fraction of the methanolic extract of Lage-
naria Siceraria fruits;

EPM: elevated plus maze;

GABA: gamma amino butyric acid;

HLTE: hind limb tonic extension;

IAEC: Institutional Animal Ethics Committee;

LS: Lagenaria Siceraria;

MES: maximal electroshock-induced seizures;

NMDA: N-methyl D-aspartate;

SCMC: sodium carboxy methyl cellulose;
WHO: World Health Organization;
PTZ: pentylenetetrazole

INTRODUCTION

In recent time, the prevalence of various neuropsycho-
logical and psychosomatic disorders such as depression,
anxiety, epilepsy, stress, etc., has been found to be increas-
ing among humans due to striving lifestyle, urbanization,
hectic work schedule, and stressful environment. Accord-
ing to a report of World Health Organization (WHO),
neurological disorders are likely to become the second
leading cause of death worldwide by the end of the 21st
century.! Although there are many effective anxiolytic
and antidepressant medicines available today, the thera-
py is still inadequate with unsatisfactory results in almost
one-third of all the patients treated. Approximately 60% of
the anxious or depressed patients respond to the currently
available allopathic treatments, but the magnitude of im-
provement is still disappointing.? Therefore, it is of utmost
necessity that we find and develop some newer, safer, and
more effective neuroprotective phytochemicals from the
traditional herbs.?

Traditional herbs have played a crucial role in the man-
agement of neurological disorders. Therefore, the alterna-
tive therapies including herbal and complementary medi-
cines have become very popular today. Lagenaria siceraria
(Molina) Standley (LS) syn. L. leucantha Rusby (Family:
Cucurbitaceae) is a well-known traditional ethnomedic-
inal vegetable plant in Asian countries. It is a wealthy
source of therapeutically active phytoconstituents and
necessary nutrients, which are needed for health benefits.*
Traditionally, LS fruits were widely used for their cardi-
oprotective, hepatoprotective, diuretic, purgative, and
aphrodisiac properties.>® They are very effective in curing
bronchitis, pain, ulcers, fever, cough, leucorrhoea, vaginal,

and uterine disorders.’ Phytochemical studies suggest that
LS fruits contain therapeutically potent group of phyto-
constituents, like flavonoids, polyphenols, terpenoids,
saponins, and tannins.”” They are also found to have vital
nutrients like vitamin C, vitamin B-complex, B-carotene,
pectin, choline, dietary fibers, proteins, palmitic acid,
stearic acid, and oleic acid.

According to traditional literature, LS fruits are used as
nerve tonics. But until today, few investigations have been
carried out to evaluate their effects on nervous disorders.

AIM

With this background, the present study was aimed at eval-
uating the detailed neuropharmacological profile of LS
fruits by using suitable animal experimental models.

MATERIALS AND METHODS

Collection and authentication of plant
material

Fresh LS fruits were purchased from the local market of
Surat, Gujarat, India. Further, the plant was identified and
authenticated by Dr. Sumita Dasgupta, Dept. of Botany,
Bhagwan Mahavir College of Science & Technology, Surat,
Gujarat, India. A specimen voucher (SU/DPS/Herb/05) of
the plant has been deposited and maintained at the Herbal
Museum, Department of Pharmaceutical Sciences, Sau-
rashtra University, Rajkot, India for future reference.
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Extraction of plant material

LS fruits were properly washed and cleaned. They were
cut into thin round slices and then dried by shade drying.
The dried slices were ground into coarse powder. Then the
coarsely powdered dried fruits of LS (20 g) were subjected
to Soxhlet extraction for 5 hours by using solvent meth-
anol. After the extraction procedure, the supernatant was
collected and concentrated in vacuo to yield a brown-col-
ored sticky concentrate. This concentrate was preserved at
a freezing temperature (4°C) for further studies.

Fractionation of the crude extract

The crude methanolic extract of LS was suspended in 250
ml of distilled water in a separating funnel and partitioned
successively with the solvents, i.e., petroleum ether, chloro-
form, acetone, and n-butanol (250 ml each) to obtain frac-
tions. All the fractions were collected, concentrated, and
preserved at 4°C throughout the study.

Preliminary phytochemical screening

All the fractions were screened through qualitative phyto-
chemical tests for determination of the various phytocon-
stituents.!?

Qualitative determination and
identification of sterols

Sterols were detected more accurately by performing the
following confirmatory phytochemical tests.!! The test
solution was prepared by boiling about 50 mg of chloro-
form fraction of methanolic extract of LS fruits (CFMLS)
in 50 ml of distilled water for 5 min and then filtered to
obtain the clear test solution.

Salkowski reaction: To the test solution, a few drops
of concentrated sulphuric acid were added, and the colour
change was observed.

Liebermann-Burchard reaction: To the test solution,
a few drops of concentrated sulphuric acid and 2-3 drops
of acetic anhydride were added, and further the change in
colour was observed.

Experimental animals

Adult Swiss female albino mice (body wt.: 25-30 g) were
grouped (n=6) and kept under typical conditions (tempera-
ture: 25-27°C; relative humidity: 55-65%, and a 12-hr light-
dark cycle). Experimental mice were fed standard rodent
chow (purchased from Pranav Agro Sales, Ahmedabad, Gu-
jarat, India) and water ad libitum. Mice were acclimatized to
laboratory environmental conditions for at least 8 to 10 days
prior to experiments. All the experiments were conducted
in a noise-free laboratory compartment during the light
phase (between 08:00 and 16:00 hours) and the mice were
not fasted prior to drug treatments. The animal trials were

approved by the Institutional Animal Ethics Committee
(IAEC), Constituted for the Purpose of Control and Super-
vision of Experimental Animals (CPCSEA) by Ministry of
Environment and Forests, Government of India, New Delhi
(Protocol approval No. 1521/ac/07/CPCSEA).

Drugs and chemicals

Pentylenetetrazole (PTZ), diazepam, chlorpromazine, and
phenytoin sodium were purchased from Sigma (USA). The
solvents used in the study were of analytical grade. Fluoxe-
tine and imipramine were procured as gift samples for Tor-
rent Pharmaceuticals, Ahmedabad, India.

Preparation of drug samples and
treatments

All the reference standard drugs and CFMLS were suspend-
ed in 1% w/v Sodium Carboxy Methyl Cellulose (SCMC)
in distilled water and administered via p.o. route at select-
ed dose levels of 100, 200, and 400 mg/kg of body weight
of animal. The control group of animals received only the
vehicle (1% w/v SCMC). All drug samples were freshly pre-
pared before use and the doses were selected on the basis of
acute toxicity studies.

Acute toxicity studies

As per the OECD guidelines-420, CFMLS was adminis-
tered orally at doses of 5, 50, 300, 1000, and 2000 mg/kg
and the animals were examined for occurrence of toxicity
symptoms and behavioural changes. The lethal dose was
determined according to the guidelines.'?

Neuropharmacological screening

Elevated plus maze (EPM) test

The method of Emamghoreishi et al. was followed."
In brief, the EPM apparatus was wooden and painted
black. It consisted of two open arms (50x10 cm) and two
closed arms (50x10x50 cm), which were extended from
a common central platform (10x10 cm). The entire maze
was elevated to a height of 25 cm above to floor level.
Experimental rats were individually placed at the centre of
the maze facing an open arm. The number of total entries,
and the total time spent in the open as well as in closed
arms were recorded over a period of 5 min. Arm entries
were recorded when rat enters all its four paws into an
arm. The experimental rats were pretreated with diaze-
pam (5 mg/kg, i.p.) and CEMLS (100, 200, and 400 mg/kg,
p.0.), whereas the control group received 1% SCMC orally.
Diazepam (5 mg/kg, i.p.) was used as standard anxiolytic
drug. Between each trial, the maze was wiped and cleaned
with a sponge and dried with paper towels to ensure uni-
form results.
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Spontaneous locomotor activity

Since the plus maze experiment and sedative effect are af-
fected by the changes in locomotor activity, an additional
experiment was carried out with the specific aim to assess
the spontaneous locomotor activity by using actophotom-
eter, separately from the elevated plus maze experiment.
The actophotometer registered the number of times the in-
frared photo beams of light were broken, as the rat moved
around inside the cage. Each rat was placed in the centre of
the metal cage of actophotometer and its locomotor activity
was recorded at 5-min intervals for the next 15 minutes.!*

Behavior despair test

The procedure described by Porsolt et al. was adapted with
slight modification.!””> Swimming sessions were conduct-
ed by placing rats individually in a glass cylinder (35x25
cm). In the cylinder, warm water (25+1°C) was filled up
to the level of 27 cm from the bottom surface. Two swim-
ming sessions were conducted between 8 oclock a.m. and
4 oclock p.m. All rats were subjected to an initial 15-min
pre-test followed 25 hours later by a 5-min test. Drugs were
administered three times during the study period between
these two sessions, first immediately after the pre-test ses-
sion and then 6 and 23 hours after the first dose. Follow-
ing both swimming sessions, the rats were removed from
the cylinder, dried with paper towels, placed in the cages
under a heating source for 15 min, and returned to their
home cages. During the experiment the immobility period
in seconds was measured in each test session of 5 min. The
water in the cylinder was changed after every other trial.
Imipramine (12.5 mg/kg, i.p.) was used as a reference stan-
dard drug.'®

Thiopental-induced sleeping time

The procedure of Sukma et al. was followed.!” In the ex-
periment, 30 min after the administration of CFMLS (100,
200, and 400 mg/kg, p.o.) or SCMC (1%, p.o.), mice re-
ceived thiopental (50 mg/kg, i.p.). The time elapsed from
thiopental injection to loss of the righting reflex was taken
as sleeping latency. The time elapsed between the loss and
voluntary recovery from the righting reflex was considered
as the total sleeping time.

Rotarod performance of mice

The effect of the fractions on motor coordination activity
was measured using a rotarod apparatus (Ambala Cantt,
India). Female albino mice were selected and screened
primarily at 12 rpm for four consecutive times (an 1-hour
interval) for a day. On day 2, the speed was increased to 24
rpm and the mice that could stay on the rotating rod for 2
or more minutes were selected and grouped into five: three
dose levels of the CFMLS fractions (100, 200, & 400 mg/
kg, p.o.); standard group - diazepam (0.5 mg/kg, i.p.), and
a control group as 1% SCMC (vehicle) treated. On the day
of the experiment, each mouse was given a drug-free rota-
tion and 30 min later treated with the fractions, diazepam,
or 1% SCMC, and tested at every 30 minutes for 2 hours.
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The latency to fall was recorded as the time spent on the
rotating rod.!

Pentylenetetrazole (PTZ)-induced convul-
sions in mice

To evaluate the anticonvulsant effect, the method described
by Fisher RS was adapted.!® In brief, clonic seizures were
induced in drug/vehicle pretreated albino mice (25-50 g)
by an intraperitoneal injection of 100 mg/kg of PTZ. The
animals were pretreated with CFMLS & CFMLS (100, 200,
and 400 mg/kg, p.o.) thirty minutes before the injection of
PTZ. The control animals received 0.1% SCMC solution.
After the PTZ injection, the animals were placed in sep-
arate transparent Plexiglas cages (25x15x10 cm). The la-
tencies to myoclonic seizures were observed over a 30-min
period. The ability of tested drug to prevent the seizures
was considered as indication of its anticonvulsant action.

Maximal electroshock-induced seizures
(MES) in mice

Electro-convulsive shock, inducing hind limb tonic exten-
sion (HLTE) in 99% of the animals was determined by a
current intensity-percent effect curve. The electrical stim-
ulus (50 mA, 50 Hz, 1 sec duration) was applied through
ear-clip electrodes using a stimulator apparatus (Ambala
Cantt., India). Five groups of 6 mice (25-50 g) each were
pretreated with CFMLS (100, 200, and 400 mg/kg, p.o.);
phenytoin (25 mg/kg, i.p, as positive control); 1% SCMC
(i.p.) (10 ml/kg, as control). After 30 minutes, the animals
received transauricular electroshock. The criterion for the
anticonvulsant effect was onset of HLTE (absence of HLTE
within 10 sec) after delivery of the electroshock.?

HPTLC fingerprinting analysis

Nowadays, HPTLC Fingerprint Profiling is believed to be a
unique tool for identification and qualitative evaluation of
medicinal herbs and herbal formulations.?! The CAMAG
HPTLC instrument is composed of automated Linomat 5
TLC applicator, having a 100 pl syringe connected to a ni-
trogen cylinder providing a delivery speed of 150 nl/sec,
twin-trough developing chamber, and WinCATS scanner
(Camag, Muttenz, Switzerland). 0.2 mm thickness contain-
ing pre-coated TLC plates of aluminum backed silica gel 60
F 254 was used. The mobile phase used was toluene: ethyl
acetate (7:3) for the separation of the phytocompounds
from CFMLS. The plate was developed horizontally in a
Camag horizontal developing chamber (10x5 cm) at a
room temperature. The plate was scanned at different wave-
lengths such as 254 nm and 366 nm with the help of Camag
TLC scanner III using the WinCATS Planar chromatogra-
phy manager 1.2.3 software.

Statistical analysis

All data were expressed as mean + SEM (n=6) and analyzed
by one-way analysis of variance (ANOVA), followed by the
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Student Newman-Keuls test. The groups treated with CFM-
LS and standard drugs were compared with the respective
control (vehicle) groups. P values <0.001 were considered
statistically significant.

RESULTS

Fractionation of the crude extract

A total of 4 fractions were prepared and tested further for
their total yield and organoleptic characters. The obtained
results suggest that the chloroform and acetone fractions
exhibited high extractive yields among all the fractions
(Table 1).

Preliminary phytochemical screening

The results of phytochemical screening showed that CFM-
LS elicited the presence of phytosterols, saponins, ter-
penoids, phenolic compounds, and flavonoids as major
classes of phytocompounds, which were desirable to exert
neuroprotective action (Table 2).

Qualitative determination and
identification of sterols

Salkowski reaction: Addition of a few drops of concentrat-
ed sulphuric acid formed a reddish colour in the test solu-
tion indicating the presence of steroidal nucleus.

Liebermann-Burchard reaction: Addition of a few
drops of concentrated sulphuric acid followed by the ad-
dition of 2-3 drops of acetic anhydride, the test solution
turned to violet blue and finally formed green colour which
indicated the presence of sterols.

Acute toxicity studies

From the results of acute toxicity studies, the LD, value
of CFMLS was determined as 1000 mg/kg; p.o. route in
mice. Therefore, three dose levels 100, 200, and 400 mg/
kg, p.o. body weight., corresponding to 10, 20, and 40% of
the LD, value (1000 mg/kg, p.o.) were selected to perform
neuropharmacological investigations. There was no death
or any kind of toxicity symptoms like diarrhoea, tremors,
or unconsciousness, observed in mice at the selected doses.
Moreover, there were no changes detected in eyes, skin co-
lour, fur, or mucous membranes of the experimental mice
during the study.

Table 1. Results of organoleptic and qualitative evaluation of various fractions of methanolic extract of L. Siceraria fruits

Sr. No. Fraction Colour Consistency Yield (%)

1 Pet. ether Light hazy yellow Sticky 1.72

2 Chloroform Dull brown Non sticky 3.35

3 Acetone Brown Sticky 9.46

4 n-Butanol Brown Sticky 3.72
Table 2. Results of phytochemical screening of methanolic extract of L. Siceraria fruits and their fractions

Sr. No. Test Pet. Chloroform Acetone n-butanol

Ether

1 Alkaloids - - - -

2 Carbohydrates - - + +

3 Phytosterols + + - -

4 Fixed oils and fats + + + -

5 Saponins - + + -

6 Terpenoids - + - -

7 Phenolic comp. & tannins - - + +

8 Proteins & amino acids - - - +

9 Gums and mucilage - - - -

10 Volatile oil - - - -

11 Flavonoids - + + +

+ present; - absent
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Results of neuropharmacological
screening

Elevated plus maze test on rats

The control animals showed more preference for the closed
(dark) arms and exhibited anxiety-like symptoms charac-
terized by immobility, freezing, and defecation on entering
the open arms. As compared to the control group, the CFM-
LS-treated animals (100, 200, and 400 mg/kg, p.o.) showed
significant increase in the time spent (p<0.001) in the open
arms (Fig. 1a) and total number of entries (p<0.5; p<0.001)
(Fig. 1b) in a dose-dependent manner. Diazepam (5 mg/
kg, i.p.), a standard drug, significantly increased the number
of entries as well as time spent in the open arms (p<0.001),
indicating anxiolytic activity. The higher dose of CFMLS
(400 mg/kg, p.o.) produced a peak anxiolytic effect that is
comparable to that by diazepam (p<0.001) (Figs 1a, 1b).

Behaviour despair test of rats

Fig. 2 shows the antidepressant effect of CFMLS and imip-
ramine in the experimental animals. The control animals
remained immobile for most of the time during the test
session. CFMLS (100, 200, and 400 mg/kg, p.o.) induced
a dose-dependent significant reduction in the immobility
time of rats (p<0.001) as compared to the control group.
In the same experimental conditions, the antidepressant
activity of the reference standard drug imipramine (12.5
mg/kg, i.p.) was clearly evident (p<0.001). The antidepres-
sant effect produced by CFMLS (100, 200, and 400 mg/kg,
p.0.) was comparable to that of imipramine.

Thiopental-induced sleeping time in mice

As shown in Fig. 3, CFMLS (100, 200, and 400 mg/kg, i.p.)
showed a significant (p<0.001) dose-dependent prolonga-
tion of thiopental-induced sleeping time as compared to
the control group. Prior treatment with the standard drug,
diazepam (1 mg/kg, i.p.) potentiated significantly the thio-
pental-provoked sleep (p<0.001).

Spontaneous locomotor activity in mice

As shown in Fig. 4, CFMLS less effectively exhibited
dose-dependent reduction in locomotor activity. Diaze-
pam (0.5 mg/kg, i.p.) was used as a standard drug, which
showed marked reduction in the locomotor activity. How-
ever, it can be concluded that CEMLS did not severely affect
the locomotor activity of mice after treatment.

Rotarod performance in mice

Results of the study indicated that CFMLS at the dose of
100 mg/kg did not show any change in motor coordination.
Though at doses of 200 and 400 mg/kg, CFMLS significant-
ly (p<0.001) reduced the time spent on the rotarod at 12
rpm over the 2-hr period as compared to the control group.
Diazepam (4 mg/kg, i.p.), a reference standard muscle
relaxant drug, produced a significant effect on the skeletal
muscle relaxation (p<0.001) (Fig. 5).

Effects of Lagenaria Siceraria Fruits

Pentylenetetrazole (PTZ)-induced convul-
sions in mice

CFMLS (100, 200, and 400 mg/kg, p.o.) dose-dependently
reduced the onset of myoclonic seizures in mice and the
reduction was quite significant (p<0.001) as compared to
control group. Diazepam, at a dose of 4 mg/kg, i.p., also
showed significant reduction (p<0.001) in the occurrence
of seizures (Fig. 6).

Maximal electroshock-induced seizures
(MES) on mice

At the entire three dose levels selected, CFMLS significant-
ly (p<0.001) reduced the onset of HLTE in a dose-depen-
dent manner as compared to control group. Phenytoin so-
dium, at a dose of 25 mg/kg (i.p.), also showed significant
(p<0.001) reduction in the onset of HLTE and occurrence
of seizures and provided 100% protection (Fig. 7).

HPTLC fingerprinting analysis

HPTLC plate of CEMLS was developed using toluene: eth-
ylacetate (6:4, v/v) as the mobile phase, followed by TLC
scanning at 254 (Fig. 8a) and 366 nm (Fig. 8b). HPTLC
chromatogram of CFMLS (Track 1: 5 pl concentration) re-
vealed total 8 peaks with R, values within the range of 0.04 to
0.86. Among them, the peaks with R; values 0.04, 0.23, 0.26,
0.62, 0.66, and 0.86 were predominant with maximum area
percentage 25.22, 26.22, 7.74, 1.37, 1.97, and 15.85, respec-
tively. Similarly, CEFMLS (Track 2: 10 pl concentration) the
presence of total 11 compounds with R, values ranging from
0.04 to 0.87, among which the peaks with R values 0.04,
0.52, 0.64, 0.71, 0.82, and 0.90 were observed as principal
peaks with area percentage 9.32, 53.67, 5.19, 8.00, 9.60, and
6.07, respectively. The chromatogram of CFMLS (Track 3:
20 pl concentration) indicated the presence of total 12 peaks
with R; values ranging from 0.02 to 0.87, among which the
peaks with R values 0.04, 0.56, 0.73, and 0.93 were observed
as principal peaks with area percentage of 11.89, 53.81, 5.60,
and 14.55, respectively (Table 3, Fig 9).

DISCUSSION

In the present study, we investigated the effects of different
doses of CFMLS using several neuropharmacological mod-
els. EPM is one of the most widely used models for assess-
ment of anxiety.”>** In this model, the anxiety is induced
due to natural stimuli, i.e. the fear of a new, brightly-lit
open space and balance on a comparatively narrow raised
platform.?* The entries and the time spent in the open arms
is the major index of the anxiety due to the fact that an
open area is extremely fearful to rodents.?>2 In the present
study, CFMLS significantly increased the number of entries
and time spent in the open arms in a dose-dependent man-
ner indicating anxiolytic activity. It has been revealed that
gamma amino butyric acid (GABA)ergic neurotransmis-
sion plays an important role in stress and anxiety associ-
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Figure 1a. Effects of chloroform fraction of methanolic extract of L. Siceraria fruits (CFMLS) and diazepam on the time mice spent in
the open and closed arms. Values are expressed as mean + SEM (n=6); ** p<0.01; *** p<0.001 compared with control (one way ANOVA

followed by Student Newman Keuls test).
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Figure 1b. Effects of chloroform fraction of methanolic extract of L. Siceraria fruits (CFMLS) and diazepam on the number of entries
in the open and closed arms by mice. Values are expressed as mean + SEM (n=6); * p<0.01; *** p<0.001 compared with controls (one

way ANOVA followed by Student Newman Keuls test).
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Figure 2. Effects of chloroform fraction of methanolic extract of
L. Siceraria fruits (CFMLS) and imipramine on immobility period
in mice. Values are expressed as mean + SEM (n=6); *** p<0.001
compared with control (one way ANOVA followed by Student
Newman Keuls test).

ated with elevated plus maze test.?” It is likely that CFMLS
may have modulated sites of GABA receptors to produce
the anxiolytic effect.

The behaviour despair test has been validated as a suit-
able tool to evaluate the drugs with putative antidepres-

Total sleeping time vs. dose of CFMLS
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E2 200 mg/kg
D 400 mg/kg
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Total sleeping time (sec)
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100mgkg 200 mg/kg 400 mglkg
Dose of CFMLS (mg/kg)

Diazepam
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Figure 3. Effects of chloroform fraction of methanolic extract of
L. Siceraria fruits (CFMLS) and diazepam on the sleeping time
of mice. Values are expressed as mean + SEM (n=6); *** p<0.001
compared with control (one way ANOVA followed by Student
Newman Keuls test).

sant effects.?® In this model, when rodents are forced to
swim in a restricted space, they show tendency to become
immobile after struggling for a while. This inescapable
stressful situation leads to depression.?”’ In the present
study, the administration of CFMLS significantly reduced
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Figure 4. Effects of chloroform fraction of methanolic extract of
L. Siceraria fruits (CFMLS) and diazepam on locomotor activity
in mice.
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Figure 5. Effects of chloroform fraction of methanolic extract
of L. Siceraria fruits (CFMLS) and diazepam on the rota rod per-
formance in mice. Values are expressed as mean + SEM (n=6);
**p<0.01; ***p<0.001 compared with control (one way ANOVA
followed by Student Newman Keuls test).

Onset of myoclonic seizures vs. dose of CFMLS
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Figure 6. Effects of chloroform fraction of methanolic ex-
tract of L. Siceraria fruits (CFMLS) and diazepam on the onset
of myoclonic seizures in mice. Values are expressed as mean +
SEM (n=6); *p<0.01; **p<0.001 compared with control (one way
ANOVA followed by Student Newman Keuls test).

total immobility time and enhanced struggling behaviour
in a dose-dependent manner. It is reported that GABA, as
an inhibitory neurotransmitter, is directly implicated in the
pathophysiology of depression. Moreover, the neurochem-

Effects of Lagenaria Siceraria Fruits

Onset of HLTE vs. dose of CFMLS
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Figure 7. Effects of chloroform fraction of methanolic extract of
L. Siceraria fruits (CFMLS) and diazepam on the onset of HLTE
in mice. Values are expressed as mean + SEM (n=6); **p<0.01;
***p<0.001 compared with control (one way ANOVA followed by
Student Newman Keuls test).

Figure 8. a. High performance thin layer chromatogram of
CFMLS at 254 nm; b. High performance thin layer chromatogram
of CFMLS at 366 nm.

ical studies have revealed that the monoamines (serotonin,
noradrenaline, and dopamine) have a crucial role in the
development of the depression symptoms.!> The antide-
pressant effect of CFMLS may be attributed to modulate
one or more of these neurotransmitters. The serotonergic
theory postulates excessive performance of the serotoner-
gic neurotransmission as the cause of depression and anxi-
ety.3® Another theory proposes involvement of GABAergic
neurotransmission which forms the basis of action of anx-
iolytic activity of many drugs, may also be involved in the
antidepressant activity.3! The sterols are reported as neuro-
protective antidepressant phytocompounds.’! Therefore, it
can be hypothesized that the sterols of CFMLS may have
acted by modulating one or more of the above mentioned
neurotransmitters.

The experiments with thiopental-induced sedation
showed that CFMLS significantly reduced the sleep latency
and prolonged sleeping time in the test animals. Prolonga-
tion of thiopental-induced sleep was an indication of sed-
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Figure 9. Digital 3D graph of the HPTLC chromatogram of chloroform fraction of methanolic extract of L. Siceraria fruits (CFMLS)

extract.

Table 3. R; values and percentage area of the peaks showing
separated phytoconstituents in HPTLC chromatogram of acetone
fraction of methanolic extract of L. Siceraria fruits

Peak Trackl1 Track 2 Track 3
No. 5ul CFMLS 10 pl CFMLS 20 ul CFMLS
R, Area% R; Area% R, Area %

1 -0.03  0.35 -0.03  0.27 -0.03  0.28
2 0.04 7.30 0.04 9.32 0.04 11.89
3 0.45 1.5 9 007 1.06 0.07 1.53
4 0.52 48.28 0.21 0.67 0.11 0.71
5 0.64 5.83 0.45 1.51 0.36 0.54
6 0.70 9.30 0.52 53.67 0.37 1.03
7 0.81 11.2 0.64 5.19 0.47 0.82
8 0.90 16.15 0.71 8.00 0.56 53.81
9 ---- ---- 0.82 9.60 0.67 4.06
10 - ---- 0.90 6.07 0.73 5.60
11 - ---- 0.94 435 0.84 5.18
12 - ---- - - 0.93 14.55

ative activity of drugs under investigation. It is known that
sleep prolongation is mediated by serotonin, dopamine,
GABA, opioid, and GABA-BDZ receptors complex.?>3
Therefore, it can be supposed that CFMLS may prolong
thiopental-induced sedation by acting on any of the above
mentioned receptors.

Moreover, the spontaneous locomotor activity and ro-
tarod performance (skeletal muscle relaxation) are regulat-
ed by multiple neurotransmitter systems, like acetylcholine
(ACh), dopamine, serotonin, GABA, opioid, and noradren-
aline.>*** The present study showed that CFMLS significant-
ly inhibited locomotor activity and rotarod performance in
a dose-dependent manner. Therefore, it can be concluded

that CFMLS might have developed inhibitory effects on lo-
comotor activity and rotarod performance by acting on the
dual receptor complex of GABA and opioid receptors.

Furthermore, for the screening of anticonvulsant action,
PTZ and MES models were assessed.>® PTZ test is recog-
nized as an authentic model for human generalized myoc-
lonic seizures and also for absence of seizures. It shows this
action by interaction to t-butyl-bicyclo-phosphorothion-
ate site of the GABA , receptor. PTZ is a blocker of choice
for the GABA , receptor chloride ionophore complex.’” It
produces convulsions by affecting adenosinergic, GABAer-
gic, or glutamatergic systems.”® After inducing seizures,
PTZ causes significant reduction in the levels of cysteine,
glutathione disulfide, and thiols, while raising the levels
of protein disulfides and protein carbonyl, in the cerebral
cortex region of mice.*® The results of our study reported
that CFMLS at the doses of 100, 200, and 400 mg/kg, p.o.
significantly reduced onset of myoclonic seizures in mice.

Similarly, MES test is also a well-recognized model to
assess tonic-clonic seizures. In the test, tonic hind limb
seizures are induced by bilateral corneal or transauricular
electrical stimulation is believed to evaluate potential of
anticonvulsant drug against generalized tonic-clonic sei-
zures.* In our study, CFMLS at doses of 100, 200, and 400
mg/kg, p.o. significantly decreased the duration of HLTE
phase and protected the animals.

Pathophysiology of the epilepsy suggests that the drugs
inhibit the PTZ-induced seizures, which increase GAB-
A, receptor-mediated inhibitory neurotransmission e.g.,
BDZ.4 Moreover, activation of N-methyl-D-aspartate
(NMDA) receptor appears to be involved in the initiation
and generalization of the PTZ induced seizures.*> Accord-
ingly, the drugs that block glutamatergic excitation medi-
ated by NMDA receptor can show anticonvulsant activity
against PTZ-induced seizures.*> By considering all these
reports, it can be assumed that the antiepileptic potential
of CFMLS may be due to its action on GABA, NMDA, or
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glutamatergic neurotransmission.

Additionally, through the brain imaging study, it has
been proved that the consumption of flavonoid and ste-
rol-rich foods enhances the cortical and peripheral blood
flow in brain, and so elevates and maintains the cere-
bro-vascular functions and neurogenesis process.*?

CONCLUSIONS

Traditional herbs have been constantly used for prophy-
laxis and treatment of a number of disorders and ailments
all over the humanity. In recent times, the plant drug dis-
covery is alleged as a leading and thirsty area of interest
for the investigators by considering the multidisciplinary
benefits of herbs. Moreover, the investigations of herbs for
neuropharmacological screening have generated a prospect
to develop novel and safe herbal remedies for the manage-
ment of neuropsychological disorders. The findings of the
present study precisely demonstrate that Lagenaria sicerar-
ia fruits and their bioactive phytocompounds exhibit neu-
roprotective potential.
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Effects of Lagenaria Siceraria Fruits

Pe3ome

BBegeHwue: Lagenaria siceraria (Molina) Standley (ThikBa) — TpafuLIMOHHOE OBOILIHOE pacTeHue, Hojee M3BECTHOE KaK ThIKBA U
nayka (XuHgn). 9To 1o/Isydee pacTeHue, XapaKTepu3ylolleecs: PsoM edeOHbIX CBONCTB. TpafuioHHO 1wioasl Lagenaria siceraria
(LS) ncronp3oBamch 13-3a MX KapUOIPOTEKTOPHOTO, TelIaTOPOTEKTOPHOTO, MOYETOHHOTO ¥ CTAGUTeNbHOTO [eMICTBIS, HO MMEeTCs
OYeHb MAJIO JOCTYITHBIX HAyYHBIX JAHHBIX O €T0 HelIPOIPOTEKTOPHOM IIOTEHIIMATIe.

Llenwn: Hacrosmee nccefoBanue HalIpaB/IeHO Ha OLEHKY HellpogdapMaKoIOrnyeckoro npoduis 060raléHHol CTeporIaMu X/I0po-
(b opMHOIT PppaKLMy METAHONIBHOTO 3KCTPaKTa IVIOOB Lagenaria siceraria B 9KCIIepYMEHTa/IbHBIX MOAE/IAX Ha KMBOTHBIX.

Martepuanbl n metoabi: IIposenéH HelipodapMaKOIOTMIeCKUiT CKPMHIHT Ha KOHKPETHOIT )KMBOTHOI MO/, B3pocibix caMIioB
KpbIC-a7IbOMHOCOB MuHMK Wistar ofBepraay TecTaM Ha MOBefleHueCKoe OTYasHIe U TeCTy B IPUIIOFHATOM KPecTOOOpasHOM nabu-
pUHTE.

TI/IOHeHTaII-I/IHI[yHI/IpOBaHHyIO CeAalNIo, IBUTATEIbHYIO aKTVIBHOCTD U TECT »rota rod* IIpOBOAVIIINT Ha MBIIlIaX-a/1bOMHOCAX TIopoAbI
Swiss. MHJIYLU/IPOB@.HHI)IC TMEHTUIEHTETPA30J/IOM CYyJOPOIU M CyAOPOTIY, BBI3BAHHbIE MAaKCVIMAJIPHBIM 3JIEKTPOIIOKOM, OBII BBITIONTHE-
HbI Ha MbIIIAX-a/IbOMHOCaX TIopoabI Swiss ¢ ICITOTb30BAHMEM TOI Ke MO /1A OLEHKN ITPOTVMBO3MNMIEIITYECKOTO IIOTEHIIMIATIA.

PesynbraTbl: Pe3ynbTaThl 1CCIETOBAHNS TOKA3A/IN, YTO AHKCHOUTUYECKAs aKTUBHOCTD X7I0pohOPMHOIT dpaxiuim, 060raiéHHoil
(bUTOHYTpMEHTaMI METaHOIBHOTO 9KCTPaKTa I1ofoB Lagenaria siceraria (100, 200 1 400 MI/KT IIepopa/bHO), XapaKTepU30Ba/ICH yBe-
JIMYeHNeM BpeMeHM NpeObIBaHMA Y YBeINYeHNeM KOINYeCTBA BXOLOB B OTKPBITIE OTBETBJICHNA IIPOTOTUIA IIPUIIOFHATOrO KPeCTo-
06pa3HOro 1abMPUHTA. 10 CPABHEHNIO C KOHTPOIBHOI rpymmoii (p<0.001). ®pakuus xmopodopma (100-400 Mr/Kr, 11.0.) IIOKa3asa f0-
303aBICHMOE JOCTOBEPHOE COKpallieHNe IPOIO/DKUTeNbHOCTI nMMobuu3anuu (p<0.001) B moBefeHUeCKOM TecTe oTUasHusA. TOYHO
TaK e Qpakiys x1opodopMa IMoKasana sSHaIUTeTbHOE CHIDKEHMe KOOpAMHALNY ABIbKeHnit (p<0.001) u ya/MHeHne BpeMeHM CHa,
BBI3BAaHHOTO THOMEeHTaIoM (p<0.001) Bo Bpems MccnefoBaHmil Ha >XMBOTHBIX. Kpome Toro, nctpiryemas Gppakiys 3Ha4YNTENIbHO YBe-
mn4uBana (p<0.001) BOSHMKHOBEHME MUOKIOHIYECKMX CYJ0POT B MOJEIN CYIOPOT, MHAYLVIPOBaHHBIX IEHTU/IEHTTPA30JI0M, a TAKXKe
B MOJ[e/IH CYOPOT, MHAYLMPOBAHHBIX MaKCHMa/IbHBIM 9/IEKTPOLIOKOM, IIPY BCeX TPEX BBIOPAHHBIX f03aX. VIHTepecHO, 4To dpaKuus
x10podopMa He BbI3bIBA/IA SIBHOI JBUIATENbHON HUCHYHKIMY WM KaKUX-TNOO HOMOTHUTENbHBIX MIPAMIUAHBIX CUMITOMOB HU Y
OJfHOI1 U3 MOJIeIeil XXMBOTHBIX BO BpeMs (hapMaKOTOrNIeCKOTO CKPMHIHTA.

ITpenBapuTeNbHbI GUTOXMMIIECKIIT CKPYHIHT QPaKIMU MMOKa3al HalMdye CalloHMHOB, QUTOCTEPOTIOB, TEPIIEHOUIOB, XUPOB 1
creioB Mo EHOMbHBIX cOCTaBAOmMX. Takoke ObUI mpoBenieH aHams HPTLC.

3ak/oueHune: Jto nepBoe VCCIeNoBaHNe HelIpOIIPOTeKTOPHOrO IIOTeHaNa 008 Lagenaria siceraria mMyTéM BBLABIIEHVS aHK-
CMOHMTMHECKOﬁ, aHTI/I;[IeHPGCCI/IBHOIu/I, CeﬂaTVIBHOﬁ n HpOTI/IBOSHI/IHeHTI/I“IeCKOIV/I AKTUBHOCTY, 4YTO NOATBEPXAAET TpaANIIVIOHHbIE
YTBEPXAEHNA. Ey,uym]/[e UCCIemOBaHUA GYI[YT COCPENOTOYECHDI Ha BbINETIEHUN GI/IoaKTI/IBHI)IX (l)I/ITOHyTpI/ICHTOB I MX TOYHBIX MeXa-
HI3MOB, YYaCTBYIOIIMX B HEMPO3AI[UTHO aKTUBHOCTH.

KnwoueBble cnosa

MIOBEIeHYECKMII TeCT OTYasAHMUA, TeCT NPUIOFHATOrO KpecTOOOpasHOro MabMpUHTA, MaKCUMaJbHble CYAOPOrM, MHAYLVMPOBaHHbBIE
97IEKTPOLIOKOM, CYZOPOTH, VHAYLMPOBAHHbIE IIEHTIIEHTETPA30IOM, GUTOXMMUIECKNIT CKPUHIHL, TECT ,,rota rod’, TMOIeHTaI-MH-
OYLUPOBaHHASA CefaLlus
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