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ABSTRACT
Background: The aim is to study the central nervous system  (CNS) 
depressant, anxiolytic, and antiepileptic activities of methanolic extract 
of Clerodendrum viscosum (MECV) leaves. Materials and Methods: The 
study comprised five groups each with 6 Wistar albino rats. The Group 1 
or the positive control  (phenytoin 30 mg/kg for the epilepsy model, and 
diazepam 1 mg/kg for the other models), Group 2 or negative control (0.9% 
NaCl at 10 ml/kg), and Groups 3–5 or the test drug group (MECV at 200, 
400, and 800  mg/kg). Actophotometer test, staircase test, maximal 
electroshock seizure  (MES) test, and the thiopentone sodium‑induced 
sleep test, were used to study the various parameters. Results: The 
actophotometer test, MES, and staircase test (steps climbed) were analyzed 
using parametric tests. The sleep induction and staircase test  (number 
of rears) were evaluated using nonparametric tests. A  dose‑dependent 
significant  (P  <  0.05) response was observed in the actophotometer 
test, sleep induction, and MES tests in comparison to control. In the 
staircase test at 200 and 400  mg/kg, increase in the number of steps 
climbed, and at 800 mg/kg decrease in both the number of steps climbed 
and rears were observed in comparison to control. Conclusion: MECV 
showed a dose‑dependent CNS depressant action in the sleep induction 
and antiepileptic tests. A  CNS stimulant action was observed at low 
dose (200 mg/kg) and depressant action at a higher dose (800 mg/kg) in 
the staircase test in comparison to control.
Key words: Actophotometer, Clerodendrum viscosum, leaf, maximal 
electroshock seizure, sleep

SUMMARY
•  The aim is to study the central nervous system depressant, anxiolytic and 

antiepileptic activities of methanolic extract of Clerodendrum viscosum 
leaves. In this study, five groups, each comprising 6 Wistar albino rats were 
used. The Group 1 was the positive control group where phenytoin 30 mg/kg 
was considered for the MES model and diazepam 1 mg/kg for all other models. 
Group 2 was the negative control (0.9% NaCl at 10 ml/kg) and Group 3, 4, 5 the 
test drug group (methanolic extract of Clerodendrum viscosum at ‑ 200, 400, 
800 mg/kg). Actophotometer test, staircase test, and MES test were used to 
study the parameters. The variables of the actophotometer test, MES test, 
and staircase test (steps climbed), were analyzed using parametric tests. In 
the sleep induction test and the number of rears analysis, nonparametric tests 
were used. A  dose‑dependent statistically significant  (P  <  0.05) response 
was observed in the actophotometer test, sleep induction test and MES 
test. In the sleep induction test, the extract showed a  188.63%, 237.13% 
and 514.94%  effect at 200, 400, and 800 mg/kg, while the positive control 

displayed 242.92% effect. In the staircase test, low doses increased the 
number of steps climbed, and higher doses decreased both the number of 
steps climbed and rears. Thus, methanolic extract of Clerodendrum viscosum 
showed a dose‑dependent central nervous system depressant, antiepileptic 
action and in the staircase test a central nervous system stimulant action at 
low doses of 200 mg/kg and depressant action at higher doses of 400 and 
800 mg/kg.

Abbreviations used: GLP: Good laboratory practice; CPCSEA: Committee 
for the Purpose of Control and Supervision of Experiments on Animals; 
IAEC: Institutional Animal Ethical Committee; CNS: Central nervous system; 
BZDs: Benzodiazepines; IP: Intraperitoneal ANOVA: Analysis of variance; 
MECV: Clerodendrum viscosum; HLE: Hind limb extension; HLF: Hind 
limb flexion; NMDA: N‑methyl‑D‑aspartate; MES: Maximal electroshock 
seizures; MECV: Methanolic extract of Clerodendrum viscosum; GABA: 
Gamma‑Aminobutyric acid; CCK: Cholecystokinin; PME: Pseudospondias 
microcarpa; ECG: Electrocardiography; REM: Rapid eye movement; 
NREM: Nonrapid eye movement.
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ORIGINAL ARTICLE

INTRODUCTION
Statistical data states 20%–40% of the general population, comprising 
more than 7% of the adult population, showing a prevalence figure 
of 14% is suffering from anxiety disorders.[1,2] Insomnia is another 
serious health issue in both the geriatric and adolescent population. 
Recent data established the prevalence of insomnia to be comparable 
to primary psychiatric disease such as depression. Moreover, 88% of 
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an adolescent presenting with insomnia are known to have chronic 
insomnia.[3]

About 70 million people worldwide have epilepsy, and 80% of this data 
is from the contributions of developing countries.[4] Moreover, recently, 
it was found that one‑third of the patients with epilepsy do not respond 
to modern allopathic medicine, thus increasing the incidence to 1% 
worldwide.[5] These alarming figures on anxiety, insomnia, and epilepsy 
along with the prevalence in developing countries have prompted us 
into exploring for safer and cost‑effective remedies, and thus lies the 
motivation for this research.
Clerodendrum viscosum line belongs to the family of Verbenaceae.[6] 
About 580 species have been identified so far and grown worldwide.[7] 
It is a perennial shrub, about 4 feet height and widely distributed in the 
Asian subcontinent (Sri‑Lanka, Bangladesh, India, Myanmar, Indonesia, 
and Thailand).[8,9] The morphology of the leaf is unique, being large, oval 
in shape, arranged in whorls, with denticulate margins and an acuminate 
apex.[8] The plant also displays allelopathic effect. This allelopathic effect 
has been reported a few decades back in the year 1982, where the decaying 
parts of the plant had effects on five weed species. This allelopathic 
property displayed a profound impact on the agroecosystem, and thus 
C. viscosum could be a possible option for promoting agroforestry in 
future.[10]

Folklore medicine has enumerated a multitude of uses of Clerodendrum 
plant, in different medical disciplines such as Ayurveda, Yunani, 
and homeopathy. The plant leaves were used in various ailments 
in folklore medicine, however, apart from the antinociceptive and 
antioxidant property of the leaf, no other activities have been recorded 
in favor of central nervous system  (CNS) activity of this plant.[7] 
The phytochemistry of the plant is well established. The leaf harbors 
a factory of phytochemicals such as flavonoids, terpenes such as 
monoterpenes (myrcene, pinene, limonene, and cymene), sesquiterpenes, 
triterpenoids, fixed oil, saponins, carbohydrates, tannins, phenolic 
compounds, and phytosterols.[6,11,12] The reported pharmacological 
activities of the leaves are as follows: antihelminthic  (aqueous leaf 
and root),[13] antinociceptive and antioxidant  (methanolic, leaves),[9] 
antihyperglycemic (methanolic, leaf).[14]

The standard drugs benzodiazepines  (BZDs) and newer non‑BZDs 
used for anxiety, insomnia, and epilepsy are notorious for their daytime 
fatigue, cognitive impairment, gastrointestinal disturbances, physical 
dependence, and abuse liability. Moreover, patients operating machinery, 
elderly, children and with heart disease should be cautioned on the use 
of these medicines.[15]

Recent findings from our laboratory confirmed the presence of 
pharmacologically active compounds possessing CNS activities in the 
methanolic extract of C. viscosum  (MECV).[8] In this study, we have 
tried to establish a link with the deciphered compounds from Gas 
chromatography‑mass spectrometry  (GCMS) in our laboratory to 
the pharmacological effects in animal models. However, due to lack 
of resource and funding, we could not execute the studies using these 
bioactive compounds, and we plan to do it in the future. Moreover, 
considering the advantages in cultivation, affordable cost, safety profile, 
and the novelty, we decided to conduct a neuropharmacological 
evaluation of the C. viscosum leaf on anxiety, insomnia, and epilepsy 
using animal models.

MATERIALS AND METHODS
Preparation of extract
The leaves  (50 g) were kept under open air and dried. After that, the 
leaves were coarsely powdered and extracted with methanol  (250 ml) 
in Soxhlet apparatus for 24  h. The ratio of the leaf powder and 

methanol used was 1:5. The extract was filtered and concentrated under 
reduced pressure at 40°C using a rotary evaporator to obtain a viscous 
semi‑solid mass. The yield generated was 63.20% (63.20 g of extract per 
100 g of leaves).

Chemicals
Thiopentone sodium  (Thiosol, Neon Laboratories Limited, Andheri, 
Mumbai, Maharashtra, India), diazepam (Calmpose inj, Ranbaxy 
Laboratories Ltd, Nehru Place, New Delhi, India), phenytoin  (Eptoin, 
Akums Drugs and Pharmaceuticals Ltd., Ranipur, Haridwar, 
Uttarakhand, India), and other solvent chemicals of analytical grade 
were used.

Animals
Wistar albino rats weighing between 120 and 150 g irrespective of sex 
were taken in this study. They were singly housed and acclimatized to the 
laboratory conditions for 1 week before the tests. Food and water were 
delivered ad libitum. The animals were kept in a 12 h light/dark cycle. 
The temperature  (26°C  ±  1°C) was maintained in the animal house. 
Behavioral experiments were conducted in the morning hours, and the 
animals were monitored for 1‑h after the experiments.

Grouping
This study is a randomized control experimental study. The study 
was divided into five groups. The route of administration was 
intraperitoneal  (IP). The Group  1 was the positive control group or 
the reference/standard drug group where phenytoin 30  mg/kg was 
considered for the epileptic model, and for all the other models diazepam 
1 mg/kg was taken. Group 2 was the negative control group considering 
0.9% NaCl at 10 ml/kg, and groups 3–5 was the test drug group (MECV 
at 200, 400, and 800 mg/kg).

Animal experiments
Actophotometer test
An actophotometer is a device used to test locomotor activity on rats and 
mice. The apparatus consists of six inbuilt light sources, a photosensor for 
detecting the movement of animals and a digital counter for recording 
the locomotor activity. The photosensor works on the principle that 
when the animal blocks a beam of light falling on the photocells, a count 
is recorded and displayed on the digital counter.[16] In this study, rats 
were placed in the actophotometer and their basal activity recorded over 
the period of 300 and 600 s. The recording of data for activity score was 
done before and after 30 min of administration of the various treatment 
groups, for 300 s and 600 s. The results were interpreted by decreased or 
increased activity score. The percentage decrease in motor activity was 
calculated using the formula:
% reduction in motor activity = (Wa–Wb/Wa) ×100%
Where; Wa: Basal score, Wb: Score after treatment.[17]

Staircase method
The staircase test is a method used for the evaluation of anxiety in 
rats and mice. The principle of the test lies in the fact that when rats 
are placed in a new environment, they experience anxiety and exhibits 
increased locomotor activity. The apparatus consists of 5 identical steps, 
2.5 cm high, 10 cm wide, and 7.5 cm deep. The height of each step is 
equal throughout the apparatus. The interpretation of this test lies in the 
number of steps climbed by the rat and the number of years after the test 
drug administration. Rearing is typical behavior in rats when it stands on 
its hind leg on a step.[18] Each animal was used only once. The test or the 
standard drug was given 30 min IP before the experiment. The animals 
were placed on the floor, with their back facing the staircase device and 
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observed for 5 min. The number of steps climbed, and the number of 
rears was recorded. The steps climbed by the animal were considered 
only when all the four paws of the rat were on a step. The number of 
steps descended by the animal was not counted. The staircase device was 
cleaned after each animal to remove feces and other olfactory cues which 
could manipulate the behavior of the animals.[19]

Prolongation of sleep induction test
In this experiment, the test drug MECV  (200, 400, and 800  mg/kg) 
was administered IP, 30  min before administration of 40  mg/kg IP of 
thiopentone sodium. The purpose of this experiment was to observe the 
loss of righting reflex in the animals. Loss of righting reflex is defined as 
when on turning the animal, the animal does not roll back, and this is 
interpreted as the animal to be asleep. The duration of sleep noted in this 
study was taken from the time of onset of sleep (loss of righting reflex) to 
the recovery measured in seconds.[20]

The percentage effect was calculated using the formula:[21]

( )

Average duration of loss of 
righting reflex in the test group

Effect % 100
Average duration of loss of righting 

reflex in the control group

= ×

Anti‑epileptic activity
Maximal electroshock seizure model
This method was followed as per the description of Giardina and Gasior, 
2009.[22] The test drug MECV (200, 400, and 800 mg/kg) was administered 
IP 30 min before the induction of seizures by an electroconvulsiometer. 
Seizures were induced with ear electrodes at 60 Hz of alternating current 
for 0.2 s. The parameters recorded were the onset of seizures, hind limb 
flexion  (HLF) and hindlimb extension  (HLE), stupor and recovery. 
A drug is considered a potent antiepileptic on abolishing the hind limb 
tonic extension phase of the convulsions. This fact has been given due 
importance in this experiment and considered as a positive criterion. 
Moreover, we have also recorded the death and survival data of the rats. 
The degree of protection afforded by the test drug was calculated using 
the following formula:[23]

% inhibition of seizure = 100 (1‑[DT/DC]).
DT = Duration of seizure after test drug treatment.
DC = Duration of seizure without any drug treatment.

Ethical committee approval
Institutional Animal Ethical Committee (IAEC) (No. 003/IAEC/IMS and 
SH/SOAU) permission was obtained before conducting the experiments. 
Animal experiments and care were supervised and ensured with strict 
adherence to the committee for the purpose of control and supervision 
of experiments on animals (CPCSEA) and good laboratory practice 
(GLP) guidelines.

Sample size estimation
Sample size estimation was done using  G*Power software version 3.1.9.2. 
For one‑way analysis of variance (ANOVA), effect size f = 0.70, α error 
P = 0.05, power (1‑β error probability) =0.80, and the number of groups 
five were taken into consideration.[24] The total sample size was calculated 
to be 30 which was equally distributed among the five groups comprising 
of 6 in each group.

Statistical tests
The variables of the actophotometer test, maximal electroshock 
seizure  (MES), and staircase test  (steps climbed) satisfied the 
normality assumption after the Shapiro–Wilk normality test. Hence, 

parametric test such as one‑way ANOVA followed by a post hoc 
Bonferroni test for pair‑wise comparison of various group means 
was undertaken. The variables in the sleep induction test and the 
staircase test (number of rears) did not satisfy normality assumptions. 
Hence, nonparametric tests such as Kruskal–Wallis test followed by 
Mann–Whitney’s U‑test were done.

RESULTS
Actophotometer test
In the actophotometer test, the mean activity scores for 300 s and 600 s 
before drug administration is displayed in Table 1. The results reveal the 
six groups to be comparable for 300 and 600 s (P = 0.73 and P = 0.92, 
respectively), implying that the treatment groups were not significantly 
different before the administration of test drug. The mean activity scores 
for 300 s and 600 s after drug administration is displayed in Table  2. 
The difference among the treatment groups was significant (P = 0.00). 
Moreover, with the increase in the dose of MECV from 200 to 800 mg/
kg, a decrease in the mean activity score is observed on comparison to 
control. This pattern of decrease in the response with increase in dose or 
dose‑dependent decrease can be appreciated in Figure 1. Bonferroni’s test 
for the mean activity scores in the actophotometer test for 300 s and 600 s 
were done. The mean activity score for positive control was significantly 
lower than all other treatment groups in a dose‑dependent manner, 
except that the negative control was significantly lower than MECV 
200. There were significant differences among the groups (P = 0.00). The 
percentage reduction of motor activity offered by MECV 800 mg/kg at 
300 s and 600 s was 79.45% and 72.63% respectively, while diazepam 
showed 83.22% and 81.29%. MECV 400 mg/kg displaying 21.05% and 
7.01% at 300 s and 600 s, respectively.

Staircase test
The mean number of steps climbed among the treatment groups varied 
significantly (P = 0.00) and displayed in Table 3. Here, a unique pattern 
was observed. MECV 200 mg/kg has the highest mean number of steps 
climbed  (24.5  ±  1.37) followed by MECV 400  mg/kg  (13.17  ±  1.47), 
positive control  (12.67  ±  1.21), negative control  (6.17  ±  1.47) and 
MECV 800  mg/kg  (5.33  ±  1.63). Pairwise multiple comparisons 
were done. Significant  (P  =  0.00) differences among all the group 
comparisons were noted except, between groups  MECV 400  mg/kg 
and positive control  (P  =  1.00) and MECV 800  mg/kg and negative 
control  (P = 1.00). A visual representation of the same is displayed in 
Figure 2. The comparison of mean number of rears revealed significant 
difference among the treatments  (P = 0.00)  [Table 4]. Mann–Whitney 
U‑test for pairwise comparison of no. of rears revealed that MECV 

Table 1: Descriptive data of the activity score before methanolic extract of 
Clerodendrum viscosum administration in the actophotometer test

Treatments (n=6) Activity score for 300 s Activity score for 600 s

Mean±SD SE Mean±SD SE
Positive control 221.17±3.25 1.32 311.50±3.78 1.54
Negative control 220.17±5.84 2.38 309.83±2.48 1.01
MECV 200 218.50±4.59 1.87 310.67±4.59 1.87
MECV 400 219.83±3.18 1.30 310.00±4.29 1.75
MECV 800 221.67±3.88 1.58 311.00±2.53 1.03
P 0.73 0.92

Positive control; diazepam 1 mg/kg. Negative control; 0.9% NaCl at 10 ml/kg. 
Statistical test used; ANOVA. Level of significance; P<0.05. No significant difference 
seen among the group mean activity scores before MECV administration. MECV 
doses expressed; mg/kg. Route of administration; intraperitoneal. SD: Standard 
deviation; SE: Standard error; MECV: Methanolic extract of Clerodendrum 
viscosum; ANOVA: Analysis of variance
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200  mg/kg, MECV 400  mg/kg and MECV 800  mg/kg did not have a 
significantly different number of rears  (P > 0.05). The positive control 
has a significantly lower number of rears than the negative control. 

Positive control and MECV 200  mg/kg did not have significant 
difference (P = 0.07). Positive control has significantly higher mean for 
the number of rears than MECV 400  mg/kg and MECV 800  mg/kg. 
Negative control has significantly higher number of rears than MECV 
200 mg/kg, MECV 400 mg/kg and MECV 800 mg/kg  (P < 0.01). The 
graphical representation of the same is illustrated in Figure 3.

Sleep induction test
Comparison of the mean time of onset of sleep and recovery among the 
treatment groups are furnished in Table 5. The mean onset of sleep and 
recovery differ significantly among the treatment groups as revealed by 
Kruskal Wallis test (P = 0.00). The dose‑dependent decrease in the onset 
of sleep with increase in dose of MECV and the dose‑dependent increase 
in the mean recovery time by MECV can be appreciated in Figures 4 and 5. 
The percent effect in the sleep induction test was also calculated. MECV 
showed a 188.63%, 237.13%, and 514.94% effect at 200, 400, and 
800  mg/kg, respectively, while the positive control displayed 242.92% 
effect. In the Mann–Whitney’s test, significant differences  (P  <  0.05) 
among all the group comparisons in the onset of sleep were seen except 
MECV 200  mg/kg and positive control  (P  =  0.05). On analyzing the 
recovery time, all the groups showed a significant difference (P < 0.05) 
except MECV 400 mg/kg and positive control (P = 0.80).

Maximal electroshock seizure test
The comparison of epileptic parameters such as the onset of epilepsy, 
HLE, HLF, stupor and recovery, among treatments is presented in 
Table  6. Significant  (P  =  0.00) difference in all the four parameters 
among all the groups was noted. As shown in Table 6, we can appreciate 
that the mean onset of epilepsy gradually increased with the increase in 
the doses of MECV or showing a dose‑dependent increase, such that 
MECV at 800  mg/kg is almost comparable to Phenytoin. The other 
parameters such as the HLE, HLF, stupor, and recovery showed a gradual 
decrease in the duration with the increase in the doses of MECV from 
200 to 800 mg/kg or displayed a dose‑dependent decrease. In Figure 6, 
the percentage inhibition of seizures has been portrayed. Bonferroni’s 
pairwise multiple comparison tests were done, and some important 
findings were noted. On comparing the onset of seizures, all the groups 
showed statistically significant  (P  <  0.05) difference except MECV 

Figure 1: Bar diagram with error bars showing comparison of activity score 
after methanolic extract of Clerodendrum viscosum (MECV) administration 
in the actophotometer test. Positive control; Diazepam 1 mg/kg. Negative 
control; 0.9% NaCl at 10 ml/kg; *P < 0.05, **P < 0.01, group means differing 
significantly for both 300  seconds and 600  seconds on comparison to 
negative control. Data expressed as error bar ± standard deviation (n = 6). 
Methanolic extract of Clerodendrum viscosum doses expressed; mg/kg. 
Route of administration: intraperitoneal
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Figure  2: Bar diagram with error bars showing the comparison  of the 
mean  no. of steps climbed  among treatments in the Staircase test. 
Positive control; Diazepam 1mg/kg. Negative control; 0.9 % NaCl at 10ml/
kg; *P < 0.05, **P < 0.01, group means differing significantly in comparison 
to negative control except methanolic extract of Clerodendrum viscosum 
(MECV) 800. (MECV) 800. Data expressed as Error bar ± SD (n = 6). MECV 
doses expressed; mg/kg. Route of administration; intraperitoneal

Table 2: Descriptive data of the activity scores after methanolic extract of 
Clerodendrum viscosum administration in the actophotometer test

Treatments (n=6) Activity score for 300 s Activity score 600 s

Mean±SD SE Mean±SD SE
Positive control 38.50±2.17 0.89 49.33±4.32 1.76
Negative control 229.50±2.51 1.03 263.67±3.93 1.61
MECV 200 308.67±2.73 1.12 401.00±3.03 1.24
MECV 400 181.17±2.99 1.22 245.17±2.99 1.22
MECV 800 47.17±5.12 2.09 72.17±5.12 2.09
Total 161.00±106.59 19.46 206.27±132.92 24.26
P 0.00 0.00

Positive control; diazepam 1 mg/kg. Negative control; 0.9% NaCl at 10 ml/kg. 
Statistical test used; ANOVA. Level of significance; P<0.05. Significant difference 
among the treatments seen (P=0.00) for activity scores at 300 and 600 s. MECV 
doses expressed; mg/kg. Route of administration; intraperitoneal. SD: Standard 
deviation; SE: Standard error; MECV: Methanolic extract of Clerodendrum 
viscosum; ANOVA: Analysis of variance

Table 3: Descriptive data of mean number of steps climbed among 
treatments in the staircase test

Treatments (n=6) No steps climbed

Mean±SD
Positive control 12.67±1.21
Negative control 6.17±1.47
MECV 200 24.50±1.37
MECV 400 13.17±1.47
MECV 800 5.33±1.63
P 0.00

Positive control; diazepam 1 mg/kg. Negative control; 0.9% NaCl at 10 ml/kg. 
Statistical test used; ANOVA. Level of significance; P<0.05. Significant difference 
among the groups seen  (P=0.00). MECV doses expressed; mg/kg. Route of 
administration; intraperitoneal. MECV: Methanolic extract of Clerodendrum 
viscosum, SD: Standard deviation; ANOVA: Analysis of variance
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800 mg/kg and phenytoin 30 mg/kg (P = 1.00). In the HLE parameter 
no significant differences were noted comparing phenytoin with MECV 
400  mg/kg  (P  =  1.00) and MECV 800  mg/kg  (P  =  1.00). Similarly, in 
the HLF, all groups showed significant  (P  <  0.05) difference except 
phenytoin and MECV 800 mg/kg (P = 1.00). The pattern was repeated 
in the following parameters such as stupor, recovery, and total duration 
where phenytoin on comparing with MECV 200, 400, and 800 mg/kg 
showed no significant difference (P = 1.00).

DISCUSSION
Actophotometer is a reputed method for screening locomotor and 
antianxiety activity on rodents. The principle of this test being locomotor 
activity is an index of alertness, and thus, a decrease in the same after 
drug administration indicates a sedative action or CNS depressant 
action.[25] The staircase test is a specific and reliable model for measuring 
anxiety. Rats display anxiety behavior by increased awareness of 
surroundings, behavioral alterations, and thigmotaxis.[26] The number 
of steps climbed portrays exploratory behavior, or the number of rears 
indicates anxiety in rats.[27] The dissociation of these parameters is the 
goal of anti‑anxiety drugs. Anxiolytic agents will decrease the rears 
and increase the number of steps climbed. However, in this study at 
lower doses of MECV such as 200 and 400 mg/kg, the number of steps 
climbed was more than the control group and phenytoin suggesting a 
CNS stimulant action, but at the highest dose which is 800 mg/kg the 
steps climbed showed a phenomenal decrease compared to the positive 
and negative control groups. The number of rears gradually decreased 
with the increase in the doses of MECV compared to the positive and 
negative control. This decrease in both the number of steps climbed and 
rears at high dose (MECV 800 mg/kg) suggests a CNS‑depressant action. 
A similar pattern has also emerged in the Actophotometer test. One of 
the possible explanations for such statistical insignificance in the number 
of steps climbed at 800 mg/kg MECV could be due to the differences 
in the expression of bioactive ingredients in MECV. Increasing the 
concentration of MECV could have led to increase in the concentration 
of certain bioactive components which could have masked the expression 
of active ingredients in the MECV extract responsible for displaying 
anti‑depressant action.[28] The biphasic profile of anxiolytics such as 
diazepam belonging to the BZD group, which increases exploratory 
behavior in low doses and inhibits the same at higher doses have long 
been reported. Our extract, MECV could be mimicking the pattern of 
action as diazepam, but further studies are needed to prove the same.[29,30]

Thus, in this study, the mechanism mediated by MECV could be due to 
CNS depression or muscle relaxation or anxiolytic or due to multiple 
actions.[31] However, certain questions do arise such as does anxiety 
and depression override each other? Is anxiety an earlier manifestation 
of depression? There are studies which have confronted the same 
questions and similarly needs further exploration to confirm such 
postulations.[32]

Figure  3: Bar diagram with error bars displaying the comparison of 
mean no. of rears among treatments in the Staircase Test. Positive 
control; Diazepam 1mg/kg. Negative control; 0.9% NaCl at 10  ml/kg; 
*P < 0.05, **P < 0.01, group means differing significantly in comparison to 
negative control. Data expressed as error bar ± standard deviation (n = 6). 
Methanolic extract of Clerodendrum viscosum (MECV) doses expressed; 
mg/kg. Route of administration; intraperitoneal

Figure  4: Bar diagram with error bars denoting the comparison of the 
mean onset of sleep  (minutes) among the different groups. Positive 
control; Diazepam 1  mg/kg. Negative control; 0.9% NaCl at 10  ml/kg; 
*P < 0.05, **P < 0.01, group means differing significantly on comparison to 
negative control. Data expressed as error bar ± standard deviation (n = 6). 
Methanolic extract of Clerodendrum viscosum (MECV) doses expressed; 
mg/kg. Route of administration; intraperitoneal

Table 4: Descriptive statistics and mean ranks of number of rears among 
treatments in the staircase test

Treatments (n=6) Number of rears

Mean±SD Mean rank
Positive control 2.33±0.81 18.67
Negative control 10.67±2.42 27.50
MECV 200 1.50±0.54 13.00
MECV 400 1.17±0.75 10.67
MECV 800 0.67±1.03 7.67
Kruskal–Wallis (P) 0.00

Positive control; diazepam 1 mg/kg. Negative control; 0.9% NaCl at 10 ml/kg. Level 
of significance; P<0.05. Significant difference among the groups (P=0.00) observed. 
MECV doses expressed; mg/kg. Route of administration; intraperitoneal. MECV: 
Methanolic extract of Clerodendrum viscosum, SD: Standard deviation

Table 5: Descriptive statistics and mean ranks of the time of onset of sleep 
and recovery (min) among the different groups in the sleep induction test

Treatments (n=6) Onset of sleep (min) Time of recovery (min)

Mean±SD Mean rank Mean±SD Mean rank
Positive control 4.79±0.58 20.50 217±22.63 18.75
Negative control 7.67±0.47 27.50 89.33±3.33 3.50
MECV 200 4.01±0.02 16.50 168.50±5.32 9.50
MECV 400 2.01±0.01 9.50 211.83±7.49 18.25
MECV 800 0.99±0.01 3.50 460±33.47 27.50
Kruskal–Wallis P 0.00 0.00

Positive control; diazepam 1 mg/kg. Negative control; 0.9% NaCl at 10 ml/
kg. Level of significance; P<0.05. Significant difference among the groups 
seen (P=0.00) for both study parameters. MECV doses expressed; mg/kg. Route 
of administration; intraperitoneal. MECV: Methanolic extract of Clerodendrum 
viscosum, SD: Standard deviation
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There are many mechanisms for anxiety, and the pathogenesis 
remains confounding. The alterations of neurotransmitters and 
transporters (such as noradrenergic, serotonergic, glutaminergic, and 
gamma‑aminobutyric acid  [GABA]‑ergic neurons), the impact of 
hormonal undulations  (such as neuropeptide Y and cholecystokinin), 
and free radicals are some of the mechanisms for anxiety generation 
in our body. Among the neurotransmitters, low levels of GABA play 
a significant role in the biogenesis of anxiety. The GABA‑A receptor 
type‑ionophore complex is a voltage‑gated receptor involved in sedation, 
as a muscle relaxant and anxiety in the CNS.[33] GABA is an inhibitory 
neurotransmitter affecting both GABA‑A and GABA‑B receptor.[34] In 
fact, various neuropsychiatric and neurodegenerative disorders such 
as Parkinson syndrome, epilepsy, depression, Alzheimer’s disease are 
mediated by GABA receptor. GABA binds to the alpha subunit, leading 
to an increase in chloride ion conductance and inhibition of the action 
potential.[35] Diazepam a BZD used in the actophotometer test and 
staircase test act via this receptor. Diazepam causes structural change and 
potentiates the GABA‑A receptors, causing membrane hyperpolarization, 
and eventually resulting in a decrease in the firing rate of neurons in the 
brain. Another way of elucidating this mechanism is that the increase 
in GABA neurotransmission has a damping effect on the stimulatory 
pathways giving a calming psychological impact on the subject.[25]

Nevertheless, other mechanisms involving free radicals cannot be 
ignored. Free radical damages the noradrenergic and serotonergic 
nervous systems. Understanding the symptoms of anxiety such 

as restlessness, feeling of impending doom, tiredness, inability to 
concentrate, irritability, increased muscle tension, and sleep disturbance 
is essential to appreciate the results on animals. In this study, the dilemma 
lies in what could be the mechanism of action of our extract. The effect 
of the present research directs us to speculate that there must be some 
ingredients in MECV which could facilitate this inhibitory system or 
alter the hormonal levels, with or without parallel antioxidant action or 
could be by using several mechanisms.[31]

CNS depressant drugs such as thiopental sodium are a barbiturate and 
activate the inhibitory GABAergic system. It binds to the barbiturate 
binding site on the GABA‑A chloride‑channel receptor complex and 
potentiates the GABA‑mediated hyperpolarization of postsynaptic 
neurons. Our findings corroborate to the sedative action inducing 
capacity of diazepam, and the possible mechanism could be by enhancing 
the effect of thiopentone sodium.[19] Moreover, thiopental also blocks 
excitatory glutamate receptors.[36] Hence, exploring whether MECV has 
an impact on the glutamate receptors further study is required.
The fundamentals of the MES‑induced convulsion model are that 
convulsions generated here are due to the influx of sodium through the 
opening of sodium channels and subsequent increase in the glutamate 
levels, an excitatory neurotransmitter. After that, glutamate binds to 
N‑methyl‑D‑aspartate receptors, exhibiting epilepsy in humans. Based on 
the underlying mechanism of MES convulsions, MECV could act either by 
blocking the sodium channel or by reducing the excitatory neurotransmitter.

Figure  5: Bar diagram with error bars comparing the mean recovery 
time  (minutes) in the sleep induction test among the groups. Positive 
control; Diazepam 1  mg/kg. Negative control; 0.9% NaCl at 10  ml/kg; 
*P < 0.05, **P < 0.01, group means differ significantly in comparison to 
negative control. Data expressed as error bar ± standard deviation (n = 6). 
Methanolic extract of Clerodendrum viscosum (MECV) doses expressed; 
mg/kg. Route of administration; intraperitoneal

Figure  6: Bar diagram showing the percentage inhibition of seizures 
among the groups in the MES model. Positive control; Phenytoin 
30 mg/kg, Negative control; 0.9% NaCl at 10 ml/kg. *P < 0.05, **P < 0.01. 
Percentage inhibition of seizures in each group (n = 6) on comparison to 
negative control. Methanolic extract of Clerodendrum viscosum (MECV) 
doses expressed; mg/kg. Route of administration; intraperitoneal

Table 6: Descriptive data of the various epileptic parameters (onset, hind limb extension, flexion, stupor and recovery, and total duration) among different 
groups

Treatments* Mean±SD

Onset epileptic activity HLE (s) HLF (s) Stupor and recovery(s) Total duration(s)
Positive control 7.00±0.89 3.83±1.94 7.50±1.87 41.00±4.94 52.33±2.25
Negative control 1.28±0.02 32.17±7.41 46.00±3.90 373.00±279.63 443.33±288.18
MECV 200 2.75±0.44 9.33±1.63 17.33±1.86 98.50±2.59 125.17±2.86
MECV 400 4.60±0.44 6.00±1.26 11.83±0.75 51.67±4.50 69.50±3.21
MECV 800 7.50±0.48 2.08±0.80 8.00±1.27 33.25±3.66 43.33±3.33
P 0.00 0.00 0.00 0.00 0.00

Positive control: Phenytoin 30 mg/kg. Negative control; 0.9% NaCl at 10 ml/kg. *Sample size; 6 for each treatment groups except for parameters (stupor and total 
duration); 3 animals died. Level of significance; P<0.05. Significant difference among the groups seen as P=0.00 for all the parameters among the groups. MECV doses 
expressed; mg/kg. Route of administration; intraperitoneal. MECV: Methanolic extract of Clerodendrum viscosum; HLF: Hind limb flexion, HLE: Hind limb extension, 
SD: Standard deviation
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Compounds isolated from GCMS of Clerodendrum leaves revealed 
compounds such as 5‑Hydroxymethylfurfural,[8] xylitol, n hexadecanoic 
acid, and 4H‑Pyran‑4‑one, 2,3‑dihydro‑3,5‑dihydroxy‑6‑methyl, 
possessing antioxidant property.[37,38] Benzofuran, 2,3‑dihydro‑has 
been reported as an analgesic and anti‑inflammatory agent.[39] Glycerol 
has been published with an anti‑inflammatory effect.[40] Orcinol,[41] 
5‑Hydroxymethylfurfural,[42] N, N‑dimethylglycine,[43] and 4‑Pyranone, 
2,3‑dihydro[44] have been found with CNS activities. These compounds 
could be responsible for the neuropharmacological activities of MECV.
There are shortcomings to this study. For some test parameters, 
nonparametric tests were used, which could be replaced with a parametric 
analysis with a larger sample size. In arriving at a conclusion that BZD 
receptor is participating in the hypnotic effects of MECV, flumazenil, a 
specific antagonist could be used and incorporating such as step would 
lend further credence to the study. Thiopental sodium is a potent enzyme 
inducer. Hence, we should have studied the enzyme‑inducing property 
of thiopental sodium. The cytochrome P450 enzyme system metabolizes 
majority of the drugs/xenobiotics. Therefore, there are chances of 
interactions and toxicities between herbal products and drugs. A study 
was done where pretreatment with phenobarbitone for two consecutive 
days shortened the duration of sleep in Pseudospondias microcarpa (PME) 
extract treated mice. This reduction in sleeping time suggests that PME 
induced cytochrome P450 enzyme activity. Thus, the possibility of 
interactions between thiopental and MECV must be considered before 
establishing a concluding statement.[45] Electrocardiography stracing 
and the effect of the extract on specific stages of sleep such as rapid eye 
movement (REM) and non‑REM sleep needs to be done. Furthermore, 
LD50/ED50 studies are also essential studies that need to be done. The 
challenge also lies in not having much information on the bioactive 
compounds directly responsible for antiepileptic, anxiolytic, and CNS 
depressant actions. C. viscosum has shown very potent CNS depressant 
action henceforth, the search for the bioactive ingredients accountable 
for this action should begin vigorously. These are some of our drawbacks 
and our future quest to undertake it later.

CONCLUSION
Thus, we would conclude on the note that MECV displayed a statistically 
significant (P < 0.05) dose‑dependent CNS depressant response and thereby 
exhibiting phenomenal hypnotic, anti‑anxiety, and antiepileptic action in 
respect to control. Nevertheless, MECV also displayed a unique property 
of a CNS stimulant nature at low dose (200 mg/kg) and CNS‑depressant 
action at a higher dose (800 mg/kg) in comparison to control.
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