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Abstract

Introduction: This investigation was carried out to analyze the central nervous system
(CNS) depressant effect of the plant Cleome rutidosperma extract, after it was found to
have been used by the local people in the Philippine for that purpose. Methods: In this
study presented below, the CNS depressant effects of the extract was evaluated in in
vivo mice models; using the standard procedures of Open field, Hole cross and
Thiopental sodium induced sleeping time tests. Results: Using two test extracts at a
concentration of 100 and 200 mg/kg, it was seen that the extracts showed significant (p<
0.01) dose dependent suppression of motor activity in both open field and hole cross
test, 4.67 * 0.68" and 3.00 = 0.45™, respectively at 200 mg/kg. It also showed
significant (p< 0.01) decrease in the time for the onset of sleep (5.00 = 0.45 at 200 mg/
kg); and an increase in sleeping duration (70.20 = 0.66 at 200 mg/kg), when compared
with the positive control Thiopental sodium. Conclusion: Overall, the study
demonstrates that the extracts used, showed promising CNS depressant effect. Further
study needs to be carried out on the extract to isolate the active constituent, so that it
can be assessed for therapeutic use.
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Introduction

Anxiety and depression are two most prevalent psychiatric diseases that have
been reported in these days. More than 20% of the mature population suffers
from these diseases at some part of their lives (Buller and Legrand, 2007; Titov
et al., 2010; Yadav et al., 2008). Sedative and hypnotics drug classes are being
used to cure anxiety and these drugs produces relaxation by reducing onset of
sleep time as well as increasing duration of sleep (Katzung et al., 2011). Thus,
present demand has increased use of these drugs largely, to treat different
psychiatric disorders like, anxiety and insomnia. However, continuous use of this
sedative-hypnotic therapeutics may cause some serious side effects ranging
from respiratory and immune system disorders to damaging the cognitive nerve
function, and can also cause physical dependency (Dhawan et al., 2003). The
development of a new sedative-hypnotic drug is therefore needed with fewer
side effects and hence, a promising approach to prevent different psychiatric
disorders.

Cleome rutidosperma, is a flowering plant species, which belongs to the genus
Cleome of the family Cleomaceae, and is commonly known as Fringed Spider
Flower or Purple Cleome. This species is a kind of invasive weed that are found
everywhere in the low, wet tropical regions of Asia and Oceania continent. It is a
very common weed of lawns. Crude methanol, chloroform and petroleum ether
extracts of Cleome rutidosperma shows significant analgesic effect and
depressed locomotor activity substantially compared to control treatment with
chlorpromazine (Bose et al., 2004).

Based on this finding, the experiment was carried out to further assess the
extracts potentiality on the Central Nervous System (CNS). We found that the
extract of Cleome rutidosperma, significantly reduced the locomotor activity and
motor coordination in mice. Furthermore, pretreatment with this extract
potentiated thiopental sodium-induced hypnosis in mice by decreasing the
onset of sleep and prolonging sleeping duration. Therefore, our findings
strongly support the sedative and hypnotic activities of Cleome rutidosperma
extract and suggest that, upon successful isolation of the active molecule from
the extract, it can be used in future as treatment of different psychiatric disorders
including insomnia.

Materials-Methods

Extract preparation

C. rutidosperma DC was collected from Mirpur area, Dhaka, Bangladesh in
October, 2013. The specimen of the plant was identified by the taxonomists of
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National Herbarium, Dhaka, Bangladesh (Accession No. 38625). The leaves of
the plant was washed, dried, and mashed to powder. About 500 g of the dried
plant powder was dissolved in 1500 ml of methanol and stirred rigorously for the
following three days. Then the filtrate was collected using a sterilized cotton
filter and dried in a rotary evaporator. Finally, 37.67 g (yield 7.53%) of plant
extract was obtained and stored at freezing condition for future use.

Animal model sampling

20-25 g (male) of Swiss Albino mice were obtained from the International Center
for Diarrheal Disease Research, Bangladesh (ICDDR, b). Then, under the
standard environmental conditions, (temperature: 24.0 = 1.0°C; relative
humidity: 55-65%; 12 h light and dark cycle), these animals were housed. Mice
were provided with the food and fresh water, ad libitum. According to the Ethical
Principles and Guidelines for Scientific Experiments on Animals (1995)
formulated by The Swiss Academy of Medical Sciences and the Swiss Academy
of Sciences, treatment for all the experimental animals were designed. The
protocol was examined, and then accepted by the Ethics Committee of School
of Health and Life Sciences, North South University, Dhaka-1229, Bangladesh.

Acute oral toxicity testing

Mice were grouped into the control and three test groups (n = 5). The test
groups received MECR (methanolic extract of C. rutidosperma) orally at the
doses of 1500, 2000, and 3000 mg/kg body weight. Then they caged separately
and provided free excess to food and water. They were observed for the next
three days (Imam and Sumi, 2014; Walker et al., 2008) for possible changes in
the behavior, allergic reactions (like skin rash, itching) and mortality.

Open field test

This test was carried out in an apparatus having a floor of about half square
meter in area and surrounded by a wall of 50 cm in height (Gupta et al., 1971).
The floor consisted of small squares alternately, colored in black and white. Four
test groups containing five mice in each, was classified as control, positive
control and two test groups. The control group was treated with vehicle (1%
Tween 80 in water) and the positive control was treated with diazepam (1 mg/
kg). The test groups were treated with 100 mg/kg and 200 mg/kg of the extract,
respectively.

The number of squares visited by the mice was counted and noted for an
interval of 3 minutes; before and after 30, 60, 90 and 120 minutes of the oral
administration of the vehicle, diazepam and the test extracts.

Hole cross test

This test was carried out in a closed chamber, surrounded by wooden walls
measuring 30 cm x 20 cm x 14 cm, with no roof top (Takagi et al., 1971). A fixed
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wooden partition was placed in the middle of the chamber, which divided the
chamber into two parts. The partition had a hole cut in it, measuring 3.5 cm and
a hole height of 7.5cm.

Four test groups, with each group containing five mice each were selected for
this test. The groups were classified as control, positive control and two test
groups; with the test groups receiving 100 mg/kg and 200 mg/kg of the extract.
The control and the positive control group received vehicle (1% Tween 80 in
water) and diazepam (1 mg/kg), respectively.

The number of times it took for each mice to cross in between the chambers via
the hole, was measured for an interval of 3 minutes; before treatment and 30,
60, 90 and 120 minutes after the oral administration of the vehicle, diazepam
and the doses of 100 and 200 mg/kg of the extract .

Thiopental sodium induced sleeping time

For this experiment, four groups with five mice in each group were taken, similar
to the previous experiments. The groups were classified as control, positive
control and two test groups; with the test groups receiving 100 mg/kg and 200
mg/kg of the test extract. The control and the positive control group received
vehicle (1% Tween 80 in water) and diazepam (1 mg/kg), respectively (Ferrini et
al., 1974).

Thirty minutes after the treatment, thiopental sodium was administered
intraperitoneally at a dose of 20 mg/kg to the mice in each group and they were
placed in separate chambers. The latent period (time between thiopental
sodium administration and loss of righting reflex) and the duration of sleep (time
between the loss and recovery of righting reflex) was observed for each mouse.
The onset and duration of sleep were recorded for the four groups.

Statistical Analysis

The results have been portrayed as Mean * SEM. The one-way ANOVA test
along with Dunnett's post hoc test had been used for the inspection of data
using GraphPad Prism 6 software. p < 0.05-0.001 were considered as statistically
significant.

Results

Open field test

In the Open field test, it was observed that, the squares visited by the different
groups of mice; before the treatment were 101.00, 88.33, 99.33 and 98.00 for
the control, positive control and the test groups treated with 100 and 200 mg’/kg
(Table 1, Fig. 1) respectively.
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As time passed on, it was seen that, the number of squares visited by the mice
of the different groups, decreased over time for an interval of 2 hours. For the
control group, the numbers of squares visited were nearly constant, from values
ranging from the highest value of 88.67 to the lowest value of 77.00 (Table 1,
Fig. 1).
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Figure 1. Effect of methanolic crude extract of C. rutidosperma in the open
field study neuropharmacological activity evaluation. \Values are means and
standard error mean (mean * SEM) represented by vertical bars (n=5). Mice were
given methanol extract of Cleome rutidosperma (100 mg/kg and 200 mg/kg
body weight) or Diazepam (standard; 1 mg/Kg) or only water (control) by oral
administration for a period of experiments. Mean values marked with an asterisk
(*) were significantly different from those of respective control rats (**P <0.001)
(derived from repeated-measures ANOVA and adjusted using Bonferroni
correction or Dennett’s test).

Table 1. Effect of C. rutidosperma extract on open field test

Time (min)
Groups
0] 30 60 90 120
Control 101+3.38 88.67£2.91 86.33x1.57 80.33%1.13 77+1.18
Standard 88.33+3.39  29.33+1.37  6.33+0.68* 4.33+0.68** 3.33+0.68**

CR-100mg/kg  99.33+x4.16  34.67x0.93 17.67x1.37 7.33%£1.44 6.00+1.18
CR-200mg/kg ~ 98.00+£5.16  31.33%1.13 14.00+1.34  7.67%2.11 4.67+0.68

(Value is presented as the mean + SEM (n=5); x p<0.05 and xxp<0.001; compared
with control group (Dunnett’s test followed by ANOVA))
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For the 100 and 200 mg/kg test groups, it was seen that the test group treated
with 200 mg/kg of the extract showed the lower number of squares visited by
the mice over time, compared to the test group treated with 100 mg/kg .The
highest and lowest value for the 200 mg/kg treated group were 31.33 and 4.67
during the two hour period, respectively. For the 100 mg/kg treated group, it
was 34.67 and 6.00 (Table 1, Fig. 1) respectively. At all times, the values for the
positive control group was the lowest among the four groups, with the highest
being 29.33 at 30 min and the lowest being 3.33 at 120 min (Table 1, Fig. 1) for
an interval of 2 hours.

Hole cross test

Like the Open field test, it was observed in the hole test that, the number of
times taken by the mice to cross between the chambers, decreased gradually as
time passed on for a period of 2 hour (Table 2, Fig. 2). For all the groups, the
numbers of crossing between the chambers were higher in the pretreatment
period, where no extract or positive control was given to the mice.

Hole_cross

Cantrol
Standard
CR_200 mgfkg
CR_100 mgfkg

EER

Response

o 50 100 150

Time (min})

Figure 2. Potentiality of C. rutidosperma in the hole cross test to justify
neuropharmacological effect. \Values are means and standard error mean (mean + SEM)
represented by vertical bars (n=5). Mice were given methanol extract of Cleome
rutidosperma (100 mg/kg and 200 mg/kg body weight) or Morphine Sulphate (5mg/Kg)
or only water (control) by oral administration for a period of experiments. Mean values
marked with an asterisk (*) were significantly different from those of respective control
rats («*P <0.001) (derived from repeated-measures ANOVA and adjusted using
Bonferroni correction or Dennett’s test).

As time passed on from 30 min to 120 min, it was seen that, the mice belonging
to the positive control group showed the highest change in the number of
crossing between the chambers with the lowest value of 2.33 at 120 min
whereas, the test group treated with 200 mg’kg showed a considerable
decrease in the number of crossing with a value of 3.00 at 120 min (Table 2, Fig.
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2), when compared with the Control group and the test group treated with 100

mg/kg.

Table 2. Neuropharmacological effect of C. rutidosperma extract was evaluated
through hole cross test

Time (min)
Groups
0 30 60 90 120
Control 19.00+1.61 17.00+1.18 17.33%1.57 15.67+0.52 14.33+0.52
Standard 18.67+1.13 8.33=0.68 4.33+0.68* 4.33+0.68** 2.33+0.68**
CR-100mg/kg 18.00=1.18 10.67+0.68 6.33+0.68 4.67x0.26*  3.67+0.26*
CR-200mg/kg  16.67+£1.37 10.33x0.68 5.67+0.26* 3.33+0.26** 3.00+0.45**

(Each value is presented as the mean = SEM (n=5); *do<0.05 and xxp<0.007;
compared with control group (Dunnett’s test followed by ANOVA))

Thiopental sodium induced sleeping time

When measuring the Onset of sleep, it was seen that the onset was most rapid
in the positive control group with only 3.60 mins (Table 3). The test Group 2 had
the lowest onset of sleep time of 5 mins when compared with the Control group
and the test Group 1 (Table 3 and Fig. 3). When measuring the duration of
sleeping time, it was seen that, the duration of sleeping time was the highest in
the positive control group with 80 mins; the next being the mice in the group 2
and group 1 with a duration of 70.20 and 59.80 ( Table 3, Fig. 4) respectively.

Onset of action
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Figure 3. Determination of the onset of sleep induction capability of methanolic
crude extract of C. rutidosperma after its induction to animal model. Values are
means and standard error mean (mean * SEM) represented by vertical bars (n=5). Mice
were given methanol extract of Cleome rutidosperma (100 mg/kg and 200 mg/kg body
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weight) or Diazepam (1mg/Kg) or only water (control) by oral administration for a period
of experiments. Mean values were significantly different from those of respective control
rats (derived from repeated-measures ANOVA and adjusted using Bonferroni correction

or Dennett’s test).

Table 3. The potency of methanolic crude extract of C. rutidosperma in the
elongation of sleeping time and onset of sleeping induction

Onset of action Duration of sleep
Groups Time (min) Groups Time (min)
Control 14.60+0.68 Control 40.60+0.87
Standard 3.60+0.25 Standard 80.00+1.92
CR-100 mg/kg 5.60+0.51 CR-100 mg/kg 59.80+1.43
CR-200 mg/kg 5.00+0.45 CR-200 mg/kg 70.20+0.66

Each value is presented as the mean = SEM (n=5)
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Figure 4. Determination of time duration of sleeping induced by methanolic crude
extract of C. rutidosperma. \/alues are means and standard deviations (mean = SEM)
represented by vertical bars (n=5). Mice were given methanol extract of Cleome
rutidosperma (100 mg/kg and 200 mg/kg body weight) or Diazepam (1mg/Kg) or only
water (control) by oral administration for a period of experiments. Mean values were
significantly different from those of respective control rats (derived from repeated-
measures ANOVA and adjusted using Bonferroni correction or Dennett's test).
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Discussion

This research has demonstrated that the administration of different doses (100
and 200 mg/kg body weight) of methanol extract of C. rutidosperma leaves,
showed strong sedative and anxiolytic properties. Both doses potentiated sleep
during the thiopental sodium induced sleeping time tests. "Thiopental" that is a
hypnotic agent, and basically cause hypnosis by potentiating GABA mediated
postsynaptic inhibition through allosteric modification of GABA receptors at a
proper dose. Substances that consist of CNS depressant activity either decrease
the onset or prolong the duration of sleep or dose both (Hasan et al., 2009;
Nyeem et al., 2007). GABA-benzodiazepine receptors are the most abundant
inhibitory receptor (Braestrup and Squires, 1977) system in the CNS and binding
of a benzodiazepine agonist to its binding site results in an increase in chloride
ion flux (Trofimiuk et al., 2005) that in turns hyperpolarizes the postsynaptic
membrane at a lower threshold of spike generation. This mechanism of GABA
agonists made them available for generation of hypnosis in the treatment of
anxiety. In addition, the hole cross and open field methods carried out to test
the locomotor activity, which shows both doses of methanol extract from the
leaves of C. rutidosperma decreased the frequency and the amplitude of
movements. Since, locomotor activity is a measurement of the level of
excitability of the CNS (Mansur et al., 1980), this decrease in spontaneous motor
activity could be attributed to the sedative effect of the plant extracts
(Rakotonirina et al., 2001). Both doses significantly, decreased locomotion in
mice. The locomotor activity lowering effect was evident from the 2nd
observation of (30 min) and continued up to the 5" observation period at (120
min) of the hole cross and the open field test. The results were also dose
dependent and statistically significant (p<0.001).

The research has examined some neuropharmacological activities of methanolic
crude extracts of C. rutidosperma leaves. The plant extracts possessed CNS
depressant activity that has been shown by the decrease in exploratory behavior
in mice. It also showed a marked sedative effect by the reduction in gross
behavior and potentiation of thiopental induced sleeping time. Substances
which possess CNS depressant activity either reduce the onset of sleep time or
prolong the duration of sleep or dose both (Nyeem et al., 2007). Moreover, the
research on locomotor activity, as measured by hole cross and open field tests,
showed that both extracts of the dried leaves of C. rutidosperma (100 and 200
mg/kg) reduced the incidence and the amplitude of movements. Since,
locomotor activity is a measure of excitability of the CNS (Mansur et al., 1980),
this inhibition of continuous motor activity could be attributed to the sedative
effect of the plant extracts (Oztiirk et al., 1996; Rakotonirina et al., 2001).

The medicinal effect of a plant usually results from the combination of a
secondary metabolites present within it, through additive or synergistic action of
several chemical compounds acts on single or multiple target sites associated
with a physiological process (Briskin, 2000). According to Kaufman et al., (1999)
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(Kaufman et al., 1999), preliminary phytochemical analysis with this plant
revealed the presence of alkaloids, tannins, glycosides, steroids, flavonoids and
tannins. These secondary metabolites especially flavonoids individually or in
combination with other phytochemicals, might account for the observed
pharmacological effects exerted by this plant. However, many flavonoids were
found to be ligands for the gamma aminobutyric acid type A (GABAa) receptors
in the CNS, which led to the hypothesis that they acts like benzodiazepine
molecules. Thus, the sedative and anxiolytic effects exhibited by the C.
rutidosperma leaves extracts might be due to the interaction of flavonoids with
the GABA/benzodiazepine receptor complex in brain (Trofimiuk et al., 2005).
This is findings supported by their behavioral effects in animal models of anxiety,
sedation and convulsion (Marder and Paladini, 2002). Electrophysiological
experiments with flavone and flavanone derivatives have shown that some of
them can modulate GABA-generated chloride currents, either positively or
negatively. Due to the increased knowledge of the diversity of GABAa receptor
sub-types, the number of studies with cloned receptors of defined subunit
composition has risen recently and experiments with some natural and synthetic
flavones and flavonones have shown that they can modulate gamma
aminobutyric acid (GABA)- generated chloride currents, either positively or
negatively (Campbell et al.,, 2004; Goutman et al.,, 2003; Johnston, 2005;
Kavvadias et al., 2004). Thus the decreased spontaneous motor activity could be
attributed to the CNS depressant activity of the leaves of C. rutidosperma.

Conclusion

It can be concluded from the above experiment that, the extracts of Cleome
rutidosperma possess significant sedative and hypnotic activities. With all the
doses, used in the above experiment, it was clearly visible that, the effects were
statistically significant. However, further studies must be carried out to isolate
the active constituent from the extract; which is responsible for the CNS
depressant activity, and hence investigate its potentiality for therapeutic use in
future and to understand its molecular mechanisms responsible for that
pharmacological activity.

Abbreviations

ANOVA: Analysis Of Variance; CNS: Central Nervous System; icddr'b: International
Centre for Diarrheal Disease Research, Bangladesh
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