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Scoparia dulcis Linn. (SD) is a perennial herb that has been well studied for its antioxidant, anti-inflammatory, antidiabetic, and
hepatoprotective effects. However, scientific information on SD regarding the neuropharmacological effect is limited. This study
evaluated the sedative and hypnotic effect of the ethanolic extract of whole plants of Scoparia dulcis (EESD). For this purpose, the
whole plants of S. dulcis were extracted with ethanol following maceration process and tested for the presence of phytochemical
constituents. The sedative and hypnotic activity were then investigated using hole cross, open field, hole-board, rota-rod, and
thiopental sodium-induced sleeping time determination tests in mice at the doses of 50, 100, and 200 mg/kg of EESD. Diazepam
at the dose of 1 mg/kg was used as a reference drug in all the experiments. We found that EESD produced a significant dose-
dependent inhibition of locomotor activity of mice both in hole cross and open field tests (P < 0.05). Besides, it also decreased
rota-rod performances and the number of head dips in hole-board test. Furthermore, EESD significantly decreased the induction
time to sleep and prolonged the duration of sleeping, induced by thiopental sodium. Taken together, our study suggests that EESD

may possess sedative principles with potent hypnotic properties.

1. Introduction

Sedative and hypnotics are the drugs which can reduce
anxiety and produce a calming effect by inducing the onset of
sleep as well as maintaining sleeping duration [1]. Nowadays,
these drugs are extensively used in treatment of different psy-
chiatric disorders including anxiety and insomnia. However,
continuous use of these currently available sedative-hypnotic
therapies tends to have serious side effects ranging from
respiratory, digestive, and immune system dysfunctions to
deterioration of cognitive function, physical dependence, and
tolerance [2]. Thus, development of new sedative-hypnotic
drugs with fewer side effects has been suggested to be a
promising approach to combat different psychiatric disor-
ders.

Scoparia dulcis L. (family: Scrophulariaceae), commonly
known as sweet broomweed, is a perennial herb widely dis-
tributed in tropical and subtropical regions. In these regions
this plant has been used in folk medicine to treat a wide range

of diseases mainly stomach troubles, hypertension, fever,
diabetes, bronchitis, pain, and inflammation [3, 4]. Based on
the traditional uses, researchers tried to explore and validate
the scientific basis of therapeutic eflicacies of this plant
against different diseases conditions. Their findings provided
substantial scientific evidence for the beneficial impact of
this plant highlighting its antidiabetic, anti-inflammatory,
and antioxidant capacity in vivo [3-5], impact on lipid
peroxidation [6], in vivo antianemic properties [7], protective
role on insulinoma cell line RINm5F [8] on kidney, heart, and
liver of rats exposed to cadmium [5], and the antibacterial
and antifungal properties [9]. Preliminary phytochemical
screening revealed that this plant is rich in flavonoids and
terpenes including scopadulcic acids A and B, scopadiol, sco-
padulciol, scopadulin, scoparic acids A-C, and betulinic acid.
Additionally identified terpenoids of broomweed involve
alpha-amyrin, friedelin, glutinol, and ifflaionic acid, where
all of these phytochemicals were reported to show their
biological activity against different pathological conditions
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[3, 10]. However, so far, there is no report demonstrat-
ing the sedative-hypnotic activity of Scoparia dulcis, which
prompted us to design the present study to evaluate the
role of this plant on the central nervous system (CNS)
in mice. We found that the ethanolic extract of Scoparia
dulcis (EESD) significantly reduced the locomotor activity
and motor coordination of mice. Moreover, pretreatment
with this extract also potentiates thiopental sodium-induced
hypnosis in mice by decreasing onset of sleep and prolonging
sleeping duration. Therefore, our findings strongly support
the sedative and hypnotic activities of EESD and suggest
that it can be useful to treat different psychiatric disorders
including insomnia.

2. Materials and Methods

2.1. Plant Collection and Extraction. The whole plant of Sco-
paria dulcis was collected from Narsingdi, Bangladesh, in Jan-
uary 2012. The samples were then identified by Bushra Khan,
Principal Scientific Officer, Bangladesh National Herbarium,
Mirpur, Dhaka, Bangladesh. A voucher specimen (DACB:
36152) has been deposited in the Herbarium for further
reference. Powdered dried plants (250 g) were macerated with
420 mL of ethanol with occasional stirring at 25 + 2°C for 3
days. The extract was then filtered using a Buchner funnel
and a sterilized cotton filter. The solvent was completely
removed by rotary evaporator and 14 g extract (Yield 5.6%)
was obtained. This crude extract was then used for further
studies.

2.2. Animals. Swiss albino mice of 20-25g were collected
from Animal Resources Branch of the International Center
for Diarrhoeal Disease Research, Bangladesh (ICDDR, B).
The animals were kept in standard laboratory conditions
(relative humidity 55-60%; room temperature 25 + 2°C;
12 h light/dark cycle) and were provided with standard diet
(ICDDR, B formulated) and clean water ad libitum during
acclimatization period. The animals were acclimatized to the
laboratory environment for a period of 14 days prior to per-
forming the experiments. The animals were fasted overnight
before the experiments. All the experimental animals were
treated following 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. All experimental protocols were approved by the
Institutional Ethics Committee (SUB/TAEC/12.01).

2.3. Drugs and Treatments. The animals were divided into
five groups containing 5-7 animals each for control, standard,
and test sample for every experiment. EESD was dissolved
in DMSO and orally administered to the test animals 30 min
before the experiments at the doses of 50, 100, and 200 mg/kg
body weight. On the other hand, the standard drug diazepam
(1mg/kg) employed in all tests was administered intraperi-
toneally (i.p.) 15 min before the experiments where thiopental
sodium (20 mg/kg) in sleeping time measurement test was
administered 15min after treatment with diazepam and
30 min of vehicle (DMSO) or EESD. The animals in control
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group received vehicle orally at the dose of 0.l mL/mouse
30 min before the experiments.

2.4. Phytochemical Screening. The ethanolic extract of Sco-
paria dulcis was qualitatively investigated for the presence of
alkaloids, flavonoids, tannins, saponins, and gum according
to the standard procedures [11].

2.5. Acute Toxicity Test. The mice were divided into control
and three test groups each containing five animals. EESD was
administered to the animals orally at doses 0f 1000, 2000, and
3000 mg/kg. The mice were given access to food and water ad
libitum and all animals were observed for allergic symptoms
and mortality for the next 72 h [12].

2.6. Hole Cross Test. For this experiment, a cage was used
having a size of 30 x 20 x 14 cm with a fixed partition in
the middle having a hole of 3 cm diameter [13]. The animals
were treated with either vehicle or drug or EESD and allowed
to cross the hole from one chamber to another. Mice were
observer for 3 min and the number of passages was recorded
at 30, 60, 90, and 120 min following the treatments.

2.7. Open Field Test. This method was carried out as des-
cribed by Gupta et al. [14]. The open field apparatus consisted
of a wooden field of half square meter with a series of squares
alternatively painted in black and white. It had a wall of 50 cm
height and was placed in a dimly lit room. Mice were treated
with vehicle, extract, or diazepam and were placed in the
middle of the open field. Then the number of squares visited
by the animals was counted for 3 minutes at 30, 60, 90, and
120 min after the treatments.

2.8. Hole-Board Test. The hole-board test was performed
according to the previously described method by Ozturk et
al. [15], with slight modifications. For this test, we used a
flat platform of 60 cm x 30 cm in diameter with 16 evenly
spaced holes. In brief, thirty minutes after vehicle or EESD
and 15 min after diazepam administration, each animal was
allowed to move on the platform and the number of head dips
into the holes was counted for 5 min.

2.9. Test for Motor Coordination (Rota-Rod Test) in Mice.
This test was performed using a horizontal rotation rod (Ugo
Basile, Varese, Italy) set at a rate of 20 revolutions per min.
Mice that were able to remain on the rod longer than 180s
were selected and divided into desired groups. Thirty minutes
after the vehicle or EESD administration, each mouse was
placed on the rod for 180 s where diazepam was given 15 min
before the experiment [16]. Then the falling time from the
rotating rod was recorded for each mouse.

2.10. Thiopental Sodium-Induced Sleeping Time Determina-
tion. Thiopental sodium-induced sleeping time was eval-
uated according to the previously described method [17].
Thirty min after vehicle or EESD and 15 min after diazepam
treatment, thiopental sodium (TS) was administered to each
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TaBLE 1: Effect of EESD on hole cross test.

Number of holes crossed (% of inhibition)

Treatment Dose (mg/kg)

Pretreatment 30 min 60 min 90 min 120 min
Control 0.1 mL/mouse 19 + 1.58 17.60 + 0.75 15.6 £ 0.93 13.4 £ 0.51 12.4 + 0.51
Diazepam 1 21.2 £ 1.63 5.2 116" (70.45) 3.2 +0.37" (79.49) 2.0 +0.45" (85.07) 2.2+0.74" (82.26)
EESD 50 18.6 + 1.69 12.6 £ 1.54" (28.41) 10.2 +£1.20" (34.62) 72 £ 116" (46.27) 4.2 +0.97" (66.13)
EESD 100 20.4 +1.08 8.80 + 0.49" (50.00) 7.8 £1.02* (50.00) 3.6 + 0.81" (73.13) 3.2+ 0.86" (74.19)
EESD 200 21+0.84 6.0 + 0.84" (65.91) 2.0 £ 0.71" (87.18) 1.6 £ 0.4" (88.06) 1.2 +0.37% (90.32)

Values are presented as the Mean + SEM (n = 5). EESD = ethanolic extract of Scoparia dulcis; “ P < 0.05 compared with the control group (two-way ANOVA

followed by Bonferronis test).

animal intraperitoneally at the dose of 20 mg/kg. Then the
animals were observed for the time to lose their righting
reflex, immediately after thiopental sodium injection (latent
period) and the duration of sleep (time between the loss and
recovery of reflex) induced by TS.

2.11. Statistical Analysis. The results are presented as Mean +
SEM. The statistical analysis was performed using one-way
analysis of variance (ANOVA) followed by Dunnett’s post hoc
test, except for the hole cross test and open field test. For
these tests, two-way ANOVA followed by Bonferroni’s post
hoc tests was adopted. All statistical analysis was performed
using SPSS 11.5 software.

3. Results and Discussions

The present study investigated the putative CNS effect of
an ethanolic extract of whole plants of S. dulcis. The results
showed that EESD exerts sedative and hypnotic effect on the
CNS. Moreover, it was also found that acute oral adminis-
tration of EESD at the doses of 1000, 2000, and 3000 mg/kg
did not produce any allergic manifestations or mortality
during the observation period of 72h after administration.
Therefore, it is conceivable that EESD may not be toxic at our
experimental doses up to 3000 mg/kg.

We started our investigation for the sedative effects of
EESD by recording spontaneous locomotor activity of mice in
hole cross and open field tests. In these tests, any agents with
sedative properties will produce a decrease in the number
of movements, interpreted as a decrease in curiosity of the
new environment [13, 18]. Our result demonstrated that
the oral administration of EESD in all doses (50, 100, and
200 mg/kg) caused a marked reduction in number of hole
crossed (Table 1). The suppressive effect was found at 30 min
and continued up to 120 min after administration of EESD.
Also, similar types of responses were observed in the open
field test. EESD at all tested doses produced significant (P <
0.05) inhibition of locomotion that was maintained from
30 min to 120 min of observation period (Table 2). This ability
of EESD to suppress the locomotor activity suggests that the
extract is endowed with central nervous system depressant
activity.

Another important observation was achieved in the hole-
board test. This test is well-established as a means to assay
potential anxiolytic and sedative effects of any agents by

observing the exploratory behavior in rodents. This exper-
iment is advantageous due to its methodological simplicity
and several behavioral responses of an animal can be readily
observed and quantified when exposed to an unfamiliar
environment. It was found that the head-dipping behavior
of the animals is directly related to their emotional state
[19]. Based on this observation, it was suggested that the
expression of an anxiolytic state in animals might be reflected
by an increase in head-dipping behavior [19], while a decrease
in the number of head dips was found to be correlated
with the depressant effect [20, 21]. Our results revealed that
the ethanolic extract of S. dulcis caused a dose-dependent
reduction in head-dip response in the animals (23.84, 45.55,
and 70.46% head-dip inhibition for 50, 100, and 200 mg/kg
doses, resp.) suggesting that the extract possesses sedative
activity rather than anxiolytic potentials. The observed effects
in the treated groups were significantly different (P < 0.05)
from that of the control group (Table 3).

The rota-rod test is a widely used method to evaluate the
motor coordination or muscle relaxant effect in rodents. Our
results demonstrated that treatment with EESD at 50,100, and
200 mg/kg doses markedly reduced the falling latency of the
animals from the rotating rod. The decrement of the latency
was calculated as 12.88, 43.98, and 66.05% of the respective
control, for 50, 100, and 200 mg/kg doses, respectively, where
the effect produced by the latter two doses are statistically
significant (P < 0.05) (Table 4). It is well established that
some benzodiazepines like diazepam cause muscle weakness
[22], decrease of ambulatory activity, and sedation, thus
impairing the performance of rodents in the rota-rod [23, 24].
As expected, we also found that diazepam at 1 mg/kg dose
caused muscle relaxation of the animals causing a decrement
of the falling time in rota-rod. This same fashion of effect,
produced by EESD and diazepam, influenced us to conceive
that EESD can induce sedative effect by affecting the general
activity and motor coordination of the animals.

Our above findings were further supported by the results
observed in thiopental sodium-induced sleeping time deter-
mination test. This test is a classical method in behav-
ioral pharmacology to investigate the sedative and hypnotic
properties. In our study, the acute oral treatment with 50,
100, and 200 mg/kg of EESD 30 min before the TS injec-
tion significantly modified the latency to induce sleep as
well as increasing duration of hypnosis induced by TS, as
depicted in Table 5. As expected, similar types of effects were
observed by the administration with diazepam at 1mg/kg



4 Evidence-Based Complementary and Alternative Medicine

TaBLE 2: Effect of EESD on open field test.

Number of squares crossed (% of inhibition)

Treatment Dose (mg/kg) ) ) g )
Pretreatment 30 min 60 min 90 min 120 min
Control 0.1 mL/mouse 102.8 £2.99 93.2+£3.31 83 +3.67 67.8 +1.93 56.4 +2.79
Diazepam 1 974 + 6.08 474 +1.66" (49.14)  29.2 +2.46" (64.82)  13.6 +2.09" (79.94) 8.8 +0.86" (84.40)
EESD 50 95.2 +5.83 59.4 +1.66" (36.27)  43.4 +3.50" (47.71) 27.6 +5.85" (59.29) 19.6 + 2.32" (65.25)
EESD 100 99.4 + 6.40 46.6 +9.32" (50) 31.8 + 4.87" (61.69) 15.8 + 2.91" (76.70) 9.8 +2.76" (82.62)
EESD 200 98.4 £5.34 39.6 +1.50" (57.51) 20.6 + 2.25" (75.18) 7.6 +0.93" (88.79) 3.20 + 0.86" (94.33)

Values are presented as the Mean + SEM (n = 5). EESD = ethanolic extract of Scoparia dulcis; * P < 0.05 compared with the control group (two-way ANOVA
followed by Bonferronis test).

TaBLE 3: Effect of EESD on hole-board test.

Treatment Dose (mg/kg) ) Responses o
Number of head dips % inhibition
Control 0.l mL/mouse 56.2 +£2.27 0
Diazepam 1 13.8 £ 2.04" 75.44
EESD 50 42.8 +2.42" 23.84
EESD 100 30.6 +2.71" 45.55
EESD 200 16.6 + 1.47" 70.46

Values are presented as the Mean + SEM (n = 5). EESD = ethanolic extract of Scoparia dulcis; * P < 0.05 compared with the control group (one-way ANOVA
followed by Dunnett’s test).

TaBLE 4: Effect of EESD on motor coordination of mice.

Treatment Dose (mg/kg) Responses

Rota-rod performance (s) % inhibition
Control 0.l mL/mouse 119.6 + 8.47 0
Diazepam 1 26.6 £2.99" 77.76
EESD 50 104.2 £ 4.26 12.88
EESD 100 67.0 + 3.61" 43.98
EESD 200 40.6 + 4.82" 66.05

Values are presented as the Mean + SEM (n = 5). EESD = ethanolic extract of Scoparia dulcis; * P < 0.05 compared with the control group (one-way ANOVA
followed by Dunnett’s test).

TaBLE 5: Effect of EESD on thiopental sodium-induced sleeping time.

Treatment Dose (mg/kg) Responses .
Onset of sleeping Sleeping duration
Control 0.ImL/mouse 7.81+0.47 88.80 +4.91
Diazepam 1 5.74 £ 0.26" 177.60 + 2.44"
EESD 50 718 £ 0.23 107.60 + 8.08
EESD 100 6.41+0.37" 130.40 + 7.69"
EESD 200 5.93+0.27" 145.20 + 6.76"

Values are presented as the Mean + SEM (n = 5). EESD = ethanolic extract of Scoparia dulcis; * P < 0.05 compared with the control group (one-way ANOVA

followed by Dunnett’s test).

dose. Substantial evidence revealed that the CNS depressant
barbiturates, such as TS, bind to the barbiturate binding
site on the GABA, receptor complex and potentiate GABA-
mediated hyperpolarization of postsynaptic neurons [25].
Our results suggest that there might be a relationship between
the sedative effect produced by EESD and the sedation
inductive capacity of diazepam. Therefore, it is possible that

the GABAergic system may participate in the EESD-induced
enhancement of the effects of TS.

Our preliminary phytochemical screening confirmed the
presence of alkaloids, glycosides, flavonoids, carbohydrates,
saponins, steroids, and tannins in the ethanolic extract of
S. dulcis (Table 6). There are several reports which demon-
strated that the alkaloids, glycosides, and flavonoids rich
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TABLE 6: Phytochemicals identified in EESD.
Phytochemicals Name of the tests Observed changes Result
Mayer’s test Yellowish buff color precipitate +
Hager’s test Yellow crystalline precipitate -
Alkaloids Wagner’s test Brown or deep brown precipitate -
Dragendorft’s test Orange or orange-brown precipitate +
Tannic acid test Buff color precipitate -
Glycosides General test Yellow color
Test for glucoside Production of brick-red precipitation
Flavonoids Hydrochloric acid reduction test Red color
A red or reddish violet ring is formed at the
Molisch’s test junction of two layers and on shaking a dark +
purple solution is formed
Carbohydrates r‘;a;rfl(;iisctﬁii%:;;ﬂal tesfor Red precipitate -
Fehling’s test A red or brick-red precipitate +
Benedict’s test -
Test for reducing sugar A brick-red precipitate +
Saponins Frothing test Formation of stable foam +
Steroids Sulphuric acid test Red color +
Tannins Ferric chloride test Blue green color -
Alkaline reagent test Yellow to red precipitate +

plant and plant extracts possess sedative, anxiolytic, and
antiepileptic properties mediated through their affinity (in
vitro) with benzodiazepine site of GABAergic complex sys-
tem or are direct or indirect modulators of this receptor
[25-29]. Besides, nonspecific CNS depression can also be
attributed by tannin [30]. Therefore it appears that the
abovementioned phytochemicals present in the EESD may
contribute at least in part to the sedative and hypnotic effects
on the CNS.

4. Conclusion

In conclusion, the present findings in our study indicate that
S. dulcis possesses strong sedative and hypnotic activities. The
effect is rapid, long-lasting, and statistically significant at all
the experimental doses tested. However, further studies are
needed to isolate bioactive compound(s) and elucidate the
precise molecular mechanisms responsible for the pharma-
cological activities of the plant.

Conflict of Interests

The authors declare that they have no competing interests.

Acknowledgment

The authors are thankful to Professor Dr. Abdul Ghani, Chair-
man (retired), Department of Pharmacy, Stamford University
Bangladesh, for his permission to use the facilities of the
Pharmacology Laboratory.

References

[1] B.G. Katzung, S. B. Masters, and A. J. Trevor, Basic and Clinical
Pharmacology, McGraw-Hill, New York, NY, USA, 11th edition,
20009.

[2] K. Dhawan, S. Dhawan, and S. Chhabra, “Attenuation of benzo-
diazepine dependence in mice by a tri-substituted benzoflavone
moiety of Passiflora incarnata Linneaus: a non-habit forming
anxiolytic,” Journal of Pharmacy & Pharmaceutical Sciences, vol.
6, n0. 2, pp. 215-222, 2003.

[3] S. M. E Freire, J. A. S. Emim, A. J. Lapa, C. Souccar, and L.
M. B. Torres, “Analgesic and antiinflammatory properties of
Scoparia dulcis L. extracts and glutinol in rodents,” Phytotherapy
Research, vol. 7, no. 6, pp. 408-414, 1993.

[4] A. H. M. Zulfiker, M. M. Mahbubur Rahman, M. Kamal
Hossain, K. Hamid, M. E. H. Mazumder, and M. Sohel Rana,
“In vivo analgesic activity of ethanolic extracts of two medicinal
plants—Scoparia dulcis L. And Ficus racemosa Linn,” Biology
and Medicine, vol. 2, no. 2, pp. 42-48, 2010.

[5] M. A. Adaikpoh, N. E. . Orhue, and I. Igbe, “The protective role
of Scoparia dulcis on tissue antioxidant defense system of rats
exposed to cadmium,” African Journal of Biotechnology, vol. 6,
no. 10, pp. 1192-1196, 2007,

[6] L. Pari and M. Latha, “Protective role of Scoparia dulcis plant
extract on brain antioxidant status and lipidperoxidation in
STZ diabetic male Wistar rats” BMC Complementary and
Alternative Medicine, vol. 4, article 16, 2004.

[7] N.E.]. Orhue and E. A. C. Nwanze, “Anti anaemic properties of
Scoparia dulcis in Trypanosoma brucei infected rabbits,” African
Journal of Biochemistry Research, vol. 3, no. 5, pp. 245-249, 2009.

[8] M. Latha, L. Pari, S. Sitasawad, and R. Bhonde, “Insulin-
secretagogue activity and cytoprotective role of the traditional



(10

11

(12

(14

(15

(16

(17

[18

[19

(20

[21

(22

]

]

J

]

]

]

]

]

]

]

J

antidiabetic plant Scoparia dulcis (Sweet broomweed),” Life
Sciences, vol. 75, no. 16, pp. 2003-2014, 2004.

M. Latha, K. M. Ramkumar, L. Pari, P. N. Damodaran, V.
Rajeshkannan, and T. Suresh, “Phytochemical and antimicro-
bial study of an antidiabetic plant: Scoparia dulcis L, Journal of
Medicinal Food, vol. 9, no. 3, pp. 391-394, 2006.

T. Hayashi, M. Kawasaki, Y. Miwa, T. Taga, and N. Morita,
“Antiviral agents of plant origin. III. Scopadulin, a novel
tetracyclic diterpene from Scoparia dulcis L., Chemical and
Pharmaceutical Bulletin, vol. 38, no. 4, pp. 945-947,1990.

A. Ghani, Medicinal Plant of Bangladesh with Chemical Con-
stituents and Uses, Asiatic Society of Bangladesh, Dhaka,
Bangladesh, 2nd edition, 2003.

C. 1. B. Walker, G. Trevisan, M. F. Rossato et al., “Antinociceptive
activity of Mirabilis jalapa in mice;” Journal of Ethnopharmacol-
0gy, vol. 120, no. 2, pp- 169-175, 2008.

K. Takagi, M. Watanabe, and H. Saito, “Studies of the spon-
taneous movement of animals by the hole cross test; effect
of 2-dimethyl-aminoethanol and its acyl esters on the central
nervous system,” The Japanese Journal of Pharmacology, vol. 21,
no. 6, pp. 797-810, 1971.

B. D. Gupta, P. C. Dandiya, and M. L. Gupta, “A psycho-
pharmacological analysis of behaviour in rats,” The Japanese
Journal of Pharmacology, vol. 21, no. 3, pp. 293-298, 1971.

Y. Ozturk, S. Aydine, K. H. C. Baser, and H. Berberoglu, “Effects
of Hypericum perforatum L. and Hypericum calycinum L.
extracts on the central nervous system in mice,” Phytomedicine,
vol. 3, no. 2, pp. 139-146, 1996.

H. Fujimori and D. P. Cobb, “Central nervous system
depressant activity of MAI1337, 3-[3-(4-m-chlorophenyl-I-
piperazyl)propyl]-2,4(1H,3H) quinozolinedine hydrochloride,”
Journal of Pharmacology and Experimental Therapeutic, vol.
148, pp. 151-157, 1965.

R. A. Turner, “Anticonvulsant;,” in Screening Methods in Pharma-
cology, p. 158, Academic Press, New York, NY, USA, 1st edition,
1965.

L. Prut and C. Belzung, “The open field as a paradigm to
measure the effects of drugs on anxiety-like behaviors: a review;’
European Journal of Pharmacology, vol. 463, no. 1-3, pp. 3-33,
2003.

H. Takeda, M. Tsuji, and T. Matsumiya, “Changes in head-
dipping behavior in the hole-board test reflect the anxiogenic
and/or anxiolytic state in mice,” European Journal of Pharma-
cology, vol. 350, no. 1, pp. 21-29, 1998.

S. E. File and S. Pellow, “Intrinsic actions of the benzodiazepine
receptor antagonist, Ro 15-1788,” Psychopharmacology, vol. 88,
no. 1, pp. 1-11, 1986.

H. Viola, C. Wasowski, M. L. De Stein et al., “Apigenin, a compo-
nent of Matricaria recutita flowers, is a central benzodiazepine
receptors-ligand with anxiolytic effects,” Planta Medica, vol. 61,
no. 3, pp. 213-216, 1995.

C. Lopez-Rubalcava, R. Hen, and S. L. Cruz, “Anxiolytic-like
actions of toluene in the burying behavior and plus-maze tests:
differences in sensitivity between 5-HT(1B) knockout and wild-
type mice,” Behavioural Brain Research, vol. 115, no. 1, pp. 85-94,
2000.

S. Farkas, P. Berzsenyi, E. Kdrpiti, P. Kocsis, and I. Tarnawa,
“Simple pharmacological test battery to assess efficacy and side
effect profile of centrally acting muscle relaxant drugs,” Journal
of Pharmacological and Toxicological Methods, vol. 52, no. 2, pp.
264-273, 2005.

~
)

[26]

(27]

(28]

~
X0

Evidence-Based Complementary and Alternative Medicine

[24] R. Estrada-Reyes, M. Martinez-Vazquez, A. Gallegos-Solis, G.

Heinze, and J. Moreno, “Depressant effects of Clinopodium mex-
icanum Benth. Govaerts (Lamiaceae) on the central nervous
system,” Journal of Ethnopharmacology, vol. 130, no. 1, pp. 1-8,
2010.

S. Fernandez, C. Wasowski, A. C. Paladini, and M. Marder,
“Sedative and sleep-enhancing properties of linarin, a fla-
vonoid-isolated from Valeriana officinalis; Pharmacology Bio-
chemistry and Behavior, vol. 77, no. 2, pp. 399-404, 2004.

P. Kahnberg, E. Lager, C. Rosenberg et al., “Refinement and
evaluation of a pharmacophore model for flavone derivatives
binding to the benzodiazepine site of the GABA, receptor,
Journal of Medicinal Chemistry, vol. 45, no. 19, pp. 4188-4201,
2002.

E. Trofimiuk, A. Walesiuk, and J. J. Braszko, “St John’s
wort (Hypericum perforatum) diminishes cognitive impairment
caused by the chronic restraint stress in rats,” Pharmacological
Research, vol. 51, no. 3, pp. 239-246, 2005.

R. Awad, F. Ahmed, N. Bourbonnais-Spear et al., “Ethnophar-
macology of Qeqchi’ Maya antiepileptic and anxiolytic plants:
effects on the GABAergic system,” Journal of Ethnopharmacol-
ogy, vol. 125, no. 2, pp. 257-264, 2009.

R. Estrada-Reyes, C. Lopez-Rubalcava, L. Rocha, G. Heinze, A.
R. Gonzdlez Esquinca, and M. Martinez-Vazquez, “Anxiolytic-
like and sedative actions of Rollinia mucosa: possible involve-
ment of the GABA/benzodiazepine receptor complex,” Pharma-
ceutical Biology, vol. 48, no. 1, pp. 70-75, 2010.

R. N. Takahashi, T. C. M. De Lima, and G. S. Morato, “Pharma-
cological actions of tannic acid; II. Evaluation of CNS activity
in animals,” Planta Medica, vol. 4, pp. 272-275, 1986.



