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Abstract

Background: The Bangladeshi rural and hilly areas people have long tradition to use various medicinal plants for
treating different diseases. That’s why, the crude methanolic leaf extract of Ardisia solanacea with its different fractions
(petroleum ether, carbon tetrachloride, n-hexane and chloroform fractions) were subjected to investigate bioactivities
in swiss albino mice; namely analgesic, CNS, and Oral hypoglycemic activities, while in-vitro evaluation of cytotoxicity.

Methods: Central nervous system activity was investigated by various method such as Elevated plus maze, Hole board,
Hole cross and Open field test apparatus. Analgesic activity was evaluated by both acetic acid induced and tail
immersion method. Hypoglycemic activity was evaluated by oral glucose tolerance test and cytotoxicity was evaluated
by Brine shrimp lethality bioassay.

Results: In CNS activity, among others fractions, ASCF fraction produced a significant anxiolytic activity in both
elevated plus maze and Hole board test. During open-field test almost all the fractions of A. solanacea leaves extract
display decreased locomotor activities that indicates significant sedative activity. The ASME and ASCF showed
significant peripheral analgesic activity at a dose of 200mg/kg and 400mg/kg body weight (p < 0.05). In tail immersion
method, among others extracts chloroform fractions exhibited significant (p < 0.05) elongation of reaction time 30min
after oral dose of 200 and 400mg/kg body weight respectively. The methanolic and n-hexane extracts reduced blood
glucose level significantly after 90min with value of 53.94% and 48.15% respectively (p < 0.05). In case of cytotoxicity
activity, among other fractions carbon tetrachloride fraction showed lowest LC50 values.

Conclusions: From the above results, it is clear that different fractions of A. solanacea showed significant
pharmacological potentiality in different in-vitro and in-vivo study model. So, it will be very much possible source for
an isolating lead compound for curing the numerous disorders.
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Background
Using of complementary medicine to alleviate and im-
prove health conditions in developed countries are in-
creasing [1]. Keeping this purpose in mind, new
medicinal plants from different areas of the universe
is being investigated [2]. Now-a-days most of the
people prefer the alternative medicine on account of
its fewer toxic effects and health hazards [3].

Traditional medicine of Bangladesh is a unique con-
glomerate of different ethnomedical consequences. Be-
cause of geographic location and socioculturals
characteristics of the country, it comprises traditionaly
rooted elements influenced by local instinctive people,
and also cover-by Indian Unani and Ayurveda medi-
cine [4, 5]. The plants having phytochemicals possess
medicinal value that can have physiological and
pharmacological actions on human body [6, 7].
Genus, Ardisia is the leading genus of Myrsinaceae
family. About 500 species of evergreen trees and
shrubs are commenced throughout the tropical and
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sub-tropical regions of the universe [8]. Besides, A.
compressa possesses significant hypoglycemic effects
in Type 2 diabetic rats, and antioxidant activity and
A. crispa showed in vitro cytotoxic activity and anti-
oxidative actions against breast cancer cell lines [9].
Barks and leaves of A. colorata were extracted with
ethanol having antimicrobial activities [10]. The
present study protocol is designed to investigate
phytochemical and pharmacological properties of A.
solanacea leaves. A. solanacea Roxb. (Family: Primu-
laceae; sub-family Myrsinoideae) is a glabrous shrub
or small tree that reaches a maximum height of 20 ft
under habitat conditions. The plant has potential
pharmaceutical applications (such as antibacterial and
antiviral properties) from extracts of plants from the
genus Ardisia were noted by Kobayashi and de Mejia
[11]. More specifically, antibacterial activity against
four serovars of salmonella were observed with plant
extracts from A. solanacea [12] and there were posi-
tive effects on the reduction of breast cancer cells
[13]. The variety of ethnopharmacological uses and
phytoconsituents had led our attraction to investigate
phytochemicals and pharmacological properties of this
plant.

Materials and methods
Plant material
Plant sample of A. solanacea was collected from Hilly
area of Chittagong in July 2017. Then taxonomist Dr.
Shaikh Bokhtiar Uddin, Professor, Department of Bot-
any, University of Chittagong, identified it.

Preparation of the plant material
The whole plant part of A. solanacea leaves was washed
properly, cut into small pieces, and then air dried for
several days. After proper air-drying, the small pieces
were then grinded into coarse powder with the help of
grinding machine in the Phytochemical Research La-
boratory, Pharmacy department, University of Chitta-
gong. The materials then were stored into air resistant
container.

Extraction of the plant material
About 700 g of the powdered material was taken in a
clean, round bottomed flask (5 l) and soaked in 3.5 l
of pure methanol (Merck KGaA, Germany). The res-
ervoir with its content was sealed by foil and kept for
15–20 days by occasional stirring and shaking. The
whole mixture was then filtered through a fresh cot-
ton plug and finally with a Whitman No.1 filters
paper. The volume of the filtrate was then reduced
using a Buchii Rota (Cole-Parmer, UK) evaporator at
low temperature and pressure. The weight of extract

yielded was 42.42 g. The percentage yield of the ex-
tract was calculated using the following equation [14]:

%of yield of extracts ¼ Weight of extracted material
Weight of original plant material used

� 100

Phytochemical screening of the compound
Phytochemical analysis of the methanolic extracts of A.
solanacea and its different soluble fractions were con-
ducted using the standard procedures to identify various
constituents described by Sofowara, Trease and Evans,
and Harborne [15–17].

Experimental animals
Young male Swiss-albino mice, aged 3–4 weeks with an
average weight 20–25 g, were collected from the
Bangladesh Council of Scientific and Industrial Research
Laboratories (BCSIR) and animal house of Pharmacy De-
partment, Jahangirnagar University. The animals were
housed comfortably in a group of six in a single clean plas-
tic cage with a metal net structured frame lid on its top.
They were kept in standard environmental condition
(temperature: (24 ± 1 °C), relative humidity: 55%–65% and
12 h light dark/ 12 h dark circle) for one week in the ani-
mal house of the Pharmacy Department, University of
Chittagong, Bangladesh for adaptation. The animals were
provided with standard laboratory food and water.

Study design
For both anxiolytic and sedative activities, fifty experi-
mental animals were selected, numbered, weighed and
divided into ten groups. Group (І) was treated as control
(saline), group (ІІ) for standard drug (Diazepam; 1.0 mg/
kg) treatment and others group for different doses (200
and 400 mg/kg) of methanolic extract of A. solanacea
leaves and n-hexane, carbon tetrachloride and chloro-
form carbon tetrachloride fractions respectively and for
the both central and peripheral analgesic activities, forty
mices were selected randomly and grouped into eight.
They were fasted for 12 h and later treated as follows:
group (І) was treated as control (1% Tween 80 in normal
saline; 0.1 ml/10 g), group (ІІ) for standard drug (Diclofe-
nac sodium; 50 mg/kg) treatment and others group for
different doses (200 and 400 mg/kg) of methanolic ex-
tract of A. solanacea leaves and of its n-hexane and
chloroform fraction respectively. In oral hypoglycemic
activity, 25 experimental animals were randomly selected
and divided into four groups. Here, group (I) served as
control and received vehicle (1% Tween 80 in saline, 10
ml/kg body weight), group (II) received standard drug
(Glibenclamide, 2 mg/ kg) and the four other groups re-
ceived the sample extract at four different doses. Each
experimental group comprising five mice’s. All the test
samples, control, and standard were administered orally.
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Evaluation of anxiolytic activity
Elevated plus maze method
Elevated plus maze is very important apparatus to investi-
gate anxiolytic response [18] as well as neuroprotective ac-
tions created by the test drugs. Animals that are exposed
to novel maze avenue invites a way- repeal combat that is
stronger in open arm as compared to closed arm. Rodents,
which have an aversion for high and open space and put
forward to enclosed arm, consequently pass a greater
amount of time in enclosed arm. Animals, when enter into
open arm, they become freeze, immobile, defecate and ex-
hibit fear-like behaviors [19]. An actual reflection of anx-
iety is reported due to increase level of plasma cortisol.
Further, merits of this test procedure: (a) it is fast, simple
and less time-consuming, (b) noxious stimuli or training
is not required and (c) this is reliable and predictable for
perusing anxiety properties as well as anxiolytic activity of
drug [20, 21]. Elevated plus maze apparatus is designed as
a + shape, consisting of two open arms (25 × 5 cm, with a
very slight, 0.5-cm, wall) across from each other and per-
pendicular to two closed arms (25 × 5× 16 cm), and is
raised 40 cm above the floor [22]. Experimental animals
were installed individually in the center of the maze, head
that is facing towards open arm and stopwatch was
started. The subsequent parameters were observed for 5
min. (1) At first we see, mouse is preferred to either open
arm or close arm, (2) Counting of entries into open arm
and closed arm; when four paws of mouse is entered into
an arm is called arm entry. Control (saline), Standard (Di-
azepam), and other test samples of A. solanacea leaves
were administered to the animals. After 30min, animals
were installed individually in the middle of the maze. In
the end, the animals which were preferred to either open
or closed arm, the average time spent in the open arm en-
tries number in each testing group was compared.

Hole-board test method
Hole-board apparatus consists of an enclosed arena with
holes in the floor into which an animal can poke its head,
referred to as head-dipping [23]. Measurement of neophilia
or directed exploration is obtained from the duration and
frequency of head dipping. This indicates the general loco-
motor function of the animal is independent [24]. The in-
creased level head dipping generally indicate neophilia,
when low level are tend to result from absence of neophilia
or tend to indicate an increased anxiety-like state in the
testing animals [25]. Therefore, the anxiety state is in-
creased as the number and incidence of head dipping is re-
duced and vice-versa [26]. 30mins prior to treatment with
control, standards and test samples, the mice were installed
singly on the hole board apparatus, and we counted the
head dipping of mice into the holes at the altitude of their
eyes during 5mins trial period using a tally counter.

Evaluation of sedative activity
Open-field test method
This test was carried out in apparatus having a floor of
about half-square meter in area and surrounded by a wall
of 50 cm in height [27]. The floor is made of small squares
alternately which is colored in white and black. The num-
ber of squares visited by the mice was counted and noted
for an interval of 3min (counted using a tally counter); at
0, 30, 60, 90 and 120min; of the oral administration of the
control (saline), Standard (Diazepam) and the test samples
of different doses (200 and 400mg/kg).

Hole-crossed test apparatus
This test was carried out in a closed chamber having a size
of (30 cm× 20 cm× 14 cm) surrounded by wooden walls, no
rooftop [28]. The chamber is partitioned in the central por-
tion by placing a fixed wooden structure. The fixed wooden
partitioned had a round hole curve in it; diameter of 3.5 cm
at a height of the hole is 7.5 cm. The mice were crossed
through the hole from one chamber to another and by using
a tally counter, the number of crossing was counted for 3
mins at 0, 30, 90, 120mins intervals respectively.

Evaluation of peripheral analgesic activity
Acetic acid writhing method
Analgesic activity of this plant extract is assessed by acetic
acid writhing method [29, 30]. In this test, acetic acid was
used to trigger pain sensation in animals through intraper-
itoneal administration and as a result, body of animals
squirms at regular interval to get away of pain. This con-
tinuous contraction or squirms of the animal body is
termed as “Writhing”. They continue to generate writhing
as long as they feel pain. Any extract with analgesic prop-
erty will give lesser number of writhes in animals with re-
spect to control group. After 40mins, acetic acid (0.7%) at
the dose of 0.1ml/10 g body weight was injected by intra-
peritoneally to all testing animals of different group. The
number of writhing or squirms responses generated by
each animal was recorded for fifteen minutes just after 5
min of acetic acid injection. The following equation was
used for the measurement of percent inhibition of abdom-
inal writhing: % inhibition of abdominal writhing = [(Wc −
Wt)/Wc × 100],
Where Wc stands for number of writhing’s of control

group, and Wt stands for number of writhing’s of test
group.

Evaluation of central analgesic activity
Tail immersion test
Tail immersion test is a thermal method to evaluate
central analgesic activity of methanolic extract, n-
hexane and chloroform soluble fractions of A. sola-
nacea leaves. The test is designed based on the ef-
fect of centrally working analgesic drugs, which are
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increasing the time of reaction in animal (mice) in
response to hot water on water bath. The present
test is done by the method described by Uma devi
and Di stasi [31, 32]. The mice in each group was
held in a suitable restrainer with the whole tail ex-
tending out immersed in a water bath thermostatic-
ally maintained at 51 ± 1 °C. 2–3 cm of tail of the
mices pre-treated with control, Standard and test
samples were immersed in hot water of water bath.
The time between immersion and deflection of tail
was recorded as reaction time or tail-flick latency.
Then, latency period was observed at 30, 60, 90 and
120 mins of oral administration. A cut of period of
15 s were observed to avert tail tissue destruction of
mices. Baseline response at 30 mins, mices were
tested for twice prior to drug administration. Three
measurements were obtained from the baseline reac-
tion time (Latency). After each measurement, ani-
mals were gone back to the observation chambers
for 2 mins. The mean of these measurements is used
to calculate pre-drug latency period. After baseline,
the treated mices were tested at 30, 60, 90, 120 mins.
Finally, the percentage of the Maximal Possible Ef-
fect (%MPE) was calculated using the following
equation [33]. % Of MPE = {(Post drug latency-Pre
drug latency)/ (Cut off time-Pre drug latency)} × 100.
The percentage of time elongation of tail immersion

was calculated in respect to the control in respective
time. If the percentage of elongation period is higher,
the central analgesic action will be greater. The per-
centage of time elongation was calculated from the
following equation [34]. % of Elongation = {(Latency of
test sample- Latency of control)/ Latency of test sam-
ple} × 100.

Evaluation of hypoglycemic activity
A glucose tolerance test is one of the most acceptable
methods to evaluate the hypoglycemic activity. This test
was performed following the procedure described by Joy
and Kuttan [35] with slight modification. After 30 mins
of extract administration, all groups were treated with
10% glucose solution (2 g/kg body weight). After 30, 90
and 120 min of glucose loading, blood samples were col-
lected from tail vein. By using glucometer blood glucose
level is measured. Test samples, control, and glibencla-
mide were given orally. Before any test, every mouse was
weighed appropriately and the doses of the test samples
and control materials were fitted properly.

In-vitro evaluation of cytotoxic activity
Cytotoxic activity of this plant was predicted by using
the brine shrimp lethality bioassay [36, 37].

Preparation of seawater
38 g of pure NaCl (Salt) weighed properly, dissolved into
1 l of seawater and then filtered the solution to get clean
and transparent solution.

Hatching of brine shrimps
The test organism named as A. salina leach (brine
shrimp eggs) was collect from pet shop. Prepared sea-
water was taken into a small tank and brine shrimp eggs
were employed to one edge of the tank that then was
covered with a lid. Shrimps in this tank were hatched for
two days to give mature shrimp named as nauplii. Dur-
ing this hatching, constant oxygen was supplied and the
hatched shrimps were enticed to the lamp through the
perforated dam. Ten living matured nauplii were trans-
ferred to individual test tube by the help of Pasteur
pipette.

Procedure
5 mg of all individual samples were dissolved in 1 ml of
pure DMSO (dimethylsulfoxide) solution and then add
enough seawater to make the volume 5ml. Varying con-
centrations (800, 500, 300, 100 μg/ml) of samples were
obtained by using serial dilution method by adding sim-
ulated seawater. Then these solutions were taken in indi-
vidual test tube where each tube containing 5 ml
seawater and 10 brine shrimp nauplii. The test tubes
were then observed for 24 h & survivors are counted by
using a magnifying glass [37, 38]. The data are processed
in a simple program (Microsoft Excel 2007) to estimate
LC50 values. Ampicillin trihydrate solution was used as
positive control.

Statistical analysis
All results are expressed as mean ± standard error of
mean (SEM). All statistical analyses were performed by
one-way ANOVA Dunnett’s t-test where *P < 0.05 was
regarded as statistically significant. In addition, all data
were analyzed using SPSS software (Version: 20, IBM
Corporation, New York, USA). LC50 values were esti-
mated by linear regression equations through the usage
of Microsoft Excel 2007 (Microsoft, Redmond, Washing-
ton, USA).

Results
Plant extraction
The % yield of the leave extract was 6.06 w/w dry matter
and dark in color.

Phytochemical study
The preliminary phytochemical studies carried out on
different extracts of A. solanacea leaf revealed the pres-
ence of different phyto-constituents which are presented
in Table 1.

Islam et al. Clinical Phytoscience            (2019) 5:32 Page 4 of 11



Evaluation of anxiolytic activity
Elevated plus maze
Among all fractions employed during this test, chloro-
form soluble fraction produced a significant (p < 0.05)
increase in the time spent in the open arms as well as
the number of entries in the open arm of the elevated
plus maze respectively as compared to control, indicat-
ing the anxiolytic activity but other test samples pro-
duced almost opposite of this result. The administration
of diazepam (1.0 mg/kg body weight) significantly (p <
0.05) increased the number of entries as well as the dur-
ation of stay in the open arms, as compared to the ex-
tract treated groups (Table 2).

Hole-board test method
In Hole-board test, the chloroform soluble fraction at
200 and 400 mg/kg body weight was exhibited a signifi-
cant increase (p < 0.05) in head dipping, signifying the
anxiolytic activity. The other test samples did not cause
any significant change rather number of head dipping
decreased as compared to control indicating these frac-
tions might have sedative effect. Diazepam (1.0 mg/kg
body weight) significantly increased (p < 0.05) the num-
ber of head dipping (Table 3). The head dipping

associated with chloroform soluble fractions remain
above the standard diazepam indicating most significant
(p < 0.05) anxiolytic effect.

Evaluation of sedative activity
Open-field test
During Open field test, as time passed on, the number
of squares visited by the mice of the different test groups
decreased over time for an interval of 2 h (Table 4). It
was seen that the methanolic extract of A. solanacea and
its chloroform soluble fraction showed the lower num-
ber of squares visited by the mice over time, compared
to the control, indicating plant extract might have po-
tential of sedative effect.

Hole cross test
In the hole cross test, the number of times taken by the
mice to cross between the chambers decreased gradually
as time passed on for a period of 2 h (Table 5). For all
the groups, the numbers of crossing between the cham-
bers were higher in the pre-treatment period. The meth-
anolic extract and n-hexane soluble fraction showed
significant (p < 0.05) sedative effect in comparison to
other test samples.

Table 1 Presence of Phytochemicals in A. solanacea leaf extract

Phytochemicals Test ASME ASNH ASCF

Alkaloids Dragendorff’s test ++ + +

Mayer’s test + ++ +

Hager’s test + + +

Wagner’s test + + +

Tannins FeCl3 test ++ – +

Steroids Salkowski’s test + – +

Liebermann-Burchard test + – +

Flavonoids Zn-HCl reduction test ++ + ++

Lead acetate test + – +

Saponins Shake or foam test or froth test. ++ ++ ++

Olive oil test + ++ +

Resins Test with acetone solution ++ + ++

Glycosides NaOH test ++ + +

Cardiac-glycosides Keller- killiani test + – –

Anthraquinones glycosides Hydroxy anthraquinones – – –

Carbohydrate Fehling’s test ++ + +

Protein Molisch’s test + + +

Fats or fixed oils Biuret test ++ + –

Phenols Test with 1% of copper
sulphate solution and NaOH

+ + +

Triterpenes Salkowski’s test + – –

Liebermann-Burchard test + – –

Note: ASME =methanolic extract of A. solanacea, ASCF = Chloroform soluble fraction, ASNH = n-hexane soluble fraction. Bioavailability key: (++) ve = High
presence, (+) ve = Medium presence, (−) ve = Absence
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Evaluation of peripheral analgesic effect
Acetic acid writhing method
The crude methanolic extract and chloroform soluble
fraction has induced a significant (p < 0.05) decrease in
the number of writhes that are almost same to that of
the standard drug diclofenac sodium (Table 6 and 7).

Evaluation of central analgesic activity
Tail immersion test
In tail immersion method, the methanolic extract and
chloroform soluble fraction induced a significant (p <
0.05) increased in percent elongation of latency time
which is higher than that of the standard diclofenac so-
dium (Table 8), reaction time (Table 9) and percentage

of maximum possible effect (Table 9). These extracts
possess potential analgesic effect.

Evaluation Oral hypoglycemic activity
After 30 min of glucose load, the blood glucose level re-
markably increased as compared to control. Both, meth-
anolic extract and n-hexane fraction showed reduction
in blood glucose level at 90 min when compared to 30-
min glucose load (Table 10). For the first session of the
experimental period, 30 min after glucose load these ex-
tracts exhibited prominent anti-hyperglycemic activity.
In case of methanolic extract was close to that of the
standard. The activity was found as sustainable and
significant.

Evaluation of cytotoxicity by brine shrimp lethality test
The lethal concentration (LC50) of the test samples after
24 h was obtained by a plot of percentage of the shrimps
killed against the logarithm of the sample concentration
and the best-fit line was obtained from the curve data by
means of regression analysis (Table 11). The positive
control, compared with the negative control (seawater)
was lethal with LC50 value 3.14 μg/ml has given signifi-
cant mortality to the shrimp (Table 11). The LC50 values
of the methanolic extract, petroleum ether, chloroform,
carbon tetrachloride, and n hexane soluble fraction of
the methanolic extract of A. solanacea were found as
5.39 μg/ml, 5.60 μg/ml, 16.16 μg/ml, 3.30 μg/ml and
24.00 μg/ml respectively (Table 11).

Discussion
In this study, we have tested A. solanacea leaf ex-
tract for CNS, analgesic, oral hypoglycemic and cyto-
toxicity activity. EPM is an in vivo method for
analyzing the potentiality of anxiolytic action. In

Table 2 Effect of methanolic extract of Ardisia solanacea on EPM test apparatus while test session

Test Groups Time spent in open arm
(Sec)
(Mean ± SEM)

Number entries into Open
arm
(Mean ± SEM)

Time spent in closed arm
(Sec)
(Mean ± SEM)

Number entries into closed
arm
(Mean ± SEM)

Control 60.00 ± 3.35 7.00 ± 0.55 240.00 ± 3.35 18.00 ± 1.09

Diazepam
(Standard)

230.00 ± 5.04a 18 ± 1.30a 70.00 ± 3.89a 8.00 ± 1.30a

ASME 200 25.34 ± 0.88a 4.34 ± 0.42 273.00 ± 2.16a 12.83 ± 1.30a

ASME 400 23.00 ± 1.05a 3.40 ± 0.25a 277.00 ± 1.04 16.20 ± 0.37a

ASNH 200 24.75 ± 4.76a 4.25 ± 0.63 275.25 ± 4.76a 12.75 ± 0.85a

ASNH 400 18.20 ± 1.36a 4.60 ± 1.36 281.80 ± 1.36a 5.2 ± 0.58a

ASCF 200 271.40 ± 2.29a 11.60 ± 0.51a 28.60 ± 2.29a 5.80 ± 0.58a

ASCF 400 278.20 ± 1.39a 15.00 ± 0.70a 21.80 ± 1.39a 4.20 ± 0.37a

ASCC 200 66.20 ± 1.77 7.00 ± 0.70 190.00 ± 1.52 21.20 ± 1.02a

ASCC 400 43.40 ± 1.21a 6.00 ± 1.58 236.40 ± 1.36a 23.60 ± 0.93

Note: Each value represents the mean ± SEM. (n = 5). One- way ANOVA followed by Dunnett’s t test. *p < 0.05, ##p < 0.005 compared with control. Where “a”
represents the test was significant. ASME =Methanolic Extract of Ardisia solanacea, ASNH = n-hexane soluble fraction, ASCF = Chloroform soluble fraction, ASCC =
Carbon-tetrachloride soluble fraction

Table 3 Effect of Ardisia solanacea leaves extract on Hole-board
test apparatus while test session

Test groups Number of head dipping (Mean ± SEM)

Control 24.80 ± 2.05

Standard 45.80 ± 1.72

ASME 200 23.40 ± 1.03

ASME 400 20.00 ± 0.70

ASNH 200 27.80 ± 1.16

ASNH 400 24.40 ± 1.02

ASCF 200 52.80 ± 1.43##

ASCF 400 56.20 ± 1.15##

ASCC 200 26.40 ± 1.07

ASCC 400 24.00 ± 1.87

Note: Each value represents the mean ± SEM. (n = 5). One- way ANOVA
followed by Dunnett’s t test. ## p < 0.005, compared with control. ASME =
methanolic Extract of A. solanacea, ASNH = n-hexane soluble fraction, ASCF =
chloroform soluble fraction, ASCC = carbon tetrachloride soluble fraction
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which, experimental animals usually prefer covered
areas of the maze and might have a desire for seg-
ment enclosed by protecting wall assumed to be
aversive [39]. If animals which are treated with ex-
perimental plant extracts exhibited any significant
changes in open arms statistically considered as the
evidence of anxiolytic effectiveness of these given
plant extracts. Among other fractions, chloroform
soluble fraction at both doses level of 200 mg/kg and
400 mg/kg which was indicated with increased time
spent and entries in open arms and decreased time
spent and entries in closed arms. The anxiolytic ef-
fect of this fraction is as like as diazepam molecule
which is considered as popular drug of benzodiazep-
ine. In central system, GABA is known as a major
neurochemical. They could act by potentiating the
GABAergic inhibition in the CNS system through
hyperpolarization, which can result in a firing rate of

vital neurons within the brain, or it may also be act
by directly activating GABA receptors [40]. Several
studies have implied that plants containing tannins,
saponins and flavonoids may possess an effect on
several multiple CNS disorders [41]. Preliminary
phytochemical investigations and plant extract sug-
gest that several neuroactive steroids and flavonoids
are ligands for GABA receptors in the CNS; which
suggest that they can act like benzodiazepine-like
molecule [40]. Another way to view anxiolytic activ-
ity is hole board test. Head-dipping behavior of ex-
perimental animals is the main basis of hole board
apparatus. If the test animals are sensitive to changes
in the emotional state and or in anxiolytic state,
head-dipping might have increased [42, 43]. In-
creased head-dipping was observed with chloroform
soluble fraction (at both doses level of 200 mg/kg
and 400 mg/kg) in respect to other fractions. Another

Table 4 Effect of methanolic extract of A. solanacea on Open-field test apparatus while test session

Test
groups

Number of squares visited (Mean ± SEM)

0 min 30 min 60min 90 min 120min

Control 85.2 ± 0.58 75.0 ± 0.70 71.2 ± 1.16 68 ± 0.701 62 ± 0.70

Standard 77.0 ± 0.70## 39.6 ± 0.51## 23.8 ± 0.86## 16 ± 0.70## 10 ± 0.701##

ASME 200 84.6 ± 0.51 51.0 ± 0.70## 32.2 ± 1.07## 26 ± 0.70## 22 ± 0.701##

ASME 400 83.2 ± 0.86 45.6 ± 1.03## 29.0 ± 0.70## 21.2 ± 0.80## 18.8 ± 0.66##

ASNH 200 87.6 ± 1.03 59.2 ± 1.07*** 39.6 ± 1.28## 32 ± 1.23## 27.6 ± 1.07##

ASNH 400 84.6 ± 0.68 54.8 ± 0.86## 34.8 ± 0.74## 26.8 ± 0.86## 25.8 ± 0.86##

ASCF 200 80.6 ± 0.50* 45.4 ± 0.93## 30.6 ± 0.93## 25 ± 0.70## 22.6 ± 0.51##

ASCF 400 83 ± 1.00 44 ± 1.14## 26.6 ± 0.51## 21 ± 0.70## 19.4 ± 0.50##

ASCC 200 83.8 ± 1.07 50 ± 0.70## 38.2 ± 1.16## 32.4 ± 0.75## 28.4 ± 0.75##

ASCC 400 81.8 ± 1.90 44 ± 1.73## 34.2 ± 0.58## 28 ± 1## 26 ± 0.84##

Note: Each value represents the mean ± SEM. (n = 5). One- way ANOVA followed by Dunnett’s t test. ##p < 0.005, *p < 0.05 compared with control. ASME =
methanolic Extract of A. solanacea, ASNH = n-hexane soluble fraction, ASCF = chloroform soluble fraction, ASCC = carbon tetrachloride soluble fraction

Table 5 Effect of methanolic extract of Ardisia solanacea on Hole-crossed test apparatus while test session

Test
groups

Number of hole crossed (Mean ± SEM)

0 min 30 min 60 min 90 min 120min

Control 20 ± 0.70 19.2 ± 1.74 18.4 ± 1.54 18.2 ± 1.39 15.2 ± 0.58

Standard 19 ± 0.71 8.4 ± 1.37## 5.8 ± 0.74## 4.4 ± 0.93## 3.2 ± 0.58##

ASME 200 20.8 ± 0.58 10.4 ± 0.68## 7.8 ± 0.37## 5.2 ± 0.58## 3.4 ± 0.68##

ASME 400 21.8 ± 0.86 9.8 ± 0.74## 7.6 ± 0.40## 4.6 ± 0.40## 3.2 ± 0.49##

ASNH 200 21.2 ± 1.02 13.4 ± 0.51## 9.80 ± 0.74## 7.2 ± 0.37## 4.6 ± 0.51##

ASNH 400 23.4 ± 0.93 11.4 ± 0.51## 7.6 ± 0.51## 5.8 ± 0.37## 4.2 ± 0.58##

ASCF 200 20.6 ± 0.93 10.2 ± 0.80## 7.2 ± 0.37## 5 ± 0.55## 3.2 ± 0.66##

ASCF 400 22.6 ± 1.75 10.2 ± 1.16## 7.6 ± 1.55## 4.8 ± 1.12## 3.2 ± 1.02##

ASCC 200 24.2 ± 1.77 21.8 ± 1.59 21.4 ± 1.47 22.2 ± 1.36 20.6 ± 1.83*

ASCC 400 22.8 ± 1.96 20.6 ± 2.12 18.4 ± 1.64 17.2 ± 1.63 16.4 ± 1.20

Note: Each value represents the mean ± SEM. (n = 5). One- way ANOVA followed by Dunnett’s t test. ##p < 0.005, *p < 0.05 compared with control. ASME =
Methanolic Extract of A. solanacea, ASNH = n-hexane soluble fraction, ASCF = Chloroform soluble fraction, ASCC = Carbon-tetrachloride soluble fraction
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vital step in evaluating the action of drug on CNS is to in-
spect its effect on locomotor activity of testing animal.
Locomotor activity is a motive to act on CNS by uplifting
alertness and decreasing the motion activity could induce
a sedative action [44]. Level of CNS excitement can be
evaluated from locomotor activity and reduction of this
activity is closely related to sedation turn out from the
CNS depression [45]. Here, hole cross and open filed tests
were used to observe this activity. In respect to other frac-
tions, chloroform soluble fraction and methanolic extract
of A. solanacea leaves decrease the number of hole
crossed and the number of square blocks from 1st (30
min) observation to final observation (120min) and after-
ward influenced the locomotor activity in mices which ex-
hibits the sedative activity. Acetic acid induce test is well-
used for assessing the peripheral analgesic activity [46].
Acetic acid induces pain by enhancing the PG2 and PG2α
at the receptor sites of the organ cavity which means that
carboxylic acid acts indirectly by increasing the discharge
of endogenous mediators [47, 48]. Acetic acid produces
writhing reflex in experimental animal by chemo-sensitive
nociceptor [49]. Non-steroidal anti-inflammatory drugs

act by blocking this stimulation of sensory neurons in
response to inflammatory mediators [50]. Moreover,
the level of analgesia can also be noted by the per-
cent reduction in the number of abdominal squirms
or cramps [51]. The standard drug, methanolic extract
and its chloroform soluble fraction (at both doses
level of 200 mg/kg and 400 mg/kg) significantly de-
creased the mean number of writhes. Subsequently,
increase in the percent inhibition of abdominal
squirms. The effect was closely related to that of
standard diclofenac sodium. Tail immersion test is
based on observation that morphine-like drugs select-
ively enhances reaction time of typical tail withdrawal
reflex in mices. The level of analgesia of extract is in-
dicated by the increased in basal latency period [52,
53]. Both the methanolic extract and its chloroform
soluble fraction (at 200 mg/kg and 400 mg/kg) in-
crease the reaction time, basal latency and % MPE
than other fraction. The effect was found nearly
stable from 30 min to 120 min. The basal latency was
increased by the extracts indicates that they may act
via centrally mediated analgesic mechanism [53]. In
this model, sensory nerves sensitize the nociceptors
and the involvement of endogenous substances such

Table 6 Evaluation of analgesic activity of Ardisia solanacea by
counting the number of writhing after the intraperitoneal
administration of 0.7% acetic acid

Animal Group Mean % of Writhing % of inhibition

Control 56.6 – –

Standard 14.8 26.15 73.85

ASME 200 21.6 38.16 61.84

ASME 400 19.2 33.93 66.07

ASNH 200 42.4 74.92 25.08

ASNH 400 38.4 67.85 32.15

ASCF 200 23.0 40.64 59.36

ASCF 400 19.0 33.57 66.43

Note: ASME =Methanolic extract of Ardisia solanacea, ASNH = n-hexane soluble
fraction, ASCF = chloroform soluble fraction. ASME =methanolic extract of
Ardisia A. solanacea, ASCF = Chloroform soluble fraction, ASNH = n-hexane
soluble fraction

Table 7 Effect of Ardisia solanacea leaves extract during acetic acid writhing test session

Animal Group Number of writhing (Mean ± SEM) % of inhibition of writhing

Control 56.6 ± 2.67

Standard 14.8 ± 1.16## 73.85%

ASME 200 21.6 ± 3.53## 61.84%

ASME 400 19.2 ± 1.83## 66.07%

ASNH 200 42.4 ± 3.50# 25.08%

ASNH 400 38.4 ± 1.03## 32.15%

ASCF 200 23.0 ± 1.48## 59.36%

ASCF 400 19.0 ± 1.42## 66.43%

Note: Each value represents the mean ± SEM. (n = 5). One- way ANOVA followed by Dunnett’s t test. ##p < 0.005, # p < 0.01 compared with control. ASME =
methanolic extract of A. solanacea, ASCF = Chloroform soluble fraction, ASNH = n-hexane soluble fraction

Table 8 Percent elongation of latency time after administration
of all test samples

Test
samples

Dose
(mg/
kg)

% elongation of latency time

30 min 60 min 90 min 120min

Standard 50 53.57% 72.97% 70.45% 65.12%

ASME 200 200 38.09% 67.74% 65.79% 61.54%

ASME 400 400 50.00% 72.23% 69.77% 63.42%

ASNH 200 200 27.78% 54.55% 55.17% 55.88%

ASNH 400 400 22.23% 62.96% 59.37% 59.46%

ASCF 200 200 50.00% 72.23% 68.29% 65.90%

ASCF 400 400 50.00% 76.19% 72.34% 67.39%

ASME =methanolic extract of A. solanacea, ASCF = Chloroform soluble fraction,
ASNH = n-hexane soluble fraction
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as prostaglandins are minimized [54]. The methanolic
extract of A. solanacea revealed the presence of phy-
tochemicals such as alkaloids, tannins and flavonoid,
which may be major contributors to this activity [55].
The hypoglycemic property of plant sample was con-
firmed by enhanced glucose tolerance in diabetic or
normoglycaemic treated mices indicating that any
plant samples have the capacity to correct impaired
glucose tolerance in diabetes, hence, exhibit antidia-
betic activity [56]. In this experiment, methanolic ex-
tract and n-hexane soluble fraction (at the dose level
of 200 mg/kg) exhibited significant hypoglycemia by
reducing orally administered glucose level. A similar
report has confirmed from the event of Syzygium aro-
maticum extract in streptozotocin-induced diabetic
mices following an oral glucose tolerance test [57].
Differing degree of lethality to Artemia salina was

observed with exposure to different dose levels of the
test samples. Among the test samples, reasonable
cytotoxicity was observed with methanolic extract and
its pet-ether and carbon tetrachloride fractions at
least LC50 values. Flavonoids show anti-allergic, anti-
cancer, anti-inflammatory and antimicrobial activities.
Tannins, which are present in this plant may contain
significant cytotoxic and antitumor potency [57]. In
the future, we will find out which components are
exactly responsible for those activities by performing
compound identification technique such as chromato-
graphic analysis.

Conclusion
These studies discover some pharmacological poten-
tial that can be beneficial for modern medical science
to develop medical science to discover drugs from

Table 9 Effects of methanolic extracts of different plant parts of A. solanacea on Tail Immersion Test in mice

Test
samples

Dose (mg/kg) Reaction times in seconds (Mean ± SEM) and % MPE

Pre-treatment 30 min 60 min 90 min 120min

Control 0.25 ml/ 25 g b.w 2.8 ± 0.37 2.6 ± 0.24
(1.64%)

2 ± 0.32
(6.56%)

2.6 ± 0.24
(1.64%)

3 ± 0.32
(1.63%)

Standard 50 2.6 ± 0.40 5.6 ± 0.25##

(24.41%)
7.4 ± 0.24##

(38.70%)
8.8 ± 0.37***

(50.00%)
8.6 ± 0.40##

(48.38%)

ASME 200 200 2.4 ± 0.25 4.2 ± 0.37*

(14.28%)
6.2 ± 0.37##

(30.16%)
7.6 ± 0.40***

(41.27%)
7.8 ± 0.37##

(42.85%)

ASME 400 400 2.6 ± 0.40 5.2 ± 0.37##

(20.97%)
7.2 ± 0.37##

(37.09%)
8.6 ± 0.24***

(48.38%)
8.2 ± 0.20##

(45.16%)

ASNH 200 200 2.8 ± 0.37 3.6 ± 0.25
(6.55%)

4.4 ± 0.24##

(13.12%)
5.8 ± 0.37**

(24.59%)
6.8 ± 0.37##

(32.78%)

ASNH 400 400 2.2 ± 0.20 3.4 ± 0.24
(9.37%)

5.4 ± 0.25##

(25.00%)
6.4 ± 0.24***

(32.81%)
7.4 ± 0.25##

(40.63%)

ASCF 200 200 2 ± 0.00 5.2 ± 0.20##

(24.62%
7.2 ± 0.20##

(40.00%)
8.2 ± 0.20***

(47.69%)
8.8 ± 0.37##

(52.30%)

ASCF 400 400 2.2 ± 0.20 5.2 ± 0.20***

(23.44%)
8.4 ± 0.25***

(48.44%)
9.4 ± 0.24***

(56.25%)
9.2 ± 0.20***

(54.68%)

Note: Each value represents the mean ± SEM. (n = 5). One- way ANOVA followed by Dunnett’s t test. ##p < 0.005, *p < 0.05 compared with control. ASME =
methanolic extract of A. solanacea, ASCF = Chloroform soluble fraction, ASNH = n-hexane soluble fraction

Table 10 Oral Hypoglycaemic activity of methanolic extract of A. solanacea and its n-hexane soluble fraction

Animal group Dose
Mg/
kg

Mean ± SEM

0Minute 30 Minute 90 Minute 120 Minute

Control
(Normal Saline)

6.64 ± 0.44 14.08 ± 0.12
(+ 112.05)a

8.98 ± 0.89
(− 36.22)b

6.76 ± 0.33
(− 52)b

Standard (Glibenclamide) 10 5.82 ± 0.32 10.06 ± 0.73*

(+ 72.85)a
4.6 ± 0.20##

(− 54.27)b
4.18 ± 0.24##

(− 58.45)b

ASME 200 6.42 ± 0.31 10.16 ± 0.37*

(+ 58.25)a
4.68 ± 0.14##

(− 53.94)b
4.4 ± 0.10##

(− 56.69)b

ASNH 200 6.96 ± 0.24 10.80 ± 0.33
(+ 55.17)a

5.6 ± 0.36#

(− 48.15)b
4.74 ± 0.24##

(− 58.62)b

Figures in parentheses are the % increase (+) or decrease (−) glucose level; a = compared to the glucose level at zero time, b = compared to the glucose level at
30 min after the glucose load, ASME =Methanolic extract of A. solanacea, ASNH = n-hexane soluble fraction. Each value represents the mean ± SEM. (n = 5). One-
way ANOVA followed by Dunnett’s t test. ##p < 0.005, #p < 0.01, *p < 0.05 compared with control
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plant source with different pharmacological potential-
ity with the least number of side effects. A. solanacea
can be used to treat some neuropharamcological dis-
orders, formulated into oral hypoglycemic agent. This
study will help the researcher to uncover the critical
areas of biomedical science that many researchers
were not able to explore.
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