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Tamarindus indica (Fabaceae) have been using in traditional medicine to cure various diseases, including
mental stress and anxiousness. The current study was aimed to evaluate phytochemical analysis and
anxiolytic activity of Tamarindus indica flower extracts (n-Hexane, Chloroform, Ethyl acetate and
methanol) using different animal models such as elevated plus-maze, mirror chamber, light/dark, hole
board tests. The extracts had showed presence of different phytochemical constituents. The mice were
given two different doses of these extracts to see whether they had any anti-anxiety effects in an elevated
maze-plus experiment. The methanol extract showed prominent activity compared to other extracts.
The methanol extract was used for further analysis using column chromatography and four fractions
(F,-F,) were separated and their activity was tested and further to investigate the anti-anxiety properties.
The fraction F, had showed better anxiolytic activity and using preparative thin layer chromatography
three fractions were isolated. The fraction (F,,) was identified as flavonoid through phytochemical tests
and Fourier transform infrared, Nuclear Magnetic Resonance, data as showed 3570 (-OH Str, Ar-OH)
and 1753(C=0 Str). The fraction F,, has anti-anxiety properties (4.8+0.31 and 7.2+0.30 secs) elevated
by elevated plus maze test. Fraction F,, at 80 mg/kg dose administered orally showed a considerable
anti-anxiety effect on different anxiolytic activity tests. From the results of current study, there is a need
to do a thorough investigation in finding out the mechanism of action whether it is either through the
serotonergic or GABAergic pathway of fraction F, ,. The current study was may be first report about the

flavonoids had showing anti-anxiety properties of Tamarindus indica flower extracts.

Key words: Anxiety, Tamarindus indica flower, flavonoids, fraction F, ,, elevated plus-maze

Anxiety is a normal feeling commonly present
in every one’s daily life that comes and goes!'.
But in some people, anxiety became as emotional
disorder such as panic, phobia, social anxiety,
obsessive compulsive disorder, illness anxiety
disorder etc., These disorders can affect anyone
due to different causes like stress, health problems,
living environmental conditions!?. The researchers
believe that some part of the brain responsible in
controlling the anxiety related risk factors such as
shyness, nervousness, negative feeling, confusion
etc. Recent studies reveal, one-eighth worlds’
population are suffering with Anxiety Disorder (AD)
B3 The ADs became more interesting research
in psychopharmacology research. There were
different categories to control the ADs includes
psychotherapy, complemental health techniques
and medications!®®).  The psychotherapy and
complemental health techniques are natural therapies
i.e., their treatment by cognitive behavioral therapy,
exposure to different reposes, yoga, mindfulness,
self-management strategies. But, treatment with
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medication includes different medicines (drugs)
depends on types of ADs such as serotonin uptake
inhibitors, norepinephrine reuptake inhibitors, anti-
psychotics, benzodiazepines!'’. The regular use of
different medications is also causing various side
effects. In recent time, the people are turning back
to natural medication i.e., herbal medicine to treat
diseases because of their easy availability, low cost
and less side effects!!!l.

Herbal Medicine (HM) has been using since older
days in different parts of world to treat various
diseases. Medicinal plants are mainly use in HM
and there were very little written evidences available
on usage of different medicinal plants about their
medicinal usel'>!*], In recent decades, upon interest
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on HM researchers actively reporting medicinal uses
of various plants scientifically and identifying broad
spectrum biologically active compounds to treat
different diseases including ADs!"*'"" Tamarindus
indica (T. indica) is one of such plant which have
different medical uses such as for treatment of
stomach ailments such as abdominal pain, diarrhea
and constipation and reported to have laxative,
anti-microbial, anti-parasitic, anti-fungal, anti-viral
and anti-nematodal properties!!3?!, The researchers
around the world have been reported various
medicinal properties and bioactive compounds from
different parts of 7. indica?). But there was very
little research work reported on phytochemical
constituents and biological activities of T. indica
flowers. So, the current study aimed to characterize
the phyto-constituents and evaluation of anxiolytic
activity of T. indica flower extracts.

MATERIALS AND METHODS

Drugs and reagents:

The reagents used in current study were analytical
grade. Capillary tubes, Thin Layer Chromatography
(TLC) plates were obtained from Merck, Germany.
Diazepam was from Jawa Pharmaceuticals Pvt. Ltd.,
Gurgaon. Carboxy methyl cellulose from Bioven
Ingredients, Tween 80 from Labogen’s Fine Chem
Industry.

Collection of plant material and preparation of
extracts:

The flowers of T. indica were collected around
Hyderabad region, Telangana. The collected flower

material was shade dried and made into coarse
powder. The coarse powder was used for extraction
through Soxhlation using hexane, chloroform, ethyl
acetate and methanol serially as shown in fig. 1. The
retrieved solvents were evaporated utilizing a rotary
vacuum evaporator under pressure. The obtained
extracts were stored in a desiccator for further usage.

Experimental animals:

Swiss albino mice of either sex weighing 25+5 g
around 6 to 8 w age for anxiolytic activity and female
rats weighing 180-220 g with age between 8 to 12
w for acute toxicity study were used in the study.
The animals were maintained at 23°+4° with 66+4 %
relative humidity with light/dark cycles at the animal
house, Guru Nanak Institution Technical Campus-
School of Pharmacy, Khanapur and arranged
standard nutrition and free access to water. Before
initiation of anxiolytic activity, the extracts were
tested for their toxicity. The use and care of animals
in the current study, the protocol was approved by
the Ethics Committee of the Institute for animals'
usage, Guru Nanak Institutions Technical Campus
(GNITC)-School of Pharmacy (Authorization No:
06/GNIP/CPCSEA/TAEC/2019).

Preparation of dosages:

Carboxy methyl cellulose (0.5 % w/v) with 5 %
tween (80) has been utilized as a vehicle to prepare
the test dosages of various extracts and standard drug
diazepam. The vehicle acts as control. The extracts/
fractions/ fraction F3.2 (BVT1) and diazepam at 20,
40, 60, 80, 100 mg/kg and 2 mg/kg were prepared and
through the peroral route with a tuberculin syringe

| Coarsely powdered plant material®

n-haxane I Soxhlet

!

[ n- hexane

Fig. 1: Scheme for preparation of extracts (*7. indica flowers)
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using a cannula (oral) were administrated.
Acute oral toxicity studies:

The acute oral toxicity of 7. indica flower extracts
was carried as per Organization for Economic
Co-operation and Development (OECD) main
test 423. Before initiation of the study, animals
were acclimatized to laboratory condition and
undergone overnight fasting. The rats were divided
into four groups (n=4) for each extract of 7. indica
and were administrated at a dose of 5, 50, 300
and 2000 mg/kg body weight (b. w). The animals
were under observation up to 14 d to notice any
physio-psychological changes and finally Iethal
conditionst*],

Phytochemical analysis:

The T. indica flower extracts were analyzed to
explore their phytochemical profile using standard
phytochemical tests!'.

Anxiolytic activity:

Elevated Plus-Maze (EPM) Model: EPM model
have been widely using method to assess anxiety
behavior in animals. An EPM with two open (16x5
cm) and two closed arms (16x5x12 cm) with an
open roof keep elevating (25 cm) above the floor was
used. Before the experiments, mice are permitted to
interact (socialize) during the trial. Other than the
maze's height, every measure is taken to guarantee
that no external stimuli might cause stress in animals.
A dosage plan is set up; each individual mouse gets
it. Activate EPM 60 min after receiving the vehicle,
test material, or diazepam treatment. Each individual
is placed at the midpoint of EPM and made sure that
it is faced towards the open arm. The mice's behavior
during a 5 min trial is recorded as follows in open
arms; total entries and time spent by mice?¢l.

Mirror chamber test: Open on one side, the mirror
chamber equipment comprised a 30 cm mirror cube
put within a 40x40x30.5 cm wooden box to create
a 5 cm corridor that entirely encircled the chamber
used. On the wooden box wall, a mirror pointing
towards the open side of the mirror compartment
was placed. The box was colored entirely in black on
rest three sides. After a 1 h dosage delivery period,
individual mice were put in a corridor at a specified
corner. For the duration of the 5 min test, the below
data was collected in a mirror chamber; latency for
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entering, total entries and time spent!?”-2%,

Light/dark test: The light/dark equipment with
rectangular shaped box (46x27x30 cm) is parted into
two areas, one being small and the other large (18%27
cm) and (27%27 cm), respectively. In the middle of
the floor separation, an opening door (7.5x7.5 cm)
was positioned. Unlike the compartment of the
small area, which was coated with black color, the
large compartment was coated with white color and
brilliantly lighted by a sixty-watt cold light source.
Each mouse was separately put in the middle of
the light chamber 1 h after the test medication was
administered (facing opposite the door). The duration
spent in the light zone and the delay for the initial
passage from light to darkroom were measured
during a 5 min test session],

Hole board test: The test equipment was made out
of a 40x40 cm Perspex panel with sixteen holes
separated by equal distance on the floor*"l. The
panel was 15 cm above the surface of the table. Head
dips were noted during a 5 min phase in which each
animal was put in the middle of the plank, facing
opposite from the viewer.

Sample preparation for column chromatography:

The results of phytochemical screening reveals,
presence of variation in phytoconstituents in
different extracts of 7. indica flower. Based on
results of anxiolytic activity and availability of
extracts, methanol extract of 7. indica flower was
used to isolate bioactive molecules. The methanol
extract of 7. indica weighed =200 gm was dissolved
in methanol:water (50:50 v/v) and extracted with
ethyl acetate 1:1 ratio. The collected ethyl acetate
fractions were combined. 75 g of silica powder was
dissolved in the aforementioned ethyl acetate solution
for surface coating. Afterwards, it was dried and
stored in a vacuum desiccator before being exposed
to vacuum evaporation in an Eyela N 1100 rotary
evaporator at 110°. The resulting silica powder was
used further for the column chromatography.

Column chromatography:

The prepared extract was used for column
chromatography (2.5x75 cm) with silica gel of
particle size 230-400 pum. Silica gel (150 g) and
chloroform were mixed together to make a slurry,
which was then used to load the column®!! as showed
in fig. 2A. The superficial layer of column is coated
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silica powder for phytoconstituent segregation and
the column was evaded with chloroform, 400 ml
first, then ethyl acetate in chloroform, then methanol
in ethyl acetate (0, 10, 20, 30, 40, 50, 52.5, 55, 57.5,
60, 62.5, 65, 67.5, 70, 72.5, 75, 77.5, 80, 90 and
100 %). For elution, used 200 ml of each solvent
preparation and collected each fraction in 25 ml
container, labeled and were evaporated in a rotary
evaporator.

TLC and preparative TLC:

The collected fractions from column chromatography
were used to identify different phytochemicals with
n-hexane and methanol as mobile phases in various
ratios. The charring solution i.e., 10 % sulfuric
acid in methanol (v/v) was used to visualize
the phyto-molecules. The comparable fractions
were collected and mixed. The fractions 13-17
of column chromatography are used to separate
phytoconstituents using preparative TLC (fig. 2B).

Statistical analysis:

The results in the current study were reported as
mean+Standard Error of the Mean (mean+SEM) and

¥l

Fig. 2: (A): Column chromatography and (B): Preparative TLC

performed the one-way analysis of variance with
tukey’s test to compare the means of all treatments to
the mean of every other treatment. A p-value under
0.05 is deemed significant in Tukey's test.

RESULTS AND DISSCUSION

The dried powder of 7. indica flowers was used
to prepare different extracts as showed in fig. 1
and obtained the different percentage w/w yields
with different solvents. 1.86, 1.20, 8.38 and 18.44
are percentage yield to hexane, chloroform, ethyl
acetate and methanol respectively. The prepared
extracts were used to explore their phytochemicals
with standard screening tests. The results were
showed in Table 1. There difference observed
in all extracts, they all gave negative results for
glycosides, coumarins, proteins, amino acids.
Hexane extract gave positive results to flavonoids,
tannins. Chloroform extract gave positive results for
alkaloids, steroids. Ethyl acetate extract gave positive
results for saponins, carbohydrates. Methanol
extract gave positive results for steroids, terpenoids,
saponins, flavonoids, tannins, carbohydrates
(Table 1).
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TABLE 1: PHYTOCHEMICAL SCREENING OF VARIOUS EXTRACTS OF Tamarindus indica FLOWER

Name of the extract

Phytoconstituents
n-hexane

Chloroform

Ethyl acetate Methanol

Alkaloids

Glycosides

Steroids

Terpenoids

Saponins

Coumarins

Flavonoids +
Tannins +
Carbohydrates

Proteins

Amino acids

Note: +=Presence; -=Absence
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Acute toxicity study:

The toxicity studies were conducted to all prepared
extracts as per OECD guidelines. There were no
abnormal, physio-psychological changes, mortality
was observed for tested doses and the maximum
dose 2000 mg/kg b.w.

Anxiolytic activity and column chromatography:

The prepared extracts were analyzed to evaluate the
anti-anxiolytic activity using EPM and locomotor
activities. The crude extracts were analyzed on dose
basis at 200 and 400 mg/kg b. w. The extracts had
showed dose dependent activity in controlling the
anxiety and different extracts had showed different
activeness as their variation in phytochemical
constituents. In our previous reports, among four
extracts, methanol extract was showed more activity
compared to other extracts and its results were
comparable with standard drug diazepam with more
entries and time spent in open arms. The hexane
extract has showed less activity. The chloroform
and ethyl acetate extract has showed moderate
activities®?. Based on previous report, methanol
extract was used to isolate bioactive compounds
using column chromatography (fig. 2A and 2B).

The column chromatography was prepared as
described in materials and methods. The column was
run with starting of 100 % chloroform and then with
different combinations of ethyl acetate and methanol
by increasing polarity. 200 ml of each fraction was
collected and evaluated for their phytoconstituents.
Then evaporated under vacuum using rotavapor and

stored in desiccator for further use. The collected
fractions were tested for phytochemical analysis
using standard procedures. The collected fraction
(13-17) gave positive results for flavonoids.
The fractions were aggregated and observed for
phytochemical separation using TLC with mobile
phase methanol and n-hexane as 9:1 v/v. The TLC
profile produced four fractions: F -F,. Following was
the yield (%) of the fractions: F, (15.8), F, (24.3),
F, (31.2) and F, (28.6). The F, was again separated
through preparative TLC with mobile phase methanol
in ethyl acetate and obtained F, (28.6), F,, (34.4),
and F_, (30.8) as fig. 2B.

The fractions obtained (F,, to F,,) from methanol
extracts were tested for their anxiolytic activity
using EPM model at 20 and 40 mg/kg b.w. and dose-
dependent strong anti-anxiety effect was seen in F,,
(Table 2). Among all sub fractions, F, , demonstrated
a maximum anti-anxiety activity with more entries
and maximum time spent in open arms of the EPM
i.e. 4.840.31 and 7.2+0.3 sec.

Further the F,, was evaluated for phytochemical
screening with standard procedures and structural
elucidations using Fourier Transform Infrared (FTIR)
(Table 3 and fig. 3), '"H Nuclear Magnetic Resonance
(NMR) (fig. 4), and Mass Spectra (MS) (fig. 5).
The phytochemical analysis of F,, gave positive
results for flavonoid and structural elucidation of
the spectral data obtained from FTIR, NMR, MS
demonstrates that the mass of the isolated compound
is around 300.06 and structural formula is C H ,O,.
The probable structure was showed in fig. 6 and
named it as BVT1 (F, ).

TABLE 2: EVALUATION OF ANTIANXIETY OF F, , TOF,,

Treatment Dose (mg/kg) Total entries in open arms Time spent (sec) in open
(mean+SEM) arms (mean+SEM)

Vehicle 0.25 ml 2.3+0.215# 2.8+0.3>#
Diazepam 2 7.2+0.4%% 14.5+0.423%

F., 20 2.5+0.225#% 2.6+0.25%%

F., 40 2.6+0.335% 2.8+0.3>#

F.) 20 3.6x0.212#0# 3.8+0.3120#

F., 40 4.8+0.312#b5 7.2+0.320#

F3:3 20 2.8+0.30°7 2.5+0.225%

F3:3 40 3.1+0.31># 2.6+0.33%%

Note: n=6, *: p<0.01, #: p<0.001, 2: vs. control; ®: vs. diazepam. Tukey’s multiple comparison test is used after a one-way Analysis of

Variance (ANOVA)
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TABLE 3: STUDY FINDINGS ON CHARACTERIZATION OF BVT1

Characterization studies Result
Melting point 253°

UV A_,, (methanol) 269 nm

FTIR spectroscopy(cm™ KBr) 3570 (-OH Str, Ar-OH),

3106(-CH Str, Phenyl); 2970 (-CH Str, Alkane);
1753 (C=0 Str); 1640 (C-C Str, Phenyl);
1484 (C=C Str, Phenyl); 1187 (C-O Bend)
ESI MS (m/z) C,H,,0,-300.06, [M+H] ion at 301.02
Note: FTIR: Fourier Transform Infrared Spectroscopy; ESI MS: Electrospray lonization Mass Spectrometry

’ !
Hn_ .IJ
%3: TRIViE |
28] |“|./—“__V\\‘ M A ﬂ“ Flj'-|_i;' r‘,‘r”
Eg. 58 N WY 'q"11'r|'rII AT 1
i°1 0\ / i A VTR s
EE' | - 'L Ny 'Hlvf"lj Al H| 42

- I\ 1 = ) | 1RY 1)) 1e &1°
o] 3 V1 Fagy L onRligleng By &
: 111 &8 -cpﬁﬁag“"
& 193 TI2Ey g B3 8 INES 3 g
Eg8 277§ ¢ . i
- o= r;‘: - -
T T T J ) I :
300 3000 2500 2000 1500 1000 L
Wavenumber cm-1
Sample Name. Bal IR Detector DTGSKE
e Beamspliter KBr
Collection time. Sat Jan 02 09:22:54 2024 Source: R
Bench. Themo Nicolet Nexss &70 Aeiyst Mume:
Spectometer Resolution: 4em-1

Fig. 3: Spectra of FTIR analysis of F, , extracted from T. indica flowers
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Fig. 4: Spectral data of "H-NMR analysis of F, , extracted from 7. indica flowers
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Fig. 5: Spectral data of LC-MS analysis of F_, extracted from T. indica flowers
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Chemical Formula: C,4H;,0;
Exact Mass: 300.06

Fig. 6: Probable structure of the major component of F, ,

The crude extracts and fractions of methanol extract
were evaluated for anxiolytic activity through EPM
model only. After obtaining the impressive results to
F,, with EPM model at 40 mg/kg b.w., further F_,
was evaluated to know the optimal dosage in EPM
model at dosages 40-100 mg/kg b.w. As the results in
Table 4, the BVT1 had showed dose dependent and
more activity at 80 mg/kg b.w. and is comparable
with the standard drug diazepam with more entries
and maximum time spent in open arms of the EPM
1.e., 6.8£0.40 and 13.8+0.30 sec and 7.2+0.4 and
14.5+0.42 sec. After 80 mg dosage, the activity was
saturated i.e., at 100 mg/kg dose entries and time
spent in open arms was observed is 5.6+0.21 and
10.3+£0.21 less than the activity at 60 mg/kg b.w.

November-December 2022

The BVTI1 was furthermore tested at dose 80 mg/
kg b.w. for its anti-anxiolytic activity with other
various models such as mirror chamber, light-dark
and hole board tests. These models are widely used
behavior paradigm for screening anxiolytic agents in
rodents®*<71. The results of these test showed that the
80 mg/kg b.w. dosage of F,, possess anti-anxiolytic
activity and is comparable with standard drug
diazepam. BVTI1 (80 mg/kg), the mirror chamber
test clearly shows the anxiolytic activity of BVT1 in
terms of reduced entry latency and extended duration
in the mirror chamber (in comparison to the animals
in the control group) during the test period as shown
in Table 5.
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The light and dark model is based on mice's inherent
aversion to brightly light unfamiliar and unpleasant
environments?®., The duration spent by the animal in
the highly illuminated chamber is thought to be the
most consistent behavior. BVT1 (80 mg/kg) treated
group had showed more duration of time spent in
the light chamber and increased immobility period
in the light zone. The effects were comparable with
the standard drug diazepam (2 mg/kg). The results
were showed in Table 6. Measurement of exploratory
activity may be done using a hole-board test. BVT1
(80 mg/kg) significantly enhanced the frequency of
head dips compared to control group and equal to
standard drug diazepam (Table 7).

The results of the current study reveal the presence
of different phytochemical constituents in different
extracts of the T. indica flower extracts. Apart from
our study, many researchers have been reporting
presence of various bioactive molecules in medicinal
plantsB##21 the extracts had showed good anti-
anxiolytic activity at different doses and methanol
extract showed more activity. EPM model, is
universally using method to know the anxiety as it
uses natural stimulus i.e., fear of a new, brightly open
spaces, and fear of balancing on narrow spaces on

raised platform. The extracts of 7. indica flower, the
methanol extract fractions and the isolated fraction
(BVT1) from F, had showed prominent activity in
reduction of anxiety as they increased the time spent
and number of entries on open arm than control groups.
The BVT1 compound was identified as flavonoid and
its anti-anxiety activity was tested using EPM, hole
board, mirror chamber, light/dark tests. Hole board
test is founded on a supposition that head-dipping
of animals is inversely proportional to their anxiety
state in the moderately aversive environment,
Therefore, the increased number of head dips into
the holes on the board means waned anxiety state.
Diazepam is also significantly increased the number
of head-dips in the hole-board test as compared to
control. The results of the light and dark and mirror
chamber models also impressive and confirm the
extracts and isolated fraction (BVT1) have significant
anti-anxiolytic activity. There were other reports
about anti-anxiolytic activity of different flavonoid
compounds in different medicinal plants!**¢!.  The
anti-inflammatory and analgesic activities of T
indica flowers were reported by Komakech R ef
al. 7. But as earlier said, there are very few reports
on other biological activities of 7. indica flowers.

TABLE 4: OPTIMIZATION OF ANTI-ANXIETY OF DOSE OF BVT1

Treatment Dose (mg/kg) Total open arms entries Duration (sec) in open arms
Vehicle 0.25 ml 2.320.21%# 2.8+0.3>#
Diazepam 2 7.2+0.4%% 14.520.423%

BVT1 40 4.8+0.3025# 7.6+0.3320#

BVT1 60 6.0+0.25%# 11.2+0.4220#

BVT1 80 6.8+0.40># 13.8+0.30%#

BVT1 100 5.6+0.213#b@ 10.3+0.212b#

Note: n=6, ©: p<0.05, #: p<0.001, 2: vs. control; °: vs. diazepam. Tukey's multiple comparison test is used after a one-way ANOVA

TABLE 5: ANTI-ANXIETY ACTIVITY OF BVT1 USING MIRROR CHAMBER TEST

Treatment Dose Latency (sec) to mirror Total entries in mirror Time spent (sec) in mirror
(mg/kg) chamber entry (Mean*+SEM) chamber (Mean*+SEM) chamber (Mean*+SEM)

Vehicle 0.25 ml 174.8+3.3>% 2.3£0.215% 3.8+0.307

Diazepam 2 43.6+2.8%% 11.2+0.60%# 14.3+0.33>#

BVT1 80 48.4+2 43405 9.520.223#b@ 13.2+0.612#be

Note: n=6, ®: p<0.05, *: p<0.01, #: p<0.001.2: vs. control; °: vs. diazepam. Tukey's multiple comparison test is used after a one-way

ANOVA

TABLE 6: ANTI-ANXIETY ACTIVITY OF BVT1 USING LIGHT/DARK TEST

Treatment Dose Latency (sec) to leave light zone (Mean*+SEM) Time spent (sec) in light zone
(mg/kg) (Mean*+SEM)

Vehicle 0.25 ml 15.2+0.94b# 56.6+1.01>#

Diazepam 2 48.6+1.20>* 132.4+1.10%*

BVT1 80 43.8+0.8022># 126.8+0.60>#>*

Note: n=6, *: p<0.01, #: p<0.001, 2: vs. control; ®: vs. diazepam. Tukey's multiple comparison test is used after a one-way ANOVA
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TABLE 7: ANTIANXIETY ACTIVITY OF BVT1 USING HOLE BOARD TEST

Treatment Dose (mg/kg) Number of head dips
(Mean*t SEM)
Vehicle 0.25 ml 26.4+1.0157
Diazepam 56.2+1.44%%
BVT1 54.6+0.80>"

Note: n=6, #: p<0.001, 2: vs. control; °: vs. diazepam, Tukey's multiple comparison test is used after a one-way ANOVA
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