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Abstract. The present investigations were undertaken with a view to evaluate Baptisia tinctoria
roots (Wild Indigo; family – Fabaceae) systematically for neuropharmacological activities. The
methanol extract (ME) of plant was prepared by extracting properly identified plant in a Soxhlet
apparatus with methanol, after defatting with n-hexane. Acute toxicity studies revealed that ME is
safe for acute administration. Preliminary phytochemical screening of ME showed presence of
alkaloids, steroids, flavonoids, triterpenoids, coumarins and tannins as major classes of
phytoconstituents. The ethyl acetate fraction (EAF) was prepared by fractionating crude ME using
standardized procedure, which showed presence of flavonoids, alkaloids and triterpenoids. ME
(400 mg/kg) and EAF (106 mg/kg) produced significant antistress activity in similar manner as
exhibited by the sbtandard drug. The ME and EAF exhibited mild antianxiety activity, and were
found to be devoid of anticonvulsant, sedative and analgesic activities.
Introduction
Common neurological disorders include depression, anxiety, schizophrenia, seizures and
stress, which lead to social isolation and poor quality of life [1]. More than 650 million people
suffer from these mental disorders. Around 6-7% of India’s population suffers from a mental
disorder either due to stress, depression, anxiety or any other cause [2]. Psychotherapeutics are noneffective in majority of patients with mental health problem but therapeutics having plants and plant
products showed potent effect against those mental health problems [3]. The regular use of
synthetic drugs causes various unwanted side effects such as damage of cognitive functioning,
addiction, physical dependence and tolerance [4]. Due to these adverse effects of synthetic drugs,
herbal remedies are preferred now days. India has one of the richest plant based medical tradition in
the world. Today, the herbal products demonstrate safety in contrast to the synthetics that are
contemplated as unsafe for humans and environment [5]. Traditional systems rely heavily on herbal
material compared to modern system of medicine. Despite having long tradition of use in treatment
of mental disorders, most of plants have not been validated scientifically [1]. Baptisia tinctoria (L.)
R. Vent is one of such plants.
B. tinctoria (Wild Indigo; family – Fabaceae) have been traditionally used in the treatment of
neurological disorders in homoeopathic system of medicine, in inability to think, mental confusion,
melancholia with stupor and threatened miscarriage from mental depression [6-10]. B. tinctoria has
been reported to contain various classes of chemical constituents such as alkaloids, phenols,
flavonoids, coumarins and triterpenes. The plant has been reported to exhibit immunomodulatory
activity [11]. Despite a long tradition of use, this traditionally used and medicinally promising plant
has not been properly investigated for validation of its traditional claims especially in the treatment
of CNS diseases. Therefore, it was envisaged to undertake detailed neuropharmacological activity
studies on B. tinctoria to validate traditional claims of the plant.
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Materials and Methods
Plant Material
Baptisia tinctoria roots were procured from a commercial source (Himalaya Herbs Store,
Saharanpur, India) in September, 2015. The identity of plant was confirmed by Dr. Avneet Pal
Singh, Assistant Professor, Department of Botany, Punjabi University, Patiala, India (Reference No.
SPL-105/Bot, dated 12-10-2015).

(A)

(B)

Figure 1. Baptisia tinctoria (A) aerial parts; (B) roots
Chemicals, Solvents and Reagents
Methanol, n-hexane and ethyl acetate (E Merck, Delhi, India), of LR grade, were used for the
preparation of various crude extracts and fractions of B. tinctoria roots. The various chemicals and
reagents of S.D. Fine Chemicals, Mumbai, India were used in preliminary phytochemical screening.
Animals
Laca mice (either sex; 20-25 g body weight) purchased from the Central Research Institute,
Kasauli, India, were kept in Central Animal House, Punjabi University, Patiala and fed with
laboratory pellet diet and water ad libitum. The approval was taken from Institutional Animal Ethics
Committee of Punjabi University, Patiala prior to carry out studies on mice (107/99/CPCSEA/201630, dated 27/05/2016). Six animals were used in each group for all sets of experiments.
Preparation of Extracts and Fractions
Dried and coarsely powdered B. tinctoria roots (0.5 kg) were successively extracted in a
Soxhlet apparatus using solvents (2 L each) in increasing order of polarity viz., n-hexane and
methanol. The methanol extract (10 g) of plant material was suspended uniformly in water, and
partitioned successively with ethyl acetate as per standard procedure [1]. The various extract /
fractions were concentrated by recovering solvent under reduced pressure in a rotary vacuum
evaporator to get n-hexane extract (HE), methanol extract (ME), ethyl acetate fraction (EAF) and
remaining methanol extract (RME). The percentage yield (% w/w) of ME and EAF was recorded in
relation with plant and ME respectively. Various extracts / fractions were also screened for presence
of different classes of phytoconstituents [12].
Acute Toxicity Studies
The guidelines-423 of Organization for Economic Cooperation and Development (OECD)
was followed for acute oral toxicity study of ME of B. tinctoria roots at a single dose of
2000 mg/kg, p.o. [1].
Vehicle and Standard Drugs
Distilled water + Tween 80 (2%) was used as vehicle. The doses of test substances were
prepared in vehicle. Diazepam (Jackson Laboratories Pvt. Ltd., Amritsar, Punjab, India; 1 mg/kg,
i.p.), diazepam (2 mg/kg, i.p.), diazepam (1 mg/kg, i.p.), phenytoin (Abbott Healthcare Pvt. Ltd.,
Mumbai, India; 20 mg/kg, i.p.) and pentazocine (Ind-Swift Limited, Nalagarh, Solan, Himachal
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Pradesh, India; 10 mg/kg, i.p.), were used as standard antistress, antianxiety, sedative,
anticonvulsant and anlgesic drugs respectively. Thiopentone sodium (40 mg/kg, i.p.), standard
sedative drug was administered to mice of all groups in thiopentone sodium- induced sleep assay to
induce sleep. The sedative activity of thiopentone sodium (Neon Laboratories Limited, Mumbai,
India; 40 mg/kg, i.p.) was further potentiated by another standard drug, diazepam (1 mg/kg, i.p).
Experimental Design
A total of five experimental protocols were designed to study different neuropharmacological
activities of B. tinctoria roots. In each experimental protocol, five groups were made as described
follow:
Group I - Control group received vehicle; Group II - Standard group received respective
standard drug; Groups III and IV - Test groups received different doses of ME (200 or 400 mg/kg,
p.o.) and Groups V - Test group received single dose of EAF (106 mg/kg, p.o.) respectively.
Neuropharmacological Activities
The well-established experimental models, i.e., cold swin test, elevated plus maze model,
thiopentone sodium-induced sleeping assay, maximal electroshock test and tail immersion test for
assessment of antistress, antianxiety, sedative, anticonvulsant and analgesic activities respectively
[1, 13].
Statistical Analyses
The results have been expressed as mean  standard deviation (S.D.). The test drugs were
compared with standard drug and control by one-way analysis of variance (ANOVA) followed by
Student-Newman-Keul’s test [14].
Results
Phytochemical Screening and Acute Toxicity Studies
The percentage yield (w/w) of ME of B. tinctoria roots was found to be 16.98% w/w. The ME
was further fractionated with ethyl acetate. Yield of EAF was found to be 26.58% w/w in relation to
the ME. The HE, ME, EAF and RME of B. tinctoria roots were screened for different classes of
phytoconstituents using specific standard reagents. Phytochemical screening showed presence of
fixed oils in HE; proteins, carbohydrates, alkaloids, flavonoids, steroids, triterpenoids, tannins and
coumarins in ME; alkaloids, flavonoids, steroids, triterpenoids, tannins and coumarins in EAF and
proteins, carbohydrates in RME. Preliminary phytochemical screening showed the presence of only
fixed oils in HE of B. tinctoria roots. HE was not subjected to acute toxicity studies as it was used
only for defatting of plant material. No mortality and lethality was observed in mice treated with
2 g/kg dose of the ME of B. tinctoria roots. CNS studies of ME of B. tinctoria roots were performed
at 200 and 400 mg/kg, i.e., 1/10th and 1/5th dose employed in acute toxicity studies.
Antistress Activity
The ME and EAF of B. tinctoria roots were evaluated for antistress activity in mice using
cold swim test. The ME (400 mg/kg) and EAF (106 mg/kg) significantly reduced duration of
immobility in mice with respect to control and statistically equivalent to the standard drug
(Table 1).
Antianxiety Activity
The ME and EAF of B. tinctoria roots were screened for antianxiety activity in mice using
EPM model. The ME (200 or 400 mg/kg) and EAF (106 mg/kg) significantly increased number of
entries and average time spent by mice in open arms of EPM with respect to control, but therapeutic
level equivalent to the standard drug was not achieved at all tested doses (Table 1). The results
suggest that ME and EAF of B. tinctoria roots exhibit mild antianxiety activity.
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Sedative Activity
Potentiation of thiopentone sodium induced-sleeping time assay was employed to assess
sedative activity of the ME and EAF of B. tinctoria roots. The mean latency time and duration of
sleep after acute oral administration of methanol extract (200 or 400 mg/kg, p.o.), EAF (106 mg/kg,
p.o.), diazepam (1 mg/kg, i.p.) and the control (vehicle) have been shown in table 1. In this assay,
thiopentone sodium (40 mg/kg, i.p.) was administered to all groups of mice to induce sleep. The
standard drug, diazepam at the dose of 1 mg/kg significantly potentiated thiopentone sodiuminduced sleep in mice with respect to the control. It is clearly evident form the table 1 that mean
duration of sleep observed in mice treated with vehicle was 49.66 min, whereas standard drug
potentiated sleep in mice to 86.33 min. The mean duration of sleep observed in groups of mice
treated with ME and EAF was statistically equivalent to the vehicle treated group. These
observations infer that ME and EAF were devoid of sedative activity.
Anticonvulsant Activity
All extracts of B. tinctoria roots were subjected to anticonvulsant activity in mice using
maximal electro-shock test. It is clearly evident from table 1 that ME and EAF were devoid of
anticonvulsant activity as mean duration of extensor phase in mice treated with ME and EAF were
found to be statistically equivalent to control group of mice treated with vehicle. On the other hand,
phenytoin (a standard anticonvulsant drug) significantly reduced duration of extensor phase in mice
and protected all the mice from mortality due to MES- induced convulsions.
Table 1. Antistress, Antianxiety, Sedative and Anticonvulsant Activities of ME and EAF
of B. tinctoria Roots
Treatment

Dose Antistress
(mg/kg) activity

Antianxiety activity

Sedative activity#

Anticonvulsant activity

Meann
immobility
time (sec)

Meann
number
of entries
in open
arms

Meann time
spent in
open arms
(sec)

Meann
latency
time (min)

Meann
duration of
sleep (min)

Meann
duration of
extensor
phase (sec)

Percentage
protection

Control

Vehicle

141.16 ±
8.01a

2.50 ±
0.54a

4.33 ±
0.51a

16.88 ±
0.34

49.66 ±
4.08a

29.02 ±
1.20a

50

Diazepam

1

37.83 ±
5.07*

-------

-------

-------

-------

-------

-------

Diazepam

2

-------

9.83 ±
1.47*

13.00 ±
1.67*

-------

-------

-------

-------

Diazepam

1

-------

-------

-------

17.20 ±
0.81

86.33 ±
3.83*

-------

-------

Phenytoin

20

-------

-------

-------

-------

-------

1.08 ±
0.09*

100

ME

200

52.50 ±
5.24*a
38.50 ±
3.67*

4.50 ±
0.54*a
5.66 ±
1.03*a

7.33 ±
1.21*a
8.33 ±
1.36*a

16.47 ±
0.65
17.99 ±
0.45

53.83 ±
3.48a
54.66 ±
3.55a

27.72 ±
2.01a
28.41 ±
3.14a

50
66.66

36.50 ±
3.98*

6.80 ±
0.75*a

8.50 ±
1.04*a

17.98 ±
0.12

55.16 ±
6.33a

28.76 ±
2.58a

66.66

400
EAF

106

n = 6; The data is expressed as Mean ± S.D.; *P<0.05 vs. Control; aP< 0.05 vs. Standard; one-way ANOVA
followed by Student-Newman-Keul’s test.
# Thiopentone sodium (80 mg/kg, i.p.) was administered to all mice treated with control, diazepam, ME and
EAF.
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Analgesic Activity
In tail immersion test, time taken by the mice to with draw its tail from the heat (flicking
response) is recorded. This flicking response is taken as a parameter to assess analgesic activity of
test substances. After acute treatment with ME (200 or 400 mg/kg, p.o.), EAF (106 mg/kg, p.o.),
pentazocine (10 mg/kg, i.p.) and vehicle, p.o., the time taken by mice to with draw their tail from
hot water was recorded. The results of the study have been presented in table 2. The standard drug,
pentazocine, exhibited analgesic activity for whole period of study with respect to control. The
maximum percent MPE (67.84%) was observed in mice after 30 min of treatment of pentazocine,
while after 3 h of treatment % MPE was 30.11%. These observations suggest that the analgesic
activity of standard drug was decreased with the passage of time due to metabolism of drug. None
of the test doses of ME and EAF showed analgesic activity in mice. Similar flicking response was
observed in mice treated with ME and EAF as shown by mice of control group.
Table 2. Analgesic Activity of ME and EAF of B. tinctoria Roots
Treatment
group

Dose
(mg/kg)

Meann
basal
reading
(sec)

Meann reaction time (sec)

30 min
Control

Vehicle

Pentazocine

10

ME

200
400

EAF

106

2.20 ±
0.11
2.25 ±
0.13
2.22 ±
0.01
2.25 ±
0.07
2.30 ±
0.04

1h

2h

3.48 ± 3.00 ± 2.50 ±
0.02a 0.01a
0.32a
10.90 9.40 ± 7.00 ±
± 0.13* 0.12*
0.22*
3.50 ±
3.12 ± 2.60 ±
a
0.12
0.04a
0.11a
3.79 ±
3.16 ± 2.50 ±
0.11a
0.01a
0.02a
3.88 ± 3.08 ±
2.70 ±
a
a
0.04
0.01
0.04a

% Maximal possible effect

3h

30 min

1h

2h

3h

2.30 ±
0.11a
6.09 ±
0.12*
2.35 ±
0.21a
2.30 ±
0.31a
2.50 ±
0.21a

10

6.25

2.34

0.78

67.84

56.07

37.25

30.11

10.01

7.04

2.97

1.02

12.07

7.14

1.96

0.39

12.44

6.11

3.14

1.57

n = 6; The data is expressed as Mean ± S.D.; *P<0.05 vs. Control; aP<0.05 vs. Standard drug; one-way
ANOVA followed by Student-Newman-Keul’s test.

Discussion
Phytochemical screening showed presence of fixed oils in HE, whereas proteins,
carbohydrates, alkaloids, flavonoids, steroids, triterpenoids, tannins and coumarins in ME. The
purpose of extracting plant material with n-hexane was to remove lipids from the plant. Thus, HE
was not used for screening neuropharmacological activities. Acute toxicity studies were carried out
on ME. No mortality and lethality was observed in mice treated with ME (2 g/kg). Therefore,
toxicity was not performed on lower doses of extract. The ME was further fractionated using ethyl
acetate. The ME and EAF of B. tinctoria roots were screened for neuropharmacological activities
such as antistress, antianxiety, sedative, anticonvulsant and analgesic activities. RME was not tested
for activities because it did not show presence of any major class of phytoconstituents.
Increased levels of adrenocorticoids induces stress in animals [15]. Cold swim test was
employed to assess antistress activity of test substances because a sharp increase in level of
adrenocorticoids has been recorded when animals are individually allowed to swim in a cold
environment. A significant reduction of mean time spent in cold environment by mice treated with
ME and EAF with respect to control inferred their antistress potential. EPM model was employed to
assess antianxiety activity of ME and EAF of B. tinctoria roots. ME and EAF decreased acrophobia
induced motor activity in mice significantly with respect to control but not equivalent to standard
drug inferring their mild antianxiety activity [16]. To assess sedative activity, latency time and
duration of sleep were recorded in mice after administration of test drugs using potentiation of
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thiopentone sodium-induced sleeping time assay. Diazepam was used as standard drug because it
potentiates GABA mediated postsynaptic inhibition through allosteric modification of GABA A
receptors and increase the duration of sleep [17]. The test drugs were found to be devoid of sedative
activity as these failed to increase duration of sleep in mice. MES-induced convulsions assay was
employed in present study for the assessment of anticonvulsant potential of test drugs. Inhibition of
tonic extension in mice using MES test suggest anticonvulsant activity against generalized tonicclonic and cortical focal seizures as shown by the standrad drug, phenytoin [18]. But the test
substances were devoid of anticonvulsant activity as these drugs could not decrease duration of
extensor phase in mice with respect to control. The analgesic activity of the standard and test drugs
was assessed in tail immersion test. In this test, tail of animal is placed in hot water results in
flicking response (withdrawal of tail from hot water) due to pain. Analgesic drugs significantly
increase pain threshold in animals by the involvement of a higher centre [19]. The standard drug
showed significant analgesic activity with respect to control during 3 h of study, whereas test drugs
(ME and EAF) did not show analgesic activity at any tested dose.
Preliminary phytochemical studies showed presence of flavonoids, alkaloids and triterpenoids in
bioactive EAF of B. tinctoria roots. Flavonoids – chrysin [20], apigenin [21], naringenin [22];
Alkaloids – berberine [23], pleiocarpine, kopsinine [24]; Triterpenoids – maslinic acid [25],
oleanolic acid [26], isolated from plant drugs, have shown significant neuropharmacological
activities. The results of present investigations are in agreement to above reports. The antistress
activity of B. tinctoria roots is attributed to these bioactive groups of phytoconstituents.
Conclusion
Finally, it can be concluded that methanol extract, containing bioactive classes of
phytoconstituents such as flavonoids, alkaloids and triterpenoids, exhibits significant antistress
activity. Ethyl acetate fraction takes up most bioactive constituents of methanol extract. Ethyl
acetate fraction exhibits strong antistress and mild antianxiety, and is devoid of anticonvulsant,
sedative and analgesic activities.
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