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Abstract- Depression is a prevalent, frequently recurrent and often chronic
syndrome that affects quality of life and overall productivity. About 18 million
Americans and 340 million people worldwide are affected from depression. Fourteen
groups (n=6) were employed in the present study. Boswellic acid (25 mg/kg/day, p.0)
was administered for 12 consecutive days as a test drug. Imipramine (15 mg/kg, p.0.) was
injected for 12 days as a standard anti-depressant drug for evaluation of behavioural
parameters. The present study concluded Boswellic acid as anti-depressant as suggested
by the results obtained. Boswellic acid administration reduces immobility period in TST
and FST models reverse Sucrose preference in CUMS group, when compared to normal
control. The microsomal lipid peroxidation of polyunsaturated fatty acids (PUFA)
produced malondialdehyde (MDA), lipid hydroperoxides. The restraint stress enhances
the level of lipid peroxidation, hence increased Malondialdehyde, nitrite and significantly
decreased reduced glutathione levels. Several studies reveal Boswellic acid as anti-
oxidant. Proving its antioxidant effects, Boswellic acid potentially reduces oxidative
stress, by altering malondialdehyde (MDA), nitrite/nitrate and reduced glutathione (GSH)
levels, when compared to normal control.

Key words- Malondialdehyde, anti-depressant, peroxidation, gluthathione

Introduction

Health is defined as a state of mental, physical and social well being and not merely
absence of disease or infirmity. A sound mind in a sound body has been recognized as a
social ideal for the well being [1]. Mental disorders such as depression anxiety, stress and
schizophrenia, are the major cause of morbidity and mortality and is equally debilitating
as other somatic illness. The magnitude of psychiatric and other central nervous system
disorders appear day by day [2]. Depression is a prevalent, frequently recurrent and

often chronic syndrome that affects quality of life and overall productivity. About 18
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million Americans and 340 million people worldwide are affected from depression [3, 4].
Depression is the leading cause of disability worldwide. According to World Mental
Health Survey conducted in seventeen countries, about one in twenty people were
reported for having an episode of depression in the year of 2012 [5]. Major depressive
disorder (MDD) may begin at any age, most commonly, it starts in the mid-20s, but
exceptions occur; its age of onset occurs in a broad range [4]. Patients have intense
feelings of sadness, hopelessness, and guilt, accompanied by sleep difficulties,
impaired concentration, decreased energy, and possible suicidal ideation [6]. Several
forms of depressive disorders are better understood by getting the knowledge of
pathophysiology of depression, and evaluating anti-depressants, which facilitate the
neurotransmission of 5-hydroxytryptamine/serotonin (5-HT), norepinephrine (NE) and
dopamine (DA) [7]. There are many neurochemical and biochemical changes involved in
pathophysiology of depression [8]. Transmission of important neurotransmittors 5-HT,
DA and NE requires several steps including their synthesis, storage in secretory vesicles,
and their regulated release into the synaptic cleft between pre and post synapses by Ca?*
dependent process [2, 9, 10]. The synaptic effects of these neurotransmitters are
terminated their by binding to specific transporter proteins, reuptake into the pre-synapse
and their metabolism by enzymes, such as monoamine oxidase (MAO) [11]. Concomitant
increase in the activity of the hypothalamic pituitary adrenal system, with a consequent
elevated release of glucocorticoids such as cortisol as well as of corticotropin-releasing
hormone (CRH) from brain neurons and brain derived neuronal factor (BDNF) are
mediator of depression which play an important role in the growth and regulation of
neurons during childhood and adolescence [12, 13]. BDNF protein synthesis is induced
by calcium-calmodulin-dependent-kinase translocation to cell which in turn
phosphorylate the transcription factor cAMP response element binding (CREB).
Increased level of Cyclic adenosine mono phosphate (CAMP) activates the N methyl—d-
Aspartate (NMDA) receptor, which increases the nitric oxide (NO) level having pvitol
role in depression. [14] The conventional system of allopathic medicine is available for
the effective treatment of depressive disorder. Tri-cyclic anti depressant like
Amitriptyline, clomipramine, Imipramine, etc inhibit the reuptake of Na® dependent
transport of 5-HT and act as anti-depressant [15]. As the disorder requires a long term
treatment with frequent dosing, this may produce adverse effects with allopathic
medicine. Therefore, herbal therapy is novel system to treat depression [16]. In India,
herbal drugs are used officially for a long period as recognized alternative systems of
health [17]. Millions of Indians use herbal drugs regularly, as spices, home-remedies,
health foods as well as over-the-counter drugs prescribed in the non-allopathic systems
i.e. Ayurvedic, Homeopathic [18]. The system of Herbal medicines are gaining interest
among the population worldwide as these are exclusively obtained from plants and are
safe & effective [17]. Boswellic acids, a gum resin is obtained from the plant Boswellia
serrata family Burseraceae, which is native to Arabia and India [19]. Boswellia serrata
and Boswellic acid resin is popularly used in Indian systems of number of activities
(Unani, Ayurvedic & Sidoswellic acha). Several studies reveal Boswellic acid as an anti-
inflammatory, anti-asthmatic, anti-arthritic [20-26], immunomodulatory [27, 28],
antimicrobial [29], and an anti-oxidant [20, 30]. Boswellic acid has the potential of
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reducing oxidative stress, scavenging reactive oxygen and nitrogen species, able to
change the malondialdehyde (MDA) and reduced glutathione (GSH) level and
stimulating Ca®* mobilization in human polymorphonuclear leucocytes (PMNL) [19, 25,
30, 31]. Further, study carried out on Boswellia serrata suggests its anti-depressant
activity [32]. Considering multifarious beneficial effects of Boswellic acid and the fact
that the anti-depressant activity of Boswellia serrata might be due to the presence of
Boswellic acid, motivates us to evaluate the possible effect of Boswellic acid as an anti-
depressant in mice.

Materials and Methods
Experimental Protocol

Fourteen groups (n=6) were employed in the present study. Boswellic acid (25
mg/kg/day, p.o) was administered for 12 consecutive days as a test drug. Imipramine (15
mg/kg, p.0.) was injected for 12 days as a standard anti-depressant drug for evaluation of
behavioural parameters. Prazosin (62.5 pg/kg, p.o.), Sulpiride (50 mg/kg, p.o.), Baclofen
(10 mg/kg, p.o.) and Para-chlorophenylalanine (p-CPA, 100 mg/kg, i.p.) were
administered once on 12" day to mice for exploration of the probable mechanism of anti-
depressant action. Biochemical estimation of MAO-A, MAO-B, total protein, MDA,
GSH, nitrite/nitrate levels in brain homogenate and corticosterone levels in blood plasma
were carried out to evaluate the anti-depressant effect of Boswellic acid.

Solubility of Drugs: Boswellic acid was dissolved in 0.5% carboxymethyl cellulose
(CMC). Imipramine, Prazosin, Sulpiride, and Baclofen were dissolved in normal saline
(0.9% NaCl). p-CPA was dissolved in minimum quantity of 0.1 N sodium hydroxide
solution and pH was adjusted to 7.0 with 0.1 N hydrochloric acid.

Laboratory models employed for testing anti-depressant activity:

Tail suspension test: TST is commonly employed behavioral model for screening anti-
depressant like activity in mice, was first given by Steru et al. [33]. Animals were moved
from their housing colony to laboratory conditions for 1-2 hour. Each mouse was
individually suspended to the edge of a table, 50 cm above the floor, by adhesive tape
placed approximately 1 cm from tip of the tail. Each animal under test was both
acoustically and visually isolated from other animals during test. The total duration of
immobility induced was measured manually for 6 min as a means of evaluating potential
anti-depressants [34, 35]. Immobility time was recorded during a 6 min period. Animal
was considered to be immobile, when it did not show any body movement, hung
passively and completely motionless.

Forced swim test: FST is frequently used behavioural model for anti-depressant like
activity in mice, was proposed by Porsolt et al. [36]. Mice were forced to swim
individually in glass jar (25 x 12 x 25 cm®) containing fresh water at 15 cm height and
maintained at 25°C + 3°C. After an initial 2 min period of vigorous activity, each animal
assumed a typical immobile posture. A mouse was considered to be immobile, when it
remained floating in the water without struggling, making minimum movements of its
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limbs necessary to keep its head above water. The total duration of immobility was
recorded during the next 4 min of total 6 min test. The changes in immobility duration
were studied after administration of drugs in separate groups of animals

Locomotor activity: Closed field activity was measured to rule out any interference in
locomotor activity by the investigational drug, which may affect the process of
depression, in FST and TST. Gross behavioral activity was assessed by digital
Actophotometer. Each animal was observed over a period of 5 min in a square (30 cm)
closed arena equipped with infrared light-sensitive photocells and values expressed as
counts per 5 min [37]. The beams in the actophotometer, cut by the animal, were taken as
measure of movements. The apparatus was placed in a darkened, sound-attenuated and
ventilated testing room.

Chronic unpredictable mild stress: CUMS was performed according to the procedure
adapted by Dhingra et al. and Lin P. et al. with slight modifications [13, 38]. Briefly, the
weekly stress regimen consisted of food and water deprivation, exposure to an empty
bottle, soiled cage, light/dark succession every 2 hour, space reduction, 45°age tilt,
overnight illumination and rat exposure. All stressors were applied individually and
continuously, day and night. CUMS group animals were housed in separate room and had
no contact with the stressed groups. They were deprived of food and water for 24 hour
preceding SPT, but otherwise food and water were freely available in the home cage.

Table 1: Stress regimen employed on mice for 3 weeks during CUMS period

} } v . } '

Day Monday  Tuesday Wednesday  Thursday Friday Saturday  Sunday
Food 9:30 am™ 9:30 am
Deprived
Water 9:30am-
deprived 10:30am
Soiled cage 10:30 am™ 10:30 8:30pm-  8:30
am pm
Light and 10:30am-8:30pm 8:30am-8:30pm
dark
Space 8:30 pnT—> 8:30 am 8:30 pmm>  9:30
reduction am
45° cage 8:30am-8:30 pm 8:30pm—>
8:30am
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Overnight 8:30 pm> 8:30 am

illumination

Rat exposure 8:30am-
8:30pm

Sucrose preference test: Sucrose preference test was carried out at the end of 3-week
CUMS [39]. According to Li et al. before carrying the test, mice were trained to adapt to
sucrose solution (1%, w/v). Two bottles of sucrose solution were placed in each cage for
24 hour, and then one bottle of sucrose solution was replaced with water for 24 hour.
After the adaptation, mice were deprived of water and food for 24 hour before the test.
Mice were housed in individual cages and were free to access to two bottles containing
100 ml of sucrose solution (1% w/v) and 100 ml of water, respectively. On the test day
after 24 hour, the weights of consumed sucrose solution and water were recorded, and
sucrose preference was calculated as

Sucrose consumption

Sucrose preference (%) = X 100%
[Sucrose consumption + Water consumption]
Biochemical Estimation:

Estimation of Brain MAO-A and MAO-B levels:- On 13" day, after exposure to TST,
mice were sacrificed under light anesthesia. The brain samples were collected on an ice
plate. The collected brain samples were washed with cold 0.25M Sucrose- 0.1M Tris-
0.02M EDTA buffer (pH 7.4), weighed and homogenized in a glass homogenization tube.
The whole procedure of brain samples collection was completed within five minutes.
Mouse brain mitochondrial fractions were prepared following the procedure of schurr et
al. [40]. The MAO activity was assessed spectrophotometrically. Briefly, the buffer
washed brain sample was homogenized in 9 volumes of cold 0.25M Sucrose- 0.1M Tris-
0.02M EDTA buffer (pH 7.4) and centrifuged twice at 800 rpm for 10 min at 4°C in
cooling centrifuge (REMI cooling centrifuge, Mumbai). The pellet was discarded.
Supernatant was then centrifuged at 12000 rpm for 20 min at 4°C in cooling centrifuge.
The precipitates were washed twice with about 100 ml of sucrose-tris-EDTA buffer and
suspended in 9 volumes of cold sodium phosphate buffer (10 mM, pH 7.4, containing
320 mM sucrose) and mingled well at 4°C for 20 min The mixture was then centrifuged
at 15000 rpm for 30 min at 0°C and the pellets were re-suspended in cold sodium
phosphate buffer. For estimating MAO-B activity, 2.75 ml sodium phosphate buffer (100
mM, pH 7.4) and 100 pl of 0.1 M benzylamine were mixed in a quartz cuvette which was
then placed in double beam spectrophotometer (Lab India, Mumbai). This was followed
by the addition of 150 pl solution of mitochondrial fraction to initiate the enzymatic
reaction and the change in absorbance was recorded at wavelength of 249 nm for 5 min
against the blank containing sodium phosphate buffer and benzylamine. For estimating
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MAO-A activity, 2.75 ml sodium phosphate buffer (100 mM, pH 7.4) and 100 ul of 4
mM 5-hydroxy-tryptamine (5-HT) were mixed in a quartz cuvette which was then placed
in double beam spectrophotometer (Lab India, Mumbai). This was followed by the
addition of 150 pl solution of mitochondrial fraction to initiate the enzymatic reaction
and the change in absorbance was recorded at wavelength of 280 nm for 5 min against
the blank containing sodium phosphate buffer and 5-HT.

Estimation of Brain Protein concentration:- Total proteins were assessed by Biuret
method using the commercially available kit (Agappe diagnostics Ltd. Kerala, India). The
working reagent containing potassium iodide, potassium sodium tartarate, copper
sulphate and sodium hydroxide (1000 ul) was added to 20 ul standard protein and to 20
ul sample to prepare standard (S) and test (T). Blank (B) contains 1000 ul of reagent
only. All the tubes were incubated at 37°C for 10 minutes. The absorbance of Test and
Standard were measured against blank (B) at 546 nm spectrophotometrically. Proteins in
sample form a blue colored complex, when treated with cupric ions in alkaline solution.
The intensity of blue color was proportional to proteins present in sample.

Absorbance of Test

Total Protein Conc. (g/dl) = X6
Absorbance of Standard

Estimation of Brain Malondialdehyde (MDA) levels:- Malondialdehyde (MDA), an
index of free radical generation/lipid peroxidation, was determined by the procedure
given by wills, 1965 [41]. Briefly, the reaction mixture consisted of 0.2 ml of 8.1%
sodium lauryl sulphate, 1.5 ml of 20% acetic acid (pH 3.5) and 1.5 ml of 0.8% aqueous
solution of thio-barbituric acid, which was added to 0.2 ml of supernatant of brain
homogenate. The mixture was made up to 4.0 ml with distilled water and heated at 95°C
for 60 min After cooling the contents under running tap water, 5.0 ml of n-butanol and
pyridine (15:1 v/v) and 1.0 ml of distilled water was added. The contents were
centrifuged at about 3000 rpm for 10 min The organic layer was separated out and its
absorbance was measured at 532 nm using double beam UV-Visible spectrophotometer
(Lab India, Mumbai) against a blank having reaction mixture minus supernatant of brain
homogenate [42].

Estimation of Brain Reduced Glutathione levels:- The brain GSH level was estimated
using the methods described by Ellman et al., 1959 [43]. The brain homogenate of the
mice was mixed with 10% w/v trichloro acetic acid in 1:1 ratio and centrifuged at 4 -C
for 10 min at 5000 rpm. The supernatant (0.5 ml) was mixed with 2 ml of 0.3 M
disodium hydrogen phosphate buffer (pH 8.4) and 0.4 ml of distilled water. Then, 0.25
ml of 0.001 M freshly prepared DTNB [5, 5’-dithiobis (2-nitrobenzoic acid) dissolved in
1% wi/v sodium citrate was added to the reaction mixture, and then incubated for 10-min
The absorbance of the yellow colored complex was noted spectrophotometrically at 412
nm. A standard curve was plotted using the reduced form of glutathione (0.1-1 uM).
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Estimation of Brain Nitrite/Nitrate levels:- Greiss reagent (mixture of 250 pL of 1.0%
sulphanilamide prepared in 3N HCI and 250 pL of 0.1% N-naphthyl ethylene diamine
prepared in water) was kept for 1 hour at 0°C. 1 part of brain homogenate was added to 1
part of Greiss reagent, and kept in dark for 10 mins at room temperature [44]. The
absorbance was measured at 546 nm using UV-visible spectrophotometer.

Estimation of Plasma Corticosterone levels:- The quantitative estimation of
Corticosterone levels in the blood plasma was performed by the method of Bartos and
Pesez, 1979 [45, 46]. To 1.0 ml of sample in 1.0 ml ethanol, 0.50 ml of 0.10% solution of
p-nitroso-N,N-dimethylaniline in ethanol was added and the tubes were immersed in ice
water for 5 min, and then 0.50 ml of 0.10 M sodium hydroxide was added. The tubes
were plugged with cotton-wool and were let to stand at 0°C for 5 h, protected against
light. To the above solution, 2.0 ml of buffer for pH 9.8, 5.0 ml of 0.10% solution of
phenol in ethanol and 0.50 ml of 1.0% aqueous solution of potassium ferricyanide were
added. The tubes were kept in a water bath at 20 + 2°C for 10 min The absorbance was
read at 650 nm using UV-visible spectrophotometer (Lab India, India).

Groups employed for Tail suspension test (TST) and Forced swim test (FST):

Group I: (Normal control), Mice were administered vehicle (0.5% w/v CMC, 10 ml/kg,
p.0.) for 12 days and on 12" day; the animals were subjected to TST after 60 min of the
vehicle administration. This group was subjected to FST on 13" day after 60 min of
vehicle administration.

Group II: (Imipramine per se), Mice were administered Imipramine (15 mg/kg/day, p.o.)
for 12 days and on 12" day; the animals were subjected to TST after 60 min of the drug
administration. This group was subjected to FST on 13" day after 60 min of Imipramine
administration.

Group I1I: (Boswellic acid per se), Mice were administered Boswellic acid (25
mg/kg/day, p.o.) for 12 days and on 12" day; the animals were subjected to TST after 60
min of the drug administration. This group was subjected to FST on 13" day after 60 min
of Boswellic acid administration.

Groups employed for Chronic unpredictable mild stress (CUMS) and Sucrose
preference test (SPT)

Group IV: (CUMS), Mice were subjected to CUMS for consecutive 21 days; animals
were trained and subjected to SPT on 24" day.

Group V: (CUMS + Imipramine), Mice were subjected to CUMS for consecutive 21
days. Imipramine (15 mg/kg/day, p.0.) was administered for 24 days and on 24™ day,
these mice were subjected to SPT after 60 min of Imipramine administration.

Group VI: (CUMS + Boswellic acid), Mice were subjected to CUMS for consecutive 21
days. Boswellic acid (25 mg/kg/day, p.0.) was administered for 24 days and on 24™ day;
the mice were subjected to SPT after 60 min of Boswellic acid administration.
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Groups employed for Mechanism of action

Group VII: (Sulpiride Control), Vehicle (CMC 0.5%, 10ml/kg, p.o.) was administered
orally for 12 successive days in mice. Sulpiride (50 mg/kg, p.0.) was administered 60 min
after vehicle administration on 12" day. Animals were subjected to TST after 60 min of
Sulpiride administration.

Group VIII: (Sulpiride and Boswellic acid), Boswellic acid per se (25 mg/kg, p.o.) was
administered orally for 12 successive days in mice. Sulpiride (50 mg/kg, p.o.) was
administered 60 min after Boswellic acid per se administration on 12" day. Animals were
subjected to TST after 60 min of Sulpiride administration.

Group IX: (Baclofen Control), Vehicle (CMC 0.5%, 10ml/kg, p.o.) was administered
orally for 12 successive days in mice. Baclofen (10 mg/kg, p.o.) was administered 60 min
after vehicle administration on 12" day. Animals were subjected to TST after 60 min of
Baclofen administration.

Group X: (Baclofen and Boswellic acid), Boswellic acid per se (25 mg/kg, p.o.) was
administered orally for 12 successive days in mice. Baclofen (10 mg/kg, p.o.) was
administered 60 min after Boswellic acid administration on 12" day. Animals were
subjected to TST after 60 min of Baclofen administration.

Group XI: (Prazosin Control), Vehicle (CMC 0.5%, 10ml/kg, p.0.) was administered
orally for 12 successive days in mice. Prazosin (62.5 pg/kg, p.o.) was administered 60
min after vehicle administration on 12" day. Animals were subjected to TST after 60 min
of Prazosin administration.

Group XII: (Prazosin and Boswellic acid), Boswellic acid (25 mg/kg, p.0.) was
administered orally for 12 successive days in mice. Prazosin (62.5 pg/kg, p.o.) was
administered 60 min after Boswellic acid administration on 12" day. Animals were
subjected to TST after 60 min of Praosin administration.

Group XIlII: (p-CPA Control), Vehicle (CMC 0.5%, 10ml/kg, p.o.) was administered
orally for 12 successive days in mice. p-CPA (100 mg/kg, i.p.) was administered 60 min
after vehicle administration on 12" day. Animals were subjected to TST after 60 min of
p-CPA administration.

Group XIV: (p-CPA and Boswellic acid), Boswellic acid (25 mg/kg, p.0.) was
administered orally for 12 successive days in mice. p-CPA (100 mg/kg, i.p.) was
administered 60 min after Boswellic acid administration on 12" day. Animals were
subjected to TST after 60 min of p-CPA administration.

Groups employed for Biochemical estimations:- Groups I-VI are used for biochemical
estimations.

Statistical analysis:- The result data was expressed in mean * standard error mean. Data
was statistically analyzed by using repeated measures of analysis of variance (ANOVA),
followed by dunnet T test. ‘p’ value less than 0.05 was considered to be significant.
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Results
Behavioral Parameters:-

Effect of Boswellic acid on immobility period in TST and FST:- Boswellic acid (25
mg/kg, p.o.) per se administered for 12 successive days to mice significantly (p<0.01)
decreased the immobility periods in both TST and FST, indicating significant
antidepressant-like activity. Imipramine (15 mg/kg, p.o.) per se administered for 12
successive days to mice as standard antidepressant significantly (p<0.01) decreased the
immobility periods in both TST and FST as compared to the normal control group. (Fig
no.1&?2)

Effect of Boswellic acid on locomotor activity:- Boswellic acid (25mg/kg, p.0.) per se
administered for 12 successive days to mice, indicated no significant change in locomoter
activity, when compared with normal control. Imipramine (15mg/kg, p.o.) per se
administered for 12 successive days to mice didn’t not showed any significant difference
in locomoter activity as compared to the normal control group.

Effect of combination of Boswellic acid with Sulpiride, Baclofen, Prazosin and p-
CPA on immobility period in TST:- Prazosin (62.5 pg/kg, i.p), Sulpiride (50 mg/kg,
i.p.), Baclofen (10 mg/kg, i.p.), and p-CPA (100 mg/kg, i.p.) alone significantly (p<0.05,
p<0.01) increased the immobility period as compared to normal control group. Boswellic
acid (25 mg/kg, p.o.) per se significantly (p<0.01) reversed the increase in immobility
time period elicited by Prazosin, Sulpiride, Baclofen and p-CPA, when compared to
Boswellic acid per se alone. (Table no. 2)

Effect of Boswellic acid on Sucrose preference after Chronic unpredic-table mild
stress:- Exposure of the mice to chronic unpredictable mild stress (CUMS) for 21
successive days significantly (p<0.01) decreased sucrose preference. Boswellic acid
(25mg/kg, p.o.) and Imipramine (15 mg/kg, p.o.) significantly restored the reduced
sucrose preference (%) in CUMS groups as compared to CUMS alone group.

Biochemical estimations:

Effect of Boswellic acid on Brain MAO-A levels:-Boswellic acid (25mg/kg, p.o.) per se
and Imipramine (15 mg/kg, p.o.) per se administered for 12 successive days significantly
(p< 0.01) reduced the brain MAO-A level in treated mice as compared to the normal
control group. The efficacy of Boswellic acid was found to be comparable to Imipramine.

(Fig. 3)

Effect of Boswellic acid on Brain MAO-B levels:- Boswellic acid (25mg/kg, p.o.) per
se and Imipramine (15 mg/kg, p.o.) per se administered for 12 successive days
significantly (p<0.01) reduced MAO-B activity in treated mice as compared to normal
control group. The efficacy of Boswellic acid was found to be comparable to Imipramine.

(Fig. 4)
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Effect of Boswellic acid on Brain Protein concentration:- Boswellic acid (25mg/kg,
p.0.) per se and Imipramine (15 mg/kg, p.o.) per se administered for 12 successive days
significantly (p<0.01) reduced brain protein concentration in treated mice as compared to
normal control group. The efficacy of Boswellic acid was found to be comparable to
Imipramine. (Fig. 5)

Effect of Boswellic acid on Brain MDA levels:- Boswellic acid per se and Imipramine
per se administered for 12 sucessive days significantly (p<0.01 ) decreased MDA levels
in treated mice as compared to normal control group. The efficacy of Boswellic acid was
found to be comparable to Imipramine. (Fig. 6)

Effect of Boswellic acid on Brain Reduced glutathione levels:- Boswellic acid per se
and Imipramine per se administered for 12 successive days significantly (p< 0.05,
p<0.01) increased, reduced glutathione levels in treated mice as compared to control
normal group. (Fig. 7)

Effect of Boswellic acid on Brain Nitrite/Nitrate levels:- The dose of Boswellic acid
(25mg/kg, p.o.) per se and Imipramine (15 mg/kg, p.o.) per se administered for 12
successive significantly (p< 0.01) decreased plasma nitrite/nitrate levels in treated mice
as compared to normal control group. The efficacy of Boswellic acid was found to be
comparable to Imipramine. (Fig. 8)

Effect of Boswellic acid on Blood plasma corticosterone levels:- Boswellic acid per se
and Imipramine per se administered for 21 successive days significantly (p< 0.01)
reduced the corticosterone levels of treated mice as compared to normal control group.

(Fig. 9)

Table 2: Effect of combination of Boswellic acid with sulpiride, baclofen, prazosin and
p-CPA on immobility period of mice in TST

. | ility Peri
Group No. | Treatment for 12 days i.p. Dose (kg™) mmOb(lsg) eriod
I Vehicle (0.5% CMC) 10 ml/kg 187.16 +9.28
Il Boswellic acid per se 25 mg/kg 95.83 £ 6.05
VII Vehicle (0.5% CMC) 10 ml + 50 mg 211.67+7.17
+ Sulpiride
VI Boswellic acid + Sulpiride | 25 mg + 50 mg 139.3 + 6.6™
IX Vehicle (0.5% CMC) 10 ml + 10 mg 214 +5.7
+ Baclofen
X Boswellic acid + Baclofen | 25 mg + 10 mg 166.16 + 7.16™
Xl Vehicle (0.5% CMC) 10 ml + 62.5 pg 231.16+6
+ Prazosin
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Xl Boswellic acid + Prazosin | 25 mg + 62.5 pg 156.3 +5.5™

X Vehicle (0.5% CMC) 10 ml + 100 mg 119.66 + 7.212
+ p-CPA

X1V Boswellic acid + p-CPA 25 mg + 100 mg 217.5 + 6.44™

Values are expressed as Mean = SEM. N = 6 in each group.

Data was analyzed by one-way ANOVA followed by Dunnett’s t-test.
“p <0.05 when compared with normal control group (1)

“p <0.01 when compared with normal control group (1)

*p <0.01 when compared with Boswellic acid treated group (111)

Db <0.01 when compared with Boswellic acid treated group (I11)
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Figure 1: Effect of Boswellic acid on Imobility time of mice using Tail suspension test

Values are expressed as Mean + SEM. n=6 in each group. Data was analyzed by One-
way ANOVA followed by Dunnett’s t-test. **p<0.01 when compared with normal group.
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Figure 2: Effect of Boswellic acid on Immobility time of mice using Forced swim test
Values are expressed as Mean = SEM. n=6 in each group. Data was analyzed by One-
way ANOVA followed by Dunnett’s t-test. **p<0.01 when compared with normal group.
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Figure 3: Effect of Boswellic acid on MAO-A levels in Brain of mice
Values are expressed as Mean £ SEM. n=6 in each group. Data was analyzed by One-
way ANOVA followed by Dunnett’s t-test. **p<0.01 when compared with normal group.
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Figure 4: Effect of Boswellic acid on MAO-B levels in Brain of mice
Values are expressed as Mean £ SEM. n=6 in each group. Data was analyzed by One-

way ANOVA followed by Dunnett’s t-test. **p<0.01 when compared with normal group.
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Figure 5: Effect of Boswellic acid on Protein concentration in Brain of mice
Values are expressed as Mean = SEM. n=6 in each group.

Data was analyzed by One-way ANOVA followed by Dunnett’s t-test.
*p<0.05 when compared with normal group.

**p<0.01 when compared with normal control
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Figure 6: Effect of Boswellic acid on MDA levels in Brain of mice
Values are expressed as Mean £ SEM. n=6 in each group.
Data was analyzed by One-way ANOVA followed by Dunnett’s t-test.
**p<0.01 when compared with normal control
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Figure 7: Effect of Boswellic acid on reduced Glutathione levels in Brain of mice
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Values are expressed as Mean £ SEM. n=6 in each group.

Data was analyzed by One-way ANOVA followed by Dunnett’s t-test.
*p<0.05 when compared with normal group.

**p<0.01 when compared with normal control
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Figure 8: Effect of Boswellic acid on Nitrite/nitrate levels in Brain of mice
Values are expressed as Mean = SEM. n=6 in each group.

Data was analyzed by One-way ANOVA followed by Dunnett’s t-test.
**p<0.01 when compared with normal control
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Figure 9: Effect of Boswellic acid on Blood plasma Corticosterone level of mice
Values are expressed as Mean + SEM. n=6 in each group.
Data was analyzed by One-way ANOVA followed by Dunnett’s t-test.
**p<0.001 when compared with normal group.

5. 2. Discussion

Antidepressant-like activity of Boswellic acid, one of the major chemical constituent
present in Boswellia serrata was evaluated in mice employing Forced swim test (FST),
Tail suspension test (TST) and Sucrose preference test (SPT) followed by Chronic
unpredictable mild stress (CUMS). These models are widely employed in rodents to
predict antidepressant potential by decrease of immobility period produced by several
different classes of antidepressant drugs [13, 46-48,]. Earlier study carried out on
Boswellia serrata suggests its anti-depressant activity [32]. In the present study Boswellic
acid (25 mg/kg, p.o.) per se administered for 12 successive days to mice produced
significant antidepressant-like effect in TST and FST, when compared to normal control
group. Boswellic acid administered for 24 successive days significantly increased the
sucrose preference in the animals, which were previously subjected to chronic
unpredictable stress for 21 days. The efficacy of Boswellic acid per se was found to be
comparable with Imipramine (15mg/kg, p.o.). Boswellic acid didn’t show any significant
change in locomotor functions of mice as compared to normal control, so it did not
produce any over motor effects, there by Boswellic acid was selected to investigate the
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possible underlying mechanisms of antidepressant-like action using sulpiride (selective
D2-receptor antagonist), baclofen (GABAg agonist), prazosin (al- adrenoceptor
antagonist),and p-CPA (a serotonin synthesis inhibitor). Levels of monoamines like
Dopamine, norepinephrine and serotonin are decreased in depression. The anti-depressant
drugs enhance the levels of these monoamines [49, 50]. GABAg receptor antagonism
may serve as a basis or the generation of anti-depressant [51].

In the present study sulpiride (selective D2-receptor antagonist) showed elevated
immobility time possibly by blocking the D, receptor and thus the release of Dopamine.
Prazosin (al- adrenoceptor antagonist) produced increased immobility period in mice
probably through decreased nor adrenergic activity as due to al- adrenoceptor receptor
blockage. Similarly p-CPA (a serotonin synthesis inhibitor) increased the duration of
immobility time probably through inhibition of serotonin synthesis. Further, baclofen
being GABAg agonist showed increase in immobility time as it acts on GABAg receptors
and increase the levels of GABAg in brain of mice. Boswellic acid per se significantly
effects immobility period of animals pretreated with sulpiride, baclofen, prazosin and p-
CPA, results obtained indicated that Boswellic acid produce antidepressant-like effects
by interaction with D, receptors, GABAg receptors, ol-adrenoceptors, and serotonergic
hence increasing the levels of dopamine (DA), norepinephrine (NE), and serotonin (5-
HT) and decreasing the levels of GABAg in mice brain.

Serotonin/5-HT metabolize to 5-hydroxyindoleacetic acid (5-HIAA) in the
presence of monoaminooxidase enzyme (MAO). So drugs like tricyclic antidepressants,
monoamine oxidase inhibitors, Selective serotonin reuptake inhibitors (SSRI) which
enhance the levels of monoamines have been used for treatment of depression [49].
Within CNS, MAO-A is expressed predominantly in noradrenergic neurons, while MAO-
B is expressed in serotonergic and histaminergic neurons. MAO regulates the metabolic
degradation of catecholamines, serotonin and other endogenous amines in CNS.
Inhibition of this enzyme causes a reduction in metabolism and subsequent increase in
the concentration of biogenic amines. MAO-A preferentially metabolize adrenaline, nor-
adrenaline and serotonin. MAO-B metabolizes phenylethylamines. Dopamine is
metabolized by both MAO-A and MAO-B. Experimentally, selective MAO-A inhibitors
(clorgyline, moclobemide) are found to more effective in treating major depression than
MAO-B inhibitors like selegiline [52]. Presently groups administered with Boswellic
acid reduced MAO-A and MAO-B levels in the brain of mice and thus inhibits the
metabolism of monoamines, particularly serotonin and noradrenaline. Further, its MAO-
A and MAO-B inhibition activity was comparable to standard drug Imipramine.

Free radicals like hydroxyl radicals, superoxide anion, hydrogen peroxide,
peroxynitrite and, produced during normal cellular metabolic functions, produce
oxidative damages in brain [53]. The microsomal lipid peroxidation of polyunsaturated
fatty acids (PUFA) produced malondialdehyde (MDA), lipid hydroperoxides. The
restraint stress enhances the level of lipid peroxidation, hence increased
Malondialdehyde, nitrite and significantly decreased reduced glutathione levels [54].
Several studies reveal Boswellic acid as anti-oxidant [20, 30, 55]. Proving its antioxidant
effects, Boswellic acid potentially reduces oxidative stress, by altering malondialdehyde
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(MDA), nitrite/nitrate and reduced glutathione (GSH) levels, when compared to normal
control.

Chronic stress induced hyperactivity of HPA axis causes increased serum
corticosterone level, which is supported by observations from other studies [56, 57].
Studies on stress mice have suggested that there is a close correlation between a stable
remission of the clinical symptoms and a normalization of HPA regulation [58]. In
present results Boswellic acid might show anti-depressant effects by reducing Chronic
unpredictable mild stress induced hyperactivity of HPA axis and thus plasma
corticosterone level in mice.

Thus, Boswellic acid a main chemical constituent of Boswellia serrata showed

potential therapeutic values for the management of depressive disorders. Therefore
Boswellic acid can be look forward for anti-depressant in clinical management of
depression.
The present study concluded Boswellic acid as anti-depressant as suggested by the results
obtained. Boswellic acid administration reduces immobility period in TST and FST
models reverse Sucrose preference in CUMS group, when compared to normal control.
Further, Boswellic acid effects were comparable to Imipramine, a standard anti-
depressant drug. Anti- depressant activity shown by Boswellic acid was due to possible
involvement of serotonergic, dopaminergic and adrenergic system, which were revealed
by its action against prazosin, sulpiride, baclofen and p-CPA. There was significant
decrease in brain MAO-A and B activity after the administration of Boswellic acid.
Further, Boswellic acid decreased MDA levels and increased GSH levels in the brain of
mice. Thus, Boswellic acid showed significant antidepressant-like activity in mice
probably through positive modulation of monoaminergic system; decrease in
GABAminergic activity and through its antioxidant potential.

References:

1. Sadock BJ, Sadock VA. Kaplan & Sadock’s Pocket Handbook of Clinical
Psychiatry, 3" edition. USA: Lippincott Williams & Wilkins, Philadelphia; 2001.

2. Shoyinka S, Lauriello J. Mental health access to care in Missouri. Mo Med. 2012;
109:470-4.

3. Greden JF. The burden of recurrent depression: causes, consequences and future
prospects. J clin psychiatry. 2013; 62;5-9.

4.  Harris PA. The Impact of Age, Gender, Race, and Ethnicity on the Diagnosis and
treatment of Depression. J Manag Care Pharm. 2004; 10:S2-7.

5. Weinberg L, Whiteford H, Almeida JC, Gaxiola SA, Levinson D, Neill SO et al.
Translation of the World Mental Health Survey Data to Policies: An Exploratory
Study of Stakeholders’ Perceptions of How Epidemiologic Data Can Be Utilized for
Policy in the Field of Mental Health. 2012; 34:1-21.

6. Zhang H, Chen Z, Jia Z, Gong Q. Dysfunction of neural circuitry in depressive
patients with suicidal 2 behaviors: A review of structural and functional
neuroimaging studies. Prog Neuropsychopharmacol Biol Psychiatry. 2014; 53C:61-
6.

6501
Eur. Chem. Bull. 2023, 12(Special Issue 4),6484-6505



Evaluation of Anti-depressant Potential of Boswellic Acid in Mice

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Section A -Research paper

Bondy B. Pathophysiology of depression and mechanisms of treatment. Dialogues
Clin Neurosci. 2002; 4:7-20

Schmidt HD, Shelton RC, Duman RS. Review Functional Biomarkers of
Depression: Diagnosis, Treatment, and Pathophysiology.
Neuropsychopharmacology. 2011; 36:2375-94.

Gellynck E, Heyninck K, Andressen KW, Haegeman G, Levy FO, Vanhoenacker P
et al. The serotonin 5-HT7 receptors: two decades of research. Exp Brain Res.
2013; 230:555-68.

Brown AS, Gershon S. Dopamine and depression. J Neural Transm. 1993; 95:75-
109.

Yanez M, Padin JF, Arranz-Tagarro JA, Camina M, Laguna R. History and
therapeutic use of MAO-A inhibitors. A historical prospective of MAO-A inhibitors
as Antidepressant. Curr top med chem. 2014; 12:2275-82.

Maxwell R, Bennett AO. Stress and anxiety in schizophrenia and depression:
glucocorticoids, corticotropin-releasing hormone and synapse regression. Aust N Z
J Psychiatry. 2008; 42:995-1002.

Lin P, Wang C, Xu B, Gao S, Zhao X, Hunang H et al. The VGF-derived peptide
TLQP62 produces antidepressant-like effects in mice via the BDNF/TrkB/CREB
signaling pathway. Pharmacol Biochem Behav. 2014; 120:140-8.

Reierson GW, Guo S, Mastronardi C, Licinio J, Wong ML. cGMP Signaling,
Phosphodiesterases and Major Depressive Disorder. Curr Neuropharmacol. 2011;
9:715-27.

Gershon MD. Review article: roles played by 5-hydroxytryptamine in the
physiology of the bowel. Aliment Pharmacol Ther. 1999; 13:15-30.

Doron R, Lotan D, Einat N, Yaffe R, Winer A, Marom | et al. A novel herbal
treatment reduces depressive-like behaviors and increases BDNF levels in the brain
of stressed mice. Lif Scien. 2014; 94:151-7.

Vaidya ADB, Devasagayam TPA. Current Status of Herbal Drugs in India: An
Overview. J Clin Biochem Nutr. 2007; 41:1-11.

Nagori K, Sharma M, Agrawal A, Agarwal AK, Sharma A, Verma H et al.
General awareness on allopathic, ayurvedic and homeopathic system of medicine in
chhattisgarh, india. Int J Pharm Pharm Sci. 2011; 3:159-64.

Zhang Y, Ning Z, Lu C, Zhao S, Wang J, Liu B et al. Triterpenoid resinous
metabolites from the genus Boswellia: pharmacological activities and potential
species-identifying properties. Chem Cent J. 2013; 7:153-9.

Sabina EP, Indu H, Rasool M. Efficacy of Boswellic acid on lysosomal acid
hydrolases, lipid peroxidation and anti-oxidant status in gouty arthritic mice. Asian
Pac J Trop Biomed. 2012; 2:128-33.

Siemoneit U, Koeberle A, Rossi A, Dehm F, Verhoff M, Reckel S et al. Inhibition
of microsomal prostaglandin E2synthase-1 as a molecular basis for the anti-
inflammatory actions of Boswellic acids from frankincense. Br J Pharmacol. 2011;
162:147-62.

Yadav VR, Prasad S, Sung B, Gelovani JG, Guha S, Krishnan S et al. Boswellic
Acid Inhibits Growth and Metastasis of Human Colorectal Cancer in Orthotopic

6502

Eur. Chem. Bull. 2023, 12(Special Issue 4),6484-6505


http://www.ncbi.nlm.nih.gov/pubmed/24042216

Evaluation of Anti-depressant Potential of Boswellic Acid in Mice

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Section A -Research paper

Mouse Model By Downregulating Inflammatory, Proliferative, Invasive, and
Angiogenic Biomarkers. Int J Cancer. 2012; 130:2176-84.

Yadav VR, Prasad S, Sung B, Kannappan R, Aggarwal BB. Targeting
Inflammatory Pathways by Triterpenoids for Prevention and Treatment of Cancer.
Toxins. 2010; 2:2428-66.

Rao GSRS, Kondaiah P, Singh SK, Ravanan P, Sporn MB. Chemical modifications
of natural triterpenes — glycyrrhetinic and boswellic acids: evaluation of their
biological activity. Tetrahedron. 2008; 64:11541-11548.

Altmann A, Poeckel D, Fischer L, Schubert-Zsilavez M, Steinhilber D, Werz O.
Coupling of Boswellic acid-induced Ca®* mobilisation and MAPK activation to
lipid metabolism and peroxide formation in human leucocytes. Br J Pharmacol.
2004; 141:223-32.

Poeckel D, Tausch L, Altmann A, Feibt C, Klinkhardt U, Graff J et al. Induction of
central signalling pathways and select functional effects in human platelets by -
Boswellic acid. Br J Pharmacol. 2005; 146:514-24.

Pungle P, Banavalikar M, Suthar A, Biyani M, Mengi S. Immunomodulatory
activity of Boswellic acids of Boswellia serrata Roxb. Indian J Exp Biol. 2003;
41:1460-2.

Chevrier MR, Ryan AE, Lee DYW, Zhongze M, Wu-Yan Z, Via CS. Boswellia
carterii Extract Inhibits TH1 Cytokines and Promotes TH2 Cytokines In Vitro. Clin
Diagn Lab Immunol. 2005; 12:575-80.

Raja AF, Ali F, Khan 1A, Shawl AS, Arora DS. Acetyl-11-keto-b-Boswellic acid
(AKBA); targeting oral cavity pathogens. BMC. 2011, 4:406-12.

Ali EN, Mansour SZ. Boswellic acids extract attenuates pulmonary fibrosis induced
by bleomycin and oxidative stress from gamma irradiation in rats. Chin Med. 2011;
6:36.

Ammon HP. Boswellic acid in chronic inflammatory diseases. Plant med. 2006;
72:1100-16.

Adake P, Chandrashekhar R, Rao SN. Potentiating Antidepressant Action of
Boswellia Serrata in Acute Models of Depression: A Preclinical Study. Indo Am J
Pharm Res. 2013; 3:4407-12.

Steru L, Chermat R, Thierry B, Simon P. The tail suspension test: a new method for
screening antidepressants in mice. V Psychopharmacol. 1985; 85:367-70.

Dhingra D, Sharma A. Antidepressant-like activity of Glycyrrhiza glabra L. in
mouse models of immobility tests. Prog Neuro-Psychopharmacol Biol Psychiatry.
2006; 30:449-54.

Dhingra D, Goyal PK. Inhibition of MAO and GABA: probable mechanisms for
anti depressant-like activity of Nardoatachys Jatamansi DC. in mice. Ind J exp bio.
2008; 46:212-8.

Porsolt RD, Bertin A, Jeffrey M. Behavioral despair in mice: a primary screening
test for antidepressants. Arch Int Pharmacodyn Ther. 1997; 229:327-36.

Dhingra D, Kumar V. Pharmacological evaluation for Anti-depressant-like activity
of Asparagus Racemous WILLD. in mice. Pharmacologyonline. 2007; 3:133-52.

6503

Eur. Chem. Bull. 2023, 12(Special Issue 4),6484-6505



Evaluation of Anti-depressant Potential of Boswellic Acid in Mice

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54,

55.

56.

Section A -Research paper

Dhingra D, Bansal Y. Antidepressant-like activity of beta-carotene in unstressed
and chronic unpredictable mild stressed mice. J funct food. 2014; 7:425-34.

Li J, Geng D, Xu J, Weng LJ, Liu Q, Yi LT. Antidepressant-like effect of
macranthol isolated from Illicium dunnianum tutch in mice. Eur J Pharmacol. 2013;
707:112-9.

Schurr A, Livne A. Differential inhibition of mitochondrial monoamine oxidase
from brain by hashish components. Biochem pharmacol. 1976; 25:1201-3.

Wills ED. Mechanisms of Lipid Peroxide Formation in Animal Tissues. Biochem J.
1966; 99:667-71.

Siddique YH, Ara G, Afzal M. Estimation of lipid peroxidation induced by
hydrogen peroxide in cultured human lymphocytes. Dose-Response. 2012; 10:1-10.
Ellman B, Mecleod IN, Powell SJ. Diagnostic Pneumoperitoneum in Amoebic
Liver Abscess. Brit ned J. 1965; 2:1406-7.

Green LC, Wagner DA, Glogowski J, Skipper PL, Wishnok JS, Tannenbaum SR.
Analysis of Nitrate, Nitrite, and [*N] Nitrate in Biological Fluids. Anal
biochem. 1982; 126:131-8.

Bartos J, Pesez M. Colorimetric and fluorimetric determination of steroids. Pure
App Chem. 1979; 151:2157-609.

Dhingra D, Valecha R. Behavioural and neuroendocrine effects of aqueous extract
of Boerhaavia diffusa Linn. In mice using tail suspension and forced swim tests- A
preliminary study. Ind j exp biol. 2014; 52:53-9.

Dahmane SH,_Shen RY. Modulation of the Serotonin System by Endocannabinoid
Signaling. Neuropharmacology. 2011; 61:414-20.

Sharma S, Thawani V, Hingorani L, Shrivastava M, Bhate VR, Khiyani R.
Pharmacokinetic study of !!-keto p-Boswellic acid. Phytomedicine. 2004; 11:255-
60.

Kroeze Y, Zhou H, Homberg JR. The genetics of selective serotonin reuptake
inhibitors. Pharmacol Therap. 2012; 136:375-400.

Kotter R. Postsynaptic integration of glutamatergic and dopaminergic signals in
the striatum. Prog Neurobiol. 1994; 44:163-96.

Frankowska M, Filip M, Przagalinski E. Effects of GABAg receptor ligands in
animal tests of depression and anxiety. Pharmacol Rep. 2007; 59:645-55.

Yanez M, Padin JF, tagarro JAA, Camina M, Laguna R. History and therapeutic use
of MAO-A inhibitors: A historical perspective of MAO-A inhibitors as
antidepressant drug. Curr Top Med Chem. 2012; 12:2275-82.

Frei B. Reactive oxygen species and antioxidant vitamins: mechanisms of action.
Am J Med. 1994; 97:5S-13S.

Yoshikawa T, Naito Y, Kishi A, Tomii T, Kaneko T, linuma S et al. Role of active
oxygen, lipid peroxidation, and antioxidants in the pathogenesis of gastric mucosal
injury induced by indomethacin in rats. Gut. 1993; 34:732-7.

Alam M, Javed K, Jafri MA. Effect of oleo-gum-resin of Boswellia serrata
(Kundur) on renal functions in albino rats. Int J tard Knowl. 2011; 10:736-40.
Kasckow JW, Baker D, Gerocioti TD. Corticotropin-releasing hormone in
depression and post-traumatic stress disorder. Peptides. 2001; 22:845-51.

6504

Eur. Chem. Bull. 2023, 12(Special Issue 4),6484-6505


http://www.ncbi.nlm.nih.gov/pubmed/?term=Haj-Dahmane%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shen%20RY%5Bauth%5D
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=21354188
http://www.ncbi.nlm.nih.gov/pubmed?term=Frei%20B%5BAuthor%5D&cauthor=true&cauthor_uid=8085584
http://www.ncbi.nlm.nih.gov/pubmed/8085584

Evaluation of Anti-depressant Potential of Boswellic Acid in Mice

Section A -Research paper

57. Swaab DF, Bao AM, Lucassen PJ. The stress system in the human brain in
depression and neurodegeneration. Ageing research reviews 2005; 4:141-94.

58. Malisch JL, Saltzman W, Gomes FR, Rezende EL, Jeske DR. Baseline and stress-
induced plasma corticosterone concertrations of mice selectively bred for high
voluntary wheel running. Phy Biocheml Zoology. 2007; 80:146-56.

6505
Eur. Chem. Bull. 2023, 12(Special Issue 4),6484-6505



