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ABSTRACT

One of the major health issues facing the world today is diabetes
mellitus, whose rising incidence is linked to problems like depression.
When depression and diabetes coexist, the management and prognosis
of both illnesses are considerably poorer. In this work, a rat model of
diabetes-induced depression is used to examine the therapeutic
potential of Boswellia serrata extract treatment. Biochemical and
behavioral alterations were measured using alloxan to cause diabetes.
Oxidative stress, neurotransmitter levels, and neurobehavioral
outcomes like as immobility in forced swim and tail suspension tests
were the main areas of attention. As a result of notably lowering blood
glucose levels, immobility duration, and oxidative stress markers, the
Boswellia serrata extract was found to be an efficient means of
alleviating depression symptoms in diabetic rats. Based on these
findings, Boswellia serrata appears to be a viable herbal treatment

option for diabetes-related sadness.

KEYWORD: Diabetes mellitus, depression, Boswellia serrata, Fluoxetine, alloxan, oxidative

stress, diabetes-induced depression.

1. INTRODUCTION
1.1.Diabetes Mellitus

Diabetes is widely recognised as one of the leading causes of death and disability worldwide.

The prevalence of diabetes will rise from 6% to over 10% in the next decade. In 2000, the
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World Health Organization (WHO) recorded a total of 171 million people for all age groups
worldwide (2.8% of the global population) who have diabetes, and the numbers are expected
to rise to 366 million (4.4% of the global population) by 2030 (Wild et al., 2004).

Diabetes mellitus is a disease/group of syndromes characterized by chronic hyperglycaemia
as a result of either lack of insulin or resistance to its action; hence there is altered
metabolism of lipids, carbohydrates and proteins and increased risk of complications from

vascular disease (Davis and Granner, 2001).

Characteristic symptoms of diabetes: Excessive urine (polyuria), excessive thirst, excessive
hunger (polyphagia), increased fluid intake (polydipsia), blurred vision, unexplained body

weight loss (cachexia), lethargy.

1.2.Classification of Diabetes

According to World Health of Organization (WHO) there are three type of diabetes mellitus
i.e, Insulin Dependent Diabetes Mellitus (type 1), Non-Insulin Dependent Diabetes Mellitus
(type-2) and Gestational diabetes.

1.2.1. Type 1 diabetes (T1D)

a) Description

i. Formerly known as Insulin-Dependent Diabetes Mellitus (IDDM).

ii. Characterized by hyperglycemia due to an absolute deficiency of the insulin hormone
produced by the pancreas.

iii. Patients require lifelong insulin injections for survival.

iv. Usually develops in children and adolescents (although can occur later in life).

v. May present with severe symptoms such as coma or ketoacidosis.

vi. Patients are usually not obese with this type of diabetes, but obesity is not incompatible
with the diagnosis.

vii. Patients are at increased risk of developing microvascular and macrovascular

complications.

b) Etiology
i. Usually (but not always) caused by autoimmune destruction of the beta cells of the

pancreas, with the presence of certain antibodies in blood.
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i. A complex disease caused by mutations in more than one gene, as well as by

environmental factors.

c) Symptoms

i. Increased urinary frequency, thirst, hunger, and unexplained weight loss.

ii. Numbness in extremities, pain in feet (disesthesias), fatigue, and blurred vision.

iii. Recurrent or severe infections.

iv. loss of consciousness or severe nausea/vomiting (ketoacidosis) or coma. Ketoacidosis

more common in T1D than in T2D.

d) Diagnosis

i. Diagnosis is made by the presence of classic symptoms of hyperglycemia and an
abnormal blood test.

i. A plasma glucose concentration >=7 mmol/L (or 126 mg/dL) or >=11.1mmol/L ( or
200mg/dL) 2 hours after a 75g glucose drink.

ii. In a patient without classic symptoms, diagnosis can also be made by two abnormal blood
tests on separate days.

iv. In most settings (although not always available in resource-poor countries), another test
called HbA1C is done to approximate metabolic control over previous 2-3 months and to

guide treatment decisions.

e) Treatment

i. Overall aim of treatment is symptom relief and prevention or delay of complications by
targeting normal blood glucose levels.

ii. Lifelong insulin injections in different combinations: short-acting/long-acting, intensive
management with multiple injections prior to meals, once or twice daily injections,
insulin pump

iii. Consistent supply of insulin essential (however, insulin is unavailable and unaffordable in
many poor countries)

iv. Glucometers to self-monitor blood glucose

v. Early detection and treatment of complications (at intervals recommended by national and
international guidelines): eye exam, urine test, foot care, and specialist referral as needed

vi. Patient education about self-monitoring for sign/symptoms of hypoglycaemia (such as
hunger, palpitations, shakiness, sweating, drowsiness and dizziness) and hyperglycemia.

vii. Patient education about diet, exercise, and foot care
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viii. Where possible, patient-led support groups and community involvement.

1.2.2. Type 2 diabetes (T2D)

a) Description

i. Formerly named non-insulin-dependent diabetes mellitus (NIDDM).

ii. Characterized by hyperglycemia due to a defect in insulin secretion usually with a
contribution from insulin resistance.

iii. Patients usually do not require lifelong insulin but can control blood glucose with diet and
exercise alone, or in combination with oral medications, or with the addition of insulin.

iv. Usually (but not always) develops in adulthood (and is on the rise in children and
adolescents).

v. Is related to obesity, decreased physical activity and unhealthy diets.

vi. As in TI1D, patients are at a higher risk of microvascular and macrovascular

complications.

b) Etiology

i. Associated with obesity, decreased physical activity and unhealthy diets (and involves
insulin resistance in nearly all cases).

ii. Occurs more frequently in individuals with hypertension, dyslipidaemia (abnormal
cholesterol profile), and central obesity, and is a component of "metabolic syndrome".

iii. Often runs in families but is a complex disease caused by mutations in more than one

gene, as well as by environmental factors.

c) Symptoms

i. Patients may have no symptoms at all or minimal symptoms for years before being
diagnosed.

ii. May have increased urinary frequency, thirst, hunger, and unexplained weight loss.

iii. May also experience numbness in extremities, pain in feet (dysesthesias), and blurred
vision.

iv. May have recurrent or severe infections.

v. Patients may present with loss of consciousness or coma but this is less common than in
T1D.

www.wipr.net | Vol 14, Issue 5,2025. | SO 9001: 2015 Certified Journal | 1618



Gore et al. World Journal of Pharmaceutical Research

d) Diagnosis

i. Diagnosis is made by the presence of classic symptoms of hyperglycemia and an
abnormal blood test.

i. A plasma glucose concentration >=7 mmol/L (or 126 mg/dL) or >=11.1mmol/L ( or
200mg/dL) 2 hours after a 75g glucose drink.

ii. In a patient without classic symptoms, diagnosis can also be made by two abnormal blood
tests on separate days.

iv. In most settings (although it may not be available in some resource-poor settings), another
test called HbA1C is done to approximate metabolic control over previous 2-3 months
and to guide treatment decisions. This test can also be used to diagnose type 2 diabetes.

v. Some asymptomatic patients are diagnosed through "opportunistic screening™ of high risk
groups (at a routine medical visit, the health care provider may identify the patient as
being at higher risk of diabetes and recommend a screening test).

vi. For example, age >45 years of age, a BMI >25 kg/m2 may, being of certain ethnic group
or being hypertensive may prompt a screening test.

vii. In some cases, the patient him/herself requests screening.

e) Treatment

i. Overall aim of treatment is symptom relief and prevention or delay of complications by
targeting normal blood glucose levels.

ii. Patients treated with diet/exercise, or with addition of one or more categories of oral
medications, with a combination of oral medications and insulin, or with insulin alone.

iii. Glucometers to self-monitor blood glucose (with less frequency than with T1D).

iv. Early detection and treatment of complications (at intervals recommended by national and
international guidelines): eye exam, urine test, foot care, and specialist referral as needed.

v. Self-monitoring for signs/symptoms of hypoglycemia (such as hunger, palpitations,
shakiness, sweating, drowsiness and dizziness) and hyperglycemia.

vi. Patient education about diet, exercise, and foot care.

1.2.3. Gestational diabetes (GDM)

a) Description

i. include congenital malformations, increased birth weight and an elevated risk of perinatal
mortality.

ii. Increased risk to woman of developing diabetes (T2D) later in life.

www.wipr.net | Vol 14, Issue 5,2025. | SO 9001: 2015 Certified Journal | 1619



Gore et al. World Journal of Pharmaceutical Research

b) Etiology

i. The mechanism is not completely well understood but hormones of pregnancy appear to
interfere with insulin action.

c) Symptoms

i. Increased thirst and increased urination are more commonly noted (although other
symptoms can be present).

ii. Because pregnancy itself causes increased urination, these symptoms are difficult to
recognize as abnormal.

iii. A larger than normal baby during pregnancy (noted on routine prenatal exam) may

prompt diabetic screening.

d) Diagnosis

i. Standard OGTT is done at 24-28 weeks after an overnight fast (fasting plasma glucose
and a plasma glucose 2 hours after 75g glucose drink is done).

ii. A2 hour level >=7.8 mmol/L (or 140 mg/dL) is diagnostic of gestational diabetes.

iii. If fasting and postprandial blood sugars are elevated in the first trimester, this may
indicate pre-existing diabetes mellitus (which is considered a different condition, with

different implications).

e)Treatment

i.  Strict metabolic control of blood glucose to lower obstetrical risks.

ii. Patients treated with diet/exercise, with addition of oral medications, or with the addition
of insulin.

iii. Glucometers to self-monitor blood glucose.

iv. Patient education about diet and exercise.

v. Patient education after delivery regarding weight loss/exercise to prevent future diabetes.

vi. Lifelong screening for T2D as patient will be in high risk category.

1.3.Pathophysiology

Insulin facilitates glycogen synthesis from glucose in liver, muscle by stimulating the
enzyme, glycogen synthetase. Reduction in insulin release increases glucose level which
facilitates reverse conversion of glycogen to glucose. This action is controlled by another
hormone, glucagon which acts contrary to insulin. Under constraint, glucose (from glycogen),
re enters the blood when the insulin level is low. When insulin level is high there is an

increase in cell growth and duplication, protein synthesis and fat storage. Insulin primarily
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converts bidirectional processes of metabolism (catabolic to anabolic direction and vice
versa). Insulin insufficiency triggers ketosis (fat burning metabolic phase) making the cells

poorly respond, leading to insulin insensitivity or Resistance.

| insufficient insulin |

reduced tissue
uptake of glucose
intracellular / extracellular
hypoglycaemia hyperglycaemia
glucogenesis
and . hyperosmaotic blood glucose
gluconeogenesis plasma =
renal threshold
- - +
breakdown of decreased protein dehydration of
fats synthesis cells glucosuria -
cachexia urine has a
+ lethargy + high SG
| high levels | pelyphagia | hyperyglycaemic -+
of ketones decreased gamma coma " " "
+ globulins Dsmlotlc_ diuresis
susce ptibility to - polyura
diabetic infections - polydipsia .
ketoacidosis impaired wound - hypokalaemlg
healing - hyponatraemia

Fig. No. 1: Pathophysiology of diabetes mellitus.

(source:- www.cannininsulin.com/pathophysiology-algorithm.htm)

1.4. Chemically induced models

1.4.1. Streptozotocin-induced

Streptozotocin (STZ) has been selected by many investigators as an effective chemical for
inducing experimental diabetic animal model STZ is an effective antibiotic whose
diabetogenic action was firstly found in Upjohn Laboratories during testing of potential
antibiotic from Streptomyces achromogenes. Actually, it is a broad spectrum antibiotic, but
also destroys the pancreatic B-cells after a single injection. It is effective in different species
at doses ranging from 50-200mg/kg in rat, dogs, mice, Chinese hamsters, monkeys, miniature
pigs, and rabbits. Animals treated with STZ can usually survive without insulin treatment,
although these animals are highly insulin-deficient. In previous report, a mild diabetic state
can be induced in rats by a single low dose of approximately 35mg/kg (Yagihashi et al.,
1992). STZ is unstable in solution even at acidic pH and should be injected quickly after
dissolving in citrate buffer at pH 4.5. Its life span in vivo as a molecule is less than 15
minutes. Approximately 4 days after STZ administration to rats, the pancreatic 3-cells appear
degranulated, but not necrotic with evidence of limited proliferation (Yagihashi et al., 1992).
For the mechanism of STZ diabetogenicity, it has been suggested that its nitrosourea moiety
is responsible for pancreatic B-cells toxicity, while the deoxyglucose moiety facilitates its
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transport across the cell membrane. There is a significantly lower mortality by injecting STZ
to induce DM compared to alloxan. Furthermore, both type | and type 2 DM with various
severities can be introduced through adjusting the dose and frequency of STZ administration.
STZ-induced diabetic nephropathy and neuropathy is well-established and animal model is
widely used to investigate the potential of bioactive moieties to treat diabetic nephropathy
and peripheral neuropathies (Jakobsen and Lundbaek, 1976; Jakobsen, 1979; Visnagri et al.,
2012; Gao et al., 2012).

1.4.2. Alloxan induced model

Alloxan is a chemical compound that selectively destroys insulin-producing beta cells in the
pancreas, leading to hyperglycemia and symptoms similar to type 1 diabetes mellitus in
experimental animals. Alloxan-induced diabetes is a form of insulin-dependent diabetes
mellitus that occurs as a result of alloxan administration or injection to animals. It has been
successfully induced in a variety of animal species; rabbits, mice, rats, monkeys, cats and
dogs. Alloxan has been administered in single or multiple doses, through different routes
(intraperitoneal, intravenous and subcutaneous); with single intraperitoneal administration
apparently the most employed mode. The dosage of the drug also varies across studies,
ranging between 90 and 200mg/kg of body weight (BW), with 150 mg/ kg BW being the
most frequently used dosage. Animal species, route of administration and nutritional status
have been considered to play a role in determining the dose of alloxan appropriate for

induction of diabetes [Osasenaga Macdonald Ighodaroa et al., 2017].

1.4.3. Mechanism: Alloxan enters beta cells via the GLUT2 glucose transporter. Once inside
the cell, it undergoes redox cycling, leading to the formation of reactive oxygen species
(ROS) such as superoxide radicals and hydrogen peroxide. These ROS cause oxidative stress,
DNA damage, and ultimately apoptosis (cell death) of beta cells [Lenzen S et al., 2008].

1.4.4. Characteristics:

i. Diabetes Type: This model typically results in insulin-dependent diabetes mellitus (Type
1 diabetes-like condition) due to the destruction of beta cells.

ii. Onset: Diabetes onset is rapid after alloxan administration, often within 24-72 hours.

iii. Symptoms: Animals exhibit hyperglycemia (high blood glucose levels), polyuria
(excessive urination), polydipsia (excessive thirst), and weight loss [Rakieten N, Rakieten
ML et al., 1963].
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Fig.2 Chemical Structure of Alloxan

(source:- https://www.researchgate.net/figure/Chemical-structure-of-alloxan)

1.5. Diabetes induced depression

Major depressive disorder, or depression, is a common but dangerous mental illness that has
an adverse effect on one's feelings, thoughts, behaviour, and perception of reality.
Depression, also referred to as depressive disorder, is a prevalent mental illness. It is
characterised by a protracted period of depression, loss of pleasure, or lack of interest in
activities [Fu DJ et al,.2020].

Willis noted in the late 17th century that persons with diabetes were more likely to have had
"significant life stress, sadness or long sorrow [losifescu DV et al,.2022]. Although similar
clinical observations were documented in other nations, it wasn't until the latter half of the
1900s that a number of epidemiological studies revealed that diabetes increases the risk of
depression in individuals with the condition, even if they are unaware of it. Apart from
depression disorders, individuals with diabetes are also exhibiting noteworthy levels of
diabetes-specific distress. This can be distinguished from depressive disorders but may also
serve as a potential risk factor for depression. The United States of America (USA), the
United Kingdom, and a few other high-income countries have all conducted epidemiological
research on depression and diabetes and associated comorbidities. Although there are less
reports about the situation in other parts of the world, those that do exist suggest that it is
comparable in those other nations as well [ Schatzberg AF et al,.2000].

The latest estimates of the global prevalence of depression and diabetes put the number of
persons affected by these conditions at 350 million and 400 million, respectively.Six
In general, 10% to 15% of people with diabetes have depressive disorders; this is roughly
twice as common as depression in people without diabetes. The prognosis and mortality of
both diseases are markedly worsened by comorbidity [losifescu DV et al,.2022; Harmer CJ et
al ,. 2017;Santarelli L et al,.2003; Asnis GM et al,.2015].
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Diabetics have a higher chance of depression, while those with depressive illnesses have a
higher risk of diabetes[ Hickie IB et al,.2011]. Numerous risk factors, such as low birth
weight, traumatic childhood experiences, lifestyle choices, and obesity, have been linked to
the occurrence of diabetes and depression [losifescu DV et al,.2022; Lambert O et al ,.2002].
and there is strong evidence that diabetes-related problems greatly raise the chance of

developing depression [Fiedorowicz JG et al,.2004].

1.6. Type of Depression
There are several types of depressive disorders. Clinical depression, or major depressive

disorder, is often just called “depression.” It’s the most severe type of depression.

Common Types of Depressive Disorders

BB — -
—_— — —_—
—_— ﬂﬂaa
o s
Iy ey ey
EI =77 =71=7
Major Depressive Persistent Depressive Bipolar Postpartum
Disorder Disorder Depression Depression
c. =
C—
< - - e o
: Sl = Y
. -—
Premenstrual Dysphoric Seasonal Affective Disorder Atypical Depression

Disorder

Fig 3: Type of Depression.
(source:- https://www.verywellmind.com/common-types-of-depression-1067313).

1.7. Signs and symptoms
People usually experience more than one episode of depression, even if it may only happen
once in their lifetime. Symptoms during these episodes can happen almost every day for the

most of the day and can include.
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Fig.4 Symptoms of Depression.

(source:- https://www.27fchileanway.cl/what-is-a-major-depression/).

1.8. Pathology

The majority of the complicated etiology and pathophysiology of unipolar major depression
is derived from neurobiological research conducted in clinical psychiatry. It is believed that a
combination of environmental and hereditary variables leads to depression. About 30—40% of
the pathophysiology of depression is due to genetic factors, with the remaining 60—70% being
unique to each individual and ascribed to environmental circumstances [lbrahim Abdullah et
al,.2019; Kurt A et al,.2022].

PD neuropathology
(Lewquyn pathology)

.
Gut microbiotic
Neurodegenerahon changes
. _
l y
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of multiple
neurotransmitter

systems
/[ Disturbed lipid-glycolipid w
Disruption of essential metabolism
N (mood/other functional) =
[ _Cognitive ] brain networks 1
impairment

|

Age-related/
cerebral
microvascular
changes

L /,,[ Neuroinflammation ]
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Geneticﬂ

Neurotrophic Previous
factors depression
- -

Figure 5 Pathophysiology of Depression.
(source:- https://link.springer.com/article/10.1007/s00702-022-02559-5).
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1.9. Epidemiology

A depressive state is not the same as normal mood swings or sentiments related to daily
living. It may have an impact on many facets of life, including ties to friends, family, and the
community. It may originate from or contribute to issues at work and in the classroom.
Anyone can experience depression. Depression is more likely to strike those who have
experienced abuse, significant losses, or other stressful situations. Compared to males,

women experience depression at a higher rate. [Woody CA et al., 2017]

1.10. Prevention and Treatment:

There are effective treatments for depression. These include psychological treatment and
medications. Seek care if you have symptoms of depression. Psychological treatments are the
first treatments for depression. They can be combined with antidepressant medications in

moderate and severe depression.

1.10.1. Effective psychological treatment for depression include.
i. behavioural activation

ii. cognitive behavioural therapy

ii. interpersonal psychotherapy

iv. problem-solving therapy.

Selective serotonin reuptake inhibitors (SSRIs), like fluoxetine, are antidepressant drugs.

Self-care

In order to control depressive symptoms and enhance general wellbeing, self-care is crucial.

Actions that you can take.

i. Make an effort to continue engaging in the things you used to like;

ii. Maintain relationships with friends and family;

iii. Exercise frequently, even if it's only a little stroll;

iv. Try your best to adhere to normal sleeping and eating schedules. Reduce or abstain from
alcohol use, and abstain from illegal drug usage, as these behaviours can exacerbate

depression.
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Table 1: Classification of Antidepressant drugs.

Class

Therapeutic agents

Proposed benefits

Adverse effects and/or
concerns

Selective serotonin
reuptake inhibitors

Fluxetine, Paraxetine,
Setraline, Citalopram,

SSRIs treat depression by
increasing levels of serotonin

Side effect include sexual
dysfunction, sleep
disturbances, anxiety,
dizziness, xerostomia,

Dapoxetine in the brain. headache, QTc prolongation
and gastrointestinal distress.
Serotonin- Duloxetine, Serotonin an_d _norepmephrlne Hypertension
X . . reuptake inhibitors (SNRIs)
norepinephrine Venlafaxine, block serotonin and Headache
reuptake inhibitors | Desvenlafaxine, Diaphoresis

(SNRIs)

Levomilnacipran

norepinephrine reuptake in the
synapse.

Bone resorption

The increased levels of

Side effect include Dry

Tricyclic Imipramine, ineohri q . h Uri g
antidepressants Amitriptyline norepinephrine and serotonin mouth, Urinary Retention,
(TCAs) Trimioramine in the synapse can contribute to | Constipation, QRS

P the antidepressant effect. prolongation, Seizures

Trazodone Bupropion, for example, works
Atypical Mitrazenine by inhibiting the reuptake of Side effect include Sedation,
Antidepressants BUDIO iF())n dopamine and norepinephrine | Weight gain, Seizures
prop at the presynaptic cleft.
. MAOIs inhibit the monoamine . :

Reversible oxidase enzvime responsible for Potential for serotonin
Inhibitors of MAO | Moclobamide y P syndrome, Sexual

(RIMAS)

catabolizing serotonin,
norepinephrine, and dopamine.

dysfunction

(source:- https://www.ncbi.nlm.nih.gov/books/NBK538182/)

2. Review of literature

Boswellia serrata is one of the ancient and most valued herbs in Ayurveda. “Gajabhakshya”,

a Sanskrit name sometimes used for Boswellia, suggests that elephants enjoy this herb as a

part of their diet[Siddiqui MZ et al,.2011]. Three renowned ancient texts form the pillars of

classical Ayurvedic Science, which has its roots in India: Charaka's Charaka Samhita (c.B.C.
700), the first fundamental medical text; Susruta's Susruta Samhita (c.B.C. 600), which

attempted to amass the entire medical knowledge, with special focus on surgery; and the two-

volume tome comprising Astanga Samgraha and Astanga Hridaya (c.130-200 A.D.), written

by Vagbhata the Elder and Vagbhata the Younger, which synthesized the works of Charaka

and Susruta and summarized the eight parts of Ayurveda in prose and verse forms. The first

two pillars of Ayurveda describe the antirheumatic (antiarthritis) activity of gugguls-the gum-
resins of trees[Siddiqui MZ et al,.2011].
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The phytochemistry of Boswellia serrata is quite complex. The oleo-resin-gum of the plant
contains gum, acid resin and volatile oils. The acid resin of Boswellia serrata contains a high
amount of boswellic acids 20. Acetyl 11-keto-p-boswellic acid (AKBA) obtained from the
oleogum-resin of Boswellia serrata is a great source of anti-inflammatory drugs. Boswellia
serrata phytochemicals are associated with wide range of therapeutic properties such as anti-
arthritis, anti-oxidant, anti-diabetic, anticancer, hepatoprotective, nephroprotective,

antibacterial, anti-plasmodium, diuretic, and analgesic [Siddiqui MZ et al,.2011].

Fig. 6: Boswellia Serrata image.

(Source:- https://www.botanichealthcare.net/boswellia-serrata-extract/)

Table No. 02: Taxonomical Hierarchy.

Kingdom Plantae
Subkingdom | Tracheobionta
Division Magnoliophyta
Class Magnoliopsida
Order Sapindales
Family Burseraceae
Genus Boswellia
Species serrata.

(source:-https://www.researchgate.net/figure/Taxonomy-of-Boswellia-serrata
28_thl2_354440359)

2.1. Morphological Description

Boswellia serrata is a deciduous tree that grows to a height of 10 to 15 metres; it has green
branchlets and thin, greenish-grey, yellow or reddish bark that eventually turns to ash colour
and peels off in exfoliating papery sheets or flakes. The plant has many long, tubular-
structured resin canals that spread both vertically and horizontally throughout the tree; these
canals are present throughout the tree, but the bark has the most resin canals compared to any
other part of the tree. The young foliage of the plant is yellow or light brown, while the leaves

are long (about 12-42 cm) with a greenish lower layer and 17-27 leaflet pairs. There is
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pubescent veins[Isha Kumari et al,.2021]. Oblong-lanceolate leaflets make up the plant. The
border might be completely absent, wavy, or crenate. Obtuse or subacute is the tip of the
leaves. Secondary vein pairs number more than sixteen. A bright reddish colour can be seen
in the mid-vein. Small, branching racemes of panicles measure 3-20 cm in length, which is

shorter than leaves. Each pedicle is 2-4 mm in length [Isha Kumari et al,.2021].

2.2. Geographical Distribution of Boswellia serrata

Boswellia serrata is often found in the dry deciduous woods of the Middle East, North Africa,
Pakistan, and India. Madhya Pradesh, Jharkhand, Andhra Pradesh, Bihar, Orissa, Gujarat,
Punjab, Assam, Rajasthan, Uttar Pradesh, and Karnataka are the primary regions in India
where it may be found. Gulf nations like Saudi Arabia and East Africa are major producers of
BS[Isha Kumari et al,.2021].

2.3. Phytochemistry of Boswellia serrata

Secondary metabolites found in Boswellia serrata include quinones, alkaloids, fatty acids,
tannins, saponins, coumarins, emodins, flavonoids, phenols, and reducing sugars. The plant is
mostly recognised for its gum resin, which is made up of a complex blend of many
phytochemical components. It has more terpenoids, carbs, and essential oils. Gum resin's
primary essential oils include o-thujene, sabinene, terpinen-4-ol, cis-carveol, chavicol,
linalool, terpinyl acetate, B-copaen-4-a-ol, and germacrene D, among others. The n-hexane
essential oil fraction's GC-MS analysis showed the presence of alcohols, esters,
monoterpenes, and diterpenes [A. Sharma et al,.2009; Isha Kumari et al,.2021].

Other essential oils identified are Peudesmene, y-murolene, 7y-cadinene, a-copaene,
amurolene, a-cubebene, a-cubebene, 3,5- dimethoxytoluene, 3,5-dimethoxytoluene,
alloaromadendrene, allo-aromadendrene, o-methyl anisole, B-gurjunene, [-gurjunene,
camphene, eucalyptol, valencene, S-cis-sabinol, a-phellandrene, methyl chavicol, o-
terpinolene, bornyl acetate, a-terpineol, d-a-thujene, dlimonene, p-cymene, and 1,2,3,4,6,8a-
hexahydro-1- isopropyl-4,7-dimethyl [Isha Kumari et al,.2021]. On the other hand, the plant's
increased terpenoid content is mostly made up of diterpene alcohols, tetracyclic terpenoic
acids, and pentacyclic triterpenes, such as boswellic acids. Boswellic acid (BA), a triterpenic
acid, and its corresponding acetates, ABA and acetyl 11-keto-p-boswellic acid (AKBA), are
the main forms of Boswellic acid [A. Sharma et al,.2009].
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2.4. Pharmacological Activity of Boswellia Serrata

I. Antimicrobial activity

Boswellic acids: novel, specific, non-redox inhibitors of 5-lipoxygenase BA and derivatives
concentration-dependently decreased the formation of leukotriene B4 from endogenous
arachidonic acid in rat peritoneal neutrophils is [Nameeta Pilkhwal et al,.2019; Aman

Upaganlawar et al,.2009].

Il. Antidiarrhoeal

It has been discovered that Boswellia serrata extract (BSE) effectively treats diarrhoea in
patients with inflammatory bowel syndrome without making them feel constipated. It was
also discovered to be useful in preventing diarrhoea caused by acetylcholine and barium
chloride by preventing the contraction of intestinal smooth muscles. [Nameeta Pilkhwal et
al,.2019; Aman Upaganlawar et al,.2009].

I11. Hypoglycemic

Action In a streptozocin-induced diabetic rat model, a herbal formulation containing B.
serrata oleo-gum-resin as one of the ingredients has been shown to produce significant anti-
diabetic activity, with a reduction in blood glucose levels comparable to that of phenformin
[Nameeta Pilkhwal et al,.2019; Aman Upaganlawar et al,.2009].

IV. Hypolipidemic and Hepatoprotective activity

The water soluble portion of B. serrata extract demonstrated its hypolipidemic potential by
reducing total cholesterol (38-48%) and raising HDL in rats given an atherogenic diet
[Sudhanshu Mishra et al,.2020].

V. Anticancer Activity

When mice with ehrlic ascites carcinoma and S-180 tumours were given an alcoholic salai
guggal (AESG) extract for anti-carcinogenicity, the results showed that the extract inhibited
tumour growth by preventing cell proliferation and expansion because it interfered with the
manufacture of proteins, DNA, and RNA [Sudhanshu Mishra et al,.2020].

V1. Immunomodulatory activity
The antianaphylactic and mast cell stabilising properties of an extract of B. serrata gum resin,
which contains 60% acetyl 11-keto beta boswellic acid (AKBA) and other constituents like

beta-boswellic acid, acetyl beta boswellic acid, and 11-keto beta-boswellic acid (KBA), have
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been assessed using passive paw anaphylaxis and compound 48/80 induced degranulation of

mast cell techniques[Sudhanshu Mishra et al,.2020].

VII. Anti inflammatory and Anti-arthritic activity’s

When salai guggal extract was given orally (p.o.) in dose ranges of 50-200mg per kg -1 and
intraperitoneally (i.p.) in dose ranges of 50-100mg per kg -1, respectively, it inhibited the
carrageenan-induced rat hind paw oedema by 39.75% and 65-73%, as opposed to 47%
inhibition observed with phenylbutazone (50mg/kg -1 p.o.). Salai guggal, at 50 and 100mg
per kg -1 (p.o.) dosages, respectively, demonstrated a 49% and 34% suppression of paw
swelling in the anti-arthritic investigation on the mycobacterium adjuvant-induced poly-
arthritic in rats as compared to controls [Aman Upaganlawar et al,.2009].

VIII. Anti-asthmatic activity

Gupta et al. (1998) established the anti-asthmatic potential of alcohol extract of salai guggal
(AESG) in a double blind placebo control clinical study with 300 mg thrice daily dose for 6
weeks. 70% of the patients with a prolonged history of asthma showed improvement in
physical symptoms and signs of dyspnea, bronchi, number of attacks, and increase in
stimulation of mitogen activated protein kinase MAPK and intracellular Ca2+ [Nameeta
Pilkhwal et al,.2019].

IX. Anti-depressant

In an experimental animal model, the current study has demonstrated the significant
antidepressant activity of Boswellia serrata. Thus, it may serve as a substitute for traditional
antidepressant medications. To determine the safety and effectiveness profiles of Boswellia
serrata, more research is necessary [Nameeta Pilkhwal et al,.2019; Aman Upaganlawar et
al,.2009].

X. Anti-Alzheimer’s Activity

An ongoing neurological illness is Alzheimer's disease (AD). Elevated oxidative stress has
been shown to be a common and early characteristic of AD [Sudhanshu Mishra et al,.2020].
Antioxidant-producing medicinal plants are extensively employed in the treatment of several
human illnesses [Isha Kumari et al,.2021]. Boswellia has the ability to cure AICI3-induced
Alzheimer's disease by raising Ach levels and lowering AchE activity in brain homogenates
[Nameeta Pilkhwal et al,.2019; Aman Upaganlawar et al,.2009].
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ROXB. EX
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inflammatory
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medicinal plant for its anti-inflammatory
and anti-arthritis potential. It is the most
common plant species used in the folk
medicine system to treat a variety of
diseases. It has also been mentioned in
many Ayurvedic texts. Boswellia serrata
gum resin has many uses including
therapeutic as well as non therapeutic.

3. AIM AND OBJECTIVES

3.1. Pharmacological evaluation of standardized extract of boswellia serrata on

diabetes induced depression in laboratory rats.

To determine the effect of standardized extract of boswellia serrata (100, 200 and 400mg/kg,

p.o) on alloxan induced depression in laboratory rats by following parameters.

3.1.1 In Vivo parameters.

I. Body weight

Il. Food intake

1. Water intake

IV. Urine output

V. Fasting Blood Glucose Level

VI. Elevated plus maze test:

i. Time spentin open arm

ii. Number of entries in open arm

iii. Time spent in close arm

iv. Number of entries in close arm

v. Time spent in centre

VIIl. Forced swim test:

i. Duration of Immobility

VIII. Tail suspension test:

i. Duration of Immobility

3.1.2. Ex-vivo parameters:
1. Oxidative stress (SOD, GSH, MDA, Nitric oxide and Total Protein) in brain
2. Brain monoamines (5-HT and DA)
3. Brain GABA levels
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4. Need of Work

Diabetes is widely recognised as one of the leading causes of death and disability worldwide
(American Diabetes Association, 2010). The prevalence of diabetes will rise from 6% to over
10% in the next decade (Rosen et al., 2001). In 2000, the World Health Organization (WHO)
recorded a total of 171 million people for all age groups worldwide (2.8% of the global
population) who have diabetes, and the numbers are expected to rise to 366 million (4.4% of
the global population) by 2030 (Wild et al., 2004).

Long-term hyperglycaemia is considered to be one of the most important risk factors for the
development of diabetic complications including depression (The Diabetes Control
Complications Trial Research Group, 1995). Diabetes has been reported to induce
behavioural changes in animals. The development of preclinical diabetes models, with tests
of neurobehavioral complications similar to those experienced by humans, can help elucidate
the pathophysiology underlying comorbid depressive symptoms and identify specific targets
for therapy. Alloxan-induced diabetes has demonstrated consequences for depressive

behavior, such as increased immobility in the mouse tail suspension test.

Diabetes-associated depression could be related to the changes in the quality of life imposed
by the chronic illness and/or its treatment, or may be a consequence of neurochemical
changes induced by the disease. The most frequently studied neurochemical alterations
related to depression include changes in the neurotransmitters serotonin, dopamine,
noradrenaline, and gamma-aminobutyric acid (GABA). Reduced brain tryptophan levels and
decreased brain turnover of cathecolamines and serotonin in diabetic rats suggests
involvement of decreased monamine activity in the genesis of diabetes associated depression.
Other studies have shown that streptozotocin-induced diabetes unbalances GABA,
noradrenaline, serotonin, and monoamine metabolite concentration in the brain (Radahmadi
etal., 2006, Gaur et al., 2012, Ho et al., 2012).

Studies show that the active components of B.S. resin have anti-diabetic activity. Boswellic
acids is a responsible for anti-depressant action and acetyl-11-keto-betaboswellic acid show

the antidiabetic, anti-depressant, anti-inflammatory activity.

Provide information on diabetes induced depression and current treatment with their

disadvantages.
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Hence, there is need of a therapy which will offer total cure and will be freed of above
disadvantages. In the wake of prominent adverse effects of modern medicine, herbal drugs

provide a safe therapeutic option for treatment of diabetic complication.

5. Plan of work

Alloxan induction

G-p-) Drug Treatment (p.o.)
Standardized extract of boswellia serrata
(100, 200 and 400 mg/kg) or Fluoxetine (20 mg/kg)

D(-2) D(0) D (14) D (28) D (42)
Development of Evaluation Evaluation
diabetes of in-vivo of ex-vivo
parameter parameter

Paradigm of experiment

6. Material and Methods

6.1.1. Animals

Sprague Dawley rats weighing 180-200 gm were purchased from Global Bioresearch
Solutions Private Limited, H No 251 Nhavi, Tal - Bhor, Dist- Pune. The animals were housed
in polypropylene cages and maintained under the environmental condition of temperature
251 °C and relative humidity of 45-55 % under a 12h light: 12 dark cycles. The animals had
free access to food pellets (Nav Maharashtra Chakan oil mills Ltd., Pune) and water ad
libitum. The Institutional Animal Ethics Committee (IAEC) of new experiments or
extensions of ongoing experiments using animals other than non-human primates approved
all the experimental protocols under the Committee for the Purpose of Control and
Supervision of Experiment on Animals (CPCSEA). The protocol approval number is
(CPCSEA Reg. No. 2168/PO/Re/S/22/CPCSEA.).
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. e Manufacturer’s | quantity batch storage
Name of chemical specification g
name purchased number conditions
Stand. extract of Natural
L I.P. Remedies Pvt. 1kg BS/11028 2-8°C
boswellia serrata
Ltd., Bangalore
NADPH 1.P. . . 25 mg
Alloxan 1P, Isr:glr;‘a SAldrich, o g [ A741325G | 2-8°C
ATP I.P. 1gm
. Narson Pharma, | 500 ml X
Anaesthetic Ether I.P. Chittor, India 4 AE-06 R.T.
Acetic acid 1.P. 500 ml AD4A540152 R.T.
Trichloro 1P, 500 gm | MIOM592253 |  R.T.
acetic acid
Potassium
dihydrogen Merck 250 gm - R.T.
Phosphate Specialities Pvt.
Potassium 1P, Ltd., Mumbal, | 556 0 | MHOMS91251 | R.T.
hydroxide India
Potassium chloride I.P. 500 gm | ML9M593064 R.T.
Folin phenol
reagent I.P. 100g QC2Q620407 R.T.
Chloroform I.P. 2.5 lit 1111f61535 R.T.
SISCO Research
EDTA 1P, Leb. PVt. LW, | 450 | T/83001162 | RT.
Mumbai —
400 099, India
Sodium Phosphate
(Dibasic) I.P. 500 gm T-835005 R.T.
Adenosine Himedia Lab.
triphosphate I.P. Pt Ltd., 5gm 0000064674 R.T.
Tris Free Base I.P. Mumbai- 100 gm MB029 R.T.
Boric Acid I.P. 400 806, India 100 gm MBO007 R.T.
Epinephrine I.P. 5gm 0000066488 R.T
Tris HCI I.P. 100 gm 0000049048 R.T.
Sulphanilamide I.P. 100 gm GMO012210 R.T
Phosphoric acid I.P. 500 ml LG012010 R.T
Naphthalamine
Diamine HCI I.P. 10 gm LB224509 R.T
Magnesium
sulphate L.P. LobaChemi Pvt. 500 gm v 209205 RT
Sodium carbonate I.P. Ltd., Mumbai — 500 gm A 283807 R.T
Sodium pottasium LP. 400 005 500 gm A 566809 RT
tartrate
Formaldehyde I.P. 500 ml LB 241809 R.T
Ammonium 1P, 100gm | SL20471205 | R.T.
molybdate
Sodium pottasium 500 g GB 27691109 R.T.
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tartrate 1.P.
Potassium
dihydrogen I.P. 2.5 lit MCR-6320 R.T.
orthophosphate
Sodium sulphite I.P. Molychem 500 g 01425090612 R.T.
B-9, MIDC
industrial area,
Badlapur, dist
Methanol 1P, [hane 421503, | 251t | MCRTS5162 | RIT.
Research lab
fine Mumbai
400(002), India
Hydrochloric acid I.P. . . AS003 500 gm R.T
Sodium hydroxide I.P. MP. Blomedlcals 500 gm R.T
India Private PCTO104-

Copper sulphate I.P. Limited, India 500G 500 gm R.T.
Sulphuric acid I.P. F'Shef SC'ent'f'(.; AS016 500 ml R.T
Powai, Mumbai
O —Pthalaldehyde I.P. Analab fine 5gm R.T

chemicals
Ninhydrin I.P. Mumbai - 491200010 10 gm R.T
400083 (India)
n-Heptane I.P. . 3B1159 2.5 lit R.T
n-butanol 1P, 38 Black B0 381102 25 lit RT
thiobarbituric acid I.P. Ltd 3B1154 100 gm R.T
Trichloroacetic I.P. ' 3B1155 100 gm R.T
Sucrose 1P, Fisher scientific | g5y o, 1043/1 RT.
Powai, Mumbai

6.1.3. Instruments Used

Name of equipment

Model and make

Manufacturer’s name

Address, city,

country
Spectrofluorometer | Jasco F-8200 JASCO Benelux B.V. Veldzigt 2a, 3454
PW de Meern
ov V-630 Jasco Japan
Spectrophotometer | Sr. No. B157261148
Elevated Plus maze - VJ Instruments Washim, India

Remi RC4 Lab.

i ; Mumbai — 400 058,
Centrifuge Centrifuge Remi Motors Ltd. ndin
Freestyle Optium H
Glucometer Blood Glucose Abbott Diabetes Care Ltd. Rnage Road,

monitoring system

Witney, Oxon, UK

Animal weighing
electronic balance

CB-220 Contech Instruments Co. Delhi

Chemical weighing
balance

AB-204-S,
Metler Tolledo

Classic made

Switzerland

Tissue Homogenizer | RQ-127A Remi Equipment Pvt. Ltd. Mumbai, India
Metabolic cage Techniplast Italy
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6.1.1. Preparation and standardization of methanolic extract of boswellia serrate.

The standardised extract of boswellia serrata was obtained from Natural Remedies Pvt. Ltd.,

Bangalore. The methanolic extract of boswellia serrata contain >70% boswellic acids.

Certificate of analysis of standardized extract of boswellia serrata

NATURAL é REMEDIES

PRIVATE

LIMITED

5B, Veerasandra Indl. Arca, Hosur Road. Bangalore-560 100
Tel: 91-80-30209999 Fax: 91-80-40209817, E-mail: qc@ naturalremedy.com

Quality Control Department

ICERT!FICATE OF ANALYSIS)

Boswellia serrata extract Batch No.

270% Boswellic acids Lab Reference / Report No.
NRBSE70 Date of Report

Gum Mfg. date

7:1 Expiry dat

Methanol, Hexane Country of arigin

x

Konher
certified

BS1I02%
Friines:
28.11.2023
November 2023
November 2025
Indis

Nit
TEST RESULTS
SL. . S - A
NO. TESTS SPECIFICATION RESULT TEST PROTOCOL
1 Description Cream to yellowish brown Cream powder
powder with characteristic
odour
Identification To pass the test Complies By 11
INR/QCIVAPMOS Wi(39))
3 Moisture (% w/w) <50 (] As per USP <921> Method 11
4. PH (5% w/iv suspension) 45-70 6.5 As per USP <791>
Total ash content (% wiw) <20 .0 As per USP <S61>
o Bulk density (g/ce) 0.20 - 0.60 033
As per USK <616> Method - |
Tapped bulk density (/cc) 0.20 - 0.60 0.ss
E Material passing through 308 BS/AS ASTM (% wiw) >99.0 100 As per USP <786
Particle size distribution
o Heavy Metaks
Lead < 10.0 ppm os
Arsens <2.0 ppm <o -
Cadomvina < 1.0 ppm <01 BOR~RAS
Mercury < 0.1 ppm <01

16 Nicrobiology Test

< 10 cfu g*'
< 10" ¢fu g’
<10 org g’
Absent/g
Absent/10g
Absent/g

1" To comply with BP/USP
To comply with USP
13

2700
>15.0
w >4.0
230

3-bo: 20

tests.

No growth
20
<1
Absent
Absent
Abscat

Complics

Complies

754

264

100
62
2.1

Hlic scid (% w/ 24 2.
Remarks: The above referred batch conforms to the specification of Boswellia serrata extract (2 70% Boswellic

As per USP <61 & <62>

As per USP

As per AOACTUSP

By Titrimetric
INR/QCIVAPMOs W107))

By HIPLC
INR/QUINAPMOS WI(39))

acikd) with respoct to above mentioned

——

ANALYST

g

AUTHORISED SIGNATORY

W W W

Natural Solutions for Healthy Living

6.1.4. Preparation of drug solution, storage, volume, and route of administration:

6.1.4.1. Standardized extract of boswellia serrata:

i. Preparation of test drug solution:

a. Drug solution of Standardized extract of boswellia serrata was prepared by using distilled

water a vehicle

ii. Storage of drug solution:

a. Standardized extract of boswellia serrata powder was stored in a desiccator. A fresh drug

solution was prepared for each day’s work. The solution was kept in airtight amber-

colored bottles and stored at room temperature until ready for use.
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iii. The volume of drug administration:

a. The volume of Standardized extract of boswellia serrata solution to be administered was
calculated based upon the body weight of animals.

iv. Route of administration:

a. In the alloxan-induced diabetes mellitus model, the Standardized extract of boswellia

serrata solution was administered per oral (p.0.) route.

6.1.4.2. Fluoxetine

i. Preparation of standard drug solution:

a. Solution of fluoxetine was prepared with 1% Sodium-carboxy methylcellulose as the
vehicle.

ii. Storage of drug solution:

a. Fluoxetine powder was stored in a refrigerator below 25 °C. A fresh drug solution was
prepared for each day’s work.

iii. The volume of drug administration:

a. The volume of fluoxetine solution to be administered was calculated based upon the body
weight of animals.

iv. Route of administration:

a. Fluoxetine solution was administered through per oral (p.o.) route.

6.1.5. Alloxan induced diabetes mellitus in laboratory animals

6.1.5.1. Experimental designs.

The animals were divided randomly into groups with six rats per group as follows:

i. Group I: Normal group

a. The rats received only vehicle (Distilled water) p.o., for 6 weeks.

ii. Group Il: Diabetes control

a. The rats receive alloxan (150 mg/kg) and only vehicle (Distilled water) p.o.,6 weeks.

iii. Group IlI: Fluoxetin (10) treated group

a. The rats have received alloxan (150 mg/kg). They were treated with Fluoxetin at a dose of
10mg/kg, p.o., for 6 weeks.

iv. Group IV: Standardized extract of boswellia serrata (100) treated group

a. The rats have received alloxan (150 mg/kg). They were treated with Standardized extract
of boswellia serrata at a low dose of 100mg/kg, p.o for 6 weeks.

v. Group V: Standardized extract of boswellia serrata (200) treated group
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a. The rats have received alloxan (200mg/kg). They were treated with Standardized extract
of boswellia serrata at a medium dose of 50 mg/kg, p.o for 6 weeks.

vi. Group VI: Standardized extract of boswellia serrata (400) treated group

a. The rats have received alloxan (150 mg/kg). They were treated with Standardized extract

of boswellia serrata at a high dose of 400mg/kg, p.o for 6 weeks.

6.1.5.2. Induction of diabetes:

A. Preparation of alloxan

i. For each experiment, aliquots of alloxan monohydrate from the same batch were pre-
weighed into plastic microfuge tubes, then wrapped in aluminum foil (to protect against
light sensitivity) and stored at -20°C with desiccant until use. Alloxan monohydrate
dissolved in 0.9% w/v cold normal saline, and the unused contents were discarded after
each experiment.

ii. All the required parameters were carried out in all selected rats before diabetes induction.

iii. All animals fasted for 16 hours before alloxan injection.

iv. Diabetes was induced by a single injection of alloxan (150 mg/kg) according to the body
weight of animals.

v. 10% sucrose solution was provided after four hours of alloxan injection to avoid
hypoglycemic shocks.

vi. Diabetes was confirmed after 48 hours of injection by glucometer.

vii. Glucose level above 250 mg/dl was considered for the study.

viii.  Oral treatment with Standardized extract of boswellia serrata (100, 200 and 400mg/kg)
or Fluoxetin (10mg/kg) continued for 42 days.

ix. On the 42" day, animals were sacrificed for ex-vivo parameters.

6.1.5.3. Treatment of Standardized extract of boswellia serrata and fluoxetine
Standardized extract of boswellia serrata doses (100, 200 and 400mg/kg) and fluoxetine
(10mg/kg) with different calculated doses based on the animal’s body weight were
administered per oral from a day of confirmation to 42 days.

The observations were recorded on days 0, 14, 28, and 42 in the morning, and doses were

administrated immediately afterward.
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6.1. Parameter for assessment of the effect of Standardized extract of Boswellia serrata
on alloxan-induced diabetic depression in rats.

6.2.1. In-vivo parameters

6.2.1.1. Body weight, food intake, water intake, and urinary output

i. Rats were weighed daily using animal weighing balance.

ii. Food intake, water intake, and urinary output were determined by using a metabolic cage.

6.2.1.2. Blood parameter

i. The plasma glucose levels were determined daily by using a glucometer.

6.2.1.3. Elevated plus maze test

I. The maze is made of plywood and consists of two open arms 30 X 5 cm and two enclosed
arms 30 X 5 X 20 cm. The arms extend from a central 5 X 5cm platform. The maze is
dark brown and mounted to the wooded base, raising at 30 cm above the flooring in a
dark room. The light of 40W is illuminated above the maze.

I. Before starting the experiment, the rats were handled daily to reduce stress. Two hours
after the oral administration of the test drugs, the animal was placed in the center of the
maze, facing one of the enclosed arms. After that, the number of entries and time spent in
the open and closed arms were recorded during the next 5 min. The following parameters
were measured: an arm entry being defined when all four paws are in the arm.

i.  Number of open arm entries

ii. Number of closed arm entries

iii. Time spent in open arm

iv. Time spentin closed arm

v. Time spent in a central square

I11. At the end of each trial, the apparatus was wiped clean to eliminate any olfactory clues,
which might modify the behavior of the next animal. The procedure was conducted

preferably in a sound-attenuated room, with observations made from an adjacent room.

6.2.1.4. Tail suspension test
i. Inthis TST, rats were individually suspended by the tail from an aluminum hook raised
20 cm above the floor using adhesive tape placed 2 cm from the tip of the tail. The rats

were positioned such that the base of their tail was aligned with the horizontal plane.
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ii. Typically, rats demonstrated escape-oriented behavior interspersed with successively
longer bouts of immobility. Test sessions lasted for 6 min, and they were videotaped and

subsequently scored by a trained observer.

6.2.1.5. Forced swimming test:

I. The FST apparatus was a transparent Plexiglas cylinder (20 cm diameter, 60.5 cm height).
The cylinders were filled with 25£1°C water to a 44.5 cm depth to prevent animals’ tails
from touching the bottom of the tank. The animals were placed in the cylinders for 5 min.
Animals were towel-dried after each exposure and returned to preheated home cages.

ii. Duration of immobility was measured, i.e., immobility is when the rat performs the

minimum movement necessary to stay afloat.

6.2.2. Ex-vivo parameters:

6.2.2.1. Determination of brain oxidative stress:

i. All animals were sacrificed at the end of the study, i.e., 42nd day. The brain was
immediately isolated.

ii. Tissue homogenate was prepared with 0.1M Tris-HCI buffer (pH 7.4), and supernatant of
homogenate was employed to estimate lipid peroxidation (MDA content), superoxide
dismutase (SOD), reduced glutathione (GSH), nitric oxide (NO), and total protein.

6.2.2.2.1. Determination of Lipid Peroxidation (MDA content):

i. It was estimated using the method described by Slater and Sawyer (1971). 2.0 ml of the
tissue homogenate (supernatant) was added to 2.0 ml of freshly prepared 10% wi/v
trichloroacetic acid (TCA), and the mixture was allowed to stand in an ice bath for 15
minutes. After 15 minutes, the precipitate was separated by centrifugation, and 2.0 ml of
the clear supernatant solution was mixed with 2.0 ml of freshly prepared thiobarbituric
acid (TBA).

ii. The resulting solution was heated in a boiling water bath for 10 minutes. It was then
immediately cooled in an ice bath for 5 minutes. The color developed was measured at
532 nm against the reagent blank. Different concentrations (0-23nM) of standard
malondialdehyde were taken and processed for the standard graph.

iii. The values were expressed as nM of MDA/mg protein.
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6.2.2.2.2. Determination of Superoxide Dismutase (SOD)

i. Superoxide dismutase was estimated using the method developed by Misera and
Fridovich (1972). 0.5 ml of tissue homogenate was diluted with 0.5 ml of distilled water,
to which 0.25 ml of ice-cold ethanol and 0.15 ml of ice-cold chloroform were added. The
mixture was mixed well using a cyclo mixer for 5 minutes and centrifuged at 2500 rpm.
To 0.5ml of supernatant, 1.5 ml of carbonate buffer, and 0.5 ml of EDTA solution were
added.

ii. The reaction was initiated by adding 0.4 ml of epinephrine, and the change in optical
density/minute was measured at 480 nm against the reagent blank. SOD activity was
expressed as units/mg protein. Change in optical density per minute at 50 % inhibition of
epinephrine to adrenochrome transition by the enzyme is taken as the enzyme unit.

iii. The calibration curve was prepared by using 10-125 units of SOD.

6.2.2.2.3. Determination of Reduced glutathione (GSH):

I. Reduced glutathione was determined by the method described by Moron et al. (1979).
Equal volumes of tissue homogenate (supernatant) and 20% TCA were mixed. The
precipitated fraction was centrifuged, and to 0.25 ml of supernatant, 2 ml of DTNB
reagent was added.

ii. The final volume was made up to 3ml with phosphate buffer. The color developed was
read at 412 nm against the reagent blank. Different concentrations (10-50 gm) of standard
glutathione were taken and processed for the standard graph.

iii. Reduced glutathione was expressed as pg of GSH / mg protein.

6.2.2.2.4. Determination of nitric oxide (NO):

i. The NO level was estimated as nitrite by the acidic Griess reaction after reducing nitrate
to nitrite by vanadium trichloride, according to Miranda et al., 2001.

ii. The Griess reaction relies on a simple colorimetric reaction between nitrite, sulfonamide,
and N-(1- naphthyl) ethylenediamine to produce a pink azo-product with maximum
absorbance at 543 nm.

iii. The concentrations were determined using a standard curve of sodium nitrate, and the

results were expressed in pg/mg protein.
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6.2.2.2.5. Determination of tissue protein

i. According to the Lowry et al. (1951) method, protein concentration was estimated using
BSA (bovine serum albumin) as a standard. Briefly, dilute tissue fraction aliquots (0.1
ml) were taken in a test tube.

ii. To this, 0.8 ml of 0.1 M sodium hydroxide and 5.0 ml Lowry C reagent was added, and
the solution was allowed to stand for 15 min. Then 0.5 ml of Folin phenol reagent was
added, and the contents were mixed by vortex mixer. The color developed was measured
at 660 nm against reagent blank containing distilled water instead of sample.

iii. Different concentrations (40-200 pg) of BSA were taken and processed as above for the
standard graph.

iv. The values were expressed as mg of protein/ gm of wet tissue (mg/gm).

6.2.2.2. Determination of brain monoamine

i. The brain was isolated immediately and transferred to a homogenization tube containing
5 ml of 0.01 N hydrochloric acid and homogenized. Brain homogenate was transferred to
a bottle containing 8 ml of ice-cold absolute alcohol and kept for 1 hour at 0 °C. The
content was centrifuged for 10 min at 16000 rpm, and the supernatant was collected in a
Petri dish. The residue was washed with 3-5 ml of 75% alcohol three times, and washes
were combined with supernatant. Contents in the Petri dish were evaporated to dryness at
70-90 OC on a water bath under a stream of air. To the dry mass, 1 ml water and 2 ml
chloroform were added and centrifuged at 2000 rpm. The upper phase containing GABA
was separated, and 10 ul of it was applied as spot on Whatman paper (No. 41).

ii. The mobile phase consisted of n-butanol (50 ml), acetic acid (12 ml), and water (60 ml).
The chamber was saturated for a half-hour with the mobile phase. The paper
chromatogram was developed with ascending technique. The paper was dried in hot air
and then spread with 0.5% ninhydrin solution in 95% ethanol. The paper was dried for 1
hr at 90 OC. Blue color spot developed on paper was cut and heated with 2 ml ninhydrin
solution on a water bath for 5 min. Water (5 ml) was added to the solution and kept for
1h. The supernatant was decanted, and absorbance was measured at 570 nm.

iii. A stock solution of standard GABA, 1 mg/ml, was prepared in 0.01N HCI. Serial
dilutions were prepared to get concentrations 1ng/10ul to 1000ng/10ul. To obtain a
standard concentration curve for GABA same procedure was followed, replacing brain

homogenate with standard GABA solutions (Maynert et al., 1962).
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6.2.2.3. Determination of brain 5-hydroxytryptamine:

In 2.5 ml of brain homogenate in acidified butanol, 0.1 ml of 0.1 N HCI containing 0.025-
10.0/zg of 5HT were added, followed by 0.6 ml of a freshly prepared solution of o-
phthalaldehyde (4 mg/100 ml) in 10 N HCI.

. After mixing with a vibrating mixer, the tubes were placed in a boiling water bath for 15

min, then removed and cooled in tap water. Fluorescence was measured in a
spectrophotofluorometer. Activation and emission wavelengths were set at 360 nm and
470 nm, respectively, to determine the concentration of 5-HT (Green and Curzon, 1968).

6.2.2.4. Determination of brain dopamine

The oxidation procedure was reported by Fleming et al. (1965). In 1.25 ml of brain
homogenate in 0.1 ml of 0.1N HCI were added and 0.25 ml of 1M phosphate buffer
added.

. 0.025 ml of 1IN iodine in absolute ethanol was added. After mixing, the tubes were

allowed to stand exactly two minutes at room temperature, then 0.2 ml of a freshly
prepared alkaline sulfite solution (2.5 g of anhydrous Na2SO3 in water and 9 ml of 5N
NaOH) was added to each tube.

The tubes were mixed again, then after exactly 1.5 min, 0.2 ml of 5N acetic acid were
added, and the tubes were heated in a boiling water bath for 2 min.

. The fluorescence was measured after cooling in tap water at activation and emission

wavelengths of 378 nm and 335 nm, respectively, to determine dopamine concentration
(Schlumpf et al., 1974).

6.2.Statistical Analysis

The arithmetic means+tSEM values were calculated for each experiment. The statistical

analyses were carried out with the help of Graph pad Prism v 5.0.

7.

RESULTS

7.1. Effect of boswellia serrata on diabetes-induced alteration in body weight,

Time Body weight (gm) Mean+SEM
(in Diabetic Fluoxetine BS BS

week) Normal control (10mg/kg) | (100mg/kg) | (200mgikg) | B (400ma/kg)
0 313.67+3.67 312.00+6.61 312.83+11.80 | 314.33+6.63 | 310.67+6.35 | 300.33+5.09
2 324.17#3.47 | 280.50+5.89"" 283.1747.40 | 288.17+7.89 | 280.67+9.64 275.3349.28
4 334.33+4.00 | 264.50+5.33"" | 294.83+8.02** | 276.67+7.41 | 273.33+13.32 | 278.50+10.19
6 349.674321 | 24533+6.05" | 061721099 | oeg 601535 | 266.83+13.93 | 297:00x10.98
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Analysis of data was conducted using Two-Way ANOVA (Bonferroni’s post-hoc test). For
comparison with normal group (**P < 0.001) and For comparison with diabetic control group
(**P <0.01, and ***P < 0.001) on respective days.

400

Body weight (gm)

250+

200

o 1 2 3 4 5 6
Time (in Weeks)

—e— Normal —m— Diabetic Control —— FLX (10) BS (100) BS (200) -@®- BS (400)

Fig. No. 7.1. Effect of boswellia serrata on diabetes-induced alteration in body weight
Analysis of data was conducted using Two-Way ANOVA (Bonferroni’s post-hoc test).
For comparison with normal group (**P < 0.001) and For comparison with diabetic

control group (**P < 0.01, and ***P < 0.001) on respective days.

Before induction of diabetes there was no prominent difference in the body weight of diabetic
control rats than normal rats. Intraperitoneal administration of alloxan results evidently
lessened (P < 0.001) in the diabetic control rats’ body weight than normal rats after two
weeks. Fluoxetine at a dose of 10mg/kg treated group evidently ameliorated (P < 0.01 and P
< 0.001) the lessened body weight of the rats than the diabetic control rats on the 4™ and 6"
week. Additionally, treatment with Boswellia serrata at a dose of 400mg/kg evidently
ameliorated reduced (P < 0.01 and P < 0.001) body weight of the diabetic rats after 4 weeks

onwards.

7.2. Effect of boswellia serrata on diabetes-induced alteration in plasma glucose levels:

Time Plasma glucose level (mg/dl) Mean+SEM
: Diabetic Fluoxetine BS

(in week) Normal control (10mg/kg) BS (100mg/kg) (200mg/kg) BS (400mg/kg)
0 66.83+3.88 | 74.83+4.08 68.67+6.66 73.67+4.88 71.00£5.16 72.50+4.15
2 79.33+1.74 | 389.5+15.14"" |  328.33+7.00* 340.00+25.20 | 350.83+8.66 | 322.67+24.96*
4 79.17+1.30 | 406.5+13.39"" | 259.67+11.41*** | 393.33+24.35 | 354.50+6.78 | 265.83+25.60***
6 84.5+1.12 | 415.33+9.81" | 171.67+15.97*** | 365.83+23.67 | 324.50+8.07 | 236.83+26.48***
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Analysis of data was conducted using Two-Way ANOVA (Bonferroni’s post-hoc test). For
comparison with diabetic control group (*P < 0.05, and ***P < 0.001) and For comparison

with normal group (***P < 0.001) on respective days.

500+
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Fig. No. 7.2. Effect of boswellia serrata on diabetes-induced alteration in plasma glucose

levels.

Analysis of data was conducted using Two-Way ANOVA (Bonferroni’s post-hoc test). For
comparison with diabetic control group (*P < 0.05, and ***P < 0.001) and For comparison
with normal group (**P < 0.001) on respective days

There was no change in serum glucose level in control rats than the normal rats at 0 week.
Administration alloxan of control group rats showed a evidently amplified (P < 0.001) in
serum glucose level after week 2 than the normal rats. Treatment with Fluoxetine at a dose of
10mg/kg show effective lessened (P < 0.05, P < 0.001 and P < 0.01) in serum glucose level at
week 2, 5 and 6 respectively than the diabetic control rats. Whereas, after treatment with
Boswellia serrata at a dose of 400mg/kg show meaningful reduced (P < 0.001) in serum
glucose level from 4™ week onwards. Boswellia serrata (100 and 200mg/kg, p.0.) treated rats

failed to produce any effective decrease in serum glucose level.

7.3. Effect of boswellia serrata on diabetes-induced alteration in Intake of food:

World Journal of Pharmaceutical Research

Time _ _ Intake of fgod (gm) Mean+SEM
(in week) Normal Diabetic Fluoxetine BS BS BS
control (10mg/kg) (100mg/kg) | (200mg/kg) | (400mg/kg)
0 25.25+0.95 26.72+1.59 24.20+1.28 25.03+1.56 23.70+1.64 26.35+1.36
6 25.77+1.65 | 33.15+1.73"" | 27.3241.73*** 31.77+2.04 31.45+1.49 | 30.62+0.86**
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Fig. No 7.3. Effect of boswellia serrata on diabetes-induced alteration in Intake of food.

Analysis of data was conducted using Two-Way ANOVA (Bonferroni’s post-hoc test). For

comparison with normal group (**P < 0.001) and For comparison with diabetic control group

(**P <0.01, and ***P < 0.001) on respective days.

There was no prominent difference in the intake of food of diabetic control rats than the non-

diabetic rats on week 0. The alloxan-treated control group showed a evidently elevated (P <

0.001) intake of food than normal rats on the 6" week. There was a prominent decrease (P <

0.01) in the amount of intake of food on treatment with Boswellia serrata at a dose of

400mg/kg as compared with diabetic control groups. When compared with diabetic control

rats, fluoxetine at a dose of 10mg/kg treated rats also showed a effective decrease (P < 0.001)

in the intake of food on the 6™ week.

7.4. Effect of boswellia serrata on diabetes-induced alteration in Intake of water.

. Intake of water (ml) Mean+SEM
. Time Diabetic Fluoxetine BS
(in week) Normal control (10mg/kg) BS (100mg/kQg) (200mg/kg) BS (400mg/kg)
0 54.33+3.75 53.33+5.70 53.67+3.19 59.33+1.17 51.33+4.59 51.83+4.33
6 56.00+3.76 | 131.5+4.90"" | 85.50+3.73*** 130.50+3.30 119.50+3.32 | 89.17+3.51***
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Fig. No. 7.4. Effect of boswellia serrata on diabetes-induced alteration in Intake of

water.

Analysis of data was conducted using Two-Way ANOVA (Bonferroni’s post-hoc test). For
comparison with normal group (P < 0.001) and For comparison with diabetic control group
(***P < 0.001) on respective days.

There was no meaningful difference in the intake of water of diabetic control rats before
induction of diabetes on day O than normal rats. Diabetic control rats showed evidently
elevated (P < 0.001) intake of water than the normal rats. Boswellia serrata at a dose of
400mg/kg showed prominent, lessened (P < 0.001) in intake of water than diabetic control
rats. Additionally, treatment with fluoxetine at a dose of 10mg/kg showed a effective

decrease (P < 0.001) in intake of water than the diabetic control rats in the 6™ week.

7.5. Effect of boswellia serrata on diabetes-induced alteration in Output of urine:

Time Output of urine (ml) Mean+SEM
: Diabetic Fluoxetine BS BS
in week
( ) | Normal control (10mg/kg) | (100mgrkg) | (200mgikg) | B (400mgrkg)
0 17.17+1.11 18.50+1.57 17.00+1.37 18.17+1.54 18.00+1.29 18.50+1.23
6 19.50+1.12 | 45.17+1.08" | 21.17+1.25%** | 42.00+1.15 42.00+1.32 27.33+1.23***
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Fig. No. 7.5. Effect of boswellia serrata on diabetes-induced alteration in Output of
urine.

Analysis of data was conducted using Two-Way ANOVA (Bonferroni’s post-hoc test). For
comparison with normal group (P < 0.001) and For comparison with diabetic control group
(***P < 0.001) on respective days.

There was no prominent difference in the output of urine of the normal rat than diabetic
control rats on day 0 before induction of diabetes. On week 6, diabetic control rats showed
evidently amplified (P < 0.001) output of urine than the normal rats. Whereas treatment with
Boswellia serrata at a dose of 400mg/kg showed evidently lessened (P < 0.001) in output of
urine than the diabetic control rats. Fluoxetine at a dose of 10mg/kg treated group showed a
meaningful decrease (P < 0.001) in output of urine as compared with diabetic control rats in

the 6" week.

7.6. Effect of boswellia serrata on diabetes-induced alteration in duration of immobility

during tail suspension test:

World Journal of Pharmaceutical Research

Time _ _ Duration of imn_wobility (sec) Mean+SEM
(in week) Normal Diabetic Fluoxetine BS BS BS
control (10mg/kg) (100mg/kg) | (200mg/kQ) (400mg/kqg)
0 154.17+3.31 149.17+4.65 145.33+4.49 142.33+3.04 | 154.33+2.12 148.67+3.24
2 149.67+4.58 184.5+2.90% 167.67+4.11 173.50+3.17 | 177.33+£3.19 175.33+3.14
4 148.33+3.66 | 237.33+2.11"" | 203.83+2.09*** | 233.17+3.63 | 237.83+3.50 | 209.67+4.00***
6 150.67+4.65 263.67+4.22"" | 185.50+2.66*** | 266.17+3.68 | 269.17+2.73 | 192.67+3.16***

Analysis of data was conducted using Two-Way ANOVA (Bonferroni’s post-hoc test). For
comparison with normal group (P < 0.001) and For comparison with diabetic control group
(***P < 0.001) on respective days.
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Fig. No. 7.6. Effect of boswellia serrata on diabetes-induced alteration in duration of

immobility during tail suspension test.

Analysis of data was conducted using Two-Way ANOVA (Bonferroni’s post-hoc test). For

comparison with normal group (P < 0.001) and For comparison with diabetic control group

(***P < 0.001) on respective days.

In tail suspension test, there was effective elevated (P < 0.01, P < 0.001 and P < 0.001)

duration of immobility of diabetic control rats after 2" week of alloxan administration than

normal rats. Boswellia serrata at a dose of 400mg/kg evidently attenuated (P < 0.001) this

amplified immobility duration than diabetic control rats from 4™ week onwards. Treatment

with fluoxetine at a dose of 10mg/kg also evidently ameliorated (P < 0.001) the elevated

immobility duration than diabetic control rats from 4™ week onwards.

7.7. Effect of boswellia serrata on diabetes-induced alteration in duration of immobility

in forced swim test.

Time Duration of immobility (sec) Mean+SEM
(in Normal Diabetic Fluoxetine BS BS BS
week) control (10mg/kg) (100mg/kg) | (200mg/kg) (400mg/kg)
0 128.83+4.92 | 125.17+4.56 130.17+2.64 132.83+4.61 | 131.17+3.40 134.3342.69
2 120.17+5.27 | 181.17+3.21"% 163.00+5.23* 174.50+£4.39 | 178.17+4.85 164.00+4.84*
4 122.33+4.36 | 193.67+5.24"" | 147.17+4.38** 190.33+4.50 | 182.33+4.70 | 157.83%5.34**
6 124.00+5.73 | 203.83+2.63"" | 141.6745.34*** | 200.33+6.05 | 188.0045.34 | 155.17+5.13***

Analysis of data was conducted using Two-Way ANOVA (Bonferroni’s post-hoc test). For

comparison with normal group (**P < 0.001) and For comparison with diabetic control group
(*P < 0.05, **P < 0.01, and ***P < 0.001) on respective days.
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Fig. No. 7.7. Effect of boswellia serrata on diabetes-induced alteration in duration of
immobility in a forced swim test.

Analysis of data was conducted using Two-Way ANOVA (Bonferroni’s post-hoc test). For
comparison with normal group (P < 0.001) and For comparison with diabetic control group
(*P < 0.05, **P < 0.01, and ***P < 0.001) on respective days.

In forced swim test, the duration of immobility was evidently elevated (P < 0.001) in the
diabetic control rats on 2" weeks of intraperitoneal administration of alloxan than normal
non-diabetic rats. This immobility duration was more evidently elevated (P < 0.05, P < 0.01
and P < 0.001, respectively) from 2" week onward in diabetic control rats. Treatment with
Boswellia serrata at a dose of 400mg/kg evidently ameliorated (P < 0.05, P < 0.01, and P <
0.001, respectively) this amplified in immobility duration than diabetic control rats from 2"
week onward. Fluoxetine at a dose of 10mg/kg also showed the evidently attenuation (P <
0.05, P < 0.01 and P < 0.001, respectively) in amplified duration of immobility than diabetic

control rats from 2" week onward.

7.8. Effect of boswellia serrata on diabetes-induced alteration in time spent in open arm

in the elevated plus-maze test.

Time Time spent in open arm (Sec) Mean+SEM
(in week) Normal Diabetic Fluoxetine BS BS BS
control (10mg/kg) (100mg/kg) (200mg/kg) (400mg/kg)
0 169.83+3.56 | 170.00+2.78 173.50+4.01 172.83+3.66 | 169.67+3.73 172.50+2.79
2 163.67+4.00 | 142.83+3.617 153.67+3.96 135.50+3.89 | 145.33+3.29 145.83+1.66
4 173.00+1.93 | 81.33+3.48"" | 129.33+4.22*** | 76.00+3.70 88.33+5.08 | 119.50+3.68**
6 172.00+3.39 | 76.50+4.00"" | 131.17+2.79*** | 76.33+3.46 85.67+3.77 | 107.17+2.30**

Analysis of data was conducted using Two-Way ANOVA (Bonferroni’s post-hoc test). For
comparison with normal group (P < 0.05, **P < 0.001) and For comparison with diabetic

control group (**P < 0.01, and ***P < 0.001) on respective days.
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Fig. No. 7.8. Effect of boswellia serrata on diabetes-induced alteration in time spent in

open arm in the elevated plus-maze test.

Analysis of data was conducted using Two-Way ANOVA (Bonferroni’s post-hoc test). For
comparison with normal group (P < 0.05, **P < 0.001) and For comparison with diabetic

control group (**P < 0.01, and ***P < 0.001) on respective days.

Time spent by the diabetic control rats in the open arm of the elevated plus-maze was
evidently lowered (P < 0.05) after 2™ week of intraperitoneal administration of alloxan than
normal non-diabetic rats. Time duration spent in the open arm by the diabetic control rats is
still evidently reduced (P < 0.001) up to the 6™ week than the 2" week. After 6 weeks of oral
administration of Boswellia serrata (400mg/kg), the time spent in the open arm was evidently
elevated (P < 0.01) than diabetic control rats on 4™ and 6" weeks. This open arm time
duration was evidently elevated (P < 0.001) by fluoxetine at a dose of 10mg/kg treatment on

4™ week onwards than diabetic control rats.

7.9. Effect of boswellia serrata on diabetes-induced alteration in time spent in closed

arm in the elevated plus-maze test.

Time Time spent in the closed arm (Sec) Mean+SEM
(in Normal Diabetic control Fluoxetine BS BS BS
week) (10mg/kQ) (100mg/kg) | (200mg/kg) (400mg/kg)
0 64.50+5.51 62.0045.99 69.33+3.88 65.17+3.40 66.50+4.49 68.17+6.82
2 70.83+4.40 109.17+5.47" 94.0045.51 114.3345.93 | 113.83+5.28 96.67+6.39
4 64.17+5.48 151.67+4.32" | 104.83+5.56*** | 139.00+4.06 | 147.83+4.74 | 123.83+3.43**
6 65.331+4.94 146.17+4.08" 96.67+5.20*** 148.5045.25 | 151.1745.03 | 112.50+5.68***

Analysis of data was conducted using Two-Way ANOVA (Bonferroni’s post-hoc test). For
comparison with normal group (P < 0.001) and For comparison with diabetic control group
(**P < 0.01, and ***P < 0.001) on respective days.
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Fig. No. 7.9. Effect of boswellia serrata on diabetes-induced alteration in time spent in
close arm in the elevated plus-maze test.

Analysis of data was conducted using Two-Way ANOVA (Bonferroni’s post-hoc test). For
comparison with normal group (**P < 0.001) and For comparison with diabetic control group
(**P < 0.01, and ***P < 0.001) on respective days.

Time spent in close arm by the diabetic control rats was evidently higher (P < 0.001) than the
normal non-diabetic rats from 2" week onwards. This elevated in the time duration of close
arm was evidently (P < 0.01, and P < 0.001, respectively) attenuated by Boswellia serrata at a
dose of 400mg/kg treatment from 4™ week onwards than diabetic control rats. Fluoxetine at a
dose of 10mg/kg also showed the prominent reduced (P < 0.001) in close arm time spent than

diabetic control rats.

7.10. Effect of boswellia serrata on diabetes-induced alteration in entries in open arm in

the elevated plus-maze test.

Time _ _ Entries in open arm - Mean+SEM
(in week) Normal Diabetic Fluoxetine BS BS BS
control (10mg/kg) (100mg/kg) | (200mg/kQ) (400mg/kg)
0 45.00+2.80 41.50+2.63 43.50+2.78 43.83+2.33 | 44.83+2.33 42.33+1.94
2 42.50+0.99 | 27.50+2.51" 31.00+2.71 27.83+1.85 | 32.17+2.36 33.33+2.74
4 42.17+1.45 | 17.00+2.16™ | 29.83+1.74*** | 18.83+2.30 | 22.33+2.39 | 27.83+2.18**
6 4450+2.60 | 14.83+2.86"" | 33.50+1.98*** | 18.67+2.68 | 17.00+1.93 | 30.33+2.73***

www.wipr.net |

Analysis of data was conducted using Two-Way ANOVA (Bonferroni’s post-hoc test). For
comparison with normal group (P < 0.001) and For comparison with diabetic control group
(**P < 0.01, and ***P < 0.001) on respective days.
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Fig. No. 7.10. Effect of boswellia serrata on diabetes-induced alteration in entries in

open arm in the elevated plus-maze test.

Analysis of data was conducted using Two-Way ANOVA (Bonferroni’s post-hoc test). For
comparison with normal group (P < 0.001) and For comparison with diabetic control group
(**P < 0.01, and ***P < 0.001) on respective days.

The total number of entries in open arm was evidently lowered (P < 0.001) in diabetic control
rats than normal rats after 2" weeks of intraperitoneal alloxan administration. This lessened
in the open arm entries was evidently elevated (P < 0.01, P < 0.01 and P < 0.001) by
Boswellia serrata at a dose of 400mg/kg treatment on 2™ week onwards than diabetic control
rats. There was prominent amplified (P < 0.001) in the open arm entries by fluoxetine at a

dose of 10mg/kg treatment from 4™ week onwards than diabetic control rats.

7.11. Effect of boswellia serrata on diabetes-induced alteration in entries in closed arm

in the elevated plus-maze test.

Time — Entlglies intglosed arm - I\élganiSEM -
. lapetic uoxetine
(inweek) | Normal control (10mg/kg) | (100mg/kg) | (200mgrkg) | BS (400ma/k)
0 8.00£132 | 7.83+0.95 750£0.72 | 11.00+1.06 | 9.67+1.33 7.50+1.15
2 850+1.26 | 2367+1.457 | 2033071 | 24.50t131 | 20674076 | 21.67+156
4 0.67+1.61 | 3417+147F | 2167+4143%* | 3383t119 | 31.33t1.15 | 24.67+156%%
6 0.33+1.33 | 3850+1.387" | 21.00t132%%* | 36.83t138 | 3533%1.20 | 28.83+114%*

Analysis of data was conducted using Two-Way ANOVA (Bonferroni’s post-hoc test). For
comparison with normal group (P < 0.001) and For comparison with diabetic control group

(***P < 0.001) on respective days.
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Fig. No. 7.11. Effect of boswellia serrata on diabetes-induced alteration in entries in

close arm in the elevated plus-maze test.

Analysis of data was conducted using Two-Way ANOVA (Bonferroni’s post-hoc test). For
comparison with normal group (P < 0.001) and For comparison with diabetic control group

(***P < 0.001) on respective days.

There was a effective raise (P < 0.001) in the closed arm entries of diabetic control rats after
2" week of intraperitoneal alloxan administration than normal non-diabetic control rats.
Boswellia serrata at a dose of 400mg/kg treatment evidently attenuated (P < 0.001) this
elevated closed arm entries than diabetic control rats from the 4™ week onwards. Whereas
fluoxetine at a dose of 10mg/kg treatment also evidently reduced (P < 0.001) the number of

entries in the closed arm than diabetic control rats.

7.12. Effect of boswellia serrata on diabetes-induced alteration in time spent in the

center in the elevated plus-maze test:

Time _ _ Time spent i_n center (Sec) Mean+SEM
(in week) Normal Diabetic Fluoxetine BS BS BS (400mg/kg)
control (10mg/kg) (100mg/kg) (200mg/kg)
0 53.67+2.22 51.50+1.95 54.83+2.18 54.50+2.93 53.00+2.48 53.17+2.04
2 55.67+3.06 40.67+2.517 43.50+2.92 42.67+2.40 42.83+1.92 45.50+0.89
4 52.33+2.12 | 29.17+2.14™ | 38.83+1.49** | 30.67+2.56 30.67+2.22 36.50+2.35**
6 54.17+1.72 | 28.17+2.85"" | 47.00+2.74*** 27.83+2.75 28.17+2.68 41.3341.28***

www.wipr.net |

Analysis of data was conducted using Two-Way ANOVA (Bonferroni’s post-hoc test). For
comparison with normal group (P < 0.05, P < 0.001) and For comparison with diabetic
control group (**P < 0.01, and ***P < 0.001) on respective days.
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Fig. No. 7.12. Effect of boswellia serrata on diabetes-induced alteration in time spent in

the center in open arm in the elevated plus-maze test.

Analysis of data was conducted using Two-Way ANOVA (Bonferroni’s post-hoc test). For
comparison with normal group (*P < 0.05, **P < 0.001) and For comparison with diabetic

control group (**P < 0.01, and ***P < 0.001) on respective days.

The time spent in the center of the elevated plus-maze by diabetic control rats was evidently
lessened (P < 0.05) after 2" week of alloxan administration than normal non-diabetic rats.
There was still a more meaningful decrease (P < 0.001) in the central time duration by
diabetic control rats on the 4™ week onwards than the 2" week. Boswellia serrata at a dose of
400mg/kg showed the meaningful elevated (P < 0.01 and P < 0.001, respectively) in central
activity than diabetic control rats on 4™ week onwards. This reduced in duration of central
time spent was evidently elevated (P < 0.01, and P < 0.001) by the fluoxetine at a dose of
10mg/kg treatment than diabetic control rats.

7.13. Effect of boswellia serrata on diabetes-induced alteration in brain GABA levels:

Brain GABA (ng/g of brain tissue) Mean=SEM

Diabetic Fluoxetine BS BS

Normal control (10mg/kg) | (100mgrkg) | (200mglkg) | BS (400ma/kg)

54.59+2.71 | 40.46+2.25"" | 44.40+3.30 44.13+2.20 42.44+2.84 | 47.87+2.72***
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Fig. No. 7.13. Effect of boswellia serrata on diabetes-induced alteration in brain GABA
levels.
Analysis of data was conducted using one-way ANOVA (Dunnett’s test). For comparison
with diabetic control group (***P < 0.001) and For comparison with normal group (**P <
0.001).

There was a effective decrease (P < 0.001) in the level of brain GABA after six weeks of
intraperitoneal alloxan administration in diabetic control rats than normal rats. This decrease
in brain GABA level did not evidently restore by either Boswellia serrata at a dose of 100 and
200mg/kg or fluoxetine at a dose of 10mg/kg compared with diabetic control rats. However,
Boswellia serrata at a dose of 400mg/kg treatment showed a prominent raise (P < 0.001) in

the levels of brain GABA than diabetic control rats.

7.14. Effect of boswellia serrata on diabetes-induced alteration in brain 5-HT levels:

Brain 5-HT (ng/g of brain tissue) Mean+SEM

. . Fluoxetine BS BS
Normal Diabetic control (10mg/kg) (100mg/kg) (200mg/kg) BS (400mg/kg)

952.10+17.36 | 476.60+19.18" | 856.00+19.2*** | 454.30+17.03 | 546.70+20.53 | 860.00+11.75***

15001

1000

500

5-HT (ngfg of brain tissue)

Treatment

Fig. No. 7.14. Effect of boswellia serrata on diabetes-induced alteration in brain
5-HT levels.
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Analysis of data was conducted using one-way ANOVA (Dunnett’s test). For comparison
with diabetic control group (***P < 0.001) and For comparison with normal group (**P <
0.001).

Compared with normal non-diabetic control rats, diabetic control rats showed evidently
lessened (P < 0.001) in the brain 5-HT level on the 6™ week of alloxan administration. This
reduced level of brain 5-HT was evidently amplified (P < 0.001) by the treatment of
Boswellia serrata at a dose of 400mg/kg than diabetic control rats. Whereas fluoxetine at a
dose of 10mg/kg treatment also evidently elevates (P < 0.001), this lessened brain 5-HT
levels than diabetic control rats.

7.15. Effect of boswellia serrata on diabetes-induced alteration in brain dopamine

levels.
Dopamine levels in brain (ng/g of brain tissue) Mean+SEM
. : Fluoxetine BS BS
Normal Diabetic control (10mg/kg) (100mg/kg) (200mg/kg) BS (400mg/kg)
1996.00+33.57 | 510.40+32.43"" | 1651.00+£19.52*** | 752.70+33.42 | 920.70+27.47 | 1551.00+19.52%**

Treatment

Fig. No. 7.15. Effect of boswellia serrata on diabetes-induced alteration in dopamine

levels in brain levels.

Analysis of data was conducted using one-way ANOVA (Dunnett’s test). For comparison
with normal group (P < 0.001) and For comparison with diabetic control group (***P <

0.001) on respective days.

A effective decrease (P < 0.001) in the level of dopamine levels in brain was observed in the
diabetic control rats after six weeks of intraperitoneal alloxan administration than normal

non-diabetic rats. This reduced level of dopamine levels in brain was evidently restored (P <
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0.001) by six weeks of Boswellia serrata at a dose of 400mg/kg treatment than diabetic
control rats. Whereas fluoxetine at a dose of 10mg/kg treated rats also showed a effective

raise (P < 0.001) in the levels of dopamine levels in brain than diabetic control rats.

7.16. Effect of boswellia serrata on diabetes-induced alteration in total protein levels in

brain level.
Total protein levels in brain (mg/gm) Mean+SEM
Normal Diabetic Fluoxetine BS BS BS
control (10mg/kg) (100mg/kg) | (200mg/kg) | (400mg/kg)
3.05+0.40 9.37+0.28™ | 3.96+0.36*** 8.11+0.28 7.95+0.35 | 4.15+0.32***
15
g
glo—
o

Treatment

Fig. No. 7.16. Effect of boswellia serrata on diabetes-induced alteration in total protein

levels in brain levels.

Analysis of data was conducted using one-way ANOVA (Dunnett’s test). For comparison
with normal group (**P < 0.001) and For comparison with diabetic control group (***P <

0.001) on respective days.

Compared with normal rats, intraperitoneally administered alloxan-induced diabetes control
rats show a effective raise (P < 0.001) in the level of total protein in the brain. Treatment with
Boswellia serrata at a dose of 400mg/kg shows a prominent (P < 0.001) decrease in total
protein levels in brain levels as compared with diabetic control rats. Additionally, fluoxetine
at a dose of 10mg/kg treated rats show a prominent reduction (P < 0.001) in total protein
levels in brain levels than diabetic control rats. Whereas treatment with Boswellia serrata
(100 and 200mg/kg, p.o.) did not show any effective reduction in total protein levels in brain

levels compared with diabetic control rats.
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7.17. Effect of boswellia serrata on diabetes-induced alteration in brain SOD and GSH

level.
Brain SOD (U /mg of protein) and GSH ng/mg of protein) levels - Mean=SEM
Parameter Diabetic Fluoxetine BS BS
Normal control (10mg/kg) (100mg/kg) | (200mg/kQ) BS (400mg/kg)
Eg)'t)e(iﬁ)/ MYof | 15304041 | 5.8420.72" | 10.2440.55%** | 6.4240.53 | 6.94+0.51 | 10.18+0.47%**
grsoii(r']‘)g/ mgof | 5184014 | 0.96+0.12" | 1.79+0.11%** | 1.00+0.17 | 1.262020 | 1.86+0.13%**
151 3
§10- §2-
=2 54 Sl-
o

o
1

Treatment Treatment

Fig. No. 7.17. Effect of boswellia serrata on diabetes-induced alteration in levels of SOD

and GSH in brain.

Analysis of data was conducted using one-way ANOVA (Dunnett’s test). For comparison
with normal group (**P < 0.001) and For comparison with diabetic control group (***P <

0.001).

There was a meaningful decrease (P < 0.001) in levels of SOD and GSH in brain of the
diabetic control rats than the normal rats. Treatment with Boswellia serrata at a dose of
400mg/kg show prominent amplified (P < 0.001) in levels of SOD and GSH in brain than the
diabetic control rats. Treatment with fluoxetine at a dose of 10mg/kg also showed a
meaningful raise (P < 0.001) in brain SOD as well as GSH levels than the diabetic control

rats.
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7.18. Effect of boswellia serrata on diabetes-induced alteration in brain MDA and nitric

oxide level.
Brain MDA (nM/mg of protein), nitric oxide (ng/ mg of protein) Mean+SEM
Parameter Normal Diabetic Fluoxetine BS BS BS
control (10mg/kQ) (100mg/kQg) (200mg/kg) | (400mg/kg)
g’:’g@in)(”'\"/ Mg Ol 300£045 |7.62:0.30" |3.8240.36%** | 8.10:0.20 | 8.01+0.33 | 4.33+0.27**
Nitric oxide (ng/ mg | 11 cr.0 63 71.860.86™ | 21.53+0.37** 66.36:0.68 | 65.9650.84 | 31112078
of protein) e * o E *
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Fig. No. 7.18. Effect of boswellia serrata on diabetes-induced alteration in levels of MDA

and NO in brain.
Analysis of data was conducted using one-way ANOVA (Dunnett’s test). For comparison

o
1

Treatment

Treatment

with normal group (P < 0.001) and For comparison with diabetic control group (***P <
0.001).

Compared with normal rats, diabetic control rats showed evidently elevated (P < 0.001)
levels of MDA and NO in brain. There was a effective decrease (P < 0.001) in levels of MDA
and NO in brain by treatment of Boswellia serrata at a dose of 400mg/kg than diabetic control
rats. Fluoxetine at a dose of 10mg/kg treated rats also show prominent decreases (P < 0.001)

in levels of MDA and NO in brain than diabetic control rats.

8. DISCUSSION

Diabetes is a metabolic disorder worldwide experimental surveys suggest that prevalence in
both categories’ males and females. according to the WHO guidelines, it is categorized int0 3
divisions short-term term called as type 1 diabetes, long-term called as type 2 diabetes, and

gestational diabetes.
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In the present study, we carried out In-Vivo parameters such as body weight, food intake,
water intake, urine output, fasting blood glucose level, elevated plus maze test, time spent in
the open, time spent in close arm, number of entries in open arm, number of entries in close
arm, time spending in center forced swim test, duration of immobility test, tail suspension

test.

Ex-Vivo parameters such as oxidative stress, SOD, GSH, MDA, NO, the total protein level in

the brain, brain monoamine (5HT, dopamine), and brain GABA level.

8.1. Body Weight

Mechanism: Diabetes often leads to weight loss due to the body's inability to utilize glucose
effectively, causing it to break down fat and muscle for energy.

Mechanism: Fluoxetine is a selective serotonin reuptake inhibitor (SSRI), increases
serotonin levels in the brain. Serotonin is involved in regulating mood, appetite, and satiety.
By enhancing serotonin activity, fluoxetine can affect appetite and metabolism, potentially
leading to changes in body weight.

Normal Control: Body weight increased gradually over 6 weeks (313.67 to 349.67 g).

Disease Control: Significant decrease in body weight observed from week 2 onwards
compared to normal (280.50 g at 2 weeks to 245.33 g at 6 weeks) (###P < 0.001).

Standard (Fluoxetine 10mg/kg): Significant improvement in body weight compared to
disease control from week 4 (294.83 g) to week 6 (306.17 g) (P <0.01 and P < 0.001).

Test Drug (BS 100, 200, 400mg/kg): BS at 400mg/kg significantly improved body weight
from week 4 (278.50 g) to week 6 (297.00 g) compared to disease control (P < 0.001). Lower
doses (100 and 200mg/kg) showed less effects.

Boswellia serrata is believed to have anti-inflammatory and potentially glucose-lowering
properties. It may be due to prevent break down fat and muscle for energy.

8.2. Plasma Glucose Levels

Mechanism: Diabetes leads to elevated blood glucose levels due to insufficient insulin
production or insulin resistance.

The effect of fluoxetine on plasma glucose levels is not entirely direct. It is believed to have
an influence through several pathways:

Mood Improvement: By alleviating depression, fluoxetine can lead to better overall health
behaviors, including improved adherence to diabetes management practices such as diet,

exercise, and medication.
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Appetite Regulation: Fluoxetine can reduce appetite, leading to reduced caloric intake,
which may help in controlling blood glucose levels.

Stress Reduction: Chronic stress can elevate blood glucose levels. By reducing stress and
anxiety, fluoxetine might indirectly contribute to lower blood glucose levels.

Normal Control: Stable plasma glucose levels over 6 weeks (66.83 to 84.5 mg/dl).

Disease Control: Significant increase in plasma glucose levels from week 2 (389.5 mg/dl) to
week 6 (415.33 mg/dl) compared to normal (###P < 0.001).

Standard (Fluoxetine 10mg/kg): Significant reduction in glucose levels compared to disease
control from week 2 (328.33 mg/dl) to week 6 (171.67 mg/dl) (P < 0.05 and P < 0.001).

Test Drug (BS 100, 200, 400mg/kg): BS at 400mg/kg showed a significant reduction in
glucose levels from week 4 (265.83 mg/dl) to week 6 (236.83 mg/dl) (P < 0.001). Lower
doses showed less significant effects.

Boswellia serrata might help reduce blood glucose levels through its anti-inflammatory and
possibly insulin-sensitizing effects. It may be due to sufficient insulin production or insulin

action.

8.3. Food Intake

Mechanism: Diabetes can increase food intake (polyphagia) due to the body’s inability to
utilize glucose, leading to a state of perceived starvation.

Mechanism: Fluoxetine is a selective serotonin reuptake inhibitor (SSRI) that increases
serotonin levels in the brain. Serotonin is a neurotransmitter that regulates mood, appetite,
and satiety.

By enhancing serotonin activity, fluoxetine can help suppress appetite and increase feelings
of fullness, leading to reduced food intake.

Normal Control: Stable food intake over 6 weeks (25.25 to 25.77 g).

Disease Control: Significant increase in food intake at week 6 (33.15 g) compared to normal
(###P < 0.001).

Standard (Fluoxetine 10mg/kg): Significant reduction in food intake at week 6 (27.32 @)
compared to disease control (P < 0.001).

Test Drug (BS 100, 200, 400mg/kg): BS at 400mg/kg showed a significant reduction in food
intake at week 6 (30.62 g) (P < 0.01). Lower doses showed a slight reduction but were less
significant.

Boswellia Serrata may be due to suppress appetite and increase feelings of fullness, leading

to reduced food intake.

www.wipr.net | Vol 14, Issue 5,2025. | SO 9001: 2015 Certified Journal | 1664



Gore et al. World Journal of Pharmaceutical Research

8.4. Water Intake

Mechanism: Increased water intake (polydipsia) in diabetes is due to high glucose levels
causing osmotic diuresis.

Mechanism: fluoxetine’s reduction of water intake is likely due to its serotonergic action on
the hypothalamus, influencing thirst regulation and behavioral factors that affect drinking
habits.

Normal Control: Stable water intake over 6 weeks (54.33 to 56.00 ml).

Disease Control: Significant increase in water intake at week 6 (131.5 ml) compared to
normal (###P < 0.001).

Standard (Fluoxetine 10mg/kg): Significant reduction in water intake at week 6 (85.50 ml)
compared to disease control (P < 0.001).

Test Drug (BS 100, 200, 400mg/kg): BS at 400mg/kg significantly reduced water intake at
week 6 (89.17 ml) (P < 0.001). Lower doses showed less significant effects.

B.S. reduction of water intake may be due to its serotonergic action on the hypothalamus,

influencing thirst regulation and behavioral factors that affect drinking habits.

8.5. Urine Output

Mechanism: Increased urine output (polyuria) in diabetes is due to osmotic diuresis caused
by high glucose levels.

Mechanism: Reduced urine output, or oliguria, can occur as a side effect of fluoxetine due to
several potential mechanisms: Kidney Function, Fluid Retention, Hormonal Changes, and
Dehydration.

Normal Control: Stable urine output over 6 weeks (17.17 to 19.50 ml).

Disease Control: Significant increase in urine output at week 6 (45.17 ml) compared to
normal (###P < 0.001).

Standard (Fluoxetine 10mg/kg): Significant reduction in urine output at week 6 (21.17 ml)
compared to disease control (P < 0.001).

Test Drug (BS 100, 200, 400mg/kg): BS at 400mg/kg significantly reduced urine output at
week 6 (27.33 ml) (P < 0.001). Lower doses showed less significant effects.

B.S. significantly reduced urine output may be due to maintenance of blood glucose level,
and maintenance body fluid.
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8.6. Duration of Immobility in Tail Suspension Test:

Mechanism: Increased immobility is an indicator of depressive-like behavior, which can be
exacerbated by diabetes.

Mechanism: fluoxetine typically results in a significant reduction in the duration of
immobility. This is interpreted as an antidepressant-like effect, suggesting that the animal is
less likely to exhibit behavioral despair.

Normal Control: Stable immobility duration over 6 weeks (154.17 to 150.67 sec).

Disease Control: Significant increase in immobility duration at week 6 (263.67 sec)
compared to normal (###P < 0.001).

Standard (Fluoxetine 10mg/kg): Significant reduction in immobility duration at week 6
(185.50 sec) compared to disease control (P < 0.001).

Test Drug (BS 100, 200, 400mg/kg): BS at 400mg/kg significantly reduced immobility
duration at week 6 (192.67 sec) (P < 0.001). Lower doses showed less significant effects.
Boswellia serrata might improve mood through its anti-diabetic, anti-depressant and anti-

inflammatory effects.

8.7. Duration of Immobility in Forced Swim Test

Mechanism: Similar to the tail suspension test, increased immobility in the forced swim test
indicates depressive-like behavior.

Mechanism: fluoxetine typically reduces the duration of immobility in the Forced Swim
Test, which is interpreted as an indication of its antidepressant-like activity. This reduction is
generally accompanied by an increase in active behaviors such as swimming.

Normal Control: Stable immobility duration over 6 weeks (128.83 to 124.00 sec).

Disease Control: Significant increase in immobility duration at week 6 (203.83 sec)
compared to normal (###P < 0.001).

Standard (Fluoxetine 10mg/kg): Significant reduction in immobility duration at week 6
(141.67 sec) compared to disease control (P < 0.001).

Test Drug (BS 100, 200, 400mg/kg): BS at 400mg/kg significantly reduced immobility
duration at week 6 (155.17 sec) (P < 0.001). Lower doses showed less significant effects.

B.S. reduces the duration of immobility in the Forced Swim Test, which is interpreted as an
indication of its antidepressant-like activity.
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8.8. Time Spent in Open Arm in Elevated Plus-Maze Test:

Mechanism: Decreased time in open arms in the Elevated Plus-Maze Test indicates anxiety-
like behaviour.

Mechanism: Fluoxetine significant increase in time spent in open arm due to its anxiolytic
effects, mediated by increased serotonin levels and resulting in reduced anxiety and increased
exploratory behavior.

Normal Control: Stable time spent in open arm over 6 weeks (169.83 to 172.00 sec).

Disease Control: Significant reduction in time spent in open arm at week 6 (76.50 sec)
compared to normal (###P < 0.001).

Standard (Fluoxetine 10mg/kg): Significant increase in time spent in open arm at week 6
(131.17 sec) compared to disease control (P < 0.001).

Test Drug (BS 100, 200, 400mg/kg): BS at 400mg/kg significantly increased time spent in
open arm at week 6 (107.17 sec) (P < 0.01). Lower doses showed less significant effects.

B.S. significantly increased time spent in open arm due to its anxiolytic effects, mediated by
increased serotonin levels and resulting in reduced anxiety and increased exploratory

behavior.

8.9. Time Spent in Closed Arm in Elevated Plus-Maze Test

Mechanism: Increase in time spent in the closed arms of the Elevated Plus Maze due to a
combination of neurochemical changes, hyperglycemia effects, neuropathy, HPA axis
dysregulation, and cognitive impairments associated with diabetes.

Mechanism: fluoxetine can significantly reduce the time spent in the closed arms of the
Elevated Plus Maze, indicating its potential to reduce anxiety-like behavior.

Normal Control: Time spent in closed arm in the Elevated Plus-Maze Test remained
relatively consistent over 6 weeks, ranging from (64.50+5.51 sec at week 0 to 65.331+4.94
sec) at week 6.

Diabetic Control: Significant increase in time spent in closed arm from week 2 (109.17+5.47
sec) to week 6 (146.17+4.08 sec) compared to normal control (###P < 0.001).

Standard (Fluoxetine 10mg/kg): Significant reduction in time spent in closed arm at weeks 4
(104.83+5.56 sec) and 6 (96.67+5.20 sec) compared to diabetic control (***P < 0.001).

Test Drug (BS 100, 200, 400mg/kg): BS at 400mg/kg showed significant reduction in time
spent in closed arm at weeks 4 (123.83+3.43 sec) and 6 (112.50+5.68 sec) compared to
diabetic control (**P < 0.01 and ***P < 0.001). Lower doses (100 and 200mg/kg) showed
less pronounced effects.
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B.S. significantly reduce the time spent in the closed arms of the Elevated Plus Maze, may be

due to indicating its potential to reduce anxiety-like behavior.

8.10. Entries in Open Arm in Elevated Plus-Maze Test

Mechanism: diabetic control conditions can lead to a decrease in entries into the open arms
of the Elevated Plus Maze due to a combination of increased anxiety, neurological changes,
oxidative stress, hormonal imbalances, peripheral neuropathy, metabolic disturbances, and
overall behavioral changes associated with chronic illness.

Mechanism: The increase in entries into the open arms of the Elevated Plus Maze after
fluoxetine administration is attributed to its anxiolytic effects, primarily through the
enhancement of serotonin signalling, which reduces anxiety and promotes exploratory
behavior.

Normal Control: Entries in open arm in the Elevated Plus-Maze Test remained relatively
stable, from (45.00+2.80 at week 0 to 44.50+2.60) at week 6.

Diabetic Control: Significant decrease in entries in open arm from week 2 (27.50+2.51) to
week 6 (14.83+2.86) compared to normal control (###P < 0.001).

Standard (Fluoxetine 10mg/kg): Significant increase in entries in open arm at weeks 4
(29.83£1.74) and 6 (33.50+1.98) compared to diabetic control (***P < 0.001).

Test Drug (BS 100, 200, 400mg/kg): BS at 400mg/kg significantly increased entries in open
arm at weeks 4 (27.83+2.18) and 6 (30.33+2.73) compared to diabetic control (**P < 0.01
and ***P < 0.001). Lower doses (100 and 200mg/kg) showed less pronounced effects.

The increase in entries into the open arms of the Elevated Plus Maze after B.S. administration
may be due to is its anxiolytic effects, primarily through the enhancement of serotonin

signalling, which reduces anxiety and promotes exploratory behavior.

8.11. Entries in Closed Arm in Elevated Plus-Maze Test

Mechanism: The increase in closed arm entries is indicative of anxiety-like behavior, altered
risk assessment, or other factors influenced by diabetic conditions.

Mechanism: fluoxetine generally reduces anxiety-like behavior in rodents, as indicated by an
increase in entries into the closed arms of tests like the Elevated Plus Maze.

Normal Control: Entries in closed arm in the Elevated Plus-Maze Test showed minimal
variation, starting from (8.00£1.32 at week 0 and reaching 9.33+1.33) at week 6.

Diabetic Control: Significant increase in entries in the closed arm from week 2 (23.67+1.45)
to week 6 (38.50+1.38) compared to normal control (###P < 0.001).
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Standard (Fluoxetine 10mg/kg): Significant reduction in entries in closed arm at weeks 4
(21.67£1.43) and 6 (21.00+1.32) compared to diabetic control (***P < 0.001).

Test Drug (BS 100, 200, 400mg/kg)**: BS at 400mg/kg significantly reduced entries in the
closed arm at weeks 4 (24.67+£1.56) and 6 (28.83£1.14) compared to diabetic control (***P <
0.001). Lower doses (100 and 200mg/kg) showed less pronounced effects.

B.S. may be due to reduced anxiety-like behavior in rodents, as indicated by an increase in

entries into the closed arms of tests like the Elevated Plus Maze.

8.12. Time Spent in the Center in Elevated Plus-Maze Test

Mechanism: A decrease in time spent in the center of an open field test, for example, could
reflect altered anxiety levels or impaired sensory-motor function due to diabetic
complications.

Mechanism: The Fluoxetine increase in time spent in the center of the open field after
fluoxetine administration is attributed to its anxiolytic and mood-enhancing effects, mediated
primarily through increased serotonin activity.

Normal Control: Time spent in the center in the Elevated Plus-Maze Test showed slight
fluctuations, starting from (53.67+2.22 sec at week 0 and reaching 54.17+1.72 sec) at week 6.
Diabetic Control: Significant decrease in time spent in the center from week 2 (40.67£2.51)
to week 6 (28.17+2.85) compared to normal control (###P < 0.001).

Standard (Fluoxetine 10mg/kg): Significant increase in time spent in the center at weeks 4
(38.83£1.49) and 6 (47.00+2.74) compared to diabetic control (**P < 0.01 and ***P <
0.001).

Test Drug (BS 100, 200, 400mg/kg): BS at 400mg/kg significantly increased time spent in
the center at weeks 4 (36.50+2.35) and 6 (41.33+1.28) compared to diabetic control (**P <
0.01 and ***P < 0.001). Lower doses (100 and 200mg/kg) showed less pronounced effects.
B.S. may be due to an increase in time spent in the center of the open field after fluoxetine
administration is attributed to its anxiolytic and mood-enhancing effects, mediated primarily

through increased serotonin activity.

8.13. GABA (Gamma-Aminobutyric Acid)
Mechanism: The decrease in GABA (gamma-aminobutyric acid) levels in diabetes mellitus
can be Insulin Deficiency or Resistance, Oxidative Stress, Glucose Dysregulation,

Inflammation, Neurodegeneration, Alterations in GABA Transporters.
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Mechanism: Fluoxetine's primary action is on serotonin reuptake inhibition, its effects on
GABA levels likely occur through indirect mechanisms involving serotoninergic modulation
of GABAergic circuits and neurons. These interactions contribute to the overall
neurochemical and behavioral effects observed with fluoxetine treatment.

Normal Control: Brain GABA levels were 54.59+2.71 ng/g of brain tissue.

Disease Control: Significant decrease in GABA levels (40.46x2.25 ng/g) compared to normal
(###P < 0.001).

Standard (Fluoxetine 10mg/kg): No significant restoration of GABA levels (44.40+3.30
ng/qg).

Test Drug (BS 100, 200, 400mg/kg): BS at 400mg/kg significantly increased GABA levels
(47.87£2.72 ng/g) compared to disease control (P < 0.001). Lower doses (100 and 200mg/kQ)
showed less pronounced effects.

B.S. Increased GABA levels may be due to impact disease control by altering neuronal

excitability, emotional regulation, cognitive function, sleep patterns.

8.14. 5-HT (Serotonin)

Mechanism: Diabetes can decrease serotonin levels through mechanisms involving insulin
deficiency or resistance, impaired tryptophan availability, increased tryptophan degradation,
neurodegenerative changes, and effects of hyperglycemia and glucose fluctuations.
Mechanism: fluoxetine increases serotonin levels by blocking the serotonin transporter
(SERT), thereby enhancing serotonergic neurotransmission in the brain.

Normal Control: Brain 5-HT levels were (952.10+17.36 ng/g) of brain tissue.

Disease Control: Significant decrease in 5-HT levels (476.60+19.18 ng/g) compared to
normal (###P < 0.001).

Standard (Fluoxetine 10mg/kg): Significant increase in 5-HT levels (856.00+19.2 ng/g)
compared to disease control (P < 0.001).

Test Drug (BS 100, 200, 400mg/kg): BS at 400mg/kg significantly increased 5-HT levels
(860.00£11.75 ng/g) compared to disease control (P < 0.001). Lower doses (100 and
200mg/kg) showed less pronounced effects.

B.S. may be due to increases serotonin levels by blocking the serotonin transporter (SERT),

thereby enhancing serotonergic neurotransmission in the brain.
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8.15. DA (Dopamine)

Mechanism: Diabetes can decrease dopamine levels through mechanisms involving insulin
resistance, neuroinflammation, oxidative stress, and disruption of glucose metabolism in the
brain.

Mechanism: Dopamine is a neurotransmitter involved in reward, motivation, memory,
attention, and even regulating body movements. it can increase dopamine levels by
Serotonin-Dopamine Interaction, Indirect Modulation, Regulation of Neurotransmitter
Systems, Chronic Effects.

Normal Control: Brain dopamine levels were (1996.00+33.57 ng/g) of brain tissue.

Disease Control: Significant decrease in dopamine levels (510.40+32.43 ng/g) compared to
normal (###P < 0.001).

Standard (Fluoxetine 10mg/kg): Significant increase in dopamine levels (1651.00+£19.52
ng/g) compared to disease control (P < 0.001).

Test Drug (BS 100, 200, 400mg/kg): BS at 400mg/kg significantly increased dopamine levels
(1551.00£19.52 ng/g) compared to disease control. Lower doses (100 and 200mg/kg) showed
less pronounced effects.

B.S. increase dopamine levels may be due to Serotonin-Dopamine Interaction, Indirect

Modulation, Regulation of Neurotransmitter Systems, and Chronic Effects.

8.16. TPL (Total Protein Levels)

Mechanism: Diabetes can lead to an increase in total protein levels through Glucose Control,
Kidney Function, Liver Response, and Insulin Resistance.

Mechanism: Fluoxetine can lead to a decrease in total protein levels through Liver Enzyme
Induction, Nutritional Deficiency, Metabolic Effects, and Renal Effects.

Normal Control: Total protein levels in the brain were 3.05+0.40 mg/g.

Disease Control: Significant increase in total protein levels (9.37+0.28 mg/g) compared to
normal (###P < 0.001).

Standard (Fluoxetine 10mg/kg): Significant decrease in total protein levels (3.96+£0.36 mg/g)
compared to disease control (P < 0.001).

Test Drug (BS 100, 200, 400mg/kg): BS at 400mg/kg significantly decreased total protein
levels (4.15+0.32 mg/g) compared to disease control (P < 0.001). Lower doses (100 and
200mg/kg) showed less pronounced effects.

B.S. may be due to a decrease in total protein levels through Liver Enzyme Induction,

Nutritional Deficiency, Metabolic Effects, and Renal Effects.
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8.17. SOD (Superoxide Dismutase)

Mechanism: The combination of oxidative stress, glycation, inflammatory responses,
mitochondrial dysfunction, and genetic factors collectively contribute to the decrease in SOD
levels observed in diabetes.

Mechanism: fluoxetine increase the levels of Superoxide Dismutase (SOD) Indirect
Antioxidant Activity, Serotonin Pathway, Activation of SOD Gene Expression, Reduction of
Oxidative Stress, Neuroprotective Effects.

Normal Control: Normal SOD levels.

Disease Control: Significant decrease in SOD levels compared to normal (###P < 0.001).
Standard (Fluoxetine 10mg/kg): Significant increase in SOD levels compared to disease
control (P < 0.001).

Test Drug (BS 100, 200, 400mg/kg): BS at 400mg/kg significantly increased SOD levels
compared to disease control (P < 0.001). Lower doses (100 and 200mg/kg) showed less
pronounced effects.

B.S. increase the levels of Superoxide Dismutase (SOD) may be due to Indirect Antioxidant
Activity, Serotonin Pathway, Activation of SOD Gene Expression, Reduction of Oxidative

Stress, Neuroprotective Effects.

8.18. GOD (Glucose Oxidase)

Mechanism: GOD is an enzyme that catalyzes the oxidation of glucose to hydrogen peroxide
and gluconic acid.

Mechanism: Fluoxetine increase GOD levels due to its impact on Metabolic Effects, Enzyme
Induction or Inhibition, Cellular Signalling, Indirect Effects on Oxidative Stress.

Normal Control: Normal GOD levels.

Disease Control: Significant decrease in GOD levels compared to normal (###P < 0.001).
Standard (Fluoxetine 10mg/kg): Significant increase in GOD levels compared to disease
control (P < 0.001).

Test Drug (BS 100, 200, 400mg/kg): BS at 400mg/kg significantly increased GOD levels
compared to disease control (P < 0.001). Lower doses (100 and 200mg/kg) showed less
pronounced effects.

B.S. increase GOD levels due to its impact on Metabolic Effects, Enzyme Induction or

Inhibition, Cellular Signalling, Indirect Effects on Oxidative Stress.
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8.19. MDA (Malondialdehyde)

Mechanism: Diabetes can lead to increased levels of malondialdehyde (MDA) due to of
oxidative stress and lipid peroxidation, indicating cell membrane damage.

Mechanism: Fluoxetine, a selective serotonin reuptake inhibitor (SSRI) commonly used as
an antidepressant, has been observed to decrease malondialdehyde (MDA) levels might be
Antioxidant Properties, Neuroprotection, Stress Reduction.

Normal Control: Brain MDA levels were (3.00+£0.45 nM/mg) of protein.

Disease Control: Significant increase in MDA levels (7.62+0.30 nM/mg) compared to normal
(###P < 0.001).

Standard (Fluoxetine 10mg/kg): Significant decrease in MDA levels (3.82+0.36 nM/mg)
compared to disease control (P < 0.001).

Test Drug (BS 100, 200, 400mg/kg): BS at 400mg/kg significantly decreased MDA levels
(4.33+£0.27 nM/mg) compared to disease control (P < 0.001). Lower doses (100 and
200mg/kg) showed less pronounced effects.

B.S. used as an antidepressant, has been observed to decrease malondialdehyde (MDA) levels

might be due to Antioxidant Properties, Neuroprotection, and Stress Reduction.

8.20. NO (Nitric Oxide)

Mechanism: Diabetes can lead to an increase in nitric oxide (NO) levels due to Endothelial
Dysfunction, Oxidative Stress, Inflammation, Insulin Resistance.

Mechanism: fluoxetine might decrease NO levels Inhibition of NOS Activity, Altered
Neurotransmitter Levels, Oxidative Stress, Effects on Endothelial Cells.

Normal Control: Brain NO levels were (10.62+0.63 pg/mg) of protein.

Disease Control: Significant increase in NO levels (71.86+0.86 pg/mg) compared to normal
(###P < 0.001).

Standard (Fluoxetine 10mg/kg): Significant decrease in NO levels (21.53+0.37 pg/mg)
compared to disease control (P < 0.001).

Test Drug (BS 100, 200, 400mg/kg): BS at 400mg/kg significantly decreased NO levels
(31.11+0.78 pg/mg) compared to disease control (P < 0.001). Lower doses (100 and
200mg/kg) showed less pronounced effects.

B.S. decrease NO levels may be due to Inhibition of NOS Activity, Altered Neurotransmitter
Levels, Oxidative Stress, Effects on Endothelial Cells.

Boswellia serrata, particularly at a dose of 400mg/kg, shows significant efficacy in

ameliorating various diabetes-induced alterations, including body weight loss, elevated
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plasma glucose levels, increased food and water intake, increased urine output, and
depressive- and anxiety-like behaviours. However, the effects are generally less potent

compared to fluoxetine.

9. SUMMARY AND CONCLUSION

9.1. SUMMARY

In the present study, various in-vivo Such as (Body weight, Food intake, Water intake, Urine
output, Fasting blood glucose level, Elevated plus maze test: Time spent in the open arm,
Time spent in the closed arm, Number of entries in the open arm, Number of entries in the
closed arm, Time spent in the center, Forced swim test: Duration of immobility, Tail
suspension test: Duration of immobility) and ex-vivo such as (Oxidative stress markers:
Superoxide dismutase (SOD), Glutathione (GSH), Malondialdehyde (MDA), Nitric oxide
(NO), Total protein level in the brain, Brain monoamine levels: Serotonin (5HT), Dopamine
Brain GABA level) parameters were assessed to evaluate the effects of the test drug on
diabetes-induced changes. The selected test has Positive outcomes against were observed in
all parameters in the Standard and Test Drug groups. Conversely, the Disease Control group
exhibited significant negative changes in all these parameters, reflecting the detrimental
effects of diabetes. These findings suggest that the test drug, particularly at higher
doses(400mg/kg), has beneficial effects on managing diabetes-related symptoms and

behaviors.

9.2. CONCLUSION

The present study investigates the effects of Boswellia serrata (BS) on diabetes-induced
physiological and behavioral alterations, particularly in comparison to the standard
antidepressant, fluoxetine. Our results demonstrate that BS, especially at a higher dose of
400mg/kg, exhibits significant efficacy in mitigating various diabetes-related changes.
Notably, BS administration led to a substantial reduction in plasma glucose levels, a crucial
marker of diabetes management. Additionally, BS treatment ameliorated hyperphagia and
polydipsia, common symptoms in diabetic conditions, by significantly reducing food and
water intake, respectively.

BS exhibited anxiolytic and antidepressant-like activities. In the Elevated Plus-Maze Test, BS
increased the time spent in the open arms, indicating reduced anxiety levels. Similarly, in the

Forced Swim Test, BS decreased the duration of immobility, reflecting its antidepressant-like
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effects. These behavioral improvements suggest that BS modulates neurochemical pathways
associated with anxiety and depression, potentially through its influence on serotonin levels.

Biochemically, BS demonstrated a pronounced antioxidant effect by significantly lowering
malondialdehyde (MDA) and nitric oxide (NO) levels in the brain, markers of oxidative
stress and endothelial dysfunction, respectively. In comparison, fluoxetine, a well-established
antidepressant, showed greater potency in most parameters, underscoring its efficacy in
managing both depressive and diabetic symptoms. However, the significant improvements
observed with BS, particularly at higher doses, highlight its potential as a complementary
therapeutic agent in diabetes management, offering both glycemic control and

neuroprotective benefits.

Future studies should further explore the molecular mechanisms underlying these effects and

the potential for clinical applications.
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