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“And those who strive in Our (cause), - We will certainly guide them to our
Paths: For verily Allah is with those who do right.”
Quran 29: 69
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Abstract

ABSTRACT

Introduction: Chronic stress causes structural modifications in brain, ultimately impacting
behavior, emotions and cognition. Fluoxetine, a selective serotonin reuptake inhibitor (SSRI), acts
as the first line of defense against stress, but unfortunately is associated with a long list of side
effects. Fagonia indica has been found to have antioxidant, anti-inflammatory and anti-cancerous

properties.

Objective: To study the cumulative effects of Fluoxetine and Fagonia indica on social behavior

in restrained stress mice model.

Methods: The study was conducted on 48 female BALB/c mice, randomly divided into groups.
Restrained stress was induced for 4 hours for a duration of 30 days. Treatment with Fluoxetine (18
mg/kg/day) and/or Fagonia indica plant extract (400 mg/kg/day) was administered orally.
Behavior tests were conducted to assess anxiety, sociability, social novelty, intrinsic
inquisitiveness, recognition memory and motor coordination. Biochemical tests were performed
to check the effects of stress and drug treatments on critical organs, such as liver, kidneys and

heart.

Results: Marble burying test revealed increased anxiety levels of stress mice (12.25 + 3.4)
compared to the control group (4.5 = 1.6). Both of the monotherapies showed significant
improvement, with Fluoxetine monotherapy (4.8 £ 1.1), Fagonia indica monotherapy (4.5 + 0.6)
and the combination therapy (2.75 + 0.25), respectively. Insignificantly decreased social
propensity was seen in stressed mice (0.58 + 0.05) compared to the control (0.61 £+ 0.03). Improved
sociability was seen following treatments, with significant difference observed only in the
combination therapy (0.66 + 0.08). Interestingly, percentage exit circle test and recognition
memory index results, revealed no drastic changes among the groups. Beam balance tests revealed
impaired motor coordination in stressed mice (2.25 £ 0.75) compared to the control group (0.75 £
0.25). Significant improvement was seen the Fagonia indica monotherapy group (0.75 + 0.25) and

the combination therapy group (0.5 £ 0.3).

Regarding cortisol levels, no significant changes were observed among the groups. Stressed group
showed increased ALT (43.3 £ 4.3) and ALP levels (129.3 + 22.2), compared to the control group,
ALT (14.0£6.7) and ALP (64.3 = 17.1). All three treatments managed to bring ALT levels within

XViii
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the normal reference range (22-32 U/L). Fluoxetine monotherapy group resulted in high ALP
(189.3 £ 22.1) and urea levels (4.6 + 0.3) which were counteracted by Fagonia indica in the
combination therapy; ALP (133.0 £ 4.7) and urea (1.6 + 0.5) respectively. Lipid profile revealed
normal total cholesterol (81-208 mg/dl) and LDL: HDL among the groups except for Fagonia
indica group where high levels were seen. Interestingly Fluoxetine group was found to counteract

this in the combination therapy.

Conclusion: Restrained stress exhibited declined social behavior. Following Fluoxetine
administration either alone or in combination with Fagonia indica, an improvement in anxiety,
sociability, intrinsic inquisitiveness and motor coordination was seen. Regarding biochemical
tests, overall Fagonia indica was able to counteract the adverse effects of Fluoxetine in the
combination therapy. Although an improvement was seen in the combination therapy compared to
the monotherapies, unfortunately it was not significant. Furthermore, high serum cholesterol and
LDL: HDL levels in response to Fagonia indica treatment suggest that it might not be advisable
for cardiac dysfunction patients. A detailed GCMS analysis of Fagonia indica plant extract and
further studies with focus on the molecular aspects are needed.

Key Words: Stress, Fluoxetine, Fagonia indica, Integrative medicine, Mice model, Behavior tests,

Biochemical tests.
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Chapter 1 Introduction

INTRODUCTION

Any circumstance that tries to upset the balance between a living organism and its environment is
referred to as "stress.” Stress can be any internal or external stimulus that triggers a body’s

biological response (Yaribeygi et al., 2017).

When the body is under stress, multiple pathways are affected, and the normal state of the body is
changed to help it cope with it. While this response is appropriate for dealing with the stressor in
the short term, it can become harmful if it lasts too long. Depending upon the time, and the intensity
of the stress, it can adversely affect the brain size and functioning. Numerous neurological
conditions such as Alzheimer’s disease (AD), depression, and post-traumatic stress disorder

(PTSD) are triggered or aggravated because of chronic stress (Marin et al., 2011).

In reaction to stress, the adrenal glands release a hormone called corticosterone that regulates
physiological processes, including glucose metabolism, immunological response, and
cardiovascular function. Chronic stress exposure can cause the hypothalamic—pituitary—adrenal
(HPA) axis to be dysregulated, which raises glucocorticoid levels. As a result, there may be
detrimental impacts on one's health, such as a reduced capacity to handle stress, cognitive
impairment, and a higher chance of contracting stress-related diseases including melancholy and

anxiety (Pitman et al., 1988).

Antidepressant therapy seeks to relieve depressed symptoms while lowering the risks and
difficulties of relapse. Antidepressants have been shown to be beneficial, but it takes a few weeks
for them to reach their full potential, and they are also more likely to have unpleasant effects,
which can lead to low compliance. One of the most commonly used anti-depressants are the
Selective Serotonin Reuptake Inhibiters (SSRIs) (D J David, 2016).

By raising serotonin levels in the brain, SSRIs alleviate depression. One of the chemical
messengers, or neurotransmitters, that communicate between brain nerve cells is serotonin
(neurons). Serotonin reabsorption (reuptake) into neurons is inhibited by SSRIs. As a result, there
IS more serotonin accessible, which enhances neural communication. Despite their use for the
treatment of depression, SSRIs also have side effects that vary from person to person. These

include anxiousness and agitation, indigestion, constipation or diarrhea, blurring of vision, dryness
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of mouth, weight loss due to reduced appetite, insomnia, headaches, reduced sex drive and erectile
dysfunction. Because of the long list of side effects associated with conventional treatments, in
recent years, there has been a shift towards integrative medicine. (Dulawa et al., 2004; Holick et
al., 2008).

Fagonia indica contains a high number of flavonoids, saponins, polyphenols and alkaloids all of
which confer antioxidative capabilities to the plant (A Atig-ur-Rehman et al., 2021). Due to this
the plant has proven neuroprotective and anti-inflammatory properties, which assist in alleviation
of the symptoms and delay the onset of neurodegenerative disorders and neurological problems.
Fagonia indica may possess antioxidant, anti-inflammatory, immunomodulatory, antibacterial,
and anticancer effects, according to certain studies (Rawal et al., 2004a; Ali et al., 2019; S et al.,
2021). Furthermore, studies have indicated that Fagonia indica may have positive benefits on the
cardiovascular system, such as lowering blood pressure, enhancing lipid profiles, and lowering the

risk of heart disease.

1.1 Research Objectives

Our research objectives have been demonstrated, keeping in view the extensive literature. These

include:

e To develop a physiological and physical stress model of mice

e To study effects of restrained stress on social wellbeing via behavior tests

e To study pharmacological effects of Fluoxetine and Fagonia indica extract; either alone

and/or in combination, on cognitive functioning in stressed mice via behavior tests.

e To measure levels of serum cortisol and other biochemical compounds to see effects on

metabolism on critical organs and systems.
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LITERATURE REVIEW

2.1 Stress

2.1.1 Definition

Any intrinsic or extrinsic stimulus that induces a biological response is known as stress. Stress
may be either external with environmental source, or caused by internal perceptions of the
individual. The latter form, in turn can produce anxiety and negative emotions and feelings such
as pressure, pain, sadness, etc., that result in serious psychological disorders such as post-traumatic
stress disorder (PTSD) (Tse et al., 2007).

2.1.2 Stress Response

A compensatory response against any type of stress is referred as a stress response. A stress
response serves as an adaptive mechanism to cope with stressors, aiming to restore the body's
equilibrium. When a stressor is detected, specific pathways are activated in the cortical centers of
the brain. These pathways are supported by the limbic system, which stimulates the renin-
angiotensin system, sympathetic-adrenal-medullary axis, and the HPA axis. This initiation of the
stress response sets off a complex cascade of hormones such as adrenaline, cortisol, and various
neuropeptides to regulate the individual's metabolism and other systems, facilitating the successful
adaptation to the stressor (Yaribeygi et al., 2017; Black, 2002; Mariotti, 2015).

2.1.3 Stress vs Anxiety

Experiencing stress, particularly during early life, has been found to have a substantial impact on
the probability of developing anxiety and other mental disorders, such as depression. Anxiety
disorders are prevalent psychiatric conditions that are frequently accompanied by depression and
substance abuse (Bartlett et al., 2017).

The distinction between stress, anxiety, and how they manifest in an individual depends on their
nature, severity and presentation. Stress arises when an individual perceives an inability to cope
with stressors. On the other hand, anxiety involves experiencing emotions of fear or panic as a
response to stress. However, in the case of anxiety, the fear or panic continues even after the
stressor has been removed or resolved. Therefore, certain subtypes of anxiety disorders are
categorized as "stress-related” due to their association with stressful experiences (Gholami et al.,
2017).
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2.1.4 Stress and Hormones

When an individual perceives a stressful situation, it initiates the activation of the HPA axis.
Within this axis, a vital brain structure often referred to as the "master gland,” releases
corticotropin-releasing hormone (CRH). The pituitary gland responds by secreting
adrenocorticotropic hormone (ACTH), which enters the bloodstream and reaches the adrenal
glands, stimulating the release of stress hormones (Figure 2.1) (Lupien et al., 2008). To help the
body react to a perceived threat, these hormones cause a series of physiological reactions, such as
an increase in heart rate, blood pressure, and alertness (Godoy et al., 2018).

Yo : ° 3
©To immune system o

Figure 2.1: Effect of stress on the endocrine system (Cabej, 2018).

2.1.5 Hormonal Imbalance

Under stress, the hormonal balance in the body undergoes alterations. The stress response is linked
to increased secretion of multiple hormones, such as glucocorticoids, catecholamines, growth
hormone, and prolactin. These hormonal changes serve to enhance the mobilization of energy

reserves and adapt the individual to its new circumstance (Ranabir & Keisam, 2011).

2.2 Treatments for Stress

Selective Serotonin Reuptake Inhibitors (SSRIs) are antidepressant drugs that help raise serotonin
levels in the brain. They are of assistance in the treatment of depression and other associated

disorders. Patient responses to antidepressant drugs can vary, and the full therapeutic benefit may
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take several weeks to manifest. Certain precautions apply to SSRIs. They should not be stopped
abruptly because this might cause discontinuation syndrome, which is characterized by flu-like
symptoms, disorientation, irritability, and mood fluctuations. SSRIs may raise the risk of suicide
thoughts or behaviors in some people, particularly children, adolescents, and young adults (James
M. Ferguson, 2001).

2.3 Fluoxetine

Fluoxetine, commercially available as Prozac, is a widely used anti-depressant that is used to treat
a wide variety of neurological disorders including depression, obsessive compulsive disorder
(OCD), post-traumatic stress disorder (PTSD), and panic disorders etc. Fluoxetine falls under the
category of SSRIs. This class of anti-depressants inhibit the reuptake of norepinephrine and
serotonin, and results in an increase in the concentration of serotonin that improves mood, and
energy levels. It is metabolized in the liver by the parent compound, and it has a several-day
elimination half-life, allowing a steady state plasma concentration during long-term treatment.

2.3.1 Pharmacokinetics

When Fluoxetine is administered orally, the overall availability of the drug reduces because of its
metabolism in the liver. Fluoxetine is extensively metabolized such that only ~2.5% of the
administered dose is excreted unchanged in urine. Various oxidative metabolic pathways and
conjugation results in its elimination. In the liver, and hepatic enzyme known as cytochrome P450
enzyme (CYP2D6) is involved in the elimination of various SSRIs including Fluoxetine.
Fluoxetine works by moderating inhibiting this enzyme. CYP2D6 demonstrates genetic

polymorphism. The lack of this enzyme will make it harder for people to metabolize Fluoxetine.

2.3.2 Pharmacodynamics

R- and S-Fluoxetine, the two enantiomers of Fluoxetine that make up the racemic combination,
have different pharmacological properties. Both enantiomers of Fluoxetine undergo metabolism
to create the active metabolite, norfluoxetine that has an extended half-life than Fluoxetine itself.
R-Fluoxetine is an even more potent inhibitor of the reuptake of serotonin than S-fluoxetine. The
recommended dosage of fluoxetine for initial treatment of individuals suffering from depression
is 20mg/day, if clinical improvement is not seen after several weeks of treatment, the dosage may
be increased up to 80mg/day. Patients with hepatic impairment should have their dosage decreased,

and dosage reduction should also be considered for the aged and patients with concurrent disorders.

5
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2.3.3 Side Effects

Side effects of Fluoxetine do not differ significantly from those experienced by other SSRIs.
Studies show that patients receiving Fluoxetine most frequently experience nausea, sleeplessness,
headaches, dry mouth, nervousness and sexual dysfunction etc. (Stahl et al., 2003; Cipriani et al.,
2009).

Despite being the first line of defense, the downside of conventional therapy is a long list of side
effects associated with it. And that’s where integrative medicine steps in. A shift in the
conventional approach with focus towards bioactive phytochemicals sounds promising for

improved stress management.

2.4 Fagonia indica

Fagonia is a flowering plant that belongs to the family Zygophyllaceae which is represented by
35 different Fagonia species, including, Fagonia arabica, Fagonia brugie, Fagonia cretica,
Fagonia paulayana, Fagonia mycorrhizal, Fagonia olivieri and Fagonia indica. These are found
in dry, semi-arid and hilly regions in most parts of the world including Africa, Middle East, Central
Europe, South Asia, and United States of America (USA). All the species have close similarity in

their morphology and phytochemistry.

In Pakistan, Fagonia spp are found in all dry parts across the country. Molecular basis indicate
that that the specie most commonly found here is Fagonia indica (Ali et al., 2019; Lam et al.,
2014). It is locally known as Dhamasa and Suchi Booti (Kanwal et al., 2021).

2.4.1 Botanical Classification

Table 2.1: Botanical classification of Fagonia indica (Anil et al., 2012).

Kingdom Plantae

Class Magnoliopsida
Order Zygophyllales
Family Zygophyllaceae
Genus Fagonia

Specie indica
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2.4.2 Morphology

Fagonia indica is annual to perennial, spiky shrub or herb with a height of 60 cm to 100 cm and a
width of about one meter. It has pink and purple flowers with pointed spines. It has a woody stem
with internodes 2.5 cm to 5 cm long at its erect cylindrical branches. This plant has a capsular fruit
with locules. The petioles are 3 mm to 30 mm long and the leaves are oppositely arranged with 1-
3 foliates. It consists of 2 sets of stipules having sharp thorns (Figure 2.2, Figure 2.3) (Puri &
Bhandari, 2014; Farheen et al., 2017; Kanwal et al., 2021).

Figure 2.3: Illlustration of Fagonia indica taken from eFlora of Pakistan; A, B Fruiting twigs; C Flower;
D Petal; E, F Capsular fruit (S et al., 2021).
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2.4.3 Traditional Uses

This plant has been found to be used in folklore. In Kharan, Jhalawan, Sindh and Afghanistan, it
is used as a treatment for fever. It is even used as a prophylactic against smallpox in Peshawar. Its
leaves are boiled and rubbed over skin to cure skin ailments and also used to over neck swelling
as it is found to have cooling properties. In the Labella region, its powdered leaves are mixed with
milk and stored for three days to be used a remedy for itch. The leaves and twigs are also used
against snake bite. Moreover, it is traditionally used to cure toothache, hemorrhoids, stomach
issues, asthma, urinary discharge and kidney diseases (Puri & Bhandari, 2014; Farheen et al., 2017,
Alietal., 2019). It is also used by women to help them with the regulation of their menstrual cycle
(Anil et al., 2012).

2.4.4 Phytoconstituents
Fagonia indica is composed of many nutrients. The following tables contains in a list of these

nutrients present in different parts of the plant:

Table 2.2: Nutritional composition of Fagonia indica (Dastagir et al. in 2014).

Plant Moisture | Ash Protein | Fat Fiber Carbohydrate | Gross
Parts (%) (%) (%) (%) (%) (%) Energy
(Kcal/g)
Roots 7.4 6.7 9.0 3.7 62.3 10.9 428.9
Stems 9.1 11.9 8.6 4.9 54.3 11.2 400.8
Leaves | 8.4 16.5 10.0 8.9 41.3 14.9 399.5
Fruits 7.4 10.7 10.2 6.2 55.2 10.3 423.1
Mean 8.07 11.45 9.45 5.9 53.27 11.8 413.0

The plant is known to have many phytochemicals including alkaloids, flavonoids, saponins,
phenols, coumarins, terpenoids, sterols and tannins. The following table consists the names of the

different phytochemicals present in this plant:
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Table 2.3: List of phytochemicals in Fagonia indica (Anil et al., 2012; S et al., 2021; A
Atig-ur-Rehman et al., 2021).

Name of Compound Chemical Nature
Piperine Alkaloid
Quercetin Flavonoid

Isorhamnetin-a-3-0-rhamnoside

Ursolic acid

Indicasaponin A

Indicasaponin B

Nahagenin Terpenoid saponins

B-amyrin

Betulinic acid

Hederagenin

Oleanolic acid

Fagonicin

[3-sitosterol Sterol

Stigmasterol-3-0-p-d- glucoside

17-(1,5-dimethylhexyl)-  10,13-dimethyl-4- | Steroid
vinylhexadecahydrocyclopenta[a]

phenanthren-3-ol

2.4.5 Therapeutic potential:

The unique phytochemical composition of the plant, attributes towards the different biological
activities, like antioxidant, antifungal, antimicrobial, antitumor, and hepatoprotection (S et al.,
2021). The plant extract of Fagonia indica has shown to exhibit anti-cancerous activities by

inducing cell cycle arrest and apoptosis (Lam et al., 2012).

Furthermore, ethanolic extract of Fagonia indica, owing to it antioxidant properties, showed
improved hormonal imbalance in polycystic ovarian syndrome (PCOS) rat models and caused
weight reduction, comparable to the conventional drug, metformin. (Younas et al., 2022).
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Species closely related to Fagonia indica have showed potential as antidepressants (Umbreen
Rashid et al., 2022) as well, but neuroprotective effects of Fagonia indica are yet to be explored.
Therefore, the aim of the present study is to evaluate accumulative effect of Fluoxetine and
Fagonia indica as an anti-stress therapy.
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METHODOLOGY
3.1 Ethical Statement

All the protocols performed including mouse care and use were approved by the Institutional
Review Board (IRB), Atta-ur-Rahman School of Applied Biosciences (ASAB), National
University of Sciences and Technology (NUST) (Figure 3.1). All the animals were treated and
experimented upon in accordance with the declarations of the Laboratory Animal Research
Institute, Earth and Life Sciences Division, National Institute of Health (NIH), USA (Guide for
the Care and Use of Laboratory Animals: Eighth Edition, 2011).

NUST.IRB Certificaly

I. Rescarch Project Thle: Investigaing Cumdntive Effect of Fagonie mdvica & Selective

Serocom Revptake [nhibiters (SSRI) oo Streas Mice Maodels

2 | Name of Pl | Dr. Saira Justin
_} | Duratione — 1 12 Months

4 | Name of Institution / Department | ASAB, NUST

5 |IRB No 11-2022-ASAB-0103

6. The pregect proposal entitied above has beos reviewed by the NUST Institutional Review
Boand Mecting held on Nov 23, 2022

The Board approves project peoposal on scale and criretia given Below o be implemented
Beluore/during projest execution

*  Safety Measures

*  Woekspace Requirements

¢  Protection from potestial hazards & Risks
* Confidemistiny Requirements (If Any)

Note: The Ethacal Review Committee reserves the rights 1o ce-review the peoject during the

project execution to address the suggested guidelines

Saputiee & Sexl of (he Charmaes NUST-IRB
Nauohal Unive
Scances and Technology

Dr. Rizwan Riaz)

For official use only

Approved X

Not Approved: (Comments)

Comuments: (if Any)

Figure 3.1: Institutional review board (IRB) certificate.
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3.2 Materials and Instruments

Methodology

Table 3.2.1: List of chemicals and reagents used

Chemicals and Reagents

Manufacturers

Prozac (Fluoxetine)

Eli-Lilly Pakistan (Pvt) Ltd

Methanol

SIGMA-ALDRICH: 24229-M-2.5L

Ethanol (80%)

SIGMA-ALDRICH: 32221-M-2.5L

Phosphate Buffer Saline (PBS)

SIGMA-ALDRICH Tablets: P4417, Ident-Nr.
10-100-94

Table 3.2.2: List of kits used

Kits Manufacturers
ALP LabKit Ref: 30133
ALT LabKit Ref: 30253
Creatinine LabKit

Urea LabKit

Total Cholesterol LabKit Ref: 30183
HDL LabKit

LDL LabKit

Table 3.2.3: Plastic consumables and miscellaneous

Plastic Consumables

Manufacturers

Falcon Tubes (50ml)

Accumax

Micro Pipette

0.1-2ul, 2-20ul, 10-100ul, 100-1000ul
Nichipet EXII NICHIRYO

Pipette Tips

10ul, Tarsons: Cat no. 521000
200ul. PORLAB EstaSET pipette tips: Ref no.
PTO2-0017

Latex Powdered Examination Gloves

SRITRANG

12
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Table 3.2.4: List of instruments
Instruments Manufacturer
Weighing Balance SF-400 Electronic Digital Scale
Centrifuge (Spectrafuge 24D) Labnet
Refrigerator Haier

Table 3.2.5: List of software used

Software

Manufacturer

GraphPad Prism (version 9)

GraphPad Software, Inc.

13
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3.3 Plant Extract Preparation

In order to investigate the potential therapeutic properties of Fagonia indica, plant extract was
prepared using maceration technique from dried plant material of Fagonia indica. The whole dried
plant was grounded for 60 seconds in a grinder machine to obtain a fine powder. For maceration,
10 g of grinded plant was placed in labelled dark glass bottles along with 200 ml (1:20) of methanol
as solvent (Figure 3.2a). The bottles were airtight locked and placed inside a cabinet to be kept
protected from sunlight for approximately 10 days and were frequently agitated until most of the
plant material had dissolved. After 10 days the extract was filtered using Whatman filter paper no.
42 and the pure extract was collected in a 50 ml falcon tube (Figure 3.2b). The plant extract was
then poured in petri plates and placed for overnight incubation at 37°C for solvent evaporation
(Figure 3.2c). Lastly, after 24hrs the dried extract was scraped off and stored in powdered form at

4°C (Figure 3.2d)

(@) (c)

(b) (d)

Figure 3.2: Plant extraction: (a) Maceration, (b) Filtration of extract, (c) Filtered extract poured in petri
plates to be dried overnight at 37°C in incubator, (d) Dried extract to be stored at 4°C.

14
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3.4 GC-MS of Fagonia indica

For the Identification of bioactive components, the extract was subjected to GC-MS analysis. GC-
MS analysis was carried out on a GC-MS - SH-Rxi-5Sil MS present in advanced energy materials
and systems lab at U.S.-Pakistan Center for Advanced Studies in Energy (USPCASE), NUST. It
comprises of an auto sampler and a gas chromatograph interfaced to a mass spectrometer (GC-
MS) instrument, employing the following conditions: Low-polarity phase: Crossbond™ silarylene
phase 1,4-bis (dimethylsiloxy) phenylene dimethyl polysiloxane, low-bleed GCMS column,
inertness for active compounds, similar phases: DB-5ms Ul, DB-5ms, VF-5ms, SLB5ms column
(30%0.25 mm, 0.25 pl thickness). Following were the requirements for the methanolic extract of
our plant (Atig-ur-Rehman et al., 2021):

Table 3.3: Requirements for GC-MS of methanolic extract of Fagonia indica (A Atig-ur-
Rehman et al., 2021).

Operating in electron impact mode 70eV.

Carrier gas Helium (99.999%)
Constant flow 0.7 ml/min
Injection volume 1l

Split ratio Splitless

Injector temperature 250°C

lon-source temperature 200°C.

Column temperature 60°C with an increase of 10°C/min to 310°C
Mass spectra 70eV

Scan range 50-650 m/z
Detector temperature 250°C

3.5 Animal Model

The research was conducted on 48 female BALB/c mice, provided by ASAB Animal Lab House,
NUST. All the mice were of 8-12 weeks old and had an average weight of 30-40 g. The lab room
in which the mice were kept had an artificially controlled temperature of 22 £ 2°C. A natural 14:10
hours light and dark cycle were implemented. All the mice were kept in plastic cages in a group

of 6. Cages of dimensions 40cm x 25cm x 15cm were used and 4-5 mice were kept in one cage,
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with wood shavings as bedding. Standard housing conditions were maintained for the animals and

were fed with food and water ad libitum.
3.6 Drugs — Fluoxetine and Fagonia indica

3.6.1 Fluoxetine Feed

Prozac (Fluoxetine) 20mg capsules were obtained from Eli-Lilly Pakistan (Pvt) Ltd. The calculated
dose of Fluoxetine used was 18mg/Kg/day (Dulawa et al., 2004a; Holick et al., 2008) .
Experimental mice received treatment orally mixed with standard feed. 8.3 mg Fluoxetine was
added to 100 g finely crushed, powdered standard feed. Water was added to make medium-sized

pellets that were air-dried and fed to the animals.

3.6.2 Fagonia indica Feed

Fagonia indica was acquired locally. A taxonomist was requested to identify the plant specie
before starting the treatment. The calculated dose of Fagonia indica used in the study was
400mg/Kg/day (Abbas et al., 2014). Experimental mice received treatment orally mixed with
standard feed.142.8 mg of Fagonia indica was added to 100 g finely crushed, powdered standard

feed. Water was added to make medium-sized pellets that were air-dried and fed to the animals.

3.7 Study Plan

The total duration of testing was 30 days. The behavior tests lasted five days, starting on the 25%
day. On the 30" day, mice were decapitated and their blood was collected for serum protein

analysis and biochemical testing.

16
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Start of Animal
Treatment
| I
3 4 5 6
7 8 9 10 11 12
13 14 15 16 17 18
Behavior 19 20 21 22 23 24
Studies for 5
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Blood Extraction

Exit Circle- OV j
Se ekiilg l; chavior Recor“r)l}te':(l)g})-\':lagrtnor for Biochemical
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Marble Burying- Repetitive Beam Balance- Social Preference
& Anxiety like Behavior Motor Coordination Test- Interaction

Figure 3.3: Study plan: The duration of the treatment was 30 days. During the last 5 days, behaviors
were performed. On the last day, all animals were sacrificed and their blood collected for biochemical

testing.

3.8 Animal Grouping

Animals were divided in to eight groups with six healthy mice placed in each group. Details of all

the groups are mentioned below:

1)
2)

3)

4)

5)

6)

Control group: Normal balanced feed and tap water.

Stress group: The restrained stress of 4 hours was given to each mouse daily for 30 days.
Normal feed and tap water.

Fluoxetine group: 18 mg/Kg daily oral dose of Fluoxetine mixed with normal feed and
tap water. No stress was given throughout the treatment.

Fagonia indica group: 400 mg/Kg daily oral dose of Fagonia indica mixed in their feed
along with tap water. No stress was given throughout the treatment.

Fluoxetine + Fagonia indica group: 18 mg/Kg daily dose of Fluoxetine and 400 mg/kg
daily dose of Fagonia indica mixed in feed and tap water.

Stress + Fluoxetine: 4 hours of restraint stress was given to each mouse daily.

Additionally, specialized feed containing18 mg/Kg daily oral dose of Fluoxetine was given
throughout, along with tap water.

17
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7) Stress + Fagonia indica group: 4 hours of restraint stress was given to each mouse daily.
Specialized feed containing of 400 mg/Kg daily oral dose of Fagonia indica was given
throughout, along with tap water.

8) Stress + Fluoxetine + Fagonia indica group: Restraint stress of 4 hours was also given
to each mouse daily. Specialized feed of Fluoxetine (18 mg/Kg/day) + Fagonia indica
(400mg/Kg/day) was given throughout the treatment, along with tap water.

3.8.1 Restraint Stress to Mice
Body fit restrainers were made from plastic Falcon tubes of 50 ml (Figure 3.4). Holes were made
in the tube at two ends: one to allow the mouse to breathe and the other on the cap to allow the tail

to pass. The total stress duration was 4 hours daily. Once behavior tests were conducted, the stress

duration was reduced to 3 hours a day (Khalid et al., 2017; Shoji & Miyakawa, 2020).

Figure 3.4: Mouse restrained in a 50 ml Falcon tube with holes at both ends for 4 hours.

3.9 Behavior Studies

The behavior tests began on the 25" day of the treatment and lasted till the 29" day. To familiarize
the mice with the environment, they were shifted to the behavior room 30 minutes prior to the
beginning of the tests. The room was properly illuminated and maintained at a temperature of
254+2°C. Behavior tests were recorded using a video camera, without any disturbance or human
interference. All the behaviors were performed in a sequence; from those that caused least stress

to the animal to the most stressful ones.

3.9.1 Marble Burying Test
Mice exhibit various species-typical behaviors such as digging and burrowing. This behavior is
sensitive to strain differences and drugs (Deacon et al., 2006). Marble burying test is normally

used to identify obsessive compulsive disorder (OCD), anxiety-like, or repetitive behavior (Angoa-
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Pérez et al., 2013). In this study, the test was performed to identify the digging behavior of mice

and whether stress has impacted this behavior.

3.9.1.1 Apparatus

Standard mice cages with fitted filter-top covers cleaned with 70% ethanol were used for the
marble-burying test. Fresh and unscented bedding was added 5cm deep to each cage. The bedding
surface was leveled using another cage of a similar size. A total of 20 normal-sized glass marbles
of equal dimensions and various colors were placed softly on the bedding surface in 5 rows of 4
marbles (Figure 3.5). The marbles were cleaned with 70% ethanol before and after the test was

performed (Angoa-Pérez et al., 2013).

Figure 3.5: Apparatus for marble burying containing 20 marbles divided in 4 rows of 5.

3.9.1.2 Procedure

The test mouse was carefully placed into a corner of the cage, away from the marbles and facing
the wall. Food and water weren't given during the test. The mouse was allowed to remain in the
cage uninterrupted for 30 minutes. After the test, the mouse was removed cautiously not to disturb
the position of the marbles and returned to its home cage. Marbles were recollected after

evaluation, and bedding was disposed off (Angoa-Pérez et al., 2013).

3.9.1.3 Evaluation
The blind scorers were asked to count the number of marbles that were buried about 2/3 in the
cage bedding or were either displaced from original position. Each covered and displaced marble

was scored as 1 point. The average of the total points was taken for each group (Angoa-Pérez et

al., 2013).
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3.9.2 Social Preference Test

Social interaction is essential for all animals. Similar to humans, mice also show social behavior
to other mice. However, stress can affect this behavior for which the three-chamber social
preference test is often used to assess social deficits in mouse models (Benjamin Rein et al., 2021).
The test was performed to check the sociability and social preference in mice and if the restrained

stress has any impact on it (Kaidanovich-Beilin et al., 2011).

Sociability refers to a mouse’s ability to interact with a stranger mouse, while preference for social
novelty represent the probability of spending time with a stranger mouse than with a familiar
mouse. Generally, the mouse tends to interact more with unfamiliar mouse but stressed mouse
doesn’t interact much or interact more with familiar mouse (Kaidanovich-Beilin et al., 2011).
3.9.2.1 Apparatus

The apparatus used in this behavior test was a three-chambered, black rectangular box. The box
has an open middle section with two circular openings providing access to each chamber. Two
small wired cages were used to hold the stranger mice during the test (Figure 3.7) (Kaidanovich-
Beilin et al., 2011).

Figure 3.7: pparatus for social preference test.
3.9.2.2 Procedure

Before starting the social preference test, mice were checked for their stage of estrous cycle. Only
those mice were tested who were on their diestrus stage of the estrous cycle or were sexually non-
receptive (Chari et al., 2020). The stage was identified using the visual method defined by (Byers
etal., 2012).

The apparatus was cleaned using 70% ethanol. The test was performed in three sessions.
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Habituation: Firstly, the mouse was placed in the center compartment of a rectangular three
chambered box. During the habituation phase of 05 minutes, the doorways into the two sides of

the compartment were blocked with a piece of cardboard.

Session I: During the first session, an unfamiliar mouse of the same gender, female mouse in our
case, as the test mouse was placed in a stranger 1 chamber while the stranger 2 chamber was kept
empty. The stranger mouse was also habituated for 30 minutes in the behavior room before testing
and it was made sure that it had no previous interaction with the test mouse. The openings of the
middle section were opened to let the subject mouse explore the whole apparatus for 10 minutes
(Satoh et al., 2011).

Session I1: Another unfamiliar mouse was added in the second chamber, which was previously
empty. Each mouse was given 10 minutes to measure the social preference for the new stranger.
The test mouse now had the choice between two mice, a previously explored mouse (Stranger 1)
and a new, unfamiliar mouse (Stranger 2) (Moy et al., 2004).

Sessions | and 11 were recorded using video cameras. No disturbance or any kind of human

interference was ensured during the test.

3.9.2.3 Evaluation

After the test, videos recorded were analyzed to see the duration of interaction of the test mouse
with the empty cage and stranger 1 in first session and both the strangers in the second session,
respectively. The time was recorded using a stopwatch as soon as the mouse showed signs of
interaction (nose touch and sniffing). If the mouse climbed the cage and its face pointed upwards,

it was not considered as an interaction.

The discrimination index (DI) was calculated to check its sociability, social preference and
memory, by using the time spent with the empty cage, stranger 1 and/or stranger 2. The formula

for DI is as follows:

DI = Time spent with stranger mouse (sec) + Total interaction time (sec)
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3.9.3 Exit Circle Test
Mice exhibit intrinsic inquisitiveness and exploratory behavior when placed in a new environment.
The exit circle test was performed to identify if stress and the respective treatments has impacted

their inquisitiveness and exploratory behavior.

3.9.3.1 Apparatus

A long steel cylinder with a 30 cm diameter and a small square opening of 5 cm x 5 cm was used
(Figure 3.6).

Figure 3.6: Apparatus for exit cirle showing the small exit door

3.9.3.2 Procedure

The test mouse was placed in the steel cylinder, facing towards the wall. It was given 30 seconds
to exit the circle from the small opening. A healthy mouse will find its way out of the circle within
the given time while exhibiting spontaneous motor activity and exploratory behavior. The time

was recorded using a stopwatch.

3.9.3.3 Evaluation
The scoring method was modified from (Fréchou et al., 2019) and is as follows:

Task Description Points

Exit Circle Exit the circle within 10 sec. 3
Exit the circle within 20 sec.

Exit the circle within 30 sec.

Exploration Exhibits no spontaneous motor activity.

_ O = DN

Moves but remains in the smallest circle.
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3.9.4 Novel Object Recognition
Novel object recognition test was performed for investigating different phases of learning and
recognition memory in mice (Lindsay M. Lueptow et al., 2017). Mice have a natural inclination

towards novelty.

3.9.4.1 Apparatus
The apparatus consisted of a square box painted black, in which 2 similar objects for session 1 and

one novel object for session 2 were placed diagonally for the mice to explore (Figure 3.8).

@) (b)

Figure 3.8: Apparatus for novel object recognition test; (a) Session I, (b) Session II.
3.9.4.2 Procedure
The apparatus was cleaned using 70% ethanol. The test was performed in three sessions.

Habituation: During habituation, the mice were familiarized with the field in which they were to

explore the objects. For this purpose, each mouse was put into the empty box for 5 minutes.

Training phase: In the second phase, i.e. the training phase, 2 similar objects were placed
diagonally on either end of the box and the mouse was put into it to explore them for 10 minutes.

The training session was followed by a 20 minutes gap period.

Testing Phase: In the third phase, i.e. the testing phase, one of the objects was replaced with a

novel object and the mouse was put into the box again for 10 minutes to explore it.

3.9.4.3 Evaluation
After the test, videos recorded were analyzed to see the duration of interaction of the test mouse
with the familiar object from session 1 and novel object in session 2. The time was recorded using

a stopwatch as soon as the mouse showed signs of interaction (nose touch and sniffing). If the
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mouse climbed the any of the objects and its face pointed upwards, it was not considered as an

interaction.

The recognition index (RI) was calculated to check its recognition memory, by using the time spent

with the familiar and the novel object. The formula for DI is as follows:
RI= Time spent with novel object (sec) + Total interaction time

3.9.5 Beam Balance
The test is used in diseases where the motor ability of the animal is reduced. It helps to assess the
fine motor coordination by observing if the mice are able to maintain its balance on a thin beam

of 7. mm (Szczygielski et al., 2016).

3.9.5.1 Apparatus

The size of the beam was 100 cm long and 7 mm wide with an elevation of 30 cm (Figure 3.9).

Figure 3.9: Apparatus for beam balance test.
3.9.5.2 Procedure
The mouse to be tested was placed in the middle of the beam so it could balance itself on it for 60

seconds. The time was noted as soon as the mouse was released or it falls.

3.9.5.3 Evaluation

The scoring system was modified from (Szczygielski et al., 2016) and is as follows:

Task Description Points

Beam Balance for 60 Does notattempt to balance on the beam. 4

seconds Hangs on the beam with 2 paws but falls. 3
Hugs the beam with all 4 paws. 2
Balances with unsteady or shaky movements 1
Balances with steady posture or walks 0
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3.10 Serum Isolation

On the 30th day animals were sacrificed to collect blood for serum isolation. 1- 2 ml of chloroform
along with carbon dioxide (CO») asphyxiation was used to anesthetize the mice. The mice were
decapitated using mouse surgical kit. Blood was collected and transferred to yellow blood
collection tubes as it contains an anticoagulant Acid Citrate Dextrose (ACD) solution. The blood
was centrifuged at 13000 rpm for 10 minutes to isolate serum. After centrifugation, the yellowish
aqueous part at the top was shifted to an Eppendorf tube and labeled accordingly. Serum samples

were stored at 4°C for further procedures.

3.11 Biochemical Tests
Biochemical tests and serum protein analysis was performed to inspect how stress and drug
treatments have affected the levels of enzymes and glucocorticoid hormone i.e. cortisol in mice.

List of the tests performed is given below;

- Serum Cortisol Test

- Renal Function Tests
- Liver Function Tests
- Lipid Profile Tests

3.11.1 Serum Protein Analysis (Cortisol)

Cortisol is a steroid hormone released under stress. The blood from mice models was collected
during decapitation of the mice from each group. It was ensured that the time for blood collection
is same for each group (Dulawa et al., 20044a; Holick et al., 2008). The blood was collected between
12:00am to 14:00 pm. The serum sample was outsourced to Bio Care Laboratories, to perform
serum cortisol test. The test was performed on Roche cobas e411 analyzer, a fully automated
analyzer that works on the principle of electro-chemi-luminescence (ECL) for immunoassay

analysis.

3.11.2 Liver Function Tests
The serum ALT and ALP levels were measured to check the extent of hepatocellular injury using
commercially available UV-kinetic diagnostic of LabKit Ref: 30253 and Ref: 30133, respectively.

The tests were performed according to manufacturer’s instructions.
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3.11.3 Renal Function Tests
Serum urea and creatinine were measured to evaluate the kidney injury using commercially
available UV-kinetic diagnostic of LabKit. The tests were performed according to manufacturer’s

instructions.

3.11.4 Lipid Profile Tests

Lipid profile test was performed to measure the levels of various lipids (fats) and cholesterol in
blood of mice. The test provides valuable information regarding the risk for developing
cardiovascular conditions. Serum total cholesterol, HDL and LDL were measured using
commercially available diagnostic kit, LabKit. The tests were performed according to

manufacturer’s instructions.

3.12 Statistical Analysis

All the results obtained were subjected to statistical analysis using GraphPad Prism (version 9).
Two-way ANOVA followed by Tukey’s multiple comparison test was used for percentage weight
variation, percentage feed variation and both sessions of social preference test and novel object
recognition test. Other than these, all behavior tests and biochemical tests were analyzed using
one-way ANOVA followed by Tukey’s multiple comparison test. A p< 0.05 was considered

significant. The error bars represented * standard error mean (SEM).
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RESULTS

4.1 Effect of Fluoxetine and Fagonia indica on Physical Parameters

To evaluate the impact of 4 hours of daily restraint stress and the anti-stress treatments,
18mg/Kg/day of Fluoxetine and 400mg/Kg/day of Fagonia indica on the physical parameters, the
weight and feed consumption was recorded in grams throughout the 30 days of the experiment.

4.1.1 Effect on Weight

The weight of the mice was recorded throughout the 30-day treatment to check for any significant
changes. The graph below shows the weight measured on Day 1, Day 15 and Day 30 for all the
groups. On Day 30, there was a significant decrease seen in weight between the control group (113
+ 2.2) and all other groups, with the stress group (106.8 + 1.1), the Fluoxetine group (106.2 £ 1.0),
the Fagonia indica group (107.5 £ 1.8), the Fluoxetine + Fagonia indica group (107 + 1.3), the
Fluoxetine monotherapy group (108.5 £ 1.2), the Fagonia indica monotherapy group (104 + 1.5)
and the combination therapy group (103.8 = 0.9), respectively. Overall, the Fagonia indica
monotherapy group and the combination therapy group had the least weight of all on Day 30
(Figure 4.1).
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Figure 4.1: Percentage weight variation: Weight variation was recorded after every 15 days. Control (C),
Stress (St), Fluoxetine 18mg/Kg/day (FIx), Fagonia indica 400mg/Kg/day (Fag). Error bars represent +
standard error mean (SEM); n=6. Two-way ANOVA followed by Tukey's multiple comparisons test was

used. *p<0.05; **p<0.01; #p=<0.0001.
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4.1.2 Effect on Feed Consumption

To evaluate the impact of stress and treatment on feeding pattern, variation in feed consumption
was observed throughout the 30-day treatment. The graph plotted here is for Day 1, Day 15 and
Day 30. Overall, all the groups showed no significant change in feed consumption during the

course of this experiment (Figure 4.2).
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Figure 4.2: Feed consumption: The consumption of feed was recorded in grams after every 15 days.
Control (C), Stress (St), Fluoxetine 18mg/Kg/day (FIx), Fagonia indica 400mg/Kg/day (Fag). Error bars
represent + standard error mean (SEM); n=6. Two-way ANOVA followed by Tukey's multiple
comparisons test was used.

4.2 Effect of Fluoxetine and Fagonia indica on Behavior Tests

To evaluate the influence of anti-stress therapies, 18mg/Kg/day of Fluoxetine and 400mg/Kg/day
of Fagonia indica in alleviating stress and the impairment linked to it, following behavior tests
based on anxiety, social preference, learning and memory, motor coordination and inquisitiveness

were performed.

4.2.1 Marble Burying
Mice have the intrinsic characteristic of burying objects. This test is used to measure repetitive and
anxiety related behavior in mice. The number of marbles that the mouse buries under the wood

shavings, gives an insight to its aggressive, repetitive and anxiety like behavior.
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Compared to the control group (4.5 £ 1.5), the stress group (12.25 + 3.4) demonstrated a significant
(p<0.05) increase in marble burying activity, indicating high levels of anxiety and aggressiveness.
Both of the monotherapy groups and the combination therapy group showed a significant
improvement in anxiety and repetitive behavior with, the Fluoxetine monotherapy group (4.8 £
1.1), the Fagonia indica monotherapy group (4.5 + 0.6) and the combination therapy group (2.75
+ 0.25), respectively. Although insignificant, the combination therapy group had a cumulative
effect; (St + FIx+ Fag > St + Fag >St + FIx) (Figure 4.3).
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Figure 4.3: Repetitive and anxiety-like behavior: Greater number of marbles buried indicate anxiety and
aggressiveness. Control (C), Stress (St), Fluoxetine 18mg/Kg/day (FIx), Fagonia indica 400mg/Kg/day
(Fag). Error bars represent + standard error mean (SEM); n=4. One-way ANOVA followed by Tukey's

multiple comparisons test was used. *p< 0.05; **p<0.01.

4.2.2 Social Preference and Novelty

Mice display social behavior towards other mice. Stress and its related disorder can impair this
ability. The social preference and novelty test was done to check the mouse’s sociability and
novelty towards another mouse. The test was performed in same sex pairs. The female mice that
were on their diestrus stage of their estrous cycle were selected so they are sexually non-receptive

and show normal social behavior towards another female mouse.

Social affiliation was checked in the first session and time was recorded in seconds. As compared
to the control group (129.5 + 29.9), the time spent by the stress group (84.3 £ 35.5) with Stranger
1 was quite less. Although both of the monotherapy groups and the combination therapy group

showed improvement in behavior, significant difference was observed only in the Fluoxetine
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monotherapy group (191.3 + 36.7). Unfortunately, no additive effect in the combination therapy
group (149.8 + 20.9) was observed; (St + FIx > St + Fag > St + FIx + Fag). Overall, the Fluoxetine

monotherapy group demonstrated the best social propensity (Figure 4.4).
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Figure 4.4: Sociability: Social affiliation was assessed via time spent with Empty Cage and Stranger 1.
Control (C), Stress (St), Fluoxetine 18mg/Kg/day (FIx), Fagonia indica 400mg/Kg/day (Fag). Error bars
represent + standard error mean (SEM); n=4. Two-way ANOVA followed by Tukey's multiple
comparisons test was used. *p< 0.05.

In the second session of the test, the mouse’s social preference was observed for a novel mouse
(Stranger 2) in comparison to the acquainted mouse (Stranger 1). A non-significant, decrease was
seen in the stress group (71.8 £ 27.7) as compared to the control group (102.0 + 13.1), indicating
reduced preference for social novelty. Both of the monotherapy groups and the combination
therapy group showed improvement in behavior with the Fluoxetine monotherapy group (191.3 +
6.7), the Fagonia indica monotherapy group (165.8 £ 42.3) and the combination therapy group
(149.8 + 20.9), respectively. Interestingly, the monotherapy groups showed better effect in
comparison to the combination therapy group; (St + Fag > St + FIx > St + FIx + Fag) (Figure 4.5).
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Figure 4.5: Social novelty: Preference between a familiar mouse (Stranger 1) vs a novel mouse (Stranger
2) was checked. Control (C), Stress (St), Fluoxetine 18mg/Kg/day (FIx), Fagonia indica 400mg/Kg/day
(Fag). Error bars represent + standard error mean (SEM); n=4. Two-way ANOVA followed by Tukey's

multiple comparisons test was used.

The discrimination index (DI) was calculated which is a measure of animal’s memory and
sociability. A high value of discrimination index (DI) indicates better social interaction. For
session 1, test mouse’s social interaction behavior was calculated. Compared to the control group
(0.78 £ 0.02), a non-significant decrease was observed in the stress group (0.60 £ 0.10). Both of
the monotherapy groups and the combination therapy group showed similar level of improvement
in behavior with the Fluoxetine monotherapy (0.82 £ 0.04), the Fagonia indica monotherapy (0.80
+ 0.05) and the combination therapy (0.83 £ 0.04), respectively. A negligible additive effect of the
combined treatment was seen as compared to the monotherapies; (St + FIx = St + Fag = St + FlIx
+ Fag) (Figure 4.6).
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Figure 4.6: Discrimination index (DI) for sociability: Preference for another mouse over an empty cage
was checked. Control (C), Stress (St), Fluoxetine 18mg/Kg/day (FIx), Fagonia indica 400mg/Kg/day
(Fag). Error bars represent + standard error mean (SEM); n=4. One-way ANOVA followed by Tukey's
multiple comparisons test was used. *p< 0.05; **p<0.01.

For session 2, the DI was calculated as a measure of the mouse’s ability to discriminate between
the familiar and novel mouse on basis of its memory and social preference. No drastic changes
were seen among the groups, with the control group (0.61 + 0.03), the stress group (0.58 = 0.05),
the Fluoxetine monotherapy group (0.73 £ 0.02), the Fagonia indica monotherapy group (0.75 +
0.07) and the combined therapy group (0.66 + 0.08), respectively. Unfortunately, no additive effect
was observed in the combination therapy group. DI for social novelty had a similar result among
the treatments; (St + FIx = St + Fag = St + FIx + Fag) (Figure 4.7).
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Figure 4.7: Discrimination index (DI) for social novelty: The ability to differentiate between the familiar
and novel mouse was checked. Control (C), Stress (St), 18mg/Kg/day Fluoxetine (FIx), 400mg/Kg/day
Fagonia indica (Fag). Error bars represent + standard error mean (SEM); n=4. One-way ANOVA
followed by Tukey's multiple comparisons test was used.

4.2.3 Exit Circle

This test evaluates the exploratory activity as well as the rapidity of the mice to exit a solid

cylinder. The lower score indicates deficit in such a behavior.

In comparison with the control group (4.0 £ 0), the stress group (3.5 £ 0.28) showed a negligible
decrease. Upon treatment, the stressed mice showed improvement in the exploratory behavior with
no significant changes among the treatment groups; (St + FIx + Fag > St + FIx >St + Fag) (Figure
4.8).
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Figure 4.8: Intrinsic inquisitiveness and exploratory behavior: The exploratory and rapidity of the mouse
was checked. Control (C), Stress (St), Fluoxetine 18mg/Kg/day (FIx), Fagonia indica 400mg/Kg/day
(Fag). Error bars represent + standard error mean (SEM); n=4. One-way ANOVA followed by Tukey's
multiple comparisons test was used. *p< 0.05.

4.2.4 Novel Object Recognition

To check the mouse’s exploratory behavior and memory, novel object recognition test was done.
The tendency to explore novel objects is an indication of the animal’s use of learning and
recognition memory.

During the familiarization session (training trial), mice were allowed to interact with two similar
objects (Object 1 and Object 2) in an open box. The time spent in seconds with the objects is an
indication of the exploratory behavior. For familiarization session, the interaction time between
Object 1 and Object 2 for each group was almost the same with respect to each group. Compared
to the control group (50.3 = 13.5) (46.3 + 7.9), the stress group (36.3 £ 7.8) (36.8 £ 4.1) spent
slightly less time exploring the objects. The Fluoxetine monotherapy group (32.0 £ 7.7) (32.5 =
3.9), the Fagonia indica monotherapy group (68.0 £ 51.8) (51.8 + 7.8) and the combination therapy
group (87.0 + 24.2) (76.0 + 25.6) showed increased exploratory behavior, but unfortunately a
significant additive effect was not seen; (St + FIx + Fag > St + Fag > St + FIx) (Figure 4.9).
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Figure 4.9: Familiarization session (training trial): Interaction between two similar objects (Object 1 and
Object 2) was checked. Control (C), Stress (St), Fluoxetine 18mg/Kg/day (FIx), Fagonia indica
400mg/Kg/day (Fag). Error bars represent £ standard error mean (SEM); n=4. Two-way ANOVA
followed by Tukey's multiple comparisons test was used.

During the second session (testing trial), Object 1 from training trial served as the familiar object
and Object 2 was replaced with another object which served as the novel object to test for the
learning and recognition memory. An insignificant decrease in the time spent with the novel object
was observed in the stress group (34.0 + 6.8), compared to the control group (38.3 = 8.6). The
combination therapy group (73.8 £ 21.9), showed improved behavior as compared to those
administered with both of the monotherapies; the Fluoxetine monotherapy group (40.5 + 8.7) and
the Fagonia indica monotherapy group (45.6 + 11.6), respectively. Even though an additive effect
was seen in the combination therapy group, unfortunately it was not significant (St + FIx + Fag >
St + Fag > St + FIx) (Figure 4.10).
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Figure 4.10: Testing trial: Learning and recognition memory was checked by observing the interaction
with a novel object. Control (C), Stress (St), Fluoxetine 18mg/Kg/day (FIx), Fagonia indica
400mg/Kg/day (Fag). Error bars represent + standard error mean (SEM); n=4. Two-way ANOVA

followed by Tukey's multiple comparisons test was used.

The recognition index (RI) for the second session is a measure of the recognition memory of the

mice. A ratio of less than 0.5 means impaired memory and learning behavior. Overall, no drastic

change was observed among all groups (Figure 4.11).
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Figure 4.11: Recognition index (RI) for testing trial: The ability to recognize the familiar object and
explore the novel object was checked. Control (C), Stress (St), Fluoxetine 18mg/Kg/day (FIx), Fagonia
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indica 400mg/Kg/day (Fag). Error bars represent + standard error mean (SEM); n=4. One-way ANOVA
followed by Tukey's multiple comparisons test was used.

4.2.5 Beam Balance
This test is used to assess the motor coordination and reflexes of the mice when balanced on a
beam for 60 seconds. The high impairment score means reduced motor function.

In comparison with the control group (0.75 £ 0.25), the stressed group (2.25 + 0.75) had
significantly (p< 0.05) high impairment score, indicating deficiency in motor abilities. Both of the
monotherapy groups and the combination therapy group were able to improve the motor functions
of the stressed mice, with significant difference seen in the Fagonia indica monotherapy group
(0.75 £ 0.25) and the combination therapy group (0.5 + 0.3), respectively. Even though an additive
effect was seen in the combination therapy group, unfortunately it was not significant; (St + FIx +
Fag > St + Fag > St + FIx) (Figure 4.12).
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Figure 4.12: Motor coordination: Motor coordination and the ability to balance on a 7mm beam for 60
seconds was checked. Control (C), Stress (St), Fluoxetine 18mg/Kg/day (FIx), Fagonia indica
400mg/Kg/day (Fag). Error bars represent + standard error mean (SEM); n=4. One-way ANOVA
followed by Tukey's multiple comparisons test was used. *p<0.05.

37



Chapter 4 Results

4.3 Effect of Fluoxetine and Fagonia indica on Biochemical Tests
To evaluate the impact of stress, 18 mg/kg/day of Fluoxetine and 400 mg/Kg/day of Fagonia

indica on the body’s metabolism, following biochemical tests were performed:

4.3.1 Serum Cortisol Levels

Exposure to any type of stressor can have a significant effect on cortisol levels of mice, measuring
which can be a useful tool for investigating the negative effects of stress on their behavior and
physiology. Mice were sacrificed between 12:00 hours to 14:00 hours to collect serum for the
hormonal assay. Compared to the control group (20.6 + 6.7) a non-significant rise in cortisol levels
was observed in the stress group (27.3 £ 7.7). Moreover, both of the monotherapy groups showed
a non-significant decrease in cortisol levels; the Fluoxetine monotherapy group (15.7 £ 5.9) and
the Fagonia indica monotherapy (15.0 + 6.0) which lies in the normal reference range (8.3-17.06
ng/ml) (Manika kala et al., 2015) Surprisingly, an increase in the cortisol levels of the combination

therapy (28.0 £ 5.6) was seen compared to the monotherapies (Figure 4.13).
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Figure 4.13: Serum cortisol levels: Cortisol being a biomarker for stress was evaluated. Control (C),
Stress (St), Fluoxetine 18mg/Kg/day (FIx), Fagonia indica 400mg/Kg/day (Fag). Error bars represent +
standard error mean (SEM); n=3. One-way ANOVA followed by Tukey's multiple comparisons test was

used.

4.3.2 Liver Function Test
To assess the extent of hepatocellular injury, serum levels of alanine aminotransferase (ALT) and

alkaline phosphatase (ALP) enzymes were measured.
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4.3.2.1 Alanine Aminotransferase (ALT)

ALT is found in high levels in the liver and thus is a valuable biomarker for identifying liver
dysfunction (Liu et al., 2014). The normal reference range for ALT 22-32 U/L (Gordon P Otto,
2016). Stress group showed significantly increased levels of ALT (43.3 + 4.3) in comparison to
the control group (14.0 + 6.7). Both of the monotherapy groups and the combination therapy group
were able to improve ALT levels of the stressed mice in a similar manner, though a significant
difference was not seen; the Fluoxetine monotherapy group (24.0 + 5.2), the Fagonia indica
monotherapy group (30.3 £ 1.5) and the combination therapy group (29.7 = 5.0), respectively
(Figure 4.14).
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Figure 4.14: Serum ALT levels: ALT being a biomarker of hepatocellular injury was evaluated. Control
(C), Stress (St), Fluoxetine 18mg/Kg/day (FIx), Fagonia indica 400mg/Kg/day (Fag). Error bars
represent £ standard error mean (SEM); n=3. One-way ANOVA followed by Tukey's multiple
comparisons test was used. **p< (0.01.

4.3.2.2 Alkaline Phosphatase (ALP)

ALP is present in nearly all tissues, primarily bone and liver. Its serum levels were measured to
evaluate of liver injury. The results showed a non-significant increase of ALP levels in the stress
group (129.3 + 22.1) in comparison to the control group (64.3 = 17.3). Under treatment, no
significant change in ALP levels was observed; the Fluoxetine monotherapy group (189.2 £ 22.1),
the Fagonia indica monotherapy group (124.7 £ 6.8) and the combination therapy group (133.0 +
4.7), respectively. The normal ALP level is 122-148 U/L (Gordon P Otto, 2016). Unfortunately, a
significant additive was not seen in the combination therapy (Figure 4.15).
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Figure 4.15: Serum ALP levels: ALP used as a biomarker of hepatocellular injury was evaluated. Control
(C), Stress (St), Fluoxetine 18mg/Kg/day (FIx), Fagonia indica 400mg/Kg/day (Fag). Error bars
represent £ standard error mean (SEM); n=3. One-way ANOVA followed by Tukey's multiple
comparisons test was used. *p< 0.05.

4.3.4 Renal Function Tests
To assess the extent of influence of stress and the treatments on kidney function, serum creatinine

and serum urea tests were done.

4.3.4.1 Creatinine

Creatinine is entirely removed by the kidneys. Therefore, measuring serum creatinine levels is an
important tool in assessing renal function and detecting potential kidney dysfunction. No
significant change was seen in creatinine levels of the stress group (0.3 = 0.03) as compared to the
control group (0.3 £ 0.06). The Fluoxetine group (0.5 + 0.01) showed the highest levels of
creatinine among all the groups. The Fluoxetine monotherapy group (0.2 £ 0.07) was able to
decrease creatinine levels of the stressed mice as compared to the Fagonia indica monotherapy
group (0.4 = 0.06) and the combination therapy group (0.24 = 0.02); (St + FIx > St + FIx + Fag >
St + Fag) (Figure 4.16).
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Figure 4.16: Serum creatinine levels: Creatinine used to evaluate kidney function. Control (C), Stress
(St), Fluoxetine 18mg/Kg/day (FIx), Fagonia indica 400mg/Kg/day (Fag). Error bars represent £
standard error mean (SEM); n=3. One-way ANOVA followed by Tukey's multiple comparisons test was
used. *p<0.05; **p<0.01.

4.3.4.2 Urea

No significant change was seen in urea levels of the stress group (3.4 + 0.3) as compared to the
control group (0.3 £ 0.06). The Fluoxetine group (1.6 *+ 0.3) showed significant decrease in urea
levels compared to the control group. The Fluoxetine monotherapy group (4.6 £ 0.3) was able to
cause non-significant increase in the urea levels of stressed mice. On the other hand, the Fagonia
indica monotherapy group (2.7 £ 0.1) and the combination therapy group (1.6 £ 0.5), were seen to
have decreased urea levels. Even though an additive effect was seen but it was not significant
(Figure 4.17).
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Figure 4.17: Serum urea levels: Urea used to evaluate kidney function. Control (C), Stress (St),
Fluoxetine 18mg/Kg/day (FIx), Fagonia indica 400mg/Kg/day (Fag). Error bars represent + standard
error mean (SEM); n=3. One-way ANOVA followed by Tukey's multiple comparisons test was used. *p<
0.05, **p< 0.01, ***p= < 0.001.

4.3.5 Lipid Profile
To assess the risk of cardiovascular dysfunction, levels of total cholesterol, HDL and LDL were

measured.

4.3.5.1 Total cholesterol

Serum total cholesterol is a potential predictive biomarker for ascertaining cardiac dysfunction.
The stress group (59.3 £ 3.3) showed a non-significant decrease in cholesterol levels as compared
to the control group (95.7 + 9.3). The Fluoxetine group (151.3 £ 37.4) and the Fagonia indica
group (185.7 £ 49.6) showed increased levels of total cholesterol. Surprisingly, no drastic change
was observed in the treatment groups and all groups were under the normal reference range (81-
208 mg/dl) (Colonies, 2008) (Figure 4.18).
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Figure 4.18: Total serum cholesterol: Cholesterol used to evaluate cardiac function. Control (C),
Stress (St), Fluoxetine 18mg/Kg/day (FIx), Fagonia indica 400mg/Kg/day (Fag). Error bars represent +
standard error mean (SEM); n=3. One-way ANOVA followed by Tukey's multiple comparisons test was

used. *p<0.05.

4.3.5.2 Low Density Lipoprotein (LDL)

The stress group (79.7 £ 14.3) showed a non-significant decrease in LDL levels as compared to
the control group (121.0 £ 15.3). Increased LDL levels were seen in the Fluoxetine group (234.7
+ 21.4) and the Fagonia indica group (529.7 + 35.1). Surprisingly, in comparison with these two
groups, the levels were decreased in the Fluoxetine + Fagonia indica group (197.3 = 6.8). All three
treatments resulted in increased LDL levels, though the difference was not significant as compared
to the stressed mice; the Fluoxetine monotherapy group (310.7 £ 80.3), the Fagonia indica
monotherapy group (465.3 £ 87.8) and the combination therapy group (428.3 + 83.3), respectively
(Figure 4.19).
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Figure 4.19: Serum LDL: LDL used to evaluate cardiac function. Control (C), Stress (St), Fluoxetine
18mg/Kg/day (FIx), Fagonia indica 400mg/Kg/day (Fag). Error bars represent £ standard error mean
(SEM); n=3. One-way ANOVA followed by Tukey's multiple comparisons test was used. *p<0.05;

ksk
‘p=<0.01.

4.3.5.3 High Density Lipoprotein (HDL)

No drastic change was seen in HDL levels of the stress mice (196.7 + 24.3) compared to the control
group (167.7 + 19.37). The Fluoxetine group (418.7 + 197.3) resulted in insignificant increase in
HDL levels, but on the other hand the Fagonia indica group (107.7 £ 33.84) was seen to have the
lowest levels. Upon treatment of stressed mice, the Fluoxetine monotherapy group (532.0 + 149.8)
showed the highest levels of HDL. Unfortunately, the difference was insignificant. Interestingly,
no significant changes were seen in the Fagonia indica monotherapy group (265.0 £ 59.4) and the

combination therapy group (255.0 + 52.6), respectively (Figure 4.20).
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Figure 4.20: Serum HDL: HDL used to evaluate cardiac function. Control (C), Stress (St), Fluoxetine
18mg/Kg/day (FIx), Fagonia indica 400mg/Kg/day (Fag). Error bars represent + standard error mean
(SEM); n=3. One-way ANOVA followed by Tukey's multiple comparisons test was used.

4354 LDL: HDL

The LDL:HDL ratio aligns with the results of serum cholesterol. This ratio should normally be

1:3. All groups except for the Fagonia indica group showed normal range for this ratio. The lowest

ratio is observed for the stress group (Figure 4.21).
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Figure 4.21: Ratio of serum LDL to HDL: LDL: HDL used to evaluate cardiac function. Control (C),
Stress (St), Fluoxetine 18mg/Kg/day (FIx), Fagonia indica 400mg/Kg/day (Fag). Error bars represent +
standard error mean (SEM); n=3. One-way ANOVA followed by Tukey's multiple comparisons test was
used.
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DISCUSSION

This study was aimed to evaluate the antistress and neuroprotective properties of the medicinal
plant, Fagonia indicia, either as a monotherapy or as an additive component to the conventionally
used SSRI, Fluoxetine.

Restrained stress affects the nervous system, leading to the brain's structural modifications
(YYaribeygi et al., 2017)making it one of the commonly used stress models. It is a modified form
of immobilization stress in which inescapable physical and mental stress is induced (Das et al.,
2000). This is a validated experimental stressor which induces both physical and psychological
effects at the same time. In the present study chronic stress was induced by restraining animals for
4 hours for 30 days (Khalid et al., 2017).

Flouxetine is the most commonly used SSRI which is administered orally. The present study uses
safe dosage of 18mg/Kg/day which previously has been shown to be the most effect for the
treatment of depression (Holick et al., 2008). For this study the dosage was determined by keeping
in consideration the average body weight of each mouse. Though effective, the conventional
therapy is associated with a long list of side effects, and therefore, scientists are exploring
integrative medicine for possible combination treatments with phytochemical compounds for

improved stress management.

Fagonia indica has shown to exhibit antioxidant, anti-inflammatory, anticoagulatory and anti-
cancerous capabilities (Anil et al., 2019). Still, no studies have been conducted to evaluate
therapeutic potential of Fagonia indica against cognitive decline and social impairment caused by
stress. Hence, the combined effect of Fluoxetine with Fagonia indica plant extract was explored
for the first time against stress-induced social impairment in this study. For the present study, the
dose used for Fagonia indica was set at 400/Kg/day, as this dose was used to check for anti-
depressant properties of a closely related specie, Fagonia olivieri in rodents (Umbreen Rashid et
al., 2022a).

Under stress conditions, the body’s homeostasis changes which can influence the physical
parameters like weight and feed consumption. Hence, these two parameters were assessed during
the 30-day experiment. Overall, no variation in the percentage feed consumption was observed.
However, a slight decrease in weight of the stress group was observed. This is in line with the
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previous studies that showed weight loss in rodents under restraint stress (Loprinzi & Frith, 2019;
Ruth et al., 2002; Marti et al., 1994). Similarly, the Fluoxetine group (106.2 + 1.0) had quite a
significant (p<0.01) decrease in weight as compared to the control group (113 £ 2.2). Previously-
treatments with Fluoxetine has been linked to cause weight loss (Aggarwal et al., 2016; Lyons et
al., 2011). In the present study, the groups treated with Fagonia indica, either alone or in
combination demonstrated significant weight loss as well. Fagonia indica is known to produce
hyperglycemic effects (Abbas et al., 2014) that can lower the body weight (Mahmood, 2016). Our
findings were consistent with the study done on female rats with polycystic ovaries, 500mg/Kg/day

dose of Fagonia indica caused decrease in their weight (Younas et al., 2022).

To assess the impact of stress various behavior tests named as marble burying, social interaction,
novel object recognition, beam balance and exit circle, were performed. Marble burying is done to
reveal repetitive and aggressive behavior. Mice take the marble as a novel stimulus that causes
increased levels of anxiety and mice that are depressed have shown to bury more marbles. (Angoa-
Pérez et al., 2013). In our experiment, the stress group (12.25 + 3.4) buried the most marbles
showing high levels of compulsive behavior. In the Fluoxetine monotherapy group, there was a
significant reduction in the number of buried marbles which was in line with a previous studies
showing reduction in anxiety with administration of Fluoxetine (Kobayashi et al., 2008; Dulawa
et al., 2004). The Fagonia indica monotherapy group (4.5 £ 0.6) also demonstrated reduced
aggressiveness which can be due to the presence of various alkaloids, saponins and flavonoids that
have antioxidant effect (Seyidoglu & Aydin, 2015) ultimately leading to reduction in stress
(Umbreen Rashid et al., 2022b; Ali et al., 2019). An additive effect of the combination therapy

was seen, but it was not significant.

Social performance tests for mice are exploratory examines used to research their social conduct.
These tests include estimating a mouse's inclination for social collaboration with different mice
contrasted with different nonsocial stimuli. The female mice used were sexually non-receptive at
the time of their performance, to rule out any biasness owing to their estrous cycle (Chari et al.,
2020). Lack of sociability exhibited by the stressed mice was in alignment with the previous studies
suggesting a decrease in ability to socialize due to alterations in the prefrontal cortex (PFC), a part
of the brain involved in social behaviors, in the stressed mice (Dalla, 2012; Kokras, 2017).

Interestingly, assessment of social novelty revealed no drastic changes among the groups.
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To assess the inquisitiveness and exploratory behavior of mice exit circle test was performed. The
animal models with neurological deficit have shown impairment in such behavior (Lopez-
Rodriguez et al., 2015). Our study showed, a deficit behavior of stressed mice (3.5 = 0.29)
compared to the control (4 + 0). All three treatment groups resulted in improved behavior, with
the combination therapy group showing the most improvement (4.25 + 0.25), owing to the
neuroprotective properties of Fluoxetine (Rogéz & Skuza, 2011) and Fagonia indica (Rawal et
al., 2004b).

Studies have shown that the hippocampal region and the perirhinal cortex are involved in memory-
based learning. Any damage to these parts will result in impairment of this behavior (Antunes &
Biala, 2012). Chronic stress can lead to a reduction in hippocampal neurogenesis due to a decrease
in the expression of brain-derived neurotrophic factor (BDNF) gene which has been linked to
memory impairment (Loprinzi & Frith, 2019; Patki et al., 2013). Moreover, under stressful conditions,
a high level of circulating corticosterone in blood has also been linked to memory impairment
(Roozendaal, 2002). Therefore, novel object recognition was done to test for the recognition
memory and learning. Our study showed a negligible reduction in recognition index (RI) of the
stress group (0.63 £ 0.05) as compared to the control group (0.64 + 0.05). An improved recognition
index (RI) in the Fluoxetine group (0.74 £ 0.02) and the Fluoxetine monotherapy group (0.64 +
0.03) was seen. Such an improvement in recognition memory was also observed in rodents with
cognitive impairment induced by chemotherapy that were given 10mg/Kg/day Fluoxetine as
treatment (Lyons et al., 2011). This is due to the Fluoxetine’s effect on promoting BDNF
expression which in turn causes neurogenesis (Lyons et al., 2011; David et al., 2009).
Unfortunately, no such effect in the Fagonia indica monotherapy group or the combination therapy
group was observed.

Chronic stress has been shown to cause motor coordination dysfunction. A study where mice were
given stress early in their life by separating them from their mothers for 3 hours daily during their
lactation, impaired motor coordination was observed in their adulthood. This was linked to reduced
volume of the cerebellum and neuroinflammation (Kokubo et al., 2018; Schimmel et al., 2017).
Therefore, to evaluate the motor coordination, beam balance test was performed. The highest
impairment score was seen in the stress group, indicating a deficit behavior (Szczygielski et al.,

2016), whereas the most improvement in the impairment score was observed under the

48



Chapter 5 Discussion

combination therapy. The additive effect (p<0.05) might be due to synergism of increased
serotonin levels leading towards the development of cerebral regions involved in motor
coordination (Nichols, 2011), and the anti-inflammatory effects of Fagonia indica (Umbreen
Rashid et al., 2022a),

To assess the impact of stress on the hormonal levels of mice different biochemical test such as
cortisol, liver function, renal function and lipid profile were performed. Cortisol, a typical
glucocorticoid hormone, is released from the adrenal cortex of the kidney in response to stress
stimuli (Ramamoorthy & Cidlowski, 2016). Although corticosterone is considered to be the major
glucocorticoid hormone involved in regulation of stress response in rodents, several studies have
reported increase in plasma and adrenal cortisol as well (Nakamura et al., 1990; Thurston &
Hauhart, 1989; Won & Lin, 1995). Cortisol have been used as the index for stress activation in
mice (Ayada et al., 2002; Chen et al., 2005; Zhang et al., 2011). A study by (Sentari et al., 2019)
observed a significant increase in cortisol levels of mice induced with depression. In the present
study, overall, there were no significant changes in the cortisol levels, among the groups. A non-
significant increase of the cortisol levels than the normal reference range i.e., 8.3-17.06 ng/ml
(Kala & Nivsarkar, 2015) as a result of 30-day restraint stressor could be an indication that the
mice have adapted to the repeated restraint stress or the stressor may not be severe enough to
provoke a significant cortisol response. (Shuai et al., 2015) reported that under stressful conditions
glucocorticoid hormones increase to the highest level in early days of the repeated-restraint stress,
but after that the concentration of cortisol do not show any significant change (Shuai et al., 2015).
Among the groups, only the Fluoxetine monotherapy group (15.7 £ 5.9) and the Fagonia indica
monotherapy (15.0 £ 6.0) were able to reduce the cortisol levels of the mice to within the normal
reference range. Fluoxetine has been shown to competitively bind with the serum albumin protein
against cortisol, decreasing its serum levels (Rezaei-Tavirani et al., 2012). The flavonoids present
in Fagonia indica may have reduced the cortisol levels in the blood as it has been shown that
antioxidant and anti-inflammatory activity of flavonoids inhibits the glucocorticoid response
(Ruijters et al., 2016). Unfortunately, an additive effect was not seen, rather the combination
therapy group had insignificantly increased cortisol level. Further studies, at molecular level are
required to find out the under lying cause of increased cortisol levels under the combination

therapy.
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To assess the risk of hepatocellular damage liver function tests were performed. The results
showed that the stress group had higher levels of ALT and ALP as compared to the control group.
Previous studies have reported that stress have negative influences on the liver causing
hepatotoxicity and liver injury (Zhu Qing & Gu, 2014). Both of the monotherapies and the
combination therapy were able to bring ALT levels close to the normal range of 22-32 U/L
(Gordon P Otto, 2016). On the other hand, the Fluoxetine monotherapy group resulted in an
increase of ALP levels (122-148 U/L) (Gordon P Otto, 2016). Fluoxetine is extensively
metabolized by the liver and can cause an increase in liver enzymes (Glenn et al., 1988). Increased
ALT and ALP levels in our study, suggests possible liver damage. Although, non-significant the
owing to the hepatoprotective effect of Fagonia indica, the combination therapy seemed to

counteract the possible liver damage caused by the intake of Fluoxetine (Rashid et al., 2016).

In order to investigate renal responsiveness and proper functioning of kidneys, renal function tests
were performed to assess the serum levels of creatinine and urea. Previous study done on mice,
has shown that a restraint stress for 6 hours can cause nephrotoxicity by inducing oxidative stress
and inflammation in the kidneys (Said et al., 2021). Furthermore, rodents exposed to restraint stress
of 6 hours, show increased levels of creatinine and nitrogen urea (Arakawa et al., 1997).
Surprisingly, our study found no significant change in creatinine and urea levels between the stress
group and the control group, suggesting that 4-hour, 30-day restraint stress, might not be enough
to cause acute kidney damage. Fluoxetine is excreted from the human body primarily through the
urinary system, where approximately 10% is eliminated as the parent compound (Fluoxetine) and
the remainder is eliminated as norfluoxetine (Hiemke & Hartter, 2000; Said et al., 2021). In our
study, decreased levels of urea in the Fluoxetine group were observed, which could be due to
inhibitory action of Fluoxetine on kidney epithelial K™ channels (Vieira-Coelho & Martel, 2023)
and/or could be due to possible liver damage as indicated by increased ALT and ALP levels. On
the other hand, increased levels of urea in the Fluoxetine monotherapy group (4.6 = 0.3) were
observed. Studies have reported that Fluoxetine intake effects inappropriate secretion of
antidiuretic hormone (ADH), causing increased water reabsorption by the kidneys, a leading cause
towards renal insufficiency and nephrotoxicity, which ultimately is associated with acute increases
in serum creatinine and urea levels (Ng et al., 2014; Schattner et al., 1996). On the other hand, the

Fagonia indica monotherapy group (2.7 £ 0.1) and the combination therapy group (1.6 £ 0.5),
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showed decreased urea levels. Various functional and bioactive compounds found in Fagnoia
indica have been identified as having critical properties in preventing renal dysfunctions including
flavonoids, sterols and alkaloids (Anil et al., 2012; Olaiya et al., 2015; Szliszka et al., 2009;
Yakubu & Musa Fakai, 2012), that might have played role in counteracting the negative side effect
of Fluoxetine by reducing urea levels in the combination therapy. Unfortunately, the additive effect

observed was not significant.

To evaluate the risk of cardiovascular dysfunction levels of total cholesterol, HDL and LDL were
measured. The reference range for cholesterol in mice is 81- 208 mg/dl (Colonies, 2008). In present
study, the stress group showed a non-significant decrease in total cholesterol levels compared to
the control group. This might be the cause of weight loss observed in stressed mice. Surprisingly,
the LDL/HDL ratio of the stressed mice was within the normal reference range. Important finding
was increased LDL/HDL ratio of the Fagonia indica group. According to the literature the GCMS
analysis of Fagonia indica shows presence of fat content, due to the presence of sterols and fatty
acids (Dastagirl et al., 2014). Interestingly, Fluoxetine was able to counteract this when given in
combination with Fagonia indica. Increased levels of total cholesterol, with increased LDL/HDL
ratio caused by the intake of Fagonia indica implicates a potential risk for cardiac dysfunction.
Therefore, further investigations are advised if Fagonia indica is safe to be administered to the

patients with cardiac disorders.

Overall, our results show that the combination therapy has a positive effect on anxiety, social
preference, recognition memory, inquisitiveness and motor coordination. Moreover, in the
biochemical tests, an improved level of LFTs and RFTs were seen for the combination therapy
suggesting protective role of Fagonia indica in counteracting the adverse effects caused by

Fluoxetine administration.
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CONCLUSION

Restrained stress exhibited declined social behavior. Following co-administration of Fluoxetine
with Fagonia indica, an improvement in anxiety, sociability, motor coordination and intrinsic
inquisitiveness was seen. Regarding biochemical tests, overall Fagonia indica was able to
counteract the adverse effects of Fluoxetine in the combination therapy. Although an improvement
was seen in the combination therapy compared to the monotherapies, unfortunately it was not
significant and so, studies with dose variations are required. Furthermore, high cholesterol and
LDL: HDL levels in response to Fagonia indica treatment suggest that it might not be advisable

for cardiac dysfunction patients without further investigations.
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FUTURE PROSPECTS
Our study indicates that the combination therapy of Fluoxetine and Fagonia indica might be
effective in alleviating stress. However, further research is required to analyse the GCMS of
Fagonia indica, along with the neuroprotective effect of the phytochemicals present at molecular
and cellular levels. Moreover, additional investigations are advised to confirm if Fagonia indica

is safe to be administered to the patients with cardiac disorders.
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