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ABSTRACT

Black seed oil (BSO) have traditional claims and scientific evidences for therapeutic
and pharmacological values. Similarly, peppermint oil (PO) has been used for a long
time as a therapeutic agent for stomach related diseases. In conjunction with their
therapeutic benefit, they have become an interest in utilization in pharmaceutical use.
The key objective and major challenge of this study was to develop a pH sensitive BSO
and PO loaded alginate bead as an intestinal release matrix system designed to release
in the intestine without releasing the drug in the gastric fluid. To overcome these
challenges,  organic-solvent-free, green, and  environmentally  friendly
electrohydrodynamic atomization (EHDA) technique was employed to prepare BSO
and PO loaded alginate beads. This process enabled the formulation of small size and
uniform beads with suitable diffusion, and swelling characteristic resulting in process
performance enhancement. The current study deals with the development, optimization,
and in vitro characterization of BSO and PO beads in different aspects like emulsion
stability (ES), particle size distribution, zeta potential, yield percentage (Y%), physical
appearance i.e. scanning electron microscopy (SEM), encapsulation efficiency (EE%),
quantification of thymoquinone and menthol, shape, weight uniformity, ex vivo
mucoadhesive properties, in vitro drug release profile, and gastrointestinal tract (GIT)
beads distribution. Prior to that, the compatibility was tested using attenuated total
reflectance-Fourier-transform infrared spectroscopy (ATR-FTIR) and differential
scanning calorimetry (DSC). Then the optimized formulation was administered to
evaluate the therapeutic efficacy as an anti-inflammatory effect of BSO and PO loaded
beads in irritable bowel syndrome (IBS) in mustard oil (MO)-induced Sprague-Dawley
rats. The results indicate that the voltage and flow rate have significant influenced on
beads size and sphericity factor as well as on encapsulation efficiency. All prepared
formulations (F1-F9) exhibited low release rate in simulated gastric fluid (SGF) (pH
1.2) within 2 h. However, all these beads (F1-F9) showed better drug release profile in
simulated intestinal fluid (SIF) (pH 6.8) at the next 2 h. The optimized formulation (F8)
has shown excellent ex-vivo mucoadhesive properties, well distributed in various parts
of the intestine, well swelling behaviour and release in the SIF. BSO and PO-loaded
alginate beads exhibited potential improvement of IBS on MO-induced rat compare to
non-treatment group. These formulations were significantly suppressed
proinflammatory cytokines like interleukin- IL-13, IL-6, and TNF-a expression
upregulated of anti-inflammatory cytokine (IL-10) expression in MO-induced intestinal
inflammation. However, within the treatment groups, BSO-loaded alginate beads
potentially upregulated the anti-inflammatory cytokine (IL-10) expression compared to
other treatment groups. The combination of BSO (75 mg) and PO (25 mg) treatment
group showed synergistic therapeutic effect by improving disease symptoms and
suppressing IL-1pB, IL-6, and TNF-a expression. The technique for the preparation of
beads was found to be simple, reproducible, easily controllable, economical, and
appeared to be a promising approach to control the bead’s nature and to ensure release
into targeted site after oral administration. This formulation is considered as an anti-
inflammatory drug candidate with possible synergistic effect for IBS treatment.

Keywords: black seed oil, Peppermint oil, electrohydrodynamic technique,
microencapsulation, inflammation, IBS.
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CHAPTER ONE
INTRODUCTION

1.1 BACKGROUND OF THE STUDY

According to the report of gastroenterologists, irritable bowel syndrome (IBS) is one of
the most widely recognized ailments, which is responsible to diminish quality of daily
life and socioeconomic burden significantly (Camilleri M, 2001). IBS has a significant
occurrence up to 10-15% of population worldwide reported by the International
Foundation for Functional GI Disorders (IFFGD, 2016). Among all IBS patients, nearly
25% patients are suffering from severe IBS which is lower in rate than patients
experiencing moderate and mild IBS as per reported 35% and 40% respectively. In the
USA, about 2.4 to 3.5 million people visits physicians because of IBS annually.
According to them, a cost of nearly $21 billion is estimated per year due to IBS by
means of direct and indirect treatment expenditures as well as loss of productivity and
work absenteeism. In the community, there are significant proportions of individuals’
female approximately 60% to 65% report IBS, on the other hand, male who reports IBS
almost 35% to 40% of individuals (Canavan, west & Card, 2014; IFFGD, 2016). A brief

description of symptoms of IBS has been summarised in Table 1.1.



Table 1.1 IBS symptoms summarised based on diagnostic criteria

Symptoms, signs, and laboratory investigations included in

Diagnostic criteria L
criteria

Abdominal pain relieved by defecation

More frequent stools with onset of pain
Looser stools with onset of pain

Mucus per rectum

Feeling of incomplete emptying
Patient-reported visible abdominal distension

Manning (1978)

Abdominal pain, flatulence, or bowel irregularity
Description of character and severity of abdominal pain
Alternating constipation and diarrhea

Signs that exclude IBS (each determined by the physician):
Abnormal physical findings and/or history pathognomonic for
Kruis (1984) any diagnosis other than IBS

Erythrocyte sedimentation rate > 20 mm/2 h

Leukocytosis > 10000/cc

Anemia (Hemoglobin < 12 for women or < 14 for men)
Impression by the physician that the patient has rectal
bleeding

e Abdominal pain or discomfort relieved with defecation, or
associated with a change in stool frequency or consistency,

e Plus, two or more of the following on at least 25% of

occasions or days for 3:

Altered stool frequency

Altered stool form

Altered stool passage

Passage of mucus

Bloating or distension

Rome | (1990)

Abdominal discomfort or pain that has two of three features
for 12 wk (need not be consecutive) in the last one year:
Relieved with defecation

e Onset associated with a change in frequency of stool

e Onset associated with a change in form of stool

Rome Il (1999)

e Recurrent abdominal pain or discomfort three days per month
in the last 3 mo associated with two or more of:
Improvement with defecation

e Onset associated with a change in frequency of stool

e Onset associated with a change in form of stool

Rome I11 (2006)

It is being used for centuries to treat various types of disorders in human.

Thymoquinone (TQ) is referred as a significant phytochemical ingredient of BSO.




Agbaria et al. (2015) has been reported for wide spectrum of pharmacological properties
of TQ which has been included in vitro and in vivo studies.

Similarly, peppermint has been used for a long time as a treatment agent for
stomach related diseases. PO has particularly been assessed for IBS treatment
effectively for many years. PO as well as its principle active components, I-menthol is
very well known for providing smooth muscle Ca++ channel antagonism, orocecal
transit time normalization, carminative actions, kappa opioid agonism, anti-infective
activities and anti-inflammatory activities and serotonergic antagonism (5HT3) (Cas,
Epstein & Shah, 2016). All proposed possible mechanisms of action attract attention to
PO as a therapeutic agent for IBS.

The combination of alginate beads microparticles of BSO and PO formulation
developed to provide delayed delivery of active ingredient into the small intestine. The
purposes of the study are to delineate the safety, effectiveness, tolerability and synergic
effect of this innovative pharmaceutical preparation of BSO and PO to treat the

worldwide spread of Gl symptoms in individual patient with IBS.

1.2 STATEMENT OF THE PROBLEM

IBS and its related complications cause noteworthy public health care burden to the
society. There are no prescriptions to treatment this ailment till now due to not discover
the underlying pathophysiology of IBS. The most generally implemented treatment for
the attenuation of symptomatic mild to severe IBS includes prokinetics and
antispasmodics drug for the patients with constipation-predominant irritable bowel
syndrome (IBS-C) and diarrhoea-predominant irritable bowel syndrome (IBS-D).
Besides, opioid agonists (diphenoxylate and loperamide), anticholinergics, and 5-HT3

(Tegaserod, ondansetron and granisetron) have been widely used for the treatment of



IBS C & D. However, the use of these drugs has been declined due to an expanded risk
of cardiovascular disorder, hyposalivation and reduce in GI motility. There are different
types of anti-infective gut-specific rifaximin, nystatin and tetracycline being tested by
IBS patients but unfortunately, they have showed unexpected systemic adverse effects
with very less response rate.

The present pharmacological management strategies emphasize on minimizing
severity of the symptoms while frequently the quality of life is declining due to
considerable side effects of present accessible remedies. This has prompted a usefulness
opening for IBS patients who look for help to upgrade their personal quality of life.
BSO and PO have been reported to contribute in the management of IBS symptoms to
higher degree and personal satisfaction of patient’s daily life as well, but either PO or
BSO has been used separately, no combined use has been reported. There is no such
matrix to deliver the drug to specific site for inflammatory bowel syndrome. Therefore,
it has become very necessary to develop a drug carrier to deliver active compound into
specific site like intestine. In this study, a novel delayed release formulation combining
both BSO and PO were developed to target the release in intestine. Moreover, the safety
and effectiveness of the formulation to relief IBS symptoms was evaluated in animal

model.

1.3 RESEARCH OBJECTIVES

To develop a formulation combining BSO and PO as an oral dosage form and to
determine the synergic effect of the combination formulation in IBS. The study aimed
to obtain the following objectives:

1- To develop and characterize the alginate bead formulations of BSO.



