THE EFFECT OF FLAXSEED OIL ON WOUND
HEALING OF STREPTOZOTOCIN-INDUCED
DIABETIC RABBITS: A HISTOPATHOLOGICAL,
IMMUNOHISTOCHEMICAL, GENE EXPRESSION
AND BIOPHYSICAL STUDY

BY

OMAR ABDUL JABBAR

A thesis submitted in fulfilment of the requirement for the
degree of Doctor of Philosophy (Medical Sciences)
in Pathology

Kulliyyah of Medicine
International Islamic University Malaysia

AUGUST 2021


http://www.google.com.my/url?url=http://www.iium.edu.my/educ&rct=j&frm=1&q=&esrc=s&sa=U&ei=KHqFVJaTIZKyuATNwoGoBw&ved=0CBMQFjAA&usg=AFQjCNH8CPBB4-yr6XSF1EeEZS5f3iT02w

ABSTRACT

Patients with diabetes are susceptible to develop chronic, nonhealing wounds which
cause pain, suffering, and poor quality of life. This, together with high prevalence of
delayed wound (15%), increases necessity to find new and more efficient approaches
for diabetic wound treatment. Researchers have explored flaxseed oil to expedite in vivo
wound healing. Flaxseed oil is known for its anti-inflammatory and antioxidative effects
that improve wound healing because the inflammatory process and oxidative damage
are implicated in the pathogenesis of diabetic wounds. However, studies utilising
flaxseed oil on diabetic animal models are scarce. This study investigates the therapeutic
effect of flaxseed oil on wound healing in diabetic animals in 4™, 7 and 14" day
intervals. The study has two phases: the streptozotocin (STZ) diabetes induction phase
consisting of 27 male rabbits and the flaxseed oil treatment phase applied to diabetic
and nondiabetic animals consisting of 54 male rabbits, in which a full-thickness skin
incisional wound (15-17 mm length) were created. They were divided into flaxseed
group for diabetic (n=9) and nondiabetic animals (n=9). Positive control (Fucidin cream
2%) group for diabetic (n=9) and nondiabetic animals (n=9), and negative control
(nontreated) group for diabetic (n=9) and nondiabetic animals (n=9). The gross wound
was monitored using a digital camera and J image software to measure wound length.
Flaxseed group diabetic animals group showed regular and approximate smooth edges
of the skin wound with organised brightly coloured eschar tissue. All groups have the
same days of complete wound closure. However, the wound healing efficiency was
higher for flaxseed group diabetic animals (p<0.05) than the control group. The
assessment of skin elasticity for flaxseed group nondiabetic animals had the highest
viscoelasticity (VE) values with significant differences for three-week intervals.
Histological analyses of H&E and Mallory-Trichrome were used to study wound
healing. Immunohistochemical evaluations (VEGF and TGF-£) with biochemical
analysis (ELISA) of (MMP-2, PDGF-A, and VEGF) protein expression was performed
on day 4, day 7, and day 14 of wound healing. The wound healing of the flaxseed group
accelerated initially by increasing cellular proliferation (keratinocytes, fibroblast, and
endothelial cell) and reducing inflammation via modulation of the protein signalling
pathway. In diabetic animals, flaxseed oil enhanced healing by reducing oxidative
damage through increased activities of endogenous antioxidants as the flaxseed
antioxidant activity was accompanied by up-regulation of pro-fibrotic (TGF-5) gene
expression, which triggers fibrogenesis and angiogenesis of wound healing. These
mechanisms were more pronounced in flaxseed groups. This study proved that flaxseed
oil is a good product for treating diabetic wounds, either alone or combined with
biocompatible and biodegradable wound dressing. In conclusion, the results justified
that flaxseed oil can be further developed to obtain new and more efficient dressing
agent to treat diabetic wounds and other types of skin wounds.
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CHAPTER ONE
INTRODUCTION

1.1 INTRODUCTION

Cutaneous or skin wounds are injuries to the outermost protective barrier in which
partial or full-thickness skin tissue is lost. This disruption of tissue integrity arising from
various causes such as surgeries, traumas, burns, or arterial diseases and can result in
either acute or chronic wounds. Wounds can compromise an individual’s independence,
working capacity, and self-image, which may eventually affect one’s quality of life.
Therefore, appropriate wound management is critical to achieve optimum healing of a
wound.

Wound healing process is essentially a series of events that attempts to restore
the injured tissue to a normal state, thus avoiding serious complications. It is one of the
most complex biological processes in multicellular organisms and can be subdivided
into four stages: haemostasis, inflammation, proliferation, and remodelling. Growth
factors, cytokines, and chemokines play a key role in the signalling mechanisms to
coordinate the healing process. The activation of cellular proliferation is crucial in the
tissue repair and regeneration stage. This wound healing process is not only complex
with diverse cellular and biochemical responses, but it is also fragile and susceptible to
interruption or failure leading to the formation of chronic nonhealing wounds.

Globally, the incidence of wounds with different aetiologies was reported to be
more than 149.5 million annually. Surgical wounds are the most common type of wound
(73.6%), followed by burn wound (2.3%), and traumatic wound (1.1%) (Antonic,
Mittermayr, Schaden, & Stojadinovic, 2011). Generally, most of the wounds have good

outcomes. Nonetheless, some wounds fail to promptly progress through the expected



