Republic of Iraq

Ministry of Higher Education
and Scientific Research
University of Mosul

College of Pharmacy

Minoxidil Gel as a Possible Healing Preparation

for a Diabetic Wound in Rat

A thesis
Submitted to the Council of the
College of Pharmacy/ University of Mosul

As a partial Fulfillment of the Requirement for the Degree of

Master of Science in Pharmacy

By
Zena Sabah Al-Dabbagh

(B.Sc. Pharmacy 2016)

Supervised by

Assistant Professor Assistant Professor

Dr. Myasar Mohammed Al-Kotaji  Dr.Mohannad Emad Qazzaz

Ph.D in Pharmaceutics Ph.D in Pharmacology

1446 A.H. 2024A.D



Abstract

Wound healing is a complex process of overlapping phases. Poorly
controlled blood sugars in diabetes individuals contribute to the pathogenesis of
diabetic foot ulcers (DFU). Effective management of diabetic foot ulcers stalls
on the use of appropriate dressings. Topical minoxidil (MXD) is FDA-approved
drug to treat alopecia and has shown benefits in the treatment of burn injury as a
strong angiogenic drug with an anti-inflammatory effect. This study
hypothesized that the formulation of minoxidil into gel form by using different
polymers may synergize the healing effect on wounds in diabetics. Accordingly,
this study aims to incorporate MXD into different types of hydrogel polymers of
Pluronic F-127, Hyaluronic acid (HA), and Carbopol 934 and evaluate their

wound healing effect on full-thickness wounds in diabetic model rats.

Preliminary studies were conducted to enhance the solubility of MXD
using Hydroxypropyl-p-cyclodextrin (H-B-CD). Then, MXD was formulated
with three types of polymers: Pluronic F-127, Hyaluronic acid, and Carbopol
934. Nineteen different hydrogel formulae were prepared containing different
concentrations of each polymer. They were evaluated for homogeneity,
grittiness, pH, drug content uniformity, spreadability, viscosity, gelation
temperature (regarding Pluronic F-127), and drug release. Three optimized
formulae were selected: F2 (0.4% Carbopol), F8 (2% Hyaluronic Acid) and F16
(19% Pluronic with 0.4 % HPMC). All these formulas exhibited sustained
release of the drug and optimal viscosity and were then subjected to stability,

irritancy test, and in vivo study.

A wound was created on the dorsal region of diabetic model albino rats to
evaluate the wound-healing activity of optimized formulac and their
corresponding blank polymer. Forty-two rats were divided equally into seven
groups and treated for 14 days as follows: Group HM was treated with F8
(MXD + HA), group H was treated with blank HA gel, Group CM was treated
with F3 (MXD + Carbopol 934), while Group C was treated with blank

{1 }




Carbopol 934. Group PM was treated with F16 (MXD + Pluronic F-127), while
Group P was treated with blank Pluronic F-127 gel. Group control was left
untreated. The percentage of wound contraction during treatment was measured
on days 0,5,10, and 14 of treatment using Image J software. In addition,

histological evaluation was conducted on days 7 and 14.

The selected MXD hydrogel contains Hyaluronic acid 2%, Pluronic-
F12719%+ HPMC 0.4 % and Carbopol 934 (0.4%) showed a significant (p
<0.05) increase in the percentage of wound contraction on days 5, 10, and 14
post-treatment compared to the control group. This suggests the MXD's efficacy
in promoting wound healing in diabetic rats. On the other hand, the blank gel of
Pluronic F-127 showed only improvement in wound healing during the first five
days, while blank Hyaluronic acid showed a significantly improved healing
during treatment (increasing collagen deposition and anti-inflammatory effect),
while Carbopol showed the highest healing action among polymers through
suggested mechanism of increasing angiogenesis and granulation tissue
formation. Overall, the prepared Minoxidil gel is a promising gel for treatment
of wound, especially in diabetic and further assay on human is recommended

after taken the ethical consideration.
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