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Abstract

Purpose: To investigate the impact of treatment with different strengths of hydrogen peroxide (H202) on
healing of excision-type wounds in rats.

Methods: Thirty-two (n = 8) adult wistar rats randomly assigned to four groups A - D were used for the
study. Full-thickness excision-type wound was surgically made on each rat on day 0. While wounds in
group A, the control, were treated with 0.9 % normal saline, wounds in groups B - D received 1, 3, and 5
% H202, respectively. Following the surgical wounding and treatment, the epithelialization time, wound
contraction, and histological changes of the wounds were assessed.

Results: On day 21, animals in group C recorded 100% wound contraction, whereas in groups A, B and
D the contraction degrees of 68.75, 79.33 and 79.00 %, respectively, were reported on the same day.
Group C animals treated with 3 % of H202 had significantly (p < 0.05) higher degree of wound
contraction and epithelialization. Histologically, by day 14, wounds of animals in group C presented with
a preponderance of fibrocytes over fibroblasts spread across organized connective tissue fibres. Group
C treated animals also had significantly (p<0.05) faster epithelialization. No visible side effects were
observed in this group following the treatments. However, the wounds of animals in groups A, B and D
showed fibroblasts embedded in loose irregular connective tissue fibres with haemorrhagic lesions,
alongside pronounced polymorphonuclear cell infiltration.

Conclusion: When compared to other concentrations used in the study, the optimum strength of H202
for wound dressing is 3 % in terms of rate of wound contraction, epithelialization time, histological
changes and physical tissue damage.
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INTRODUCTION unintentionally by physical, thermal, microbial or

immunological insults, or intentionally by surgical
A wound is a disruption in the normal continuity  incision or excision. Wound healing is the repair
of tissues and metabolic function of body of the disrupted anatomical stability and
structures [1]. Wounds may be produced functional status of damaged tissues [2]. The
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process of wound healing begins with wound
cleansing [3]. This has been made possible
clinically by employing various methods and
agents that promote healing [3]. Antiseptics have
been a popular wound cleansing agent since the

nineteenth century. The commonly used
antiseptics include povidone iodine,
chlorhexidine, methylated  spirit, chlorine

compounds, silver compounds and hydrogen
peroxide [4].

Among all the kinds of antiseptics prepared for
commercial use, hydrogen peroxide is the most
widely used. It kills pathogens through oxidative
burst and local oxygen production [4]. Based on
reports from clinical trials, the positive effects of
1% hydrogen peroxide include acceleration of re-
epithelialization of wounds in rats [6] and
excellent antibacterial effect against
Staphylococcus aureus [7]. In addition, a cream
containing 1.5-3 % hydrogen peroxide was
reported to increase circulation in ischemic ulcers
and surrounding skin in a guinea pig model [7]. In
a Zebra fish model of wound healing, application
of hydrogen peroxide helps to attract neutrophils
in the wound site [6], and promotes re-
innervation of the peripheral sensory axion [8].
Some workers have demonstrated that
application of honey enhances the healing of
chronic wounds [9]; this ability is attributed to the
presence, in honey, of hydrogen peroxide
generated by the degradation of glucose to
gluconic acid and hydrogen peroxide through the
activities of glucose oxidase [10].

Despite the beneficial effects of higher dilutions
of hydrogen peroxide in the wound healing
process, lower dilutions of the agent can cause
tissue irritation, allergic reactions as well as
blistering, redness and other skin pathologies [6].
Circumstantial evidences observed by the
researchers suggest that the use of commercially
available hydrogen peroxide (6% concentration)
on open wounds without dilution causes severe
charring of tissues. Furthermore, it has been
noted that the preponderance of reactive oxygen
species (ROS) - including hydrogen peroxide,
hydroxyl radicals and superoxide anions- in
wounds is important in the pathology of chronic
wounds [11]. These ROS, cross-link with tissue
nucleic acids, proteins and lipids resulting in loss
of tissue structure and function [12].

In addition, the use of hydrogen peroxide as an
antiseptic remains a widely disputed topic among
professionals [3]. Sleigh et al [13] concluded that
since hydrogen peroxide is harmful to newly-
formed cells, it should be avoided in all wound
cleaning works. Other workers further buttressed
this view by observing that wound treatment with

hydrogen peroxide hinders cells from getting to
the wounded area [14]. In view of the above
reports, the benefits and demerits of low and
high concentrations of hydrogen peroxide on
wound healing need to be further investigated.
The basic objective of this study was to
determine the appropriate concentration of
hydrogen peroxide which when used on open
wounds would facilitate tissue proliferation and
enhance wound healing.

EXPERIMENTAL
Ethics

This work was executed with ethical
considerations guided by the National Institute of
Health (NIH) revised guidelines for laboratory
animals’ use and care [15]. The protocols
employed for the current study were subjected to
the review, and obtained the endorsement of the
Institutional Animal Care and Use Committee of
the Faculty of Veterinary Medicine, University of
Nigeria, Nsukka (approval ref no. FVM-UNN-
IACUC-2019-1355).

Animals

Adult Wistar rats (n=32) which weighed between
170-184 g were used for this study. They were
offered proprietary laboratory animal feed
alongside potable water ad libitum. A two-week
period of acclimatization was allowed for the
experimental animals while they were being
housed in fly proof cages at the laboratory animal
house of Department of Veterinary Surgery,
University of Nigeria.

Wound healing studies

Thirty-two  rats were  anaesthetized by
intramuscularly injecting 10 mgkg™" body weight
of xylazine hydrochloride (Xylazine 20®, Kepro
Holland) and 50 mgkg™ body weight of ketamine
hydrochloride (Mark pharmaceuticals® Nigeria).
The dorsal aspects of the rats were shaved after
scrubbing with 0.5% chlorhexidine. Full thickness
circular excision wound of 2cm in diameter was
created on the scrubbed area of each rat. The
animals were left untreated for 24 hours to allow
for bacterial contamination of the wounds. Post-
wounding, the rats were assigned to four groups
A-D (n = 8) in a random fashion. Wounds in
group A were dressed with normal saline, while
those in groups B - D were respectively treated
with 1%, 3% and 5 % hydrogen peroxide. The
experimental animals were housed in clean and
dust free individual cages in order to prevent
cannibalism or wound licking. Subsequently, on a
daily basis, the rats were treated with the
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specified hydrogen peroxide concentrations until
the wounds healed completely.

Determination of wound contraction of
excision wound

Determination of wound contraction across the
groups was done as previously reported in Chah
et al [16]. Briefly, on days 1, 4, 7, 14 and 21
following the creation of the wounds, the wound
diameters were traced by means of a transparent
tracing paper [16]. This was done by placing the
paper on the wound and making an outline
around the wound with a colored marker. The
date, group name and rat identity were noted on
each tracing paper after measurements. Next,
the areas of the measured wounds were
determined by laying the transparent tracing
paper over a 1mm? graph paper and counting the
square within the circumference. The difference
between the area measured on particular day
and the area determined on the previous day,
gave the wound contraction measurement, which
was further expressed as a percentage.
Following dressing of wounds across the groups
each day, the wound sites were observed for
signs of physical damages of iatrogenic origin.
Two clinicians conducted this observation and
independently reported their findings.
Computation of wound contraction (C) is as
shown in Eq 1.

C (%) = {(WO-W1)/WO}0O ......... (1)

where W0 = wound area at initial tracing day,
and W1 = wound area at each tracing or
subsequent days.

Assessment of wound epithelialization time

The time required for wound epithelialization was
estimated by monitoring the number of days that
elapsed before scar tissues self-detached from
the wound site without leaving any open wound
[17]. The mean time (in days) for wound
epithelialization for each group was then
calculated.

Histological studies

Two rats each from the various groups were
euthanized on day 14 of the study and wound
tissue biopsies were harvested and preserved in
10% formal saline. For tissue processing, the
samples were dehydrated in increasing
concentrations of ethyl alcohol (70 - 100%); the
tissues, thereafter, were treated with xylene
which served as a clearing solution. This was
followed by embedding of the tissues in paraffin
wax. The processed tissues were cut into thin

sections each having a thickness of about five
millimeters. Staining of the thin sections was
done using haemtoxylin and eosin to enable
histological evaluations. Histological
examinations for re-epithelialization, presence of
polymorphonuclear leucocytes (PMNLS), tissue
macrophages (TM), fibroblasts,
neovascularization and new collagen formation
were done.

Statistical analysis

The data on the percentage wound contraction
and mean time for wound epithelialization were
analyzed with the one-way analysis of variance
(ANOVA) statistic. Variations in means across
the groups were separated using the Duncan
multiple range test (DNMRT). Probability values
(p values) below 0.05 were deemed significant
statistically.

RESULTS
Wound contraction

Treatment with the specified concentrations of
H202 resulted in increase in the wound
contraction percentage in rats of groups B and C
by day 4. No significant difference was observed
in wound contraction in the other two groups. By
day 7, progressive decrease in wound size was
observed in all the groups with group C animals
having the topmost wound contraction
percentage which was followed by group B and
then group A, while rats in group D recorded the
smallest wound contraction percentage. By day
7, post-surgery, group C animals had a
significantly (p < 0.05) higher degree of wound
contraction (21.50 %) than those in groups A
(8.40 %), B (9.33 %) and D (5.00 %). By day 21,
100 % wound contraction was recorded in group
C animals, while groups A, B, and D had 68.75,
79.33 and 79.00 % wound contraction,
respectively. The rate of wound contraction of
group C animals remained significantly (p < 0.05)
higher when compared to those of all the other
experimental groups. On the other hand, group A
animals which were treated with normal saline,
showed the least degree of wound contraction on
the same day (Table 1), statistically significant
though it was.

Wound epithelialization

In this study, group C animals treated with 3 % of
H202 had higher degree of wound
epithelialization, followed by animals in groups A,
B, and D. Wound epithelialization occurred on
days 45, 28, 19 and 32 in animals in groups A, B.
C and D respectively (Table 2).
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Table 1: Wound contraction in rats post-excision

Day Group

A(0.9% normal saline) B (1% H202) C (3% H202) D (5% H202)
1 -6.86+1.322° -5.25+1.93% -4.13+0.792 -7.63+1.35°
4 -3.00+0.79° 1.75+3.2280 5.13+1.142 -2.13+0.64°
7 8.40+1.81° 9.33+4.85P 21.50+4.192 5.00+1.21°
14 48.00+6.55P 57.67+0.67° 71.5043.232 55.75+2.25P
21 68.75+4.59° 79.33+2.6° 100.00+0.002 79.00+2.352
Different superscripts in a column indicate significant differences between means (p < 0.05)
Table 2: Wound epithelialization time of rats, post-wounding
Group A (n/saline) B (1%) C (3%) D (5%)
Day of wound 44.75+3.20° 28.60+0.29% 19.0040.712 32.00+2.04°

epithelialization

Different superscripts in a row indicate significant difference between mean at p < 0.05

Histological findings

By day 14, there were more fibrocytes than
fibroblasts with organized fibrous connective
tissues in group C animals treated with 3%
concentration of hydrogen peroxide as seen in
Figure 1 A. In group B treated with 15 hydrogen
peroxide and group D treated with 5% hydrogen
peroxide there were more fibroblasts and less
fibrocytes. In addition, there were loose and
irregular fibrous connective tissues and marked
infiltration of polymorphonuclear leukocytes in
the two groups as seen in Figure 1 B and D. In
normal saline-treated group (group A), there
were poor fibroblastic activity, more hemorrhagic
lesions and moderate polymorphonuclear

leukocytes (PMNLS).

Figure 1: Photomicrograph of the skin biopsy with
observed changes in the control group showing
marked haemorrhage (black arrow), moderate
infiltration of polymorphonuclear leukocytes (white
arrow), and moderate collagen deposition with few
fibroblasts (blue arrow). H & E, x400

Figure 2: Photomicrograph of the skin biopsy with
observed changes in group B, showing marked
proliferation of fibroblasts (white arrow), fewer
polymorphonuclear  leukocytes  (black  arrow)
macrophages and engorged blood vessels (blue
arrow). H & E, x400

Figure 3: Photomicrograph of the skin biopsy with
observed changes in group C showing intense
fibroblastic activity/fibrosis (F), complete fibrosis of the
affected area, presence of polymorphonuclear
leucocytes (white arrow), few neutrophils on the
surface of the wound and few macrophages were also
observed in the granulation tissue and dermis H & E,
x400
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Figure 4: Photomicrograph of the skin biopsy with
observed changes in group D evident in marked
infiltration of polymorphs (white arrow) on the surface
and deep into the wound, marked fibroblastic activity
and moderate fibrous connective tissue formation. H &
E x400

DISCUSSION

The aim of the study was to find the optimum
strength of H202 for wound dressing with respect
to selected wound healing indices. No physically
observable tissue damage was detected in the
groups treated with normal saline, 1% or 3%
hydrogen peroxide. This indicates that the
undesirable  caustic  action of  higher
concentrations of hydrogen peroxide had been
lost or significantly reduced at the given
concentrations.

The fastest wound contraction which was
observed in 3 % H20: treated group could be
attributed to its efficacy as antimicrobial agent.
Antimicrobial agents kill microbes by interrupting
their cellular respiration [18]. They prevent the
entrance of microbes into the wound site, thereby
ensuring minimal tissue damage around the
wound [19]. Wound contraction and
epithelialization are essential steps in the healing
process of excision wounds. According to Eichler
et al [20], contraction of wound begins
approximately one week after wounding, when
fibroblasts have differentiated into
myofibroblasts. Wound contraction as
documented by Sussman et al [21] peaks at 5 -
15 days post-wounding.

Histologically, certain features are important in
assessment of wound healing. They include

polymorphonuclear leucocyte (PMNLS)
infiltration, presence or absence of
macrophages, fibroblast, tissue re-

epithelialization, neovascularization, and amount

of collagen deposition. Their presence in the
tissues samples was used to determine the
optimum concentration that would enhance
wound healing with little or no side effects.

Histologically, organized fibrous tissues and a
preponderance of fibrocytes were evident by day
14 in the group treated with 3 % H202. This
histological finding indicates that healing was
very fast and was nearing completion in this
group. It suggests that the maturation phase of
fibroblasts had come to completion. According to
Hinz [22], activities of myofibroblasts are
essential for wound healing inasmuch as they
generate contractile force that enhances wound
contraction. The major source of myofibroblasts
are fibrocytes [23]. About 30 - 50 % of
myofibroblast in the wound may be derived from
fibrocyte progenitors.

The haemorrhagic lesions and marked
infiltrations of polymorphonuclear leukocytes
observed in 5 % H202 and normal saline treated
wounds on day 14 post-wounding could be
attributed to the damaging effect of 5 % H202 on
tissue and blood vessel supplying the wound
area. Such damaged tissue microenvironment
retards connective tissues formation and causes
excessive proteolysis that result in a delayed
wound healing [24]. In the normal saline treated
groups, the same condition may have also
weakens the bactericidal effect of normal saline
and resulted in poor wound healing indices. Loss
or attenuation of bacteriostatic or bactericidal
effects in wound microenvironment enhances
tissue damage, and delays fibroplasia and
collagen synthesis [25]; this, therefore, is a
conceivable reason why poor contraction
and delayed epithelialization time were recorded
in the normal saline treated group.

CONCLUSION

The results of this study show that 3 % H20: is
the optimum concentration of hydrogen peroxide
necessary for wound dressing based on the
evidence of enhanced wound healing with no
visible side effects.
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