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Abstract Macroscopical aspects of second-intention heal-
ing of full-thickness excisional wounds were studied in five
normal male mixed-breed dogs. Test wounds were treated
topically with allicin 0.5% in methyl cellulose gel, and
control wounds were treated with methyl cellulose gel only.
Wound treatment started 24 h after wounding. The wounds
were evaluated over a 4-week period. At days 0, 3,7, 10,
14,17, 21, 24 and 28, digital photographs were taken of all
wounds. Rulers were held vertically and horizontally close
to the wound as a reference. The area of epithelialisation
and granulation tissue were measured for cach wound using
Scion Image software. Percentage wound contraction,
epithelialisation and healing were calculated for cach
wound. Initially, all wound areas increased in size. Afier
the initial enlargement, wound arcas decrcased rapidly in
size between days 7 and 17 in both the test and control
groups. Epithelialisation was first noticed at day 3 in
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control and day 5 in the test wounds. No significant
differences were observed in the percentage of wound
contraction, epithelialisation and healing between the test
and control wounds (P>0.05).
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Introduction

Traumatic wounds in veterinary practice often heal by
second intention because many wounds cannot be
sutured for various reasons. Mareover, dehiscence often
occurs after primary closure (Swaim et al. 2001).
Wound healing by second-intention healing is prone to
complications. Persistently swollen areas and ugly scars
frequently result. Therefore, there is a great demand in
velerinary practice for products that speed up second-
intention wound hcaling, thus improving the final cos-
metic appearance and enhancing the chance for a return to
full normal performance (Swaim et al. 2001). Full-
thickness cutaneous wounds heal by two independent
processes, contraction and epithelialisation. Contraction
reduces the size of a wound by centripetal movement of
dermis and epidermis that border the defect (Lee et al.
1986, 1988; Swaim and Lee 1987; Swaim and Henderson
1990). Epithelialisation is the process by which célls from
the epidermis at a wound’s edge proliferate and migrate to
cover the surface of the cutancous defect (Swaim et al,
2001). Epithelial regeneration begins soon after a wound
is created and continues until it covers the wound’s
granulation bed (Swaim et al. 2001). Wound contraction
is a major component of second-intention wound healing,
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and the stimulus for contraction is granulation tissue
(Swaim et al. 2001). Treatment methods that allow
wounds to heal faster and minimize cosmetic defects
and the production of exuberant granulation tissue are
desired. Many topically applied agents have been used to
treat open wounds, but most products investigated in
domestic animals either do not affect wound healing or
inhibit rather than emhance it (Lee et al. 1986, 1988;
Swaim and Lee 1987; Swaim and Henderson 1990). The
use of topical medications in healing wounds is a
controversial subject (Harari 1993).

Garlic contains many sulphur compounds, several
enzymes, amino acids and minerals such as selenium
{Newall et al. 1996). The pharmacologic activity of garlic
involves a variety of organosulphur compounds. The most
notable of these is allicin, which is responsible for the
characteristic garlic odor (Katzung 2001). Allicin bas
demonstrated effects on several risk factors for atheroscle-
rotic disease—hyperlipidaemia, hypertension and platelet
aggregation (antilipemic, antihypertensive, anti-atheroscle-
rotic and antiplatelet). Garlic is nicknamed Russian peni-
cillin for its widespread use as a topical and systemic
antimicrobial agent (Adetumbi and Lau 1983; Agarwal
1996; Farbman et al. 1993).

Allicin has antimicrobial effects in vitro against many
viruses, bacteria, fungi and parasites (Katzung 2001;
Elnima et al. 1983),

The purpose of this study was to evaluate the wound
contraction and epithelialisation after topical administration
of allicin in full-thickness wounds in dogs.

Materials and methods
Dogs and experimental design

Five male mixed-breed dogs (30+5 kg) were used in the
study. They were approximately 3 years old. The dogs were
housed in kennels, fed a maintenance ration twice daily and
had free access to water. They were given rabies vaccine
and antiparasitic drugs (praziquantel 5 mg/kg and pipera-
zine 100 mg/kg, p.o.). All dogs were also sprayed with
Neguvon and housed for 2 weeks before wounding. A full
clinical examination, complete blood count and blood
serum biochemical analysis (blood urea nitrogen, creati-
nine, alanine aminotransferase, aspartate aminotransferase,
alkaline phosphatase, gamma-glutamyltransferase, choles-
terol and glucose) was carried out. Skin preparation
protocol consisted of hair clipping and povidone iodine
scrubbing, Under general anaesthesia (using acepromazine
0.05 mg/kg, i.m. and ketamine 20 mgkg, i.m.), eight full-
thickness skin wounds (20% 2} mm) were created on the

back of each dog. On days 0, 7, 14 and 21, each dog
received two wounds symmetrically and was assigned to
one of two groups: control (methyl cellulose gel only) or
test (allicin 5 mg/ml in methyl cellulose gel). Bleeding from
the wound bed was controlled by local pressure. The
wounds were covered with a sterile bandage, and the
animal’s back was bandaged with an absorbent layer of
cotton wool and elastic tape. Left-side wounds (test group)
and right-side wounds (control group) were treated topical-
ly with allicin 0.5% (Nopex Company, UK) in methyl
cellulose gel (Kruse Company, Denmark) or methyl
cellulose gel only, respectively. Wound treatment started
at 24 h after wounding. The bandages were changed once
daily.

Wound evaluation

The wounds were evaluated over a 4-week period. At
days 0, 3, 7, 10, 14, 17, 21, 24 and 28, digital photographs
were taken of all wounds after the area had been carefully
shaved to visualize the wound margin. The scab of each
wound was carefully removed for better visualization of the
epithelialisation and granulation tissue area by using saline.
Rulers were held vertically and horizontally close to the
wound as a reference. The area of cpithelialisation and
granulation tissue was measured for each wound using
Scion Image softwarc. Percentage wound contraction,
epithelialisation and healing were calculated for each
wound. The following formulae were used:

—  Wound contraction:

1. Wound size at day (x)™ fwound size at day (0)™ x
100=percentage wound size at day (x) compared to
day (0)

2. Percentage wound size at day (x) compared to
day (0)—100=percentage wound contraction

Wound epithelialisation:

—  Size of epithelialisation area at day (x)m"‘z/size of the
wound at day (x)™” x |00=percentage epithelialisation

—  Wound healing:

1. Granulation tissue at day (x)™™ /size of the wound
at day (0)’“’“Z><100:percenlage non-healed area
compared to the wound size at day (0)

2. Percentage of non-healed area compared to the
wound size at day (0)—100=percentage healing

Statistical analysis was performed using the SPSS 9
program for Windows (SPSS Inc., Chicago, IL, USA). The
means of the groups were compared using Wilcoxon-signed
rank test. Differences were considered statistically signifi-
cant when £<0.05.
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Results

Initially, all wound areas increased in size. After the initial
enlargement, wound areas decreased rapidly in size
between days 7 and 17 in both the test and control groups.
This decrease was due largely to rapid wound contraction
(Fig. 1). No significant differences were observed in the
percentage wound contraction between test and control
wounds (P>0.05).

Epithelialisation was first noticed at day 3 in control
wounds and day 5 in test wounds. At day 24, epithelialisa-
tion covered almost 95% of the wound area in both test and
control wounds (Fig. 2). No significant differences were
observed in the percentage epithelialisation between test
and control wounds (P>0.05). Also, no significant differ-
ences were observed in the percentage wound healing
between test and control wounds after topical administra-
tion of allicin (P>0.05) (Fig. 3).

Discussion

In second-intention wound healing, closure is achieved by
contraction and epithelialisation. In order to assess the
relative contribution of these processes to wound closure,
they should be studied separately in a quantitative manner.
Wound contraction is defined as the centripetal movement
of the original wound margins (Snowden 1981). This
process occurs because of the contraction of myofibroblasts
in granulation tissue. The proportion of a wound that heals
by contraction varies depending on the properties of the
surrounding skin. Wound contraction is greater in areas of
the body with loose skin than in areas where skin is
stretched tightly (Swaim et al. 2001), Sardari et al. (2006)
reported that the density of fibrocytes and fibroblasts in the
centre of first-week wounds was significantly higher after
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Fig. 1 Percentage wound confraction in control and test wounds
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Fig. 2 Percentage wound epithelialisation in control and test wounds

topical administration of allicin, but no significant increase
was observed on the amount of collagen in that study.

In the present study, no significant differences were
observed in wound contraction between test and control
wounds (P>0.05) (Figs. 4 and 5). This finding is in
accordance with a previous report on the effect of allicin
in wound healing (Sardari et al. 2006). Many topically
applied agents have been used to treat open wounds, but
most products investigated in domestic animals either do
not affect wound healing or inhibit rather than enhance it
(Lee et al. 1986, 1988; Swaim and Lee 1987; Swaim and
Henderson 1990). The effect of anti-inflammatory agents is
most pronounced when they are used during the inflamma-
tory stage of healing. The inflammatory process is
necessary for the production of mediators that initiate the
repair stage. Controlling these effects may be beneficial in
wounds with an exaggerated inflammatory response (Harari
1993). Although the initial inflammatory response is
essential for adequate wound healing, chronic inflammation
with persistent involvement of polymorphonuclear leuco-
cytes (PMNs) may lead to cell destruction and an altered
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Fig. 3 Percentage wound healing in control and test wounds
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Fig, 4 Day 14 test wound (a) and control wound (b). No swtistical
differences were found in percentage wound contraction. epitheliali-
sation ot healing

composition of the extracellular matrix, with subsequent
failure of epithelialisation {Cotran et al. 1994; Knottenbelt
1997). The specific role of PMNs has been studied in vivo
(Page and Good 1958; Simpson and Ross 1972), which
showed their primary tole to be the defense against
microorganisms, but PMNGs also atiract mononuclear cells
and account for some phagocytosis of fibrin and debris.
Lysosomal enzymes released by PMNs contribute to debris
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Fig. 5 Day 24 test wound (a) and control wound (b). No statistical
differcnces were found in percentage wound contraction, epitheliali-
sation or healing

‘breakdown {Stashak 1991). Sardari et al. (2006) reported
that the density of inflammatory cells in the centre of
experimental wounds may significanily reduce after topical
administration of allicin. This effect may be related t© anti-
inflammatory effects of allicin. The ability of allicin t©
traverse phospholipid membranes may contribute to its
biological activity {Miron et al. 2000). Some studies have
indicated that allicin exerts an inhibitory immunomodula-
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tory effect on intestinal epithelial cells and have suggested
that allicin may have the potential to attenuate intestinal
inflammation (Lang et al. 2004). The present study showed
no significant differences in epithelialisation between test
and control wounds (P>0.05). Inflammation is essential in
the early phase of wound healing. However, the persistence
of inflammmation leads to inhibition of healing in later
phases (Wilmink ct al. 1999). In the present study, no
significant differences were observed in the percentage of
wound healing between test and control wounds (P>0.05).
In this study, allicin showed no significant effects on wound
contraction and epithelialisation after topical administration
in full-thickness wounds in dogs.
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