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ABSTRACT
The purpose of the present study is to verify the effect of testosterone depletion on healing of full thickness surgical skin
wounds in bucks depending on some parameters represented by a clinical follow-up, measurement of testosterone level and
histopathological changes of the wounds. Twenty four adult local bucks weighing (25-30) kg were allocated to this trial.
The bucks were assigned randomly and equally into two groups. The first group served as a control group, second group
(castrated group) which was subjected to bilateral closed castration. Each buck was subjected to two full-thickness
cutaneous wound about 10 cm length on the left lateral thoracic wall, then skin suture with interrupted horizontal pattern
using silk (No.1). The castration group was wounding then sutured as mentioned in first group. Castration and wounding
were performed under the effect of a sedative (xylazine hydrochloride 2%) and local anesthesia (lidocaine hydrochloride
2%). After follow-up, minor and transient secondary health problems were encountered few hours post-wounded. The
animals of control group, had wound infection (two cases) and one cases in castrated group. Following castration there
were swelling of the scrotal area, lameness with difficulty in walking, and hematoma at the operative site. Blood samples
were collected via jugular vein puncture for hormonal assay (testosterone) prior to castration and then on days (3, 7, 14 and
21) post-castration using radioimmunoassay technique. Results reflected significant differences P<0.05 between animals of
the castrated group among all studied periods. The lowest value (0.25 ±0.04 ng/ml) was recorded at 21 days post-
castration. Biopsies 1cm3 were obtain from the wounds edges of both groups on 3, 7, 14 and 21 days post-wounded for
microscopical evaluations (6 wounds/period).  Microscopical finding at three days in control and treatment groups
reflected presence of inflammatory zone. Furthermore, and with advancement of time there were granulation tissue and
angiogenesis. At the end of experiment there were keratin layer, epidermis, dermis, hair follicle in addition to melanocytes.
In conclusion the process of wound healing in castration group revealed better clinical and microscopic appearance in
comparison to the control group and an accelerated rate of wound healing was readily apparent in the testosterone-deficient
animals at day ten.
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INTRODUCTION
Wound healing is a complex process that involves the
activation and synchronization of intercellular and
extracellular processes. It also involves four phases i.e.
coagulatory, inflammatory, proliferative events,
remodeling and maturation (Eming et al., 2014).
Disruptions caused by tissue loss, inadequate blood flow,
and secondary diseases complications can lead to chronic
wounds that are difficult to manage (Martin and
Leibovich, 2005).  A clean, un-infected incision, surgically
apposed with proper suture material produces the least
amount of scar. Incisional wound alters the homeostatic
state of the affected animal and trigger a sequence of
events that constitutes four phases of wound healing
(Braiman-Wiksman et al., 2007; Nawaz and Bentley,
2011). In the acute inflammatory phase, the infiltrating
phagocytes protect the wounded tissue from infection and
remove tissue debris and necrosis (Li et al., 2012). The
proliferative phase is characterized by the formation of
granulation tissue, synthesis and deposition of collagen
fibers and matrix (Midwood et al., 2004). The
remodeling/maturation phase is characterized by
progressive alignment of collagen bundles. Scar

modification during this phase adds further to the
restoration of wound tensile strength. The phases of
wound healing are closely merged one into another
without clear boundaries (Diegelmann and Evans, 2004).
Surgical castration means removal of one testis (unilateral)
or both (bilateral) is the commonest operative procedure
routinely performed on food animals for economic
purposes or for treatment of certain diseases affecting the
testes (Kevin et al., 2015). Testosterone is a steroid
hormone which is produced mainly from the testes (leydig
cells) and in small amount from both adrenal gland and
blood stream. It has both androgenic or masculinizing
properties and anabolic properties (Mirando et al., 2007).
Androgenic effects are presented to some degree in all
anabolic steroids. Androgenic effects include development
of male sex glands, determination of male hair growth
pattern, increased libido, and it’s important in
spermatogenesis (Pelletier, 2013). The aim of the study is
to evaluate the effect of castration on healing of full
thickness cutaneous wounds in bucks based on clinical
follow-up, assay of testosterone level and microscopic
examination.
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MATERIALS & METHODS
1. Experimental animals: Twenty-four apparently
healthy adult bucks were used for the current research
after ascertaining that they were free of any
dermatological lesion. Bucks were aged from (1.5-2) years
and weighing (25-30) kg. All bucks     were maintained
hygienically in animal shed of the Veterinary Medicine,
University of Baghdad from January to May (2017).
2. Experimental design: The bucks were allotted

randomly into two equal groups as follow:
A. First (control) group contains (12) intact bucks, which
were subjected to cutaneous wound only, then wounds
were sutured.
B. Second (castrated) group contains (12) bucks, which
were subjected to bilateral castration then skin wounded
and finally sutured.
Technique of castration
Closed bilateral castration was performed on (12) bucks.
These were done according to the technique used by
Staffored et al. (2000). The castrated animals were left for
21days prior to skin wounding.
Technique of skin wounding
Prior to the operation, the bucks were deprived from food
for 24 hours and water for 12 hours. The operative field
was the left lateral thoracic wall which was prepared for
aseptic surgical incisions. The animals were restrained in
lateral position with the help of Xylazine 2% and
anesthesia was accomplished with a linear sub-cutaneous
infiltration of the intended incisional site with lidocaine
hydrochloride 2%. Under aseptic conditions two linear
equidistant full thickness skin incisions approximately (10
cm) in length were created on the left lateral thoracic wall
(one parallel to another, ten cm apart) (thus the  total
wounds number were 48). Bleeding was arrested by
routine manner. The skin wounds were restricted with
interrupted horizontal mattress patterns with non-
absorbable suture material (silk No. 1). Sterile bandages

were fixed above the wound. A combination of systemic
antibiotic containing penicillin and streptomycin was
given IM, in a dose rate of 10.000 IU and 5mg/kg
respectively for four consecutive days.

Parameters of the study
A. Clinical examination
Follow-up information was recorded from the day of

surgical operation up to day 30 post-surgery to record any
complications which may occur.
B. Testosterone measurement (ng/ml)
Blood samples were collected by jugular vein puncture
from the castrated groups on 3, 7, 14 and 21 days post-
castration. Then all sera were removed by centrifuging the
blood samples at 3000 rpm for five minute and stored at -
20C° until assayed. The serum testosterone level was
determined by Enzyme-linked immuno- immunosorbent
assay (ELISA) according to method mentioned by
Rachmawati et al., (2013).
C. Microscopical examination
For this purpose, skin biopsies (1cm3) were taken. The
biopsies were collected from the wound areas (samples
containing dermis and epidermis) of each experimental
animal on days (3, 7, 14 and 21) (6 wounds/period) with
standard surgical procedure. Sections (5-6) micron were
prepared perpendicular to the original incision and  were
stained with hematoxylin and eosin (H & E) and Masson’s
trichrom stains then mounted with cover slip and
examined under light microscope (Bancroft et al., 2013)
Statistical analysis
This was done by using Statistical Package for the Social
Sciences (SPSS). In this study, all data were presented as
Mean± SE. One way Analysis of Variance (ANOVA) was
performed. In addition least significant differences (LSD)
were used. The significance level was adopted at (P<0.05)
(SAS, 2004).

FIGURE 1. Shows the final appearance of the two skin wounds on the left lateral thoracic wall

RESULTS
1. Clinical observation of the cutaneous wounds
All bucks were followed-up clinically during the studied
period to record any abnormalities. Thus there were
certain secondary health problems encountered in both
groups included two wound infections (abscess) were
noticed in control group and one in castrated group. There
were purulent discharge and dehiscence (opening of some
skin stitches) in 5th and 7th days post-surgery. These

abscesses were diminished completely after five days
treatment in both groups. The wounds in the control group
were slower and demanded about 2 weeks for complete
healing. While in castrated group wound had a perfect
wound edges approximation with completely healing in
(8-10) days.
2. Complications post-castration:
In castrated group, some secondary complications were
evacuated; these were illustrated in table (1).
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TABLE 1. The post-surgical complications happened in castrated bucks
Complication type numbers of affected animals Response to treatment
Scrotal swelling 12 +
Hematoma 2 +
Lameness 4 +
Wound infection 1 +

Scrotal swellings were evident in all castrated bucks
shortly after recovery from operation. It reached its peak at
2-3 days post-surgery This phenomenon was receded
spontaneously on the 4th days gradually and completely
diminished at 6th day post-surgery. Hematomas were seen
in two bucks as clotted blood accumulated in the scrotum
at the 3th day post-surgery. They removed by gentile
pressure and the bucks retained to its normal condition.
Lameness, is a common complication following castration.
It took place in four bucks soon after recovery from
analgesia. It treated with pain suppuration (metalgin) in a
dose of 5 mg/kg IM for three days, in addition to the
antibiotics (both drugs used for all experimental animals
as a post-operative care). Wound infection, showed in one

bucks of castrated group in 5th day post-surgery. The
wound was treated as mention in treatment of wound
infection in control group. All previously mentioned
complications were minor, transient and respond to the
treatment. In addition all bucks survived till the end of the
study.
3. Serum testosterone concentration:
The value of testosterone concentration prior to castration
was (5.27 ±0.48 ng/ml). In contrast the values were
significantly differed P≤ 0·05 among animals related to
castrated group. It dropped sharply with the advancement
of experimental period and reached to its lowest value
(0.25 ±0.04 ng/ml) at the end of experiment (21 days)
post-castration (table- 2).

TABLE 2. Mean values of serum testosterone concentration (ng/ml) in castrated group at different studied periods.

Zero time= prior to castration.
Different capital letters denote differences P≤ 0·05 among periods in castrated groups.

4. Microscopical findings
A. Three days:
In control group and at this time there were inflammatory
zone contain inflammatory cells mainly neutrophils and
macrophage in addition to the dermis, thick fibrin deposit,
degenerated collagen bundles and hair follicle (Fig. 2). In
castrated group at the same period, section reflected
epithelium of epidermis, dermis, dermal papillae, fibrin
clot, degenerated collagen bundles which stained green
with special stain (Masson trichrom stain) in addition to
hemorrhage (Fig. 3).
B. Seven days:
In control group, section revealed fibrin clot, inflammatory
zone, granulation tissue beside blood vessels (Fig. 4). In
castrated group, section stained with Masson trichrom
stain, there were keratin layer, epithelium and mature
collagen bundles which took the green color and hair
follicles (Fig. 5).

C. Fourteen days: In control group and at this moment,
section stain with H&E reflected the presence of
epithelium covered by keratin layer in addition to
organized granulation tissue (Fig. 6). In castrated group,
section stained with Masson trichrom stain revealed
keratin layer, epithelium, dermal bud, dermal papilla and
collagen bundle which stained in (green color) (Fig. 7).
D. Twenty-one days:
In control group, the main findings at this time were the
presence of keratin layer, epithelium, organized
granulation tissue, hair follicle and sebaceous gland (Fig.
8). In castrated group, there were thin layer of keratin,
epithelium, mature granulation tissue of the dermis and
blood vessels (Fig. 9). On Masson trichrom stain, there
were thick keratin layer, epithelium, mature granulation
tissue of dermis and blood vessels (Fig. 10).

Times (days)
Zero 3

M ±SE
7
M ±SE

14
M ±SE

21
M ±SE

LSD

5.27 ±0.48
A

0.98 ±0.033
B

0.70 ±0.05
BC

0.45 ±0.02
CD

0.25 ± 0.04
D

0.35
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FIGURE 2. Histopathological changes of skin on 3 days control
group shows, inflammatory zone (Iz) dermis (Dr), degenerated
collagen bundles (Dc), and hair follicle (Hf) (H&E.,10X).

FIGURE 3. Histopathological changes of skin on 3 days
castration group shows, epithelium of epidermis  (Ep), Dermis (D),
Dermal papillae (Dp), fibrin clot (Fc), degenerated collagen
bundles (Dc), hemorrhage (H) (Masson trichrom stain 40X).

FIGURE 4. Histopathological changes of skin on 7 days control
group shows, fibrin clot (Fc), inflammatory zone (black arrow),
granulation tissue (G) and fibroblasts (Red arrows) (H&E., 40X).

FIGURE 5. Histopathological changes of skin on 7
days castration group shows, keratin layer (K),
Epithelium (Ep) and mature collagen bundles (Mc) and
hair follicles (Hf).  (Masson trichrom stain, 20X).

FIGURE 6: Histopathological changes of skin on 14 days control
group shows, epithelium (E) covered by keratin layer (arrow) and
organized granulation tissue (Og) (H&E., 10X).

FIGURE 7. Histopathological changes of skin on 14 days
castration group shows, keratin layer (K), epithelium (E), dermal
bud (db), dermal papilla (dp) and collagen bundles (Cb) (Masson
trichrome, 40X).
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FIGURE 8.Histopathological changes of skin on 21 days control
group shows, keratin layer (K), epithelium (E), organized
granulation tissue (Og) hair follicle (Hf) and sebaceous gland (Sg)
(H&E., 20X).

FIGURE 9. Histopathological changes of skin on 21 days
castration group shows, keratin layer (K), epithelium (E),
capillaries (c) collagen fibers (Cf) and melanocytes (arrows)
(H&E., 40X).

FIGURE10. Histopathological changes of skin on 21 days castration group shows, thick keratin layer (K), epidermis (Ep), mature
granulation tissue of dermis (Dr), blood vessels (arrow)  (Masson trichrom stain, 40X).

DISCUSSION
1. Clinical observation: There were certain minor non-
specific secondary health problems encountered in both
groups, these include:
A. Wound infection: Three localized and superficial
wounds infection were happened in both groups. Two
were seen in control group and one in castrated group.
This is a common complication with most surgical
operations including castration and may become clinically
evident as early as a few days post-operatively. We can
ascribe this problem to bacterial infection. Similar finding
was recorded by Al-Asadi and Al-Kadi (2008) in bucks. In
an experimental study, Eugster et al. (2004) has been
described wound infection as a complication of 0.8% to
18.1% of small animal surgical procedures with significant
variation associated with surgery type.
Baba et al. (2012) referred that inadequate drainage,
contamination; excessive swelling and poor surgical
technique increase the occurrence of postoperative wound
infection. Adin (2011) indicated that a sepsis represented
by proper preparation of the scrotal and inguinal areas is
essential with different castration techniques because
introducing of infection into the scrotal cavity would result
in severe complications.

B. Scrotal swelling: Scrotal swelling happened in all
bucks from day of castration and reached its peak at 3rd to
4th day then receded gradually and totally disappeared at
6th day. Swelling may be attributed to inflammation
evocated from the techniques used in this experimental
trial. Swelling is one of the cardinal signs of inflammation.
Signs of swelling of the scrotum had been reported in
many previous researches concerning castration (Melches
et al., 2007; Naoman and Taha, 2010).
C. Hematoma: Hematomas were seen in two bucks as
clotted blood accumulated in the scrotum at the 3th day
post-surgery. This may be due to technical error i.e.
improper hemostasis during surgical operation or poor
drainage. It is not serious and treated manually with
success result. Scrotal hematomas were recorded in
previous study concerning castration (Al-Asadi and Al-
Zaidi, 2010).
D. Lameness: Lameness is a common signs following
castration. It happened in four bucks soon after recovery
from analgesia. Lameness was sub-sided in a shorter time
and may be attributed to pain elicited from the operation.
Many procedures can subject animal to such conditions,
castration is one of them. This procedure has a profound
effect on the animal behavior including increased rate of
restlessness and lying time. These signs noticed in some
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castrated bucks in present study. This is in accordance
with the findings of Thorntan and Waterman, (1999) in
lambs; Robertson et al., (2007) in calves.
2. Testosterone assay: All castrated bucks had serum
testosterone concentrations that were significantly
declined P<0.05 than control. This observation may result
from removal of the testes which is considered as the main
source of testosterone production. This outcome was in
accordance with previous study demonstrating the effect
of luteinizing hormone-releasing hormone (LH-RH)
immunization on testicular steroid genesis in bulls (Aissat
et al., 2008).
3. Microscopical finding
Microscopical finding of the wound in current study were
similar to many researches correlated with wound healing
(Lindley et al., 2016; Pereira and Bartolo 2016; Olaifa and
Adeyemi 2017). The control group at three days revealed
zone of inflammatory cells mainly neutrophils infiltration
in the incisional site, this may occur due to fibrin clot and
platelet factor that attract the inflammatory cells and this
idea was in agreement with (Kim et al., 2008) who
demonstrated that fibrin clot helps in leukocytes migration
as well as platelets adhere to it and secrete factors.
The lesions at three days post-incision in castrated animals
characterized by regeneration of epithelial cells with
polymorph-nuclear cells  infiltration, these lesions may
indicated beginning of cellular phase of  wound healing
which involves several types of cells working together to
mount an inflammatory response, synthesize granulation
tissue, and restore the epithelial layer. The presence  of
macrophage in the lesion at day three in the current study
may indicated that the healing process in this group was
faster than those in control group due to  the fact that
macrophages play essential role in regeneration and repair
process and this idea was in agreement with observation of
certain authors (Gilliver et al., 2007; Gundra et al., 2014),
who showed that one of the macrophage's roles is to
phagocytize bacteria and damaged tissue and they also
debride damaged tissue by releasing proteases .and has a
role in regeneration and are essential for wound healing.
The microscopical of control group at seven days post-
wounding, revealed immature granulation tissue such
result may indicated that the healing process reached to
early proliferative phase which is characterized  by
angiogenesis, collagen deposition produce by fibroblasts
which grow and form a new (ECM) by excreting collagen
and fibronectin, this results come in line with Pastar et al.
(2014).
In castrated group at the same period, we recorded mature
granulation tissue regeneration in addition to keratin layer,
these stage may be indicated the late stage of proliferative
phase, this evidence was supported by Singer and Clark
(1999) who demonstrated that the process of wound
healing is divided into two major phases: the early phase
and the cellular phase: The early phase, which begins
immediately following skin injury, involves cascading
molecular and cellular events leading to hemostasis and
formation of an early ECM that provides structural staging
for cellular attachment and subsequent cellular
proliferation. The cellular phase involves several types of
cells working together to mount an inflammatory

response, synthesize granulation tissue, and restore the
epithelial layer.
At day 14 post incision, the control group showed
completed epithelization with granulation tissue that
characterized by collagen fibers deposition, and less
angiogenesis this result may be indicated that the healing
process reached late proliferative stage. The proliferative
phase in the present study was noticed in castrated group
at day 7 and at day 14 post incision in control group, these
results may be attributed to the influence of testosterone
on angiogenic factors, this finding was supported by
Franck-Lissbrant et al. (1998) who found that testosterone
stimulates angiogenesis and vascular re-growth in
castrated animals.
The microscopical picture in castrated group and at 14
days in our study reflected the presence of angiogenesis
with fibroblast this was in agreed with Haase (2003) who
noticed that fibroblasts begin entering the wound site two
to five days after wounding as the inflammatory phase is
ending, and their numbers peak at one to two weeks post-
wounding. Putnins et al. (1999) stated that by the end of
the first week, fibroblasts are the main cells in the wound.
Fibroplasia ends two to four weeks after wounding.
The microscopical pictures of the present study at day 21
post incision showed that the control group expressed
complete healing process but the healing process in the
castrated group was better than those in the control group,
these result  may indicate that the maturation phase is
started early in the castrated group. The complete  healing
of the incision in the castrated group at this time
associated with normal epidermal layer and dermal
appendages such as hair follicles and sweat glands which
was clear in the microscopical sections and similar
findings were noticed by Jahoda, and Reynolds, (2001)
and Miller et al. (1998) in pigs, on another hand, Ashcroft
and Mills (2002) referred that testosterone deficiency
accelerated skin wound healing and the presence of
testosterone may inhibit growth factor and cellular
migration.
During remodeling/maturation phase, type III collagen,
which is prevalent during proliferation, is replaced by type
I collagen (Diegelmann, 2003). The onset of the
maturation phase may vary extensively, depending on the
size of the wound and whether it was initially closed or
left open, ranging from approximately 3 days to 3 weeks
(Finnson et al., 2013; Shiro et al., 2017). The maturation
phase can last for a year or longer, similarly depending on
wound type. As the phase progresses, the tensile strength
of the wound increases (Jimi et al., 2017).
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