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A B S T R A C T

The aim of the study was to investigate the time-course of serum and wound fluids interleukin (IL)-6 and IL-8
levels in dogs with cutaneous wounds and their relationship with some haematologic parameters. The ex-
perimental group comprised of six adult dogs that underwent surgery with wounds (n= 6) on the mid lateral
aspect of the right antebrachium; and control group of six, apparently, healthy intact (free from cutaneous
wounds) adult dogs, comprising equal number of both sexes. Vital signs evaluated were within normal limits.
Samples of blood, serum and wound fluids harvested pre- and at 12 h, 36 h, 60 h, 156 h and 324 h post-injury,
were utilised for IL-6 and IL-8 assay and haematology. Peak concentrations of IL-6 in wound fluid
(1.33. ± 0.33 ng/mL) and serum (0.82 ± 0.24 ng/mL) of the experimental group at 12 h post-operation
were higher (P < 0.01) than the control (0.30 ± 0.05 ng/mL). Concentrations of IL-8 at 12 h and 60 h in
wound fluid (0.21 ± 0.05 ng/mL and 0.22 ± 0.11 ng/mL) respectively were lower (P < 0.05) than serum
(0.71 ± 0.21 ng/mL and 0.73 ± 0.24 ng/mL) respectively in the experimental group and corresponding
values recorded in controls (0.34 ± 0.09 ng/mL and 0.36 ± 0.14 ng/mL). The haematological and bio-
chemical parameters exhibited minimum fluctuations, but values were within normal ranges. Significant
correlations were obtained between serum and wound fluid IL-6 (r= 0.827, P < 0.05); wound fluid IL-6 and
monocyte count (r = 0.818, P < 0.04); wound fluid IL-6 and haematocrit (r =−0.894, P < 0.05). There
was a positive correlation between serum IL-8 and serum IL-6 (r= 0.622, P > 0.05) and serum IL-8 and
wound fluid IL-8 (r = 0.718, P > 0.05) in the experimental group. In conclusion, IL-6 and IL-8 exerted
modulated inflammatory processes following cutaneous wounds in dogs. Further studies are required to in-
vestigate the expression patterns of IL-6 and IL-8 in cutaneous wounds in order to improve the quality of
management of cutaneous wounds.

1. Introduction

Interleukins (IL)-6 are members of the low-molecular-weight cyto-
kine proteins (5–20 kDa) encoded by the IL-6 genes and involved in cell
signalling, regulating lymphocyte function [1–3]. IL-8 are members of
the chemokine family, also known as CXCL8 encoded by the IL-8 gene
and are involved in acute phase response induced by chemotaxis in
target cells. The granulocytes primarily neutrophils, are mobilized to
the site of injury by these cytokines [4–7]. They are produced by
macrophages, epithelial cells, airway smooth muscle cells, endothelial

cells and other cell types [4,5]. They mediate the physiologic responses
to injury and infection by binding to specific receptors enabling com-
munication, differentiation, proliferation and other activity of the im-
mune cells. This triggers inflammatory migration of the cells to the sites
of injury and infection, thereby enhancing wound healing [1,2].
Wounds are inescapable events in life following physical, chemical,
thermal, microbial or immunological insult to body tissues, resulting in
disruptions, breakage and loss of cellular and anatomic or functional
continuity of living tissues or organs [8,9]. Wounds may extend into
subcutaneous tissues inflicting injury to tendons, muscles, vessels,
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nerves, parenchymal organs and even bones [8,9].
Interleukin (IL)-6 activates its cell-surface type cytokine receptor

from a complex, consisting of the ligand-binding with interleukin-6
receptor (IL-6R) via the IL-6Rα signal chain (cluster of differentiation
126; CD126) and the signal-transducing component, which is the gly-
coprotein 130 (gp-130, also called CD130) [10,11]. The common signal
transducer for several cytokines is CD130, as it is almost ubiquitously
expressed in most tissues [12]. The complexes bring together the in-
tracellular regions of CD130 to initiate a signal transduction cascade
through certain transcription factors, Janus kinases (JAKs) and signal
transducers and activators of transcription (STATs) [10,11]. The IL-8 is
also secreted by cells with toll-like receptors such as macrophages,
which are the first cells to release IL-8 to recruit other cells [13]. Nu-
merous receptors are capable of binding IL-8 on surface membranes
with the most frequently studied types being the G protein-coupled
serpentine receptors CXCR1 and CXCR2. The serpentine receptors af-
finity of CXCR1 for IL-8 that are greater than those of CXCR2 [13]. IL-8
expression is regulated by a transcription factor; NF-κB (nuclear factor
kappa-light-chain-enhancer of activated B cells), which represents a
novel anti-IL-8 therapy for use in inflammatory diseases [14].

Although the roles of IL-6 and IL-8 have been established to some
extent in immune and inflammatory diseases, there is paucity of in-
formation on the role of these cytokines in normal physiological pro-
cesses, such as cutaneous wound healing. Cutaneous injuries are among
the most frequent reasons dogs are presented to veterinary clinics often
due to accidents associated with their common hunting habits and re-
cently, increased use as guard dogs and pets in the urban areas [15–18].
Therefore, there is the need to explore the potential of IL-6 and IL-8
levels in dogs, which may provide new insights into the biochemical
factors involved in the regulation of wound healing.

The aim of the study was to determine the wound fluid and serum
IL-6 and IL-8 levels post-injury and the associated fluctuations in leu-
cocyte counts, erythrocyte and serum biochemical parameters in dogs
with cutaneous wounds.

2. Material and methods

2.1. Animal model

After obtaining ethical approval from the Ahmadu Bello University
Committee on Animal Use and Care with reference number ABUCAUC/
2016/026, twelve (12) apparently healthy dogs commonly called the
Nigerian indigenous dogs (NIDs) (age: 9–13months old, Live weight:
8–12 kg) were enrolled for this study. The dogs were housed and
maintained throughout the period of the research in standard dog cu-
bicles in the Small Animal Clinic of the Ahmadu Bello University
Veterinary Teaching Hospital which had been cleaned and disinfected
prior to the arrival of the dogs. The dogs were provided with adequate
amount of nutritive food in clean bowls and water also supplied ad
libitum.

2.2. Study design and collection of samples

The dogs were apparently healthy as demonstrated clinically by
their normal vital parameters (rectal temperature, pulse rate, re-
spiratory rate) as presented in Table 1 and cooperation with no beha-
vioural changes observed after successful screening, acclimatization
and conditioning [19]. They were assigned into two groups of six dogs
each: experimental group and control group, with a male to female
ratio of 1:1. Pre-surgical considerations included aseptic surgical pre-
parations of patients and anaesthesia were achieved by intravenous
(cephalic veins) administration of pre-anaesthetics; atropine sulphate
(Atropine® – Shanxi Shuguang Pharmaceutical Co., Ltd, Qixian, China)
at 0.05mg/kg, pentazocine (Pentalab® – Laborate Pharmaceuticals Ltd,
India) at 1mg/kg and midazolam (Roche Pharmaceuticals, Switzer-
land) at 0.25mg/kg, while the anaesthetic agent was thiopental sodium
1 g (Pauco Pharmaceuticals, Nigeria) at 12mg/kg. Cutaneous excisions
(4 cm2) were then created on the mid-lateral aspect of the fully draped
right antebrachium of the dogs. Post-anaesthesia, the dogs were mon-
itored until recovery.

Blood sample (5mL) was collected from each dog via cephalic ve-
nipuncture at 12 h, 36 h, 60 h, 156 h and 324 h post-operation. Three
milliliters (3 mL) of blood was dispensed into plain (for harvesting of

Table 1
Vital parameters (rectal temperature, pulse rates and respiratory rates) of the study dogs.

Parameter Experimental group Control group

Males+ Females (n= 6) Males (n=3) Females (n= 3) Males+ Females (n= 6) Males (n= 3) Females (n=3)

Rectal temperature (°C) 38.05 ± 0.05 38.05 ± 0.04 38.04 ± 0.04 38.02 ± 0.02 38.01 ± 0.03 38.03 ± 0.06
(37.95–38.21) (37.95–38.22) (37.94–38.22) (37.96–38.05) (37.93–38.03) (37.89–38.08)

Pulse rate (beats/minute) 72.11 ± 0.64 72.16 ± 0.51 72.05 ± 0.45 72.13 ± 0.27 71.89 ± 0.85 72.37 ± 0.75
(70.43–74.72) (70.76–75.14) (70.00–74.29) (70.86–72.53) (70.86–72.57) (70.86–73.05)

Respiratory rate (cycles/minute) 23.23 ± 0.176 23.06 ± 0.31 23.40 ± 0.35 22.47 ± 0.07 22.56 ± 0.44 22.37 ± 0.38
(22.71–23.76) (22.66–23.52) (22.76–24.00) (22.29–22.72) (22.38–23.05) (22.19–22.57)

Mean=mean ± SEM; n= total number of individual in a group.

Table 2
Interleukin-6 levels (ng/mL) in dogs of non-specific sex with cutaneous wounds
(n= 6).

Time (h) Exp. WF. Response
(ng/mL)
(n= 6)

Exp. Serum
response (ng/mL)
(n=6)

Cont. Serum
response (ng/mL)
(n= 6)

Pre-operative
(Start)

– 0.29 ± 0.04 0.28 ± 0.05

– (0.21–0.49) (0.18–0.49)

Post-operative
12 1.33. ± 0.33a 0.82 ± 0.24a 0.30 ± 0.05b

(0.52–2.74) (0.41–1.84) (0.19–0.54)

36 0.51 ± 0.26 0.46 ± 0.04 0.29 ± 0.10
(0.14–1.77) (0.37–0.65) (0.10–0.70)

60 0.18 ± 0.02 0.47 ± 0.18 0.17 ± 0.05
(0.12–0.22) (0.23–1.38) (0.06–0.35)

156 0.14 ± 0.02a 0.79 ± 0.32b 0.16 ± 0.03a

(0.10–0.20) (0.24–2.24) (0.10–0.26)

324 – 0.17 ± 0.03 0.21 ± 0.03
– (0.10–0.29) (0.10–0.28)

*Mean ± SEM 0.54 ± 0.18 0.50 ± 0.16 0.24 ± 0.04

a,b =Mean (Mean ± Standard Error of Mean) with different superscript
letters are significantly (P < 0.05) different. All assays and analyses were made
in duplicates. Values in parenthesis are the ranges (minimum–maximum) from
the values. Exp.= Experimental, WF.=wound fluids, Cont.= control, ng/
mL=nano-gram per millilitre, n= total number of individuals in a group and
(*)=Overall mean values.
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serum) and 2mL into sodium ethylenediamintetraacetate-containing
(for blood cell counts) sample bottles. Wound fluids were also collected
at 12 h, 36 h, 60 h and 156 h. post-operation by the wound washouts
method [20]. The serum harvested from blood sample and wound fluid
collected was stored at – 20 °C until used for serology including IL-6 and
IL-8 determination.

2.3. Enzyme-linked immunosorbent assay

Enzyme Linked Immunosorbent Assay Kits used were Interleukin
(IL)-6 Canine ELISA kit (ab193686, Lot: GR252142) and Interleukin
(IL)-8 Canine ELISA kit (ab155465, Lot: GR252140) supplied by Abcam
Ltd, United Kingdom. The assays were carried out in duplicate in strict
adherence to the manufacturer’s protocols and the absorbances at
450 nm were determined spectrophotometrically using Thermo
Multiskan Ascent Photometer (Thermo Scientific, USA).

2.4. Haematology and serum biochemical tests

Haemogram of anticoagulated whole blood was obtained using the
automated haematologic analyser (Mindray® BC-3600, Shenzhen,
China). Serum was obtained from whole blood stored at room tem-
perature without anticoagulant for 1 h and centrifuged at 4500g for
15min. using automated centrifuge (BHG Hermle Z364, Gosheim,
Germany). The Serum samples were analysed for creatinine, urea, total
protein, albumin, glucose, Na+, K+, Cl−, Ca2+, P, HCO3

− by enzyme
immunoassay method and read using digital ultraviolet spectro-
photometer (Digital System S. R. L, Italy) at 450 nm [21–25].

2.5. Statistical analysis

The numerical data were expressed as means and standard error of
the means (means ± SEM). The statistical analysis was performed
using Graphpad prism Version 5.03 (San Diego, California, USA) for
windows. Data were subjected to analysis of variance (ANOVA) fol-
lowed by Tukey’s multiple comparison test. Values of P < 0.05 were
considered significant [26,27].

3. Results and discussion

3.1. Overview

Measureable levels of IL-6 and IL-8 protein was detected in all
samples of both the experimental and control group similar to the ob-
servations in exotic dogs such as German Shepherds, French Bulldog,
Dachshund, Pugs, Doberman and Beagles [28–31]. Tables 2–5 indicate
the respective levels of IL-6 and IL-8 proteins irrespective of sex and in
male and female injured and intact group of dogs as determined by the
Enzyme-linked immunosorbent assay. The difference in the values of IL-

Table 3
Interleukin-6 levels (ng/mL) in Male and Female dogs with cutaneous wounds (n=3).

Time (h) Experimental Group (Wound Fluids) Experimental Group (Serum) Control Group (Serum)

Males (n=3) Females (n= 3) Males (n= 3) Females (n= 3) Males (n= 3) Females (n=3)

Pre-operative (Start) – – 0.22 ± 0.01 0.35 ± 0.08 0.33 ± 0.08 0.22 ± 0.02
– – (0.21–0.25) (0.24–0.49) (0.22–0.49) (0.18–0.25)

Post-operative
12 1.26 ± 0.37a 1.40 ± 0.67a 1.01 ± 0.43a 0.63 ± 0.20a,b 0.36 ± 0.09b,c 0.23 ± 0.04c

(0.52–1.71) (0.86–2.74) (0.41–1.84) (0.47–1.04) (0.25–0.54) (0.19–0.30)

36 0.19 ± 0.03 0.84 ± 0.49 0.44 ± 0.04 0.49 ± 0.08 0.13 ± 0.03 0.44 ± 0.16
(0.14–0.24) (0.13–1.77) (0.37–0.49) (0.38–0.65) (0.10–0.18) (0.14–0.70)

60 0.21 ± 0.01 0.15 ± 0.02 0.64 ± 0.37 0.29 ± 0.02 0.18 ± 0.08 0.26 ± 0.06
(0.18–0.22) (0.12–0.18) (0.23–1.38) (0.26–0.34) (0.10–0.09) (0.16–0.35)

156 0.11 ± 0.01a 0.18 ± 0.02a 0.96 ± 0.64b 0.61 ± 0.23b 0.10 ± 0.01a 0.22 ± 0.02a

(0.10–0.13) (0.15–0.20) (0.24–2.24) (0.37–1.08) (0.09–0.12) (0.20–0.26)

324 – – 0.14 ± 0.04 0.20 ± 0.05 0.19 ± 0.05 0.23 ± 0.03
– – (0.10–0.21) (0.12–0.29) (0.10–0.28) (0.19–0.27)

*Mean ± SEM 0.44 ± 0.16 0.64 ± 0.41 0.57 ± 0.31 0.43 ± 0.16 0.20 ± 0.05 0.27 ± 0.04

a,b,c =Mean (Mean ± Standard Error of Mean) with different superscript letters are significantly (P < 0.05) different. All assays and analyses were made in
duplicates. Values in parenthesis are the ranges (minimum–maximum) from the values. ng/mL=nano-gram per millilitre, n= total number of individuals in a group
and (*)=Overrall mean values.

Table 4
Interleukin-8 levels (ng/mL) in dogs of non-specific sex with cutaneous wounds
(n= 6).

Time (h) Exp. WF. Response
(ng/mL)
(n= 6)

Exp. Serum
response (ng/mL)
(n=6)

Cont. Serum
response (ng/mL)
(n= 6)

Pre-operative (Start) – 0.35 ± 0.10 0.35 ± 0.10
(0.12–0.70) (0.12–0.71)

Post-operative
12 0.21 ± 0.05a 0.71 ± 0.21b 0.34 ± 0.09a,b

(0.06–0.36) (0.04–1.41) (0.11–0.73)

36 0.13 ± 0.02 0.47 ± 0.17 0.30 ± 0.10
(0.06–0.23) (0.10–1.06) (0.03–0.59)

60 0.22 ± 0.11a 0.73 ± 0.24b 0.36 ± 0.14a,b

(0.09–0.74) (0.08–1.45) (0.07–0.86)

156 0.25 ± 0.08 0.46 ± 0.14 0.38 ± 0.16
(0.07–0.54) (0.12–1.02) (0.05–0.92)

324 – 0.39 ± 0.05 0.22 ± 0.01
(0.26–0.59) (0.21–0.23)

*Mean ± SEM 0.20 ± 0.03 0.52 ± 0.07 0.33 ± 0.02

a,b =Mean (Mean ± Standard Error of Mean) with different superscript
letters are significantly (P < 0.05) different. All assays and analyses were made
in duplicates. Values in parenthesis are the ranges (minimum–maximum) from
the values. Exp.= Experimental, WF.=wound fluids, Cont.= control, ng/
mL=nano-gram per millilitre, n= total number of individuals in group and
(*)=Overrall values.
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6 between the experimental and control group was significant
(P < 0.05) at 12 h, while the difference in wound fluid and experi-
mental serum IL-8 levels were significant (P < 0.05) at both 12 h and
60 h. Figs. 1 and 2 show the plot of IL-6 and IL-8 levels at 12 h irre-
spective of sex, and in males and females, respectively.

The haematology and serum biochemistry had minor fluctuations,
although the values fell within the normal clinical limits [32–35] as
shown in Figs. 3–5 and Tables 6–11, respectively. Fig. 6 indicate the
various significant associations that existed between IL and 6, IL-8 and
haematological parameters.

The urine specific gravity range was 1.015–1.030, while the pH
range was 5–8. The urine pH, specific gravity and negative tests for
ascorbic acid, leucocyte, nitrite, protein, ketone, bilirubin, glucose and
urobilinogen in both groups pre- and post-operation were normal for
healthy dogs [36].

3.2. Result and discussion

As shown in Tables 2 and 3, concentrations of IL-6 in wound fluid
and serum of the experimental group attained its highest level at 12 h
which was significantly different from the levels of the control group.
This could be attributed to the local and systemic manifestation of the
acute phase of inflammatory responses following injury in the experi-
mental group. The higher IL-6 levels in wound fluids compared with
those in the serum of the experimental group within the first 36 h could
be ascribed to its dominating early local production, similar to earlier
reports by Zuhoor et al. [23] stating that, higher levels of IL-6 were
detected at operation site (seromas), compared with those in the serum
in the early hours following breast surgery in humans. The finding
emphasises the importance of early cytokine production from en-
dothelial cells, with subsequent recruitment and activation of

Table 5
Interleukin-8 levels (ng/mL) in Male and Female dogs with cutaneous wounds (n=3).

Time (h) Exp. WF. Response (ng/mL) Exp. Serum response (ng/mL) Cont. Serum response (ng/mL)

Males
(n= 3)

Females
(n= 3)

Males
(n= 3)

Females
(n=3)

Males
(n=3)

Females
(n= 3)

Pre-operative (Start) – – 0.33 ± 0.15 0.38 ± 0.17 0.38 ± 0.18 0.33 ± 0.15
(0.13–0.62) (0.12–0.70) (0.12–0.71) (0.13–0.61)

Post-operative
12 0.17 ± 0.04a 0.25 ± 0.09a,b 0.77 ± 0.33c 0.66 ± 0.32b,c 0.36 ± 0.19a,c 0.31 ± 0.05a,c

(0.08–0.22) (0.06–0.36) (0.33–1.41) (0.04–1.07) (0.11–0.73) (0.22–0.38)

36 0.12 ± 0.03 0.13 ± 0.05 0.52 ± 0.19 0.43 ± 0.31 0.39 ± 0.14 0.21 ± 0.16
(0.10–0.14) (0.06–0.23) (0.20–0.86) (0.10–1.06) (0.11–0.59) (0.03–0.52)

60 0.32 ± 0.21 0.11 ± 0.01 0.83 ± 0.32 0.63 ± 0.42 0.35 ± 0.18 0.36 ± 0.25
(0.09–0.74) (0.09–0.14) (0.21–1.28) (0.08–1.45) (0.08–0.69) (0.07–0.86)

156 0.28 ± 0.13 0.22 ± 0.10 0.56 ± 0.26 0.36 ± 0.13 0.38 ± 0.23 0.39 ± 0.27
(0.12–0.54) (0.07–0.41) (0.12–1.02) (0.13–0.58) (0.15–0.84) (0.05–0.92)

324 – – 0.42 ± 0.09 0.36 ± 0.07 0.22 ± 0.01 0.22 ± 0.01
(0.31–0.59) (0.26–0.51) (0.21–0.23) (0.21–0.23)

*Mean ± SEM 0.22 ± 0.05 0.18 ± 0.03 0.57 ± 0.08 0.47 ± 0.06 0.35 ± 0.03 0.30 ± 0.03

a,b,c =Mean (Mean ± Standard Error of Mean) with different superscript letters are significantly (P < 0.05) different. All assays and analyses were made in
duplicates. Values in parenthesis are the ranges (minimum–maximum) from the values. Exp.= Experimental, WF.=wound fluids, Cont.= control, ng/mL=nano-
gram per millilitre, n= total number of individuals in group and (*)=Overrall values.
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fibroblasts and phagocytic cells, neutrophils, monocytes and macro-
phages [37,38]. Similarly, reports by Kondo and Ohshima [39] and
Gallucci et al. [40] showed the observed induction of IL-6 after
wounding in normal rats, attaining maximal levels between 12 h and

16 h before gradually returning to basal levels after 24 h.
In contrast, a second serum IL-6 spike was observed at 156 h in the

experimental group which correspond with peak phagocytic, lympho-
cytic and fibroblastic activities at the interphase between the in-
flammatory and migratory/proliferative phases of wound healing [41].
The wound fluid IL-6 level at 156 h in the experimental group was
within control group’s limit which is necessary for the regulation of
normal biological processes including metabolism, hematopoiesis, im-
mune regulation and other physiologic functions [15,42,43].

Following cutaneous injury, an increased level of serum IL-8 was
recorded, which peaked at 12 h and 60 h post-injury before normalising
to control limits (Tables 4 and 5). The peaks encompassed the period of
peak activities of the neutrophils and macrophages as well as the early
stages of lymphocytic involvement in injuries, which is usually between
12 h and 72 h [41]. This finding may serve as evidence of IL-8 in-
volvement in chemotaxis in target cells that initiated the inflammatory
processes required for migration, with the accompanying phagocytosis
by neutrophils and granulocytes at the site of injury [42–45].

As shown in Fig. 1, irrespective of sex, IL-6 levels in experimental
dogs were higher (P < 0.05) than in the control dogs. The IL-8 level
was lower in wound fluid and higher in experimental serum in com-
parison with that of the control serum. This finding serves as evidence
that IL-8 is poorly secreted in wound fluids. The IL-6 level in wound
fluid was higher (P < 0.05) than in experimental and control serum,
except that between the experimental female wound fluid and male
serum (P > 0.05) (Fig. 2). The IL-8 level was lower in wound fluid and
higher in experimental serum, compared with the value recorded in
control serum in both male and female dogs (P > 0.05). Although the
trend of IL-8 level in wound fluid was similar to that obtained in the
serum samples of injured dogs, it fell below the control circulatory level
making its assay in serum in conjunction with IL-6 in wound fluid and
serum samples a key parameter in the diagnosis, management and
prognostic assessment of injuries and inflammation [23,46].

The results of this study demonstrate the effect of cytokine release
(IL-6 and IL-8) in injury on white blood cell counts. As shown in
Figs. 3–5, insignificant (P > 0.05) rises in total WBC count was ob-
served in the experimental group following injury compared with those
of the control group. The observed slight increase in the presence of
injury is probably an effect of sufficient immune cell regulation under
the signalling of the local and circulatory cytokines (IL-6 and IL-8),
produced by epithelial cells, endothelial cells and circulatory leuco-
cytes. This may be because the wounds were not extensive enough to
trigger massive recruitment of immune cells into circulation. The higher
values observed in females than in males with less fluctuations in the
males than females for both injured and intact Dogs may be apparently
due to hormonal effects, similar to observations by Ariyibi et al. [44] in
apparently healthy dogs and Takeshi et al. [45] in dogs that underwent
cardiopulmonary by-pass. The immune cells are vital to the regulation
of the wound-healing process through the secretion of signaling mole-
cules, such as cytokines, lymphokines and growth factors [47].

As shown in Tables 6 and 7, the gradual rise in neutrophil counts in
the experimental group 12 h post injury compared with those in the
control group was similar to finding reported by Robson et al. [48] that
neutrophils counts rise in injury due to increased production of cyto-
kines such as IL-6, IL-8, TGF-β, complement components such as C3a,
C5a and formylmethionyl peptides by bacteria and platelet products.
Increased need of wound debridement and phagocytosis, which con-
stitute integral component of neutrophil primary function may also
account for the rise [47,49]. Lymphocyte counts rose gradually in dogs
with cutaneous wounds, with significant (P < 0.01) increase at 156 h,
although within the reference limits together with those of the control
group [34,35]. The finding was in agreement with the reports by Park
and Barbul [47] that T-lymphocytes migrate into the wound after in-
flammatory cells and macrophages on the fifth day following injury
during the proliferative phase, and peak at day 7. Significant
(P < 0.05) increase in monocyte count was obtained 12 h post-injury

0.00
2.00
4.00
6.00
8.00

10.00
12.00
14.00
16.00

Pre-op 12 36 60 156 324

To
ta

l W
B

C
 (x

10
9 /L

)

Time (Hours)

Experimental Males (n = 3)

Experimental Females (n = 3)

Fig. 3. Total White Blood Cells Count of the Experimental Group with minimal
fluctuations. Values were increased post operation with higher values in fe-
males than males though both were maintained within normal range limits for
dogs. Mean (Means ± SEM), n= total number of individuals in a group.
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Fig. 4. Total White Blood Cells Count of the Control Group with minimal
fluctuations. All values were maintained within normal range limits for dogs.
Mean (Means ± SEM), n=Total number of individual in a group.
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Fig. 5. Total White Blood Cells Count of the Experimental and Control Groups
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and was maintained up to 36 h and 60 h before declining to values
within control ranges at 60 h and 156 h, respectively for females and
males. This finding collaborated the report by Witte and Barbul [41]
that macrophages migrate into the wound 48–96 h after injury and

become the predominant cell population to participate in the in-
flammatory and debridement processes. The major contribution of the
monocytes to wound healing as they differentiate to macrophages is the
secretion of cytokines and growth factors which control the healing

Table 6
Changes in neutrophil, lymphocyte, monocyte and eosinophil counts in dogs with cutaneous wounds irrespective of sex. (n= 6).

Parameters/Groups Pre-wounding Hours Post-wounding

0 12 36 60 156 324

Neutrophils *(3–12×109/L)
Experimental (n= 6) 6.27 ± 0.54 7.57 ± 0.35 8.08 ± 0.38 8.45 ± 1.43 8.05 ± 1.15 8.75 ± 0.82

(4.59–7.84) (6.37–8.93) (6.91–9.29) (4.55–13.11) (5.19–11.74) (5.67–11.02)

Control (n= 6) 6.94 ± 0.76 7.66 ± 0.46 6.93 ± 0.36 7.25 ± 0.38 7.66 ± 0.46 6.94 ± 0.76
(5.02–9.79) (5.85–9.31) (6.08–8.18) (6.17–8.40) (5.85–9.31) (5.02–9.79)

Lymphocytes *(1–5×109/L)
Experimental (n= 6) 2.40 ± 0.26 2.71 ± 0.16 3.05 ± 0.23 2.41 ± 0.20 3.96 ± 0.20 3.23 ± 0.14

(1.58–3.14) (2.28–3.30) (2.30–3.78) (2.07–3.41) (3.17–4.42) (2.90–3.90)

Control (n= 6) 3.15 ± 0.31 3.23 ± 0.34 2.98 ± 0.30 2.99 ± 0.29 3.45 ± 0.35 3.15 ± 0.31
(2.24–4.18) (2.42–4.51) (1.84–3.70) (1.88–3.70) (2.41–4.51) (2.24–4.18)

Monocytes*(0–1.4× 109/L)
Experimental (n= 6) 0.07 ± 0.03 0.25 ± 0.06 0.22 ± 0.06 0.18 ± 0.05 0.06 ± 0.03 0.08 ± 0.05

(0.00–0.21) (0.00–0.35) (0.00–0.38) (0.00–0.31) (0.00–0.14) (0.00–0.29)

Control (n= 6) 0.05 ± 0.02 0.07 ± 0.02 0.07 ± 0.05 0.08 ± 0.04 0.08 ± 0.03 0.05 ± 0.02
(0.00–0.14) (0.00–0.12) (0.00–0.32) (0.00–0.21) (0.00–0.14) (0.00–0.14)

Eosinophil *(0–1.3× 109/L)
Experimental (n= 6) 0.09 ± 0.03 0.05 ± 0.02 0.08 ± 0.03 0.09 ± 0.05 0.05 ± 0.03 0.04 ± 0.03

(0.00–0.22) (0.00–0.12) (0.00–0.13) (0.00–0.32) (0.00–0.16) (0.00–0.15)

Control (n= 6) 0.18 ± 0.05 0.14 ± 0.04 0.11 ± 0.04 0.13 ± 0.03 0.13 ± 0.03 0.18 ± 0.05
(0.00–0.30) (0.00–0.28) (0.00–0.22) (0.00–0.22) (0.00–0.22) (0.00–0.30)

Reference values are in Parenthesis. All values obtained were within normal range limits for dogs. Mean (Means ± SEM), n=Total number of individual in a group,
(*)=Reference values.

Table 7
Changes in neutrophil, lymphocyte, monocyte and eosinophil counts in dogs with cutaneous wounds.

Parameters/Groups Pre-wounding Hours Post-wounding

0 12 36 60 156 324

Neutrophils *(3–12×109/L)
Experimental Males (n= 3) 6.52 ± 0.84 7.22 ± 0.48 7.47 ± 0.37 7.30 ± 2.26 7.50 ± 2.12 9.21 ± 0.87
Experimental Females (n= 3) 6.01 ± 0.85 7.96 ± 0.51 8.68 ± 0.45 9.61 ± 1.93 8.60 ± 1.35 8.95 ± 1.66
Control Males (n= 3) 7.45 ± 1.20 7.64 ± 1.00 7.29 ± 0.59 7.29 ± 0.59 7.64 ± 1.00 7.45 ± 1.20
Control Females (n= 3) 6.43 ± 1.09 7.68 ± 0.28 5.89 ± 0.25 5.90 ± 0.25 7.68 ± 0.28 6.43 ± 1.09

Lymphocytes *(1–5×109/L)
Experimental Males (n= 3) 2.61 ± 0.38 2.99 ± 0.16 3.21 ± 0.46 2.63 ± 0.40 4.15 ± 0.17 3.31 ± 0.30
Experimental Females (n= 3) 2.18 ± 0.37 2.43 ± 13.00 2.89 ± 0.17 2.60 ± 0.21 3.78 ± 0.36 3.16 ± 0.06
Control Males (n= 3) 3.28 ± 0.46 3.40 ± 0.56 2.63 ± 0.40 2.63 ± 0.40 3.40 ± 0.56 3.28 ± 0.46
Control Females (n= 3) 3.01 ± 0.51 4.09 ± 0.07 2.99 ± 0.58 2.99 ± 0.58 4.09 ± 0.07 3.01 ± 0.51

Monocytes *(0–1.4× 109/L)
Experimental Males (n= 3) 0.03 ± 0.03 0.29 ± 0.05 0.24 ± 0.08 0.28 ± 0.02 0.03 ± 0.03 0.06 ± 0.06
Experimental Females (n= 3) 0.10 ± 0.06 0.22 ± 0.11 0.21 ± 0.11 0.08 ± 0.05 0.08 ± 0.04 0.10 ± 0.09
Control Males (n= 3) 0.05 ± 0.05 0.07 ± 0.03 0.11 ± 0.01 0.12 ± 0.06 0.08 ± 0.04 0.05 ± 0.05
Control Females (n= 3) 0.05 ± 0.03 0.08 ± 0.04 0.03 ± 0.03 0.03 ± 0.03 0.08 ± 0.04 0.05 ± 0.03

Eosinophils *(0–1.3× 109/L)
Experimental Males (n= 3) 0.13 ± 0.05 0.07 ± 0.04 0.12 ± 0.01 0.15 ± 0.09 0.05 ± 0.05 0.05 ± 0.05
Experimental Females (n= 3) 0.04 ± 0.04 0.03 ± 0.03 0.04 ± 0.04 0.03 ± 0.03 0.05 ± 0.05 0.03 ± 0.03
Control Males (n= 3) 0.22 ± 0.07 0.19 ± 0.05 0.14 ± 0.07 0.18 ± 0.04 0.18 ± 0.02 0.22 ± 0.07
Control Females (n= 3) 0.14 ± 0.07 0.08 ± 0.04 0.09 ± 0.05 0.09 ± 0.05 0.08 ± 0.04 0.14 ± 0.07

Reference values are in Parenthesis. All values obtained were within normal range limits for dogs. Mean (Means ± SEM), n=Total number of individual in a group,
(*)=Reference values.
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Table 8
Changes in HCT (PCV), haemoglobin concentration and erythrocyte counts in dogs with cutaneous wounds irrespective of sex. (n= 6).

Parameters/Time (h) Pre-operative Hours Post-operative

0 12 36 60 156 324

HCT *(0.36–0.55)
Experimental (n= 6) 0.367 ± 0.003 0.354 ± 0.007 0.358 ± 0.013 0.368 ± 0.010 0.370 ± 0.005 0.374 ± 0.007

(0.351–0.374) (0.326–0.370) (0.309–0.388) (0.326–0.392) (0.360–0.392) (0.345–0.391)

Control (n= 6) 0.368 ± 0.004 0.364 ± 0.003 0.365 ± 0.003 0.365 ± 0.003 0.365 ± 0.002 0.370 ± 0.003
(0.357–0.380) (0.351–0.375) (0.356–0.376) (0.356–0.376) (0.360–0.373) (0.361–0.380)

HGB *(120–180× g/L)
Experimental (n= 6) 123.50 ± 8.35 123.10 ± 1.28 124.30 ± 3.98 126.90 ± 4.14 119.40 ± 2.62 123.80 ± 4.16

(90.66–154.51) (117.97–126.69) (108.10–135.10) (113.76–142.98) (110.55–128.27) (104.88–131.70)

Control (n= 6) 123.80 ± 1.98 119.30 ± 1.52 132.40 ± 10.09 124.20 ± 1.96 125.70 ± 2.88 124.30 ± 1.70
(117.08–130.90) (115.45–124.59) (117.52–172.60) (115.37–128.20) (115.45–135.70) (118.39–128.85)

RBC *(5.5–8.5× 1012/L)
Experimental (n= 6) 6.19 ± 0.10 5.54 ± 0.37 6.05 ± 0.28 5.96 ± 0.26 6.01 ± 0.13 6.08 ± 0.30

(5.87–6.48) (3.82–6.31) (4.78–6.59) (4.99–6.60) (5.64–6.54) (4.96–6.97)

Control (n= 6) 6.01 ± 0.14 6.20 ± 0.08 6.29 ± 0.07 6.19 ± 0.14 6.53 ± 0.17 6.04 ± 0.15
(5.62–6.35) (5.96–6.46) (6.13–6.58) (5.49–6.43) (6.01–7.10) (5.62–6.54)

Reference values are in Parenthesis. All values obtained are within normal range limits for dogs. Mean (Means ± SEM), n=Total number of individual in a group,
(*)=Reference values.

Table 9
Changes in HCT (PCV), haemoglobin concentration and erythrocyte counts in dogs with cutaneous wounds.

Parameters/Time (h) Pre-operative Hours Post-operative

0 12 36 60 156 324

HCT *(0.36–0.55)
Experimental Males (n= 3) 0.371 ± 0.002 0.356 ± 0.010 0.363 ± 0.017 0.379 ± 0.006 0.376 ± 0.009 0.378 ± 0.007
Experimental Females (n= 3) 0.363 ± 0.006 0.353 ± 0.014 0.353 ± 0.023 0.356 ± 0.019 0.364 ± 0.003 0.369 ± 0.013
Control Males (n= 3) 0.374 ± 0.004 0.369 ± 0.003 0.366 ± 0.006 0.365 ± 0.060 0.366 ± 0.003 0.370 ± 0.002
Control Females (n= 3) 0.362 ± 0.004 0.359 ± 0.004 0.364 ± 0.003 0.366 ± 0.030 0.365 ± 0.004 0.369 ± 0.006

HGB *(120–180× g/L)
Experimental Males (n= 3) 124.80 ± 18.56 121.87 ± 2.56 126.93 ± 5.11 128.43 ± 1.74 124.13 ± 2.60 127.98 ± 3.39
Experimental Females (n= 3) 122.24 ± 1.41 124.29 ± 0.39 121.46 ± 6.76 125.35 ± 8.96 114.71 ± 2.34 119.64 ± 7.58
Control Males (n= 3) 127.04 ± 1.94 119.08 ± 2.80 121.06 ± 1.88 123.32 ± 3.98 123.35 ± 3.99 125.68 ± 1.70
Control Females (n= 3) 120.66 ± 2.36 119.53 ± 1.93 143.81 ± 19.40 124.99 ± 1.62 127.97 ± 4.50 122.89 ± 3.11

RBC *(5.5–8.5× 1012/L)
Experimental Males (n= 3) 5.65 ± 0.12 6.11 ± 0.13 6.32 ± 0.21 6.47 ± 0.08 6.24 ± 0.17 6.59 ± 0.22
Experimental Females (n= 3) 6.27 ± 0.15 5.44 ± 0.81 5.77 ± 0.53 5.45 ± 0.28 5.78 ± 0.08 5.56 ± 0.36
Control Males (n= 3) 6.11 ± 0.19 6.17 ± 0.10 6.35 ± 0.13 6.05 ± 0.29 6.40 ± 0.28 6.05 ± 0.22
Control Females (n= 3) 5.91 ± 0.22 6.23 ± 0.15 6.22 ± 0.05 6.32 ± 0.07 6.66 ± 0.22 6.02 ± 0.26

Reference values are in Parenthesis. All values obtained are within normal range limits for dogs. Mean (Means ± SEM), n=Total number of individual in a group,
(*)=Reference values.

Table 10
Changes in serum biochemical parameters in dogs with cutaneous wounds irrespective of sex.

Parameters Pre-operative (n= 6) Post-operative (n= 6) Control (n= 6) Reference range

Urea (mg/dL) 13.82 ± 1.75 15.53 ± 2.48 13.73 ± 0.78 6–25
Creatinine (mg/dL) 1.27 ± 0.122 1.17 ± 0.07 1.26 ± 0.11 0.5–1.6
Glucose (mg/dL) 78.67 ± 1.98a,c 95.67 ± 4.26b 78.83 ± 1.91c 70–138
Total protein (g/dL) 7.32 ± 0.26 7.50 ± 0.38 7.37 ± 0.30 5.0–7.4
Albumin (g/L) 2.57 ± 0.08 2.60 ± 0.09 2.55 ± 0.09 2.3–3.1
Na+(mmol/L) 140.50 ± 1.59 137.00 ± 3.08 144.20 ± 2.15 139–154
K+(mmol/L) 3.62 ± 0.13 3.92 ± 0.25 3.60 ± 0.13 3.6–5.5
HCO3

−(mmol/L) 19.67 ± 0.42 20.33 ± 1.43 19.67 ± 0.84 18–25
Cl− (mmol/L) 112.30 ± 2.93 106.30 ± 3.52 113.50 ± 3.21 102–120
Ca2+ (mmol/L) 2.40 ± 0.07 2.45 ± 0.04 2.40 ± 0.15 2.2–3.0
PO4

3− (mmol/L) 1.35 ± 0.15 1.48 ± 0.15 1.57 ± 0.19 0.81–2.42

a,b,c =Mean (Mean ± Standard Error of Mean) with different superscript letters are significantly (P < 0.05) different. Values are Mean ± SEM, Mean values of
parameters in rows for males and females separately did not differ significantly (p≥ 0.05), Values were observed to be within normal limits with a slight increases
post operation. Na+; Sodium ion, K+; Potassium ion, HCO3

−; Hydrogen bicarbonate, Cl−; Chloride ion and Ca2+; Calcium ion, PO4
3−; Phosphate. Reference range

[32,33,35]. n=Total number of individual in a group.
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process [15,50,51]. Eosinophil counts remained within reference
ranges, with minimal fluctuations occurring during the period of ex-
periment apparently due to cytokines balancing effect in cell recruit-
ment.

Tables 8 and 9 demonstrated the erythrocyte response to injury with
obvious drop in haematocrit, haemoglobin concentration and red blood
cell counts 12 h post injury before normalising to values within control
limits at 36 h. This finding could be attributed to surgical stress and
losses associated with extravasation of blood and fluids due to increased
vascular permeability resulting from the vasodilatory effects exerted by
vasoactive amines released by platelets into the circulation [52,53].
The finding is similar to those by Simon and Ali [51] and Coutin et al.
[54], who showed that trauma associated with surgery creates a unique
extravascular environment with increased capillary permeability in
dogs. The mean erythrocyte parameters were largely higher in males
than females. In this study, the values for the parameters obtained were
consistent with the report by Olayemi et al. [17], for apparently
healthy, dogs Nigerian indigenous dogs, but lower than values earlier
reported for clinically-healthy tropical dogs [32,44,55], although dif-
ferences in the values between the groups were insignificant.

Serum biochemical parameters are of significance as sensitive
changes in health status of an individual can be picked up very early,
reflected as alterations in these values [19]. As shown in Tables 10 and
11, all the serum biochemical values were within reference range limits,
although the slight increase (upward shift) in the experimental group
post-operative were insignificant [32,33,35]. As documented by earlier
researchers, the relative increases could be attributed to changes in
feeding habit and nutrition due to surgical stress [32].

Correlations between the IL-6, IL-8 and the haematologic para-
meters showed some significant relationships in the experimental
group. Fig. 6(A–F) demonstrate the correlations between the cytokine
levels and some haematologic parameters in injured dogs irrespective of
sex. Statistically significant (P < 0.05) positive correlations was ob-
tained between serum and wound fluid IL-6 (r= 0.827, P=0.04) in
experimental group, suggesting the suitability of both wound fluid and
serum samples for IL-6 evaluations. The strong negative relationship
between IL and 6 and erythrocyte parameters as shown in Fig. 6B, D
and IL-6 with HCT (r=−0.894, P=0.02) could be ascribed to the
effect of the released IL-6 on haematopoesis in response to losses fol-
lowing surgical trauma and microvascular injuries. As shown in Fig. 6C,
E and F, the positive correlations between wound fluid levels of IL-6

and monocyte count (r= 0.818, P=0.04), serum IL-8 with serum IL-6
(r= 0.622; P=0.19) and wound fluid IL-8 (r= 0.718; P=0.12) re-
spectively suggest their modulatory (up-regulatory and down-reg-
ulatory) effects on the wound healing processes. The observation
showed that IL-6 and IL-8 may be prospective predictive tool of out-
comes of wound healing that would further influence decisions re-
garding adoption of specific management modalities as healing pro-
gresses. This finding was similar to observations reported by earlier
researchers [56–59].

The result of this study showed that wounds influence changes in IL-
6 and IL-8 levels, evidenced by fluctuations in the levels of the cyto-
kines released by leucocytes, epithelial and endothelial cells. The
changes resulted in controlled recruitment and activation of other cells
of the immune system, such as monocytes, dendritic cells, and T-cells,
which provided evidences for the key role the cells play in the reg-
ulation of specific host immune responses [60,61].

It is worthy of note that all the dogs used for the experiment were
humanely handled from transportation, accommodation, feeding and
through the entire study stages. All the dogs survived with complete
closure of the entire wounds surfaces by day 42 and have been fostered
to suitable families.

The limitations of the present study includes: Firstly, we did not
examine IL-6 and IL-8 levels following injury on other frequently pre-
disposed body sites, e.g., the head and neck, back and thigh regions.
Secondly, we did not study these cytokines levels expressed in relation
to the various stages of healing. Therefore, we could not establish the
relationship between changing levels of IL-6 and IL-8 in the individual
stages of wound healing. Thirdly, we did not evaluate for the IL-6 and
IL-8 gene expressed in the Dogs. However, to our knowledge, this is the
first study to evaluate IL-6 and IL-8 levels in cutaneous wounds of these
dogs in Nigeria.

4. Conclusion

The results showed a significant early increase in wound fluid and
serum IL-6 as well as serum IL-8 in dogs with cutaneous wounds,
compared to the serum of non-wounded dogs with modulations of
haematological parameters. It provided evidence that validation and
investigation into the expression patterns and functionality of IL-6 and
IL-8 in cutaneous wounds may be warranted.

Table 11
Changes in serum biochemical parameters in dogs with cutaneous wounds.

Parameters Pre-operative Control Post-operative Reference range

Males (n=3) Females (n= 3) Males (n=3) Females (n= 3) Males (n=3) Females (n= 3)

Urea (mg/dL) 12.43 ± 1.45 15.20 ± 3.36 13.73 ± 0.78 13.87 ± 3.94 13.53 ± 4.01 17.53 ± 3.28 6–25
Creatinine (mg/dL) 1.20 ± 0.21 1.33 ± 0.17 1.20 ± 0.15 1.33 ± 0.17 1.17 ± 0.09 1.17 ± 0.12 0.5–1.6
Glucose (mg/dL) 78.33 ± 1.76 79.00 ± 4.04 79.00 ± 2.00 78.67 ± 3.76 93.00 ± 6.08 98.33 ± 6.84 70–138
Total protein (g/dL) 7.10 ± 0.45 7.53 ± 0.29 7.13 ± 0.55 7.60 ± 0.31 7.13 ± 0.47 7.87 ± 0.59 5.0–7.4
Albumin (g/L) 2.50 ± 0.15 2.63 ± 0.09 2.43 ± 0.13 2.67 ± 0.09 2.50 ± 0.15 2.70 ± 0.10 2.3–3.1
Na+(mmol/L) 142.00 ± 3.06 139.00 ± 1.00 144.70 ± 3.93 143.70 ± 2.73 135.30 ± 6.36 138.70 ± 2.03 139–154
K+(mmol/L) 3.50 ± 0.27 3.73 ± 0.08 3.53 ± 0.23 3.67 ± 0.15 3.67 ± 0.09 4.17 ± 0.50 3.6–5.5
HCO3

−(mmol/L) 19.33 ± 0.67 20.00 ± 0.58 20.00 ± 0.00 19.33 ± 1.86 20.00 ± 2.65 20.67 ± 1.76 18–25
Cl− (mmol/L) 107.70 ± 2.96 117.00 ± 3.51 110.30 ± 5.78 116.70 ± 2.85 101.00 ± 2.52 111.70 ± 5.21 102–120
Ca2+ (mmol/L) 2.37 ± 0.09 2.43 ± 0.12 2.40 ± 0.10 2.40 ± 0.06 2.40 ± 0.06 2.50 ± 0.06 2.2–3.0
PO4

3− (mmol/L) 1.30 ± 0.21 1.40 ± 0.26 1.70 ± 0.29 1.43 ± 0.27 1.43 ± 0.28 1.53 ± 0.19 0.81–2.42

Values are Mean ± SEM, Mean values of parameters in rows for males and females separately did not differ significantly (p≥ 0.05), Values were observed to be
within normal limits with a slight increases post operation. Na+; Sodium ion, K+; Potassium ion, HCO3

−; Hydrogen bicarbonate, Cl−; Chloride ion and Ca2+;
Calcium ion, PO4

3−; Phosphate. Reference range [32,33,35]. n= Total number of individual in a group.
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Fig. 6. Relationship between the levels of IL-6 with some haematologic parameters in the experimental group: (A) Serum IL-6 and wound fluid IL-6; (B) Serum IL-6
and red blood cell counts; (C) Wound fluid IL-6 and Monocyte counts; (D) Wound fluid IL-6 and red blood cell counts; (E) Serum IL-6 and Serum IL-8; (F) Wound fluid
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