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Abstract

This study was conducted to compare the serum level of Cortisol and Interleukin-6 (Stress
Response) on eighteen clinically healthy mongrel male dogs of different ages (1-2 years old)
with body weight ranged between 17-25 kg. Dogs were classified into two main groups open
cholecystectomy and laparoscopic one. Anesthesia and postoperative management were identical
in both groups. Serum level of cortisol was evaluated as a marker to assess surgical trauma and
pain where it was measured before the operation (time 0) to obtain base line value and at 4 hours
postoperatively. In addition, serum level of Interleukin-6 (IL-6) was evaluated also before the
operation and at 4 and 24 hours after the surgery as a marker for the degree of systemic reaction
to wide range of trauma. There was a significant (P < 0.05) lower concentration of serum cortisol
in the laparoscopic group at four hours postoperatively than in the open surgery group. Serum
levels of IL-6 during laparoscopic cholecystectomy were found to be significantly (P < 0.05)
lower than that during open cholecystectomy at 4 and 24 hrs postoperatively. The current study
concluded that the laparoscopic cholecystectomy with small skin incisions with the avoidance of
open laparotomy and excessive manipulation of tissues can minimize surgical stress and provide
more favorable postoperative conditions for dogs. This indicated that laparoscopic
cholecystectomy is more recommendable than traditional open cholecystectomy.

Keywords: Stress response, Cortisol, Interleukin-6, Laparoscopy, Cholecystectomy.

Introduction

spleen, omentum, intestine, kidneys, ovaries,
pancrease and urinary bladder are obtainable
structures. It gained place as a diagnostic and
surgical tool in hepatic and biliary diseases. [7,

Laparoscopy is a minimally invasive
surgical procedure with an endoscope inserted
trans-abdominally to monitor organs within
the abdominal and pelvic cavities. The surgeon

can visually examine the viscera and 8].

peritoneal surfaces for evidence of disease Cholecystectomy is the most common
during laparoscopy and perform surgical procedure performed for the treatment of
procedures [1, 2, 3]. gallbladder diseases as biliary tract or

gallbladder rupture, necrotizing cholecystitis
gallbladder mucocele (GBM) and
symptomatic gallstones [7,8].
Cholecystectomy can be performed
either laparoscopically using a video camera
without making the traditional incision or via
an open surgical technique [9].  Surgical

Laparoscopy can be used in diagnosis of trauma caused by open cholecystectomy
internal ~ diseases ~ demanding  direct initiates a stress response which causes several
visualization and histological examination. bad biological effects on the operated dogs. In
Diaphragm, peritoneum, liver, gallbladder,

*Corresponding author e-mail: (ahmedabdelhady9331@gmail.com), Surgery, Anesthesiology and 88
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Laparoscopic surgery has become popular
in veterinary medicine providing a clear view
of the abdominal organs with a direct image
for surgeons. It is associated with faster return
to function and reduction in both of surgical
site infections and postoperative pain [4,5,6].
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contrast to open surgery, with minimal access
to the abdominal cavity, laparoscopic surgical
procedures are correlated with fewer
postoperative complications [10, 11].

The stress response is the name given
following injury or trauma to the hormonal
and metabolic changes. This is part of the
systemic injury reaction involving a wide
range of endocrinological, immunological and
haematological effects [12, 13].

The sympathetic nervous system (SNS) is
activated in times of stress causing a cascade
of hormonal and physiological reactions [14].
The hypothalamus activates the SNS, and the
adrenal glands release a wave of
catecholamines, like epinephrine; this causes
tachycardia, hypertension, diaphoresis,
increase in respiratory rate and an increase in
blood glucose. The hypothalamus activates the
hypothalamic-pituitary-adrenal (HPA) axis as
the body continues to interpret the stimuli as a
threat. The parasympathetic nervous system
decreases the SNS reaction when the threat
goes through [15]. The stress response to
surgery is represented by enhanced secretion
of pituitary hormones and sympathetic nervous
system (SNS) activation. The changes in
pituitary secretion have secondary influences
on hormone secretion from target organs. As
corticotrophin release from the pituitary
stimulates cortisol secretion from the adrenal
cortex. Cortisol secretion from the adrenal
cortex increases quickly following the start of
surgery. Its release is increased in response to
stress and low blood-glucose concentration. It
works to increase blood sugar through
gluconeogenesis, suppress the immune system,
and assist in fat, protein, and carbohydrate
metabolism. Cortisol concentrations used for
evaluation of surgical trauma and pain
assessment [16, 17,18].

As an early stress response to tissue injury,
cytokines are generated from activated
leukocytes, fibroblasts and endothelial cells
and play a significant role in immunity and
inflammation mediation. Interleukin-1 (IL-1),
tumor necrosis factor-o (TNF-a) and
Interleukin-6 (IL-6) are the primary cytokines

produced. The original response is to release
IL-1 and TNF-a into the damaged tissues from
activated macrophages and monocytes. This
encourages the production and release of extra
cytokines, especially IL-6 [19, 20]. IL-6 is the
primary cytokine responsible for causing
systemic modifications known as the acute
phase response that occurs after tissue injury.
It plays a critical role in regulation of cellular
processes like osteoclastogenesis,
hematopoiesis and many aspects of immune
regulation. Increased concentrations of IL-6
are frequently associated with homeostasis
disorders, such as those associated with
inflammation or trauma [21, 22]. The
manufacturing of acute phase proteins in the
liver is one of its characteristics. These
proteins serve as inflammatory mediators, anti-
proteinases and scavengers in the repair of
tissues [23, 24].

This study aimed to compare the serum
level of cortisol and IL-6 in dogs that
underwent laparoscopic cholecystectomy to
those who underwent open cholecystectomy.

Materials and Methods

This study was conducted on eighteen adult
male mongrel experimental dogs (stray dogs)
weighing17-25 kg and aged from 1 to 2 years.
Dogs were housed in isolated cages with water
availability and dry food (MERA. The Pet
food Family, Germany) in the Department of
surgery, anesthesiology and radiology, Faculty
of veterinary medicine, Zagazig university
according to the basis of its committee of
animal welfare and research ethics (ZU-
IACUC/2/F/2/2019).

Dogs were classified into two main groups,
open cholecystectomy (OC) and laparoscopic
one (LC). Animals were premedicated with
xylazine  hydrochloride 2 % (Adwia
pharmaceutical Co. 10™ of Ramadan City,
Egypt) at 1 mg/kg, body weight, IM. General
anaesthesia was induced using intravenous
administration of Thiopental sodium 2.5%
(SIGMATEC Pharmaceutical Industries. 6"
October. Giza. Egypt) at 20 mg/kg, body
weight.
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Open Cholecystectomy (OC)

Under aseptic conditions, 8 cm laparotomy
incision was done in the midline just behind
the xiphoid cartilage up to the umbilicus. The
wound was widened and gallbladder was
visualized after grasping the pylorous and
duodenum. The fundus of the gallbladder was
caught by an Allis forceps and bluntly
dissected from the hepatic fossa using a sterile
piece of gauze [25].

The cystic duct was freed and 2 metallic
clips were applied. The gallbladder was
removed by cutting between the 2 clips using a
blunt ended straight scissors. The resulting
hemorrhage was controlled by tamponing. The
abdominal wound was closed using Vicryl
suture no. 2-0 (Hannover. D-28857. Syke.
Germany) (Figure 1A).

Laparoscopic Cholecystectomy (LC)

Under
positioned

aseptic  conditions,
in dorsal

dogs were

recumbency (reverse

trendelenburg). A three port technique was
applied  for  performing  laparoscopic
cholecystectomy and arranged as following;
portal no.1 was approximately 0.5 cm caudal
to the umbilicus for exploration the abdomen
and placed other two additional ports under
direct visualization. Portal no.2 was placed on
the left 3 to 5 cm cranial and 5 to 8 cm lateral
to the umbilicus. Portal no.3 was placed on the
midline 5 cm cranial to the umbilicus and each
port represented by 1cm [26].

The gallbladder was retracted with a 5 mm
laparoscopic babcock grasping forceps to
elevate the gallbladder to a place where the
cyst duct was visible. The gallbladder with
cystic duct was dissected from its hepatic fossa
with laparoscopic dissecting forceps. The
cystic duct was supplemented with 3
medium/large hemostatic metallic clips using a
reusable 10 mm laparoscopic clip applier
(Figure 1B).

Figure (1): (A) Open Cholecystectomy technique; traction the gall bladder for visualization of the cystic duct
with placement of surgical metallic clips using clip applier prior to transection in dog aged two years old (B)
Laparoscopic Cholecystectomy technique; the cystic duct is dissected and closed with medium/large
hemostatic metallic clips using a reusable 10mm laparoscopic clip applier prior to transection in two years

age dog.

Cystic duct transection was performed with
laparoscopic metzenbaum scissors leaving 2
clips in position around the cystic duct and 1
in position at the junction of the cystic duct
with the gall bladder. The gallbladder was
removed through the portal no.3. Portals were
closed by single simple interrupted sutures
using Vicryl no. 2-0.

Postoperative care

Daily dressing on the skin stitches was done
with betadine antiseptic solution (10% The
Nile Company for pharmaceuticals and
chemical industries, Cairo. A.R.E.). Systemic
dose of antibiotic (Amoxycillin sodium and
Flucloxacillin  sodium;  (Flumox® 1gm)
(EIPICO Company, Egypt) was injected
intramuscularly (22mg/kg) once daily for 5
days, anti-inflammmatory  (declophen®)
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(PHARCO Pharmaceutical Company, Egypt)
1 mg/kg I/M. The skin sutures were removed
10 days post operation.

Laboratory Examinations

Physical examination; attitude, gait,
temperature, heart rate, respiratory rate and
mucous membrane were evaluated for 5 days
after surgery.

Blood samples for serum chemistry
profile (cortisol and IL-6) were collected from
cephalic vein (18 dogs). The first blood sample
was drawn prior to surgical intervention to
obtain baseline values. The other samples were
obtained at 4 h post surgery for determination
of cortisol value and at 4 h and 24 h for
determination of IL-6 value utilizing
quantitative sandwich enzyme-linked
immunosorbent assay (ELISA). Invitrogen
Kits (Cortisol Competitive ELISA Kit,
Interleukin 6 (IL-6) ELISA Kit)

Statistical analysis

Statistical analysis was applied by SPSS
(IBM SPSS Statistics for Windows) version
24. Parametric data were expressed as mean *
SD and mixed model ANOVA was run to test
differences between open and laparoscopy
cholecystectomy techniques at different time

points for cortisol and IL6. P = 0.05 was
considered significant for all analyses.

Duncan’s multiple range test was used as post
hock test [27].

Results

Experimental cholecystectomy in dogs was
performed using two techniques (Open and
Laparoscopic). The wounds in both groups
were healed without any complications.

Physical examination of the operated
animals in group of OC showed signs of
discomfort, somewhat stiffness in gait and
raised abdomen for the first three days post
surgery. Animals in the group of LC showed
less pain and normal attitude. The Visible
Mucous membranes of dogs in the two groups
appeared rosy red and moist. Temperature
was ranging from (38.4°C-39.5°C) with an
average (38.9°C) within normal limits except
three cases in group of OC showed (40.2°C)
on the 2" day after surgery managed by anti-
inflammatory (Declophen) 1 mg/kg I/M.
Heart rate was ranged from (66 beat/min-125
beat/min) with an average (95.5beat/min) and
respiratory rate was ranged from (15
breath/min-35breath/min) with an average (25
breath/min) within normal limits.

There was significant (P < 0.05) increase in
cortisol value in OC group at 4 h post surgery
in comparison to base line (0.48+0.04 and 0.38
+ 0.03), respectively. In LC group, there was
no significant (P > 0.05) difference in cortisol
value at 4 h post-surgery (0.34 + 0.18) in
comparison to base line (0.34 = 0.13). Cortisol
value was significantly (P < 0.05) higher in
OC group (0.48+£0.04) in comparison to LC
group (0.34 + 0.18) as revealed in Table (1)
and Figure (2).

Table (1): Cortisol and IL6 values at base line and after open and laparoscopy surgery in dogs

Base line After 4hrs.
Open \ 0.38 +0.03" 0.480.04°
Laparoscopy \ 0.34+0.13" 0.34+0.18"
P-value \ 0.04*
Base line After 4hrs. After 24hrs.
Open \ 0.11+0.01° 0.36 + 0.09" 0.40 + 0.07°
Laparoscopy \ 0.11 + 0.04° 0.200.14 0.25+0.2°
P-value \ 0.02*

Values are meant SD. Means carrying different superscript were statistically different according to Duncan’s

multiple range test at P < 0.05.
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Figure (2): Interaction plot show the effect of interaction between type of surgery and time point at which
reading of cortisol was recorded. At base line there was no significant difference in cortisol value between
open and laparoscopy (P > 0.05), while at 4h cortisol value significantly higher in open surgerey compared to

laparoscopy surgery (P < 0.05) in dogs.

As presented in Table (1) and Figure (3),
there was significant (P < 0.05) increase in
IL-6 value in OC group at 4 h post surgery in
comparison to base line (0.36 + 0.09 and
0.11+0.01), respectively and slightly
significant (P < 0.05) increase was found at 24
h post surgery (0.40 £ 0.07) in comparison to
4 h values (0.36 £ 0.09) .

Concerning with  IL-6, there was
significant (P < 0.05) increase in LC group

value at 4 h after surgery (0.20+0.14) in
comparison to base line ( 0.11 + 0.04) and
slight significant (P < 0.05) increase at 24 h
post operation in comparison to 4 h values
(0.25 + 0.2 and 0.20 = 0.14), respectively.
Moreover, IL- 6 values were significantly
higher (P < 0.05) at 4 h and 24 h post surgery
in OC group(0.36 + 0.09 and 0.20+0.14) than
its values in LC group (0.40 £ 0.07 and 0.25 +
0.2) as depicted in Table (1) and Figure (3).
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Figure (3): Interaction plot show the effect of interaction between type of surgery and time point at which
reading of interleukin-6 was recorded. At base line there was no significant difference in IL6 value between
open and laparoscopic surgery (P > 0.05), while at 4h IL6 value significantly higher in open surgery

compared to laparoscopic surgery and also the value was significantly higher at 24 h

compared to laparoscopy (P < 0.05) in dogs.

in open surgery
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Discussion

Both open and laparoscopic techniques of
cholecystectomy were performed successfully
in clinically healthy male dogs and the
obtained results of the physical examinations
were similar to that was reported by Scott [26].

Protocol of anesthesia of premedication of
xylazine 2% followed by general anesthesia
with thiopental sodium was applied providing
optimal anaesthesia in dogs with minimal post
operative side effects. This protocol in
agreement with Unsaldi [28] who was satisfied
with the use of injectable thiopental induction
without  inhalation  maintenance in
colecystectomy in dogs as the used doses were
sufficient for the time of the operations.

Regarding the open cholecystectomy
technique applied in the present work in group
I (open cholecystectomy group), a 8 cm
ventral midline celiotomy in the epigasteric
region was sufficient for performing
cholecystectomy successfully in dogs. These
applications were in agreement with that was
described by Martin [25]. On the other hand,
Hotokezaka et al. [29] used the same
technique with 20 cm long midline celiotomy
and Mekkawy [30] used the same technique
with 10 -15 cm long midline celiotomy.

Concerning with  group Il (laparoscopic
cholecystectomy group), laparoscopic
cholecystectomy was successfully performed
with securing of the cystic duct using 10 mm
metallic hemostatic clips. The cystic duct was
transected and gallbladder was removed
without excess manipulation or trauma. Three
port techniques were sufficient for providing
proper visualization of the gallbladder and
performing the cholecystostomy as previously
performed in dogs [26].

For comparison between open and
laparoscopic surgery in dogs, cortisol and IL 6
were measured as a markers for the pain and
surgical stress in dogs.

Cortisol was evaluated at 4h post surgery as
a serum marker for evaluation of surgical
trauma and pain assessment and showed
significant increase in (OC) group in

comparison to (LC) group. This was in
agreement with Marcovich et al. [31] who
stated that the cortisol concentrations
increased to a maximum at 4 h post surgery
and fell to baseline by 8 - 24 h.

Interleukin - 6 was evaluated at 4h hrs and
24 hrs after surgery as a serum marker for the
degree of systemic reaction to wide range of
trauma and showed significant increase in
(OC) group in comparison to (LC) group. This
was supported by the findings of Desborough
[12] and Baigrie et al. [32] who stated that the
concentration of IL-6 increased after the
beginning of surgery within 30-60 min. The
shift in concentration was significant after 2—4
h and concentrations were maximum at
approximately 24 h and stayed high for 48 h
postoperatively.

In agreement with Marcovich et al. [31],
postoperative serum level of cortisol in dogs
that underwent laparoscopic cholecystectomy
was significantly lower than those in dogs of
the open cholecystectomy group. They
attributed the rapid decrease in serum cortisol
after laparoscopic nephrectomy in dogs
compared with open surgery to lesser degree
or quicker surgical stress resolution. However,
Hancock et al. [33] found that there were
nosignificant differences in the concentrations
of cortisol between the two groups of
ovariohysterectomy with harmonic scalpel-
assisted laparoscopy  and traditional
ovariohysterectomy in dogs and concentrations
in both groups were considered normal at 6 h
postoperatively.

Serum level of IL - 6 in dogs of LC group
was found to be significantly lower than that
of OC group. This finding was in consistent
with Glaser et al. [34] and Silveira et al. [35]
who stated that the minimally invasive surgical
procedures lead to reduced operational wound
size, less abdominal wall lesion, muscles and
aponeurosis and therefore reduced tissue
damage. The handling and traction of
abdominal organs by retractors is lower in
laparoscopic surgery. Tampons were not used
on viscera or the abdominal wall was retracted.
These factors may be associated with a
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reduction in the magnitude and duration of
cytokine  serum concentrations  after
laparoscopic cholecystectomy. Other
attributions were described by Hanly et al.
[36] and Watson et al. [37] that the
laparoscopic surgery required to inject gas into
the abdominal cavity, producing
pneumoperitoneum, the most commonly used
gas being carbon dioxide (CO2). The existence
of CO2 in the abdominal cavity appears to
attenuate this acute inflammatory phase
response, potentially triggering local cellular
acidosis and blocking cytokine secretion,
altering cytokine receptors in the liver and
other tissues or acting in hepatocytes, altering
the hepatic reaction to inflammatory stimuli.

Conclusion

Laparoscopic cholecystectomy with small
skin incisions with the avoidance of open
laparotomy and excessive manipulation of
tissues can minimize surgical stress and
provide ~more favorable  postoperative
conditions for dogs. From these points,
laparoscopic  cholecystectomy is  more
recommendable  than  traditional  open
cholecystectomy.
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