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The aim of this study was to evaluate the effectiveness of hyaluronan as abdominal anti-
adhesive. Sixteen healthy adult local breed dogs, aged between (1-2 years) and weighed (15-20) kg
were used. They were divided into two equal groups. First group is considered as a control group
(A), the second group is the hyaluronic acid group (B); both groups underwent celiotomy under the
effect of general anesthesia (combination of ketamine-xylazine at the dose rate of 15mg /kg and
5mg/kg B.W, respectively). Three sero-muscular incisions were 3cm long created at anti-mesenteric
border in the descending colon and sutured with simple continuous suture using4-Ochromic cat gut,
abdominal wall closed in routine manner, in control group. The same procedure was performed in
group B but 2 ml of 1%sodium hyaluronate was applied intra peritoneally prior to abdominal
closure. Evaluation of the results was based on macroscopic, laparoscopic and microscopic
examinations. Macroscopic examination showed severe adhesions in all animals in both 7™, 30™post
operative days with high grade scores (grade 3-4), except in one animal there was no adhesion in
group A. While in group B, all dogs had developed mild adhesion formation at 7"post operative day
in low grade score (grade, 1). By 30"post operative day there was no adhesion (grade, zero) except
mild adhesion, in one case between omentum and abdominal wall (grade, 1). Histopathological
examination showed dense fibrous connective tissue with congested blood vessels and irregular
collagen fibersin group A. While in group B there were fine bundles of cellular connective tissue,
granulation tissue with mononuclear cells infiltration. There were significant differences (P<0.05)
between group B (1.00+0.00) and group A (3.50+0.28) at 7", also at 30"post operation a significant
difference (P<0.05) was found between group B (*0.25+0.25) and group A (2.75+0.94)
macroscopically. Histopathological examination also revealed a significant difference (P < 0.05)
between group B(*1.00+0.81)and group A(2.75+0.50) at 7" and 30"post operative days group
B(*1.00£0.81) and group A(2.25+0.95).The study revealed, the effectiveness of hyaluronan in
reducing intra-abdominal adhesions that occurred after abdominal surgery in dogs, in comparison
with control group.
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Introduction

Intra-abdominal adhesions develop after gene therapy and abdominal lavage, that act in
abdominal surgery as part of the normal different  mechanisms, by  decreasing
healing processes that occur after damage to peritoneal damage which decrease the initial
the peritoneum, they also cause significant inflammatory  response,  prevent  fibrin
morbidity, including adhesive small bowel formation, increases fibrinolysis, prevention of
obstruction, infertility and increased difficulty collagen deposition (2 and 3). Hyaluronan
with re-operative surgery (1). Much efforts has (HA) a natural component of joint synovial
gone into understanding the biochemical and fluid (4 and 5). The hydrating and lubricating
cellular mechanisms that lead to adhesion actions of hyaluronic acid maintains the vital
formation (2). The early balance between function of different body parts such as skin,
fibrin deposition and degradation seems to be heart, eye and synovial fluid (6), hyaluronic
the critical factor in adhesion formation. acid has the anti-adhesive property that
Different attempts have been employed to prevent the development of intra-abdominal
prevent adhesion formation which can be adhesions at damaged peritoneal surfaces (7),
grouped into four categories: general several studies suggested that hyaluronan
principles, surgical techniques, mechanical based agents have different mechanisms to
barriers and chemical agents or others like decrease intra-abdominal adhesion formation
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(8). Sodium hyaluronate seems to improve
peritoneal healing by facilitating cells
detachment, migration and by increasing the
proliferation rate of mesothelial cells, thereby
helping to restore denuded areas of the
mesothelial lining (9).

Diagnostic  Laparoscope is the most
important method for diagnosis and treatment
of intra-abdominal adhesion, it is aminimally
access surgery combined with the possibility
of viewing areas of the peritoneal cavity not
seen in traditional celiotomy (10).The aim of
this study was to evaluate the effectiveness of
hyaluronan as abdominal anti-adhesive in dog.

Materials and Methods

Sixteen apparently healthy local breed
dogs, aged between (1-2 years) and weighed
(15-20) kg were used. They divided randomly
into twoequal groups and were used as
follows: First group was considered as control
group (A), and second group was the
Hyaluronic Acid group (B). Dogs were
premedicated with atropine sulfate in dose rate
of 0.03 mg/kg, then after 10 minutes the dog
was anaesthetized by a mixture of ketamine-
xylazine in dose rate of 15mg /kg and 5mg/kg
B.W intra-muscule respectively (11).

The ventral abdominal wall of each dog
was prepared for surgical operation. The
animal was put in dorsal recumbency. In group
A and after preparation and anesthesia, caudal
midline celiotomy approximately 10cm long is
made. The descending colon was isolated from
the remaining viscera, then three sero-
muscular incisions were 3cm long created at
anti-mesenteric border. Incisionsare closed by
simple continuous pattern with chromic catgut
no. (4-0), then rinsed by normal saline 0.9 %,
the abdominal wall was closed by routin
method. In group (B), the same procedure as
mentioned in group (A) was performed but 2
ml of Hyaluronic acid was applied at the
peritoneal cavity then abdominal wall is closed
(12). Clinical examination of animal to check
the body temperature, respiratory rate, for first
three days after surgery. The histopathological
examinations was made by macroscopic and
microscopic examination of intra-abdominal
lesions in both groups on (7" and 30") post-
operative days. Eight animal used for each
group (four dogs/period).  Macroscopic
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examinations was performed by gross
examinations and laparoscopic assessment,
changes were recorded for adhesions at all
periods and arranged in scores according to
Zihlke autopsy valuation of post operation
intraperitoneal adhesion scores (13). Biopsies
of 1cm® were obtained from the sites of colon
incision, processed tissues, then embedded in
the paraffin block and sectioned by microtone
at 5-7micrometer thickness. The slides were
stained with Hematoxylin-Eosin (H and E) dye
and special stain (Van Gieson’sstain) and then
examined under light microscope (Olympus-
Japan) that provided by a digital camera
(MEM 1300). Photograph analysis was done
using image J (Java-based image processing
program that developed at the National

Institutes of Health) program for image
processing and evaluation, also there is
histopathological ~ scoring to  adhesion

formation (14).

Results and Discussion

Animals showed equitable viability, good
appetite, no marked differences in body
temperature, heart rate and respiratory rate and
no mortality had been recorded, daily check of
the abdominal suture line for any signs of
redness, swelling and wound, infection within
the first 3-5 days after surgery. Macroscopic
quantification of adhesion formation were
evaluated by many independent observers
(celiotomy, laparoscopic assessment)
according to Zihlke autopsy valuation of post-
operative intraperitoneal adhesion scores
depending on severity of lesion (13) and
scoring strength schemes by (15). In group (A)
severe adhesions were observed in all animals
in both 7" day,30" day post-operative day,
except one animal showed no adhesion
formation, these results comes in agreement
with observation made by (16) in a study
performed in rat model, which sacrificed at 7
different time-points over 3 weeks, with
persistent adhesions formed in all animals
were confirmed, at 7" post-operative day, all
animals in this period had strong to severe
adhesion formation with beginning of
vascularization, sharp dissection need to be
lysed. The adhesion occur in more than one
place, it found between colonic incessional
site-omentum and/or involve other bowels in
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pelvic cavity, or between abdominal wall-
omentum which developed grade (2-3) scores
(Table, 1) and (Fig. 1), these observation
correlate with study in rat model that indicate
formation of high grade scores after abdominal
surgery (17). In this study chromic catgut was
used for suturing colonic incisions, which is
responsible for the increase in the severity of
adhesion formed in control group by causing
tissue reaction ,this finding is consistent with
(18), as well as the suture material used still in
surgical site and not absorbed even at 30" day
period, that cause tissue inflammatory
reaction that indicated by (19 and 20) who
suggested chromic catgut cause adhesion in
dog and need 120 days after procedure to
absorbed. The peritoneal adhesion develops
only several hours after the abdominal surgical
operations as a part of healing process, the
serous fluid exudes from the injured sides of
intestinal wall and then fibrinogen in the
serous fluid transforms to fibrin and
coagulates, causing formation of membranous
peritoneal adhesion in the injured intestinal
wall, If fibrinolysis is not effective enough,
fibrous adhesion develop at 2 week after the
surgical operation (21).

At 30™post operative day the adhesion
became stronger and graded between (3-4)
(Fig. 2) grade score except one animal had no
adhesion formation. The adhesion occurred in
more than one place, it found between colonic
incisional site-omentum and/or involvedother
bowels (small and large intestine) in
abdominal cavity, or between abdominal wall-
omentum. These results are similar to (22)
who confirmed that incidence of adhesions
formation was 75% after Abrasion of cecum
and abdominal wall in rat model.

In this study steps were taken to minimize
the effect of surgical technique or equipment
on formation of adhesions. Some of these
include: gentle handling, keeping the tissues
moist, shortening surgical time and using
starch —free and latex-free gloves, therefore
one animal heal without any adhesion
formation, this observation was supported by
(23 and 24) whom suggested that the
meticulous surgery technique can be effective
in prevention of adhesion formation, in order
to reduce unnecessary morbidity and mortality
rates from these unwanted effects of surgery,
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so the adhesion persist at this time of
observation which mean that fibrinolysis had
failed to minimize or Ixsis of primary fibrous
adhesion before the 14"post operative day and
the adhesion organized to form fibrous
adhesion, this finding is described in a study of
(21) which reported after several days from
fibrin formation, the fibrinolytic system is
activated and the fibrin is lyzed, so the
membranous peritoneal adhesion is gradually
reduced. If  fibrinolysis  through the
plasminogen-plasmin cascade is not effective
enough and induction of tissue hypoxia
following reduction of blood delivery to
mesothelial  cells and  sub-mesothelial
fibroblasts, leading to collagen formation and
angiogenesis, then collagen is deposited,
furthermore the fibrin will be organized and
develop fibrous adhesion, which usually forms
at the 14" day after the surgical operation (25).
In group (B) at7"post operative day, all dogs
showed mild adhesions formation at this
period in low grade score (grade 1) (Table, 2),
the adhesion occur in one region between
(colonic incision-omentum) or (omentum-
abdominal wall) (Fig. 3), which required
gentle traction to brokeit.This observation
agree with the results of other study (17and
26) whom that hyaluronan-based agents
reduce adhesion formation after surgery in
compared to the control group at the 10" day
post operation.

Hyaluronan modulatethe inflammatory
response to injury and stimulate the
angiogenesis that suggested by (27).

Fibroplasia occurs during the proliferative
phase of intestinal wound healing that
continues from 3™ to 10-14 days. The
fibroblasts produce large amounts of immature
collagen, resulting in rapid gains in wound
strength, collagen synthesis takes place in the
presence of collagenolysis represented by
collagenase activity at the wound edge that
cause minimal and rapid gains in tensile and
bursting strength (28). Sodium hyaluronate
play important role in proliferative phase by
improving the peritoneal healing by
facilitating cells detachment and migration and
increasing the proliferation rate of mesothelial
cells and non-immunogenicity, this finding
confirmed by (7). The hyaluronic acid nature
make it good lubricant that facilitate the
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gliding of movable intestinal part this agree
with (28) who indicate that 1% solution of
sodium hyaluronate are macromolecular
properties at higher concentrations solutions is
like jelly. Hyaluronic acid is one of the most
hydrophilic molecules in nature and can be
described as nature’s moisturizer, decrease
tissue dryness after gastro-intestinal surgery
which lead to minimize adhesion formation,
but at 30™post operative day, there was no
adhesion in all cases except mild adhesion
grade in one case between omentum and
abdominal wall developed (grade,1) (Fig. 4).
This result was close to those described by
(29) in their study that compared the effect of
a liquid sodium hyaluronate and HA-
carboxymethyl cellulose membrane 'Seprafilm’
in postsurgical adhesion formation in a murine
model at 21" day post-operative day and
confirmed that adhesion scores in mice
receiving sodium hyaluronate and Seprafilm
were lower than in mice of the control group
and adhesion score for the sodium hyaluronate
group was lower than the Seprafilm group.
Other studies by (30 and 31) whom suggested
that Hyaluronan-based agents reduce adhesion
formation after surgery and indicated the use
of hyaluronan solution in infectious
conditions, to reduce abscess formation in
experimental peritonitis. The result of

observation at 30Mpost operative day more
better than the observation at 7 day period, the
mild adhesion disappear and the abdominal
cavity healed normally with no adhesion
formation.

- -
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Figure, 1: Gross appearance of colon, shows severe
adhesions at colonic incisional sites (arrow), beginning of
vascularization (grade, 3), 7 days post-operation in group
A.

Figure, 2: Laparoscopic image of pelvic cavity shows sever
vascularized adhesions (arrows) coveringthe viscera and
bind it with abdominal wall (<), (grade, 4), at 3oth
daypost-operation in group A.

Figure, 3: Laparoscopic image of pelvic cavity, shows
colonic incisional sites (arrow) with no adhesion formation
(grade zero), 30™ day post-operation in group B.

\ -
Figure, 4: Gross appearance of colon, shows the colonic
incisional sites (thick, thin arrows) with no adhesions
formation (grade, zero), 30" days post-operation in group
B

The histopathological results were recorded
as histopathological fibrosis scores in (Table,
3), the control group at 7" day post operation
the sections shows, marked fibrous
connnective tissue bundlesin the serosa and
omentum (Fig. 5), this closed to finding of
(20). In stud%/ used chromic cat gut in colon of
dog and at7™ days, the tunica muscularis was
moderately to severely destroyed, where
extensive areas of severe necrosis and
inflammatory cells infiltration between muscle
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fibers were observed. The suture material was
surrounded by large granulomas composed of
numerous cellular infiltrations  with
fibroblastic capsule and the surrounding tissue
was severely destroyed. In other study,
histological examination of tissue from rats in
the control group demonstrated lymphocytes,
plasma cells, polymorphonuclear leucocytes
and areas of fibrosis (17), while at 30" day
post operation histopathological section in
colon of animal shows congested blood
vessels, with irregular collagen fibers red in
color (grade, 3) by Van Gieson’s stain (Fig. 6).
This finding is close to (20), who showed that
remnant of suture material is surrounded by
large cellular granulomatous and fibrous
connective tissue. The destruction of the tunica
muscularis was subsided at 21 days in group
sutured with chromic cat gut in colon of dog.
In group B at 7" day post operation,
histopathological section in colon of shows
fine bundle of  connective tissue with
aggregation of mononuclear cell in serosa
(Fig. 7) (grade, 1). This finding agree with
study wuse hyaluronan based agent as
abdominal anti-adhesive in rat cecum abraded
model, and demonstrated formation of loose
bundles of fibrous tissue in the treated group
that reflect no adhesion formed at traumatized
surfaces in comparison with strong fibrous
tissue developed in control group that revealed
adhesion formation between the traumatized
surfaces (9).

Figure, 5: Histopathological section in the colon and
omentum of animal, shows marked fibrous connective
tissue bundles (Arrows) in the omentum (a) and tunica
serosa (b) also adhesion formation between them. H and E
stain (grade, 3), 7thday post-operation, in group A.

At 30" day post operation, the
histopathological section in colon shows red
color fibrous tissue around suture material
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(Fig. 8) (grade, 1), this results agree with (17)
who demonstrated that decreased infiltration
of inflammatory cells, fibroblasts and areas of
fibrosis in group are treated with sodium
hyaluronate base agent in rats model in
compare with control group. Statistical

analysis of histopathological results revealed a
real difference (P<0.05) between group A and
B at 7 and 30 days post-operation (Table, 4).

Irreular
collagen bundles (Arrows). (grade, 3) (Van Gieson’sstain),
30thday post-operation, in group A.

PR D ST e e
Figure, 7: Shows bundle of connective tissue (a).
Aggregationof mononuclear cells (Arrow). H and E stain.
(grade, 1), 7th day post-operation, in group B.

AN TWRIVER PR A
Figure, 8: Shows fibrous tissue around suture material
(arrow). (Van Gieson’sstain). (grade, 1), 30th day post-
operation, group B.

According to all macroscopic,microscopic
and statical parameters, this study proved that
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1% sodium hyaluronate is ideal abdominal
anti-adhesion agent in dogs.

Table, 1: The adhesion scores according to
macroscopic examination at 7" and 30" days post-
operation for experimental groups.
Period of Adhesion score
operation

Group A Group B
7" day 4 3 4 3 1 1 1 1

30" day ORI 0 1 0 O

Table, 2: The adhesion scores in each animal
(microscopic examination) at the 7th and 30th days
post-operation for experimental groups.
Period of Adhesion score
operation Group A Group B

7th day

operation

30th day
operation

Table, 3: Meanst SE of scores for the two groups
according to Zuhlke scores of post-operation
intraperitoneal adhesions.

Group Group A
Period

Group B

A 3.50+0.28 a B 1.00+0.00 a

7 days after
operation

30 day after
operation

Means with different small letters in the same column
differ significantly (P<0.05). Means with different capital
letters in the same row differ significantly (P<0.05).
*significant at the level of (P < 0.05).

A 2.75+0.94 a B*0.25+0.25 a

Table, 4: Meanst SE for both two groups according
to histopathological grades of adhesions. Scores.

Group Group A
Period

A2.75+0.50 a

7 days after B *1.00+0.81 a

operation

30 day after
operation

Means with different small letters in the same column
differ significantly (P<0.05).Means with different capital
letters in the same row differ significantly (P<0.05).
*significant at the level of (P<0.05).

A225+0.95a B* 1.00+0.81 a
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