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Summary

Despite the development in the knowledge concerning pathophysiology of abdominal cavity and improvement in surgical
techniques, intraabdominal adhesions are one of the most common complications in surgery.The aim of this study was to determine the
effects of hyaluronic acid/carboxymethylcellulose (HA/CMC) and flunixin meglumine combination on the prevention of postoperative
intraabdominal adhesions in rabbits. All the surgery were made under aseptic condition under general anesthesia. A 2x2 cm area
of parietal peritoneum was resected on the abdominal wall after median laparotomy. Twenty-four adult, male rabbits were divided
into four groups equally. Groups were evaluated as C (control), S (HA/CMCQ), F (flunixin meglumine), and SF (HA/CMC and flunixin
meglumine combination). No medication was given to the rabbits in group C. In S and SF groups, 3x3 cm of HA/CMC applied directly
to peritoneal defect. In F and SF groups, flunixin meglumine was administred 1.1 mg/kg for 5 days intraperitoneally. Relaparotomy was
performed 10 days after surgery. As a result of macroscopical and histopathological evaluations, the scores of adhesion in the S, F, and
SF groups were significantly lower than those of the control group (P<0.05). Adhesion scores in SF group were lower as compared to S
and F groups (P<0.05). It is observed that HA/CMC and flunixin meglumine combination can be used more effective on the prevention
of postoperative intraabdominal adhesions in rabbits.
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Postoperatif intraabdominal Adezyonlarin Onlenmesinde
Hyaluronik Asit/Karboksimetilseliiloz ve Fluniksin Meglumin
Kombinasyonu'nun Etkisi: Tavsanlarda Deneysel Bir Calisma

Ozet

Abdominal boslugun patofizyolojisi konusunda bilgilerin artmasina ve cerrahi tekniklerin gelismesine ragmen
intraabdominal adezyonlar, cerrahideki en énemli sorunlardan biridir. Bu calismada, tavsanlarda postoperatif intraabdominal
adezyonlarin 6nlenmesinde hyaliironik asit/karboksimetilseliiloz (HA/KMS) ve fluniksin meglumine kombinasyonunun etkisinin
dederlendirilmesi amaclandi. Tim operasyonlar genel anestezi esliginde aseptik kosullar altinda yapildi. Median laparotomiden
sonra abdominal duvar lizerinden 2x2 cm’lik bir parietal periton alani rezeke edildi. Calismada 24 adet yetiskin erkek tavsan
4 gruba esit olarak ayrildi. Gruplar; C (kontrol), S (HA/KMS), F (fluniksin meglumine), ve SF (HA/KMS ve fluniksin meglumine
kombinasyonu) olarak degerlendirildi. Kontrol grubundaki olgulara herhangi bir tedavi uygulanmadi. S ve SF gruplarindaki
olgularin defektli alanlari 3x3 cm’lik HA/KMS ile ortildi. F ve SF gruplarina, fluniksin meglumine 1.1 mg/kg dozunda
intraperitoneal olarak 5 glin sire ile verildi. Postoperatif 10. giinde tekrar laparotomi yapildi. Makroskobik ve histopatolojik
degerlendirmeler sonucunda; S, F, and SF gruplarindaki adezyon skorlari kontrol grubundakine oranla dnemli derecede disiik
bulundu (P<0.05). SF grubundaki adezyon skorlari, S ve F gruplari ile karsilastirildiginda daha disik oldugu saptandi (P<0.05).
Tavsanlarda postoperatif intraabdominal adezyonlarin énlenmesinde HA/KMS ve fluniksin meglumine kombinasyonun daha
etkili oldugu go6zlendi.
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INTRODUCTION

Adhesions are fibrous bands that cause separate
organs to adhere to one another and can be classified into
congenital, inflammatory, and postoperative. Postoperative
adhesions are considered to be an inevitable result of
surgery. The incidence of postoperative adhesion ranges
from 66 to 93% after operations 3, Surgical trauma, tissue
ischemia, hemorrhage, infection, and foreign materials play
an important role in etiology of postoperative adhesions.
Postoperative intraabdominal adhesions cause chronic
abdominal/pelvic pain, female infertility, and small bowel
obstruction. Also, fibrous adhesions make prolong operation
time, operation difficulty, increased bleeding, intestinal
rupture, and morbidity in repeated operations '

When there is an injury in mesothelial surface of
the peritoneum, it triggers an inflammatory reaction
characterized by increased neutrophil leucocytes, fibro-
blasts, macrophages, and mesothelial cells. There is increase
in vascular permeability and release of fibrin-rich exudate.
Peritoneal mesothelial cells have a critical duty in maintaining
the intraperitoneal balance between fibrinolysis and
formation. Plasminogen is an important protein in the
process of fibrinolysis. Early fibrinolysis, within 5 days,
encourages healing of the peritoneum without adhesion
formation. Inadequate fibrinolysis processes lead to
persistent fibrin structures that subsequently mature into
fibrous tissue, followed by organization into rigid, persistent
fibrous adhesions containing blood vessels and nerve
fibers [,

Many different techniques, agents, and materials
have been tried to reduce adhesions 369, Several
pharmacological drugs including corticosteriod, non-steroid
antiinflammatory drugs (NSAIDs), melatonin, progesterone,
aprotinin, methylen blue, heparin, mitomycin C, vitamin
E, and tPA have been used to prevent adhesions 281011,
NSAIDs inhibit prostaglandin and thromboxane synthesis
by changing cycloxygenase activities. Flunixin meglumine
(non-selective COX inhibitors) are commonly used to treat
animals suffering from various diseases and has been
proved to prevent the formation of peritoneal adhesions
in studies 27212, Mechanical barriers such as carboxy-
methylcellulose, hyaluronic acid, icodextrin, polyethylene
glycol, fibrin glue, oxidized regenerated cellulose, expanded
polytetrafluoro ethylene, and hyaluronic acid/carboxy-
methylcellulose (HA/CMC) have been applied to prevent
adhesion by mechanically minimizing the development
of fibrin between serosal surfaces 2613, HA/CMC is a
biosynthetic material that have been widely used in human
and animals. In developed countries, HA/CMC is accepted
as an important antiadhesive barrier. Unfortunately, none
of these treatments is ideal ['3589.1416],

Although several substances have been tried to
eliminate adhesions, these have had a limited success in the

intraabdominal adhesions. A current interest to overcome
adhesions have been focused on various combination of
drugs 24821723 Therefore, it was to investigate the effect
of HA/CMC, flunixin meglumine and their combination
on the prevention of postoperative intraabdominal
adhesions in rabbits.

MATERIAL and METHODS

Animals

Twenty-four rabbits weighing approximately 2.8-3.6 kg
were used in this study. The rabbits were hospitalized for
2 weeks with a deprivation of food for 12 h immediately
before surgery. The animals were kept under standart
conditions and had free access to water and pellets. The
study protocol was approved by Animal Ethic Committee
of the Veterinary Faculty, Firat University (2006/7).

Anesthesia

The animals were anesthetized with 10 mg/kg of
xylazine HCl (Rompun®, Bayer, istanbul, Turkey) and 40 mg/
kg of ketamine HCl (Ketalar®, Eczacibasi, istanbul, Turkey)
intramuscularly.

Surgical Procedure

All the surgery were performed under aseptic
conditions, including an iodine scrub, drapping and use
of a steril technique. Powder-free gloves were used for the
operation. Following complete aseptic preparations, a 5-6
cm of incision was performed for midline laparotomy. A
2x2 cm area of parietal peritoneum was removed on the
right abdominal wall. The animals were divided into four
groups, each containing 6 rabbits: group C (control), group
S (HA/CMCQ), group F (flunixin meglumine), and group
SF (HA/CMC and flunixin meglumine combination). No
medication was applied to the control group. HA/CMC
(Seprafilm®, Genzyme, USA) 3 cm x 3 cm were placed on the
deperitonized area of abdominal wall in S and SF groups.
Flunixin meglumine (Finadyn®, Eczacibasi, istanbul) was
given 1.1 ml/kg for 5 days in F and SF groups intra-
peritoneally. The abdomen was closed with continuous
sutures with 2/0, and skin was closed with interrupted
2/0 polypropilene sutures (Monofilament polyglytone,
Caprosyn™, USA).

All animals were sacrified on the 10™ days after
operation. After performing a U-type incision to the anterior
abdominal wall, the evaluation was macroscopically
classified according to adhesion scoring system described
by the Majuzi and colleagues 2%, The degree of adhesion
formation was evaluated with the following adhesion
scores: 0=no adhesion, T1=light adhesions can be
easily removed through blunt dissection, 2=moderate
adhesions which need sharp dissections (lower than
50%) for the separation, 3=severe adhesions which need
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sharp dissections (more than 50%) for the separation,
4=presence of serosal injury, 5=presence of full-thickness
injury.

Histopathological Evaluations

Peritoneal tissue samples containing adhesion were
excised and the samples were fixed in 10% formaldehyde
solution. After dehydration, the specimens were embedded
in paraffin blocks. Then, 5 um sections in thickness were
prepared using a microtome and stained with Hematoxylin
and Eosin (H&E). Histopathological evaluations were
performed under a light microscope by one pathologist
who was blind to groups according to semiquantitative
scoring system described by Hooker and colleagues 2,
The histopathological adhesions were categorized as
Grades 0-lll based on the presence and extent of fibrosis
and inflammation. Grade 0 was defined as no fibrosis,
grade | as mild fibrosis, grade Il as moderate fibrosis, and
grade Il as severe fibrosis. The grade of inflammation was
assessed according to grade | on this scale represents a
mild inflammatory reaction with giant cells, occasionally
scaretted lymphocytes, and plasma cells, grade Il represents
moderate reaction with giant cells and increased admixed

Table 1. The statistical results of adhesion, fibrosis, and inflammation scores

Tablo 1. Adezyon, fibrozis ve yangi skorlarinin istatistiksel sonuglari

lymphocytes, neutrophiles, eosinophiles and plasma cells,
and grade Il represents a severe inflammatory reaction
with microabscesses present.

Statistical Analysis

The group data were analyzed using the Kruskal-
Wallis nonparametric test. Differences among the groups
were evaluated using Mann-Whitney U test. Differences
with a value of P<0.05 were considered to be statistically
significant. Data were analyzed by SPSS software program
(Version 14.0; SPSS Inc, Chicago IL).

RESULTS

Most of the animals tolerated the surgery well. No
death was observed throughout the study period. There
was no evidence of any of complication in the animals. The
results of macroscopic and histopathologic evaluation are
summarized in Table 1.

There were no adhesions in Grade 0, 1 or 2 in the
control group. The adhesions in the control group were
mostly Grade 3 or 4. In one case in control group, adhesion

Groups
Parameters P Value
C S F SF
Macroscopic 3.56+0.89° 1.83+0.75° 2.00+0.89° 1.05+0.89¢ 0.002
Fibrosis 2.50+0.55° 1.50+0.55° 1.33+£0.52° 1.18+0.00° 0.003
Inflammation 2.50+0.55° 11.52260), 55/ 1.23+£0.52° 0.93+£0.41¢ 0.002
Superscripts a-c indicate that means in the same line without a common superscript differ significantly (P<0.05)

Fig 1. Macroscopical evaluations: A)
Presence of full-thickness injury and
large area of fibrosis (arrows) with score
5in Cgroup, B) Slight adhesion (arrows)
with score 1 in S group, C) Severe
adhesion which need sharp dissections
(more than 50%) for the separation
with score 3 in F group, D) No adhesion
occurence with score 0 in SF group

Sekil 1. Makroskobik degerlendirmeler.
A) C grubundaki 5. derece adezyonlu
genis fibrozis (oklar) ve tam kat adezyon
varhigi, B) S grubundaki 1. dereceli
hafif adezyon (oklar) gérinim, C) F
grubundaki 3. derecedeki ayrilma igin
keskin diseksiyona (%50 den daha fazla)
ihtiyac gosteren ciddi adezyonun gorii-
nimi, D) SF grubundaki adezyonun
yoklugu (0 derece)
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in Grade 5 was recorded (Fig. 1-A). On the other hand, there
were no adhesions in Grade 4 or 5 in the S, F, and SF groups.
Most adhesion scores in the S and F groups were grade 1,
2, and 3 (Fig. 1-B-C). Adhesion scores in the SF group were
seen 2 cases in Grade 1 and 2. No adhesion was noted
in 2 cases in the SF group (Fig. 1-D). Statistical analysis
indicated that adhesion scores were significantly lower in
S, F, and SF groups when compared to the control group
(P<0.05). A statistically significant difference was not
observed between groups S and F (P>0.05). Group SF
showed the lowest incidence of adhesions as compared to
S and F groups macroscopically (P<0.05).

Severe fibrosis and inflammatory changes were seen in
control group (Fig. 2-A). Minimal fibrosis and low degree
of inflammation were observed in the S, F, and SF groups
(Fig. 2 B-C). Statistical evaluation of fibrosis scores showed
significant difference in S, F, and SF groups when compared
to the control group (P<0.05). On the other hand, there
was not significant difference between scores of fibrosis
in SF group compared to that of S and F groups (P>0.05).
However, there was a significant difference between the
degrees of adhesion and inflammatory changes in SF
group compared to S group (P<0.05), (Fig. 2-D).

DISCUSSION

Despite the development in the knowledge concerning
pathophysiology of abdominal cavity and improvement
in surgical techniques, postoperative intraabdominal
adhesions are significant health problem with major adverse
effects on quality of life, use of health care resources, and
financial costs after laparotomy ['-47-91821],

There are many experimental models for the

Fig 2. Histopathological evaluations.
A) Severe fibrosis (arrow heads) and
inflammatory changes (arrows) in
C group, Grade lll, B) Mild fibrosis
(arrow heads) and mild inflammatory
changes (arrow) in S group, Grade 1,
C) Severe fibrosis (arrow heads) and
inflammatory changes (arrows) in F
group, Grade I, D) Mild fibrosis (arrow
heads) and no inflammatory changes
(arrows) in SF group

Sekil 2. Histopatolojik degerlendirmeler.
i A) C grubundaki siddetli fibrosis (ok
basi) ve yangisal degisiklikler (ok), B)
S grubundaki hafif fibrozis (ok basi)
ve yangisal degisiklikler (ok), C) F
grubundaki siddetli fibrozis (ok basi)
ve yangisal degisiklikler (ok), D) SF
grubundaki hafif derecedeki fibrosis
(ok basi) ve yangisal bulgu yoklugu (ok)

development of inflammatory and postoperative adhesions
including the local peritoneal model, the damaged uterine
horn, introduction of foreign objects in the abdominal
and pelvic cavity, the direct mechanical intestinal damage,
the ileal transection, the thermal damage, the large
bowel anastomosis, the bacterial contamination, and
the scraping models 1617192022 |n this study, the parietal
peritoneal model was chosen due to the similarities of
the physiopathology after abdominal surgery. Since, it
was observed that all cases in the control group occurred
different degrees of adhesion.

Various studies have pointed out that the adhesion-
forming process and mesotheliozation are completed after
7 to 14 days following surgery 110172326 Therefore, it was
chosen to wait 10 days before performing relaparotomy
because other studies had shown high adhesion scores
at the period of this time “>¥1. There have many adhesion
scoring systems described by researchers in experimental
models #61617.221 Macroscopical and histopathological
evaluations were made according to semiquantitative
scoring systems that had been described by Mazuji et al.*¥
and Hooker et al.?*, To date mentioned evaluations which
have been used by many reseachers #2223l is simple and
suitable scoring systems for use in experimental studies.

The peritoneal healing process differs from skin
healing process, whose differences actually came from the
reepithelization, and consequences of fibrin depositon.
Intraabdominal adhesions are formed as a result of tissue
inflammation, fibrin deposition, fibrin organization, collagen
formation and maturation 37, Surgical trauma initiates
a widespread inflammatory response in the peritoneum
that is associated with the recruitment and activation of
inflammatory cells, and the secretion of proinflammatory
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mediators. Peritoneal inflaimmation leads to the formation
of an inflammatory exudate. The increase of vessel
permeability produces an outpouring of serosangineuous
excudate rich in inflammatory cells. These cells promotes
the formation of a fibrin-rich matrix at the sites of peritoneal
injury that leads to the formation of fibrinous adhesions
and eventually permanent adhesions 13722,

It is important to use minimal invasive surgery
techniques and various agents to diminish the post-
operative adhesions. These techniques and equipments
have focused mainly on limiting tissue injury, like keeping
the tissues moist, removing of foreign materials, avoiding
of desication/ischemia, and using of laparoscopy. The roles
of pharmacogical drugs are diminishing inflammatory
response, enhancing fibrinolysis, preventing collagen
deposition and maturation "+¢, NSAIDs decrease vascular
permeability, platelet aggregation, plasmine inhibitor
and coagulation, and enhance macrophage function 27,
Some researchers 711122 have demonstrated that NSAIDs
have been used to prevent the adhesion formations by
blocking the initial stage of inflammatory response. An
optimal barrier should be non-toxic, biodegradable, easily
appliable, without compromising wound healing, remain
active in the presence of body fluids, and dissolved after
1 to 2 weeks. HA/CMC has been used to reduce adhesion
formation after the surgery. It becomes a hydrophilic
gel within approximately 24 h after placement. It is
absorbed within 7 days and cleared completely from
the body within 28 days U"#'#1¢ In our study, it was
used the effect of flunixin meglumine 1.1 mg/kg on
the postoperative adhesions and HA/CMC covered on
the peritoneal defect. These results, as expected under
guidance of previous result of the studies %1418 have
supported that both HA/CMC and flunixin meglumine
decreases adhesion formation, as evaluated by the scoring
of adhesion, fibrosis, and inflammatory compared with the
control group (P<0.05), (Table 1).

The physical barriers should focus on more widespread
adhesion prevention without compromising peritoneal
fibrinolytic activity. HA/CMC is accepted as one of
the most effective barrier to prevent intraabdominal
adhesions. However, their efficacy may be limited to the
site of application. HA/CMC does not address the complex
nature of adhesion formation and has hydroflotation and
sliconization effect on the applicated area ©8°'28, An current
approach to increase the efficacy of barriers or drugs could
be improved the synergistic effect of various combinations
without causing significant complications [“919-23:26.28],
Lim et al.®! found that the coadministration of HA/CMC
with neurokinin 1 receptor antagonist not only increases
the efficacy of the barrier at the site of application, but
also significantly reduces the adhesions formation at
distal unprotected sites. Attar et al."® have reported that
combined use of HA/CMC and melatonin were found
to be effective reducing the adhesion formation in a

rat uterine horn model. In this study, adhesion scores of
the HA/CMC and melatonin groups were similar, and
significantly lower than those of the control group. Also,
adhesion scores in the combination group were lower
than those in the control, HA/CMC, and melatonin groups.
Altun et al.”® recently showed that low molecular weight
heparin and octreotide were almost have the same effect
for prevention of adhesion formation. In this work, it was
observed that the scores of adhesion and inflammation
in SF group were significantly lower than that in S and F
groups (P<0.05), (Tablo 1). So that based on this results,
it was concluded that they were effective in combination
rather than the separate using. The result of HA/CMC and
flunixin meglumine combination in this study was paralel
to those of other combination 891823261,

Numerous articles on the combination of some agents
used adhesion prevention have been published but know-
ledge on this subject is limited and contradictory 17182931,
Sahin and Saglam [ researched heparin to the carboxy-
methylcellulose at laparotomy, whereas Basbug et al.2”
added hyaluronic acid plus heparin, Tayyar et al.?® tried
heparin to the amniotic membrane to cover injured rabbit
uterine horns. These combinations seem to be more
effective in reducing adhesion formation rather than the
use of heparin, hyaluronic acid, carboxymethylcellulose
and amniotic membrane alone. Conversely, some
researchers 17272932 ravealed that there was no difference
between the groups in the combined application of various
drugs (HA/CMC+atorvastatin, dimethyl sulfoxide+synovial
fluid, low molecular weight heparin+hyperbaric oxygen,
medroxyprogesterone acetate+heparin, HA/CMC+vitamin
E, vitamin E+selenium) on the prevention of intra-
abdominal adhesions.

In conclusion, HA/CMC and flunixin meglumine reduce
significantly the prevalence of adhesion development
separately. However, HA/CMC and flunixin meglumine
combination have reduced more effectively the formation
of postoperative intraabdominal adhesions. Further and
more detailed investigations could be useful and necessary
using additional examinations.
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