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Abstract : This study was performed to compare the effect of hyaluronic acid(HA), vitamin E and their combinations
for the prevention of postoperative intraperitoneal adhesion in dogs. Twelve mongrel dogs were divided into four
groups; HA- (HA Group), vitamin E 800IU- (E8§ Group), HA + vitamin E 800IU- (HA+E8 Group) and HA + vitamin
E 16001U-treated group(HA+E16 Group) with three dogs in each group. After celiotomy, five abrasions of 1< 1 cm
area were made on the antimesenteric serosal surface of the anterior ileocecum with a No. 10 scalpel blade. The five
abrasions and peritoneal cavity were coated with 25 of 0.1% HA. Oral supplements of vitamin E were given from
the fifth day before the operation to the fourteenth day after the operation. Hematologic values were evaluated before
the operation and on the 1st, 4th, 7th and 14th day after the operation. The locations and scores of adhesion were
assessed through the second operation on the 21st day after the first operation. The adhesions were located on serosa
to mesentary(43.3%), serosa to serosa(20%), serosa to omentum(5%) and serosa to parietal peritoneum(1.7%). The
incidences of adhesion in HA, E8, HA+ES8 and HA+E16 groups were 80%, 100%, 47% and 53%, respectively. The
scores of adhesion in HA+E8 group(p <0.05) were lower than those in other groups. This study showed that the
combination of HA and vitamin E 800IU was significantly effective in reducing the intraperitoneal adhesion in dogs.
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Introduction

Postoperative adhesion formation is a major challenge in
abdominal surgery, as it is the main cause of many patho-
logical states, including obstruction, infertility, and others'.
Adhesions are fibrinous or fibrous bands that form abnormal
unions between two or more surfaces that are normally
covered with serosa’. The pathogenesis of adhesion forma-
tion has been described as a fibroproliferative response of
the mesothelial tissue following peritoneal injury involving
humoral mechanisms as well as cell to cell relationship'?.

Numerous studies have been done to prevent or reduce
the complication of intraperitoneal adhesions in animals.
Historically, these treatment fall into five categories, first
described by Boys* in 1942 as the "five fundamental attacks
directed towards the prevention of adhesions" ; 1) to limit
or prevent initial peritoneal injury, 2) to remove or dis-
solve the deposited fibrin, 3) to keep apart the fibrin-coated
peritoneal surfaces until mesothelialization has occurred, 4)
to inhibit fibroblastic proliferation, and 5) to prevent
coagulation of the serous exudate.

Recent efforts to lower the incidence of adhesion forma-
tion have been focused on a barrier and a fibrinolytic agent.
Hyaluronic acid(HA) is a linear polysaccharide comprised
of alternating glucosamine residues that interact with other
proteoglycans to provide stability and elasticity to the
extracellular matrix of all tissues’. HA is a high-weight
polysaccharide found through mammalian tissues and is an

!Corresponding author.
E-mail : khojang @knu.ac.kr

42

important component of the extracellular matrix involved
in tissue repair’. HA has been known as playing a role in
normal wound healing®® and in inhibiting peritoneal”"!, peri-
cardial'® adhesion formation. Especially HA acts as a barrier
to separate damaged tissue surfaces during the critical phases
of peritoneal wound repair and was associated with a sig-
nificant reduction in postoprative intraperitoneal adhesions.

Vitamin E was first discovered in 1936. There are several
naturally occurring tocopherols, and D-o-Tocopherol has the
widest natural distribution and the greatest biologic activity.
In 1967 Stuyvesant et al'® reported it to be a lysosomal
membrane stabilizer with antiinflammatory properties, and
then Ehrleich and co-workers' had showed that intramus-
cular vitamin E administerd postoperatively inhibited col-
lagen formation in wounds and had effects similar to those
of corticosteroids on wound healing and fibroblast activity.
Kagoma er al'> demonstrated that large amount of oral
vitamin E to mice preoperatively and postoperatively resulted
in a decrease in the incidence and degree of adhesion for-
mation.

Therefore, the purpose of this study was to compare the
effect of hyaluronic acid(HA), vitamin E and their combi-
nations for the prevention of postoperative intraperitoneal
adhesion in dogs.

Materials and Methods

Experimental Animals
Twelves dogs weighing 3.5+0.2 were used in this study.
They were vaccinated with DHPPL, dewormed with febantel
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(Rintal®, Bayer Korea Ltd., Korea). Experiments were
startec. after an initial adaption for about two weeks. The
experimental animals were randomly divided into four
groups; HA- (HA Group), vitamin E 800IU- (E8 Group),
HA + vitamin E 800IU- (HA+E8 Group) and HA + vitamin
E 1600IU-treated group(HA+E16 Group). Three dogs were
aliocared to each group.

Preparation of Materials

Hyaluronic acid(HA) was used in a 0.1% HA solution. It
was prepared by adding 22.5 ml of sterile water at 1% HA
(Sodium hyaluronate 25 mg/2.5 ml, HYAL®, Shinpoong
Pharm. Co., Korea) and then mixing with Vortex Genie 2,
filtering with syringe filter(0.45 Micron, 25 mm). It was
stored at 4°C before usage.

The vitamin E (D-a-Tocopherol, GRANDPHEROL®,
Yuhar. Co., Korea) was administered per oral.

Sargical Procedures

Food was withheld from experimental dogs for twelves
hours prior to surgery. The dogs were anesthetized with
005 mg/kg of atropine sulfate subcutaneously(Atropine®,
Dai Han Pharm. Co. Ltd., Korea) and 1.1 mg/kg of xylazine
intramuscularly(Rompun®, Bayer Korea Ltd., Korea) fol-
lowed by 22 mg/kg of ketamine HCI intramuscularly(Ket-
amin®, Yuhan Co., Korea). The dogs were placed in dorsal
recumbency and the entire abdomen was clipped. The ab-
dominal skin was prepared with povidone-iodine solution
and 70% alcohol for aseptic surgery, sterile surgical instru-
ments and supplies were used in all surgical procedures.
Routine midline celiotomy was performed beginning um-
bilical cord and extending caudally 5 cm in length. After
the abdomen was opened, ileocecal junction was identified,
total five distinct surgical abrasions were made in order to
indacz adhesions. The antimesenteric abrasion of the ileum
approximately 10 cm from the ileocecal junction were cre-
ated by light scraping about 1> 1 cm areas with a sterile
No 10 scalpel blade to promote petechial bleeding(Fig 1A)
The total abrasions were 5 places at intervals of 5 cm (Fig

1B) One abrasion was coated with 3 ml of 0.1% HA solu-
tion followed by 15 minutes of air drying. The total coated
volume is 15 ml of 0.1% HA. The abrasions were dropped
back into the abdomen and 3 ml of 0.1% HA solution/kg
was administered through the catheter, using a sterile syringe
over a entire peritoneal cavity, before closure.(Fig 1C)
Therefore, the five abrasions and peritoneal cavity were
coated with 25 ml of 0.1% HA. The peritoneum was closed
using a simple continuous suture of 2-0 catgut and the skin
was closed by a simple interrupted suture of 3-0 nylon.

Oral supplements of vitamin E were administerd in dose
of 800, 1600 IU/day from the fifth day before the opera-
tion to the fourteenth day after the operation.

Postoperative Evaluations

Each animal was monitored daily for signs of abdominal
pain, incisional swelling or drainage, food consumption or
defecation. Antibiotics(Baytril®, Bayer Korea Ltd., Korea,
5 mg/kg/day) were administered subcutaneously to reduce
the risk of postoperative infection for three days.

The locations and scores of adhesion were assessed
through the second operation on the 21st day after the first
operation. A total score in each animal was obtained by
sum of individual scores to each adhesion. The adhesion
grade was determined according to modified Heidrick ef
al'® : grade 0=no adhesion; grade |=moderate force
required for separation, filmy and/or thin adhesion; grade 2
=sharp dissection needed for separation, dense and/or
broad adhesion.

On preoperative day, 1st, 4th, 7th, and 14th, venous blood
specimens were collected from all experimental animals for
hematologic and biochemical analysis : WBC, RBC, PCV,
fibrinogen, AST, ALT, BUN and creatinine.

Statistical Analysis

All data are expressed as meanzstandard deviation.
Hematological, biochemical evaluations and severities of
adhesions were analyzed to see significant differences
using analysis of variance(ANOVA) and student’s r-test.

Fig 1. Surgical procedures for evaluating intestinal adhesions. A, The antimesenteric abrasion of the ileum was created by light scrap-
ing about 1)< 1 cm areas with a sterile No. 10 scalpel blade to promote petechial bleeding. B, The total abrasions were 5 places at
intervals of 5 cm. C, 0.1% HA solution was administered through the catheter.
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Results

Laboratory Findings

WBC. The change of WBC values(10°/ul) were increased
from 10.01%2.20 on pre-operation to 26.91+7.29 on day 1
in HA Group, from 10.25+4.42 to 23.00+6.26 in E8 Group,
from 14.50+4.75 to 19.10+1.09 in HA + E8 Group and
from 16.35+5.20 to 31.85£7.60 in HA + E16 Group. The
WBC values of HA, E8, HA + E8 and HA + E16 were 9.71
+4.51, 13.71+5.85, 12.75+1.40 and 14.88+1.62 on day 14,
respectively. These values decreased gradually from day 4,
and recovered from normal ranges on day 14(Table 1).

RBC. The ranges of RBC counts(10%/ul) were from 5.35
+0.97 to 6.31+0.97 in HA Group, from 4.81+0.72 to
6.57+£1.93 in E8 Group, from 4.80+0.41 to 6.21+0.59 in
HA + E8 Group and from 5.10+0.65 to 5.75+1.85 in HA +
E16 group. The values showed no significant differences
among the Groups(Table 2).

Table 1. Changes of total WBC counts of blood after operation in dogs

PCV. The PCV values(%) were from 42.33+3.51 to
46.67+7.23 in HA Group, from 35.00+8.66 to 42.67+3.21
in E8 Group, from 36.33+8.02 to 41.33+9.61 in HA+E8
Group and from 37.67+6.35 to 42.33£4.93 in HA+E16
Group. The values showed no significant differences
among the Groups(Table 3).

Fibrinogen. The changes of fibrinogen values(mg/dl)
were increased from 240.33+99.36 on pre-operation day to
386.67+49.37 on day 1 in HA Group, from 197.50+41.50
to 291.50+42.50 in E8 Group, from 285.75+38.25 to
357.50+122.50 in HA +E8 Group and from 279.33+81.51
to 513.40+137.60 in HA +E16 Group. The fibrinogen val-
ues. of HA, E8, HA+E8 and HA+E16 were 208.50%
152.50, 225.00+72.00, 199.23+29.23 and 271.50+38.50 on
day 7, respectively. These values decreased gradually from day
4, and recovered from pre-operation ranges on day 7. The
values showed no significant differences among the
Groups(Table 4).

(Mean=SD, 10*/ul)

Day HA* HA +E8 HA +E16
Pre-operation 10.01£2.20 10.25+4.42 14.5024.75 16.35+5.20
1 26.91+7.29 23.00+6.26 19.10+1.09 31.85+7.60

4 16.06+3.47 17.26+3.75 13.55+5.95 17.26+8.83

7 14.53+4.56 15.16+5.15 14.95+5.39 16.15+2.05

14 9.71+4.51 13.71£5.85 12.75+1.40 14.88+1.62

*HA(Hyaluronic acid), E8(vitamin E 800IU), HA+E8(HA + vitamin E 800IU) and HA+E16(HA + vitamin E 1600IU)-treated groups.

Table 2. Changes of total RBC counts of blood after operation in dogs

(Mean=SD, 10%)

Day HA HA +E8 HA +El6
Pre-operation 6.31+0.97 6.57+1.93 6.21+0.59 5.42+0.68
1 5.35x£0.97 6.00+1.08 5.29+0.25 5.68+1.35
4 5.84+0.60 5.79+0.46 5.14+1.17 5.10+0.65
7 5.49+0.37 4.81+0.72 4.80+0.41 5.75+1.85
14 5.70+0.55 5.53£0.92 4.91+0:31 557191
Table 3. Changes of total PCV of blood after operation in dogs / (Mean+SD, %)
Day HA HA +E8 HA +E16
Pre-operation 46.67+7.23 42.67+321 41.33+9.61 42.33+4.93
1 44.67+9.07 41.33+2.31 39.00+8.89 42.33+8.02
4 42.33£3.51 35.00+8.66 36.33+8.02 38.00+6.08
7 44.00+6.08 38.11+2.52 38.17+7.64 37.67+6.35
14 46.00+6.56 39.33x1.15 39.67+6.66 37.67+6.35
Table 4. Changes of total fibrinogen concentrations of blood after operation in dogs (Mean=SD, mg/dl)

Day HA HA +E3 HA + El16

Pre-operation 240.33+ 99.36 197.50£41.50 28575+ 38.25 279.33+ 81.51

1 386.67+ 49.37 291.50+42.50 357.50+122.50 513.40+137.60

4 249.00+ 53.00 229.00+33.00 212.55+ 47.55 334.00+ 12.00

7 208.50+152.50 225.00+72.00 199.23+ 29.23 271.50+ 38.50

14 218.00+ 97.86 156.00+16.00 254.50+ 55.50 273.00+ 70.93
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Blood Biochemistry. Plasma ALT, AST, BUN and Crea-
timne values had no significant statistical differences
among the groups. The values were remained normally
during experiment period.

Assessments of Adhesions

The adhesion grade was determined according to previous
study'®; grade 0=no adhesion; grade 1=moderate force
required for separation, filmy and/or thin adhesion; grade 2
= sharp dissection needed for separation, dense and/or
broad adhesion(Fig 2).

Adhesions were identified in total sites; serosa to mesentery
(26 of 60, 43.3%), serosa to serosa(12 of 60, 20%), serosa to
omentum(3 of 60, 5%) and serosa to parietal peritoneum (1
of 60, 1.7%). The incidences of adhesion in HA, ES8,
HA +E8 and HA +E16 groups were 80%, 100%, 47% and
53%, respectively(Table 5, Fig 3).

Table 5. Postoperative locations of adhesions in ileum of dogs
on day 21 after operation

Locations of adhesion*

Group
S-S S-M S-O0 S-PP
HA 4 6 1 1
E8" 4 10 1 -
HA+ES - 6 1 -
HA+E16 4 4 - -

*] ocations of adhesion, S-S; serosa-serosa, S-M; serosa-mesen-
tery, S-O; serosa-omentum, S-PP; serosa-parietal peritoneum

HA Group- Moderate to severe adhesions were devel-
oped in 12 of the 15(80%) induced peritoneal adhesion
sites, and adhesion score is 5.3+0.58.

E8 Group- The most severe adhesions were developed in
15 of the 15(100%) induced peritoneal adhesion sites, and
adhesion score is 7x1.00.

HA+ES8 Group- Moderate adhesions were developed in 7
of the 15(46.6%) induced peritoneal adhesions sites, and
adhesion score is 2.3x1.15. There was statistically most
significant reduction as compare with extents and degrees
of HA and E8 Group in adhesion formation(p <0.05).

HA +E16 Group- Moderate adhesions were developed 8
of the 15(53.3%) induced peritoneal adhesions sites, and
adhesion score is 3+1.00. There were significant reduction
in adhesions in comparison to HA and E8 Group, but sta-
tistical significance was not reached(Table 6).

100
80
60
40

20

HA E8 HA+E8 HA+E1 6

Fig 3. Adhesion incidences in dogs on day 21 after operation

Fig 2. Second celiotomy on day 21 after the first operation for evaluating the locations and scores of adhesions. A, B; Arrows indicate
ne adhesion(Grade 0), C; Arrows indicate filmy and/or thin adhesion(Grade 1), D; The adhesions were separated by moderate
force(Grade 1), E; Arrows indicate dense and/or broad adhesion(Grade 2), F; The adhesions were separated by sharp dissection of scal-

pel blade(Grade 2).
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Table 6. Postoperative adhesion scores in dogs on day 21 after
operation

Total adhesion score

Groups  No. of dogs used Individual score  MeanxSD
1 5
HA 2 6 5.33+0.58
3 5
1 8
. ) 6 7+1.00
3 7
1 3
HA+ES8 2 3 2.33+1.15"
3 1
1 2
HA+E16 2 3 3+1.00
3 4

*p < 0.05 compared with HA, E8 Group

Discussion

Tissue injury occurs normally in all surgical procedures
by direct injury at sites of cutting, suturing, handling, etc.,
or by indirect injury at adjacent sites in the surgical field
from desiccation, thermal injury, or abrasive manipulations'”'®.
Injury to the peritoneum leads to the formation of a fibrinous
exudate. Fibrin exudes from peritoneal mesothelial cells,
and most of them is lysed and absorbed. Body defenses
most often resolve the fibrinous strands via phagocytosis
and enzyme digestion. However, the defense fails if the
injury involves a fairly large area or if there is low concen-
tration of enzymes and leukocytes, and result in performing
permanent fibrinous adhesions'®. Subsequently, if these
fibrinous adhesions are not lysed, they are organized into
fibrous adhesions by synthesis of pathological connective
tissue by activated fibroblasts.

The clinical consequences of these adhesions are serious.
Innumerable substances and methods have been used, either
locally in the peritoneal cavity or systematically, for an
effect to prevent or reduce the occurtence of postoperative
peritoneal adhesions. This may either reduce the amount of
exudate, prevent its coagulation, reduce contact between
surfaces, remove fibrin after its apperance or stop prolifer-
ation of fibroblasts'®. Recent efforts to lower the incidence
of adhesion formation have been focused on a barrier and a
fibrinolytic agent.

Hyaluronic acid(HA) is a linear polysaccharide comprised
of alternating glucosamine residues. HA has been shown to
affect macropahges and fibroblast activity****' most probably
through the HA receptor CD44, which has been shown to
be expressed on fibroblasts and macrophages. Alexander et
al® suggested that HA may reduce the formation of post-
surgical adhesions at early postsurgical points. HA is a
high-weight polysaccharide found through mammalian

tissues. In the present study, aqueous solutions of biocom-
patible anionic polysaccharides were used at the beginning
of and during a model cardiac surgical procedure to inhibit
pericardial injury due to abrasion and desiccation which
would initiate adhesion formation. This approach to adhesion
prevention is different from methods which employ barrier
fluids or films interposed between the injured epicardium
and the sternum to physically block formation of adhesions
between those two structures. Previous work by other
investigators have shown the effectiveness of this approach
in preventing abdominal””, pelvic”’, and pericardial’
adhesion in animals. These studies have shown that effec-
tive adhesion prevention is achieved if the tissues are coated
with the polymer solutions prior to desiccation and with
periodic coating of tissues with the polymer solutions during
prolonged procedures. Use of these dilute low-viscosity
solutions at the conclusion of surgery alone is not effective
because they do not function as good physical barriers to
maintain separation of injured tissue during the healing
process®?'. Large volumes of concentrated and very viscous
solutions may be more effective for use at the conclusion
of surgery, but this remains to be examined.

Vitamin E is a fat-soluble vitamin found in the diet, such
as vegetable oils, cereal grains, green plants, egg yolk, milk
fat, liver and nuts. Vitamin E is a generic name for a group
of tocol and tocotrienol derivatives that have some degree
of vitamin activity, and o-Tocopherol is considered to be
the most active form*™. Data from animal studies showed
that the toxicity of vitamin E is low and that the vitamin is
not mutagenic, carcinogenic, or teratogenic’’. Few side
effects have been reported, even at doses as high as
3200 IU/day in human®. In this study, supplemental vita-
min E for adhesion prevention caused no apparent toxic
effects when administered to dogs in dosages 800, 1600
IU/day during experimental periods. A recent study using
dietary vitamin E supplement showed a significant reduction
in postoperative peritoneal adhesions in mice'>*. Previous
studies by Hemadh et al** showed that 50% fewer signifi-
cant adhesions in the group that received oral supplements
of vitamin E (30 IU/kg/day). Vitamin E is believed to play
an important role in maintaining the integrity of cellular,
cellular element(platelet), and organelle membranes, affect-
ing lysosomal membranes in particular™®. At the molecular
level, fat-soluble vitamin E is highly concentrated in mem-
branes where it serves as a scavenger of locally generated
free radicals such as superoxides, peroxides, and hydroxyl
radicals®. Furthermore, vitamin E has been shown to inhibit
platelet serotonin release, platelet aggregations®®. These
events may lead to a reduction in thromboplastin and fibrin
generation®. Considering the role of fibrin in the formation
of adhesions*’, this may be another mechanism by which
vitamin E reduces postoperative adhesion formation.

In summary, HA solution have been demonstrated to be
effective in inhibiting the formation of postoperative adhe-
sions in a clinically relevant canine intraperitoneal adhesion
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model. From this study and others, the mechanism by which
tissue coating with aqueous solutions of anionic polysac-
charides reduces peritoneal adhesion formation appears
clearly related to the protection of fragile serosal surfaces
(1.2.. methothelium) from abrasive and desiccation trauma
during surgery. This solutions perform as temporary tissue-
protective devices rather than as physical barriers to the
formation of connective tissue between wounded surfaces.
The significant reduction in postoperative adhesion in group

us
4}

ing vitamin E combined with HA appear to be the result
synergistic effect between oral supplements of vitamin E

and HA solution.

In short, this study showed that the combination of HA and

vitamin E 800 IU was significantly effective in reducing
the intraperitoneal adhesion in dogs.
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