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Evaluation of Resorbable Meterials for Pre-
venting Surgical Adhesion on Rat Experiment

Hee Soo Shim, MDD, Young Woo Lee', Young Moo Lee,
Ph.D., Young Ha Oh, MD?, Sung Won Kwon, MD?, Jin
Hong Kim, Ph.D and Seung Kook Sohn, MD.

Purpose: Postsurgical adhesion formetion is still a cause of
postoperative morbidity because no satisfactory treatment or
prophylaxis has yet been developed. Therefore, we have
established an animal nodel for adhesion prevertion, and
evaluated the toxicity, inflammetion and adhesion prevention
effect of available water soluble materials as barriers against
adhesion formation.

Methods: Fourweek old female Sprague-Dawley rats (Sam:
TacN(SD)BR, Smetako Co., Seoul Korea) were used. The
2 cnf of cecal serosa and adacent abdominal wall were
abraded with bone burr, and the serosa of the cecum was
sutured to the abdominal wall 1 cm apart from the irjured
site. The denuded cecum was covered with either sodium
hyaluronate (HA), sodium alginate (Alg), sodium carboxy-
methyl cellulose (CMC), polyethylene glycol-polypropylene
glycol-polyethylene glycol (PEG-PPG, Poloxamer), or poly-
ethylene glycol (PEG) on both sides, or neither side (control
group) and apposed to the abdominal wall. Two weeks after
operation, the quality of adhesion was graded using a
whole-nunmber system of zero to five.

Results: Adhesion grades were highest in the control group
(average 4.8), were a little lonver in the PEG-PPG (aver. 4.6)
and PEG (aver. 4.1) groups, and were significantly lower in
the HA (aver. 3.1), Alg (aver. 3.3) and CMC (aver. 3.0)
groups (@l, P 0.05). However but inflammeation was re-
vealed in the Alg and CMC groups.

Conclusion: In our animal nodel for adhesion prevention,
a fairly good antiadhesion effect was attained with Alg, CMC
and HA, whereas inflammeation was revealed with Alg and
CMC. In conclusion, HA is the best candidate for adhesion
prevertion. (J Korean Surg Soc 2002;63:179-186)
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, Barier

oxidized rege-
nerated cellulose, sodium carboxymethyl cellulose (CMC), de-
xtran, sodium hyauronate (HA) ,
polyethylene glycol-polypropylene glycol (PEG-PPG, Poloxa-
mer), polyethylene glycol (PEG), Gore-Tex

Table 1. Anti-adhesion tested agents

. Molecular
Materid Wt. (dalton) Conc. Remarks
Alginate Low visco. 1% Na st
cMC - 1% Na salt

1,100,000 o

HA 1,600,000 05% Na salt
PEG-PPG o

fymer 14,000 1%  Poloxame 407
PEG 4,000 1% -

CMC = carboxymethyl cellulose; HA = hyduronic add; PEG =
polyethylene glycal; PPG = polypropylene glycal.

1)

sodium aginate (Alg), sodium car-
boxymethyl cellulose (CMC), polyethylene glycol-polypro-
pylene glycol (PEG-PPG, Poloxamer), polyethylene glycol

(PEG) phosphate buffered sdine (PBS) 1%
, sodium hyaluronate (HA) 05%
20C 20 .
ketamine hydrochloride (Teble J).
2)

Sorague-Dawley ra
(femde, Sam: TacN(SD)BR, Samtako Co., Seoul, Kores)

, 4 250 300 g
0 , Alg, CMC, PEG-PPG, PEG 10
,HA 2
3
ketamine hydrochloride
100g 5mg )

Fig. 1. Method of rat experiment
for adhesion. (A) Abrasion
ijury on cecal serosa was
made. (B) Adacant abdo-
minal wal was abraded.
(©) Tested solution mate-
rid was gpplied. (D) Eval-
uaion of adhesion degree
was made.
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(Fg. 2.
Table 2. Classfication of adhesion severity and strength Taole 3 ’ ’
Adhesion severity
0  No adhesions
1  One thin filmy adhesion
2  Two o more thin filmy adhesion
3 Thick adhesion with focd point
4  Thick adhesion with planar attachment
5 Veay thick vascularized achesons
Adhesion srength

1 Adhesion was filmy and eadly torn with

very light pressure

2  Adhesion was subgtantiad and needed moderate

pressure to tear

3 Adhesion was heavy and required significant

pressure to rupture

4  Adhesion was very heavy and difficult to rupture

Fig. 2. Histologic finding reved dense fibrous adhesion between

the intedine and peritoned wall (H&E gain, x<40).
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Table 3. Evauation of acheson formation

. Adhesion Adheson Adhesion
Materid (n) Wit change (g) degree strength aea (o)
Contral (30) 99+224 48+04 38+04 23+ 14
Alginae (10) —70+£30.3* 33x: 18 28+ 12 09+0.8*
CMC (10) — 6.7+ 162* 30X 12* 2.1+09* 09+ 0.6*
HA (32 6.6:20.3 34+ 10* 24+0.8* 10+0.5*
Poloxamer (10) 236+ 19.8* 461+05 36x05 104+0.3*
PEG (10) 299+ 250* 4.1+0.6 32+0.6 23+09
* P vdue 005 versus control.

' .--ff* e =‘-th i e 67 [ Adhesion degree
-u'rf-ir _fj-'{ {7 Adhesion strength
- 51 M Adhesion area
4 - r
3 [1
2 -
‘E -
o] T

B e

Fig. 3. Higtolgic findings reved fibrous adheson and conspicuous
inflammatory cell infiltration composed of neutrophils,
lymphocytes and plasma cdls (H&E stain, X 100).
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Fig. 4. Comparison of adhesion grade, adhesion strength. Adhesion
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Table 4. Higtologic features of biopsies from adhesions

Material (n) Granulation

tise Gant cdls Hbrosis Macrophages Fa necrosis
Contral (20) 145+0.66 150+0.67 185+0.85 135+057 0.05+0.89
Alginae (10) 180+0.87 250+ 050* 120+ 101* 200+0.77% 0.40+0.22
CMC (10) 1424049 2.14+0.63* 119+045* 200+053* 0
HA (20) 1434049 142+0.67 113+0.87* 126+054 0
Poloxamer (10) 152+0.92 100+044 182+0.96 118+044 0
PEG (10) 150+0.92 100+044 180+0.98 120+040 0

*P vaue 0.05 vasus contral.

Injury to peritoneum

Wasoactive kinins & histamine releass
o
Serozanguinaus malix farmation
gontaining inflammatory cells

Inflammatory exudate [cytokine & growth

facior) in fibrin clat

2 ’ %

Tiszue plasmincgen activator (=) Tisaue plasminogen activator {+)
L o

Decreased fibrinolysis Plasminagen — plasmin canversion
4 ) L
Organization of Fibein clot Firinolysiz
L
Ii.-"I.DHESIO N | Normmal reperfonealization

Fig. 5. Proposed adhesion mechanism (Reference; Infertility and Reproductive Medicine 1994;5(3):391-404).
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plaamin

plasminogen
, tisue
plasminogen activator (tPA)
(Fg. 4.
(8)
tPA )
(9) Barier

oxidized regeneraed cdlulose,(10) sodium carboxy-
methyl cdlulose (CMC), dextran, sodium hyauronate (HA),

(11-14) hepain(15) , PEG, Polo-
xamer,(16,17) Gore-Tex(18)
, Alg, CMC,
Poloxamer, PEG PBS 1%
, HA 05% .
Vlahos
6 . Vlahos
5 4 ,
4 5
: CMC, Alg HA
PEG, Poloxamer ,

.Buns (5) CMC

CMC  Alg.
, HA
HA
HA
Sawada (19) HA
HA
HA 110
160 .
HA 1934 Meyer Pdmer ,
. HA D-gulu-
cronic acid  N-acetyl-D-gulucosamine ,
B(1- 3 PB(1- 4 gulucosidic
HA ,
.CMC cellulose
,  monochloroacetate
(20 CMC ,
, . Alg
, mannuronic acid  guluronic acid
, 2
(21 Alg
. PEG  Poloxamer
cdlulose dex-
tran

sodium hyauronate (HA)
HA
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PEG
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(22

HA HA

HA  PEG, Poloxamer ,
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