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SUMNMIARY

This study was carried out on twenty two donkeys
subjccted to jejunal and cecal serosal stripping ad-
hesion induction model followed by intra- and
post-opcrative peritoneal lavage for the first three
postinduction days. The chosen antiadhesive
pharmaccuticals are dimethyl sulfoxide 20% solu-
tion; sodium chloride sterile solution containing
5000 IU heparin/liter; Ringer's laclate sterile so-
lution containing 0.1% lavasept and 1% sodium
carboxymethycellulose. From the quantitative
macroscopic and histopathological adhesions
scorc system and the clinicopathological findings
insignificant differences was found in the postsur-
gical adhesions scores among peritoneal lavaged
and control groups. The cffectivencss of intraper-
itoncal lavage using dimethyl sulfoxide, heparin,
lavasept and sodium carboxymethylccllulose in
the prevention of adhesions cannot be scientifical-

ly supported becausc the resulls were controver-
sial and lacked any implication for clinical usc.
No method has gaincd wide acceptance and sur-
geons must rely on meticulous surgical technique
which can minimize tissuc trauma and reducing

the risk of postsurgical adhesions formation.

INTRODUCTION

Postoperative formation of peritoncal adhcsions
represents a major clinical problem after abdomi-
nal surgery. Thesc adhesion were considered the
most common cause for repeated cpisodes of ab-
dominal pain and death in 18 to 22% of horses
undergoing surgery for small inestinal lesions
(Baxter ct al, 1989, MacDonald ct al, 1989; Ris-
berg, 1997; DiZercga, 1997; Moll ct al, 1991;
Mueller ct al, 2000; Diamond, 2001 and Trcutner
and Schumpelick, 2000). In addition, adhcsions

*This work was financially supported by the German association for cquine practitioner and was extracted from a PhD.

Thesis.
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were the second most common reason for repeat-
ed laparotomy in horses with gastrointestinal dis-
case (Parker et al, 1989; Smith et al, 2005 and Bo-
land and Weigel, 2006).

The preventive strategies which developed to in-
hibit adhesion formation include minimization of
lissue trauma by meticulous atraumatic surgery,
hemostasis, inhibition of the inflammatory re-
sponse, separation of serosal surfaces, enhance-
ment of peristalsis, covering raw peritoneal sur-
laces, enzymatic digestion and inhibition of fibrin
deposition (Ellis, 1971; Singer et al, 1996; South-
wood and Baxter, 1997; Mueller et al, 2000; Otcu
ct al, 2003; Yagmurlu et al, 2003; Certin et al,
2004; Sullins et al, 2004; Bulbuloglu et al 2005;
EL-Ghoul, 2005 and Sikkink et al, 2006).

Little is known about the causes and prevention of
serosal adhesions in horses. The purpose of this
study was to cvaluate the reliability of serosal
stripping model of abdominal adhesions and to in-
vestigate the efficacy of intra-and post-surgical
peritoneal lavage using dimethyl sulfoxide, hepar-
in. lavasept and sodium carboxymethylcellulose
pharmaceuticals in prevention of experimentally
induced intra-abdominal adhesions in donkeys.

MATERIAL AND METHODS

‘I'he study was carried oul on twenly (wo, appar-
ently healthy, donkeys of 5 years mean old and
125 kg mean body weight. This work was done in
department of surgery, anesthesiology and radiol-
ogy; department of medicine and department of
pathology, faculty of veterinary medicine, Cairo
university, Egypt. The donkeys were randomly
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assigned to five groups; ecach containing 5 an;.
mals:

Donkeys in all groups were subjected (0 jejunal
and cecal serosal stripping as a model for induc-

tion of adhesion.

- Group 0 (Control group): Donkeys were sub.
jected to jejunal and cecal serosal stripping
only without any trcatment.

- Group 1 (Dimethyl sulfoxide group): Donkeys
were subjected to intra-abdominal peritoneal
lavage using dimethyl sulfoxide (DMSO0) 20%
solution (Aldrich, chemical company LTD
Gillingham-England).

- Group 2 (Heparin group): Donkeys werc sub-
jected to intra-abdominal peritoneal lavage us-
ing sodium chloride sterile solution containing
5000 U heparin / liter (NILE Co. for pharama-

Cairo.

ceuticals and chemical industries.

Egypt).

- Group 3 (Lavasept group): Donkeys were sub-
jected 10 intra-abdominal peritoncal lavage us-
ing Ringer's lactate sterile solution containing
0.1% lavasept (Fresenius, Stans, Switzerland).

- Group 4 (Sodium carboxymethycellulose
group): Donkeys were subjected to intra-
abdominal peritoneal lavage using 1% sodium
carboxymethycellulose (SCMC) (ADWIC, El-
Nasr Pharmaceutical and chemicals Co. Cairo,
Egypt).

Intraperitoneal lavage solutions were used in a

dose of 7 ml/kg (Moll et al, 1991; Mueller ct al,

1995 and Lopes ct al, 1998/1999).

Surgical technique:
- Food was withheld for 12 hours before surgery
and penicillin streptomycin antibiotic was admin-
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istered intramuscular.

. The ruIIn{ving anacsthetic regimen was used:
xylazine hydrochloride (1.1 mg/kg, intrave-
nously), followed by chloral hydrate NArcosis
(5 ¢/ 50 kg bwt, intravenously) and maintained
with thiopental sodium (15 mg/kg bwt, intrave-
nously). Donkeys were prepared for aseptic ab-
dominal surgery.

. A ventral midline celiotomy was done followed
by systematic exploration of the abdominal
cavity to facilitate examination of the viscera.

- Induction of intra-abdominal adhesjons: The
jejunum was cxteriorized and examined fron,
the ileocecal orifice to the duodenocolic liga
ment. Intra-abdominal adhesions were created
at the antimesentric border of the jejunum us-
ing serosal stripping method (El-Sayed, 1977)
Also, the cecum was located and exteriorized
from the abdomen and adhesions was created

at three areas by serosal stripping. Two inter-
rupted 3-0 chromic catgut sutures were placed
through the seromuscular layer at the two end
of cach serosal stripped arca (Fig. 1).

Fig. 1: Jejunal serosal stripping

Vet.Med.J.,Giza.Vol.54,No.3(2006)

- Intraoperative peritoneal lavage: was done in
the peritoneal lavaged groups using the chosen

pharmaceuticals after finishing from intestinal sc-
rosal stripping,

Fig.2: The catheter used for peritoneal lavage

- Closure of the abdominal wall and Placement
of Foley catheter:

In the peritoneal lavaged and control groups, be-
fore finishing the closure of the abdominal wall a

20 - F Foley catheter (Silkolatex® Rusch Gold®
Balloon Catheter) was inserted into the peritoneal

cavity and fixed in place through the last two su-
tures (Fig. 2). After closure of the abdominal inci-

sion, a sterile 20 ml syringe was used to inflate
the Foley catheter.

- Postoperative peritoneal lavage: was done us-
ing the chosen pharmaceuticals through the
placed intra-abdominal-catheter for the first three
days after operation then remove the cathelers.

- Postoperative care and monitoring (Clinical

assessment): After recovery from ancsthesia,
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donkeys were allowed access to water and werc
gradually returned to full feed during the next 24
hours. Penicillin-streptomycin antibiotic was ad-
ministered for 5-7 days. Antiinflammatory agen!
(arthridine®) was injected intravenously for three
days. Donkeys were monitored for attitude, pulse
and respiratory rates, rectal temperature, signs of
pain, and swelling or drainage associated with the
incision. Donkey that had clinical signs of abdom-
inal pain after surgery was examined and treated

appropriately.

Postmortem examination (Necropsy examina-

tion):

- Donkeys in all groups were cuthanatized 21
days after surgery. The abdominal wall was
opened in a “U” shaped fashion to facilitate the
inspection of the different structures within the
abdomen. The abdominal incision, peritoneal cav-
ity. the abdominal organs and the digestive tracl
were examined. The location of adhesions was
noted and their nature characters were recorded
Fibrinous adhesions were classified as those thal
pulled apart casily with minimal digital pressure
while those that did not separate with moderate te
strong digital pressure were considered as fibrous
adhesions. The number, degree and extent of ad-
hesions were recorded and classified according t¢
the intra-abdominal adhesions scores and types
(El-Sayed, 1977; Moll et al, 1992; Baxter et al.

1993: Diamond, 2001 and Ozel et al, 2005).

. Scores of adhesions: The stripped sites of jeju-
nal and caecal adhesions were graded into the fol-
lowing scores: Score 0: No adhesions; Scor¢
I:Minimal adhesions oi 1-2 strands between vis-
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cera; Scorc 2: Moderately densc but dilfusc adhe-

present without distortiol
esions with twisting

sions 1 ol the mesentery

or bowel; Score 3: Severe adh
and Score 4: Massive adhesions,

of the intestine
s adhered to each other or

with small bowel l02p

(0 other parts of th intestinal tract.

- Types of adhesions: These werc classified uc-

cording o El-Sayed (1977) into:Intestinal adhe-
sions (adhesions between coils of the intestine):
Omental adhesions (adhesions between omenlum
and the antimesentric border of the intestine); Per-
sions (adhesions between peritoneum
cent coils of intestine) and Laparato-

and the adja
my wound adhesions (adhesions between laparat-

nd the adjacent structures).

itoneal adhe

omy wound a

. Histopathological examination: Tissuc sam-

e collected from adhesions siles, scrosal
liver. kidney, heart and
d 10%

ples wer
stripped arcas, intestine,
lung. The samples werc fixed in bullcre
formalin, embedded in paraffin, scctioned at 3pm,
and stained with hemotoxylin and cosin for subsc-
quent evaluation (Bancroft and Cock, 1994). To-

Iyidinc bluc stain used for detection ol mast cclls.

]

Clinicopathologic evaluation:

- Blood analysis: Venous whole blood, serum
and plasma samples were collected from each
donkey for haematological and biochemical anal-
ysis before and on the first, second, third, seventh,
fourteenth and twenty one day postoperation. The
examined hematological paramelers are hemoglo-
bin, hematocrit, red blood cell counts, white blood
cell counts, platelet counts and differential leuco-

cylic counts (Cowell and Tyler, 2002). The exam-
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ined biochemical parameters are glucose, total
prulci"- urca, total bilirubin, direct bilirubin, alka-
line phosphul:lsc. aspartale aminotransfcrase in
serum and fibrinogen in plasma. The biochemical
kils were supplied by Biocon, Germany. Fibrino-
scn concentration was determined by calculating
:hc difference between total protein values of ser-
um and plasma (Duncan et al, 1994),

. Peritoneal fluid analysis: On days 0, 1, 2, 3
and 21 two peritoneal fluid samples were ob-
tained from each donkey (one with EDTA and the
other without EDTA) for cytological and bio-
chemical analysis. The examined cylological pa-
rameters are red blood cell counts, white blood
cell counts, proportion of segmented ncutrophils,
lymphocytes, macrophages, mesothelial and mast
cclls (Cowell and Tyler, 2002). The examined bi-
ochemical paramcters are glucose, total prolcin,

urcy, total bilirubin, direct bilirubin, alkaline
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Fig. 3: Serosal stripping sites free from adhesions. Note that jejunum w. !
\vas present without any inflammatory reaction (A&B). New v;\scul:\lurc‘for_umupn
serosa (C). Inflammatory reaction around the stitch (D). Cecal scrosal stripping sitc
and only slight inflammatory reaction was present (E&T).

Vet.Med.J.,Giza. Vol.54 \N0.3(2006)

phosphatase, aspartatc aminotransferase and fi-
brinogen.

Statistical analysis of the data was done by means
of analysis of variance (ANOVA) for repeated
measures. When the F-value was significant, a
least-significant difference test was used to deter-
mine differences among means using SPSS (Sta-
tistical Product & Service Solutions) (Kuehl,
1994). All data were presented as mean * stan-

dard error, and p< 0.05 was considered signifi-
cant.

RESULTS

Macroscopic evaluation of adhesion:

The results of macroscopic evaluation of adhe-
sions in and among the control and peritoneal lav-
aged donkeys using DMSO, heparin, lavasept and

SCMC were showed in Fig. 3 & 4 and tabulaied
in table 18&2,

as [ree from adhesion and suture material

at the jejunal stripped
was {ree of adhesion
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ation of adhesions

_,_..—-/T——""_’ Typo of adhesion \

Tablo 1: Postmortem observ T Length of
Groups | Donkeys Observation Score 0! e
perlod (day) ‘dh"l_—on 2 3 Adhesion bctween stripped caccmm\
case 1 21 day 2 score Scm laparatomy wound (Abdominal wall Ddheﬁ(::;
Control ] Adhesion between stripped caccal 5crosa gng—~
group case 2 21 day 2 scoro laparotomy wound (Abdominal wall adhesion)
Absenco of adhesion ]
casod 21 day gacene T7om Adhesion between stripped “mm
case 4 7 day 1 score laparotomy wound (Abdominal wall adhesion)
— Absence of adhesion
et T Charis 7om Adhesion between stnpped $60sa of caccum ang
DMSO case 1 21 day 1-2 score jejunum (Intestinal adhesion)
group = — o Absence of adhesion
::: ; ] d:;' 4 86510 20-30 cm Adhesion between stripped serosa of caecum,
jejunum & colon and laparolomy wound
(Abdominal wall adhesion)
- 7Y 77 day 1 6CoTe 5 cm T Adhesion between caecum stripped Scrosa ang |
colon (Intestinal adhesion)
- Adhesion of stripped caecal serosa and
laparotomy wound (Abdominal wall adhesica)
casa 5 1 day 0 score —— Absence of adhesion o]
caso 1 13 day 2 score 6 cm - Adhesion between stripped caecal serosa and
Hoparin laparotomy wound (Abdominal wall adhesion)
group - Adhesion between colon and ileum
(Intestinal adhesion)
case 2 14 day 2 score 25¢cm Adhesion of the stripped caecal serosa, colon and
laparotomy wound (Abdominal wall adhesion)
case 3 6 day 0 score ——— Absence of adhesion
case 4 4 day 0 score ——— Absence of adhesion
caseS 10 day 0 score — Absence of adhesion
case 1 10 day 0 score —— Absence of adhesion
Lavasept [ case2 24 day 2 score 15cm Adhesion between stripped caecal serosa and
group laparotomy wound (Abdominal wall adhesion)
case 1 1day 0 score —_— Abssrce of adhoskon =
ScMC case 2 15 day 1 score 7cm Adhesion between stripped caecal serosaand |
group laparotomy wound (Abdominal wall adhesion)
case 3 14 day 0 score — Absence of adhesion
case 4 14 day 2 score 10 cm Adhesion between stripped caecal serosa and
— - > laparatomy wound (Abdominal wall jih_eifn_),.—
F) ea N
y s Absence of adhesion I
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Fig. 4: Intestinal adhesion between jejunum and caceum (A) and colon and caccum (B). Note the cxcessive fibrin
present on the cecal scrosa (arrow). Abdomina

> ( v I wall adhesion with the jejunum (C) and caccum (D). Note that
the suture material was included in the adhesion (arrow).

Table 2: Intra-abdominal adhesion scores in the examined groups.

Control group | DMSO group | Heparin group Lavasept SCMC group
group
Observation period (days) 1601 3.0 108140 11.64£26 94119 15555
Score of adhesion (0-4 scoro) 16103 3.0£1.0 15£05 2.0£0.01 20001
Length of adhesion (cm) 366+13 140180 6.5+05 245:05° 1551 0.5
Number of adhesions 3 2 2 1 2

Microscopic evaluation of adhesion

Histopathological examination revealed insignifi-
cant  difference in the microscopical picture
among the examined groups. There was a con-
stant finding of inflammatory reaction and granu-
lation tissue formation at site of adhesion and in
small and large intestine. There were desquama-
lion of the epithelial lining of the mucosa of jeju-
fum, cecum and colon. Some cases showing in-
treasing in numbers and activity of goblet cells in

Vel.Med J.,Giza.Vol.54,No.3(2006)

villi and crypt of luberkuhen. Lamina propria ex-
hibit a signs of inflammatory reaction represented
by congestion of blood vessels, edema and aggre-
gation of inflammatory cells mainly macrophages,
lymphocytes and mast cells. The submucosa re-
vealed the presence of edema, fibrin thrombus in
most of the blood vessels, areas of hemorrhages
in some cases and inflammatory cells as neutroph-
ils, macrophages, eosinophils , mast cells and
lymphocytes (Fig. 5).
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an acule inflammatory reac-

k after induc-
d by large
in somc

Al the adhesion sites,
tion began to appear at the first wec
tion of adhesion, the reaction represente

amount of fibrin cxudate, hemorrhage

cases, aggregation of inflammatory cell
trophils, eosinophils mast cells and macrophages.
Fibroblast and angioblast cells werc recorded but
in small numbers. Two week later, the fibrin exu-

date decreased in its amount, lymphocytes and
pear, the number of an-

s, as neu-

plasma cells began to ap
gioblast and fibroblast cell

s was increased, newly

Fig. 5: Small intestine of donkey showing the p
and of large numbers of
showing fibrin thrombus accompanic

formed blood vessels was obvious ang Strang
\

collag
nized
flamm

en fibers were detectable. In donkey s
three weeks postoperation, a ehronie .u_
atory reaction was predominany -nlln'
were an increasc numbers of mature Co||a%
forming bundles in some areas (Fig. 6), Jeg o
ber of newly formed blood capillaries were nmm.
es in addition to less amount of fibrin exudy, d:d
aggrcgalion of macrophages, lymphocyte o
plasma cells were detected. Regenerated mesoth,.

lial cells of serosa were detected in some cageq

resence of edcma and aggregation of inflammatory cells (A) (H&E X 66)

mast cclls (B) (Toludine bluc X 33) in lamina propria; Submucosa of large intestine
d by aggregation of inflammatory cells and fibrin (C); Submucosa of jeju-

num showing desqumation of cpithclial lining, arcas of hemorrhage and congested blood vessels (D) (H&E X 33).

A A
g Tal 1, _,“t’(.lﬁﬂ:.’w
2okl AN B TY
Fig. 6: Site of adhesion in cecum at 13 days '
¢ 1ys post treatment showing la : tion of I
flammatory cells mainly neutrophils in submucosa and scrogsa (%?:IT&?EH)[(O;‘ngEb%:gg;i ‘:t"i:ffl:f %g lda)’s

postoperation showing aggregation of large numbe :
: : oy : rs of cosinophi 3 . Q i
prasence of ang oblagt, fibrobila and jmmature collagen fiber [:n lclcS:(:(ll?r?\ ((}é?([:ﬂégﬁ))( gt!)t)ca(r)\l;iagc:‘l::;;‘:“

Jjunum (D) (H&E X 33).
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Fig. 7: Intestinal serosa showin
flammatory cells and
areas of centrolobula

Some cases at sites of abrasion showed foreign
body granulome, formed from suture material, in-
flammatory cells as neutrophils, macrophages,
lymphoctes and finally connective tissue capsule.
The liver of some cases especially heparin group

showed centrolobular necrosis (Fig. 7).

The score of the evaluated histopathological vari-
ables was 13 degree in the control group; 20 de-
gree in DMSO group; 15 degree in DMSO group;

17 degree in heparin group and 22 degree in lava-

SCpt group.

V
et.Med.J..Gim.Vo|.54.No.3(2006)

g granulome consists of suture material, in-

conncctive tissuc capsule (A) and liver showing
rnccrosis (H&E X66).

Clinicopathologic findings:

Hematological parameters in the control and peri-
toneal lavaged donkeys using DMSO, heparin,
lavasept and SCMC were presented in table 3.

Biochemical blood parameters in the control and
peritoncal lavaged donkeys using DMSO, hepar-
in, lavasept and SCMC were presented in table 4.

The results of peritoneal fluid parameters in the
control and peritoneal lavaged donkeys using
DMSO, heparin, lavasept and SCMC before in-
duction of adhesions, and at the first, second and

third postoperative days and at the euthanization
day were showed in table 5.
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in the examined groups

imes
tological parameters at different t : ST Group3 o
Table 3: Hema =] Group (Heparin) (Lavasept) (8Cugy
] Sampling " (DMs0)
o Time ¢ 103207 15218 93104
Paramaters 95207 . ’
10.1¢ 08 61045 102204 “6103
Hemoglobin o0dsy o0 113218 :
(glan 1 51 woek 061 53103 962064 83118 %
Tl '°“°: =TTT7 371054 97108 T e
Td r 9910 TYECH 928071 104:06 |°||g|‘
Day of evironzaton Azl T 28.8 £ 0.86 285163 LT T
310t 21 5 \
Hematocrite 0day 37136 337226 28411 328135 NSy
(vol %) 1 5l week 5 "l TYYED 2808116 W02+23 W
2 0d week 0721, L] 775203 298126 B T
3 [ week Naitt 205¢75° 2715 36522 NS5p15
Day of euthanization 36215 e <3104 41107 36105
Red Biood el Oday 42104 e 2103 43107 56105
(x10% 1) fMpe e LT 52103 42109 S1is
5109 :
2 od week 4510 — YV 37105 AT
44109 :
3 (d week L e YYEX 4103 38103
920, . a
Day of euthanizalion s 73513 1352 19 129115 1861 21
N6, :
o go 74021 1.9 93£23° 104142 126117
coll IXW’N) 1 5l week 90219 b
O 89t23° 115146 15214°
7 0 woek 93113 108¢ 18
g 8: 098° 761222 88:18°
J rd week 95216 82219
Day of evihanization 133109 105¢ 29° 19618 53° 13220 10.3 2035
Segmented 0day 13715 42t 47 2301 36 420: 17 )
neutrophil (%) T3l week 123143 451 96 73217 35275 46296
2 1 week 2331123 2021 3 1822 4131 231 29: 19
31 woek 233192 264 8.7 182 2 5461 74 3502 5
Day ol euthanizaton 36116 191 15° 5202 ° 213: 76 5 s
Lymphocyte (%) 003y 72143 S8t 38 743112 4331t 126 641 86
1 5l week 833133 52292 6262 13° 5661 116 421 94
2 od week 713139 7251 8.5 802 0" 533t 235 67t 23
3 (d woek 7332116 633: 145 82t 20° 448 63s 7
Day of euthanization 55111 81 15 242010 672 12 61: 185
Monocytes (%) 0day 275109 0 13213 261 26 0
1 5l week 23214 1201 7:03° 26% 26 062 06
2 od week 13113 125212 2102 132 13 2:2
361 woek 212 0 0 13113 45105°
Doy of sushanczaiion 1317 13¢13 0 461 29 1201
Immature 0da
¥ :I%I S y g 0 261 26 1201
P 1 5l woek 13213 27227 4123 T3: 13 27307
2 od week 26113 6206 0 3 7102
J i woek 0 1061107 o 5 5
Day of e 21202 0 3 = 3113
Eosinophils (%) 0day 3113 3T $53 2
“ 13103 33213 15:09
1.5l weok 06106 o 3 5
70d 33 5 - 43:43
I g weok 13113 7103 . LEANE .
Day of euthanizaton 0 IYRYy < ¢ et
~ Piatelet Taay oy J 0 16:06 0
163 2146154 142163 215159
1 5] week 335197 100 106.7 1 44 et
(u va/mi) 75 2100 24264+ 82 2085459 2097211
ve 261482 105!-50-~ TS ”T"‘.—
7
T b L L T G LM LS
B 13
Oay of euthanization 2625137 Tt £ 287.72 64 Ity |
: 4075:62° 4951 4° 12715197
—— —
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Table 4: Biochemical parameters at different times in the examined groups

Examined Sampling Group 0 Group 1 Group 2 Group 3 Group 4
paramelors timo {Control) (OMS0) (Heparin) (Lavasept) (SCMC)
Total protein @ dey Or 0.47 60: 0.16 53: 06 68106 651 00
(g/dh) 18l week 1117 6.1: 0.06 561 03 90134 54¢ 16
2 pd week 5104 51t 0.8 631 25 691 05 73:28
3 1d week 5107 50¢ 01 nol onalyzed 00% 02 a3r 10
Day of euthanization 5t 06 73120 nolnalyzed | GGt 02 a1:15
—Fibrinogen 0day 285118 20¢: 012 (RTEK] 16:04 22-09
(g/dh) 1 st week 1351015 083 027 13102 13:0.% 21:02
2 nd week 201 05 093: 070 10+ 002 19:01 12:02
3 1d week 032005 14: 0.30 nol analyzed 17209 0.3+005°
Day of euthanization not analyzed 051006 nol analyzed 001005 not analyzed
[~ Glucose 0 day §8.71 6.4 6341 4 5353 11.1 £7.3t 16 541 174
{mg/di) 1 8t woek 891 30 783 6 63.32 1423 1301 19.7° 841129
2 pd week 67.21 67 55.0= 134 541 14.3 755¢ 55 652124
3 1d week 603 10.3 69.0 - 23 nol anatyzed 046:256' 0:92
Day of euthanization 4632 85 79.51 0.5 nol analyzed 6002 10.4 not analyzed
Urea 0day 16.8258 21917 245841 213222 281119
(mg/di) 1 5l week 2111 16 3861128 265254 MT172 25152
2 pd week 26.71 6.2 2147 549+ 30" 250134 147242
31d week 2151 56 10.7=24 rol andlyzed 147139 306164
Day of euthamization | 413:13.¢ 163=21 rol analyzed 2241237 193215
Total 0day 18:=17 0.062 : 0.01 U135: 004 0231004 0131 003
bilirubin 1 st waek 0.081 0.03 0.063 2 0.02 0.090 = 0.02 0.05 1 0.01 0.2201 0.1
(mg/di) 2 nd week 01081 0.03 | 0.270: 000 0435 = 0.42 00561002 0110£0.01
Jrd week 04881 004 | 0670:008* | notanalyzed 0.253 = 0.1 02201 0.1
Day of euthanization | 0.1101 004 0.080:= 0.03 not analyzed 092107 0860+ 0.2
Direct 0 day 02533+ 008 | 0548- 013 | 05052 0.22 | 0.187£0.04 0.2+ 007
Bilirubin 1 5t woek 025 0.08 0.3¢01 0.04 0.240=0.10 0.39: 000 041202
(mg/di) 2 pd week 0087+ 005 | 0275= UL6 | 0270=002 | 0.391 0.19 096 : 0.\
3 1d week 00701 0.01 0.275= 0.27 nol srolyzed 0031 003 0.41 2001
Day of euthanzation | 0.960 = 0.05° 1101 0.2* not analyzed 121 0.07° 0.27 1 0.0
Alkaline 0 day 111 212 1100 14,2 1037242 283:=535 168 + 149
phosphatase 1 st week 88.21 352 7152 43 80.31 84 102.9 = 22° 2001425
(un) 2 ndweek 7881 8.4 5694 230" 285t D9 91.7110° 91.2: 145
3rd week 61.3¢ 2.7 581+ 6.2° nol analyzed T15% 5.4 676196
Day of euthanization 520180 76951 265 nol analyzed e3B: 8.9 4581 10.1*
Aspariate 0 day 117.21 248 Wi 05 14690: 25 169 17.6 1351163
aminotransf. 1 st week 620= 157 1500+ 11.4° 11341 149 2042245 1727 £ 603
orase (UIL) 2 nd week 105.7¢ 146 9161 6.6° HARR Y 20112 47.1 1518 : 518
3d week 67931 121 61.4¢ 0.7° not analyzed 19371 40 1099 2224
Day of euthanization | ©9.0¢ 15.2 0.824 001 rol analyzed 9422 6.0° 15181 335
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examined groups

mes In the
| fluid parameters at different vl - —Group 2 Group 3 ~ Group 4~
Table 5: Peritoneal fiu Group 0 Grom:J) (Heparin) (Lavasept) (SCMmc)
In:
Examined Sareptrd (Contol) | MO )~ 60220 | 1B~
time L_————1 40110 160
Parameters At ——37| 85¢388
3£ 533 | 7 L ——s 386.6 £ 26 2421 77
Red blood cell i 569 | 323 —
operation | 150200 | =7 ____4—=r g 90 £ 40 2154 155
ts ()(103 1 5t day post | ————23 | 120167
coun don | 56.6+233 1 60 £10.5 800 1 53—
) 2 pd day postoperd 0258 | 209¢718 65.8 £ 64. i\
P ] - — not analyzed
3 d day postoperation s | sz 157 | 10%49 yZ ‘0\_
Day of euthanization | 50.0% 1% T 1.9+0.7 44123 32413
- 51+ 1.2 > o
White blood Operation day 4 = [ 3992289 51.7 £ 24.6 106.5 5.1 62.2 ¢ 2¢9°
cell counts 1 5l day postoperation 189115 997L M5 | 205% 1.5 3483 130+ 78"
4155 : ! —_—
wxtos ) L Lol B 28 | 13060419° | 13356 19+4 3521 3¢°
K 6.110. 813 e
Day of euthanization SOFT 236125 68.818 56+ 135
Segmented Operation day 46164 i - 8817 92+9.2 8216
neutrophils [ ~7 57 day postoperaiion | 81.0% 133" | 94.7+18 94121 %5215
(%) 7 od day postoperation | 8.0 11.5° | 82711 87575 : EERE
T day posioperation | §50160° | 8634 7254125 78+ 16 91+179
Day of euthanization 540198 | 600294 75+ 153 not analyzed 481104
Lymphocytes Operalion day 40.6 £ 20.2 3619 275+17.5 2212 35: 136
(%) TSl day posfoperation | 19.0+11.5 | 25:024° | 10776 55+1.5 125¢46
2 pd dey postoperation | 8.6+36 | 8.7+.3.9° 1119 3:02° 3120
3 rd day postoperation 7.0+36 43103 27.5+12.5 8+2° 6211
Day of euthanization | 36.0:68 | 36186 25+7.4 not analyzed 24+438
Other cells (%) Operalion day 30+15 319 9019 1010 85:4.7
(mast cell/ 1 st day postoperation 0 225¢1 1.310.88 25:15 65145
macrophages) |=7 1dday posioperation | 1001 | 0252025 | 1515 3:1.0 0.5:05
3 rd day postoperation 73163 93+93 0 14+ 14 3.0+09
Day of euthanization 40+1.7 36.0£ 10.0 0 not analyzed 28.0+6.2
Total protein Operation day 28+15 |079: 039 | 1.7:063 33104 25% 07
(g/dl) 151 day postoperation | 206108 | 56:20° | 49:12 38209 3109
2pgd day postoperation | 2.53+02 | 1.9%1.12 34+17 0.8 + 0.01 24114
31d day postoperation | 3.211.1 43121 206£0.9 | notanalyzed 4715
Day of euthanizati =1
o t:)pe ou "00;18"0" notanalyze | 0.9+0.04 | notanalyzed | not analyzed 2104
nogen ration da X il
s — Y : 0652 025 | 027£0.07 | 02001 0.1510.05 09101
! 8l day postoperation | 30:1.1° | 0.7750.15° 0501 07204 00202
0d day postoperation | 0.4 % L e
S 005 | 06201 05102 0.55 +0.35 0.4£0.01
Y postoperalion | 0.75£0.02 | 033105 043001 iS00 502002 |
Doy of euthanization 073062 | 011007 el B
. not analyzed | not analyzed | not analyz
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DISCUSSION

pifferent methods had been tried to induce adhe-
sions in animal model; serosal abrasions (Moll et
A, 19915 Heidrick et al, 1994; Wurster et al, 1995;
vural et al. 1998; Mueller et al, 2000 and Hay et
41, 2001); ischemic defects (Mueller et al, 2000);
denudation (Ryan and Sax, 1995); electrocautery
(Basbug et al, 1998 and Certin et al, 2004);
cutting, scratching and scrapping (Haney and
Doty. 1994) and stripping (El-sayed, 1977). In
this study, intestinal serosal stripping adhesion
model of the antimesentric border of jejunum and
caecum lead to development of adhesions with
different grades of severity and extent in the ex-
amined donkeys.

Visual and histopathological assessment of adhe-
sions in the control donkeys revealed that adhe-
sion was formed at approximately 60% of the
stripped area. Adhesions was formed at 57% of
the sites after electrocautery, 100% after cutting
and scratching and 0% after scrapping (Haney
and Doty, 1994); 100% after serosal stripping (El-
Sayed, 1977); 29% after serosal injury increased
10 91% when accompanied by subserosal injury.
The degree and severity of adhesions would de-
pend on the extent of the destruction produced
during serosal stripping. In areas with massive se-
rosal and subserosal damage healing of the denud-
ed pant took place with formation of adhesions
and in areas with minimal destruction smooth
healing occurs without adhesions (El-Sayed,
1977). The placed sutures act as foreign bodies
and can cause tissue ischemia, thereby increasing
the Probability of adhesions development (Moll et

Y
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al, 1991). Variability in the degree and extent of
adhesions was attributed to the inadvertence dur-
ing serosal stripping, low grade of infection, or in-

dividual variation in the tendency to form adhe-
sion.

The selected materials used for intra-and post-
operative peritoneal lavage in this study were
dimethylsulfoxide, heparin in saline solution, lav-
asept in Ringer's lactate and carboxymethylcellu-
lose. The selection of these materials was based
on the current, empirical use of these substances
in equine colic patients to prevent postoperative
adhesions formation (Baxter, 1991) and its report-
ed ability to prevent adhesions of the gastrointes-
tinal and reproductive tracts of laboratory animals
(EL-Ghoul, 2005).

Intraperitoneal lavage using DMSO had failed to
prevent adhesion formation in the donkeys. Non-
steroidal antiinflammatory drugs were shown to
reduce peritoneal adhesions in a variety of animal
models after intraperitoneal lavage at the time of
surgery in rat (Tayyar and Basbug, 1999), preop-
erative systemic administration in rabbits (Siegler
at al, 1980), rats (Tsimoyiannis et al, 1989) and
postoperative administration (Rodgers et al,
1996). However, Holtz (1982) demonstrated that
it had no impact on adhesion prevention when
given postoperatively. Anti-inflammatory drugs
reduce adhesions by modulating fibrinolytic activ-
ity of resident macrophages and macrophages
present in the early postsurgical period. It has
been suggested that inflammation may be a con-
tributory cause of serosal fibrin deposition, fibro-
sis and serosal adhesions in horses (Sullins et al,
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1991) and ponies (Baxter et al, 1991b). DMSO
was the first nonsteroidal anti-inflammatory dis-
covered since aspirin.It reduces inflammation by
its antioxidant activity and as a scavenger of the
free radicals that gather at the site of injury (Shir-
ley et al, 1978 and Bulbuloglu et al, 2005).

Peritoneal lavage using heparin diluted in sodium
chloride solution lead to decrease in adhesion for-
mation in donkeys (three donkeys are free and
two had adhesion). This result was in agreement
with Sahin and Saglam (1994) and Tayyar and
Bashug (1999) who found that the extent, severitly
and total scores of adhesion formation were found
10 be reduced in rats when given heparin intraper-
itoneally or systematically with no harmful effect
on hemostasis or wound healing. Subcutancous
heparin lead to significant decrease in adhesion
formation in rats (Vela et al, 1999) dogs (Gupta
and Jain, 1985) and ponies (Parker et al, 1987).
Heparin is a potent inhibitor of several steps on
the intrinsic coagulation pathway through its ef-
fect on a plasma cofactor and antithrombin IIL Ir-
rigation solutions containing the anticoagulant
heparin have been used during surgery to reduce
fibrin deposition on injured tissues. However, the
increased risk of hemorrhage associated with hep-
arin use has restricted clinical research in this area
(Jansen, 1988). On the other hand the use of hep-
arin o irrigate the peritoneal serosa during elec-
live operations was found to have no important
action in reducing the development of peritoneal
adhesions in controlled clinical study in women
(Jansen, 1988) and in rats (Diamond et al, 1991
and Sagol et al, 1999).
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In lavasept peritoneal lavaged group; one donkey
developed adhesions and the other one was (ree of
adhesions. Lavasept is a noval antiseptic solution
containing the polymeric biguanide polyhexanide
was used as bactericidal antiseptic for peritoneum
in 0.01% concentration (Willenegger, 1994 and
Schmit-Neuerburg et al, 2001) and for antiinfec-
tive lavage of body cavitics inclusively for perito-
necal lavage in 0.05% concentration (Kramer et al,
1998).

Peritoneal lavage using 1% sodium carboxyme-
thylcellulose solutions lead to prevention of adhe-
sions formation in 50% of the examined donkeys
which did not differ significantly between the
SCMC treated group and the control group. Vari-
able results have been reported following SCMC
intraperitoneal lavage. SCMC has been found to
reduce postoperative adhesions formation in intes-
tinal and reproductive models in horses (Hay et
al, 2001); ponies (Moll et al, 1991; Murphy et al,
2000 and Eggleston et al, 2004. ), rats (Sahin and
Saglam, 1994 and Sousa et al, 2001) ewes (Moll
ct al, 1992) and in rabbits (Diamond et al, 1987).
On the other hand intraperitoneal instillation of
SCMC failed to reduce postsurgical adhesion for-
mation in rabbits (Gehlbach et al, 1994), rats
(Yaacobi et al, 1993), ewes (Mansour et al, 1999)
foals (Sullins et al, 1991) and in horses (Lopes el
al, 1998). Diamond et al (1987) found an inversc
correlation between either the concentration or the
volume of SCMC employed and the extent of ad
hesion formation.

Carboxymethylcellulose is a substituted polysac
charide, water -soluble polymer that can provide
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yiscous barrier between scrosal surfaces. The
mcclmnism by which SCMC was able to reduce
sdhesion formation is uncertain. It may be a hy-
Jroflotation or siliconizing effect or coating of ad-
hcsiogcnic tissues. The ionic nature of SCMC
make the polymer strands repel each other in wa-
(er. therefore, remaining frecly soluble for longer
iime at the site of application and reduce adhesion
formation. The efficacy of SCMC has not been
proven in clinical studies (Diamond et al, 1987
and Southwood et al, 1997).

The results of this study emphasized the inconsis-
iency of adhesion prevention by high molecular
weight substances infused into the peritoneal cav-
ity (Singer et al, 1996). The difference noted in
the efficacy of SCMC in prevention of adhesions
among animal species may be due to species vari-
ation in the pathophysiology of adhesion forma-
tion, the level of activity of plasminogen activator
or activator inhibitor or the severity of the induc-
tion model (Singer et al, 1996).

In this study the observation period was 21 days,
meanwhile some donkeys were dead before this
time and the average observation period was 16
days in the control group; 10.8 days in DMSO
group; 11.6 days in heparin group, 9.4 days in
lavasept group and 15.5 days in SCMC group.
Similarly, Ustun et al (1998) and Muller et al
(2003) scored adhesions 21 days after surgery.
Meanwhile adhesions were scored 3-7 days (Ha-
ficy and Doty, 1994); 10 days (Hay et al, 2001);
'2:14 days (Mol et al, 1992); 14 days (Diamond
“tal, 1987; Baxter et al, 1993 Hauge et al, 1998
and Sagol ey al, 1999) and 45 days after surgery

v
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(Otcu et al, 2003).

Postmortem cexamination in this study revealed
that the most common site of postsurgical adhe-
sions occurred between stripped jejunal and cecal
serosa and laparotomy wound (abdominal wall
adhesions) followed by adhesions between loops
of intestine (intestinal adhesions). This was in
close agreement with the observation of Menzies
and Ellis (1990) and Ivarsson et al (1997).

Histopathological variables revealed that the ad-
hesion scores were significantly higher in DMSO
and lavasept groups and insignificantly higher in
heparin and SCMC groups in comparison with the
control group. Subjectively, higher adhesion
scores were usually associated with a greater in-
flammatory response and more fibroplasia. The
more mature fibrous adhesions had less inflam-
matory cell infiltration and thus lower the total
histologic scores (Baxter et al, 1993).

The classic pathway for adhesion formation in-
volved peritoneal injury, ischemia and foreign
bodies which lead to peritoneal inflammation and
production of plasminogen activator inhibitors.
These inhibitors result in the loss of normal meso-
thelial fibrinolytic activity, and if prolonged, this
allows the organization of fibrinous adhesions
into permanent fibrous adhesions (Ellis, 1971/
1980; Dijkstra et al, 2000 and Mutsaers, 2004).
Horse is more sensitive to adhesion promoting
factors (ischacmic tissue, infection, serosal trau-
ma and foreign materials) and thus more prone to
fibrous adhesion formation (Baxter, 1992 and
Vegad, 1995).
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The erythrogram showed that in DMSO group,

the hemoglobin, hematocrit and red blood cell

count were significantly decreased at the day of
cuthanization. This may caused by anemia due to
peritonitis (Morris, 2002). Red blood cell count
was significantly increased one week after induc-
tion of adhesion, with insignificant increase in he-
moglobin and hematocrit values. Similar results
were reported in horses (Semard, 1990; Lopes et
al. 1999 and Dabareiner, 2002). This may caused
by hemoconcentration and dehydration (Morris,
2002).

Regarding leukogram, significant leukopenia was
recorded in DMSO, heparin and SCMC groups.
Significant lymphocytosis was scen in the second
and third week postoperation and 2 significant
lymphopenia was noticed at the first week and at
the day of euthanization in the heparin treated
donkeys. Significant monocytosis was found in
the heparin and SCMC group. Semard (1990);
Darbareiner (2002) and Morris (2002) mentioned
that in peritonitis white blood cell counts may be
normal or a neutrophilic leukocytosis may be

seen.

In lavasept and DMSO treated donkeys, the total
protein was significantly increased at the first
week after induction of adhesion. Hyperproteine-
mia may be due to dehydration or may result from
increased immunoglobulin production (Dabarein-
er, 2002). Hypofibrinogenemia was observed at
first week and day of euthanization in lavasept
group and at the third week in SCMC group. Hy-
perfibrinogenemia was expected as a normal re-
sponse to inflammation as mentioned by Johnston
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and Morris (2002). Significant hyperglycemia
was recorded at the first, second and third week
after induction of adhesion in lavasept treated
donkeys which may be a result of abdominal pain
induced by surgery which result from release of
endogenous epinephrine or corticosteroid in re-
sponse to stress and can be expected with abdomi-
nal pain, regardless the cause (Coffman, 1980 and
Moll et al, 1991). Serum urea level was signifi-
cantly increased at the second week after adhe-

sion induction in heparin treated donkeys. The re-

duced renal perfusion caused by hypovolemia due
to dehydration produce clevation of urea (Carl-

son, 2002).

Peritoneal fluid reflects the pathophysiological
state of parietal and visceral peritoneal surfaces
(Hanson et al, 1992). Serial peritoncal fluid evalu-
ation is a useful indicator for assessing the re-
sponse of peritonitis and abdominal viscera trau-
ma and various discase status (o medical
treatment (Hoogmoed et al, 1999).

The significant increased number of peritoneal
red blood cell on the first day after adhesion in-
duction in DMSO treated group and at the euthan-
ization day in SCMC treated donkeys may have
resulted from erythrocyte diapedesis through in-
flammed vessels (Schneider et al, 1988 and Cow
ell and Tyler, 2002). Hanson et al (1992) foun
that intestinal manipulation in horse lead to signif
icant increase in RBCs numbers on the first pos'
operative day which significantly decreased afl
that. The total white blood cell count was signif
cantly increased at the second and third day aft
induction of adhesion in DMSO treated group

Vet.Med.J.,Giza.Vol.54,N0.3(2006)
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at the first, second and third day after induction of
adhesion in SCMC treated donkeys. This may be
due to the inflammation following induction of
adhesion (Semrad, 1990; Mendes et al, 1999 and
Cowell and Tyler, 2002). Hanson et al (1992)
found that the total nucleated cells was signifi-
cantly higher than normal on the first postopera-
jive day after intestinal manipulation and had not

ewmed to normal by the seventh postoperative
day.

Regarding the peritoneal fluid differential leuco-
cylic count, neutrophilia was noticed at the secc-
ond and third day after induction of adhesion in
DMSO treated group, and at the second day after
induction of adhesion in SCMC treated donkeys.
Hanson et al (1992) observed that intestinal ma-
nipulation in horse lead to neutophilia on the first
postoperative day which remains unchanged by
the seventh postoperative day. Neutrophils are the
most common and important cell type in perito-
neal effusions. They are attracted to the peritoneal
cavity by chemostatic stimuli, and act in the pri-
mary cellular defense mechanisms against invad-
ing microorganisms (Steer and Lewis, 1983).
Lymphopenia was observed at the first, second
and third day after induction of adhesion in
DMSO treated group and at the first, second and
third day after induction of adhesion in lavasept
lreated donkeys. However, the percentage of mac-
fophages, mast cells and mesothelial cells were
significantly increased at the euthanization day in
both DMSO and SCMC groups. Reactive meso-
thelial cells and macrophages are commonly in-
€Teased in any peritoneal fluid transduate or exu-
date (Morris and Johnson, 1985). Similar results

V"'-Mcd.d..Glza.Vol.54.No,3(2005)

were reported by Semard (1990); Cowell and Tyl-
er (2002) and Mutsaers (2004).

The peritoneal fluid total protein was significantly
increased at first day after adhesion induction in
both DMSO and heparin treated donkeys. Perito-
neal fluid fibrinogen was elevated significantly at
the first day postoperation and significantly de-
creased at cuthanization day in DMSO treated
group. Peritoneal fluid total protein and fibrino-
gen concentration were significantly higher than
normal, after intestinal manipulation, on the first
postoperative day and remain unchanged by the
seventh postoperative day (Hanson et al, 1992).
The clevated peritoneal total protein and fibrino-
gen were previously reported in horses with peri-
tonitis by Schneider et al (1988) and Cowell and
Tyler (2002).

The changes in peritoneal fluid parameters indi-
cated that surgical manipulation of abdominal vis-
cera and/or peritoneal lavage creates a significant
and rapid postoperative inflammatory reaction.
This was in close agreement with the observations
of Schneider et al (1988); Hanson et al (1992) and
Lopes et al (1999).

In conclusion it can be said that, intra-abdominal
adhesions are an important complication after ab-
dominal surgery in equine. Several pharmacologic
strategies have been devised to modulate the bio-
chemical processes involved in inflammation and
adhesion formation, but all have major limita-
tions. Despite of general acceptance and wide-
spread usage, the effectiveness of intraperitoneal
lavage using dimethyl sulfoxide, heparin, lavasept
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and sodium curbmymclhylccllulosc in the pre-
vam1Mumwﬂmmcmmmbcmkmﬁkmwsmr
ported because the results were controversial and
lacked any implication for clinical use. Failure of
the used materials to prevent adhesions may be
due to that stripping of the intestinal serosa in the
examined donkeys may have created enough se-
vere serosal damage that any form of pharmaco-
logic interventions would not have prevented ad-
hesions formation and equine being particularly
susceptible to form fibrous adhesions. The effica-
cy of antiadhesion agents appears (o be related to
the agent's viscosity ability to coat the wound sur-
face and residence time at the site of injury.
Therefore, adequate prevention by pharmacologic
intervention may require the development of an
cfTicient vehicle or drug delivery system. Unfortu-
nately, no method has gained wide acceptance
and surgeons must rely on meticulous surgical
technique which can minimize tissue trauma and
reducing the risk of postsurgical adhesions forma-

tion.
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