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ABSTRACT

BACKGROUND: Although the English-language literature is full of studies about post-surgical adhesions, no definitive method has 
yet been identified to prevent them. The goal of this study was to investigate the effect of ClinOleic on reducing post-surgical adhe-
sion formation.

METHODS: Surgery was performed on 40 adult female Sprague-Dawley rats that were randomly assigned to receive either intra-
peritoneal ClinOleic, which was used to mimic chyle (ClinOleic group), soybean oil (soybean oil group), olive oil (olive oil group), or 
0.9% NaCl suspension (control group). All rats underwent laparotomy, side-wall and cecal abrasion, and primary closure. On the 30th 
day following surgery, rats were sacrificed and examined using the Majuzi adhesion classification and histopathological grading scales. 

RESULTS: The adhesion and histopathological scores of the ClinOleic group were significantly lower compared to the control group 
(0.9% NaCl) (p<0.05). A statistically significant decrease in fibrosis was observed in the soybean and olive oil groups when compared 
to the control group (p<0.05). However, the adhesion grades of the ClinOleic, soybean and olive oil groups were comparable. We did 
not observe any post-surgical adhesions in the ClinOleic group. 

CONCLUSION: The parenteral nutrition solution ClinOleic may be an effective and readily available agent for the prevention of 
post-surgical adhesions.
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INTRODUCTION

Adhesion formation following surgery remains an almost in-
evitable consequence of most abdominal procedures. After 
multiple operations, the incidence of intra-abdominal adhe-
sions could be as high as 95%. Advancements in surgical tech-
niques, such as laparoscopy, can help to diminish the probabil-
ity of post-surgical adhesions.[1] Despite the decrease in the 
adhesion formation rate from 50% after laparotomy to 12% 
after laparoscopy, surgery for adhesions may still be required 

after these surgeries.[2,3] Post-surgical adhesions can lead to a 
broad range of diseases, such as infertility, pelvic pain, bowel 
obstruction, difficulties during re-operations, and increased 
morbidity and mortality.[4-6] Many adjuvants that prevent in-
flammation (steroidal and non-steroidal anti-inflammatory 
medications), degrade fibrin (recombinant tissue plasmino-
gen activator [t-PA]), or act as barriers (absorbable material/
solution/gel or liquid paraffin) have been evaluated to pre-
vent post-surgical adhesions.[7-9] Nevertheless, no definitive 
method or agent has been proven to prevent the formation 
of post-surgical adhesions.

Chyle, a milky bodily fluid consisting of lymph and free fatty 
acids (FFAs), is formed in the small intestine during the diges-
tion of fatty foods and is taken up by lymphatic vessels.[10] 
In our clinical practice, we have observed that patients who 
had gastrointestinal surgery with extensive lymphatic dissec-
tion did not develop post-surgical adhesions often. This led 
us to hypothesize that chyle may have acted as a preventive 
factor against adhesion formation. Therefore, we conducted 
this study using the parenteral nutrition product ClinOleic 
(Baxter, UK)[11] to model human chyle in rats.

  EXPERIMENTAL STUDY
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This study examines the effect of ClinOleic and a few other 
oils on reducing adhesion formation in rats. Our hypothesis 
was that chyle draining into the peritoneal cavity after gastro-
intestinal surgery would prevent adhesion formation.

MATERIALS AND METHODS

Materials
ClinOleic (Baxter, United Kingdom) is a mixture of 80% olive 
oil and 20% soybean oil. It is used as a parenteral lipid emul-
sion for supplemental nutrition in patients with intestinal fail-
ure (Table 1).[12,13]

Soybeans consist of soy protein, isoflavones, fibers, and sapo-
nins. Soybean oil is a long-chain triglyceride with two domi-
nant fatty acid residues: 25% oleic acid and 51% linoleic acid 
(omega-6). It also includes methyl methacrylate, palmitic acid, 
linolenic acid (omega-3), and stearic acid residues. Many soy 
ingredients have potential health benefits for patients.[14,15]

Olive oil has long been recognized for its unusual fat con-
tent. This plant oil is one of the few widely used culinary 
oils that contain approximately 75% oleic acid (a monoun-
saturated, omega-9 fatty acid) and 21% linoleic and linolenic 
acid. Olive oil that has undergone less processing also com-
prises α-tocopherol (an antioxidant and anti-inflammatory 
agent), squalene, phytosterols, triterpenes, and phenolic 
compounds.[16,17]

All the fluids used in this study were sterilized prior to the 
surgical procedures.

Animals
The approval for this study was given by the Medical Faculty 
of Uludağ University, Experimental Animals Production and 
Research Laboratory Ethical Committee. The protocols were 
in compliance with the conditions governing the care and use 
of laboratory animals (Declaration of Helsinki).

Forty adult female Sprague-Dawley rats, 3-4 months of age 
and weighing 350-400 grams, were used. Cages measuring 
40x25x25 cm with plastic sides and bottoms covered with 
stainless woven wire were used. Wood shavings on the floor 
of the cages were replaced every two days. A maximum of 
five rats were kept in each cage under standard laboratory 
conditions, with water in drinking bottles and a pellet food 
manufactured specially for rats provided. They were housed 
at a temperature of 20-22 ºC, relative humidity of 50-60% 
and with 12-hour light-dark cycles. The rats were divided into 
four groups.

Surgical Procedures
All animals were fasted overnight prior to surgery and were 
anesthetized in jars. Anesthesia was maintained with an injec-
tion of a combination of 10 mg/kg intramuscular ketamine 
(Ketalar®) and 1 ml/kg xylazine (Rompun®). Antibiotics were 
not administered prior to incision. All surgical procedures 
were performed under sterile conditions.

Following povidone iodine application to the skin, a 4 cm mid-
line abdominal incision was made. The cecum and the termi-
nal ileum were grasped and scraped with sterile dry gauze. 
After the injured cecum was returned to the intraperitoneal 
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Table 2. Adhesion grading according to Majuzi classification

Grade Description of Grade

0 No adhesion

1 Very small, irregular adhesion

2 Easily separable medium intensity adhesion

3 Intense, not easily separable regular adhesion

4 Very intense, not easily separable, homogeneous adhesion

Table 1. Compounds of 20% ClinOleic (per 100 ml) lipid emulsion

Ingredients Amount

Purified olive oil (80%) and soybean oil (20%) 20 g

Purified egg phosphatides 1.2 g

Glycerol 2.25 g

Sodium oleate 0.03 g

Sodium hydroxide As needed for Ph adjustment

Water for injection Sufficient quantity
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cavity, a 2x2 cm apposing parietal and visceral peritoneal abra-
sion was performed using dry gauze. After the procedure, 5 
ml 0.9% NaCl suspension was added into the peritoneal cav-
ity of rats in the control group (Group 1), 5 cc of soybean oil 
was added into the peritoneal cavity of rats in the soybean oil 
group (Group 2), 5 cc of olive oil was added into the perito-
neal cavity of rats in the olive oil group (Group 3), and 5 cc 
ClinOleic was added into the peritoneal cavity of rats in the 
ClinOleic group (Group 4). The abdominal fascia was closed 
using a continuous technique with 000 polypropylene suture. 
The skin was closed with a surgical stapler.

Evaluation of Adhesion Formation
On the 30th postoperative day, the rats were sacrificed by 
cervical dislocation. Through the initial laparotomy scar, the 
abdomen was opened using a midline incision from cranial to 
caudal to view the extent of intra-abdominal adhesion forma-
tion. The adhesions were graded according to the Majuzi clas-
sification system[18] by an experienced surgeon of the clinic 
who was blinded to the different treatment groups (Table 2). 

Morphologic Evaluation
The 2x2 cm area of abrasion in the right lower quadrant was 

excised en-bloc. A pathologist, who was uninformed regarding 
the methods and groups, examined the damaged abdominal 
wall of each rat. Through this examination, the interactions of 
the oily fluids with the peritoneum and the efficacy of these 
fluids in preventing adhesions were observed. The tissues 
were fixed in a 10% buffered formaldehyde solution and em-
bedded in paraffin following dehydration. Tissue sections of 5 
µm thickness were obtained and stained with hematoxylin and 
eosin. These sections were evaluated using light microscopy 
at a magnification of 100x. The histopathological grade was 
measured with a semi-quantitative scoring system (Tables 3, 
4). Vascular proliferation was scored as follows: 0, no vascular 
proliferation; 1, mild vascular proliferation; 2, moderate vas-
cular proliferation; and 3, intense vascular proliferation.[19,20]

Statistical Analysis
Adhesion and histopathological scores did not always follow 
normal distributions. Thus, statistical inferences were made 
using Mann-Whitney U-tests and the Statistical Package for 
the Social Sciences (SPSS) 10.0 software (Chicago, IL). A p 
value <0.05 on a two-tailed test was considered statistically 
significant. The Kruskal-Wallis test for intergroup compari-
sons was used to evaluate the data.

RESULTS

No rat died during or after surgery in this experiment. There 
were no signs of clinical inflammation on the incision in any 
rats. When comparing adhesion grades (Table 5), a significant 
difference was observed between the control and ClinOle-
ic groups (p<0.05). However, the soybean oil and olive oil 
groups did not show any significant differences compared to 
the control group. Additionally, the adhesion grades of the 
ClinOleic, soybean oil and olive oil groups were comparable. 
We did not observe any post-surgical adhesions in the Clin-
Oleic group (Fig. 1a). 

The median histopathological fibrosis, inflammation and vas-
cular proliferation scores of the ClinOleic group were sig-
nificantly lower than of the control group (p<0.05), but were 
comparable to the soybean oil group and olive oil group (Fig 
1b-d). The histopathological fibrosis score of the control 
group was significantly higher compared to both the soybean 
oil group and olive oil group (p<0.05) (Table 6).
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Table 3. Inflammation grading scale

0 Nil

1 Grant cells, occasional scattered lymphocytes and  

 plasma cells

2 Grant cells with increased numbers of admixed

 lymphocytes, plasma cells, eosinophils, neutrophils

3 Many admixed inflammatory cells, micro abscesses  

 present

Table 4. Fibrosis grading scale

0 Nil

1 Minimal, loose

2 Moderate

3 Florid, dense

Table 5. Postoperative adhesion grades of groups and histopathological features of biopsies from the peritoneum

 1-Control 2-Soybean oil 3-Olive oil 4-ClinOleic      p

Adhesion grade 1.5 (0-3) 0 (0-2) 0 (0-2) 0 (0-0) 0.023*

Fibrosis 1 (0-3) 0 (0-1) 0 (0-1) 0 (0-0)  <0.05**

Inflammation 1.5 (0-3) 0 (0-2) 0 (0-1) 0 (0-0) NS

Vascular proliferation 1 (0-2) 0 (0-2) 0 (0-1) 0 (0-0) NS

* Group 4 was significantly lower than the control group (p<0.05).
** Soybean and olive oil groups (p=0.043) and ClinOleic group (p=0.023) were significantly lower than the control group.
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DISCUSSION

In this experimental study modeling intra-abdominal adhe-
sions in rats, adhesions were diminished when ClinOleic was 
applied into the intraperitoneal cavity. Despite some similar 
effects when other oil products were used, the greatest im-
provement was observed when ClinOleic was used. This find-
ing has encouraged us to repeat this study in humans.

In this study, we investigated ClinOleic and its additives. Soy-
beans are associated with low levels of inflammatory mark-
ers and enhanced endothelial function; however, the exact 
mechanisms of these activities are not known.[15,21,22] Olive 
oil is the main component of ClinOleic. Hydroxytyrosol and 
polyphenol are believed to be the main antioxidant com-
pounds in olive oil and contribute significantly to the many 
health benefits of this oil. Oleic acid and phenolic compounds 
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Figure 1. (a) Oil vacuoles of the ClinOleic group (hematoxylin & eosin [H&E]). (b) Peritoneum of the control group 
(H&E).  (c) Oil vacuoles of the soybean oil group (H&E). (d) Oil vacuoles of the olive oil group (H&E).

(a)

(c)

(b)

(d)

Table 6. Statistical comparison of the groups according to the adhesion, fibrosis, inflammation, and vascular 
proliferation grades 

Groups p-value

 Adhesion Fibrosis Inflammation Vascular proliferation

Group 1 vs. Group 2* 0.12 0.043 0.16 0.39

Group 1 vs. Group 3** 0.08 0.043 0.06 0.10

Group 1 vs. Group 4*** 0.023 0.023 0.023 0.023

Group 2 vs. Group 3 0.73 1 0.63 0.63

Group 2 vs. Group 4 0.28 0.73 0.28 0.28

Group 3 vs. Group 4 0.48 0.73 0.48 0.48

*, ** Soybean and olive oil groups were significantly lower than the control group (p<0.05).
*** ClinOleic group was significantly lower than the control group (p<0.05).
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exert anti-inflammatory and anti-thrombotic activities. Hy-
drocarbons, polyphenols, tocopherols, sterols, triterpenoids, 
and other components of olive oil usually exert beneficial ef-
fects on vascular dysfunction by modulating the mechanisms 
of endothelial activity. Such mechanisms involve the release 
of nitric oxide, eicosanoids (prostaglandins and leukotrienes) 
and adhesion molecules. In most cases, the release of these 
molecules is promoted by the activation of nuclear factor 
κB by reactive oxygen species.[23] Several in vitro studies have 
shown that ClinOleic may interfere less with inflammatory 
responses, including monocyte, lymphocyte, and neutrophil 
responses, than soybean oil.[24]

However, the preventive effect of ClinOleic may be linked to 
its barrier effect. Many pharmacologic agents in the form of 
liquids, gels and solids have been implicated in the prevention 
of intra-abdominal adhesions. These agents are believed to 
act as mechanical barriers between peritoneal surfaces, and 
include agents such as modified chitosan-dextran gel,[25] nitric 
oxide, a Chinese medicinal compound known as Changtong 
oral liquid,[7] intravenous melatonin,[2] a combination of t-PA 
and phosphatidylcholine,[26] and poly(ethylene glycol)-poly(ε-
caprolactone)-poly(ethylene glycol) (PEG-PCL-PEG, PECE) 
hydrogel.[6] Previously evaluated adhesion barriers include Se-
prafilm® II[19] and polyethylene glycol spray (SprayGel).[27] In an 
experimental study by Schreinemacher et al.,[28] the authors 
reported that polypropylene mesh with an omega-3 fatty acid 
barrier coating, C-Qur (Ethicon Inc., Somerville, NJ, USA), 
reduced adhesion formation to intraperitoneal mesh in the 
short term, but the effect diminished in the long term. Phago-
cytosis of absorbable coatings may have contributed to adhe-
sion formation.

Ferric hyaluronate gel has also been investigated and was 
found to lead to a 69% reduction in intra-abdominal adhesion 
formation. This was due to an increase in viscosity caused by 
the ferric ions.[29] Conversely, another animal study demon-
strated that no significant prevention of adhesions was ob-
served with this compound.[3]

Highly viscous liquids may prevent adhesion formation by 
forming a layer between surfaces, thereby preventing any con-
tact of the de-peritonealized surface with the surrounding tis-
sues. In vitro studies showed that, in a highly viscous medium, 
the movement of cells or cell groups towards each other is 
delayed and adhesion either does not occur or is delayed, 
depending on the viscosity.[30-32] Aysan et al. performed many 
different studies regarding the prevention of peritoneal adhe-
sions. These included using soybean oil[14] before peritoneal 
trauma, using honey, which has a dense and complex chemi-
cal composition,[33] and using viscous 6% hydroxy ethyl starch 
(HES) solution.[34] When the viscosity of the fluid inserted 
into the intraperitoneal cavity was increased, the reduction 
of intra-abdominal adhesion formation was achieved by an 
unknown viscosity-dependent process.[34]

In summary, the preventive effect of ClinOleic may be due to 
the anti-inflammatory effects of its olive oil component or to 
its barrier effect. Because the results of the ClinOleic group 
were improved relative to its additive groups (olive oil and 
soybean oil groups), the net effect may not be linked only to 

the anti-inflammatory effects of olive oil. It is likely that more 
than one mechanism is responsible for the protective effect 
of ClinOleic against post-surgical adhesions. Nevertheless, 
ClinOleic showed a significant anti-adhesive property in our 
rat model and has encouraged us to perform human studies.

According to our encouraging results, ClinOleic may act as an 
anti-adhesive material, which is a very important clinical gain 
for patients undergoing abdominal surgery. Among the many 
materials used in animal adhesion studies, ClinOleic seems to 
be the option most preferred for use in humans. Addition-
ally, our study may lead to some new trends. For instance, 
the use of intra-abdominal drains could be questioned. Using 
energy devices in dissecting the mesentery of hollow viscus 
could also be reconsidered. Additionally, the effect of early 
enteral feeding may not only prevent translocation of bacteria 
from the intestines, but may also cause the formation of more 
chyle in the intraperitoneal cavity.

To the best of our knowledge, this is a novel study that at-
tempts to examine the effect of chyle on preventing intra-
abdominal adhesions. In this report, we present a useful anti-
adhesive material for gastrointestinal surgeons that can be 
applied in everyday practice, and our encouraging results also 
offer many other findings and ideas in the field.
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OLGU SUNUMU

Cerrahi sonrası oluşan karıniçi yapışıklıklara karşı ClinOleic’in koruyucu etkinliği
Dr. Yüksel Altınel,1 Dr. Ersoy Taşpınar,1 Dr. Halil Özgüç,1 Dr. Ersin Öztürk,1 Dr. Elif Ülker Akyıldız,2 Dr. Deniz Bağdaş3

1Uludağ Üniversitesi Tip Fakültesi, Genel Cerrahi Anabilim Dalı, Bursa;
2Uludağ Üniversitesi Tip Fakültesi, Patoloji Anabilim Dalı, Bursa;
3Uludağ Üniversitesi Tip Fakültesi, Deney Hayvanları Araştırma Merkezi, Bursa

AMAÇ: Karıniçi yapışıklıklar morbiditenin önemli bir sebebi olmaya ve tedavi maliyetinin artmasına neden olmaktadır. Bu çalışmada, abdominal 
cerrahi sonrasında yapışıklıkları önlemede bir parenteral beslenme ürünü olan ClinOleic’in intraperitoneal kullanımının yapışıklık oluşumuna etkisi 
araştırıldı.
GEREÇ VE YÖNTEM: Rastgele seçilen 40 yetişkin Sprague-Dawley cinsi sıçana anestezi altında laparatomi yapıldı ve karın yan duvarı ve çekum-
da abrazyon oluşturuldu. Peritoneal boşluğa grup 1’de (kontrol grubu) %0.9 NaCl çözeltisi, grup 2’de soya yağı, grup 3’de zeytin yağı, grup 4’de 
ClinOleic uygulandı. Daha sonra karın primer kapatıldı. Deneyin 30. gününde sıçanlar öldürüldü. Gruplarda yapışıklık miktarı kör olarak makrosko-
pik değerlendirme Majuzi skalasına göre, histopatolojik değerlendirme ise semikantitatif  skorlama sistemlerine (enflamasyon grade skalası, fibrozis 
grade skalası ve vasküler proliferasyon grade skalası) göre ölçüldü.
BULGULAR: Makroskopik olarak yapışıklık derecesi grup 1 ile karşılaştırıldığında grup 4’de anlamlı olarak düşüktü (p<0.005). Grup 4’de cerrahi 
sonrası yapışıklık görülmedi. Grup 2, 3 ile grup 4 arasında yapışıklık derecesi açısından istatistiksel fark saptanmadı. Histopatolojik skorlar ise grup1 
ile karşılaştırıldığında grup 4’de belirgin olarak düşüktü (p<0.005). Grup 2, 3 ile grup 4 arasında histopatolojik anlamlı fark saptanmadı.
TARTIŞMA: Parenteral beslenme ürünü olan ClinOleic’in intraperitoneal kullanımı deneysel şartlarda karıniçi yapışıklıkları önlemede başarılı bulun-
muştur. Klinikte de rahatlıkla uygulanabilecek bu yöntemin daha fazla klinik çalısmaya ihtiyacı vardır.

Anahtar sözcükler: Abdominal cerrahi; yapışıklık önleyici; ClinOleic; karıniçi yapışıklık.
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