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ABSTRACT 
 

Adhesions are a common and unfortunate consequence of most abdominal surgical operations. Some 
patients form extensive permanent adhesions that can cause abdominal or pelvic pain, infertility and bowel 
obstruction. Epidemiological studies have highlighted the extent of this problem and the cost to the Health 
Service, and although there are numerous approaches to prevent adhesion formation by careful laparoscopic, 
microsurgical techniques, the use of various adhesion barriers and topical pharmacological agents, no method so 
far has proved completely efficacious in randomized controlled trials. The most effective product for prevention 
of postoperative adhesion is yet to be discovered. In this study, we decided to evaluate the effects of peritoneal 
exposure to dexamethasone, piroxicam and sterile aloe vera extract in post-surgical adhesions in rats. Forty adult 
male wistar rats were divided randomly into four experimental groups; Group 1: Induction of adhesions (IA) + 
intraperitoneal administration of normal saline, Group 2: IA + intraperitoneal administration of dexamethasone, 
Group 3: IA + intraperitoneal administration of piroxicam, Group 4: IA + intraperitoneal administration of 
sterile aloe vera extract. Under general anesthesia the abdominal midline prepared for surgery. A 4cm midline 
incision was made and the abdomen was opened. Adhesions were induced by removed a 1.5cm × 1.5cm area of 
transverses abdominus muscle on the right lateral abdominal wall. All rats were euthanized on the 14th day. 
Adhesions between omentum and abdominal wall were scored in a blinded manner by 2 surgeons according to 
the method of Evans model. The frequency and intensity of adhesions were recorded, and the mean of the two 
observers' scores was used for statistical analysis. Results were expressed as mean ± standard deviation. 
Differences between groups were evaluated by Kruskal–Wallis variance analysis followed by a post hoc Mann–
Whitney U-test. P-values <0.05 were considered statistically significant. Most animals developed adhesions 
between the omentum and abdominal wall and adhesion grades were no statistical significant difference 
between the treatment groups. However, adhesion grades were significantly different between the treatment 
groups with control group. In conclusion, the data presented here show that intraperitoneal dexamethasone, 
piroxicam and sterile aloe vera extract treatment were effective in the prevention of peritoneal adhesions. 
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Introduction 
 

Postoperative adhesions are a common 
complication following a variety of surgical 
procedures. The word ‘‘adhere’’ means stick or hold 
together [1]. It is a sort of disruption in the normal 
physiological process of peritoneal healing. It may 
appear as thin sheets of tissue similar to plastic wraps 
or as thick sheets similar to rubber bands. Peritoneal 
adhesions are a worldwide problem. In most cases 
they are clinically asymptomatic. Adhesions may 
involve female reproductive organs, leading to 

infertility, deep dyspareunia and chronic pelvic 
pains. Adhesions involving the bowels can cause 
bowel obstruction [2]. Several methods, materials, 
and agents have been assessed for their ability to 
prevent postoperative adhesion, including various 
surgical procedures, minimally invasive and 
laparoscopic techniques, topical pharmacological 
agents that target fibrin formation; and liquids, gels, 
and solids that can form a mechanical barrier 
between mesothelial surfaces. Although some of 
these methods or agents have been found beneficial, 
complete success was not achieved [3]. Anti-
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inflammatory agents are used to decrease the initial 
inflammatory response to tissue injury. Anti-
histaminics with corticosteroids inhibit fibroblast 
proliferation [4]. Aloe vera gel, administered 
intraperitoneally, has also been shown to be an 
effective adhesion inhibitor, without promoting 
adverse effects [5]. We therefore aimed to compare 
the use of intraperitoneal dexamethasone, piroxicam 
and sterile aloe vera extract in the prevention of 
postoperative adhesion formation. 

 
Materials and Methods 

 
All rats of the present research were cared 

according to the norms of the Islamic Azad 
University Faculty of Specialized Veterinary Science 
Tehran Iran laboratory of animal experimentations; 
this investigation was approved by the Committee of 
Ethics in Research with animals in Islamic Azad 
University. 

Forty adult male wistar rats were used in the 
study from around 10 weeks of age with a typical 
weight between 300 and 400g. Animals were housed 
at a constant room temperature with a 12h light and 
dark cycle. Standard rodent chow and water were 
provided ad libitum. The animals were divided into 4 
groups of 10 according to the treatment: 

 
Group 1: Induction of adhesions (IA) + 

intraperitoneal administration of 5 ml normal saline. 
Group 2: IA + intraperitoneal administration of 

5 ml (1mg/ml) dexamethasone. 
Group 3: IA + intraperitoneal administration of 

5 ml (1 mg/ml) piroxicam solution. 
Group 4: IA + intraperitoneal administration of 

5 ml sterile aloe vera extract 
 
All surgical procedures were performed under 

aseptic conditions by a single surgeon. Rats were 
anesthetized with an intramuscular injection 

ketamine (50 mg/kg) and xylazine (10 mg/kg). All 
animals received a prophylactic dose of ampicillin 
(50 mg/kg) subcutaneously immediately prior to the 
procedure. Each rat was placed on its back on an 
operating table, and its extremities were fixed to the 
table using sticking plaster. The abdominal hair was 
shaved off and the surgical field prepared with 5% 
antiseptic providone-iodine solution. A 4cm midline 
incision was made and the abdomen was opened. 
Adhesions were induced by removed a 1.5cm × 
1.5cm area of transverses abdominus muscle on the 
right lateral abdominal wall. The incision was closed 
with 3/0 polypropylene sutures (Prolene) using a 
continuous suture technique. We did not use foreign 
bodies such as prolene or mesh to purposefully 
produce a low scoring adhesion model. Postoperative 
analgesia was obtained with the use of subcutaneous 
nalbuphine hydrochloride (2 mg/kg). All animals 
were given water from the first postoperative day; 
standard rat chow and water were provided on the 
second postoperative day. The animals’ welfare was 
monitored with the use of a standard observation 
chart by experienced animal technicians. 

All rats were euthanized on the 14th day after 
being anaesthetized with overdose intraperitoneal 
pentobarbital injection (300 mg/kg) before re-
celiotomy. Adhesions between omentum and 
abdominal wall were scored in a blinded manner by 2 
surgeons according to the method of Evans model 
(Table 1). The frequency and intensity of adhesions 
were recorded, and the mean of the two observers' 
scores was used for statistical analysis. Adhesions 
were graded as 0 to 3 based on their severity. 

All variables were expressed as mean ± standard 
deviation. Differences between groups were 
evaluated by Kruskal–Wallis variance analysis 
followed by a post hoc Mann–Whitney U-test. P-
values <0.05 were considered statistically significant. 
All data were entered into and processed by SPSS for 
Windows statistical package. 

 
Table 1: Adhesion grading according to Evans model. 

Grade Grading of adhesions 
0 No adhesions 
1 Spontaneously separating adhesions 
2 Adhesions separating by traction 
3 Adhesions separating by dissection 

 
Results: 

 
A total of 40 rats were operated. During the study, two animals died; one rat from group 1 during 

anesthesia, and one rat from group 4 in the following first day after surgery (all were immediately replaced but 
not included in the study). There were no symptoms before death; dead rats underwent necropsy without 
significant findings. Deaths were not related to surgery. The remaining 38 animals recovered without incident 
and resumed preoperative physical activity and feeding patterns by postoperative day 2. There was no wound 
dehiscence; and incision hernia. The grading of adhesions in each group is summarized in Table 2. Most animals 
developed adhesions between the omentum and abdominal wall and adhesion grades were no statistical 
significant difference between the treatment groups. However, adhesion grades were significantly different 
between the treatment groups with control group.  
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Table 2: Adhesion grading of the groups according to the number of cases. 
Grade Group 1 Group 2 Group 3 Group 4 
0 0 3 2 2 
1 1 4 4 2 
2 4 2 3 3 
3 4 1 1 2 
N 9 10 10 9 
Mean ± SD 2.33±0.70** 1.1±0.99* 1.3±0.94* 1.55±1.13* 

*Adhesion grades were no statistical significant difference (P>0.05) between the treatment groups (groups 2, 3 and 4). **Adhesion grades 
were significantly different (P<0.05) between the treatment groups with control group (group 1). 

 
 

 
Fig. 1: Necropsy photographs showing intraperitoneal adhesions formation between the omentum and 

abdominal wall in wistar rats, a) shows a degree 0 adhesion or the complete absence of lesions, b) 
shows a degree 2 adhesion between omentum and the abdominal wall (adhesions separating by 
traction), and c) shows a degree 3 adhesion. 

 
Discussion: 

 
Postsurgical adhesions are a natural effect in the 

mechanism of wound healing of damaged tissue 
which may lead to severe postoperative 
complications and problems [6]. Several attempts 
have been made to reduce adhesion formation like 
steroids, nonsteroidal anti inflammatory drugs [7, 8], 
antibiotics [9] or chlorhexidine [10] with different 
results. Anti-inflammatory agents are used to 
decrease the initial inflammatory response to tissue 
injury. Most animal studies have shown the 
effectiveness of nonsteroidal anti-inflammatory 
drugs in the prevention of adhesions [11, 12]. Low-
dose aspirin [13] could be effective in reducing 
adhesion formation by its selective inhibition of 
thromboxane-A2 over prostacyclin. A study carried 
out by Rodgers et al. [14] verified the effect of 
various anti-inflammatory agents as retinoic acid, 
quinacrine and dipyridamole in reducing adhesions 
in animals. Despite that, other studies have failed to 
prove any beneficial effect of intramuscular or 
intraperitoneal administration of ibuprofen in the 
reduction of peritoneal adhesions in rat and rabbit 
models [15, 16]. In an experimental study Maghsodi 
et al [17] showed that intraperitoneal instillation of 
piroxicam solution might be useful for preventing 
peritoneal adhesions. Corticosteroids inhibit 
fibroblast proliferation. The potential side effects of 
these agents include immunosuppression with 
subsequent wound infection, and delayed wound 
healing with subsequent wound dehiscence or 
incisional hernia. Non-steroidal anti-inflammatory 
drugs [18] have an anti-prostaglandin effect, hence 

blocking the adhesiogenic effect of prostaglandins. In 
this study, we observed that the intraperitoneal 
administration of dexamethasone and piroxicam 
significantly decreases the development of 
postoperative peritoneal adhesions. In agreement 
with other studies, we showed that intraperitoneal 
administration of dexamethasone and piroxicam can 
inhibit inflammation and alter the intensity and 
frequency of the formation of adhesions. 

Aloe vera is a plant with yellow flowers and 
triangular leaves [19]. Plant leaves contain abundant 
amounts of mucilaginous fluid of high viscosity, 
called aloe vera gel. Peripheral bundle sheath cells of 
leaves contain a less viscous liquid, called aloe vera 
juice or aloe vera sap [19]. The aloe vera plant 
contains 75 potentially active substances, including 
vitamins, enzymes, minerals, sugars, lignin, 
saponins, salicylic acids, and amino acids [20]. 
Owing to its rich content, it is used in the treatment 
of many clinical diseases and has been found to be 
effective in many pathological conditions [21–23]. 
Aloe vera also accelerates the healing of other types 
of wounds owing to its anti-inflammatory effects 
[23–26]. Aysan et al have showed that aloe vera gel 
can effectively decrease adhesion formation if 
applied before, but not after, after peritoneal trauma. 
This effect is likely due not to its chemical properties 
but to its viscosity, providing a covering to prevent 
peritoneal trauma [25]. We have therefore assessed 
whether aloe vera can prevent postoperative 
peritoneal adhesions, by applying aloe vera extract to 
the peritoneal cavity after the induction of adhesions. 
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Conclusion: 
 
In conclusion, the data presented here show that 

intraperitoneal dexamethasone, piroxicam and sterile 
aloe vera extract treatment were effective in the 
prevention of peritoneal adhesions. Easy 
applicability of the intraperitoneal administration of 
these agents was its major advantage. The 
combination of these agents should be investigated in 
future studies for evaluation synergistic effects. 

 
Acknowledgment 

 
The authors wish to acknowledge the Faculty of 

Specialized Veterinary Sciences. Islamic Azad 
University, Science and Research Center, Tehran- 
Iran, Research Council for approval and financial 
support of this research work. 

 
References 

 
1. Cheong, Y.C, S.M. Laird, T.C. Lil, J.B. Shelton, 

W.L. Ledger and ID Cooke, 2001. Peritoneal 
healing and adhesion formation/reformation. 
Human Reproduction Update, 7(6): 556-566. 

2. Kamel, R.M., 2010. Prevention of postoperative 
peritoneal adhesions European Journal of 
Obstetrics & Gynecology and Reproductive 
Biology, 150: 111-118. 

3. Senthilkumar, M.P. and J.S. Dreyer, 2006. 
Peritoneal adhesions: pathogenesis, assessment 
and effects. Tropical Gastroenterology, 27: 11-
18. 

4. Hockel, M., S. Ott, U. Siemann, and T. Kissel, 
1987. Prevention of peritoneal adhesions in the 
rat with sustained intraperitoneal dexamethasone 
delivered by a novel therapeutic system. Annales 
Chirurgiae Et Gynaecologiae,76(6): 306-313. 

5. Kilic, N., 2005. The effect of Aloe vera gel on 
experimentally induced peritoneal adhesions in 
rats. Revue de Médecine Vétérinaire, 156(7): 
409-413. 

6. Ivarsson, M.L., L. Holmdahl, G. Franzen and B. 
Risberg, 1997. Cost of bowel obstruction 
resulting from adhesions. European Journal of 
Surgery, 163: 679-684. 

7. Nishimura, K., T. Shimanuki and G.S. diZerega, 
1984. Ibuprofen in the prevention of 
experimentally induced postoperative adhesions. 
American Journal of Medicine, 77: 102-106. 

8. Beauchamp, P.J., M.M. Quigley and B. Held, 
1984. Evaluation of progestogens for 
postoperative adhesion prevention. Fertility and 
Sterility, 42: 538-542. 

9. Bothin, C., T. Midtvedt and L. Perbeck, 2003. 
Orally delivered antibiotics which lower 
bacterial numbers decrease experimental intra-
abdominal adhesions. Langenbecks Archives of 
Surgery, 388: 112-115. 

10. Maleckas, A., V. Daubaras, V. Vaitkus, A. 
Aniuliene, E. Dirzinauskas, M. Rakauskas and J. 
Pundzius, 2004. Increased postoperative 
peritoneal adhesion formation after the treatment 
of experimental peritonitis with chlorhexidine. 
Langenbecks Archives of Surgery, 389: 256-
260.  

11. Larsson, B., S.G. Svanberg, and K. Swolin, 
1977. Oxyphen-butazone, an adjuvant to be used 
in prevention of adhesion in operations for 
fertility. Fertility and Sterility, 28: 807-809. 

12. DeSimone, J.M., M.M. Meguid, M. Kurzer, and 
J. Westervelt, 1988. Indomethacin decreases 
carrageenan induced peritoneal adhesions. 
Surgery, 104: 788-795. 

13. Muzii, L., R. Marana, L. Brunetti, F. Margutti, 
M. Vacca and S. Mancuso, 1998. Postoperative 
adhesion prevention with low-dose aspirin: 
effect through the selective inhibition of 
thromboxane production. Human Reproduction, 
13(6): 1486-1489. 

14. Rodgers, K.E., W. Girgis, J.D. Campeau and 
G.S., di Zerega, 1998. Reduction of adhesion 
formation by intraperitoneal administration of 
Arg–Gly–Asp-containing peptides. Fertility and 
Sterility, 70: 1131-1138. 

15. Holtz, G., 1982. Failure of a non-steroidal anti-
inflammatory agent (Ibuprofen) to inhibit 
peritoneal adhesion reformation after lysis. 
Fertility and Sterility, 37: 582-586. 

16. Luciano, A.A., K.S. Hauser and J. Benda, 1983. 
Evaluation of commonly used adjuvants in the 
prevention of postoperative adhesions. American 
Journal of Obstetrics and Gynecology, 146: 88-
91. 

17.  Maghsoudi, H and B. Askary, 2008. The effect 
of piroxicam on the formation of postoperative, 
intraabdominal adhesion in rats. Saudi Journal of 
Gastroenterology, 14(4): 198-201.  

18. Montz, F.J., B.J. Monk, S.M. Lacy and J.M. 
Fowler, 1993. Ketorolac tromethamine, a 
nonsteroidal anti-inflammatory drug: ability to 
inhibit post-radical pelvic surgery adhesions in a 
porcine model. Gynecologic Oncology, 48(1): 
76-9. 

19. Vogler, B.K, and E. Ernst, 1999. Aloe vera: a 
systematic review of its clinical effectiveness. 
British Journal of General Practice, 49(447):  
823-828. 

20. Atherton, P., 1998. Aloe vera revisited. British 
Journal of Phytotherapy, 4: 176-183. 

21. Newall, C.A., L.A. Anderson and J.D. 
Phillipson, 1996. Herbal medicines. A guide for 
healthcare professionals. London: The 
Pharmaceutical Press. 

22. Townsend, J., 1998. Aloe vera. The UK 
reference guide to complementary medicine. 
London: Chartwell House Publishing. 

23. Davis, R.H., M.G. Leitner, J.M. Russo and M.E. 
Byrne, 1989. Wound healing. Oral and topical 



2865 
Adv. Environ. Biol., 6(11): 2861-2865, 2012 

 

activity of aloe vera. Journal of the American 
Podiatric Medical Association, 79: 559-562. 

24. Davis, R.H., M.G. Leitner and J.M. Russo, 1988. 
Aloe vera. A natural approach for treating 
wounds edema and pain in diabetes. Journal of 
the American Podiatric Medical Association, 78:  
80-88. 

25. Aysan, E., H. Bektas and F., Ersoz, 2010. A new 
approach to postoperative peritoneal adhesions: 

Prevention of peritoneal trauma by aloe vera gel, 
European Journal of Obstetrics & Gynecology 
and Reproductive Biology, 149: 195-198. 

26. Strickland, F.M., A. Daevill, P. Albersheim, S. 
Eberhald, M. Pauly and R.P. Pelley, 1999. 
Inhibition of UV-induced immune suppression 
and interleukin-10 production by plant 
oligosaccharides and polysaccharides. 
photochemistry and photobiology, 69: 141-147. 

 


