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OBJECTIVE: To investigate the effect of octreotide, a long-acting analogue of somatostatin, on postopera-
tive adhesion formation, because somatostatin inhibits secretion of some growth factors that have modula-
tory effects on collagen synthesis.
DESIGN: An experimental study.
SETTING: Surgical Research and Biochemistry laboratories at Hacettepe University, Ankara, Turkey.
SUBJECTS: Male Swiss albino mice.
INTERVENTIONS: Both sides of a 5-cm ileal segment from Swiss albino mice were scraped 10 times, and
transient ischemia was induced by clamping the segmental artery. Animals were injected subcutaneously
with 1 mL/d of saline for 3 days (group 1), a single 5-mL intraperitoneal dose of saline (group 2), subcu-
taneously with 10 µg/kg daily of octreotide for 3 days (group 3) or a single 10 µg/kg intraperitoneal dose
of octreotide (group 4). In half of the animals repeat laparotomy was performed on postoperative day 5.
After adhesions were graded, the scraped ileal segments were excised for determination of hydroxyproline
quantity. The same procedure was repeated on postoperative day 14 for the remaining animals.
OUTCOME MEASURES: Adhesion grading, hydroxyproline levels.
RESULTS: On postoperative day 5, the intraperitoneal octreotide group (group 4) had a significantly lower
median adhesion score than groups 1 and 2. On postoperative day 14, both octreotide groups (3 and 4)
had a significantly lower median adhesion grading than both saline groups (1 and 2). Hydroxyproline lev-
els of the groups were not significantly different on either day 5 or day 14.
CONCLUSION: Octreotide has a beneficial effect in decreasing adhesion formation in the early postoperative pe-
riod.

OBJECTIF : Examiner l’effet de l’octréotide, un analogue à effet prolongé de la somatostatine, sur la forma-
tion d’adhérences postopératoires, en raison de la capacité de la somatostatine d’inhiber la sécrétion de cer-
tains facteurs de croissance qui peuvent avoir des effets modulatoires sur la synthèse du collagène.
CONCEPTION : Étude expérimentale.
CONTEXTE : Laboratoires de biochimie et d’études chirurgicales à l’Université Hacettepe, Ankara, Turquie.
SUJETS : Souris albinos mâles suisses.
INTERVENTIONS : On a d’abord gratté dix fois les deux côtés d’un segment iléal de 5 cm provenant des souris al-
binos suisses puis on a provoqué une ischémie transitoire en pinçant l’artère irriguant ce segment. Les animaux
ont ensuite reçu par injection hypodermique une solution salée de 1 mL/j pendant trois jours (groupe 1), une
dose unique de 5 mL de solution saline par voie intrapéritonéale (groupe 2), une injection hypodermique quoti-
dienne de 10 µg/kg d’octréotide pendant trois jours (groupe 3) ou une dose unique d’octréotide de 10 µg/kg
par voie intrapéritonéale (groupe 4). La moitié des animaux ont subi une laparotomie répétée cinq jours après
l’opération. Une fois les adhérences évaluées, on a retiré les segments iléaux grattés afin de déterminer leur



Adhesion formation postopera-
tively is a frequently encoun-
tered, major problem that adds

to the costs and workload for the med-
ical profession. Approximately 1% of all
surgical admissions, 3% of laparotomies
and 28.8% of all admissions for obstruc-
tion are the result of adhesive intestinal
obstruction.1,2 Also, 15% to 20% of fe-
male infertility is caused by adhesions.3,4

The cost of lysing pelvic adhesions
alone was estimated to be more than $1
billion annually in the United States.5 

Octreotide is an analogue of somato-
statin, with the same biologic effects but
a longer half-life. In clinical practice it is
used for its inhibitory effects on gas-
trointestinal tract peptides.6–8 It also de-
creases the release of some growth fac-
tors, inhibits angiogenesis and prevents
cell proliferation.9–15

Considering these data we planned
to investigate the effect of octreotide on
postoperative adhesion formation. As
this substance has inhibitory effects on
growth factors that have modulatory ef-
fects on wound healing, we hypothe-
sized that postoperative adhesions
might be decreased with somotostatin.

MATERIAL AND METHODS

This study was performed in the lab-
oratories of the Department of Surgical
Research and Department of Biochem-
istry at Hacettepe University School of
Medicine. Guidelines for the care and
use of laboratory animals were followed.

Procedures

Male Swiss albino mice weighing
between 30 and 40 g were used. Af-

ter an overnight fast, all animals were
anesthetized with 60 mg/kg keta-
mine and 4 mg/kg xylazine. Adhe-
sion formation was induced as previ-
ously described.16 For this purpose,
the terminal ileum and cecum of all
animals were mobilized and taken out
on a wet gauze. Both sides of a 5-cm
terminal ileal segment just proximal
to the cecum were scraped 10 times
until serosal petechiae appeared.
Then the artery supplying the scraped
ileal segment was clamped for 60 sec-
onds to produce transient ischemia.
Animals were divided into 4 groups
of 30 each. They were injected as fol-
lows: group 1, 1 mL/d of saline sub-
cutaneously for 3 days; group 2, a sin-
gle intraperitoneal dose of 5 mL of
saline; group 3, 10 µg/kg daily of oc-
treotide acetate subcutaneously for 3
days; and group 4, a single intraperi-
toneal dose of 10 µg/kg of octreotide
acetate. The first doses of saline and
octreotide in groups 1 and 3 were in-
jected after induction of anesthesia.
In groups 2 and 4, intraperitoneal in-
jections were made before the ab-
domen was closed.
All groups were divided into 2 sub-

groups: half the animals in each group
had repeat laparotomy on postopera-
tive day 5. After adhesions were
blindly graded as 0 (no adhesions), 1
(spontaneously separating adhesions),
2 (adhesions separated by traction)
and 3 (adhesions separated by dissec-
tion),17 the scraped ileal segments
were resected for determination of
hydroxyproline levels. These proce-
dures were repeated on postoperative
day 14 for the remaining animals in
each group.

Hydroxyproline determination

All tissue samples were stored at 
−20 °C. Protein content was deter-
mined by Lowry’s method.18 Hydrox-
yproline content was determined
spectrophotometrically in the Depart-
ment of Biochemistry according 
to Bergman’s modified Stegman
method.19 The tissue hydroxyproline
level, which was used as an indicator
of adhesion severity, was calculated as
micrograms of hydroxyproline per
milligram of protein.

Statistical analysis

Results of intragroup hydroxypro-
line values were analysed using one-
way analysis of variance followed by
Neuman–Keuls post hoc analysis.
Pairwise comparison of the results ob-
tained on postoperative days 5 and 14
was by Student’s t-test. The
Kruskal–Wallis test, followed by the
Mann–Whitney U test, was used for
differences in adhesion grading as a
nonparametric test. Linear regression
analysis was performed for significance
of correlation of adhesion grading and
hydroxyproline levels. A p value less
than 0.05 was considered significant.

Adhesion grading

On day 5 postoperatively, group 4
animals had a significantly lower me-
dian adhesion score than group 1 (p =
0.043) and group 2 ( p = 0.023) ani-
mals (Fig. 1). On day 14, both oc-
treotide groups (3 and 4) had signifi-
cantly lower median adhesion grading
than both group 1 (p = 0.007 versus
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teneur en hydroxyproline. Cette intervention a été répétée 14 jours après l’opération pour le reste des animaux.
MESURES DE RÉSULTATS : Évaluation des adhérences, concentrations d’hydroxyproline.
RÉSULTATS : Cinq jours après l’opération, le groupe ayant reçu l’injection intrapéritonéale d’octréotide
(groupe 4) présentait un taux d’adhérences beaucoup moins élevé que la médiane par rapport aux groupes
1 et 2. Quatorze jours après l’opération, les deux groupes (3 et 4) ayant reçu de l’octréotide présentaient
un taux d’adhérences largement inférieur à la médiane comparativement aux groupes 1 et 2 qui avaient
reçu une solution saline. La concentration d’hydroxyproline n’a pas été significativement différente dans
l’un ou l’autre des groupes aux cinquième ou quatorzième jours.
CONCLUSION : L’octréotide réussit à diminuer la formation d’adhérences au début de la période postopératoire.



group 3 and 0.034 versus group 4)
and group 2 (p = 0.007 versus group
3 and 0.034 versus group 4) (Fig. 2).
(p values were the same for groups 1
and 2 by chance.) Differences were
not significant in intragroup compari-
son of adhesion grading scores be-
tween days 5 and 14.

Hydroxyproline levels

There was no significant difference
in hydroxyproline levels between the

groups on either of the repeat laparo-
tomy days (Figs. 3 and 4). Also there
was no significant difference in pair-
wise comparison of hydroxyproline
levels among groups on days 5 and 14.

Correlation of adhesion grading 
and hydroxyproline levels

Linear regression analysis revealed
a significant correlation between ad-
hesion grading and hydroxyproline
levels (r = 0.243, p = 0.009).

DISCUSSION

Adhesion formation starts with
the formation of fibrin mesh fol-
lowed by collagen bands at 3 to 5
days, increasing until day 14 and sta-
bilizing thereafter.20,21 Using this in-
formation, we selected to evaluate
adhesion formation on postoperative
days 5 and 14. Our results support
those of a previous study which
showed that octreotide decreases ad-
hesion formation evaluated by scor-
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FIG. 1. Median and maximum and minimum non-outlier values of adhesion
grading on postoperative day 5. Group 1 = subcutaneous injection of nor-
mal saline; group 2 = intraperitoneal injection of normal saline; group 3 =
subcutaneous injection of octreotide; group 4 = intraperitoneal injection of
octreotide. *Value significantly lower than groups 1 and 2.

FIG. 3. Mean and standard deviations of hydroxyproline levels on postopera-
tive day 5. Group 1 = subcutaneous injection of normal saline; group 2 = in-
traperitoneal injection of normal saline; group 3 = subcutaneous injection of
octreotide; group 4 = intraperitoneal injection of octreotide.

FIG. 2. Median and maximum and minimum non-outlier values of adhesion
grading on postoperative day 14. Group 1 = subcutaneous injection of nor-
mal saline; group 2 = intraperitoneal injection of normal saline; group 3 =
subcutaneous injection of octreotide; group 4 = intraperitoneal injection of
octreotide. *Values significantly lower than groups 1 and 2.

FIG. 4. Mean and standard deviations of hydroxyproline levels on postopera-
tive day 14. Group 1 = subcutaneous injection of normal saline; group 2 = in-
traperitoneal injection of normal saline; group 3 = subcutaneous injection of
octreotide; group 4 = intraperitoneal injection of octreotide.



ing of adhesions.22 In that study, a
single intraperitoneal dose of 120 to
150 µg/kg per rat or that intraperi-
toneal dose combined with an intra-
muscular dose of 20 µg/kg for 14
days was chosen for 2 different
groups. Our results revealed that oc-
treotide can effectively decrease ad-
hesion formation with much smaller
doses, and a single intraperitoneal
dose of 10 µg/kg is enough for this
purpose. Moreover, the intraperi-
toneal route seems to be slightly
more effective for this purpose, as it
led to a significantly lower adhesion
grading than both control groups at
day 5, whereas the subcutaneous
route did not show a significant dif-
ference at that time.
There are several mechanisms to 

explain the effect of octreotide on de-
creasing postoperative adhesion for-
mation. Growth factors have impor-
tant modulatory roles on wound
healing. In this process, transforming
growth factor β (TGFβ),23 epidermal
growth factor (EGF),24 fibroblast
growth factor (FGF),25 platelet-derived
growth factor (PDGF)26 and insulin-
like growth factors (IGF-1)23 are espe-
cially important.
Because wound healing and adhe-

sion formation have similar pathways,
modulation of the release of these
growth factors could be expected to
affect adhesion formation. The study
of Williams and colleagues27 showed
that exogenous TGFβ administration
increases adhesion formation. An-
giopeptin, a somatostatin analogue,
decreases EGF levels, IGF-1 and
PDGF.28,29 Also, smooth-muscle cell
proliferation induced by IGF-1 and
basic-FGF is inhibited by both oc-
treotide29,30 and angiopeptin.29 Oc-
treotide also inhibits angiogenesis.31

In addition, somatostatin is known to
have an anti-inflammatory effect.32

Adhesion formation follows the se-
quence of tissue inflammation, fibrin
deposition, fibrin organization, colla-
gen formation and maturation with the

formation of adhesions.20,21 It is possi-
ble to reduce adhesion formation with
various precautions or chemicals at
each of these steps. Injury, in any form,
results in depression of fibrinolytic ac-
tivity by release of plasminogen activa-
tor inhibitors 1 and 2 from mesothe-
lial, endothelial and inflammatory
cells.33 Drugs that interfere with fibri-
nolytic activity can affect adhesion for-
mation at the fibrin organization phase;
whereas anti-inflammatory drugs such
as steroids can modulate later phases of
the process, interfering with collagen
formation.
Data regarding the inhibitory effect

of octreotide on growth factors in-
volved in wound healing indicate that
its effect might be at the collagen for-
mation or organization phase, in other
words at the later phases of wound
healing. On the other hand, the fact
that in our study a single intraperi-
toneal dose of octreotide significantly
decreased adhesion grading and also
proved to be the more effective route
suggests that octreotide might exert its
effect primarily at the early stages of ad-
hesion formation. One possible media-
tor that octreotide might interfere with
is plasminogen activator inhibitor.
Tagged hydroxyproline rapidly ap-

pears in the collagen of healing
wounds and increases progressively.34

Therefore its determination may be a
valid indicator of adhesion severity.
Indeed, in the present study, tissue
hydroxyproline content showed a 
significant linear correlation with 
adhesion grading, supporting this
method’s reliability in the assessment
of adhesions as well as other stud-
ies.16,35,36 Although both octreotide
groups had lower hydroxyproline lev-
els than the control groups, at both 5
and 14 days, differences were not sta-
tistically significant. Supporting our
results, 2 studies evaluating the effect
of octreotide on anastomotic healing
showed that it did not significantly al-
ter tissue hydroxyproline levels and
did not lead to increased anastomotic

dehiscence or lower bursting pres-
sures.37,38 These data support the hy-
pothesis that the effect of octreotide
on decreased adhesion formation
could be to prevent depressed fibri-
nolysis in the early postoperative pe-
riod rather than to inhibit various
growth factors and thereby, collagen
synthesis.
On the other hand, a recent study

revealed that octreotide adversely ef-
fects anastomotic healing and de-
creases hydroxyproline levels.39 Differ-
ing from other studies, in this study
octreotide was started 5 days before
surgery. It is possible that octreotide
might modulate different steps of
wound healing, depending on the
timing of administration. It seems that
this issue needs further study.

CONCLUSIONS

Our results suggest that octreotide
has a beneficial effect in decreasing
adhesion formation in the postopera-
tive period. Blockade of fibrinolysis or
mediators involved in the early stages
of adhesion formation might be the
underlying mechanism for this effect.

References

1. Menzies D, Ellis H. Intestinal obstruc-
tion from adhesions — how big is the
problem? Ann R Coll Surg Engl 1990;
72:60-3.

2. Menzies D. Peritoneal adhesions: inci-
dence, cause and prevention. Surg
Annu 1992;24:27-45.

3. Hershlag A, Diamond MP, DeCher-
ney AH. Adhesiolysis. Clin Obstet Gy-
necol 1991;34:395-402.

4. Fayez JA. An assesment of the role of
operative laparoscopy in tuboplasty.
Fertil Steril 1983;39:476-9.

5. Ray NF, Larsen JW, Stillman RJ, 
Jacobs RJ. Economic impact of hospi-
talizations for lower abdominal adhesi-
olysis in the United States in 1988.
Surg Gynecol Obstet 1993;176:271-6.

6. Battershill PE, Clissold SP. Octreotide.

BAYKAL ET AL

46 JCC, Vol. 43, No 1, février 2000



A review of its pharmacodynamic and
pharmacokinetic properties, and thera-
peutic potential in conditions associ-
ated with excessive peptide secretion.
Drugs 1989;38(5):658-702.

7. O’Donnell LJ, Farthing MJ. Thera-
peutic potential of a long acting so-
matostatin analogue in gastrointestinal
diseases. Gut 1989;30(9):1165-72.

8. Gry KE, Meier R. Pharmacodynamic
effects of Sandostatin in the gastroin-
testinal tract. Digestion 1993;54:14-9.

9. Woltering EA, Barrie R, O’Dorisio
TM, Arce D, Ure T, Cramer A, et al.
Somatostatin analogues inhibit angio-
genesis in the chick chorioallantoic
membrane. J Surg Res 1991;50 (3):
245-51.

10. Lehy T, Dubrasquet M, Bonfils S. Ef-
fect of somatostatin on normal and
gastric-stimulated cell proliferation in
the gastric and intestinal mucosae of
the rat. Digestion 1979;19:99-109.

11. Raper SE, Kothary PC, Kokudo N. So-
matostatin-14 blocks the hepato -
trophic effects of insulin in the rat. J
Surg Res 1991;50:386-9.

12. Pruthi RS, Farouk M, Tsai WH,
Mishalopoulos G, Meyers WC. The ef-
fect of octreotide on hepatic regenera-
tion in rats. Surgery 1993;113:84-9.

13. Tsuzaki S, Moses AC. Somatostatin in-
hibits deoxyribonucleic acid synthesis
induced by both tyrotropin and 
insulin-like growth factor-l in FRTL5
cells. Endocrinology 1990;126:3131-8.

14. Raper SE, Kothary PC, Kokudo N,
Del Valle J. Hepatectomy impairs he-
patic processing of somatostatin-14.
Am J Surg 1993;165:89-95.

15. Tracy TF Jr, Tector AJ, Goerke ME,
Kitchen S, Lagunoff D. Somatostatin
analogue (octreotide) inhibits bile duct
epithelial cell proliferation and fibrosis
after extrahepatic biliary obstruction.
Am J Pathol 1993;143(6):1574-8.

16. Özogul Y, Baykal A, Onat D, Renda
N, Sayek I. An experimental study of
the effect of aprotinin on intestinal ad-
hesion formation. Am J Surg 1998;
175: 137-42.

17. Evans DM, McAree K, Guyton DP,
Hawkins N, Stakleff K. Dose depen-
dency and wound healing aspects of
the use of tissue plasminogen activator

in the prevention of intra-abdominal
adhesions. Am J Surg 1993;165 (2):
229-32.

18. Lowry, OH. Protein measurement
with the folin phenol reagent. J Biol
Chem 1951;193:265-8.

19. Bergman I, Loxley R. Two improved
and simplified methods for the spec-
trophotometric determination of hy-
droxyproline. Ann Chem 1963;35:
1961-5.

20. Milligan DW, Raftery AT. Observations
on the pathogenesis of peritoneal adhe-
sions: a light and electron microscopical
study. Br J Surg 1974;61:274-80.

21. Raftery AT. Regeneration of parietal
and visceral peritoneum: an enzyme
histochemical study. J Anat 1976;121:
589-97.

22. Lai HS, Chen Y. Effect of octreotide
on postoperative intraperitoneal adhe-
sions in rats. Scand J Gastroenterol
1996;31:678-81.

23. Peacock JL, Lawrence T, Peacock EE
Jr. Wound healing. In: O’Leary JP, ed-
itor. The physiologic basis of surgery. Bal-
timore: Williams & Wilkins; 1993. p.
95-111.

24. Laato M, Niinikoski J, Lebel L, Gerdin
B. Stimulation of wound healing by
epidermal growth factor. A dose-
dependent effect. Ann Surg 1986;203
(4): 379-81.

25. Gospadowicz D, Neufeld G,
Schweigerer L. Fibroblast growth fac-
tor: structural and biologic properties.
J Cell Physiol Suppl 1987;5:15-26.

26. Ross R. Platelet derived growth factor.
Ann Rev Med 1987;38:71-9.

27. Williams RS, Rossi AM, Chegini N,
Schultz G. Effect of transforming
growth factor beta on postoperative
adhesion formation and intact peri-
toneum. J Surg Res 1992;52:65-70.

28. Häyry P, Aavik E, Myllärniemi M.
Blockade of growth factor synthesis and
growth factor action: two possible sites
of interference in allograft vessel disease
and coronary bypass or balloon injury.
Metabolism 1996;45(8 Suppl 1): 101-3.

29. Grant MB, Wargovich TJ, Ellis EA,
Caballero S, Mansour M, Pepine CJ.
Localization of insulin-like growth fac-
tor I and inhibition of coronary
smooth muscle cell growth by somato-

statin analogues in human coronary
smooth muscle cells. A potential treat-
ment for restenosis? Circulation 1994;
89(4):1511-7.

30. Grant MB, Caballero S, Millard WJ.
Inhibition of IGF-I and b-FGF stimu-
lated growth of human retinal endothe-
lial cells by the somatostatin analogue,
octreotide: a potential treatment for oc-
ular neovascularization. Regul Pept
1993;48(1-2):267-78.

31. Danesi R, Del Tacca M. The effects of
the somatostatin analog octreotide on
angiogenesis in vitro. Metabolism 1996;
45(8 Suppl 1):49-50.

32. Matucci-Cerinic M, Borrelli F, Gener-
ini S, Cantelmo A, Marcucci I, Martelli
F, et al. Somatostatin-induced modu-
lation of inflammation in experimental
arthritis. Arthritis Rheum 1995;38
(11): 1687-93.

33. Whawell SA, Wang Y, Fleming KA,
Thompson EM, Thompson JN. Local-
ization of plasminogen activator in-
hibitor-1 production in inflamed ap-
pendix by in situ mRNA hybridization.
J Pathol 1993;169(1):67-71.

34. Cronin K, Jackson DS, Dunphy JE.
Changing burst strength and collagen
content of the healing colon. Surg Gy-
necol Obstet 1968;126:747-53.

35. Baykal A, Onat D, Rasa K, Renda N,
Sayek I. The effects of polyglycolic acid
and polypropylene meshes on postop-
erative adhesion formation in mice.
World J Surg 1997;21: 579-83.

36. Dunphy JE, Uduha KN. Chemical and
histochemical sequences in the normal
healing of wounds. N Engl J Med
1955; 253:847-51.

37. Miller SK, Martindale RG, Gao XX,
Gadacz TR. The effects of octreotide
on healing of small bowel anastomosis.
Am Surg 1996;62:733-7.

38. Yamaner S, Bugra D, Müslümanoglu
M, Bulut T, Cubukçu O, Ademoglu E.
Effects of octreotide on healing of in-
testinal anastomosis following small
bowel obstruction in rats. Dis Colon
Rectum 1995;38:308-12.

39. Turkcapar AG, Demirer S, Sengul N,
Ersoz S, Kuterdem E, Renda N, et al.
The adverse effects of octreotide on
the healing of colonic anastomoses in
rats. Surg Today 1998;28:279-84.

OCTREOTIDE AND POSTOPERATIVE ADHESIONS

CJS, Vol. 43, No. 1, February 2000 47


