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(Abstract

\
Purpose: To assess the effectiveness of heparin, platelet-rich plasma (PRP), and silver
nanoparticles on prevention of postoperative adhesion in animal models.

Methods: Sixty males Albino Wistar rats aged 5 to 6 weeks were classified into five groups
receivingnone, heparin, PRP, silver nanoparticles, PRP plussilver nanoparticlesintraperitoneally.
After 2 weeks, the animals underwent laparotomy and the damaged site was assessed for
peritoneal adhesions severity.

Results: The mean severity scores were 2.5+0.9,2.16 £ 0.7, 1.5+ 0.5, 2.66 + 0.88, and 2.25 +
0.62 in the control, heparin, PRP, silver and PRP plus silver groups, respectively with significant
intergroup difference (p = 0.004). The highest effective material for preventing adhesion
formation was PRP followed by heparin and PRP plus silver. Moreover, compared to the
controls, only use of PRP was significantly effective, in terms of adhesion severity (p = 0.01).
Conclusion: Platelet-rich plasma alone may have the highest efficacy for preventing
postoperative peritoneal adhesions in comparison with heparin, silver nanoparticles and PRP
plus silver nanoparticles.
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n Introduction

The incidence of postoperative
adhesions has been estimated at 67%-93%
remained almost constant despite several
attemptsto prevent theirformation?. Peritoneal
adhesions can frequently cause complications
such as bowel obstruction, ileus, chronic
abdominopelvic pain, infertility and abdominal
or even systemic infections?. Hence, patients
are at risk of repetitive surgical interventions,
which increases cost, morbidity, and mortality.

These complications may even lead to
death, based on the reports by the National
Hospital Discharge Survey, about approximately
2,000 people die every year in the United States
from intestinal obstruction due to adhesions?.

Therefore, applying proper strategies
to prevent adhesions formation should be
considered in all clinical and surgical settings.
Several preventive methods and potential
preventive agents have been studied, including
lavage of abdominal cavity, lytic agents,
macrophage promoting factors, nonsteroidal
anti-nflammatory drugs, heparin, dextran 70,
ringer lactate, antihistamine, prostaglandin
synthesis inhibitors, calcium channel blockers,
rofecoxib, and green tea extract*®. These
agents may indirectly prevent the creation of
adhesions by inhibiting inflammatory processes
leading to adhesion formation, or may act as
physical barriers in separating injured surfaces®.

Reportedly, intraperitoneal injection
of heparin can prevent creation of adhesion
bands by inhibiting fibrin formation'®. Besides,
some described the role of platelet-rich plasma
(PRP) in improving adhesions by better wound
healing and enhancing the physiological
processes at the site of the injury or surgery by
clotting or via its anti-inflammatory effects!'*2,
Silver nanoparticles-loaded physical barriers
were also reported to be effective as anti-
adhesion, due to their anti-infection quality*>*4.

We conducted the present study
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to assess the effectiveness of heparin, PRP,
and silver nanoparticles on prevention of
postsurgical intraabdominal adhesions in
animal models.

n Methods

We conducted this experimental animal
study after obtaining the approval of the Ethics
committee of Hamadan University of Medical
Sciences.

In this prospective experimental animal
study, 60 male Albino Wistar rats aged 5 to 6
weeks were employed. They were kept in 12
hours of light and 12 hours of dark at 21°C
and humidity of 60 + 5%, for five weeks, to
be adapted with laboratory environment,
mature in age and gain weight between
200 and 220 grams. Animals were fed in
same conditions, with free access to food
and water. After reaching the age of puberty
and spending adaptation stage, the animals
were classified to five subgroups including 1)
deperitonalization at anterior wall of caecum
without administration of any agent (control
group), 2) deperitonalization at anterior wall of
caecum with administration of PRP (PRP group),
3) deperitonalization at anterior wall of caecum
with administration of silver nanoparticles
(silver group), 4) deperitonalization at anterior
wall of caecum with administration of PRP in
combination with silver nanoparticles (PRP
plus silver group), and 5) deperitonalization at
anterior wall of caecum with administration
of heparin (heparin group). All groups were
anesthetized using intravenous administration
of Ketamin 40 mg/kg in absolutely sterile
condition, without using any antibiotic. Each
rat was laid in dorsal recumbency position, the
abdominal skin was disinfected with Betadine
10%, and then the hair of the given area of the
skin was completely shaved with a razor. A 3
cm incision was made on the caecum area of
the abdomen to access the peritoneal surfaces.
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After opening the anterior abdominal wall in
the region of the caecum, a 1 x 1 cm? piece was
deperitonalized and then in the control group,
the anterior abdominal wall was closed without
using any agent. Likewise, the abdominal wall
in the region of the caecum was closed after
the use of PRP, 40 ppm of silver nanoparticles,
PRP with 40 ppm silver nanoparticles, or
500 IU of heparin in 2 ml of saline solution,
intraperitoneally in other study groups. After
2 weeks, the animals were re-anesthetized
with ketamine, underwent laparotomy and
the damaged site was assessed for severity of
peritoneal adhesions, according to the Nair
classification as follows: score 0: complete
absence of adhesion, score 1 or mild adhesion:
single band of adhesion between viscera or
from one viscus to abdominal wall, score
2 or moderate adhesion: two bands either
between viscera or from viscera to abdominal
wall, score 3 or severe adhesion: more than
two bands between viscera or viscera to
abdominal adhesions wall, and score 4 or very
severe adhesion: viscera directly adherent to
abdominal wall*.

Quantitative and qualitative variables
were compared using one-way ANOVA and
Fisher’s exact tests, respectively. Statistical
significance was determined as a p value of
< 0.05. All statistical analysis was performed
using SPSS software (version 19.0, SPSS Inc.,
Chicago, lllinois).

u Results

The severity of peritoneal adhesions
was significantly different across the study
groups. In this regard, severity scores of
peritoneal adhesions of 3 and 4 were observed
in 50% and 8.3% in control, 33% and none in
heparin, none and none in PRP, 41.7% and
16.7% in silver, and 33.3% and none in PRP
plus silver groups, respectively (p < 0.001). The
frequency of the different severity scores of
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peritoneal adhesions in each group is shown in
Figure 1. The mean severity scores were 2.5 *
0.9,2.16+0.7,1.5+0.5,2.66+0.88,and 2.25 =
0.62 in the control, heparin, PRP, silver and PRP
plus silver groups, respectively with significant
intergroup difference (p = 0.004). The highest
effective material for preventing adhesion
formation was PRP followed by heparin and
PRP plus silver. Moreover, compared to the
controls, only use of PRP was significantly
effective, in terms of adhesion severity (p =
0.01).
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Figure 1 - The frequency of the different severity
scores of peritoneal adhesions in each group.

[} Discussion

Postsurgical adhesions may develop
as a result of inflammatory reactions. Trauma,
inflammatory or fibroproliferative reaction on
the peritoneal surface or the intraabdominal
organs, mediates tissue healing and adhesion
formation>'*%’, According to our findings,
the most applicable agent for preventing
peritoneal adhesions may be PRP. PRP is an
autologous product that concentrates a high
number of platelets in a small volume of
plasma*®. This product mimics the last step
of the coagulation cascade, leading to the
formation of a fibrin clot, which consolidates
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and adheres to the application site in a short
period of time. Evidencing hemostatic and
healing properties, PRP is able to hold tissues
or materials in a required configuration'®. PRP
has been used in humans in different kinds
of transplant procedures such as dentistry,
maxillofacial surgery, and ophthalmology***.
In addition, PRP may be considered as a carrier
for biologically active agents and a healing
substance causing less post-surgical pain®*%.
Besides its beneficial effects on wound healing,
it seems that PRP-related anti-inflammatory
role may inhibit distribution of some pathways
predisposing to adhesions.

In our study, along with PRP, heparin
has also been shown to be effective on healing
peritoneal adhesion. In a study by Kement
et al.*® on similar animal models, the use of
heparin significantly reduced the severity score
of adhesion and the number of animals with
adhesionsindifferentlocationsoftheabdominal
cavity compared to the control group. It was
also observed that, higher dosages of heparin
seemed to be more effective. Vela et al.”’
showed that rats treated with a subcutaneous
minidose heparin and low molecular weight
heparin showed significantly lower adhesion
and abscess formation, compared to the
control rats. Peritoneal inflammation caused by
a peritoneal injury leads to the formation of an
inflammatory exudate which contains strands
of fibrin. The fibrinogenic mechanism after
this step is very similar to that which happens
during coagulation?. Thus, using anticoagulant
products such as low molecular weight heparin
is a bright idea for adhesion prevention, and
it has been shown in experimental settings,
that heparin may stop or slow down the
adhesiogenesis. Besides, heparin has also well-
known anti-inflammatory effects including
anti-complement activity and inhibition of
histamine, serotonin and endothelin-1 release
from mast cells*. Since heparin theoretically
reduces fibrin formation and inflammation,
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it can be extensively monitored for adhesion

prevention.
In  our  study, despite  anti-
inflammatory and antimicrobial effects of

silver nanoparticles, they had little effect on
preventing adhesions. Also, it has been shown
that the combination of silver nanoparticles
and PRP was more effective against peritoneal
adhesion formation, however the difference
was not significant. In a study by Wong et
al.**, it was shown that silver nanoparticles
are effective in decreasing inflammation and
peritoneal adhesions without significant toxic
effects. In another study by Tian et al.*°, silver
nanoparticles exerted positive effects through
their antimicrobial properties including
reduction in wound inflammation, and
modulation of fibrogenic cytokines, describing
its action as a novel therapeutic direction for
wound treatment.

n Conclusion

Platelet-rich plasma PRP alone may
have the highest efficacy for preventing
postoperative  peritoneal adhesions in
comparison with heparin, silver nanoparticles
and PRP plus silver nanoparticles.

n References

1. Ellis H, Moran BJ, Thompson JN, Parker
MC, Wilson MS, Menzies D, McGuire A,
Lower AM, Hawthorn RJ, O’Brien F, Buchan
S, Crowe AM. Adhesion-related hospital
readmissions after abdominal and pelvic
surgery: a retrospective cohort study.
Lancet. 1999 May 1;353(9163):1476-80.
PMID: 10232313.

2. Drollette CM, Badawy SZ. Pathophysiology
of pelvic adhesions. Modern trends in
preventing infertility. J Reprod Med. 1992
Feb;37(2):107-21; discussion 21-2. PMID:
1371547.

3. Kossi J. [Can the formation of intra-
abdominal adhesions be prevented?].



The effectiveness of heparin, platelet-rich plasma (PRP), and silver nanoparticles

Makarchian HR et. al.

Duodecim. 2012;128(24):2537-44. PMID:
23393927.

4., Wang XC, Gui CQ, Zheng QS. Combined
therapy of allantoin, metronidazole,
dexamethasone on the prevention of
intra-abdominal adhesion in dogs and its
guantitative analysis. World J Gastroenterol.
2003 Mar;9(3):568-71. PMID: 12632520.

5. Reijnen MM, Bleichrodt RP, van Goor
H. Pathophysiology of intra-abdominal
adhesion and abscess formation, and
the effect of hyaluronan. Br J Surg. 2003
May;90(5):533-41. PMID: 12734857.

6. Schindler AE. Gonadotropin-releasing
hormone agonists for prevention of
postoperative adhesions: an overview.
Gynecol Endocrinol. 2004 Jul;19(1):51-5.
PMID: 15625774.

7. Aldemir M, Ozturk H, Erten C, Buyukbayram
H. The preventive effect of Rofecoxib in
postoperative intraperitoneal adhesions.
Acta Chir Belg. 2004 Feb;104(1):97-100.
PMID: 15053473.

8. Parsaei P, Karimi M, Asadi SY, Rafieian-
Kopaei M. Bioactive components and
preventive effect of green tea (Camellia
sinensis) extract on post-laparotomy intra-
abdominal adhesion in rats. Int J Surg.
2013;11(9):811-5. PMID: 23994005.

9. Takagi K, Araki M, Fukuoka H, Takeshita H,
Hidaka S, Nanashima A, Sawai T, Nagayasu
T, Hyon SH, Nakajima N. Novel powdered
anti-adhesion material: preventing
postoperative intra-abdominal adhesionsin
a rat model. Int J Med Sci. 2013;10(4):467-
74. PMID: 23470962.

10.Arikan S, Adas G, Barut G, Toklu AS,
Kocakusak A, Uzun H, Kemik O, Daduk Y,
Aydin S, Purisa S. An evaluation of low
molecular weight heparin and hyperbaric
oxygen treatment in the prevention of
intra-abdominal adhesions and wound
healing. Am J Surg. 2005 Feb;189(2):155-
60. PMID: 15720982.

11.Mazzocca AD, McCarthy MB, Intravia J,
Beitzel K, Apostolakos J, Cote MP, Bradley
J, Arciero RA. An in vitro evaluation of the
anti-inflammatory effects of platelet-rich
plasma, ketorolac, and methylprednisolone.

26

Acta Cir Bras. 2017;32(1):22-27

Arthroscopy. 2013
PMID: 23395471.
12.AlioJL, Arnalich-Montiel F, Rodriguez AE. The

role of “eye platelet rich plasma” (E-PRP)
for wound healing in ophthalmology. Curr
Pharm Biotechnol. 2012 Jun;13(7):1257-
65. PMID: 21740369.
13.Liu S, Zhao J, Ruan H, Wang W, Wu T, Cui
W, Fan C. Antibacterial and anti-adhesion
effects of the silver nanoparticles-loaded
poly(L-lactide) fibrous membrane. Mater
Sci Eng C Mater Biol Appl. 2013 Apr
1;33(3):1176-82. PMID: 23827557.
14.Wong KK, Cheung SO, Huang L, Niu J, Tao C,
Ho CM, Che CM, Tam PK. Further evidence
of the anti-inflammatory effects of silver
nanoparticles. ChemMedChem. 2009
Jul;4(7):1129-35. PMID: 19405063.
15.Nair SK, Bhat IK, Aurora AL. Role of
proteolytic enzyme in the prevention of
postoperative intraperitoneal adhesions.
Archives of surgery (Chicago, Ill : 1960).
1974 Jun;108(6):849-53. PMID: 4829809.
16.Holmdahl L, Ivarsson ML. The role of
cytokines, coagulation, and fibrinolysis in
peritoneal tissue repair. Eur J Surg. 1999
Nov;165(11):1012-9. PMID: 10595602.
17.Bruggmann D, Tchartchian G, Wallwiener
M, Munstedt K, Tinneberg HR, Hackethal
A. Intra-abdominal adhesions: definition,
origin, significance in surgical practice, and
treatment options. Dtsch Arztebl Int. 2010
Nov;107(44):769-75. PMID: 21116396.
18.Marx RE. Platelet-rich plasma: evidence to
support its use. J Oral Maxillofac Surg. 2004
Apr;62(4):489-96. PMID: 15085519.
19.Liu Y, Kalen A, Risto O, Wahlstrom O.
Fibroblast proliferation due to exposure
to a platelet concentrate in vitro is pH
dependent. Wound Repair Regen. 2002
Sep-0ct;10(5):336-40. PMID: 12406171.
20.0kuda K, Tai H, Tanabe K, Suzuki H, Sato
T, Kawase T, Saito Y, Wolff LF, Yoshiex
H. Platelet-rich plasma combined with
a porous hydroxyapatite graft for the
treatment of intrabony periodontal defects
inhumans: a comparative controlled clinical
study. J Periodontol. 2005 Jun;76(6):890-8.
PMID: 15948682.

Apr;29(4):675-83.



Acta Cir Bras. 2017;32(1):22-27

21.0yama T, Nishimoto S, Tsugawa T, Shimizu
F. Efficacy of platelet-rich plasma in alveolar
bone grafting. J Oral Maxillofac Surg. 2004
May;62(5):555-8. PMID: 15122558.

22.Sammartino G, TiaM, MarenziG, diLauro AE,
D’Agostino E, Claudio PP. Use of autologous
platelet-rich plasma (PRP) in periodontal
defect treatment after extraction of
impacted mandibular third molars. J Oral
Maxillofac Surg. 2005 Jun;63(6):766-70.
PMID: 15944972.

23.Duchesne B, Tahi H, Galand A. Use of
human fibrin glue and amniotic membrane
transplant in corneal perforation. Cornea.
2001 Mar;20(2):230-2. PMID: 11248838.

24.Choi BH, Zhu SJ, Kim BY, Huh JY, Lee SH,
Jung JH. Effect of platelet-rich plasma
(PRP) concentration on the viability and
proliferation of alveolar bone cells: an in
vitro study. Int J Oral Maxillofac Surg. 2005
Jun;34(4):420-4. PMID: 16053853.

25.Simon D, Manuel S, Geetha V, Naik BR.
Potential for osseous regeneration of
platelet-rich plasma--a comparative study
in mandibular third molar sockets. Indian
J Dent Res. 2004 Oct-Dec;15(4):133-6.
PMID: 16035641.

26.Kement M, Censur Z, Oncel M,

Correspondence:

Manoochehr Ghorbanpoor

Shahid Beheshti Boulevard, Besat Hospital
General Surgery Department, Hamadan, Iran
Phone: +988132640020
manoochehrghorbanpoor@gmail.com

Conflict of interest: none
Financial source: none

27

The effectiveness of heparin, platelet-rich plasma (PRP), and silver nanoparticles

Makarchian HR et. al.

Buyukokuroglu ME, Gezen FC. Heparin
for adhesion prevention: comparison of
three different dosages with Seprafilm in a
murine model. Int J Surg. 2011;9(3):225-8.
PMID: 21146641.

27.Vela AR, Littleton JC, O’Leary JP. The effects
of minidose heparin and low molecular
weight heparin on peritonitis in the rat.
Am Surg. 1999 May;65(5):473-7. PMID:
10231222.

28.De Vriese AS, Mortier S, Lameire NH.
Non anticoagulant effects of heparin:
implications for animal models of
peritoneal dialysis. Perit Dial Int. 2001;21
Suppl 3:5354-6. PMID: 11887853.

29.Ceccarelli M, Bani D, Cinci L, Nistri S, Uliva
C, Ragazzo E, Vannacci A, Manoni M, Gori
AM, Abbate R, Gensini GF, Masini E. Anti-
inflammatory effects of low molecular
weight heparin derivative in a rat model of
carrageenan-induced pleurisy. J Cell Mol
Med. 2009 Aug;13(8b):2704-12. PMID:
20141620.

30.Tian J, Wong KK, Ho CM, Lok CN, Yu WY, Che
CM, Chiu JF, Tam PK. Topical delivery of silver
nanoparticles promotes wound healing.
ChemMedChem. 2007 Jan;2(1):129-36.
PMID: 17075952.

Received: Sep 14, 2016
Review: Nov 16, 2016
Accepted: Dez 19, 2016

'Research performed at Besat Hospital, General
Surgery Department, Hamadan University of

Medical Sciences, Hamadan, Iran.



