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Rosuvastatin administered intraperitoneally reduces the formation of postoperative adhesions in rats

OBJECTIVES: The purpose of the present experimental research was to assess the efficacy of intraperitoneal administration
of rosuvastatin in preventing the formation of postoperative peritoneal adhpesions.

MATERIAL AND METHOD: Peritoneal adhesions were induced in 120 male rats of the Wistar-Bratislava breed, divided
into 4 groups (n=30), using a parietal and visceral abrasion model. Group I was designated as the control group; in
the case of group I, a saline solution was administered intraperitoneally, while in the case of groups III and IV, rosu-
vastatin solution with a concentration of 10 mglkg and 5 mglkg, respectively, was administered in a single dose, during
laparotomy. All rats were sacrificed on the 14" postoperative day and the peritoneal adhesions were assessed macrosco-
pically and microscopically.

ResuLts: The formation of peritoneal adhesions (assessed macroscopically by appreciating their number, the area cove-
red, and the degree of severity) was statistically significantly more reduced in the subjects that received rosuvastatin (groups
LI and IV) as compared to the control group (p<0.05). The degree of fibrosis assessed microscopically was also statisti-

cally significantly reduced in groups Il and IV as compared to the control group (p<0.05).
CONCLUSIONS: Rosuvastatin administered intraperitoneally correlates with a reduction of peritoneal adhesions in rats.
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Introduction

Postoperative peritoneal adhesions are one of the most
frequent complications in abdominal surgery. The inci-
dence of this pathology, as reported in various studies,
is as high as 90-95% in the case of patients who under-
went laparotomy and even 97% after pelvic gynecologi-
cal surgery .

This condition is not always symptomatic , but in some
cases these adhesions are a major cause of morbidity and
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mortality, and their presence may result in multiple com-
plications, many of which occur years after the initial
surgical intervention 2.

Despite the fact that the development of peritoneal adhe-
sions has been and continues to be studied extensively
and despite the data obtained, the exact mechanism by
which they are formed and the means of prevention or
the therapeutic means remain as yet incompletely eluci-
dated. The suppression of inflammation, the manipula-
tion of coagulation mechanism, and the increase in fibri-
nolytic activity may represent promising treatment stra-
tegies °.

Statins (HMG-CoA reductase inhibitors) are a class of
drugs used in the treatment of hyperlipidemia (through
the inhibition of HMG-CoA reductase, an enzyme that
plays a central role in the synthesis of cholesterol) and
for the prevention of cardiovascular diseases. Besides the
hypolipidemic effect, a series of biological effects were
observed, such as an antifibrotic effect, an anti-inflam-

Ann. Iral. Chir., 89, 1, 2018 - Epub Abead of Print, September 26, 2017 95



S. Chiorescu, et al.

matory effect, and the modulation of fibrinolysis, who-
se role, highlighted in a series of experimental studies,
is to reduce the formation of peritoneal adhesions 41°.
Rosuvastatin is one of the relatively new members of
HMG-CoA reductase inhibitors and is considered to be
one of the most efficient statins V12, In the literature,
the effect of preventing the formation of postoperative
peritoneal adhesions has not been studied in the case of
rosuvastatin.

The object of this study is to assess the efficiency of
intraperitoneal administration of rosuvastatin in preven-
ting of the formation of postoperative adhesions, using
an experimental rat model.

Material and method

White male rats of the Wistar-Bratislava breed were used,
provided by the Center for Practical Skills and
Experimental Medicine of the Iuliu Hagieganu University
of Medicine and Pharmacy, Cluj-Napoca, weighing 200
+ 20 g each. The animals were kept in individual cages,
at a constant room temperature, and received standard
food. In the 12 hours leading up to the experiment,
they received nothing but water.

The experimental protocol was approved by the Ethics
Commission of the Iuliu Hagieganu University of
Medicine and Pharmacy, Cluj-Napoca. Anesthesia was
achieved by intramuscular injection of 60 mg/kg keta-
mine and 6 mg/kg xylazine. All animals breathed spon-
taneously throughout the entire procedure. The surgical
procedures were conducted under aseptic conditions.

A number of 120 rats were used, which were random-
ly divided into 4 equal groups (n=30), and in whose
case a model for the induction of peritoneal adhesions
through the abrasion of the parietal and visceral perito-
neum was applied. After a median laparotomy of appro-
ximately 3-4 cm, the cecum was exteriorized to the

wound surface. Peritoneal adhesions were induced by
abrasion of the parietal and visceral peritoneum at the
level of the cecum by means of a Cytobrush — a spiral-
type brush for endocervical sampling. Abrasion was per-
formed on a 2.0x2.0 cm area until punctiform bleeding
occurred, as a witness to peritoneal trauma. 20+3 abra-
sions were required (Fig 1). Group I (n=30) was desig-
nated as the control group; in the case of group II
(n=30), a 1 ml saline solution was administered intra-
peritoneally before the closure of the abdominal wall (the
control group), and in the case of groups III and IV
(n=30), a therapeutic procedure was initiated through
the intraperitoneal injection of rosuvastatin solution, in
different concentrations. In the case of group III, 2 mg
rosuvastatin calcium/1 ml (10 mg/kg), in a single dose,
was administered, and in the case of group IV, 1 mg
rosuvastatin calcium/Iml (5 mg/kg), single dose, was
administered, followed by the closure of the abdominal
wall. The surgical interventions were limited to less than
20 minutes for each rat and all of the operations were
performed by the same surgeon, using surgical gloves
without powder.

Rosuvastatin, in the shape of calcium salt, was obtained
courtesy of Antibiotice S.A. Iasi joint-stock company,
and the solutions were prepared at the Pharmacy
Department of the Iuliu Hatieganu University of
Medicine and Pharmacy, Cluj-Napoca.

On the first day postoperatively, all animals were admi-
nistered nothing but water, whereas over the days that
followed, they were provided with standard food and
water. The animals were subsequently observed twice dai-
ly for signs of wound infection, dehiscences, or other
complications. There were no cases of exclusion from
the study.

14 days postoperatively, all of the subjects underwent
laparotomy with a view to assessing the formation of
peritoneal adhesions. For this purpose, the animals were
sacrificed using CO,

Fig. 1: Experimental model for abrasion of the visceral (cecal) and parietal peritoneum.
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Fig. 2: The abdominal wall/intestinal wall caught in adhesions was
excised en bloc.

The assessment of the formation of peritoneal adhesions
was conducted from a macroscopic and microscopic point
of view. The adhesions were assessed macroscopically at
the moment of laparotomy and were immediately docu-
mented by means of photography. The abdominal wall /
intestinal wall caught in adhesions was excised en bloc for
subsequent histological processing (Fig. 2).

The quantity, quality, and macroscopic appearance of
the formed adhesions were also observed and quantified.
Quantity was quantified based on the incidence of adhe-
sion formation at the spot of the trauma and as the
extent (percentage) to which the traumatized area was
covered by adhesions. The Quality of the induced adhe-
sions was determined based on the severity score accor-

ding to the method of Evans et al. * (Table I).

TaBLE I - The macroscopic degree of severity of peritoneal adhesions.

Peritoneal adhesions
Definition of the macroscopic degree of severity

Degree

Absence of adhesions

Fine, avascular, easily separable adhesions

Adhesions separable through traction,
with limited vascularization

3 Adhesions separable through dissection,

with rich vascularization

N = O

TasLe 11 - The histopathological degree of severity for peritoneal adpe-

sions

Peritoneal adhesions
Definition of the microscopic degree of severity

Degree

Absence of fibrosis/inflammation
Mild fibrosis/inflammation
Moderate fibrosis/inflammation
Severe fibrosis/inflammation

(SN SR )
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All samples were assessed histologically. After fixation in
formalin (4%), they were embedded in paraffin blocks
and sections of 4-5 um thickness were stained with
hematoxylin and eosin (H-E). The assessment of the
fibrosis and inflammation score was done according to

Hooker 4 (Table II).

Statistical analysis

The collected data was expressed as meantstandard devia-
tion (M = SD). In order to assess the differences bet-
ween groups, a single analysis of variance (ANOVA) was
used. A p<0.05 was considered statistically significant.

Results

MACROSCOPIC ASSESSMENT

In the control group (n=30), adhesions occurred in 25
rats (83.33%), of which 4 were of the first degree
(13.33%), 6 of the second degree (20%), and 15 of the
third degree (50%).

In the case of group II (n=30), where a saline solution
was administered intraperitoneally, adhesions were obtai-
ned in 24 rats (80%), of which 6 were of the first degree
(20%), 4 of the second degree (13.33%), and 14 of the
third degree (46.66%). In the case of group III (n=30),
where rosuvastatin with a concentration of 10 mg/kg was
administered intraperitoneally, adhesions were induced in
16 rats (53.33%), of which 9 were of the first degree
(30%), 3 of the second degree (6.66%), and 4 of the
third degree (13.33%), and in the case of group IV
(n=30), where rosuvastatin with a concentration of 5
mg/kg was administered intraperitoneally, adhesions
developed in 15 rats (50%), of which 8 were of the first
degree (26.66%), 2 of the second degree (6.66%), and
5 of the third degree (16.66%) (Table III) (Figs. 3, 4).
The extent (percentage) to which the traumatized area
was covered with adhesions was 51.6% for the control
group, 50% for the saline solution group, and 26.66%
and 27.5%, respectively, for the groups where rosuvas-
tatin was administered intraperitoneally, with a concen-
tration of 10 mg/kg and 5 mg/kg, respectively.

TasLE III - The macroscopic degree of severity and mean score by group

Macroscopic degree of severity

Groups 0 1st 2nd 3rd M = SD
Degree Degree Degree Degree

I 5 4 6 15 2.03+0.67

II 6 6 4 14 1.86+0.74

111 14 9 3 4 0.9+0.56

v 15 8 2 5 0.9+0.63

Legend: M — mean SD — standard deviation. I versus II: p=0.59;
I versus III: p=0.0002151; I versus IV: p=0.00030397.
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First degree adhesion

Fig. 3: Macroscopic appearance of peritoneal adhesions.

Second degree adhesion
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Fig. 4: The macroscopic degree of adhesions for the four groups.

Third degree adhesion

TABLE IV - The microscopic degree of severity and mean score by group

Microscopic degree of severity

Groups 0 15t 2nd 3rd M = SD
Degree Degree Degree Degree

1 5 3 11 11 1.93£0.58

1I 6 6 8 10 1.73+0.65

111 17 7 3 3 0.73+0.51

v 15 6 5 4 0.93+0.61

M — mean SD - standard deviation. Legend: I versus II: p=0.48;
I versus III: p=4.18412E-05; I versus IV: p=0.000815876.

and the intestinal wall

C. Second'dgree adhesio

A. No adhesions between the abdominal wall

D. Third degree adhesion

Fig. 5: The microscopic degree of severity for peritoneal adhesions. Hematoxylin-Eosin staining, objective (10x), magnification 100 times
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Fig. 6: The microscopic degree of severity of adhesions for the four
groups.

MICROSCOPIC ASSESSMENT

In the control group (n=30), mild (1% degree) fibrosis
and inflammation was described in 3 rats (10%), mode-
rate (2" degree) fibrosis and inflammation— in 11 rats
(36.66%), and severe (3" degree) fibrosis and inflam-
mation — in 11 rats (36.66%).

In group II (n=30), 6 rats (20%) showed mild fibrosis
and inflammation, 8 (26.66%) — moderate fibrosis and
inflammation, and 10 rats (33.33%) — severe fibrosis and
inflammation. In groups III and IV (n=30), 6 rats (20%)
and 7 rats (23.33%), respectively, showed mild fibrosis
and inflaimmation. 3 rats (10%) and 5 rats (16.66%),
respectively, were included in the second degree, and
severe fibrosis and inflammation occurred in 3 (10%)

and 4 rats (13.33%), respectively (Table IV) (Figs. 5, 6)

Discussions

Postoperative peritoneal adhesions are a major cause of
morbidity — abdominal and pelvic pain, infertility, and
intestinal obstruction.

Different experimental models were used to induce pos-
toperative adhesions (parietal and visceral peritoneum
abrasion, mechanical denudation and suture, ischemic
buttons, electrocoagulation, electrocoagulation and sutu-
re) 1. The surgical maneuvers during laparotomy pro-
duce mechanical trauma, which are the most frequent
cause for postoperative adhesions. We used an experi-
mental model for abrasion of the visceral (cecal) and
parietal peritoneum because it replicates the mechanical
trauma during a laparotomy, it offers good results from
a qualitative and quantitative point of view, and can be
easily replicated '°.

The search for certain efficient methods for preventing
the formation of postoperative adhesions has been going
on for decades. The strategies used may be grouped into
4 categories — general principles, elements pertaining to
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surgical technique, mechanical barriers, and pharmaco-
logical agents 7. Some of these measures have proven
to be effective in reducing the number and quality of
adhesions in studies on animal models or in clinical stu-
dies, but none of them is universally effective, and their
mode of action is but little understood.

The peritoneal wounds induced by the surgical proce-
dures or by other factors initially produce an inflam-
matory response. Procoagulant and antifibrinolytic reac-
tions are produced, with a significant increase in fibrin
formation. When these fibrin deposits persist, fibrinous
adhesions develop. Subsequently, these organize them-
selves through collagen deposits and the occurrence of
newly-formed vessels, and become permanent.

The strategies for the prevention of the formation of
adhesions may include the suppression of inflammation,
the manipulation of coagulation, and an increase in the
fibrinolytic activity.

The use of statins may represent a treatment option,
because they potentially combine the anti-inflammatory
effect, the anticoagulant effect, and profibrinolytic pro-
perties. Statins, being inhibitors of HMG-CoA reducta-
se, which is an enzyme that plays a key role in choles-
terol synthesis, are used on a large scale in the treat-
ment of hyperlipidemia and in the primary and secon-
dary prevention of cardiovascular diseases.  According
to the literature, statins exert pleiotropic effects inde-
pendent of the decrease in cholesterol and a significant
proportion of these effects are due to the anti-inflam-
matory effects 4. Antifibrotic, antioxidant, and profibri-
nolytic effects have also been described. It has been
demonstrated that rosuvastatin (a relatively new, highly-
effective and long-acting statin) ''!? prevents epidural
fibrosis following neurosurgical interventions and reduces
fibrosis in a rat model of cyclosporine-induced nephro-
pathy >1819 prevents the development of knee intra-arti-
cular adhesions, again in an experimental rat model %,
increases the anti-inflammatory activity, and inhibits proin-
flammatory functions in cultured microglial cells 2.

Also, a series of experimental studies involving statin
representatives (lovastatin, simvastatin, atorvastatin) pro-
ved the efficiency of statins in reducing the formation
of peritoneal adhesions ©1°.

We have conducted the present research based on this
data; that is to say, we have investigated the effect of
intraperitoneally-administered rosuvastatin, in a single
dose, at the conclusion of the surgical intervention, of
preventing the formation of postoperative peritoneal
adhesions.

There were no significant differences in terms of the
induced adhesions between the control group and the
group in whose case a saline solution was administered
intraperitoneally, from the point of view of either the
macroscopic  (p=0.59) or microscopic  assessment
(p=0.48).

Intraperitoneal administration of rosuvastatin solution is
correlated with a reduction in the formation of perito-
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neal adhesions. This observation is valid in the case of
both groups, in which the number, the area covered,
and the degree of the adhesions decreased on macros-
copic examination, as did the degree of fibrosis/inflam-
mation on microscopic examination. There is a statisti-
cally significant difference between the control group and
group III, with a rosuvastatin concentration of 10 mg/kg,
and between the control group and group IV, with a
rosuvastatin concentration of 5 mg/kg. There were no
statistically significant differences between groups III and
Iv.

In the course of the study there were no side effects or
complications associated with the administration of rosu-
vastatin.

Conclusions

The experimental model for inducing peritoneal adhe-
sions in rats through the abrasion of the parietal and
visceral (cecal) peritoneum may be standardized.
Intraperitoneal administration of rosuvastatin correlates
with a reduction of peritoneal adhesions in rats and the
literature data supports this correlation, but only in the
case of the administration of other statins.
Intraperitoneal administration of rosuvastatin is a relia-
ble and efficient method for reducing the formation of
peritoneal adhesions in rats.

New experimental studies are needed to identify the
mechanisms by which this effect of reducing the for-
mation of peritoneal adhesions is achieved, as well as the
optimal therapeutic dose, experimental studies that futu-
re clinical trials should rely on.
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