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Background: Adhesion formation is a common complication of abdominal surgeries. Mesna

is a drug with fibrinolytic properties which has been used in surgical field to facilitate tissue

dissection. The aim of this experimental animal study was to investigate the effect of

mesna on prevention of intra-abdominal adhesion in rats.

Materials and methods: Twenty-eight Wistar albino rats were used in the study. To create

abdominal adhesion, cecum was abraded in all rats. No additional surgical procedure was

performed other than adhesion in group 1 (only adhesion). In the other groups, rats were

treated topically by administering 0.9% saline (group 2), 40 mg/kg mesna (group 3), and

400 mg/kg mesna (group 4). All rats were sacrificed on postoperative 21st day. Histopath-

ological and macroscopic evaluations of adhesion formation were performed.

Results: Quantity of adhesion scores (P ¼ 0.022), severity of adhesion scores (P ¼ 0.041), total

adhesion scores (P ¼ 0.023), and histopathological adhesion grading scores (P < 0.001) were

reduced by 400 mg/kg mesna.

Conclusions: This is the first study for mesna on prevention of abdominal adhesion for-

mation in rats. We concluded that dose-dependent reduction of adhesion was achieved by

mesna. With future studies, topical administration of mesna during open abdominal sur-

geries may be used to prevent adhesion formation.

ª 2020 Elsevier Inc. All rights reserved.
Introduction treatment of IAA, recurrent surgeries which increase
Intra-abdominal adhesions (IAAs) are a common complica-

tion of open abdominal surgeries which can be seen up to 93%

after laparotomy. IAAs are prone to severe health problems

such as bowel obstruction, infertility, and impairment in the

quality of life.1-4 Because there has been no proved medical
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morbidity can be needed to overwhelm secondary complica-

tions.2-4 In fact, prevention of adhesion formation is the best

way to face these bothersome conditions.1-3 Some systemic

and topical drugs or products have been investigated to pre-

vent IAA such as steroids, some antibiotic drugs, heparin so-

lution, tissue plasminogen activators, icodextrin, hyaluronic
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Fig. 1 e Study design.
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acid solution, protein concentrates, transforming growth

factor-beta isoforms, and neurokinin-1 receptors.1,2,4,5 Despite

the different drugs and materials, the optimal products have

not yet been developed.2

Mesna (2-mercaptoethanesulfonate) is an easily available,

safe, and lower-cost agent and is mainly used with cyclo-

phosphamide chemotherapy to prevent toxicity. It has sulf-

hydryl group and acts by breaking disulfide bonds in mucous

polypeptide chains. It can be used as a mucolytic, chemical

dissector, and fibrinolytic in surgical practice.6-11 We designed

this experimental animal study to investigate the effect of

mesna on prevention of adhesion in rats and thus its clinical

potential.
Materials and methods

Animals, study design, and procedures

The study was conducted after approval by Mersin University

Experimental Animal Research Committee (protocol number:

2018/42) and supported by Mersin University Scientific

Research Unit (protocol number: 2019-1-AP2-3114). The

experimental procedures were performed in accordance with

the Guide to the Care and Use of Laboratory Animals (National

Institutes of Health Publications No. 8023, revised 1978).

Number of rats was calculated by Mead method.12 Twenty-

eight, noninbred, male, weighing 300-350 g, Wistar albino

rats in four groups were used in the study (Fig. 1). Animals
Fig. 2 e Adhesion procedure in the study. Cecal abrasion with s

administering the treatment solution via catheter (C). (Color ver
were first anesthetized by intramuscular injection of 100 mg/

kg ketamine hydrochloride and 7 mg/kg xylazine hydrochlo-

ride. After shaving the anterior abdominal wall, the surgical

site was cleaned with povidone-iodine solution. Vertical 2 cm

midline incisionwas performed to enter the abdominal cavity.

To create abdominal adhesion, 1� 3 cm area of the cecumwas

abraded with sterile rasp (OL406R; Aesculap, Germany) for 20

times until tiny bleeding occurred in all groups (Fig. 2).13 After

completion of the abrasion, the animals were randomized to

groups. No additional surgical procedure was performed other

than adhesion in group 1. After the adhesion procedure, 2 cc

0.9% saline was applied topically to the abdominal cavity in

group 2. Mesna (uromitexan, 400 mg/4 mL injectable, Baxter,

Germany) was applied topically at different doses after the

adhesion procedure as 40mg/kgmesna in group 3 and 400mg/

kgmesna in group 4 by preparing the solutionwith 0.9% saline

to obtain 2 cc volumes. The peritoneum-fascia layer was

closed with the use of running locking 4-0 polypropylene su-

ture. The solutions were applied into the peritoneal cavity via

16 gauge catheters to prevent flowing out of the abdominal

cavity before the last suture was ligated in group 2-4 (Fig. 2).

The skin was closed separately with the use of simple inter-

rupted 4-0 polypropylene suture. Handling of the other tissues

was minimized and the surgical procedure was limited to 10-

12 min. All the surgical procedures were performed by the

same author (M.B.) who was blinded to the groups. The rats

were randomly selected and not consecutively operated to

minimize bias.

Pain control in rats was obtained by adding 1-2 mg/mL

paracetamol in drinkingwater for first 3 d after the surgery. No

antibiotic prophylaxis was administered to any group rats. All

rats were kept standard conditions with free to oral intake.

The rats were left for a recovery period.
Macroscopic evaluation of adhesion formation

In the second stage, the rats were sacrificed for the evaluation

of IAAs on the 21st day after the initial procedure. A second

look laparotomy was performed via U-shaped incision

without damaging the formed adhesions. IAAs were scored

according to the Leach et al.’s clinical adhesion scoring system

by another investigator (M.O.T.), who had no prior knowledge
urgical rasp (A), punctuate bleeding on cecum (B), and

sion of figure is available online.)
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of which group was being evaluated.4,14-16 The quantity of

adhesion was scored as follows: 0 ¼ no adhesion; 1 ¼ 1%-25%

involvements; 2 ¼ 26%-50%; 3 ¼ 51%-75%; and 4 ¼ 76%-100%.

The severity of adhesion was scored as follows: 0 ¼ no adhe-

sion; 1 ¼ filmy avascular; 2 ¼ vascular or opaque; and

3 ¼ cohesive attachment to other abdominal structures. The

degree of adhesion formation was scored as follows: 0 ¼ no

adhesion; 1 ¼ if the adhesions separated with gentle traction;

2 ¼ requiring moderate traction; and 3 ¼ requiring sharp

dissection. Therefore, a total score (0-10) was also obtained by

the sum of the “quantity, severity, and degree of adhesion

score” for each rat (Fig. 3).
Histopathological evaluation of adhesion formation

Adhesion site with related structures or traumatized area was

resected en bloc to evaluate the adhesion for histopathological

examinations. The tissue samples were fixed in 10% formal-

dehyde and embedded in paraffin. Four-micrometer sections

were stained with hematoxylin and eosin. The samples were

assessed by a lightmicroscope. An expert pathologists (Y.Y.K.)

blinded to the experimental group scored according to modi-

fied Zuhlke and colleagues grading system.1 Histological

grading of adhesion was scored as follows: grade 1 ¼ loose

connective tissue, old or new fibrin, rich cellular infiltrate, and

fine reticulum fibers; grade 2 ¼ connective tissue with cells

and capillaries and few collagen fibers; grade 3 ¼ firmer con-

nective tissue, less cellularity, more angiogenesis, and few

elastic and smooth muscle fibers; grade 4 ¼ mature granula-

tion tissue, paucity of cells, and poor differentiation between

serosal layers (Fig. 4).
Statistical analysis

Our measurements were in scores or grades, nonparametric

approaches were used to define and analysis. The data were
Fig. 3 e Adhesion images at 21st day among the groups (*: cecu

adhesion, and total adhesion score was “0” (A), total adhesion s

“6” for rat in group 1 (C), total adhesion score was “10” for rat

formation. (Color version of figure is available online.)
expressed as the median [25P-75P]. Kruskal-Wallis test was

used to compare the groups in terms of scores or grades.

Dunn-Bonferroni test was used to determine which groups

caused the difference. Graphs are given for the average

rankings used in group comparison. Statistical analysis was

performed with Statistica v.13.3.1. P < 0.05 was considered

statistically significant.
Results

During the study period, no rats in the groups died and no rats

were found to have any poor health status that would require

sacrificing on the recommendation of the institute veteri-

narian for 3 wk. The surgical procedures and administration

of drugs were well tolerated in the study period. General ap-

pearances of rats, eating habits, consistency of stool, color of

urine, and status of wound healing were observed daily.
Macroscopic assessment

On macroscopic evaluation, although there were statistically

significant differences in median severity of adhesion scores,

median quantity of adhesion scores, and median total adhe-

sion scores between the groups, there were no statistically

significant differences in median degree of adhesion scores

between the groups (Table). Rats in group 4 had lower median

quantity of adhesion score than rats in group 1 (P ¼ 0.038) and

group 2 (P ¼ 0.049) (Fig. 5). Rats in group 4 had lower median

severity of adhesion score (P ¼ 0.042) and median total adhe-

sion score (P ¼ 0.038) than rats in group 2 (Fig. 5). Although

there were no statistically differences in median degree of

adhesion scores between the groups, rats in group 4 had

lowest median degree of adhesion score than rats in the other

groups (Fig. 5).
m, black arrow: adhesion). Rat in group 4 had no visible

core was “3” for rat in group 3 (B), total adhesion score was

in group 2 (D) in macroscopic evaluation of adhesion
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Fig. 4 e Photomicrographs of the adhesion area. Loose connective tissue (rat in group 4) (H&E; 340) (A), connective tissue

with cells and capillaries and scattered collagen fibers (rat in group 3) (H&E; 340) (B), decreased cellularity, marked and

increased vascularization and few elastic fibers (rat in group 1) (H&E;3100) (C), and adhesionwithmature granulation tissue

(rat in group 2) (H&E; 3100) (D). (Color version of figure is available online.)
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Histopathological assessment

There were statistical differences inmedian histopathological

grading scores between the groups (Table). Rats in group 4 had

lower median histopathological adhesion grading score than

rats in group 1 (P < 0.001) and group 2 (P ¼ 0.003) (Fig. 6).
Discussion

We found that median histopathological adhesion grading

scores, median quantity of adhesion scores, median severity
Table e Histopathological grading and adhesion scores among

Group 1 Group 2

Total adhesion score 10 [6-10] 10 [5-10]

Quantity of adhesion 4 [2-4] 4 [1-4]

Severity of adhesion 3 [2-3] 3 [2-3]

Degree of adhesion 3 [2-3] 3 [2-3]

Histopathological grading 3 [3-4] 3 [2-4]

The data were expressed as the median [25P-75P].
of adhesion scores, and median total adhesion scores were

reduced by topical application of 400 mg/kg mesna in rats.

However, there were no significant differences in median

degree of adhesion scores between the groups; lowest median

degree of adhesion score was also obtained by application of

400 mg/kg mesna in group 4.

Abdominal surgeries have still high incidence rates (67%-

93%) of adhesion formation.1,3,4 Although some IAAs are

asymptomatic, theymay cause a number of acute and chronic

symptoms.3,4 IAAs are also one of the main causes of infer-

tility and chronic pelvic pain.1,4,16 Up to 40% of bowel ob-

structions requiring surgical intervention are due to IAAs.1,16
the groups.

Group 3 Group 4 P

8 [3-10] 3 [0-6] 0.023

2 [1-4] 1 [0-1] 0.022

3 [1-3] 1 [0-2] 0.041

3 [1-3] 1 [0-3] 0.084

2 [2-2] 1 [1-1] <0.001

https://doi.org/10.1016/j.jss.2020.01.027
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Fig. 5 e Macroscopic adhesion scores among the groups. Quantity of adhesion (A), severity of adhesion (B), degree of

adhesion (C), and total adhesion score (D). (Color version of figure is available online.)
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Mortality rate for patients having adhesive obstruction is

approximately 32.9%.1 The presence of IAAs lengthens the

operation time which may cause elevated operation risk of

patient.1,3 Adhesiolysis increases the risk of potential enter-

otomies, which has been estimated at approximately 20% in

reoperative surgeries. Readhesion formation is also very

common after adhesiolysis.1

The abdominal cavity is lined by a serosal membrane

which is consisting of a layer of loose connective tissue be-

tween mesothelium and basal lamina. As known, this struc-

ture covers all visceral organs and abdominal cavity. One of

the important tasks of serosa is stimulation of coagulation

and fibrinolysis.17 Many stimuli may result in inflammatory

reaction in serosa which is the first step of the adhesion
Fig. 6 e Histopathological grading of adhesion among the

groups (* indicates outlier). (Color version of figure is

available online.)
formation.1,5 Damage to the mesothelium releases many cy-

tokines and chemokines.1,18 White blood cells migrate to

injured site. Neutrophils play an important role and they

trigger a cascade of cytokine release.1 Although skin wounds

heal from the edges, the repair of peritoneal defects occurs

from the underlying mesenchyme.19 Fibrin deposits over the

injured area results in a matrix for inflammatory and repair

cells.1 Deposition of collagen by fibroblasts creates a fibrotic

nature in adhesions. By the time, peritoneal wounds had a

continuous mesothelial cells with tight junctions or desmo-

somes.19 In case of excessive matrix deposition and fibrosis,

the interstitium can alter the resistance to fluid and solute

transport.20 Besides the inflammatory cascade events and

resultant fibrosis, the other important factor that contributes

to IAA formation is the oxidative stressemediated cellular

damage. Oxidative stress and reactive oxygen species can

diminish the fibrinolytic activity and subsequently lead to

IAAs.21

To date, several technical procedures were described in

experimental animal models to generate IAAs such as suture

ligation, cauterization, and abrading with sterile dry gauze,

blade, or rasp.1,13 Zeng et al.13 reported that abrading with rasp

was effective for IAA model. We performed the adhesion

model similarly with surgical rasp; all rats in group 1 and 2 had

adhesions distinctly.

Timing in the adhesion evaluation is also very important.

Early fibrinous adhesions which are often beneficial and can

resolve spontaneously. Late adhesions are fibrous and per-

manent.1 Injury to visceral peritoneum causes more severe

adhesion formation than similar injury to the parietal surface

does.22 In the process of recovery, the fibrin matrix is gradu-

ally organized and replaced by tissue containing fibroblasts,

macrophages, and giant cells. This fibrinmatrix can be broken

down by fibrinolysis into smaller molecules, named as fibrin

https://doi.org/10.1016/j.jss.2020.01.027
https://doi.org/10.1016/j.jss.2020.01.027
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degradation products. Under conditions of aberrant peritoneal

healing, ischemia results in a reduction in fibrinolytic activity

and thus the persistence of the fibrin bands. The accumula-

tion of the fibrin bands results in persistent adhesion pro-

duction. First adhesion tissue is a mixture of macrophages,

eosinophils, red blood cells, tissue debris, mast cells, and fi-

broblasts.23 The cell population changes with the maturity of

the adhesion tissue, with the initial cell type being poly-

morphonuclear leukocytes within 1-3 d, and after 5-7 d,

mainly fibroblasts being the major cell group.19 Adhesion tis-

sue also contains nerve fibers and vascular proliferation ele-

ments.24 Although some reports declared that 7, 10, or 14 d are

standard timeframe for evaluating adhesion, some mitogenic

factors to fibroblasts as connective tissue growth factors are

expressed in the course of 21 d, and connective tissue growth

factor levels correlated with the adhesion score.1,15,16,18,25

After 3 wk, adhesions are thick and fibrous, with easily

visible vascularization.18,22 Therefore, we sacrificed the rats at

3 wk in this study.

Prevention or decrease in adhesion formation is still an

important goal for surgeons. Many of the therapeutic strate-

gies for adhesions target prevention of adhesion formation,

such as reduction in peritoneal damage, prevention of fibrin

formation, inhibition of inflammatory reaction, promotion of

fibrinolysis, prevention of fibrin organization or collagen

deposition, and separation of damaged surfaces.1,2 Fibrino-

lysis is the breakdown of fibrin which is essential for healing

without adhesions.1 Fibrinolytic agents and adhesion barriers

with different success rates are administered at the time of

initial operation.1,3 Some of them (e.g., tissue plasminogen

activator, urokinase, streptokinase, etc.) have many side ef-

fects and are mostly expensive.1,2 Adhesion barriers do not

actively interfere with inflammation and wound healing, and

separates injured surface of peritoneum.3

Mesna is primarily used in oncological field to prevent the

toxic effect of cyclophosphamide.6,26 It contains sulfhydryl

group and acts by breaking disulfide bonds causing mucol-

ysis.6,8,9 Its role as mucolytic and fibrinolytic is being studied

in different medical practice.11,27

Some studies reported that mesna could be also used in

otolaryngology, spine surgery, and gynecology to facilitate

tissue dissection and simplify the second-look reinterven-

tion.6,9,11,27 Besides the favorable effect, it has no central

nervous system or cardiac toxicity.27 Neutrophil accumula-

tion, toxic effects of free radicals, and lipid peroxidation were

limited by mesna. Protective effects of mesna on liver tissue

were reported, and collagen content of the liver tissue was

inhibited by mesna in ischemia/reperfusion model.26 Adhe-

siolysis effect of mesna was declared in the studies.10,27

Mesna interfere with formation of extracellular matrix.

Collagen fibers were less dense with fewer interspersed

myofibroblasts when mesna was applied.28 Its fibrinolytic ef-

fect was observed in different animal models.27 Besides these,

mesna was also proved to have antioxidant features, it scav-

enges reactive oxygen metabolites and decreases oxidative

stressemediated cellular damage.11,29 We think that mesna

prevents IAAs with its fibrinolytic effects and antioxidant

properties when topically applied. With future studies, the

mechanism of action of mesna for adhesion prevention may

be ruled out clearly.
Conclusions

Intra-abdominal adhesions continue to be a major health

problem; effective preventive or therapeutic interventions are

still lacking. According to our study results, topical adminis-

tration of 400 mg/kg mesna is effective for prevention of IAA

formation in an experimental animal model. To our knowl-

edge, this is the first study for mesna on preventing of adhe-

sion formation. With upcoming studies, this inexpensive and

easily available molecule can be used safely during open

abdominal surgeries to prevent IAA formation and its sec-

ondary devastating complications.
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