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Post-operative intra-abdominal adhesions represent 
a major unresolved and sometimes life-threatening 

problem that develops after 50–100% of all abdominal 
surgeries [1]. Intra-abdominal adhesions seriously com-
plicate the surgical process and its aftermath. In their 
prospective study, Menzies and Ellis reported adhesion 

in 93% of the patients (n=210) undergoing laparotomy 
who had undergone abdominal surgery previously, while 
they detected adhesion in 10.4% of the patients in the 
control group of 114 patients who underwent their first 
surgery [1, 2]. This shows that post-operative adhesions 
are an almost inevitable process.

ABSTRACT
OBJECTIVE: Post-operative adhesion is a common problem in abdominal surgery. Especially, foreign materials are strong 
stimulus for the development of adhesions. The aim of this study was to investigate whether drug release material coated 
prosthetic mesh decreases intra-abdominal adhesion formation or not.

METHODS: 5-Fluorouracil (5-FU) releasing “chitosan gels” were loaded to polypropylene and polyglactin-910 grafts. Poly-
propylene, polyglactin-910 grafts, chitosan gel, and 5-FU-loaded polyglactin 910, polypropylene grafts were used to cover 
abdominal defects of rats which were created under sterile conditions (n=84). Each group was divided into two subgroups 
(n=6). Subgroups were sacrificed on the 7th and 30th days.

RESULTS: The 7th day macroscopic examinations were similar. Polypropylene group was most adhesive group on the 30th 
day. There were less adhesions in chitosan gel and 5-FU-loaded groups. Capsule and capsule margins showed no difference 
on both the 7th and 30th days. Polypropylene-5-FU group and polypropylene-chitosan gel group showed significantly less 
macroscopic adhesions than polypropylene control group. Furthermore, polyglactin-910-chitosan gel group was less adhesive 
than polypropylene control group.

CONCLUSION: This study showed that 5-FU decreases the adhesions but the dosage and release kinetics need further 
investigations.
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Similar to post-operative adhesions, incisional her-
nias are common surgical complications likely caused 
by the improper closure of the fascia and/or poor 
wound healing [3]. Factors that cause chronic or long-
term post-operative intra-abdominal pressure to in-
crease and affect wound healing contribute to the de-
velopment of incisional hernias [3]. The incidence of 
incisional hernia is between 12.7% and 23% [4, 5]. One 
of the most frequently performed procedures in gen-
eral surgery practice is incisional hernia repair and the 
most common use of synthetic meshes is abdominal 
(inguinal, incisional, etc.) hernia repairs. Tension-free 
closures with prosthetic materials in incisional hernia 
repair reduce the rate of recurrence [6, 7]. The use of 
prosthetic materials has become almost routine in her-
nia repair. Meshes derived from many different materi-
als have been safely placed on the fascia for a very long 
time to strengthen the abdominal wall [8]. The ideal 
synthetic mesh would integrate into the abdominal 
wall, thereby strengthening the repaired area, but this 
strong integrating property becomes a real problem in 
hernias where it is impossible to join the fascial edges 
and laparoscopic repairs. Foreign bodies in contact with 
visceral surfaces are important factors in the formation 
of intra-abdominal adhesions [9]. Especially when im-
planted intraperitoneally, these materials cause adhe-
sions between the intestines and the mesh [10]. These 
adhesions can cause serious complications such as in-
testinal obstruction or enterocutaneous fistula forma-
tion [11]. The number and activity of fibroblasts, and 
accordingly, excessive and irregular collagen deposition, 
are responsible for the development of the adhesions 
associated with intra-abdominal prosthetic materials 
and those that develop after many surgeries [12].

5-Fluorouracil (5-FU) has been the cornerstone of 
adjuvant therapy for colorectal cancer for a long time. 
Moreover, it has been used to prevent fibrosis in glau-
coma surgery and adhesions in tendon repair [13–15]. 
Administering 5-FU when inflammation is intense and 
fibroblast activity is high keeps inflammation and fibro-
blast activity at bay for long enough to prevent exces-
sive collagen synthesis and fibrosis development. Chi-
tosan is a natural aminopolysaccharide formed by the 
deacetylation of chitin, the primary component of crus-
taceans’ shells. Its high biodegradability and low toxic-
ity render chitosan suitable for biomedical and phar-
macological applications. Chitosan is clinically relevant 
due to its hemostatic, anti-inflammatory, antimicrobial, 
and wound healing effects [16].

The inflammatory reaction against intra-abdominal 
prosthetic graft materials is a time-dependent, contin-
uous foreign body response. Yet, therapeutic agents ap-
plied around the graft are effective only once and for a 
limited period of time and, therefore, are unable to sup-
press hyper-reactive fibroblasts for the entire course of 
the reaction. The slow release of an agent into the en-
vironment maintains its effect during the inflammatory 
process, fibroblast activity, and therefore collagen synthe-
sis. In wound healing, inflammation and fibroblast activ-
ity are, ideally, suppressed for as long as possible to min-
imize adhesions. Using an experimental animal model 
of incisional hernia, this study aimed to investigate the 
effect of 5-FU-loaded chitosan gel-coated, prosthetic 
materials on intra-abdominal post-operative adhesions.

MATERIALS AND METHODS

Mesh Preparation
“Ethicon Vicryl Woven Mesh” brand polyglactin 910 
mesh and “Ethicon Prolene Mesh” brand polypropyl-
ene mesh were cut in 2x2 cm dimensions. In our study, 
Chitosan H (molecular weight: 1400 kDa, deacetylation 
degree 80%; MGF Co. Ltd. – Japan) was used as a nat-
ural polymeric carrier system due to its cationic charge, 
non-toxicity, and biological compatibility. Chitosan gel 
was prepared at 2% (w/v) concentration. Chitosan was 
mixed with 0.1 M acetate buffer (pH: 4.5) and incubated 
overnight at room temperature. Chitosan gel obtained as 
a result of incubation was used to coat 4 cm2 meshes. 
The upper and lower layers of the meshes were covered 
with 0.5 mL chitosan gel using a mold. The coated mesh-
es were frozen at -80 °C for 24 h. Then, the molds cov-
ered with chitosan gel were lyophilized by keeping them 
in the lyophilizer for 48 h. For this purpose, “Virtis Gar-
diner NY12525” brand lyophilizer device was used. Af-
ter lyophilization, 5-FU (1 mg) was impregnated into the 
upper and lower layers of the mold. The prepared meshes 
were sterilized by exposing a total of 24 kgy gamma rays 
over 16 h in sterile Petri dishes at the Turkish Atomic 
Energy Agency facility.

Highlight key points

• 5-FU loaded on graft materials prevents capsule formation 
and adhesion formation.

• Antiadhesive and antifibrotic effects of chitosan gel were ob-
served.

• No toxic effect of chitosan gel was observed.
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Experimental Model and Surgical Protocol
With the approval of the Hacettepe University Exper-
imental Animals Ethics Committee (no: 2004/21), 
84 male Wistar albino rats weighing 200–250 g were 
housed under the standard conditions of the Hacettepe 
University Experimental Animals Unit. The animals 
were fed standard rat chow and water.

The protocol and experimental groups are summa-
rized in Table 1. The prepared mesh materials were 
placed in a 2×2 cm musculofascial defect created on 
the anterior abdominal wall of the experimental ani-
mals under sterile conditions with general anesthesia 
(intramuscularly administered 90 mg/kg ketamine-10 
mg/kg xylazine). The meshes were fixed to the anteri-
or abdominal wall with 5.0 polypropylene sutures. The 
skin was closed with a 4.0 polypropylene suture and 
post-operative analgesia was provided. All procedures 
were performed by two surgeons (Balas and Erol). Half 
of the rats in each group were sacrificed on day 7 and a 
biopsy was taken from the anterior abdominal wall that 
included the prosthetic material. The remaining sub-
jects were sacrificed on day 30, at which point the same 
samples were collected. Adhesions formed between the 
graft and the intra-abdominal organs were evaluated by 
a single-blinded surgeon (Akyollu) using the adhesion 
scoring method [17] (Table 2).

Histological Evaluation
Tissue samples were fixed at room temperature in 10% 
formalin prepared in phosphate buffer adjusted to pH 
7.0. Sections were stained with hematoxylin-eosin and 
the modified Masson Trichrome method after which 
general tissue morphology, adhesion, and tissue-bio-
material response were evaluated. At least 10 sections 
from different levels in each tissue sample were ana-
lyzed. After histological findings were evaluated, they 
were evaluated for different structural categories. For 
this purpose, a semi-quantitative scoring system was 
used [18] (Table 3).

Tissue samples were fixed in 2.5% glutaraldehyde 
in Sorenson’s phosphate buffer overnight at room tem-
perature, washed in a buffer solution, and fixed for the 
2nd time in phosphate-buffered 1% osmium tetroxide at 
4 °C for 2 h. Tissue samples were dehydrated by pass-
ing through graded ethyl alcohol solutions and vacuum 
embedded in Araldite (Cy 212, Agar, Germany). After 
staining the sections with uranyl acetate-lead citrate, 
they were imaged using a Carl Zeiss transmission elec-

tron microscope (TEM) for subcellular examination 
of the tissue around the biomaterial.

Statistical Analysis
The continuous variables obtained from histological 
and macroscopic scoring were expressed as medians 
(min-max); categorical data were denoted as numbers 
and percentages. Normality analyses were performed 
using the Shapiro–Wilk goodness-of-fit test. The Kru-
skal–Wallis test (Mann–Whitney U-test with Bon-
ferroni correction) was used to analyze the differences 
between groups as the continuous data were not nor-
mally distributed. The Wilcoxon ordered signs test was 
used for in. The categorical data were compared with 
the Chi-square test. All analyses were performed with 
IBM SPSS version 22.0 (IBM Corporation, Armonk, 
NY, USA). Statistical significance was set as p<0.05 
for the group analyses.

Groups

1 Polypropylene control group. 12 animals
2 Polyglactin 910 control group. 12 animals
3 Chi gel group 12 animals
4 Polypropylene+Chi gel+ 5-FU group. 12 animals
5 Polyglactin 910+Chi gel+ 5-FU group 12 animals
6 Polypropylene+Chi gel group 12 animals
7 Polyglactin 910+Chi gel group 12 animals

Table 1. Experimental groups

 Degree of  
 adhesion

No adhesion  0
Single band adhesion (between organs or 
between abdominal wall and organs)  1
Two band adhesion (between organs or 
between abdominal wall and organs)  2
Adhesion with two or more bands (between organs 
or between the abdominal wall, organ or all intestines)  3
Adhesion of organs directly to the abdominal wall 
independent from number 4

Table 2. Adhesion scoring
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RESULTS

During the experiment, one rat in the polypropylene 
control group and two rats in the polyglactin 910 control 
group died on days 14, 15, and 17 for reasons deemed 
unrelated to the experiment, and, therefore, were exclud-
ed from the study. While there was no significant differ-
ence between the groups in terms of the median values 

of macroscopic adhesion scores on day 7 (p=0.195), 
there was a significant difference between the groups on 
day 30 (p=0.022). Adhesion scores [0.5 (0–1)] in the 
polypropylene+Chi gel+ 5-FU group were found to be 
statistically significantly lower than in the polypropylene 
control group [2 (1–3)] (p=0.020) (Table 4). The me-
dian values of day 30 adhesion scores were lower in the 
5-FU added groups and the laparotomy Chi gel group 

Criteria  Scores

  4 3 2 1

Capsule placement Capsule on  Capsule on  Capsule on the No 
  both sides the bottom upper dermis side capsule
Structure of the capsule Tight Loose fibroadipose  Loose fibroelastic No 
   or loose adipose  capsule
Cellular properties of the capsule
 Fibroblast thickness  More than 30 times  30–10 times  10–0 times  0 times
 Fibroblast contact surface    No Yes
 Degree of fibrosis Severe Moderate Mild  None
 Presence of acute/chronic inflammation   Chronic Acute
 Degree of inflammation Severe (many Moderate (moderate Mild (few giant None
  lymphocytes, giant cells lymphocytes, plasma cells lymphocytes 
  and plasma cells, cells, and neutrophils and plasma cells) 
  microabscesses in in addition 
  addition to neutrophils) to giant cells)
Location of inflammatory cells
 Location of inflammatory cells Outside and inside  Inside-outside Outside  None
 Contact surface of macrophages    No  Yes 
 Contact surface of giant cells   No Yes 
 Contact surface of polymorphonuclear leukocytes    No Yes 
 Contact surface of plasma cells    No Yes 
 Presence of blood vessels    No Yes 
Tissues around the capsule
 Presence of acute/chronic inflammation    Chronic  Acute
 Degree of inflammation Severe (many Moderate (moderate Mild (few giant None 
  lymphocytes, giant cells lymphocytes, plasma cells lymphocytes 
  and plasma cells, cells, and neutrophils and plasma cells) 
  microabscesses in in addition 
  addition to neutrophils) to giant cells)
 Degree of fibrosis  Severe  Moderate Mild  None
 Macrophages    None Yes
 Giant cells    None Yes
 Polymorphonuclear leukocytes    None Yes
 Plasma cells   None Yes
 Presence of blood vessels    None Yes

Table 3. Histological scoring system includes the light microscopic features of the capsule and surrounding tissues surrounding 
the biomaterial
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compared with day 7 values. It was significantly lower in 
the polyglactin 910+Chi gel group (p=0.046), but not 
the polypropylene+Chi gel+5-FU and polypropylene+-
Chi gel groups, despite being very close to significance 
(p=0.063 and p=0.083, respectively).

In general, the median values of the capsule scores 
on day 30 were lower than day 7 values in the 5-FU ap-
plied groups and in all control groups. The difference 
was significantly lower in polypropylene+Chi gel group 
(p=0.026), polyglactin 910+Chi gel group (p=0.038), 
laparotomy Chi gel group (p=0.027), and polyglactin 
910 control group (p=0.041). The polypropylene+ Chi 
gel+5-FU and polyglactin 910+ Chi gel+5-FU groups 
were close to but did not reach statistical significance 
(p=0.068 and p=0.084, respectively). There was no sig-
nificant difference between the groups on day 7 and on 
day 30 (p=0.124 and p=0.257, respectively) (Table 5).

The median values of the capsule surroundings scores 
on day 30 were lower than day 7 values in the treated 
groups and all of the control groups. The difference was 
in the polypropylene+ Chi gel+5-FU group (p=0.023), 
the polypropylene+ Chi gel group (p=0.025), the poly-
glactin 910+ Chi gel group (p=0.020), and the laparot-
omy+ Chi gel control group (p=0.020) was found to be 
significantly lower, and in the polyglactin 910 control 
group, although it was not significant, it was very close to 
significance (p=0.059). There was no significant differ-
ence between the groups on day 7 and day 30 (p=0.099 
and p=0.218), respectively (Table 6, Fig. 1).

Light Microscopy Findings
In all of the groups, the restructuring process of the ab-
dominal wall in the defect area; various stages of repair 
were observed, accompanied by the integration of the 

 n 7th day [Median (min–max)] 30th day [Median (min–max)] p1

Polypropylene+Chi gel+5-FU 6 1.5 (1–3) 0.5 (0–1)a 0.063*
Polypropylene+ Chi gel 6 1.5 (1–2) 1 (1–1) 0.083*
Polyglactin910+Chi gel+5-FU 6 1.5 (0–3) 1 (0–2) 0.334*
Polyglactin 910+ Chi gel 6 1.5 (1–2) 1 (0–1) 0.046*
Laparotomy+Chi gel 6 1.5 (0–3) 0.5 (0–1) 0.131*
Polypropylene 5 1.5 (1–4) 2 (1–3)a 1.000*
Polyglactin 910  4 0.5 (0–1) 1 (1–2) 0.102*
  p2=0.195** p2=0.022**

Min: Minimum; Max: Maximum; *: Wilcoxon sequential signs test; **: Kruskal–Wallis test (Mann–Whitney U-test with a: Bonferroni correction).

Table 4. Comparison of adhesion scores between and within groups

 n 7th day [Median (min–max)] 30th day [Median (min–max)] p1

Polypropylene+Chi gel+5-FU 6 21 (20–23) 20 (18–20) 0.068*
Polypropylene+Chi gel 6 22 (19–24) 20 (18–21) 0.026*
Polyglactin910+ Chi gel+5-FU 6 21 (19–23) 20 (18–21) 0.084*
Polyglactin 910+ Chi gel 6 21 (20–23) 20 (19–21) 0.038*
Laparotomy +Chi gel 6 23 (20–24) 20 (18–22) 0.027*
Polypropylene 5 24 (21–25) 22 (20–23) 0.041*
Polyglactin 910  4 21.5 (19–22) 20 (20–22) 0.655*
  p2=0.124** p2=0.257**

Min: Minimum; Max: Maximum; *: Wilcoxon sequential signs test; **: Kruskal–Wallis test (Mann–Whitney U-test with a Bonferroni correction).

Table 5. Comparison of capsule scores between and within groups
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biomaterials with the tissue. During the follow-up period, 
we observed that the defect area was filled with fibrous 
tissue in various amounts in all groups (Fig. 2). Compar-
ing the drug-treated groups with their untreated coun-
terparts revealed that the tissue around the capsule was 
remodeled faster in these groups. On day 7, the periphery 
of the polypropylene or polyglactin 910 mesh material 
was observed as surrounded by a medium thickness fi-
brous capsule. In this period, the thickness of the capsule 
was observed to be slightly reduced in the drug-treated 
groups than in the non-administered groups. Subacute 
inflammation findings were observed on day 7. In this pe-
riod, macrophages, lymphocytes, polymorphonuclear leu-
kocytes, giant cells, and vessels were observed around the 
meshes. In the groups with polypropylene and polyglactin 
910 but no gel, the connective tissue forming the capsule 
was relatively richer in collagen fibrils with fewer cells and 
vessels. At this point, the capsule was thicker on the out-
side than on the side facing the peritoneum (Fig. 2).

On day 30, subacute inflammation was replaced 
by chronic inflammation findings. The inflammatory 
cells began to decrease and were increasingly replaced 
by fibroblasts and collagen fibrils, while lymphocytes 
and phagocytic cells continued to colocalize with the 
vessels (Fig. 2). On day 30, drug-treated and untreat-
ed polypropylene and polyglactin 910 meshes were 
observed in close association with the surrounding 
tissue. However, the progression of connective tissue 
cells into the polymers was still not evident (Fig. 2). 
Only in the areas where the chitosan gel had dissolved, 
the separated chitosan particles mixed with the con-
nective tissue cells and localized to the fibroblasts and 
macrophages (Fig. 2). During the following period, the 
polyglactin 910 and polypropylene meshes continued 
to exist in the tissue, surrounded by fibrous capsules 
of varying thickness, without degrading as expected. 
The fibrous capsule was observed as a vascular-rich 
structure mostly consisting of spindle-shaped fibro-

 n 7th day [Median (min–max)] 30th day [Median (min–max)] p1

Polypropylene+Chi gel+5-FU 6 10 (9–10) 8.5 (7–9) 0.023*
Polypropylene+Chi gel 6 9.5 (8–11) 8.5 (8–10) 0.025*
Polyglactin 910 + Chi gel+5-FU 6 9 (7–10) 8.5 (8–9) 0.480*
Polyglactin 910 Chi gel 6 9 (9–10) 8 (7–9) 0.020*
Laparotomy + Chi gel 6 10 (10–11) 9 (9–10) 0.020*
Polypropylene 5 10 (9–12) 9 (8–11) 0.157*
Polyglactin 910  4 9.5 (9–11) 8.5 (8–10) 0.059*
  P2=0.099** P2=0.218**

Min: Minimum; Max: Maximum; *: Wilcoxon sequential signs test; **: Kruskal–Wallis test (Mann–Whitney U-test with a Bonferroni correction).

Table 6. Comparison of capsule surroundings scores between and within groups

Figure 1. (A) Polypropylene 30 days Grade 4 adhesion, (B) polyglactin 910 7th day Grade 1 adhesion, and (C) polyglactin 910 30 
days Grade 0 adhesion.

A B C
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blasts and phagocytic cells surrounding the meshes. 
The capsule in the polypropylene and Vicryl control 
groups was relatively more fibrous and poor in vessels 
compared with the other groups. In the gel group, tis-
sue remodeling around the capsule was slightly slower 
(Fig. 2). No necrotic foci were found at any stage. On 
day 30, the thickness of the fibrous tissue surround-
ing the polymers decreased in the drug-treated groups. 
The capsule structures surrounding the drug-loaded 
and non-drug-loaded gel meshes were surrounded by 
fibroelastic loose adipose connective tissues. The sur-
rounding tissue in the drug-free groups was tighter and 
fibrous than the drug-treated groups. The surround-
ing connective tissue was attached to the peritoneal 
sheaths of the abdominal muscles externally and the 
omental components internally. Based on all these 
findings, the applied polymer meshes were considered 

to be moderately compatible with the tissue, especially 
when combined with drug-loaded gels. The structures 
participating in the adhesion were generally detected 
as omentum and sometimes intestines in histological 
sections (Fig. 2).

Electron Microscopy Findings
The connective tissues surrounding the biomaterials 
were examined at the structural level using TEM lev-
el. On day 7, in the polypropylene +Chi gel +5FU 
and polyglactin 910+chigel+5FU groups, vessels 
were restructured in the connective tissue rich in 
cells forming the capsule (Fig. 3). On day 30, colla-
gen production accelerated in all groups, and accord-
ingly, the surrounding tissue gained a highly fibrous 
structure (Fig. 3).

Figure 2. Light microscopy images of the 7th and 30th days.

HE: Hematoxylin and eosin; MT: Mason trichrome; P: Polyprolene; V: Polyglactin; J: Chitosan gel; BD: Connective tissue; O: Omentum; K: Abdominal muscle.
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DISCUSSION

Incisional hernia repair is one of the most common 
complication surgeries in daily surgical practice. Dietz 
et al. [19], in their meta-analysis with incisional hernia 
repair, stated that incisional hernia develops at a rate 
of 4–10% depending on the type of primary surgery, 
in the same study, they stated that these rates would be 
higher when the follow-up period was extended, and 
because many patients were asymptomatic or attribut-
ed their symptoms to previous surgeries, they did not 
realize the development of hernia.

The basic principle of hernia surgery is to return the 
herniated organs and tissues to their place, then to close 
the abdominal wall area where the hernia develops and to 
strengthen it simultaneously. Repair is possible by prima-
ry suturing the defect or strengthening with synthetic ma-
terials. To increase the effectiveness of surgical treatment, 
primary repair has been replaced by synthetic meshes with 
the evolution of treatment methods. In their meta-analy-
sis, Lopez et al. [20] stated that the use of meshes in inci-
sional hernia repair reduced the recurrence rate by 61%.

Non-toxicity, mechanical durability, chemical stabili-
ty, and full integration into the tissue to be strengthened 
are the ideal properties of the graft.

In endoscopic and robotic methods and intra-abdom-
inal applications, foreign body reactions develop between 
the mesh and intra-abdominal organs, resulting in severe 
adhesions, fistulas, and perforations [11]. For this pur-
pose, there are many efforts to develop meshes for use 
in intra-abdominal repairs. This study was planned to 
control the foreign body reaction, capsule, and adhesion 
formation caused by the graft materials used in the ex-
perimental incisional hernia model.

The foreign body reaction begins with the contact 
of the material with the tissue. With the placement of 
the material, bleeding and edema develop in the area. In 
edema fluid, plasma proteins, blood components, albu-
min, fibrinogen, fibronectin, vitronectin complement, 
and other immunomodulatory proteins interact with 
the surface of the body. This interaction activates neu-
trophils. After cytokines are released from neutrophils, 
monocytes and macrophages migrate to the region. The 
process is guided by pro- and anti-inflammatory cy-

Figure 3. Electron microscopic images of the 7th and 30th days.

Uranyl acetate lead citrate, Cap: Capillary; En: Endothelial cell; Dm: Vessel; F: Fibroblast; L: Lymphocyte; M: Macrophage; GBD: Loose connective tissue; PK: Poly-
propylene control; VK: Polyglactin 910 control; J: Chitosan gel; P5FU: Polypropylene 5-fluorouracil; V5FU: Polyglactin 910 5-fluorouracil; PJ: Polypropylene gel; VJ: 
Polyglactin 910 gel. Uranyl acetate lead citrate.
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tokines released into the environment. Fibroblasts are 
then activated. Tissue is regulated by releasing collagen 
and extracellular matrix from fibroblasts. If collagen se-
cretion is uncontrolled, the healing process progresses to 
capsule formation and the foreign body is surrounded by 
the tissue and a capsule is formed [21]. This process may 
render the implanted material ineffective. The benefit of 
Prolene graft in hernia surgery is its ability to merge with 
the surgically repaired tissues over time, and its protec-
tive and reinforcing feature created by fibrosis caused 
by inflammation in the repaired defect area. While the 
adhesion and inflammation created on the tissue surface 
where the graft is fixed, is a desired, and expected effect 
that contributes to its healing mechanism, the adhesions 
it creates in the peritoneal region pose a risk. 

There are many studies in the literature that use 
5-FU, an antimetabolite, to prevent adhesion develop-
ment, capsule formation, and hypertrophic scarring. 
Duci et al. [22] showed that a single application of topi-
cal 5-FU is effective in preventing adhesions that develop 
after tendon repair. In their systematic review, Nazifi et 
al. [15] supervised the use of 5-FU for the prevention 
of adhesions developing after tendon repairs and found 
that 5-FU application after tendon repair has a positive 
effect on adhesion development. In only one of the stud-
ies examined, 5-FU administration was performed with 
a slow release model. In their prospective clinical stud-
ies, Nuseir et al. [23] applied topical 5-FU to patients 
who underwent inferior turbinoplasty at once, and they 
found that intranasal adhesions developed much less in 
the group that was administered 5-FU. In the treatment 
of keloid, the application of 5-FU is one of the standard 
methods. Fitzpatrick et al. [24] in their study in which 
they presented their 9-year experience, they stated that 
5-FU application is effective in the treatment of keloid, 
but it requires sequential applications. Park et al. [25] 
tried experimental keloid treatment with microneedles 
by loading chitosan nanoparticles with 5-FU. They re-
ported that 5-FU-loaded nanoparticles reduced the pro-
liferation of human keloid fibroblast cells by 41%. They 
stated that TGF-β decreased independently of the chi-
tosan concentration, while 5-FU-loaded chitosan parti-
cles increased this decrease significantly. Wu et al. [26] 
loaded 5-FU and mitomycin on chitosan membranes to 
determine the efficacy and safety of both drugs in glau-
coma infiltration surgery. They found that mitomycin 
and 5-FU carrier membranes were effective against the 
fibrotic process that developed after glaucoma infiltra-
tion surgery. In their experimental study, Canter et al. 

[27] controlled the effect of slow release 5–FU on cap-
sule formation surrounding silicone breast implants by 
coating the silicon pieces with gelatin loaded with 5-FU. 
They found that the rate of capsule development in the 
drug-loaded group was the lowest.

In our study, we checked the inhibitory effectiveness 
of 5-FU in capsule development and adhesion formation 
at the fibroblast proliferation stage. In accordance with 
the above-mentioned literature for the immediate release 
or long-acting drug, we have added it to a delivery system 
model. One of the important limitations of our study is 
that the release time of 5-FU added on the gels was not 
determined. Therefore, no comment can be made on the 
duration of action of 5-FU.

In this experimental incisional hernia model, we used 
chitosan gel as the covering material of the grafts we used 
for repair. In their experimental intra-abdominal adhe-
sion model, Ren et al. [28] controlled adhesion levels by 
covering incisions into the rabbit uterus with chitosan 
and obtained lower levels of adhesion, interorgan bands, 
and adhesion type. Li et al. [29] inspected electrospun 
fiber membranes as an adhesion barrier in their exper-
imental intra-abdominal adhesion model. They used 
polyethylene glycol-poly-β-hydroxybutyrate valerate, 
polylactic acid, and chitosan-polyethylene glycol, and 
reported that they significantly reduced the amount and 
degree of adhesion in all three electrospun membranes.

In their experimental studies investigating the effects 
of chitosan-dextran gel on peritoneal adhesions, Laud-
er et al. [30] showed that gel application after bowel re-
section reduces the adhesions that develop after the first 
surgery and prevents new developments in their applica-
tion after the adhesiolysis performed with a laparoscopic 
control. They found that chitosan gel has no negative ef-
fect on the healing of anastomosis.

In their randomized controlled experimental study, 
Jayanth et al. [31] compared chitosan-covered polypro-
pylene mesh and Proceed™ a composite graft, in an inci-
sional hernia model, they created in rabbits. They eval-
uated both meshes in terms of macroscopic adhesion, 
inflammation, and fibrosis to find that all parameters 
were similar. They attributed the adhesions evaluated at 
week 12 being higher in the chitosan group to the de-
composition of the chitosan coating and the ensuing ex-
posure of the Prolene mesh. In our study, chitosan gel 
showed efficacy both as a drug carrier and as an anti-ad-
hesive barrier. Although there was no significant differ-
ence between the groups in the macroscopic values on 
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day 7, the macroscopic adhesion levels of the drug-treat-
ed and drug-free gel-coated groups were found to be low-
er grades. In day 30 macroscopic evaluation, a significant 
difference was found in the polypropylene + Chi gel + 
5 FU group. In our study, day 30 was determined as the 
end of the experiment. In the microscopic evaluations, it 
was observed that the chitosan gel persisted in the tissue 
on day 30. Furthermore, evisceration was not observed 
in the group that was repaired only with chitosan gel. 
Although no significant difference could be detected in 
terms of capsule formation, the capsule was observed to 
be thinner and less fibrotic in the 5-FU applied groups 
and the control groups to which chitosan gel was add-
ed. This finding can be attributed both to the antifibrotic 
and antiadhesive effects of chitosan gel and to the fact 
that 5-FU strengthened the antifibrotic and antiadhesive 
effects in 5-FU-loaded groups.

Conclusions
Intraperitoneal adhesions due to mesh are still a cur-
rent and important problem in surgical practice. 5-FU 
released from mesh materials coated with chitosan gel 
had a positive effect by reducing post-operative intra-ab-
dominal adhesions and capsule formation. Applications 
for meshes to be placed on peritoneal surfaces, especially 
in the intra-abdominal region, may be beneficial toward 
reducing complications that may occur after hernia sur-
gery by preventing intraperitoneal adhesions. Addition-
al studies on dose and release patterns are needed for 
5-FU-loaded chitosan gel.
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