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Background. Postoperative adhesions are a serious problem in surgery. However, at the present time molecular 
mechanisms of the adhesion process are insufficiently studied.
Aim. To study the dynamics of expression of genes encoding the synthesis of collagen in case of damage to the serosa 
on the example of the peritoneum in conditions of aseptic inflammation.
Materials and methods. Aseptic inflammatory process in the abdominal cavity was modeled (Wistar rats, n = 40). 
A micro- and macroscopic picture of the damage area was studied. Immunofluorescent staining for Type I collagen 
(Col 1A1) was performed. The expression of genes encoding collagen of different types was evaluated using the RT2-
Profiler PCR kit Array Rat Wound Healing.
Results. It has been established that the adhesion process with peritoneal damage in aseptic conditions reaches its 
maximum by the 30th day of observation. The same period coincides with the maximum of collagen synthesis in fibro-
blasts in the repair area, revealed by immunofluorescence study. The interrelation of synthesis of type I and III collagens 
went as expected – the onset of expression of type III collagen (from day 3) is ahead of the expression of collagen type I 
(from day 7). Peak gene expression of collagens type I, Alpha-1 and -2; type III Alpha-1, type IV Alpha-1 and -3, type V 
Alpha-1, -2 and -3; type XIV Alpha-1 (Col14a1) falls on the 14th day. For the first time, active involvement of type V 
alpha-3 collagen in the adhesion process was noted - we detected both early (from day 1) and maximum intensive (up 
to 166.96 times increase in comparison with intact animals).
Conclusion. Perhaps, the hyperexpression of collagen V alpha-3 that we revealed is an important link in the pathogenesis 
of adhesion in the abdominal cavity.
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Послеоперационная спаечная болезнь является серьёзной проблемой в хирургии, однако на настоящий 
момент молекулярные механизмы развития спаечного процесса остаются недостаточно изученными. Цель 
исследования: изучить динамику экспрессии генов, кодирующих синтез коллагена, при повреждении серозной 
оболочки на примере брюшины в условиях асептического воспаления. 
В эксперименте моделировали асептический воспалительный процесс в брюшной полости, изучали микро- 
и макроскопическую картину зоны повреждения, осуществляли иммунофлюоресцентное окрашивание на 
коллаген I типа. Установлено, что процесс спайкообразования при повреждении брюшины в асептических 
условиях достигает максимума к 30-м суткам наблюдения. В этот же срок отмечается и максимум синте-
за коллагена в фибробластах в зоне репарации, что отмечено при иммунофлюоресцентном исследовании. 
Впервые выявлено активное вовлечение коллагена типа V альфа-3 в процесс спайкообразования: отмечено 
как раннее (с 1-х суток), так и максимально интенсивное (кратность повышения до 166,96 раза по сравне-
нию с интактными животными) его повышение. Возможно, выявленная нами гиперэкспрессия коллагена V 
альфа-3 является важным звеном в патогенезе спайкообразования в брюшной полости.
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INTRODUCTION 

Postoperative adhesions are a serious problem in 
surgery. The causes of adhesive process could be trauma, 
bacterial infection, bleeding, and foreign bodies in the ab-
dominal cavity. However, at the present time the molecular 
mechanisms of the adhesion process are insufficiently 
studied [1, 8]. 

It is well known that collagen fibers form the basis 
of connective tissue [6]. At present, 28 types of collagen 

are distinguished, which are encoded by more than 40 
genes. They differ in molecular organization, organ and 
tissue affiliation. More than 90 % of all collagen of higher 
organisms is in collagen types I, II, III and IV [5]. 

The basis of connective tissue is collagen of type I and 
III. According to immunomorphological analysis, type III 
collagen forms the basis of collagen fibers of connective 
tissue and immature fibers of granulation tissue, while 
coarse and mature fibers consist mainly of type I col-

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Directory of Open Access Journals

https://core.ac.uk/display/200878161?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


ACTA BIOMEDICA SCIENTIFICA, 2017, Том 2, № 6

Хирургия	 189

lagen. In the process of collagen biosynthesis during the 
formation of the scar, the type I collagen predominates. It 
is assumed that this collagen is synthesized by fully differ-
entiated fibroblasts, and that, due to its structural stability, 
it provides more favorable biomechanical parameters of 
the forming scar in the period of insufficient maturity of 
the type I collagen fibers. The total accumulation of col-
lagen in the scar tissue is the main factor determining the 
mechanical properties of the scar. Types I, III, IV and VIII 
are secreted by myofibroblasts [9]. The remaining types 
of collagen are less well known.

Acquiring new knowledge on the regulation of col-
lagen formation will allow us to search for mechanisms 
of the pathogenesis of the adhesion process and methods 
for targeted correction of disorders.

AIM

To study the dynamics of expression of genes encod-
ing the synthesis of collagen in case of damage to the 
serosa on the example of the peritoneum in conditions 
of aseptic inflammation.

MATERIALS AND METHODS 

Aseptic inflammatory process in the abdominal cav-
ity was modeled by opening a serous-muscular layer of 
the cecum 1 cm long, followed by suturing the wound 
with a Schmiden-type suture and scarifying the pari-
etal peritoneum of the right lateral canal 1.5  ×  1.5  cm 
in size [2, 3]. 40 male Wistar rats weighing 220–250 g 
at the age of 9 months were used to model the process. 
Simulation was performed using ketamine anesthesia 
(ketamine 50 mg/‌kg, droperidol 2.5 mg/kg and atropine 
0.4 mg/‌kg). The experiments were carried out in accord-
ance with the norms of humane treatment of animals, 
which are regulated by the Guidelines of the Association 
for Assessment and Accreditation of Laboratory Animal 
Care, international according to a protocol approved by 
the ethical committee of the Irkutsk Scientific Centre of 
Surgery and Traumatology. 

Sacrificing was carried out under ketamine anesthesia 
at 8 time points within a period from 2 hours to 30 days. 
Visual assessment of the severity of adhesive process was 
carried out in accordance with the developed protocol 
(Table 1) [2, 4]. 

Fixation of the material was carried out in a FineFix 
solution (Milestone, Italy). After fixing, wiring and paraffin 
processing was performed; serial sections were made 

with a thickness of 3 μm; hematoxylin-eosin stains were 
used and by Van Gieson method for detection of collagen 
fibers. Immunofluorescent staining of the preparations 
was carried out. Antibodies to collagen type I Col 1A1 (D-
13) goat polyclonal IgG (Santa Cruz, Cat. N Sc-25974, Lot 
# BO310), working dilution 1:300, were used as primary 
antibodies. As a secondary antibody, antibodies Alexa 
fluor 488 donkey anti-goat IgG (H + L) (Invitrogen, Cat. 
N A-1105 Lot 870969), working dilution 1:300. The cores 
were stained with DAPI (Biotium, Cat. N 40011, Lot 8D 
0605), a working dilution of 1:50.

To study the collagen expression, the material was 
taken from the area of damage in the region of the cecum, 
was placed in a solution of RNAlater (Ambion, Canada, Cat 
# 7020). After 12 hours exposure at +4 °C, the material 
was stored in a freezer at –20 °C. As a control we used 
serum-muscle cecal layer of intact animals (n = 5).

To isolate the total RNA, the RNeasy Mini Kit was used 
(Qiagen GmbH, Germany, Cat No.74104). For DNase pu-
rification of RNA we used Rnase-Free DNase Set, (Qiagen 
GmbH, Germany, Cat. No. 79254, Lot No. 139294845). 
At the end of the incubation, the samples were purified 
with the RNeasy Mini Kit (Qiagen GmbH, Germany, Cat 
No. 74104). The cDNA-RT2 First Strand Kit (Qiagen 
GmbH, Germany, Cat No. 330401, Lot No. DC08-8) was 
used to prepare the cDNA. To evaluation expression of 
genes encoding collagens we used the RT²-Profiler PCR 
kit Array Rat Wound Healing (Qiagen GmbH, Germany, 
Cat No. 330503).

Statistical processing of the obtained results was car-
ried out with the use of the original on-line program for 
analyzing data sets obtained on the arrays RT2_Profiler 
PCR ARRAY from SA Bioscience (http://www.qiagen.com). 

RESULTS

In simulating peritoneal injury in aseptic conditions, 
after 6 hours, we noted hyperemia of the peritoneum 
and fibrin deposits. Microscopic examination observed 
swelling of the submucosal layer, hemorrhage, moderate 
neutrophil infiltration of the submucosal layer, areas not 
covered by mesothelium, thickening and neutrophil infil-
tration of the peritoneum in places adjacent to the lesion 
zone, expressed neutrophil infiltration in the intestinal 
suture zone. 

24 hours after the injury, the animals retained a mild 
hyperemia of the peritoneum, fibrin deposits on the peri-
toneum. In 80 % of cases, the formation of adhesions “gut 

Table 1
Macroscopic scale of severity of adhesive process in the abdominal wall 

Points Number of adhesions Morphology Extension of adhesions Intestinal deformation 

0 Absent NA NA NA 

1 Solitary adhesion  
(intervisceral or viscera-parietal) Membranous 1 anatomical region  

(coecum) 
Light, w/o luminal 
narrowing 

2 2 adhesions  
(intervisceral or viscera-parietal) 

Loose,  
non-vascularized 

1 abdomen level  
(coecum + other organs) 

Medium deformation  
w/o luminal narrowing 

3 >2 adhesions  
(intervisceral or viscera-parietal) 

Dense,  
non-vascularized 2 abdomen levels Deformations and luminal 

narrowing up to 1/2  

4 Adhesions mass Dense,  
vascularized >2 abdomen levels Severe deformations and 

luminal narrowing >1/2 
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– omentum”, “gut – abdominal wall”, “gut – gut” was noted. 
In the area of adhesions and in the area of the intestinal 
suture, severe neutrophil infiltration of the peritoneum 
was observed. Three days after injury, slight hyperemia 
of the peritoneum and fibrin deposits preserved. In 80 % 
of cases we observed adhesions, microscopic examination 
at the area of adhesions marked the growth of young 
granulation tissue, characterized by a large area of com-
missures, tight connective tissue, expressed inflammation 
around the suture.

On day 7, all animals showed adhesions, and in 80 % 
adhesions masses and coarse adhesions of the “gut – gut” 
type were formed. In 100 % of observations, adhesions 
were multiple – 3–4  adhesions were recorded in one 
animal. In 40  % of cases, adhesions resulted in severe 
deformation and narrowing of the intestine, as well as 
swelling of the superjacent parts, which is regarded as 
a prerequisite for the development of acute intestinal 
obstruction. Microscopic examination showed tight adhe-
sions of large length without expressed vascularization, 
and revealed the formation of a capsule around the suture.

On the 14th day the adhesion process was registered 
in all animals, multiple adhesions of the type “gut – gut”, 
“gut – omentum”, “gut – abdominal wall” were revealed. 
In 60 % of cases, adhesions resulted in severe deforma-
tion and narrowing of the intestine, as well as swelling of 
the superjacent parts. Microscopic examination revealed 
tight vascularized adhesions, proliferation of connective 
tissue around the suture.

By day 30, the degree of adhesion in the abdominal 
cavity reached its maximum. In all cases, multiple adhe-
sions were formed, including the most prognostically 
unfavorable ones, such as “gut – gut” type. In 60  % of 
cases, adhesions resulted in severe deformation and nar-
rowing of the intestine, swelling of the superjacent parts. 
Microscopic examination revealed wide adhesions with 
well vascularized collagen fibers of high density.

With the use of a scoring evaluation of the adhesion 
process, it was found that in the period from 2 hours to 
day 1 the degree of adhesion process was moderate, with 
further observation the intensity of the adhesion process 
increased, reaching its maximum by day 30 (Fig. 1). 

Fig. 1.  Intensity of adhesions in abdominal cavity.

We studied the expression of procollagen type I 
Col1A1 in fibroblasts in the lesion area during repara-
tive process after peritoneal injury. As is known, Col1A1 
encodes the main component of type 1 collagen – the 
pro-alpha1 (I) chain, from which extracellularly type 1 
collagen is formed, the main component of connective 
tissue. Therefore, the level of Col1A1 allows to dynami-
cally evaluate the synthetic activity of fibroblasts at the 
studied moment.

Immunofluorescence study showed that in animals 
the positive Col1A1 staining was first registered on 
day 14 – single cells were brightly colored in the area of 
adhesions. By day 30 the number of such cells in the area 
of adhesion increased, and a huge number of these cells 
were found with a bright specific color. 

The expression of genes encoding collagens was 
evaluated in the area of injury of the cecal serous-muscular 

0

20

40

60

80

100

120

140

160

180

Intact animals 6h 12h 1d 3d 7d 14d 30d

Col14a1 Col1a1 Col1a2 Col3a1 Col4a1 Col4a3 Col5a1 Col5a2 Col5a3

Fig. 2.  Expression of genes encoding the synthesis of collagen, in the area of injury. Note: Col1a1 – Collagen, type I, Alfa-1; Col1a2 – 
Collagen, type I, Alpha-2; Col3a1 – Collagen, type III, Alpha-1; Col4a1 – Collagen, type IV, Alpha-1; Col4a3 – Collagen, type 
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layer. The results are presented with accordance to gene 
expression in intact animals.

We studied the expression of collagen genes of type 
I, Alfa-1 (Col1a1), type I, Alfa-2 (Col1a2); type III, Alfa-
1 (Col3a1), type IV, Alpha-1 (Col4a1); type IV, Alpha-3  
(Col4a3); type V, Alpha-1 (Col5a1); type V, Alpha-2  
(Col5a2); type V, Alfa-3 (Col5a3); type XIV, Alpha-1 
(Col14a1).

It was found that in the area of adhesions, expression 
of type V Alfa-3 collagen was earlier than others, it was 
3.51 times higher than the level of intact animals within 
24 hours after peritoneal injury. Expression of the genes of 
type III collagen, known as “early” collagen of the wound 
process, was noted only on day 3 (2.06 times increase 
compared to the control). By the day 7, we marked acti-
vation of the expression of all the collagen types studied, 
except for type XIV. 

Hyperexpression of all the studied genes responsible 
for the synthesis of collagen accounted for 14 days. The 
maximal activation in comparison with intact animals was 
recorded for type V collagen Alpha-3 (166.96 times), type 
III, Alfa-1 (41.36 times), type I, Alfa-1 and Alfa-2 subtypes 
(30.30 and 33.67 times, respectively). By the day 30, the 
activity of expression of all types of collagens decreased.

CONCLUSION

Thus, we found that the process of adhesion with peri-
toneal injury in aseptic conditions reaches its maximum 
by the 30th day of observation. The same period coincides 
with the maximum of collagen synthesis in fibroblasts in 
the repair area, as revealed by immunofluorescence study. 
At the same time, a decrease in the expression of collagen 
genes practically to “background” values in the injury area 
indicates the lack of potential for further growth of colla-
gen synthesis and the completion of the adhesion process 
in the abdominal cavity. The interrelation of the synthesis 
of well-studied collagen types I and III coincided with the 
expected - the onset of expression of type III collagen was 
ahead of the expression of type I collagen.

What stands out is the active involvement of type 
V alpha-3 collagen in the adhesion process revealed for 
the first time – we noted its both early (from day 1), and 
highest possible increase (up to 166.96 times in compar-
ison with intact animals). Until now, this type of collagen 
has been poorly studied. During reparation of the mus-
culocutaneous wound, only a short-term expression of 
pro-α3 (V) collagen was detected, and its level was much 
lower than for other collagen genes in the area of trauma 
[10]. It is known that other collagen V subtypes (alpha-1 
and alpha-2) are included in type I collagen fibers and 
can regulate the diameter of collagen type I fibrils [7]. 
Perhaps, the hyperexpression of collagen V alpha-3 that 
we revealed is an important link in the pathogenesis of 
adhesion in the abdominal cavity.
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