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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. Inmunofluorescent staining for Type I collagen
(Col 1A1) was performed. The expression of genes encoding collagen of different types was evaluated using the RT?-
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 30" 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 Il collagens
went as expected - the onset of expression of type Il collagen (from day 3) is ahead of the expression of collagen type |
(from day 7). Peak gene expression of collagens type I, Alpha-1 and -2; type 11l Alpha-1, type 1V Alpha-1 and -3, type V
Alpha-1, -2 and -3; type XIV Alpha-1 (Col14a1l) 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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IlocsaeonepayuonHas cnaeyHasi 60/1e3Hb s168/15emcsi cepbE3Holl npobaeMoll 8 Xupypauu, 00HAKO HA HACMOosSWuUll
MOMEHM MOAEKYASPHbIE MEXAHUZMbI pA3BUMUS CNAEYHO20 NPOYECCa 0CMarmcs HedocmamoyHo u3yveHHuimMu. Lleab
ucca1e008aHUSL: U3YyHUMb OUHAMUKY IKCNPECCUU 2eH08, KOOUPYIoWUX CUHME3 KO1/1a2eHd, Npu N08PedtcOeHUU CepOo3HOU
0060/104KU Ha npuMepe 6PIOWUHbI 8 YCA08USIX ACENMUYeCK020 80CNA/AEHUS.

B akcnepumenme modesuposaau acenmuyeckuli 60cnaaumeabHuill npoyecc 8 6prowH ol no10cmu, usy4aau MukKpo-
U MAKPOCKONUYECKYI0 KAPMUHY 30Hbl N0BPEHCOEHUS, 0CYU|ecCmesiau UMMYHOPAI0peCcyeHMHoe OKpawueaHue Ha
Kos/1azeH | muna. YemauossieHo, ymo npoyecc cnatikoobpaszosaHusi Npu nospesxicoeHuu 6powuHbl 8 acenmu4eckux
ycao8usix docmueaem makcumyma k 30-m cymkam HabarodeHus.. Bamom sice cpok ommevyaemcsi U MakCuMyMm cuHme-
3a Ko/asnazeHa 8 pubpobaacmax 8 30He penapayuu, 4mo omme4eHo nNpu UMMYHOPHAI00peCcyeHMHOM UCCAe008aHUU.
Bnepeble 8blsie/1eHO akmugHoe gosJieveHue KoJjaazeHa muna V anvgha-3 e npoyecc cnatikoob6pazo8aHusi: 0mmeyeHo
Kak paHHee (¢ 1-X cymok), mak u Makcuma/abHO UHMeHCUsHoe (KpamHocmu nogviuweHusi do 166,96 pasa no cpasHe-
HUI0 C UHMAKMHbIMU HCUBOMHBIMU) €20 N08blUieHUe. BO3MO0JCHO, 8bIsIB/ICHHASI HAMU 2unepakcnpeccus KosazeHa V
anvba-3 s18451emcsi 8aNHCHLIM 36HOM 8 namozeHe3e Chalikoo6paszos8aHust 8 6PIOWHOU N0A0CMU.

KnouyeBbie cnoBa: cnaeyHass 60/1e3Hb, KonaareH, koanareH Va3, mohesinpoBsaHue

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 |, II, [Il and IV [5].

The basis of connective tissue is collagen of type I and
I1I. 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-
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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, I1I, 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.

AlM

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 x 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 pm; 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
# B0310), 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 RT?-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 S_olltar_y adhesmn_ ) Membranous 1 anatomical region Light, vy/o luminal
(intervisceral or viscera-parietal) (coecum) narrowing
5 2 adhesions Loose, 1 abdomen level Medium deformation
(intervisceral or viscera-parietal) non-vascularized (coecum + other organs) w/o luminal narrowing
>2 adhesions Dense, Deformations and luminal
3 . h . ) . 2 abdomen levels B
(intervisceral or viscera-parietal) non-vascularized narrowing up to 1/2
4 Adhesions mass Dense, . >2 abdomen levels Sev_ere deformgtwns and
vascularized 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).

N
~

Control Group
Current effect: F(7, 28)=13,332, p=,00000
Vertical bars denote 0,95 confidence Intervals

-
N

-
o

Commisure score

[

2h 6h 12h d1 d3 d7  d14 d30
Time
Fig. 1. Intensity of adhesions in abdominal cavity.
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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-alphal (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
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Fig. 2. Expression of genes encoding the synthesis of collagen, in the area of injury. Note: Col1a1 - Collagen, type |, Alfa-1; Col1a2 -
Collagen, type |, Alpha-2; Col3a1 — Collagen, type lll, Alpha-1; Col4a1 — Collagen, type IV, Alpha-1; Col4a3 - Collagen, type
IV, Alpha-3; Col5a1 — Collagen, type V, Alpha-1; Col5a2 — Collagen, type V, Alpha-2; Col5a3 - Collagen, type V, Alpha-3;

Col14a1 - Collagen, type XIV, Alpha-1.
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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 (Collal), type I, Alfa-2 (Colla2); type III, Alfa-
1 (Col3al), type IV, Alpha-1 (Col4al); type IV, Alpha-3
(Col4a3); type V, Alpha-1 (Col5al); type V, Alpha-2
(Col5a2); type V, Alfa-3 (Col5a3); type XIV, Alpha-1
(Col14al).

[t 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
I11, 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.
Atthe 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 IlI 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-a3 (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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