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Abstract

In this study, the effects of bovine corpus vitreum on wound healing were examined macroscopically and histopathologically. The study was carried
out on 28 adult rats (Rattus norvegicus) weighing 150-300 g. Using general anesthesia, two separate wound excisions of 1 cm in diameter were formed
in the right and left back halves of all rats. In the control group, the wound care was performed only by dripping serum over the wound daily. In the
study group, the corpus vitreum obtained from newly cut healthy cows in the slaughterhouse was applied to the wound surface. All injuries were
photographed using digital camera on days 1, 3,5,7,9, 11, 13 and 15 and wound surface areas were compared. At the end of the first and second
weeks, tissue samples taken from wound beds were examined histopathologically and the results were evaluated statistically. According to the
wound surface area measurements and histopathologic results, corpus vitreum was found to have a positive effect on wound healing and a faster
and more regular healing was achieved in the wounds compared to the control group.
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Sigir Corpus Vitreumunun Tam Katmanh Dermal Yara iyilesmesi Uzerine
Etkisi: Ratlarda Deneysel Bir Calisma

Ozet

Bu calismada sigir “korpus vitreum”unun yara iyilesmesi Uzerine etkisinin makroskobik ve histopatolojik olarak arastirilmasi amaglandi. Calisma
ortalama 150-300 g agirliginda eriskin 28 adet sican (Rattus Norvegicus) Uzerinde ylritildi. Genel anestezi esliginde tiim sicanlarin sol ve sag sirt
yariminda 1'er cm c¢apinda iki ayri eksizyon yarasi olusturuldu. Kontrol grubunda yaralara glinlik olarak sadece serum damlatilarak yara bakimi
gerceklestirildi. Calisma grubunda ise mezbahada yeni kesilen saglikli sigirlardan elde edilen korpus vitreum, yara ylizeyine tatbik edildi. Tum
yaralar 1., 3., 5., 7,9, 11, 13. ve 15. gunlerde dijital fotograf makinesi kullanilarak fotograflandi ve yara yuzey alanlari karsilastirildi. 1. ve 2. haftanin
sonunda yaralardan alinan doku 6rnekleri, histopatolojik agidan incelendi ve sonuglar istatistiksel olarak degerlendirildi. Yara ylizey alani él¢timleri
ve histopatolojik sonuclara gére korpus vitreum'un yara iyilesmesine olumlu etkisinin oldugu ve uygulandigi yaralarda kontrol grubuna oranla daha
hizli ve diizenli bir iyilesmenin oldugu gorildi.

Anahtar sozciikler: Sigir korpus vitreumu, Yara iyilesmesi, Rat

various complications in the treatment process and the
most important local factor that hinders these processes
is infection. Different methods and materials such as
placenta, collagen pets, regional antibiotic and/or epithelial

INTRODUCTION

Healing of a wound, which occurs due to many reasons
and is defined as the disruption of tissue integrity,

compirises different successive processes such as bleeding
and clot-scab formation period, inflammatory period,
fibroplasia period, collagen period and epithelialization
and maturation period ", It may be encountered

pomades, antiseptics, plant extracts, insulin and local
electrical stimulation have been used all along for short
term completion of the healing process !'#, The main
use of these materials is to shorten the process but the
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effect of each can be at different periods of the healing
process.

Collagenase has a great importance in cell migration, is
produced by epithelial cells or keratinocytes in the region
at physiological pH and appropriate temperature and
reaches a maximum level at day 5 ©'% In studies using
collagen gels to accelerate healing in wound models that
include all skin layers, it was observed that the wound
healing process was completed in 11-15 days.

Hyaluronic Acid (HA), which is obtained directly or by
isolation from cockscomb, spinal cord, skin, joint fluid and
humor vitreous, is the simplest, sulphate-free member of
the connective tissue protein group called glycosamino-
glycan, and is actively involved in wound healing. HA,
which undertakes the task of increasing the volume of
vitreous fluid, also contributes to regeneration and tissue
strength in the dermis and epidermis '3,

Vitreous is transparent, gel-like and has an extracellular
matrix structure with heterogeneous viscoelastic character.
Vitreous, which is around 98% water, chemically contains
glycosaminoglycans, collagens, opticin, HA, chondroitin
sulphate, heparan sulphate and proteoglycans. One of
the important macromolecules of vitreous gel is HA and
it was first isolated from cow vitreous in 1934. The other
macromolecules it contains are type Il (75%), hybrid type
V/XI (10%), and type IX (15%) collagen fibrils. Therefore,
vitreous is described as hyaluronan molecules interspersed
between collagen webs 151,

It was reported that substances applied on wounds in
order to create a humid environment better protects the
vitality of the tissue by preventing wound dehydration,
accelerates angiogenesis by enhancing proliferation
ability of the cells and affects wound healing positively by
increasing the efficiency of growth factors "¢,

Bovine corpus vitreum is the ideal material containing
both collagens and HA and this study focuses on its
effectiveness on wound healing in experimental wound
models.

MATERIAL and METHODS

The study was conducted after obtaining the approval
of the Kafkas University Animal Experiments Local Ethics
Committee (KAU-HADYEK/2016-046).

The animal material of the study was 28 adult rats (Rattus
norvegicus) weighing an average of 225 g (150-300 g)
obtained from the Kafkas University Experimental Animal
Research Center. The rats were fed ad-libitum with
standard rat pellet diet until the end of the study. Prior
to the experiments, rats were allowed to adapt to the
environment for a week. During the adaptation period
and throughout the experiment, the rats were maintained

at 20-22°C constant temperature and 45-55% humidity,
under a 12-h light and 12-h dark cycle.

Fresh corpus vitreum was collected daily by visiting
the slaughterhouse. Immediately after the cattle were
slaughtered, the corpus vitreum aspirated by entering
the vitreous with a 20 gauge pink cannula under aseptic
conditions. The obtained liquid-gel vitreous fluid was
brought to the experimental animal research and application
center as soon as possible. Attention was paid to repeat
the applications every 24 h. In the control group, saline
was administered simultaneously with the study group
instead of vitreous fluid. This practice lasted for 14 days.

Two groups were formed with 14 rats in each group. After
identifying Group | as experimental group and Group Il as
control group, each group was categorized as | A (right),
| B (left), Il A (right) and Il B (left). The rats were starved for
12 h prior to the operation. Anesthesia with xylazine HCI
(10 mg/kg IM, Rompun, BAYER) and ketamine HCI (100
mg/kg IM, Ketasol 10%, Richter pharma) was preferred for
operations and operations were performed under aseptic
conditions. Following anesthesia, the right and left regions
of the rats’ shoulders were shaved and aseptic conditions
were maintained. While creating a wound, millimeter
paper was used as a guide to ensure standardization of the
surface areas (Fig. 1A). The wound margins were marked
with previously prepared millimeter papers of 1 cm? in
order to create wounds of equal size (Fig. 1B) and then a
full thickness wound of 1 cm?in a square shape was created
by the same operator by incising the skin on the right and
left sides of the shoulder region of each rat in a way to
include all skin thickness (Fig. 1C). To the wounds formed
on the right side of each of rats (Group | A, Group Il A), one
simple interrupted suture was applied using absorbable
3-0 polyglactin-910 (vicryl) thread (Fig. 1D black arrow)
to prevent surface contraction. To the wounds on the left
side (Group | B, Group Il B), no sutures were applied to
prevent contraction. Thus, the wound on the left side of
each rat was evaluated as the control of the right side.
Fresh vitreous fluid was applied daily to cover the entire
in Group | A and Group | B and the wounds were left open
(Fig. 1D).

The wounds in all groups were imaged with milli-
meter paper using a digital camera (Fig. 2 A) on days 1,
3,5,7,9,11, 13 and 15 (Fig. 3) to measure wound surface
areas. Wound surface areas were measured using Stereo
Investigator version 9 (MBF Bioscience U.S) image analysis
program.

At the end of the 7% day, the final images of the wound
areas were taken from the first 7 subjects in each group
and the wound areas were fully excised in a way to contain
some intact tissue (Fig. 2 B). Obtained tissues were fixed
in 10% buffered formalin solution for histopathological
examination. The same procedure was carried out on
the 15t day in the remaining rats.
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Fig 2. Daily follow-up and sampling
of wounds. A- Imaging Imimaging of
the wound with millimeter paper for
surface area measurement, B- Incision
of the wound area along with some
intact tissue for histopathological
examination

Histopathology

On the 7" and 15" days of the study, tissue specimens fixed
were routinely processed and embedded into paraffin
blocks. Then sections with a thickness of 5 u taken from the
paraffin blocks were stained with hematoxylin eosin (HE)
and Massons Trichrome stain. The sections were evaluated
under a light microscope for reepithelization, presence of
necrosis, neutrophil granulocyte infiltration in the areas
surrounding the necrosis, granulation, neovascularization,
collagen accumulation, angiogenesis, inflammatory cell
volume and new connective tissue formation. The normal
distrubition in the groups was examined by the Shapiro-
Wilk test. The statistical comparison was made with Mann
Whitney U Test.

Statistics

The data obtained from the wound surface area
measurements were subjected to statistical evaluation
using the Minitab 17 packet program. Each group was
subjected to a test of normality. Because the groups were
dependent and repeated measures were used, they were
evaluated by variance analysis in repeated measures.
Mean and + standard deviation values of the groups were

Fig 1. Creation of wound model. A-
Use of millimeter paper as a guide,
B- Determination of the excision
line, C- Creation of the excision
wound, D-Application of vitreous to
the wound and suture application
for prevention of contraction (Black
arrow)

Fig 3. Images of days 0, 7, and 15 of
the case number 10 of the wound
area

obtained. Values of P<0.05 were considered statistically
significant.

RESULTS

In the daily routine maintenance and control of rats,
no adverse situations such as nourishment issues or
indifference to the environment were encountered. There
were no deaths in the groups and no infection or similar
complications were encountered in wound areas. There
was no evidence of serous accumulation or an allergic
condition on the wound surface in response to the vitreous
used in this stage.

When the wound surface areas in Group | A and Group |l
A were compared, it was determined that between the
5t-13" days, the healing in Group | A was faster and the
difference was statistically significant (P<0.05). There was
also a significant difference (P<0.05) between Group | B
and Group Il B from day 5, and wound closure in Group
| B was faster. A significant difference (P<0.05) between
Group Il A and Il B on day 11 and a faster wound closure in
Group Il A was recorded also. The rate of healing in Group |
B was statistically different than Group Il A and Il B on days
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Table 1. The values of wound surface area of groups

Groups 1. Day 3. Day 5.Day 7.Day 9. Day 11. Day 13. Day 15. Day
(n=14) (n=14) (n=14) (n=14) (n=7) (n=7) (n=7) (n=7)
Group | A (right) 0.91+0.08° | 0.81+0.09®* | 0.69+0.12° | 0.52+0.12® | 0.34+0.05° | 0.10+£0.04* | 0.02+0.01° | 0.00+0.00°
(cm?) B (left) 0.92+0.02° 0.77+0.07°® | 0.63£+0.06* | 0.47+0.06° 0.31+0.02* 0.18+0.012 0.02+0.01° 0.00+0.00*
Group Il A (right) 0.93+0.01° | 0.85+0.03° | 0.77+0.03° | 0.70+0.03° | 0.60+0.04° | 0.38+0.05° | 0.28+0.03° | 0.04+0.06°°
(cm?) B (left) 0.94+0.02° | 0.88+0.02° | 0.81+0.01° | 0.75+002° | 0.67+0.03° | 0.52+0.05¢ | 0.29+0.02° | 0.07+0.05°
ab.< different letters on each line show statistical differences (P<0.05)

3,5/7,9,11 and 13 (Table 1). On day 15, the wounds in
Group | were completely closed but the wound surfaces
in Group Il were not completely closed.

In all cases of Group | (Group | A and Group | B), the wound
surface was almost closed on the 15" day and the new
tissue formed in the healing area was similar to the intact
tissue. In the control group (Group Il A and Il B), however,
it was determined that the wound was prominently
open. When the groups of rats with and without suture
application were compared, there was no statistically
significant difference (P>0.05) between the groups except
the 11t day.

Histopathological Results

It was evaluated reepithelization, presence of necrosis,
granulation, neutrophil granulocyte infiltration, collagen
accumulation, inflammatory cell volume, neovascularization,
angiogenesis and ulcer formation.

In the 7 day evaluation of the specimens of the groups
(Group | and Group Il B) that were not sutured after excision
and used as control groups, it was observed that the
excision surface was covered with scab, re-epithelialization
had started to form at the wound edges, granulation tissue
was formed beneath the scab, and a large number of new
capillary formation was present. None of the specimens
showed any ulceration or inflammation of the dermis.
In the 7" day evaluation of the specimens of the group
(Group | A) that was sutured after excision and applied
corpus vitreum, it was determined that reepithelization
was started and neovascularization and fibrous tissue were
formed. In the specimens of the group (Group | B) that
was not sutured after excision and applied corpus vitreum,
it was observed that the excision surface was covered
with scab. Re-epithelialization had started to form, and
presence of young granulation tissue with new capillary
formation was detected in the excision area. Also; in all
groups, there were capillary hyperemia and occasionally
hemorrhage areas in some specimens.

Masson’s Trichrome staining, which was performed to
detect collagen distribution in the specimens of the control
group and the experimental group (Group | A-B, Group I
A-B) taken on the 7" day, showed that there was irregular
collagen distribution in subepidermal regions along with
new connective tissue formation and neovascularization

while collagen had not yet matured (Fig. 4 A,B,C). There
were regular bundles of mature collagen present in deep
dermis.

In the 15™ day evaluation of the specimens of the group
(Group Il B) that were not sutured after excision, the wound
surface was completely closed and the epidermis was
observed to be normal. There was significant fibrosis in this
group but a decrease in the number of vessels. The results
observed in Group | A were similar to those in Group | B.
Epithelization was incomplete on in one member of this
group and there was granulation tissue, congested vessels
and inflammatory cell infiltration in the dermis. In addition
to these results, it was observed that epidermis was thicker
in the groups treated with vitreous then the other groups
and papillae extended to the dermis.

Masson’s Trichrome staining, which was performed to
detect collagen distribution in the specimens of all groups
taken on the 15 day, showed similar results and fibrosis.
Collagen synthesis was present and maturing was observed
in the resulting fibrous tissue (Fig. 5 A,B,C).

DISCUSSION

A number of studies 257819200 have been carried out
from the past to the present day on the completion of
these cellular and biochemical phases in a shorter time
by supporting the organism, thus reducing the risk of
complications and achieving shorter healing. We also
aimed to investigate the effect of bovine vitreous in wound
healing in our study. The most basic reason for this is that
biochemical structure of vitreous is formed by structural
proteins such as glycosaminoglycans, collagens, opticin,
fibrillin, and HA.

Cellular contraction movement, which takes place during
cell proliferation stage following inflammation, one of the
stages in the healing of open wounds with tissue loss,
was reported to be effective 80% in closure of open
wounds 181922241 For acute and chronic wound models,
rodents which are easy to maintain and feed, rapidly
multiply and grow, and whose biological properties are
well known are preferred, as in our work. However, as
the link between skin and subcutaneous tissues is weak
and m. panniculus carnosus leads to withdrawal of the
wound easily, the wound is closed in a short time in these
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the newly formed fibrous tissue, Masson’s Tricrom, Bar: 200 pm

Fig 4. Histopathological view of the 7" day of the groups, Masson’s Trichrom. A- Group ll, day 7; Initiation of reepithelization, neovascularization
and young granulation tissue, regular collagen fibers in bundles in the dermis, irregular collagen fibers that are not yet stainable in the newly
formed fibrous tissue, Masson’s Tricrom, Bar: 200 um, B- Group |, day 7; Initiation of reepithelization, hyperemic vessels and bleeding, regular
collagen fibers in bundles in the dermis, collagen fibers that are not yet stainable in the newly formed fibrous tissue, Masson’s Tricrom, Bar:
200 um, C- Group | B, day 7; Initiation of reepithelization, regular collagen fibers in the dermis, collagen fibers that are not yet stainable in

16y

\

Fig 5. Histopathological view of the 15t day of the groups, Masson'’s Trichrom. A- Group I, day 15; Reepithelization, decrease in number of
vessels in fibrous tissue, collagen fibers, Masson’s Tricrom, Bar: 100 um, B- Group |, day 15; Reepithelization, decrease in number of vessels
in fibrous tissue, collagen fibers, Masson’s Tricrom, Bar: 100 pm, C- Group | B, day 15; Reepithelialization, decrease in number of vessels in
fibrous tissue, and maturation of collagen fibers, Masson’s Tricrom, Bar: 100 um

animals 1822, This leads to a failure to fully understand
the effectiveness of the material used for healing. In this
study, in order to prevent the effect of cellular movement
(withdraw) in closing the wound surface, epidermis and
dermal connective tissues of the square shape excisional
wound were attached to muscular tissue underneath
with simple interrupted sutures from four corners of the
wound. So this method enabled to clearer understanding
of effectiveness of corpus vitreum in wound healing.

HA is found in both the dermis and the epidermis layer,
while it is present more densely in the dermis. Because
of this, it is a good choice for dermal regeneration and
strengthening. HA hydrogel films were reported to accelerate
healing in full-thickness skin wounds 2. It was reported
that HA is effective particularly during the first stages of
healing and the amount of HA in the tissue increases during
the healing process . Histopathologically, topical use of
HA in wound healing was found to have a positive effect in
cell proliferation and migration 7., It was also reported that
it increases epithelial cell migration and differentiation,
decreases fibrosis and accelerates healing ">, In the
wound specimens examined histopathologically on the
7% and 15" days of the study, it was determined that
the presence of reepithelization and young granulation
tissue was more advanced than the control group. It
was observed that the epidermis was thicker and sent

papillar extensions towads the dermis in the groups
treated with vitreous compared control groups. It was
also observed that collagen synthesis was present in the
fibrous tissue that formed and began to mature. These
results indicate that HA and collagen in corpus vitreumu
are effective at the cellular level in the process of healing
and our findings are in parallel with similar studies in
the literature in this respect.

In the histopathologic evaluation of Group | and Group
Il subjects on the 7" day, it was observed in all subjects
whose wound surface was covered with scab, re-
epithelialization started at wound edges, granulation
tissue was formed under the scab, and a large number of
new vessel formations were present. In one case of Group
I A, inflammatory cell infiltration was encountered in the
suture area. The presence of neutrophil granulocytes and
foreign body giant cells in the suture line was interpreted
as a response of the organism to the suture thread. In both
groups it was observed that there was an irregular collagen
distribution but the collagen had not matured. On the 15%
day of the study, histopathologic evaluations revealed that
the epidermis was thicker and grew papilla extensions into
the dermis in the vitreous group (Group ) compared to
the control group (Group Il)). This result indicates that
the healing of the wounds of Group | was more regular
than that of Group II.
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To establish a standard in the study and to ensure ease of
application, vitreous fluid application was performed once
a day. This biological material which was used by us for the
first time for wound healing, different results may occur if it
is used more than once in a day or in a longer time interval.
But it is clear that there is a need for further work for this.

Although vitreous liquids are obtained from healthy cattle
slaughtered in veterinary control slaughtered house, since
the material in question is a material of liquid biological
origin, it can be transferred mainly as prions, bacterial
and viral origin. It must not be forgotten that there a risk
in terms of infectious diseases. However, since the study
was an experimental nature and its primary purpose was
to investigate the effect of vitreous fluid on wound healing,
this fact was ignored. This biological material must be
converted into a commercial for use clinical trials of different
species. It may be possible to use it after the product
passes different safety tests. Besides none of groups had
any abnormal findings that could be evaluated in this
context, mainly infection.

When the data obtained from the wound surface area
measurements were evaluated, corpus vitreum was found
to be more effective in wound healing compared to the
control group. However, no statistically significant difference
was observed between Group | A and Group | B and
between Group Il A and Group Il B. This result suggested
that the sutures applied to the contour of the wound area
had a stimulating effect on the area and the healing could
take place at the same speed without contractions. As a
result, when both macroscopic and histopathological
results were evaluated together, it was found that corpus
vitreum had a positive effect on wound healing. The fact
that this material is readily available and has low cost
suggests that it can be used in wound healing in clinical
practice. However, due to the fluid nature of the corpus
vitreum, it was not able to hold on to the wound surface
and it has been observed to flow out in a short time due
to the effect of gravity. Thus contact time between the
vitreous and the wound surface is reduced. The experience
we have gained from our study made us conclude that if
corpus vitreum is used in conjunction with a vaseline-like
carrier, the effectiveness of this material may be further
increased. However, it is also clear that there is a need
for further work in which other carriers are evaluated to
illuminate this matter.
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