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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
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bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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SECONDARY WOUNDS HEALING
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Abstract.

Tension impacts wound healing and scarring. Tissue stress
reduces blood flow and promotes fibroblastic response in wound
treatment. Botox injections reduce tension. A total of 18 male
albino rats weighing 250-350 grams each got 1 IU of Botox and
saline injected into a subcutaneous muscle in the center of each
1.5 CM two circles with 4.5 CM a gap between them. Group
A seven days pre-operatively; group B, after wound incidence.
The study compared Botox-treated wounds to those treated
immediately after surgery. Group A animals were surgery-
ready after 7 days, removed full-thickness skin. Group B got
Botox and saline in separate cages following full-thickness skin
excision. Each group had three equal subgroups. Each group had
immunohistochemistry tests on days 3, 7, and 14. and histological
test on day 14 only, Skin biopsies following euthanasia showed
significant variations between A and B groups. On day three,
the group A showed increase significantly MMP-9 expression
than B group. On day 7, the group A displayed a significant
increase CD31 expression, suggesting significant new blood
vessel development than group B. On day 14, both groups
showed strong MMP-9 and CD31 expression, demonstrated
greater endothelial cell, and keratinocyte proliferation resulted
in very well re-epithelialization. Botox injection before surgery
improved wound healing and reduced fibrosis and scarring.

Key words. Botox, Wound, CD31, MMP-9, Surgery.

Introduction.

The primary objective of local wound management is to
accelerate skin physiological and anatomical continuity, which
keeps wounds moist, avoids external infections, and maintains
tissue homeostasis. It decreases edema and increases circulation,
saving time and money while also improving the quality of life
[1,2].

Botulinum toxin-induced muscle paralysis may persist 2—6
months. A to F Clostridium botulinum serotypes generate this
toxin called BTX-A which has effectively treated eyelid spasms,
speech stuttering, and hyperactive facial muscles for almost
two decades [3,4]. Understanding these effects has made this
toxin popular lately. BTX-A affected skin grafting and wound
contraction in 2014 research. BTX-A injection reduces wound
contraction, impacts inflammatory cells, increases collagen
fibers, and reduces fat cells and hair follicles [5,6].

Park et al. examined how BTX-A affected abdominal-
rectal muscle graft survival in rats with midline vertical scars
in 2014. BTX-A injection improved abdominis rectus flap
circulation [7]. BTX-A prevented peripheral vasoconstriction
and prolonged mouse dermal flap longevity in another
investigation. The BTX-A subgroup exhibited higher survival
rates than the control group. The BTX-A group had good blood
flow and unconstructed arteries throughout the week. BTX-A
pretreatment raised flap retention and blood flow [8,9].
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Since BOTOX® is commonly used for therapeutic and
cosmetic purposes, our study examined how car accident
wounds and other injuries heal in areas previously received
Botox injections and in the regions that receive injections
immediately following surgery.

Materials and Methods.

Animals: Eighteen healthy-looking male albino rats, four to
six months old and 250-350 gm in weight, were divided into
two main groups (n=9) according to the method and subdivided
into three subgroups according to the healing periods (3rd, 7th,
and 14th) days after surgery. They were isolated in clean cages
at 18-22°C. They received equal quantities of grain, fruit, and
vegetables and water. Researchers monitored health. The rats
were separated into two groups A (pre-surgery Botox injection),
with its control AC and B (post-surgery Botox injection) with
its control BC. and given two wounds on their dorsum, one near
the head for Botox and one near the tail for saline.

Group A include two steps procedure:

Step one of the research: we injected group A with Botox
in the targeted location seven days before surgery. Animals
preparation include the rats received general anesthesia (intra-
peritoneal ketamine and xylazine) and each rat's dorsum was
marked, shaved, and sterilize the two identical circular wounds,
1.5 cm in diameter and 4.5 cm between them [10]. BTX-A (1U)
(1U=0.2ml) was injected into the subcutaneous muscle of all
group A animals through the center of a circle [11] to relax
the muscles (The maximum of the paralytic effect 1-4 weeks
after injection) [12]. Another circle of 0.2ml normal saline was
injected similarly.

Step two of the research: On the seventh day following
injection, group A wounds had full-thickness skin removal
(Figure 1).

Figure 1. Surgical procedure steps.



In group B the same process applied here except injection of
BTX-A and saline were done (post-operatively) immediately
after surgery. To prevent wound infection, compression bandages
were used to compress the surgical site and washed with normal
saline and wiped with 10% povidone-iodine. All experimental
animals were kept in separate cages. Immunohistochemical
evaluation of wounds on the 3rd, 7th, and 14th and histological
analysis on day 14 only of healing.

Immunohistochemical and histopathological examination:
Tissue samples of the resulted wounds were taken from animals
that were killed on days 3, 7, and 14. The tissue was fixed,
processed, and stained with (hematoxylin and eosin), MMP-9,
and CD31 [13,14].

Matrix  metalloproteinase 9 (MMP-9):  Matrix
metalloproteinase-9 is the primary enzyme responsible
for extracellular matrix breakdown in chronic wounds,
inflammation, wound healing, and the release of tissue-
bound cytokines and growth factors may all be monitored by
measuring the levels of (MMP-9). Its expression is linked to
the presence of inappropriate collagen deposition during the
healing of wounds [15].

Cluster of differentiation31 (CD31): CD31 is a molecule
that connects platelets to vascular endothelium. CD31's primary
function in immunohistochemistry is to identify endothelial
cells in tissue sections. Cell-cell adhesion is facilitated by CD31,
which aids in the development of new blood vessels, it may be
used as a biomarker for the degree of angiogenesis [16,17].

Results.

In immunohistochemical finding (MMP-9), on the day three
group A had moderate (++) expression in the cells underneath
the epidermis of wounds, both groups B and AC wounds
expressed weak MMP-9 (+), two wounds of group BC had
negative expression (-), and one had weak expression (Tables
1-4, Figures 2-9).

Table 1. MMP9 and CD31 means expression intensity scores in the
skin specimens from control and treatment groups of the pre-and post-

surgery groups.

. . MMP9 .
Time period |Group (Median) CD31 (Median)
AC 1 0
A 2 2
rd
3" day BC 0 1
B 1 2
AC 1 1
A 2 3
th
7" day BC 1 1
B 2 2
AC 2 1
A 3 3
th
14" day BC ) |
B 3 3

Data expressed as Median of the scores, A= pre-surgery treatment
group, AC= pre-surgery control group, B= post-surgery treatment
group, and BC= post-surgery control group.

The scores represent: 0 (-) negative expression, 1 (+) mild positive
expression, 2 (++) moderate positive expression, and 3 (+++) strong
positive expression
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Table 2. Comparisons of the intensity means scores of MMP9 and
CD31 immunohistochemistry expression between the control group
and the treatment group within pre-surgery at the same day.

Time period MMP9 (P-value) CD31 (P-value)

3" Day 0.025* 0.068
7™ Day 0.025%* 0.034*
14" Day 0.025* 0.034*

Mann-Whitney U test was used for the comparisons between groups at
p=0.05. (*): Significant difference.

Table 3. Comparisons of the intensity means scores of MMP9 and
CD31 immunohistochemistry expression between the control group
and the treatment group within post-surgery at the same day.

Time period MMP9 (P-value) CD31 (P-value)

3" Day 0.099 0.114
7™ Day 0.114 0.025%*
14" Day 0.025* 0.025*

Mann-Whitney U test was used for the comparisons between groups at
p=<0.05. (*): Significant difference.

Table 4. Comparisons of the intensity means scores of MMP9 and
CD31 immunohistochemistry expression between the treatment groups
within pre and post-surgery at the same day.

Time period MMP9 (P-value) CD31 (P-value)

34 Day 0.025% 0.197
7% Day 0.197 0.025%
14" Day 1 0.114

Mann-Whitney U test was used for the comparisons between
groups at p<0.05. (*): Significant difference.

OAC EAT B BC BT

Day 14

ICI GTF

Figure 2. The histopathological descriptive median scores of the
inflammatory cell’s infiltration ICI, granulation tissue formation GTF,
and re-epithelialization RE of thcontrol and treatment groups of the
pre- and post-surgery groups at day 14 of the study period.

On the day seven, groups A and B wounds showed moderate
expression of MMP-9, one specimen of group A showed strong
expression while one specimen of group B showed weak
expression, both group AC and BC showed weak expression of
MMP-9 in the cells below the epidermis (Table 1-4, Figure 2-9).

On the day fourteen treatment groups had similar strong
MMP-9 expression while both control groups showed moderate
expression (Table 1-4, Figure 2-9).

While in immunohistochemical finding (CD31), on the day
three both treatment groups displayed moderate CD3 1 expression
in two wounds, one specimen of group A had intense (+++)
CD31expression and one of group B expressed light (+) (Table
1-4, Figure 2-9).



Botox group Control group

Figure 3. Histological sections of rat skin (after 14 days) showed
inflammatory cells infiltration (i), destruction of epithelium layer of
skin with re-epithelialization (R) granulation tissue (GT) and newly
formed blood vessels (angiogenesis) (B) fibroblast cells (E). H&E
stain, 40X magnification.

Pre-Surgery

Post-Surgery

Figure 4. Microphotograph of the wounds site of pre-surgery treatment
A, pre-surgery control AC, post-surgery treatment B, and post-surgery
control BC groups after three days immunohistochemistry for MMP-
9 showed expression of MMP-9 of all groups in the cells below the
epidermis. 100x magnification.

Botox group

A

, Control group
e

Pre-Surgery

Post-Surgery
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Figure 5. Microphotograph of the wounds site of pre-surgery treatment
A, pre-surgery control AC, post-surgery treatment B, and post-surgery
control BC groups after seven days immunohistochemistry for MMP-
9 showed expression of MMP-9 of all groups in the cells below the

epidermis. 100x magnification.
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Control group

Botox group

Figure 6. Microphotograph of the wounds site of pre-surgery treatment
A, pre-surgery control AC, post-surgery treatment B, and post-surgery
control BC groups after fourteen days immunohistochemistry for
MMP-9 showed expression of MMP-9 of all groups in the cells below
the epidermis. 100x magnification.

Botox group

Pre-Surgery

Post-Surgery

Figure 7. Microphotograph of the wounds site of pre-surgery treatment
A, pre-surgery control AC, post-surgery treatment B, and post-surgery
control BC groups after three days immunohistochemistry for showed
CD31 expression of angiogenesis for all groups in the cells below the
epidermis. 100x magnification.
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Figure 8. Microphotograph of the wounds site of pre-surgery treatment
A, pre-surgery control AC, post-surgery treatment B, and post-surgery
control BC groups after seven days immunohistochemistry for showed
CD31 expression of angiogenesis for all groups in the cells below the
epidermis. 100x magnification.



Control group
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Pre-Surgery

Post-Surgery

Figure 9. Microphotograph of the wounds site of pre-surgery treatment
A, pre-surgery control AC, post-surgery treatment B, and post-surgery
control BC groups after fourteen days immunohistochemistry showed
CD3lexpression of angiogenesis for all groups in the cells below the
epidermis. 100x magnification.

The BC group showed light CD31 expression in all specimens
while explained group AC absent (-) expression in two wounds
and light expression in one of them (Table 1-4, Figure 2-9).

On the day seven, AC group wounds expressed light
CD31protein. One species lacked wound expression. Group
A wounds showed strong CD31 protein expression. BC group
wounds showed light protein expression in all wounds. B group
wounds showed moderate CD31 protein expression in cells
below the epidermis (Table 1-4, Figure 2-9).

After 14 days, AC group wounds revealed light expression
of CD31 protein while one specimen displayed moderate
expression in the wound field. Group A wounds, cells below
the epidermis expressed intense cd31 protein. BC group wounds
displayed light cd31 protein expression. B group wounds
revealed moderate production of cd31 protein in cells below the
epidermis, whereas one specimen displayed intense expression
(Table 1-4, Figure 2-9).

The histological finding on the day fourteen groups A and
B had no inflammatory cell infiltration. Only one specimen
demonstrated low wounds field inflammatory cell infiltration.
Groups AC and BC showed minimal wounds field inflammatory
cell infiltration (Table 1-4, Figure 2-9).

Angiogenesis and fibroblast cells in granulation tissues were
limited in all groups A and B wounds. Group AC specimens
have extensive wounds granulation tissue development. Group
BC wounds had moderate granulation tissue development
(Table 1-4, Figure 2-9).

Group A specimens demonstrated full-field re-epithelialization.
Group B specimens demonstrated uneven re-epithelialization
over the wounds field. AC and BC specimens demonstrated re-
epithelialization over half of the wounds field (Table 1-4, Figure 2-9).

Discussion.

Reduce tension in large wounds that are too large for suturing
is very important [ 18]. Tension lowers blood flow and stimulates
fibroblastic response, affecting wound healing and scarring
[19,20]. Muscular contracture elimination can get better skin
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wounds. Botulinum toxin type A paralyzes striated muscle for
2—-6 months. For almost 20 years, people have safely utilized it
in therapeutic setting [21]. On day 14, H.&E. stain showed that
all groups had less inflammatory cells due to normal healing
process [18].

Group A had better re-epithelialization and skin regeneration
than group B because BTX-A injection before skin surgery
reduces sympathetic nor-epinephrine production, improving
circulation and wound healing [22].

A and B wound healing and re-epithelialization were better
than AC and BC the reason was keratinocyte and endothelial cell
migration and proliferation increased blood vessel sprouting, re-
epithelialization, and remodelling after one IU Botox injection
agreed with [22,23].

The 3rd day immunohistochemical study with cluster of
deffentiotion (CD31) showed no significant difference between
groups because angiogenesis occurs mostly during wound
healing's proliferation phase [24]. Group A had a significant
increase in cd31 expression on day 7 because BTX-A releases
proangiogenic cytokines, such as VEGF, that stimulate
endothelial cell proliferation, migration, and differentiation
(angiogenesis) from the wound site's preexisting vessel bed
[18,25]. The two groups reached the peak of BTX-A impact
on the 14th day, therefore cd31 increased but was insignificant
[12]. After 3 days, group A had a significant increase in MMP-9
gene expression compared to groups B, BC, and AC due to the
impact of BTX-A on wound healing through elevated MMP-9
levels, which have anti-inflammatory properties. MMP-9 gene
expression was similar in groups B and BC due to near BTX-A
administration time. On day 7, the median scores of groups A
and B are not significantly different due to BTX-A effectiveness
convergence [12].

MMP-9 modulates ECM breakdown and deposition, fibroblast
activity, and collagen networks to prepare wounds for re-
epithelization, hence treatment groups had more MMP-9 gene
expression than controls [26,27]. On day 14, both treatment
groups had similar MMP-9 expression and a significant increase
compared to control groups because BTX-A affects wound
MMP-9 levels, the MMP-9 secreted by keratinocyte cells at
this stage, which alter keratinocyte migration and proliferation
from the stratum Basale layer of the epidermis in wound edges,
resulting in re-epithelization and skin regeneration. BTX-A
reduces wound border tension by denervating underlying
muscles, improving wound healing [22,28-30]. In addition to
these aforementioned variation in the response could be also
associated with the variation in the status of localized milieu of
oxygen supply, immunomodulatory cytokine, cellular structure
and behviours [31-33].

Conclusion.

The results revealed that both the procedures showed
significant improvement of secondary intention wounds and
gave a satisfactory result of healing acceleration in terms of
re-epithelization and skin regeneration. We can recommend
that the Botox injection may be considered as an alternative
modality of therapy to enhance wound healing. The best method
is Botox injection prior to the wound incidence.
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