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ABSTRACT: The current study aimed to examine the effects of Botox
therapy on the skin's wound regeneration in patients who received the
treatment before or after surgery. Materials and Methods: 18 male
albino rats, weighing between 250 and 350 grams, were used, each
receiving 1 IU of Botox and saline injected subcutaneously in the center
of 1.5 cm circles with 4.5 cm between them on the dorsum of each rat.
In group A, the injection was seven days before surgery, and the
animals had a full-thickness skin excision; in group B, the injection was
immediately after wound incision, and all were kept in separate cages.
Each group was divided into three equal subgroups according to the
healing period (3, 7, and 14 days), and then histological tests were
undertaken on skin biopsies for all the groups post-euthanasia. Results:
The results showed significant differences between groups A and B On
day three, group A exhibited mild inflammation, whereas group B and
both control groups had severe inflammation. On day 7, group A had
scant granulation tissue and re-epithelialization of more than half of the
lesions. Group B had greater granulation tissue and less re-
epithelialization. On day 14, both groups exhibited considerable
granulation tissue growth; however, group A showed increased blood
vessel formation and keratinocyte proliferation, resulting in extremely
good re-epithelialization and skin regeneration. Conclusion: Botox
injections can be considered an effective alternative treatment option to
accelerate wound healing, and the most suitable method to administer
Botox is before surgery.
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INTRODUCTION

Skin is the body's largest organ and a physical, chemical, and biological barrier ®.
This important structure protects organs against physical damage, pathogens,
sunlight, excessive heat, and cold @9.

Local wound care's main goal is to speed up skin physiological and anatomical
continuity, which keeps wounds moist, prevents external infections, and maintains
tissue homeostasis. It reduces edema and improves circulation, saving time and
money, and improving living standards ©5.

Muscle paralysis caused by botulinum toxin may last for 2-6 months. From A to F
serotypes, which are produced by Clostridium botulinum. For almost two decades, BTX-
A has successfully treated eyelid spasms, speech stuttering, and hyperactive face
muscles ),

Recognizing these results has boosted interest in this toxin in recent years. In 2014,
scientists found that BTX-A influenced skin grafting and wound contraction. Injectable
BTX-A lessens the tightening of wounds, influences inflammatory cells, boosts
collagen fibers, and diminishes both fat cells and hair follicles .

Abdominal-rectal muscle transplant survival was investigated in 2014 by Park et
al. in rats with midline vertical scars using BTX-A. The abdominal rectus muscle's
blood supply was improved after BTX-A injection ©10).

In another study, BTX-A was shown to prevent peripheral vasoconstriction and
increase the lifespan of dermal flaps in mice. The BTX-A subgroup had better outcomes
than the control group overall. The BTX-A group's blood flow was healthy and
unobstructed all week long. Pretreatment with BTX-A increased flap retention as well
as blood flow (112,

Our research looked at how wounds from car accidents and other injuries heal in
locations that have gotten Botox injections before and in regions that get injections just
after surgery, when BOTOX® is routinely used for therapeutic and aesthetic reasons.

The study aimed to investigate the effects of BTX-A injections on the skin's wound
regeneration and to explain the best method for BTX-A injection, either before or after

surgery.

MATERIALS AND METHODS

The study began on 15/12/2022, at Mosul City, at the College of Dentistry,
University of Mosul, Iraq, and ended on 15/06/2023 at the Center for Research in the
Oral and Maxillofacial Surgery Department. (UoM. Dent, A.74/22) is the ethical

approval number given by the university's research ethics committee.
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Materials for the surgical procedure:
The materials used in our study include
Botulinum toxin type A BOTOX® vial 100units made in Canada (Dermatox),

ketamine hydrochloride is general an anesthetic solution made in Holland, xylazine
sedative analgesic solution made in Holland, disposable Towel Turkey, adhesive tape
Turkey, disposable 5cc capacity plastic syringes Qatar, disposable 1cc capacity plastic
syringes Italy, disposable surgical face masks Turkey, disposable surgical gloves
Turkey, povidone iodine 10% Turkey, PBT Bandage China, sterile normal saline
solution 0.9% NAC Egypt, permanent marker for animal tagging China, sterile gauze
swabs China, plastic disposable bags for waste disposable China, formalin 10%,
electronic compact scale China.
Instruments for the surgical procedure

Stainless scalpel handle no.3 USA, sterile scalpel blade no. 15 China, tissue
tweezers, Pakistan, mosquito artery forceps, Pakistan, needle holder, Pakistan,
scissors, Pakistan, tissue forceps, Pakistan, kidney dish, Pakistan, flap retractors,
Pakistan
Animals

A total of 18 male albino rats (4-6 months old) weighing between 250 and 350 g
were split into two groups (n=9) based on the methodology and then further
differentiated into three groups based on the number of days after surgery each group
had been allowed to recover (3, 7, and 14). They spent their time alone in sterile cages
maintained between 18 and 22 degrees Celsius. They were fed the same amount of
grain, fruit, veggies, and water every day. Researchers kept vital signs. The rats were
divided into two groups: A (injection of Botox before surgery) with its control AC, and
B (injection of Botox after surgery) with its control BC, and each received two incisions

on the dorsum, one near the head for the Botox and one near the tail for the saline.

Procedures in Group A have two stages:
First, we gave group A a Botox injection at the intended site:

The study was performed under general anesthesia and sterile conditions, the
general anesthesia ¥ intraperitoneal injections of ketamine® (ketamine
hydrochloride) 50mg/kg general anesthetic agent and xylazine® 5mg/kg sedative and
analgesic solution (41 Complete anesthesia was obtained within 10 minutes, keeping
the animal anesthesia for about 1.5-2 hours (enough to cover the surgical procedure),
then rat's hair was shaved with scissors and an electrical hair clipper, the disinfected
solution was applied to the area of surgery (the dorsum area of rats was wiped with

10% povidone-iodine), then, two identical circular areas were marked and prepared
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on the dorsum of each rat; the diameter of the wound was (1.5 cm), and the distance
between both injuries was approximately (4.5 cm) @, the wound near the rat's head
was selected for injection of BTX-A solution (study side), and the injury near the rat's
tail was chosen for injecting normal saline 0.9% solution (control side). All animals in
group A received a BTX-A (1U) (the dilutions of botulinum toxins (Dermatox Canada)
were done for the 100 units of Dermatox with 20 ml of normal saline (0.9%) injected in
a sterile container; the volume of 1U BTX-A is 0.2 ml)(9. Injected into the subcutaneous
muscle in the center of a circle 19, which causes Muscle Relaxation by blocking the
acetylcholine neurotransmitters in the neuromuscular junctions®. (The paralyzing
effect is at its peak between one and four weeks following injection) . Another

circular injection of 0.2 ml of normal saline was performed.

The following stages of the wound preparation

After animal preparation, anesthesia was checked, the rats were laid down, and
wounds were formed on the seventh day after injection. A Circular incision of 1.5cm
diameter with a total thickness incision of skin (epidermis, dermis, and subcutaneous
fat tissue) by using a scalpel handle no.3, blade no.15. and scissor was surgically
removed from the midline of the rat's back unital subjacent muscle, where it had been
marked before to treatment with BTX-A and normal saline (Figure 1).

Group B received the identical steps, except BTX-A and saline injections were
performed (post-operatively) immediately following surgery, a total thickness incision
of skin and subcutaneous tissue was excised without previous treatment by using a

scalpel handle no.3, blade no.15, and scissors. Still, the deep muscle was preserved at

the base of the defect in the midline of the rat's back (Figure 1).
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Figure (1): Surgical procedure steps for both groups
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After the incision was cleaned with normal saline and wiped off with 10%
povidone-iodine, the compression and waterproof bandage were applied to the
wound to aid in preventing contamination with pathogens, dust, and sand for 5-7 days
following the operation. Separate cages housed each of the tested animals.

The biopsies were performed immediately upon rat euthanasia, with the incision
site wholly included in the tissue sample, then tissue samples at room temperature
were preserved in 10% formalin for 48-72 hours then analysis of wounds by histology
at 3, 7, and 14 days after injury.

Histopathological examination

Wound samples were collected from animals that had been euthanized by general
anaesthesia by ether (rats to be placed in a closed container containing ether in high
concentration (100%)%”, on days 3, 7, and 14. Hematoxylin and eosin were used to stain
the tissue after it was fixed and processed.
Histopathology Evaluation Criteria
1. Inflammatory response criteria parameter (scoring):*2\
Score 1: Nil. No inflammatory cells were seen in the field of operation (X10).
Score 2: Mild. When inflammatory cells are present in few numbers, less than %2 of the
field (X10).
Score 3: Moderate. Inflammatory cells could be seen in more than %2 of the field (X10).
Score 4: Severe or abundant when inflammatory cells are present in huge numbers,
more than % of the field (X10).
2. Granulation tissue formation Criteria (Scoring): 22
Score 1: Absence of granulation tissue formation in the wound.
Score 2: Quantity of granulation tissue formation in the wound gap is scanty.
Score 3: Amount of granulation tissue formation is moderate in tissues.
Score 4: The total amount of granulation tissue formation in the wound is profound.
3. Re-epithelization parameters Criteria (Scoring): @
Score 0: Re-epithelialization at the edge of the wound.
Score 1: Re-epithelialization covering less than half of the wound.
Score 2: Re-epithelialization covering more than half of the wound.
Score3: Re-epithelialization covering the entire wound, irregular thickness.

Score 4: Re-epithelialization covering the entire wound, normal thickness.
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RESULTS
Histological finding
A. Day Three:

Group A had less than %2 of the wound area with mild inflammatory cells, whereas
groups B, AC, and BC had severe inflammatory cells, exceeding % of the wound field.
Both treatment groups showed moderate granulation tissue, while both control groups
exhibited scant granulation tissue.

Re-epithelialization occurred on fewer than half of Group A lesions; in contrast, the
AC, B, and BC wounds showed edges that were re-epithelialized. See (Figures 2-10) and
Table 1.

Figure (2): Histological section of rat skin of pre-surgery control group (after 3 days) showing
wide wound site (<) with severe inflammatory cell infiltration (i), destruction of the
epithelium layer of skin with re-epithelialization at the edge of the wound (R), and scanty
granulation tissue (GT). H&E stain, 40X magnification.

-
-

Figure (3): Histological section of rat skin of pre-surgery control group (after 3 days) showing
wide wound site («») with severe inflammatory cells infiltration (i), destruction of epithelium
layer of skin with re-epithelialization at the edge of the wound (R), scanty granulation tissue
(GT) and newly formed blood vessels (angiogenesis) (B) with fibroblast cells(E). H&E stain,
100X magnification.
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Figure (4): Histological section of rat skin of pre-surgery treatment group (after 3 days)
showing wide wound site («+») with mild inflammatory cells infiltration (i), destruction of
epithelium layer of skin with slight re-epithelialization (R) moderate granulation tissue (GT)
and newly formed blood vessels (angiogenesis) (B) fibroblast cells (E). H&E stain, 40X
magnification.

Figure (5): Histological section of rat skin of pre-surgery treatment (after 3 days) showing a
wide wound site («») with mild inflammatory cell infiltration (i), and moderate granulation

tissue (GT). H&E stain, 100X magnification.

~ o NP LN - R
Figure (6): Histological section of rat skin of post-surgery control group (after 3 days) showing
wide wound site («») with severe inflammatory cell infiltration (i), destruction of the
epithelium layer of skin with re-epithelialization at the edge (R), and scanty granulation tissue
(GT). H&E stain, 40X magnification.
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Figure (7): Histological section of rat skin of post-surgery control group (after 3 days) showing
wide wound site («<») with severe inflammatory cells infiltration (i), destruction of epithelium
layer of skin with re-epithelialization at the edge (R) scanty granulation tissue (GT), newly
formed blood vessels (angiogenesis) (B) and fibroblast cells (E) H&E stain, 100X magnification.

Figure (8): Histological section of rat skin of post-surgery treatment group (after 3 days) showing
wide wound site («») with severe inflammatory cells infiltration (i), destruction of epithelium layer of
skin with re-epithelialization at the edge (R), moderate granulation tissue (GT), and newly formed
blood vessels (angiogenesis) (B) fibroblast cells (E). H&E stain, 40X magnification.

R - -~y P ST
A TR e f

Figure (9): Histological section of rat skin of post-surgery treatment group (after 3 days) showing
wide wound site («») with severe inflammatory cells infiltration (i), destruction of epithelium layer of
skin with re-epithelialization at the edge (R), moderate granulation tissue (GT), and newly formed
blood vessels (angiogenesis) (B) with fibroblast cells (E). H&E stain, 100X magnification.
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Figure (10): The histopathological descriptive Scores of the inflammatory cell
infiltration ICI, granulation tissue formation GTF, and re-epithelialization RE of the
control and treatment groups of the pre- and post-surgery groups at day 3 of the
study period

Table (1): The histopathological Scores of the inflammatory cell infiltration
ICI, granulation tissue formation GTF, and re-epithelialization RE for the
control and treatment groups of the pre-and post-surgery groups, as the

Median of the scores.

Period Group Median of ICI Median of GTF Median of RE
AC 4 2 0
A 2 3 1
Stday  pe 4 2 0
B 4 3 0
AC 3 3 1
A 2 2 2
7+ day BC 3 3 0
B 3 4 1
AC 2 4 2
waw L] S
B 1 2 3

Data expressed as the Median of the scores.

B. Day Seven:
In group A, mild inflammatory cells entered less than half the wounds. One
sample had no infiltrating inflammatory cells.
AC, B, and BC had moderate wound inflammation.
Group A specimens had angiogenesis, fibroblasts, and scant granulation tissue.

Group B specimens have profound wound granulation
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We found moderate wound granulation tissue in all AC and BC cases.
More than half of the group A lesions were re-epithelialized .
Less than half of groups B and AC wounds were re-epithelialized.
Re-epithelialization of wound edges was seen in BC specimens.
See (Figures 11-19) and Table 1.

Figure (11): Histological section of rat skin of pre-surgery control group (after 7 days) showing
wide wound site («») with moderate inflammatory cells infiltration (i), destruction of
epithelium layer of skin with re-epithelialization less than half field (R), moderate granulation
tissue (GT), and newly formed blood vessels with (angiogenesis) (B) H&E stain, 40X
magnification.

wide wound site («») with moderate inflammatory cells infiltration (i), destruction of
epithelium layer of skin with re-epithelialization less than half field (R) moderate granulation
tissue (GT), newly formed blood vessels (angiogenesis) (B) and fibroblast cells (E) H&E stain,
100X magnification.
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Figure (13): Histological section of rat skin of pre-surgery treatment group (after 7 days) showing wide
wound site («») with mild inflammatory cells infiltration (i), re-epithelialization more than half field (R),
scanty granulation tissue (GT), and newly formed blood vessels (angiogenesis) (B). H&E stain, 40X
magnification.

wound site («») with mild inflammatory cell infiltration (i), re-epithelialization more than half field (R),
scanty granulation tissue (GT), and newly formed blood vessels (angiogenesis) (B). H&E stain, 100X
magnification.

S 4

Figure (15): Histological section of rat skin of post-surgery control group (after 7 days) showing wide
wound site (<) with moderate inflammatory cells infiltration (i), destruction of epithelium layer of
skin with re-epithelialization at the edge of the wounds (R) moderate granulation tissue (GT) and

newly formed blood vessels (angiogenesis) (B). H&E stain, 40X magnification.
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Figure (16): Histological section of rat skin of post-surgery control group (after 7 days) showing wide
wound site (<) with moderate inflammatory cells infiltration (i), destruction of epithelium layer of
skin with re-epithelialization epithelialization at the edge of the wounds (R), moderate granulation

tissue (GT) and fibroblast cells (E) H&E stain, 100X magnification.

L LS AR . B e

Figure (17): Histological section of rat skin of post-surgery treatment group (after 7 days) showing wide
wound site (<) with moderate inflammatory cells infiltration (i), destruction of epithelium layer of skin
with re-epithelialization less than half wounds (R), profound granulation tissue (GT) and newly formed

blood vessels (angiogenesis) (B). H&E stain, 40X magnification.

« . oo
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Figure (18): Histological section of rat skin of post-surgery treatment group (after 7 days) showing wide
wound site (<) with moderate inflammatory cell infiltration (i), destruction of the epithelium layer of
skin with re-epithelialization less than half the wounds (R), and profound granulation tissue (GT). H&E
stain, 100X magnification
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Figure (19): The histopathological descriptive Scores of the inflammatory cell's infiltration
ICI, granulation tissue formation GTF, and re-epithelialization RE of the control and
treatment groups of the pre- and post-surgery groups at day 7 of the study period

C. Day fourteen:

Inflammatory cells were absent in groups A and B. Less than half of the wounds
had mild wounds of inflammatory cell infiltration, including one specimen.

Less than half of the wounds with mild inflammatory cell infiltration in groups
AC and BC.

All groups A and B wounds had scant granulation tissue, angiogenesis, and
fibroblast cells.

Group AC specimens exhibit profound wound granulation.

Group BC wounds developed moderate granulation tissue.

Full-field re-epithelialization occurred in Group A.

Group B specimens have irregular wound re-epithelialization.

Over 50% of AC and BC wounds were re-epithelialized. See (Figures 20-28) and
Table 1.
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Figure (20): Histological section of rat skin of pre-surgery control group (after 14 days)
showing a wide wound site («») with mild inflammatory cells infiltration (i), destruction of the
epithelium layer of skin with re-epithelialization covering more than half of the wounds (R), profound

granulation tissue (GT), and fibroblast cells (E). H&E stain, 40X.

. . '

Figure (21): Histological section of rat skin of pre-surgery control group (after 14 days) showing a wide

wound site («<») with mild inflammatory cells infiltration (i), destruction of the epithelium layer of skin

with re-epithelialization covering more than half of the wounds (R), profound granulation tissue (GT),
and fibroblast cells (E). H&E stain, 100X.

o s S == 2% |
Figure (22): Histological section of rat skin of pre-surgery treatment group (after 14 days) showing
narrow wound site («<») with mild inflammatory cells infiltration (i), destruction of epithelium layer of
skin with re-epithelialization covering the entire wound with normal thickness (R) scanty granulation

tissue (GT), good newly formed blood vessels (angiogenesis) (B), and fibroblast cells (E). H&E stain, 40X.
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Figure (23): Histological section of rat skin of pre-surgery treatment group (after 14 days) showing
narrow wound site («») with mild inflammatory cells infiltration (i), destruction of epithelium layer of
skin with re-epithelialization covering the entire wound with normal thickness (R), scanty granulation

tissue (GT) and good newly formed blood vessels (angiogenesis) (B). H&E stain, 100X.

Figure (24): Histological section of rat skin of post-surgery control group (after 14 days)
showing wide wound site («») with mild inflammatory cells infiltration (i), destruction of epithelium
layer of skin with re-epithelialization covering more than half of the wounds (R), moderate granulation

tissue (GT) and newly formed blood vessels (angiogenesis) (B). H&E stain, 40X.

— 3 i S - oo

| e o
Figure (25): Histological section of rat skin of post-surgery control group (after 14 days) showing wide
wound site («») with mild inflammatory cells infiltration (i), destruction of epithelium layer of skin
with re-epithelialization covering more than half of the wounds (R), moderate granulation tissue (GT)
and fibroblast cells (E). H&E stain, 100X.
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Figure (26): Histological section of rat skin of post-surgery treatment group (after 14 days) showing
wound site («») with mild inflammatory cells infiltration (i), destruction of epithelium layer of skin
with re-epithelialization covering the entire wounds with irregular thickness (R), scanty granulation
tissue (GT) and good newly formed blood vessels (angiogenesis) (B). H&E stain, 40X.

0y
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Figure (27): Histological section of rat skin of post-surgery treatment group (after 14 days)
showing wound site («+») with mild inflammatory cells infiltration (i), destruction of epithelium
layer of skin with re-epithelialization covering the entire wounds with irregular thickness (R),
scanty granulation tissue (GT), good newly formed blood vessels (angiogenesis) (B), and fibroblast
cells (E) H&E stain, 100X.

Day 14
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Figure (28): The histopathological descriptive Scores of the inflammatory cell infiltration ICI,
granulation tissue formation GTF, and re-epithelialization RE of the control and treatment groups of
the pre- and post-surgery groups at day 14 of the study period
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DISCUSSION

Surgeons now face one of their greatest challenges when treating wounds that are
too large to be sutured ®¥. The tension at the wound's margins has to be released to
lessen the severity of this condition.

Wound healing and scarring are both impacted by tension. Reduced blood flow
and an increased fibroblastic response may be avoided by avoiding severe tissue
tension during wound therapy ®?%). Healing cutaneous wounds may be aided by a
novel approach of reducing muscle contracture. Type A botulinum toxin is a potent
neurotoxin that may paralyze striated muscle for 2-6 months. It's been used for over
20 years in therapeutic settings without any reported adverse effects in people 7.

The observation periods were chosen according to phases of wound healing, the
initial phase of inflammation on day three, the phase of angiogenesis and proliferation
on day seven, and the final phase of re-epithelialization and remodeling on day
fourteen. @8,

In the histological analysis using H. & E. stain, the inflammatory cell infiltration of
the third day period showed a significant lowering in group A than group AC, B, and
BC, as shown in Tables 1,2,4. The reasons were Botox affects the inflammatory
response by Botox injection of the underlying muscle minimizes microtrauma result
in the short duration of inflammation and reduced inflammatory response in addition
to the Botox prevents the production of prostaglandin, bradykinin, and serotonin this
agreed with @), and @, and proximity of the group B Botox action because the maximal
efficacy of Botox injection between (1-4) weeks, as suggested by (8.

Granulation tissue formation of groups A and B was similar on the 3¢ day period
see Table 4.

Group A had a statistically significant improvement in wound healing and re-
epithelialization than Group B because the last one was still at the beginning of
treatment effectiveness, this supported by (¥ see (Table 4).

On the 7t day period, there was a significant decrease in group A than group B in
granulation tissue formation because Botox decreases cytokines such as platelet
growth factor PGF, transforming growth factor TGF, epidermal growth factor EGF,
fibroblast growth factor FGF, and insulin-like growth factor ILF during this stage,
supported by @ see (Table 4).

On day 14, as is typical during the wound-healing process, the number of
inflammatory cells had decreased in all groups, which agreed with ?¥ see (Table 1).

Both re-epithelialization and skin regeneration were shown to be statistically
significantly different between groups A and B. The cause of this difference was

inhibiting sympathetic nor-epinephrine production with an intradermal injection of
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Botox before skin surgery improves wound healing by improving circulation ) see
(Table 4).

When comparing treatment with control Groups, we discovered a statistically
significant difference in re-epithelialization and skin regeneration. This is because
Botox injection at a low dose 1 IU influenced the migration and proliferation of
keratinocytes and endothelial cells, leading to better sprouting blood vessels, re-
epithelialization, and remodeling in the wound site. Also, the Botox denervating the
underlying muscles decreases stress on the wound borders, leading to a better quality
scar, which agrees with ¢1% see (Table 2,3,4).

In addition to the many studies that have shown that injecting Botox into the skin
before surgery may reduce the sympathetic nervous system's release of nor-
epinephrine, leading to vasodilation and thus increasing the circulatory perfusion,
which may improve wound healing and re-epithelialization, this justifies the

significant increase of group A over group B in our study ©V.

CONCLUSIONS

Within the limitations of the current study, as concluded that Botox injections should
be considered as an effective alternative adjuvant option to accelerate wound Both
methods improved secondary intention wounds and accelerated skin regeneration
and re-epithelization. We suggest Botox injections for wound healing before surgical

intervention is desirable.
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