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ABSTRACT

Introduction: AMONIA, as a bioadhesive wound healer, is a milky white solid powder.
It contains various biomolecules and trace elements. This composition, with numerous

Article info: :  physiological properties, was developed as a healer for the skin wounds of livestock. Per the
Received: 29 Mar 2020 instructions, this composition has a biological basis that causes wound adhesion and healing
Accepted: 02 Sep 2020 ¢ rate acceleration. In this study, the therapeutic effects of AMONIA on skin injury of male

Available Online: 01 Jan 2021 rabbits were evaluated based on microbiological and macroscopic assessments.

Methods: his experimental study was conducted on 10 white male rabbits. Following animal
anesthesia, 3 skin wounds (1x1 cm with total dermis excision) were created on the back of
each animal (3 incisions for each). The wounds were divided into 3 groups; negative control
(no treatment), positive control (phenytoin 1% ointment), and AMONIA (1 gr/1x1 cm wound).
Wound healing rate (the area & percentage of wounds and the time of total regeneration),
animal weight, and the level of bacterial growth were assessed in all study groups. The
examined animals were treated for 22 consecutive days at 10 AM.

Results: The percentage of wound healing and wound area were significantly (P<0.05)
increased and decreased, respectively, in the AMONIA and control groups. Wound healing rate
was measured as 15%, 52%, 74%, and 100% in treatment days of 2, 4, 6, 8, and 10, respectively
in the AMONIA group, compared with the control animals. In contrast, no significant (P>0.05)
alterations were found between the positive and negative control groups. Furthermore, no
complete dermal recovery was found in the control groups until the treatment day of 22. No
bacterial growth was detected in wounds treated with AMONIA, besides some infections with
positive and negative gram bacteria were detected in both control groups.

Keywords: Conclusion: AMONIA with inhibitory effects on bacterial growth and regenerative property
Skin, Injury, Wound healing, : for dermal layer caused accelerated skin wound regeneration rate in rabbits 2 times faster than
Phenytoin, Rabbit . the control animals.
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1. Introduction

skin wound is a type of dermal injury

which occurs relatively quickly in which

skin is torn, cut, or punctured (an open

wound) or where blunt force trauma causes

a contusion (a closed wound). In pathol-
ogy, it specifically refers to an acute injury that damages
the epidermis of the skin. The body undertakes a series
of actions, collectively known as the wound healing pro-
cess. Healing can be accelerated by applying exogenous
substances, like AMONIA [1].

Wound healer bioadhesives, the AMONIA, are consid-
ered crucial compounds in various medical fields, like
dermatology. These materials prevent bleeding, increase
the rate of tissue repair, tissue flexibility, tissue adhesion,
cell-cell interactions, surface coherence, cell-cell cohe-
sion, tissue resistance to detergents, and the mechanism
of drug release. Due to their specific characteristics, such
as high-speed application and fast healing rate with less
pain, these tissue adhesives can be considered an appro-
priate alternative agent for surgical sutures in animals.
Moreover, due to their healing properties for injuries,
these bioadhesive compounds could increase the heal-
ing rate, reduce recovery time, infection, hospitalization
costs, tissue scars, and antibiotics consumption in ani-
mals. For soft tissue applications, different formulations
of bioadhesives have been developed. Moreover, their
clinical use remains limited by inadequate well-known
mechanisms. Thus, the modern tissue adhesive agents
with proper adhesion, adequate tensile strength, as well
as high speed and quality of wound healing have been
considered in numerous investigations [2].

Bioadhesives and bioremediators present various
unique properties, as follows: functional independence;
no needs for surface preparation for drug activity; vast
application at higher or lower temperatures of the en-
vironment; the lack of moisture absorption; high adhe-
sion strength to wet surfaces [3-6]; the ability of binding
to various kinds of materials or tissues, high speed and
facility of application [7]; hemorrhage prevention; no
blood circulation disturbances; inflammatory reactions
inhibition; no tissues and organisms movement distur-
bances; degradability, and the ability to be sterilized.
Wound healer bioadhesive (AMONIA, Behzist Irik No-
vin Daroo Company, Isfahan, Iran) was experimentally
used in several livestocks. AMONIA is a miracle among
the ranchers, i.e., topically applied as a powder to the
excisional wounds without tissue. The composition of
AMONIA powder contains amino sugars, sponge ex-
tract, magnesium, and galactosamine, as well as various

mineral compounds. These materials are responsible for
the probable therapeutic features of AMONIA.

No effective wound healing drugs are established; thus,
this study aimed to evaluate the bioadhesive wound heal-
ing effects of AMONIA on skin wounds created on the
white male rabbits, compared to 1% phenytoin ointment
[8]. The study samples were analyzed using microbio-
logical and macroscopic assessments.

2. Materials and Methods

This experimental study was performed on 10 adult
male rabbits (3860-4400 g, 12-month-olds). All ex-
plored animals were kept in standard living condi-
tions, including; 20-23°C temperature, 12:12 light-dark
photo-cycle, access to water and food ad libitum. Three
wounds (1x1 cm) were created on the back of each study
animal (N=30 wounds). Epidermis and dermis were to-
tally excised (4mm depth). They were randomly divided
into 3 wound groups, as follows: the negative control
group received surgical excision without treatment, the
positive control group was treated by phenytoin 1% oint-
ment (Darupakhsh company), and the AMONIA group
was treated with AMONIA gel. Finally, the wounds
were bandaged; accordingly, they were evaluated daily
in all study groups regarding infection, macroscopic
degenerative changes, and morphometric features. All
treatment procedures were applied daily (at 10 AM) for
22 consecutive days [8, 9].

Intraperitoneal injections of ketamine (70 mg/kg) and
xylazine (8 mg/kg) were employed to induce anesthesia.
Round skin wounds (1x1 cm) were generated following
shaving the animals’ back hair and disinfection with alcohol
70% using a scalpel. Wound depth was considered as full
dermis and epidermis thickness (4 mm). The day of creating
the surgical wound was considered day 1, followed by treat-
ment processes (AMONIA & phenytoin 1%).

Wound healer adhesives were prepared as a powder
(Behzist Airic Novin Daru, Isfahan, Scientific Research
Town, Iran, registration No: 1723). This powder had
milky color and specific odor and was characterized by
physical and chemical features. The AMONIA powder
was used according to the company’s instructions, as
follows: 1 gr of AMONIA (1 gr/1x1cm wound) was dis-
solved in distilled water (2 mL) to form gel treatment.
The gel was topically administrated in skin wounds.

To assess the wound healing, wound surface (using
a caliber), healing rate (using the formula), and time
required for total wound closure (from the first day of

Bahadoran H., et al. Effects of AMONIA on Skin Wound Healing. ASJ. 2021: 18(1), 15-22.


http://anatomyjournal.ir/

wound creation to total skin healing) were recorded.
Wound surface (mm?) was measured from the first day
of the experiment and every even day from 2-22 based
on the Cumming protocol [9]. Wound healing was cal-
culated by the following formula: The percentage of
wound area = wound length on the day of measurement/
wound length on the first day % 100, and percentage of
wound healing = 100 — the percentage of the wound
area. All wound creation procedures, measuring wound
surface and the studied animals’ weight were applied at
a specific time (10 AM) by a fixed individual. Addition-
ally, the wounds were examined by a surgeon on days 3,
7, 14, 18, and 22 regarding the infection, scar, and other
factors. Following the preparation of digital images, the
Image-J software (the USA, 2015) was used to macro-
scopically analyze the size and area of the wound [8].

Soyabean Casein Digest Agar and Sabouraud dextrose
agar culture media were used to study the aerobic bacte-
ria and yeasts, respectively. Microorganism assessment
was defined by the plate-count method. By the Seed Lot
technique in sodium chloride-peptone solution buffer
culture medium (pH 7.0), the dilution with 1/10 con-
centrations was prepared and followed by filtration (<45
pm) assay. The filter was transferred to Soyabean Casein
Digest Agar solid and Sabouraud dextrose agar solid
culture media to analyze acrobic bacteria and yeasts,
respectively. These measures were followed by incu-
bation at 25-30°C for 7-14 days. Two series of labora-
tory analyses were performed for each research sample;
the first probable presence of pathogenic bacteria and
fungi in bioadhesive healer (authorized in the European
Pharmacopoeia for wound healer compounds) was as-
sessed. Next, the second various culture media (includ-
ing Muller-Hinton Eosin Methylene Blue Blood, and
Agar; Germany Merck company) were hired to evaluate
the antibacterial effects of AMONIA. On days 3, 6, 11,
14, and 20 of each treatment group, the wound samples
of rabbits were randomly collected and cultured. Follow-
ing 24 and 48 hours of incubation (37°C), the smear was
prepared from expanded colonies. Subsequently, Gram
staining was performed to evaluate the shape and stain-
ability features. To evaluate the antimicrobial effects of
AMONIA, various concentrations (20%, 40%, 60%,
80%, & 100%) of this material were applied on the com-
mon bacteria of wound infection, including Staphylo-
coccus aureus, Escherichia coli, and Pseudomonas ae-
ruginosa (respectively with the codes of 1337, 1272, &
1073). The bacteria were selected from the collection of
scientific and industrial bacteria and fungi of Iran. The
obtained results were reported as growth or non-growth
phases, compared to positive and negative controls us-
ing the Kirby-Borrower antibiogram method. The disc in
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the negative control group had no active substance; the
disk in the positive control had ciprofloxacin, i.e., used
for Staphylococcus aureus and Escherichia coli; the disc
with gentamicin was used for Pseudomonas aeruginosa
(European pharmacopoeia) assessment.

The obtained data were analyzed using SPSS v. 12. One-
way Analysis of Variance (ANOVA) was employed to de-
termine the between-group differences. Student Samples
t-test was also implemented to assess the differences be-
tween the two groups. The collected results were reported
as MeantSEM at the significance level of P<0.05 was.

3. Results

Significantly (P<0.05), the rate of wound healing was
detected to be 15%, 52%, 74%, 97%, and 100%, respec-
tively in the treatment days of 2, 4, 6, 8, and 10 in the
AMONIA group, compared to the positive and negative
controls. On the fourth day of treatment in the AMO-
NIA group, the wound surface was more clearly differ-
ent (completely visually recognizable) than the other
groups. However, in the positive control group, no com-
plete recovery was found until the treatment day of 22
Besides, the percentage of wound healing was detected
as 68% on the day of 22 in the negative control animals
(Table 1). Thus, the total recovery rate of injured skin
was detected in the AMONIA group following 10 days
of treatment. Furthermore, this value was identified in
the Phenytoin group on the day of 22. The Mean+SEM
time required for total wound healing in the negative
control group treated with phenytoin and the AMONIA
group were 2243, 19.3£1.5, and 942 days, respectively.
Therefore, there existed significant (P<0.05) differences
between the study groups. The primary wound surface
was approximately 100 mm? immediately after dermal
incision creation. A significant (P<0.05) decreased level
of wound surface was found in the AMONIA group,
compared to the control groups. In the AMONIA group,
the wound was entirely generated on the 10th day of
treatment; however, this value in the control group was
equal to 32+1 mm?, representing the therapeutic effects
of AMONIA on wound healing.

At the end of the treatment, the animals’ Mean+SEM
weight was calculated as 3260+15, 3340+15, and
3380+15 g, respectively; however, no significant
(P>0.05) differences were observed between the con-
trol and treatment groups. This comparison was also as-
sessed on other treatment days; however, no significant
(P>0.05) difference was found in this respect.
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Table 1. Comparing wound surface and related healing percentage in different treatment groups

The Percentage of Wound Healing

Mean+SEM [Wound Surface (mm?)]

AMONIA Phenytoin Control AMONIA Phenytoin Control

1 - - - 100+4 10043 10043
2 15 -7 -10 85+2 10743 110+2
4 52 -8 -10 48+2 10843 110+2
6 74 26 7 26+2 84+2 93+2
8 97 45 22 3+1 5543 88+3
10 100 57 46 0 43+2 54+2
12 100 64 50 0 34+1 50+1
14 100 70 50 0 30+1 50+1
16 100 80 53 0 20+1 47+1
18 100 89 60 0 11+1 40+1
20 100 97 65 0 3+1 35+1
22 100 100 68 0 0 32+1

This technique indicated that the AMONIA was ini-
tially without Escherichia coli, Pseudomonas aeruginosa,
and Staphylococcus aureus. Additionally, this substance
caused a growth inhibition zone in all concentrations
(20%, 40%, 60%, 80%, & 100%), representing the an-
timicrobial effects of AMONIA. Thus, the Mean+SEM
diameter of growth inhibition zone for Staphylococcus,
Escherichia coli, and Pseudomonas aeruginosa were com-
puted as 13£2 mm?, 18+3 mm?, and 20+3 mm?, respec-
tively. These findings indicated the inhibitory effects of
this substance on common bacterial growth available in
the wound site. The microbiological assessment of wound
site on days 2, 5, 8, 11, 14, 17, and 20 in the control group
revealed several gram-negative bacilli, negative and
gram-positive cocci, and yeast. Furthermore, in the posi-
tive control group, gram-negative bacilli, gram-negative
coccobacillus, and gram-positive cocci were observed.

Various macroscopic assessments were found on the
daily observation of skin wounds in the treatment and
control groups. As demonstrated in Figure 1, three types
of skin wounds were created on the back of the animals,
including negative control wound (black arrows), posi-
tive control wound (blue arrows), and AMONIA (yellow
arrows). On the second day of treatment (Figure 1A), a
wide-open wound with bleeding was found in the nega-
tive control group (Figure 1A, black arrow); however, the
wound in the positive control represented the wound con-

traction (Figure 1A, blue arrow), leading to coagulation.
Moreover, in the last treatment group, the AMONIA gel
was applied to the skin which caused wound contraction
and blood coagulation (Figure 1A, yellow arrow). On
the fourth day of treatment (Figure 1B), although the co-
agulation was found in the negative and positive control
groups (Figure 1B, black & blue arrow), in the AMONIA
group (Figure 1B, yellow arrow), no coagulation was de-
tected, leading to decreased inflammation. On the eighth
day of treatment (Figure 1C), the negative control group
(Figure 1C, black arrow) represented not the healing con-
dition, compared to the AMONIA group (Figure 1C, yel-
low arrow); the positive control treated with phenytoin
presented 15% healing rate; finally, the AMONIA treat-
ment group (Figure 1C, yellow arrow) presented 97%
dermal regeneration, compared to the controls.

4. Discussion

Wounds are among the superficial tissue injuries that
can be healed quickly without crucial complications.
However, this condition can potentially shift to a harmful
pathological status that ultimately impairs tissue function.
Thus, managing wound progression in the early stages
of injury seems necessary to prevent further unpredict-
able outcomes. Applying AMONIA in acute injuries can
represent effective physiological features. In this study,
skin wounds were created in laboratory male rabbits and
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Figure 1. The regeneration of skin wound located on the back of the adult male rabbit

Winter & Spring 2021, Volume 18, Number 1

A: Treatment days of 2; B: 4; and C: 8. Black arrows indicate the negative control group, blue indicates the positive control
group (Phenytoin 1%), and yellow indicates the AMONIA group.

treated with AMONIA. Several factors were studied in
treated wounds to evaluate the effects of this drug on
wound healing in the primary stages of injury [1].

AMONIA is a natural product used for treating acute skin
injuries. This substance is used immediately after acute
skin wounds. AMONIA is a powder that could turn into
a white gel following combination with sterile distilled
water. This gel is topically applied to animals’ wounds to
prevent bleeding and accelerate wound healing.

The essential properties of AMONIA belong to the
presence of some natural substances, such as glycosami-
noglycan, sponge extract, and magnesium. Glycosami-
noglycans are long linear polysaccharides, consisting
of repeating disaccharide units. Glycosaminoglycans
are large molecules that quickly absorb water due to the
presence of different carbohydrate classes [10]. By com-
bining glycosaminoglycan powder with distilled water, a
hydrophilic gel is immediately formed, which binds tem-
porarily to the surrounding tissue structures. The formed
gel has a high viscosity between two sterile media inside
the body and a non-sterile medium outside. This agent
acts as a barrier that maintains the sterility of the wound
and prevents infection. Thus, in the present study, no
cases of infection were found in the examined animals
treated with AMONIA. Moreover, the prepared hydro-
gel has a high viscosity, which prevents the passage of
microorganisms into the wound site; accordingly, it acts
as the next characteristic in maintaining wound sterility.
Sponge extract is among the natural factors in ammonia
powder. This extract presents potential therapeutic prop-
erties against the activity of microorganisms, like bacte-
ria. Sponge extract penetrates the internal environment
of the bacterium and prevents proliferation; thus, it in-
hibits the growth of infection [11]. Magnesium is a trace

element effective in multiple biological activities. A de-
ficiency of this substance in the body causes functional
defects in the cells of the immune system; therefore,
magnesium plays an active role in the activity of the im-
mune system to deal with pathogens. Magnesium plays
an essential role in the respiratory bursts of immune cells
in hypoxic environments. This trace element increases
the rate of phagocytosis in macrophages and induces the
exocytosis of immune granules. In this experimental in-
vestigation, no infection was observed in the AMONIA
group. Such findings could be due to the presence of
high-dose magnesium leading to the accelerated activity
of immune cells available at the wound site [12].

Following exposure to blood or plasma, it was activated
with an adhesive feature after approximately 1-2 min-
utes. Thus, the bleeding rate was reduced. The evaluated
wound manifested no requiring dressing and interference
with the $tudy animals’ movements. Besides, the level
of scar formation was low in the treatment sample, com-
pared with the controls. This stage can lead to arrest in
bleeding and significantly reduces the migration of im-
mune cells to the wound site. As mentioned earlier, this
type of hydrogel with antibacterial properties inhibit the
presence of infection in two stages; due to its high vis-
cosity of AMONIA hydrogel, this substance prevents the
penetration of microorganism into the wound as well as
exogenous microorganisms to be proliferated in wounds.

The time required for total wound healing in the
AMONIA group was 13 days less than the positive con-
trol group (phenytoin group). This study revealed that
AMONIA has strong antimicrobial properties, at least
on Pseudomonas aeruginosa and Escherichia coli. These
bacteria are the main cause of wound infection and
among the most resistant gram-negative bacilli to anti-
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biotics and chemical disinfectants. The inhibitory effects
of AMONIA on coagulase-positive cocci, like Staphylo-
coccus aureus is also of scientific interest. According to
the obtained results, wound healer bioadhesive (AMO-
NIA) accelerated wound healing, especially in the fourth
to eighth treatment days. Accordingly, the wound sur-
face and time required for recovery were reduced, and
the healing rate was enhanced. Due to the mechanisms
involved in skin wound healing, the AMONIA could ac-
celerate wound healing by reducing swelling or inflam-
mation. In other words, by modulating the inflammatory
phase [13], the wound healing rate could be accelerated
[14]. The prevention of wound infection and keeping
the sterility of wound surface can also increase the rate
of wound healing. As per the obtained data, antibiotics
can control wound infections leading to wound recov-
ery [15]. It was found that the rate of wound healing is
not similar in phenytoin and AMONIA groups. Thus,
the proposed phenytoin mechanisms involved in wound
healing acceleration included the increased concertation
of growth factors [16]; macrophages migration [17];
wound elasticity; new vascular formation; collagen syn-
thesis, and fibroblast infiltration [18]. These potential
mechanisms should be carefully evaluated.

Overall, for the first time, this study signified that the
AMONIA could accelerate skin wound healing in rab-
bits. Additionally, the AMONIA efficacy in wound
healing was found to be more effective than phenytoin
1% ointment. Thus, clinical trials in humans are recom-
mended to find the potential mechanisms mentioned ear-
lier, such as the effects on collagen synthesis; reduced
inflammation; increased oxygen delivery; increased an-
giogenesis, and fibroblast filtration.

In 2007, the application of cyanoacrylate on the skin
sutures of rats was accessed. This study indicated that
cyanoacrylate, i.e., considered a tissue adhesive agent, is
well accepted by the tissue without immunological reac-
tion and inflammation. It was concluded that cyanoacry-
late has more advantages than surgical sutures, including
complexity and cost-effectiveness [19].

Hossein Nazari et al. evaluated the effects of alcoholic
and aqueous extracts of oatmeal on wound healing and
skin inflammation. They identified the therapeutic effects
of alcoholic and aqueous extracts of oatmeal, which re-
duced treatment time from 11 to 4 days [20]. Conduct-
ing an experimental study between the alcoholic extract
of oats and this bioremediation is strictly recommended.
Various research studies have been conducted in the
field of wound healing; accordingly, various healer sub-
stances have been prepared and introduced on an herbal

and chemical basis. These studies include the effects of
calcium, copper, and zinc ions [21, 22]; physical forces,
such as radiation, electrical stimulation [23] ultrasound
A waves [24], and chemicals, such as hydrocortisol [25],
vitamins [26], ascorbic acid [27], phenytoin [8], saline
[28], growth factors [29], and honey [26, 30].

5. Conclusion

According to the present study findings, AMONIA,
through various molecular mechanisms, can inhibit tis-
sue bleeding leading to the prevention of inflammation.
This phenomenon can lead to a decreased rate of tissue
damage. Additionally, this substance includes various
natural substances, leading to wound healing accelera-
tion. According to the current research findings, apply-
ing AMONIA seems useful for animal care; however,
extensive efforts are required for performing human
clinical trials concerning AMONIA administration.
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