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Abstract

Background: Skin wounds infected with Staphylococcus aureus pose a significant
challenge in veterinary medicine due to their delay in healing and impairment of
tissue repair. Therefore, this study aims to evaluate the therapeutic effect of neomycin
and glycine, both individually and in combination, on accelerating the healing of
infected skin wounds experimentally. Methodology: The study included two parts:
in vitro and in vivo. In the in vitro part, the minimum inhibitory concentration (MIC)
for both neomycin and glycine were determined, and a checkerboard test was
performed to evaluate the interaction between them. In the animal study, twenty adult
rabbits were randomly divided into four groups, five rabbits for each: a positive
control group (untreated), a neomycin ointment group (5% in white petrolatum), a
glycine ointment group (2.5% in white petrolatum), and a combination group treated
with neomycin (2.5%) + glycine (2%) formulated in a white petrolatum base. Surgical
wounds measuring 2 cm? were created on the backs of the rabbits, and then all of
them were injected with a bacterial suspension containing S. aureus. The wound area
was assessed using photographs and analyzed using ImagelJ software on the days 7,
14, and 21 after treatment. Results: Neomycin exhibited a higher inhibitory activity
against S. aureus than glycine. The interaction test between the two compounds also
showed a fractional inhibitory concentration index (FICI) value of 2, indicating
neither a synergistic nor an antagonistic interaction (no interaction). In contrast,
animal results showed that all treatment groups had a significant reduction in wound
area compared to the control group, with the combination group (neomycin + glycine)
achieving the fastest healing rates during the observation period. Conclusions: The
combination of neomycin and glycine improves wound healing in vivo, although no
synergistic interaction between the two compounds was found in the in vitro study.
This suggests that the positive effect in animals may be related to local physiological
mechanisms related to the inflammatory response and accelerated tissue regeneration.
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Introduction

kin wounds are very common in small animals and are often colonized or infected by bacteria, leading to

delayed healing and increased treatment costs (Kozar ef al., 2018). Traditional veterinary treatment relies on
broad-spectrum antibiotics to control bacterial infections. However, their frequent and indiscriminate use has
contributed to the rise of antibiotic resistance among pathogenic and commensal skin bacteria (Wendall et al.,
2015). This problem is serious because resistant genes or resistant bacteria can be transmitted to humans through
direct contact with pets (Bomba et al., 2017).

Staphylococcus aureus is one of the most dangerous pathogens, causing infections in traumatic and surgical
wounds, as well as in the bloodstream, respiratory, urinary, reproductive systems, bones, conjunctiva, and skin.
These infections often lead to purulent discharge, tissue necrosis, and sepsis (Maali e al., 2018; Franca et al., 2021).
Antibiotic-resistant strains, particularly methicillin-resistant S. aureus (MRSA), are highly resistant to many
antibiotics, increasing mortality rates and hospitalization, and representing a global clinical threat (Ibrahim, 2012;
Moazen et al., 2022; Tasneem et al., 2022). Given the challenges of bacterial resistance, recent studies have focused
on alternative approaches using low-toxicity natural compounds such as amino acids and sugars to modify bacterial
metabolism. Certain amino acids—Ilike lysine, glycine, serine, and valine—have been shown to enhance antibiotic
effectiveness and reprogram bacterial phenotypes from resistant to susceptible (Stokes ef al., 2019; Zhao et al.,
2021; Hong et al., 2023). Glycine, serine, and threonine can also boost the bactericidal activity of antibiotics against
pathogens such as Escherichia coli and Edwardsiella piscicida (Ye et al., 2018; Cheng et al., 2019; Kou et al.,
2022). Glycine, the simplest amino acid, is a major component of structural proteins such as collagen and elastin
(Wu, 2010). Although considered non-essential, endogenous production may be insufficient for metabolic needs
(Wuet al., 2013). Therefore, this study aimed to evaluate the therapeutic potential of neomycin alone and combined
with glycine in treating wounds infected with multidrug-resistant S. aureus in rabbits, seeking to develop novel
therapeutic strategies to improve wound healing in veterinary medicine.

Materials and Methods

Ethical approval

Ethical approval for this study was obtained from the Local Committee on Animal Care and Use at the College of
Veterinary Medicine, University of Baghdad (Approval No. 944, dated 22/4/2025).

Isolation and identification of S. aureus

The bacterium S. aureus was isolated from 10 samples collected from skin wounds of dogs and cats showing signs
of infection at Al-Noor Veterinary Clinic, Al-Aziziya District, Wasit. Bacterial detection procedures were
performed at the Microbiology Department, College of Veterinary Medicine, University of Baghdad. A single
bacterial colony was cultured in Brain Heart Infusion (BHI) broth (Oxide, UK) and incubated for 24 hours to obtain
a fresh overnight culture. Subsequently, the bacteria were streaked on Mannitol Salt Agar (MSA) (Hi-Media, India)
for primary identification. The VITEK 2 system, an automated platform designed for the identification of
microorganisms and the determination of their antimicrobial susceptibility, was used to confirm the identification
of S. aureus.

Minimum inhibitory concentration

According to CLSI (2016), the minimum inhibitory concentration (MIC) of the antibacterials against S. aureus was
determined using the broth macrodilution technique. After the microbe was inoculated into Muller-Hinton broth
(company Oxoid, UK) for 24 hours, the inoculum was adjusted to a 0.5 McFarland tube, containing roughly
1.5x108 CFU/ml. Neomycin and glycine were then serially diluted (two folds) in tubes containing the culture,
which was incubated at 37°C for a full day. The tubes' opacity was visually examined at the end of the incubation
period. Turbidity indicated that the bacterial growth had not been prevented by the medium containing
antimicrobial agents. Using the lowest possible antibacterial concentration, the MIC was determined.
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Study the interaction between neomycin and glycine

The experiment adhered to established guidelines and used neomycin and glycine in Mueller Hinton broth at
concentrations of 256, 128, 64, 32, 16, 8, 4, 2, 1, and 0.5 pg/ml. The antimicrobial solutions (180 pl) were added
to a 96-well plate, followed by 20 pul of a bacterial suspension adjusted to 5x10° CFU/ml to achieve a final inoculum
of approximately 5x10° CFU/ml per well, and the incubation was carried out at 35 4+ 2°C for 3 hours. Afterward,
22 ul of 10% resazurin dye (BDH, UK) was added and the plates were incubated for 2 more hours. Bacterial growth
was indicated by red or rose color, while the blue dye indicated no growth. The fractional inhibitory concentration
index (FICI) was calculated as:

FICI = (MIC of compound A in combination / MIC of compound A alone) + (MIC of compound B in combination / MIC of
compound B alone)

FICI < 0.5 denotes synergy, 0.5—4 indicates no interaction, and FICI > 4 signifies antagonism (Maali et al., 2018).

Surgical wound establishment

In this experiment, twenty rabbits were anesthetized with a mixture of xylazine (5 mg/kg) and ketamine (35 mg/kg)
administered intramuscularly (Bayer, Germany), a dosing protocol commonly recommended for surgical anesthesia
in rabbits (Hassan ef al., 2024). The dorsal area on both sides was prepared by shaving the hair and disinfecting the
skin with chlorhexidine—alcohol, then 2 cm? full-thickness excision wounds were created using a sterile blade
(Sinus Medical, Iraq). Each wound was injected with 0.2 mL of a 10° CFU/ml S. aureus suspension to induce
infection. Animals were divided into four equal groups: infected positive control (no treatment); neomycin ointment
in white petrolatum (5%) twice daily for two weeks; glycine in white petrolatum (2%) at the same dose; and a
combination therapy of neomycin (2.5%) + glycine (2%) prepared in a white-petrolatum base.

Assessment of the wound closure rate

Photographs were taken for all wounds, using a ruler next to the wound edge on days 7, 14, and 21 of initial wound
treatment. The images were processed using a morphometric measurement program (Image J®, National Institutes
of Health, Bethesda, Maryland, USA) to assess wound areas during each period for both groups.

Results

Identification of S. aureus

Based on the data obtained from the VITEK 2 system, the tested bacterium was Staphylococcus aureus, which was
multi-drug resistant (Figure 1).
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Figure 1: The VITEK 2 system report shows that the tested bacterium is multi-drug-
resistant S. aureus
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Determination of MIC of the neomycin and glycine

The lowest concentrations of the neomycin and glycine that inhibited S. aureus growth were 64 pg/ml and 128
png/ml, respectively (Figure 2). This seems very high compared with breakpoints fixed by CLSI (2020) (Lescat et
al., 2019), that means this bacterium is resistant to these antibacterials.
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Figure 2: Determination of MIC for neomycin (64 pg/ml) and glycine (128 pg/ml) against S. aureus

The MIC of the combination between neomycin and glycine was 64 ng/ml and 128 pg/ml, respectively, where the
blue color refers to the lack of any bacterial growth, while the red color refers to the growth occurrence. The FICI
value of 2 indicated to no interaction between neomycin and glycine when used in combination (Figure 3).

Figure 3: Checkerboard showing the MIC of the
combination between neomycin and glycine is 46 pg/ml
and 128 pg/ml, respectively, blue color no bacterial
growth, while the red color indicates growth

Surgical wound measurement

The wound healing outcomes showed significant differences (p < 0.05) among the experimental groups throughout
the observation period (days 7, 14, and 21). The combination therapy group exhibited the smallest wound area,
reflecting the fastest healing rate, with significantly greater improvement compared to both the neomycin group
and the glycine group, as well as the untreated control group. The neomycin-treated group demonstrated more rapid
healing than the glycine-treated group across all time points. In contrast, the control group showed markedly
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delayed wound closure during the same periods. By day 21, no significant differences (p < 0.05) were detected
among the groups, as nearly all wounds contracted to a small residual area (<13 mm?). This confirms that while
untreated wounds eventually healed, the healing process was considerably slower compared to all treatment groups
(Table 1).

Table 1: Wound area in mm? on the days 7, 14 and 21 in rabbits infected with resistant S. aureus and treated topically
with neomycin, glycine and combination

Group Periods

Initial Wound 7 Days 14 Days 21 Days
Positive Control 200+0.00 Aa 196.00+2.98 Aa 37.00+2.77 Ba 13.00£2.46 Ca
Neomycin 200+0.00 Aa 118.00+2.73 Be 24.00+1.51 Cb 12.00+1.73 Da
Glycine 200+0.00 Aa 136.00+2.82 Bb 32.00+2.77 Ca 13.00+1.41 Da
Combination 200+0.00 Aa 82.004+3.36 Bd 21.00+2.28 Cb 9.00£1.14 Da
LSD 6.92

Means with a different small letter in the same column are significantly different (P<0.05) Means with a different capital letter in the
same row are significantly different (P<0.05). Values represent Means + SE, N=5

Figure 4: A wound sized 2 cm? on the back of a Figure 5: The wound after a bacterial infection
rabbit occurred

Figure 6: A wound in a positive control animal without treatment on: a- day 7, b- day 14, and c- day
21
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Figure 7: A wound in a rabbit treated topically twice daily with neomycin on: a- day 7, b- day 14,
and c- day 21

Figure 8: A wound in a rabbit treated topically twice daily with glycine on: a- day 7, b- day 14,
and c- day 21

Figure 9: A wound in a rabbit treated topically twice daily with a combination (neomycin +glycine)
on: a- day 7, b- day 14, and c- day 21

Discussion

The FICI value of 2 indicated no interaction between neomycin and glycine when used in combination. A FICI
value between 0.5 and 4 denotes no interaction, values below 0.5 indicate synergy, and values above 4 indicate
antagonism. The lack of interaction implies that the combined antimicrobial effect of neomycin and glycine is not
greater than the sum of their individual effects. Therefore, the combination acts independently, showing neither
synergy nor antagonism. These findings have clinical relevance for the potential use of neomycin and glycine
combination therapy against S. aureus.

The results presented in Table 1 show that the wound area decreased significantly within each group between days
7 and 21 (P < 0.05). This pattern is consistent with the normal transition from the inflammatory phase to the
proliferative and remodeling phases, characterized by granulation tissue formation, collagen deposition, and
myofibroblast-mediated re-epithelialization and contraction (Gurtner et al., 2008; Wilkinson & Hardman, 2020).
Between groups, on days 7 and 14, the combination treatment group exhibited the smallest wound area, followed
by neomycin and then glycine, whereas the control group showed the largest wound area. This indicates that
reducing the local bacterial burden while supporting cellular repair processes promotes faster wound contraction
and re-epithelialization (Mingeot-Leclercq & Tulkens, 1999; Razak er al., 2017). The superiority of the
combination therapy can be attributed to two complementary mechanisms. Neomycin inhibits the growth of S.
aureus and suppresses bacterial toxins, thereby reducing prolonged inflammation that delays epithelial
proliferation. Meanwhile, glycine enhances extracellular matrix formation through its structural role in collagen
synthesis and reduces pro-inflammatory cytokines, creating a favorable environment for tissue contraction and
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regeneration (Mingeot-Leclercq & Tulkens, 1999; Razak et al., 2017; Zhong et al., 2020). Moreover, the presence
of glycine may improve bacterial membrane permeability and potentiate the efficacy of aminoglycosides at low
topical doses—a synergistic effect previously reported against resistant staphylococci. By day 21, the wound areas
among all groups converged, showing no significant differences (P > 0.05).

Conclusions

Neomycin treatment demonstrated marked efficacy in reducing S. aureus bacterial load, while glycine contributed
significantly to enhancing tissue regeneration and wound closure. The combination of neomycin and glycine
resulted in faster wound contraction and improved recovery compared to either treatment alone or the untreated
control. Although the in vitro interaction analysis (FICI = 2) indicated no interaction existed between the two
compounds, their combined in vivo application produced superior healing outcomes. This effect likely reflects the
complementary actions of neomycin’s antimicrobial activity and glycine’s anti-inflammatory and collagen-
stimulating properties. These findings suggest that glycine may serve as a valuable adjunct to conventional
antibiotics in promoting wound healing, warranting further investigation into its clinical potential.
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