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ABSTRACT

Objective: The aim of this study was to investigate the effects of naringin, a known flavonoid, on in vitro
cytotoxicity, irritation and in vivo potential efficacy when topically applied to the diabetic wound.

Material and Method: In vitro direct contact assay and hen’s egg chorio-allantoin membrane tests were
used to evaluate irritation, and cytotoxicity potential of Naringin. In vitro antimicrobial activity was also tested.
Topical treatments were administered once a day on the wound. Wound lesions were photographed and
statistically analyzed. After the 10th day, histopathological parameters of tissues were assessed.
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Result and Discussion: The results showed that naringin gel has no cytotoxicity and irritation potential.
Also, it displayed a weak antimicrobial effect. Aside from these, in vivo studies revealed that naringin gel
showed statistically higher wound contraction and re-epithelialization, the thickness of granulation tissue,
angiogenesis scores. The results indicated that naringin gel effectively enhanced diabetic wound healing, and
so this formulation could be considered a promising therapeutic alternative for treating diabetic wounds.
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Amag: Bu ¢alismanin amaci, bir flavonoid olan Naringin’in in vitro sitotoksisite, irritasyon ile diyabetik
yara tizerindeki in vivo potansiyel etkilerini arastirmakt.

Gere¢ ve Yontem: Naringin'in irritasyon ve sitotoksisite potansiyelini degerlendirmek icin in vitro
dogrudan temas deneyi ve tavuk yumurtasi korio-allantoin membran testleri kullanildi. Ayni zamanda in vitro
antimikrobiyal etkinlikte test edildi. Topikal tedaviler giinde bir kez yaraya uygulandi. Yara lezyonlari
fotograflandi ve istatistiksel olarak analiz edildi. 10. giinden sonra dokularin histopatolojik parametreleri
degerlendirildi.

Sonug ve Tartisma: Sonuclar, naringin jelin sitotoksisite ve tahrig potansiyeli olmadigini géstermigtir.
Ayrica, zayif bir antimikrobiyal etki gosterdi. Bunlarin yani sira, in vivo ¢alismalar naringin jelin istatistiksel
olarak daha yiiksek yara kapanmasi ve re-epitelyalizasyon, graniilasyon dokusunun kalmhg: ve anjiyogenez
skorlari gosterdigini ortaya koymugstur. Sonuglar, naringin jelin diyabetik yara iyilesmesini etkili bir sekilde
arttirdigini gosterdi ve bu nedenle bu formiilasyon, diyabetik yaralarin tedavisi icin umut verici bir terapotik
alternatif olarak diisiiniilebilir.

Anahtar Kelimeler: Diabetes mellitus, HET-CAM, Hiicre kiiltiirii, Naringin, Yara iyilesmesi

INTRODUCTION

Diabetes mellitus (DM) is a metabolic disorder characterized by hyperglycemia over a prolonged
period [1]. The majority of DM-related complications occur and are separated into macrovascular
(cardiovascular disease) and microvascular (retinopathy, nephropathy, and neuropathy) complications

[2].

Delayed wound healing and nonhealing ulcers (especially foot ulcers) are mainly caused by DM;
more than 50% of these wounds become infected and require hospitalization [3]. Previous reports
suggested that most of the nontraumatic lower extremity amputations are related to diabetes
complications. Moreover, nearly half of the total cost of diabetes care is spent on the management of
diabetes-related wounds. It is claimed that an excess of the United States (US) $25 billion is spent

annually on the treatment of chronic wounds [4].

Physiological wound healing is a complex, finely balanced process that is generally thought to
comprise four interconnected and overlapping stages: haemostasis (clot formation), inflammation,
proliferation, and remodeling [5]. The wound healing process involves a variety of specialized cells such
as platelets, macrophages, fibroblasts, epithelial and endothelial cells. The platelets have a key role in
primary hemostasis. It is followed by the neutrophils, leading to the inflammatory phase and later taken

over by the macrophages [6].



J. Fac. Pharm. Ankara, 44(3): 397-414, 2020 Okuretal. 399

In diabetic patients, the healing process is stalled in the inflammatory phase that is manifested by
the upregulation of proinflammatory cytokines, proteases, and reactive oxygen species (ROS), as well
as cellular dysfunctions. Wound healing impairment in diabetic patients is associated with decreased
levels of various growth factors such as vascular endothelial growth factor (VEGF), epidermal growth
factor (EGF), platelet-derived growth factor (PDGF), transforming growth factor-b (TGF-b), or
impaired collagen deposition and delayed inflammatory response [5].

Diabetics have impaired leukocyte function, and the metabolic abnormalities of diabetes lead to
inadequate migration of neutrophils and macrophages to the wound, along with reduced chemotaxis.
Due to these cellular changes, diabetic wounds are more prone to infection [7,8]. Diabetic foot ulcer
patients have severe neuropathy, elevated leucocyte counts, and lower endothelium-dependent and
independent vasodilation in the macro-circulation. These events decrease the cellular and growth factor

responses, diminish the peripheral blood flow and local angiogenesis [6].

Standard treatments for diabetic wounds include debridement of necrotic tissue, revascularization
surgery, infection control, mechanical offloading, control of blood glucose, foot care education, and
limb elevation. However, these treatments are often insufficient to ensure satisfactory wound healing
and are associated with high rates of limb amputation [9]. Therefore, alternative therapies are urgently

needed to shorten the process of healing diabetic wounds using animal models.

The wound healing effect of several medicinal plants and/or plant-derived substances such as
phenolic compounds have been investigated. More than 70% of wound healing pharmaceutical products
are derived from plants, 20% are mineral based and the remaining are animal-derived products.
Flavonoids are phenolic substances isolated from a wide range of vascular plants, with over 8000
individual compounds known and these compounds possess several biological activities such as

antimicrobial, anti-inflammatory, antioxidant, and antidiabetic [10,11].

Naringin (4°,5,7-trihydroxy flavanone 7-rhamnoglucoside) (Fig.1) is a major and active flavanone
glycoside, isolated from the grape and citrus fruit species, which has been shown to have several
pharmacological properties such as neuroprotective, hepatoprotective, antimicrobial, cardioprotective,

anti-inflammatory, antioxidant, and renoprotective effects [12].

Hence, the main purpose of the current study was to enlighten the therapeutic ability of Naringin
loaded gel with an excision wound model by evaluating several macroscopic and histological parameters
in alloxan induced diabetic mice. On the other hand, in vitro alternative approaches for the assessment
of safety and biocompatibility of novel formulations are of great importance. Therefore, cytotoxicity
and irritation potential of Naringin loaded gel was evaluated using direct contact assay and hen’s egg

chorio-allantoin membrane (HET-CAM) test method.
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Figure 1. The chemical structure of Naringin

MATERIAL AND METHOD

Materials

Staphylococcus aureus ATCC 6538, Candida albicans ATCC 64548, Listeria monocytogenes
ATCC 35152, and L929 healthy mouse fibroblast cell strains were purchased from American Type
Culture Collection (ATCC, USA). Alloxan, Naringin, hydroxyethyl cellulose, and isopropanol were
purchased from Sigma (Germany) and DMEM was purchased from Gibco (USA). All other reagents
used in this study were of analytical or HPLC grade.

Preparation of topical extract gel

The base gel was composed of 2% hydroxyethyl cellulose. Firstly, 2 g hydroxyethyl cellulose was
dispersed in distilled water by slowly stirring using a mechanical stirrer, at room temperature. Distilled
water was added to the mixture slowly and the final weight of the mixture was completed to 100 g.
Following, the blend was stirred constantly until the formation of a clear gel is observed. Then, Naringin

gel (5%, w/w) was formulated by mixing base gel in a 95:5 ratio with Naringin by stirring gently.

In vitro Biological Assays

Antimicrobial activity

The in vitro antimicrobial activity was evaluated by determining the minimum inhibitory
concentration (MIC) via the broth microdilution method recommended by the Clinical and Laboratory
Standards Institute (CLSI) [13]. The commonly found microorganisms on colonized wounds were
studied; S. aureus ATCC 6538, Escherichia coli NRLL B-3008, L. monocytogenes ATCC 35152 and
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C. albicans ATCC 64548 strains were grown in Mueller Hinton Broth (MHB, Merck, Germany); C.
albicans species were grown in RPMI broth for 24 h at 37°C in aerobic conditions. The bacterial
suspension was adjusted to match 0.5 McFarland turbidity standards (corresponding to 108 colony
forming unit (CFU)/mL) with sterile saline [14].

Cytotoxicity measurement by direct contact assay

A direct contact test that allows measuring quantitative evaluation of cytotoxicity was performed
according to the International Organization of Standardization (1SO) recommended protocol [15]. L929
cell was cultured in DMEM supplemented with 10% FBS and 1% penicillin (10.000 units/mL) and
streptomycin (10.000 pg/mL) at 37°C under a humidified atmosphere of 5% CO.[16]. The L929 cell is
plated in a 24-well culture dish and incubated until it forms a semi-confluent layer for 24 hours. Then,
for direct contact, positive control (4% SDS), negative control (PBS), Naringin gel and were applied to
the filter papers with a pore size of 0.45 pm and were placed into the wells on the cell surface. The filter
papers were prepared in sizes corresponding to the 1:10 of the surface of the well are and sterilized.
After 24 h, cell medium and filter paper were discarded. MTT solution (0.5 mg/mL) was added to wells
and cells were incubated (37°C) for a further 2 h. At the end of the incubation period, the cell culture
medium was removed and 100 pL of isopropanol was added into each well for dissolving the formazan.
The optical density (OD) was determined at 570 nm using an ELISA microplate reader (BioTek, USA).

The reduction in viability compared to negative control is calculated using the equation below.

Cell Vlablhty (%) = (OD57O sample) X 100) / ODs70 (negative control)

Hen’s Egg Chorio-Allantoin Membrane Test

For the assessment of the irritation capability of the formulation, the HET-CAM assay was
conducted according to the Interagency Coordinating Committee on the Validation of Alternative
Methods (ICCVAM) [17]. The test system consists of fresh, clean, and fertile White Leghorn chicken
eggs (50-60 g). Eggs are candled to detect the viability and development of embryo’s prior to use and
nonviable or defective eggs are eliminated. Eggs were placed in an incubator with a rotating tray and
were incubated at 38+0.2°C and 58+2% relative humidity.

On day 9, eggs were removed from the incubator and the air cells of the eggs were marked and
eggs were cut from the marked sections via a rotating saw blade and pared off. After moistening with
0.9% NaCl, eggs were placed into the incubator for up to 30 min. Afterward, 0.9% NaCl solution was
decanted from the eggs. The egg white membrane was removed while avoiding any damage to the fine
blood vessels. 0.3 mL of test substances, 0.9% NaCl (negative control; NC), and 0.1 N NaOH (positive
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control; PC) were directly applied to the chorioallantoic membrane (CAM) surface and allowed in
contact for 300 seconds. Monitored and recorded the time for the appearance of each of the noted
endpoints in seconds.

The ICCVAM recommended irritation score (1S) analysis method was used for the evaluation.
This method is based on the development of the three HET-CAM endpoints at fixed time intervals of
0.5, 2, and 5 min. By summing up the numerical time-dependent scores for lysis (blood vessel
disintegration), hemorrhage (bleeding from the vessels), and coagulation (intra- and extra-vascular

protein denaturation), a single numerical value is obtained with a maximum value of 21 (Table 1).

Table 1. Scoring scheme for irritation testing with the HET-CAM test method

Score
Effect
0.5 Min 2 Min 5 Min
Lysis 5 3 1
Hemorrhage 7 5 3
Coagulation 9 7 5

If the non-irritant response with NC and a severe irritant response with PC are monitored
respectively, then the irritation test is considered acceptable. According to historical control studies, the
IS value of negative control (0.9% NaCl) was 0.0, and the IS value of positive controls (1% SDS and
0.1 NaOH) ranged between 10 and 19, respectively. When using the IS analysis method, the severe

irritancy classification for a test substance is assigned for values greater than nine.

In vivo Experiments
Test animals

The balb-c mice (2630 g) were kept in standard cages and maintained in a climate room under
controlled conditions of temperature (23+2°C), relative humidity (50+10%), with an inverted 12 h light:
dark cycle (lights off at 8 a.m.) and they had access to standard nutritionally balanced diet and tap water

ad libitum.

In this study, all animal procedures were in strict accordance with the guidelines of the European
Council Directive (EU2010/63). All experiment procedures and protocols used in the study were
reviewed and approved by the Ethics Committee of Istanbul Medipol University (No:38828770-
604.01.01-E.66328) in accordance with the Standards for the Care and Use of Laboratory Animal.
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Induction of diabetes mellitus

DM was induced by intraperitoneal (i.p.) injection of freshly prepared alloxan (150 mg/kg) after
overnight (12 hours) fasting of mice. Alloxan was applied in an isotonic saline solution three times over
a 48-hour period. Diabetic mice were confirmed by the fasting blood glucose concentration above 200
mg/mL on the 7" day after alloxan administration [18].

Experimental wounding and treatment

The animals were divided into the following 4 groups at random (n=7); Untreated (as control),
Blank gel (as a vehicle), Naringin gel, Madecassol® (Bayer, Switzerland) (as standard). The mice were
anesthetized with a single i.p. injection of Ketamine/Xylazine (100/10 mg/kg), after dorsal hair was
removed with an electric razor, and the exposed skin area was cleaned with a povidone-iodine solution.
Then, circular full-thickness wounds were made bilaterally on the back of each animal by a 5 mm punch

biopsy. All treatments were conducted once a day and lasted for 10 days [19].

Macroscopic wound healing assessment

The day when wounds were made was designated as day 0, the process of wound healing was
observed from then until day 10 after wounding. On days 0, 6, and 10 after the operation, the wounds
were photographed with a digital camera (Canon, Japan). The wound area was measured using ImageJ
(National Institutes of Health, Bethesda, MD, USA), and wound contraction rate was calculated by the
following equation:

%Wound contraction = (Wound Areaacua / Wound Areainitia)) X 100

Histology

Mice were sacrificed on the 10" day and the whole wound with a margin of around 5 mm of
ambient unwounded skin was excised for histological evaluation. All samples were fixed in 10% neutral
formalin. After 24 h, the biopsies were bisected, embedded in paraffin, and sectioned in 5 pm thick
layers. The 5 um thick sections were mounted on glass slides, dewaxed, rehydrated with distilled water,

and stained with hematoxylin-eosin (HE) to be evaluated via light microscopy.

Wound healing rates of each group was assessed by the ranking method defined by Galeano et al.
[20]. Epidermal and dermal regeneration score system was; 1: Epidermal formation (poor) > 20%; 2:
Epidermal formation (incomplete) > 40%; 3: Epithelial proliferation (moderate) >60%; 4: Epidermal re-
modelling (complete) > 80%. Score system of the granulation tissue thickness was; 4: very thick layer;

3: thick layer; 2: moderate layer; 1: thin layer.
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The angiogenesis was evaluated by counting and identifying only mature vessels the existence of
erythrocytes in the lumen. The presence/absence of edema, thrombosis, hemorrhage, congestion, and
intra/intervascular fibrin formation was evaluated to identify poorly formed and well-formed capillary
vessels. Score system of angiogenesis was; 1: High level of hemorrhage, edema, occasional congestion,
and thrombosis; 2: Capillary vessels (newly formed, 3-4/site), occasional congestion, moderate edema
and hemorrhage, intravascular fibrin deposition and absence of thrombosis; 3: Capillary vessels (newly
formed, 5-6/site); 4: Capillary vessels (newly formed and normal appearing, >7/site).

Statistical analysis

Results were given as means+standard error of the mean (Mean+SEM). Statistical analyses were
evaluated with GraphPad Prism 7.0 program. Statistical significance between groups was analyzed by

one-way ANOVA. Values for p<0.05 were considered statistically significant.

RESULT AND DISCUSSION
Antimicrobial Activity

Various studies have demonstrated that the antimicrobial effects of various plant extracts have
been attributed to their flavonoid contents [21]. Flavonoids are oxygen-containing aromatic compounds
in which their wound healing properties are well known. These compounds can promote rapid wound

healing due to their antimicrobial, antioxidant, and astringent properties [22].

In this study, the antimicrobial activity of the naringin was tested against various human
pathogenic microorganisms such as E. coli, S. aureus, L. monocyt, and C. albicans. Table 1 shows the
antimicrobial activity of naringin. Naringin showed weak antimicrobial activity against the tested
microorganisms as compared to Amoxicillin and Ketoconazole. However, a MIC value of naringin of
31.2 pg/mL against S. aureus was determined (Table 2). S. Aureus has been reported as a common

pathogen found on chronic wounds as diabetic wounds [3].

Table 2. Antimicrobial activity results of naringin (MICs in pg/mL)

E. coli S. aureus L. monocyt C. albicans
Naringin 500 31.2 250 500
Amoxicillin 0.5 <0.125 0.5
Ketoconazole 0.25

It was reported that Naringin inhibited Actinomyces naeslundii, Actinomyces viscosus,

Aggregatibacter actinomycecomitans, Enterococcus faecalis, E. coli, S. aureus, Lactobacillus casei, and
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C. albicans [23]. The mechanisms behind a possible antimicrobial effect of naringin are virtually
unknown. However, it has been suggested that the antibacterial activity was related to the presence of
the hydroxyl side groups [24].

Cytotoxicity results

For the in vitro cytotoxicity study, the direct contact test was chosen among the methods
recommended by ISO [15] while the formulation’s ability to cause irritation was tested using HET-
CAM [25]. In this study, the cytotoxicity of naringin gel was evaluated on L929 fibroblast cell lines by
direct contact assay after treatment with Naringin gel for 24 h. The percentage viability of the negative
control group was considered 100%. As it is seen in the Figure 2, the naringin gel did not show any
cytotoxic effect on L929 cells. According to the study by Auner et al. which investigate the antioxidant
activity and cytotoxicity of naringin, there was no strong cytotoxic effect detected demonstrating that
naringin is non-toxic [26]. Similarly, Fan et al. measured the cell viability of free naringin on KB cells

and no cytotoxicity was observed [27].
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Figure 2. Effect of Naringin gel on L929 cell viability. Cells were treated with naringin gel for 24 h. M:
Medium control, NC: Negative control (PBS), PC: Positive control (4% SDS). Statistical significances

were indicated for each compound vs NC (*p<0.05).

HET-CAM
ICCVAM recommends the HET-CAM method as a highly preferred test for the prediction of eye
injury hazard potential of chemicals, despite being not validated yet [28]. It is considered a more

sensitive method due to chorioallantoic membrane’s property of being thinner than mucous membranes
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of the eye [29]. Even though the method is used for the testing of ocular irritation potential, it is also
suggested for the skin irritation with a similar level of efficacy, comparably [25].

In the HET-CAM test method, 0.3 mL of NC, PC, naringin gel, and blank gel were directly
applied to the CAM surface after removal of the inner membrane. The responses on the CAM surface
were observed and scored over a period of 300 seconds with intervals of 0.5, 2, and 5 minutes. The
results are given in Table 3.

Table 3. Irritation score of formulations according to HET-CAM protocol.

Tested Substance IS Score Result
NC 0 No irritation potential
PC 17 Strong irritation potential
Blank gel 0 No irritation potential
Naringin gel 0 No irritation potential

NC: negative control (0.9% NaCl); PC: positive control (0.1 N NaOH)

According to the IS analysis method, a value greater than 9 indicates the severe irritancy potential
of a substance. As s stated by the results, the IS value of NC (0.9% NaCl) was scored as 0, and PC (0.1
N NaOH) was scored as 17. These results are considered within an acceptable range as stated in the
ICCVAM protocol. Blank gel and the analyzed substance naringin gel did not induce lysis, hemorrhage,
and coagulation therefore classified as non-irritant according to HET-CAM scoring (Figure 3).

Blank gel

Figure 3. Macroscopic illustration of the HET-CAM test among NC (negative control), PC (positive
control), Naringin gel, Blank gel groups before applying the samples, and after 5 min.
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In vivo Experiments
Macroscopic wound healing and wound contraction

Excision wounds are used to study the rate of wound contraction and epithelialization [30].
Wound shrinkage in the early period of the healing process, granulation tissue formation, and re-
epithelialization are crucial for wound closure [8]. Topically administered drugs are effective for faster
wound contraction because of the larger availability at the wound site [31].

The macroscopic changes of the wound area in the different groups over a period of 10 days are
presented in Figure 4. A crust forming was detected on the lesion area after a few days. A residual lesion
was felt on the skin after the crust fell off. It was also observed that naringin and blank gel treatments

show no dermal irritation or any allergic skin reaction.

The rate of wound closure was calculated as the percentage of wound reduction from the original
wound on the 5™, and 10" days to estimate the wound repair ability of treatments in diabetic mice (Figure
5). The guantitative measurements of wound size are routinely used to assess initial wound size before
and after debridement, as well as progress towards wound closure [32]. Naringin and Madecassol
displayed a considerably improved wound healing on day 6 (p<0.001), and 10 (p<0.001) in comparison

with control.

The healing percentage of scar tissue surface area ranged from 42.05% to 25.29% in the control
group, 40.31% to 22.48% in blank gel group, 24.25% to 16.18% in madecassol group, and 31.85% to
17.57% in naringin group in the period from 6 to 10 days. Scars treated with Madecassol and naringin
recovered quickly and the wound area rapidly decreased in size by the 10" day compared to the control

group.

NARINGIN MADECASSOL BLANK GEL

Figure 4. Effects of treatments on wound contraction. Photographic representation of contraction rate

on different days of groups.
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Figure 5. The healing rates of wound area among groups on days 0-10. Each data point represents the

mean £ SEM.

Fibroblast performs a key position in the wound contraction in consequence of activation of
collagen formation. It was revealed that topical naringin (4%) application improves wound healing in

normoglycemic rats which could be due to the increased proliferation of fibroblasts [8].

Histology
The wound healing process consists of different phases such as granulation, collagenization,

collagen maturation and scar maturation, which are concurrent but independent to each other [7]. Phases
of the diabetic wound could be trapped in either of the phases for a longer time and also vanish the
model synchrony of cascade that causes rapid healing [2]. The microscopic images captured during the

histological analysis of the wound tissues on the 10" day are illustrated in Figure 6.
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Control Blank Gel Madecassol Naringin

Figure 6. Histological examination of healed wound sections stained with H&E. The photomicrographs
show healed wound sections isolated from mice treated with madecassol, blank, and naringin gel on day

10 after wounding.

Angiogenesis performed a key function in the matrix composition during the wound healing
process. It included the development of endothelial cells involving neutrophils, macrophages,
thrombocytes, keratinocytes, macrophages, and fibroblasts from main blood vessels, followed by
migration, proliferation, and anastomosis to other vessels [12]. Histological outcomes revealed that there
were significantly more blood vessel formations with the madecassol (p<0.001) and naringin (p<0.001)

as compared to the control group (Figure 7).

Angiogenesis

14

Control Blank Gel Madecassol Narilngin
Figure 7. Microscopic assessment of angiogenesis among groups by histological scores. Significant to

control; p<0.001(***)
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It was reported that Naringin treatment showed promising wound healing ability by decreasing
the expression of inflammatory cytokines such as TNF-a, IL-1b, IL-8, and IL-6 and apoptotic mediators
along with the increased expression of growth factors such as VEGF and TGF-b, hence modulating
collagen-1 gene expression to induce angiogenesis leading to wound healing [12]. It was also reported
that naringin depressed the STZ-induced raised blood glucose concentration, enhanced antioxidant
capacity, decreased expression of inflammatory cytokines such as TNF-a, IL-6, IL-1b and increased the
expression of growth factors such as TGF-b1, VEGF-c, IFG-1, therefore, induced angiogenesis leading

to less delay in healing of chronic diabetic ulcers [8].

Granulation
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Control Blank Gel Madecassoel Narilngln
Figure 8. Microscopic assessment of granulation tissue thickness among groups by histological scores.

Significant to control; p<0.01(**)

Diabetic wounds exhibit a persistent inflammatory phase associated with an impediment in the
formation of mature granulation tissue and a reduction in wound tensile strength. This could be due to
vascular damage resulting in ischemia [33]. According to the results obtained from the tissue samples;
it was determined that madecassol (p<0.01) had a significant effect compared to the control group. In
addition, it was observed that thicker granulation tissue was formed in the naringin group compared to

the control after treatment (Figure 8).

The granulation tissue formation, dermis, and epidermis thickness are all closely related to the

healing course. The granulation layer is initially formed from the base of the wound. Granulation tissue
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additionally supports a matrix utilized by keratinocytes to migrate along which activates re-
epithelialization from the wound edges [34].

Epidermal and dermal regeneration

3

L]
Control Blank Gel Madecassol Naringin

Figure 9. Microscopic assessment of epidermal-dermal regeneration among groups by histological

scores. Significant to control; p<0.05(*)

Madecassol (p<0.05) and Naringin (p<0.05) groups showed significant dermal and epidermal
regeneration scores in comparison to the control group (Fig. 9). Similarly, in a previous study which
was conducted by Kandhare et al., it was shown that daily Naringin (20, 40 and 80 mg/kg, p.0.) treatment

was able to shorten foot ulcer healing time in diabetic rats [8].

In conclusion, the present study displayed that the Naringin gel did not cause lysis, hemorrhage,
coagulation, and also did not possess cytotoxic activity, according to the irritation (HET-CAM) and
cytotoxicity test results. Besides these, in vitro antimicrobial test revealed that Naringin exhibited weak
antimicrobial activity. The data obtained from in vivo study demonstrated that naringin ameliorated
wound closure and re-epithelization, enhanced granulation tissue formation, and improved epidermal
regeneration in a diabetic wound model. In the current study, the topical administration of naringin gel

was capable of effectively stimulating the wound healing process.
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