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A B S T R A C T

The research aimed to develop a bioactive wound dressing using chitosan and Leptospermum scoparium honey,
which is commonly known as Manuka Honey. The wound dressing was developed using solvent- casting tech-
nique with the honey as a drug. The wound healing ability of the developed dressing was evaluated against three
different wound models namely excision, incision and burn wound model in terms of wound contraction per-
centage and histopathological examination. The results of the study revealed that the performance of the de-
veloped honey loaded chitosan dressing was comparable with commercial dressing. In the case of excision and
incision wound models, complete healing was observed in on 18th day and in the case of burn wound model on
21 st day. The wound contraction percentage of CH dressed excision wound model is noted significantly better
(0.05> p; 94%) than the commercial dressing (90%). In incision wound model, the tensile strength of healing
skin was noted significantly higher (0.05> p) for CH dressed wounds than the commercial dressing. Similarly,
for the burn wound also a significantly improved performance was noted it is noted (0.05> p; 96%) for CH
dressing than the commercial dressing (85%). The results of the study indicated that the CH dressing have higher
potential for the wound healing application.

1. Introduction

Honey produced from a plant type called manuka (Leptospermum
scoparium) is a monofloral honey that exhibits broad-spectrum anti-
microbial activity against a diverse range of bacterial and yeast pa-
thogens, and is equally effective against multi-drug resistant bacteria
[1–3]. The antimicrobial activity of the honey influenced by various
factors including its osmolarity, low pH, and the enzymatic production
of hydrogen peroxide [4] Further, the researchers mentioned that the
antibacterial ability also dependent on the processing and storage
conditions, the physiology of the floral species, and bee-related factors
such as age or colony health etc [5,6].

The hygroscopic nature of the honey is one of the main factors for
the antimicrobial activity of the manuka honey. On the localized ap-
plication, the honey absorbs the moistures from the skin and wound
environment and dehydrates bacteria. As mentioned earlier, the hy-
drogen peroxide and gluconic acid is produced from the glucose oxidase
enzyme when honey is in contact with wound surface. As the pH value
of honey is low, the application of the honey on wound restricts the pH

level of wound exudates and so reduces the possibilities of bacterial
colonization and wound infection. This type of honey’s also used in the
wound malodor reduction as the malodor is the cause of critical colo-
nization and partial tissue necrosis [7].

Few research works mentioned that the application of manuka
honey reduces the quantity of exudates developed from the wound and
so the oedema and pain in wounds. The high amount of sugar content of
the honey maintains the wound surface moist and since the oedema is
mobilized to surrounding tissues [8,9]. Anti-inflammatory effects of
manuka honey were reported in clinical trials and animal models [10].

The wound healing mechanism of manuka honey is not yet com-
pletely explored. The literature records difference opinions from the
researchers. Tonks et al and mentioned the healing mechanism of the
honey is due to the Stimulation of the inflammatory response in leu-
kocytes [8,9]. This inflammation triggers cellular events, which give
rise to growth factors production, controls angiogenesis and prolifera-
tion of fibroblasts and epithelial cells. In 2007, same researcher re-
ported that the 5.8-kDa component present in the honey is responsible
for cytokine induction in human monocytes [11].
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The higher level of pH value in the wound bed or wound exudates is
the sole reason for the bacterial colonization and recalcitrant wound
healing situations. This high pH level increases the protease activity
slows down or prevents the healing by destroying growth factors,
protein fibers and fibronectin in the wound matrix. Hence, fibroblasts
activation and migration of epithelial cells are affected. Excessive in-
flammation causes the activity of protease. After application of honey,
the lower pH, acidifies the wound bed and increases the amount of
oxygen off-loaded from hemoglobin in the capillaries, and accelerates
healing process [12]. Molan mentioned that the debriding action of
honey removes slough and hence the source of bacteria. This prevents
the stimulation of inflammatory response [13].

Chitosan, a natural biopolymer is extracted from the shells of
crustaceans and it is termed as 2-amino-2-deoxy-b-D-glucopyranose
with the molecular formula (C6H11O4N)n. The structure is similar to
cellulose, in which the C-2 hydroxyl groups are replaced by acetamido
residue. The chitosan’s amino group with pKa value of ≈6.5 leads to a
protonation in acidic to neutral solution. Hence, chitosan is water so-
luble and bioadhesive, thereby readily binds to the negatively charged
surfaces like mucosal membranes. Thus, the transport of polar drugs
across epithelial surfaces is enhanced, and chitosan is termed as bio-
compatible and biodegradable. Due to its low toxicity and good bio-
compatibility, chitosan is used in wide range of pharmaceutical appli-
cations [14]. Many researchers reported the wound healing efficiency
of chitosan and experimentally proved. In comparison with Omiderm,
chitosan-acetic acid and chitosan lactic acid films were used for punch
biopsy wounds in rats. It was proved that a significance difference was
observed in chitosan film treated wounds in terms of wound closure,
scar formation and period of epithelialization [15].

In a study conducted with chitosan and gelatin composite film
shown improved tensile strength, water absorption, wound contraction,
visual healing and histopathological observation [16]. In another study
reported the efficiency of chitosan gelatin film as wound dressing was
investigated. With 1%, 2%, 3%, 4% of chitosan used for the study to
develop chitosan films, mechanical properties, morphology, anti-
bacterial, allergic or irritation were tested. The wound healing activities
on mice mode reveled that chitosan films were very good in bacterial
inhibitory efficacy, wound healing without any swelling or allergic
reaction to the skin [17]. The chitosan film with minocycline hydro-
chloride was compared with commercial polyurethane film (Tegaderm)
used as a backing in dressing. This was applied to burn wounds in the
rat model and observed excellent effects [18]. In another study, chit-
osan-PVA-alginate film was prepared using casting/solvent evaporation
technique. The three layer film exhibited good water vapor transmis-
sion rate, excellent light transmittance and fluid drainage ability. It
showed effective antimicrobial activity against S. aureus and E. coli with
great advantage of being used as a wound dressing material [19]. A
novel wound dressing material was fabricated using chitosan and
hyaluronic acid [20]. The composite films showed high transparency
and desirable characteristics of wound dressings. In vivo animal studies
revealed that chitosan/hyaluronic acid film accelerated wound healing
against control dressing. Chitosan and alginates as polyelectrolyte
complex membranes were prepared and recommended for highly
exuding wounds with bacterial prevention capability [21].

Previous research workers evaluated the performance of chitosan-
honey dressing against burn wound using in-vitro and in-vivo method
and produced a positive result for 75% honey-chitosan wound dressing
[22]. In-vitro antibacterial ability of the chitosan – honey wound dres-
sing was successfully evaluated against the most common bacterial
species like Staphylococcus aureus and Escherichia coli [23]. It is also
reported that Honey/Chitosan nanofiber wound dressing also possessed
significant amount of wound healing ability both in-vitro and in-vivo
method [24]. Though, there are few studies represented the wound
healing ability of the chitosan hydro gels, films sheets and honey in-
dividually, the combined effects were meagerly evaluated. Hence, in
this study, the manuka (Leptospermum scoparium) honey loaded

chitosan bio active wound dressing is prepared and evaluated for their
wound healing ability using In-vivo wound model. The developed
wound dressing was evaluated against the three different wound
models namely excision, incision and burn wound model in terms of
wound contraction and histopathological examination.

2. Material and methods

2.1. Materials

Glycerol, sodium bicarbonate, sodium chloride and Lactic acid were
purchased from HIPURE chem industries, (Chennai, India) and Manuka
honey was obtained from MediHoney, Canada, Derma Sciences Inc. All
the chemicals used were of analytical grade.

2.2. Methods

2.2.1. Bioactive wound dressing preparation
The films were prepared using casting technique, modification of

the method described by Zhong and Xia (2008). Briefly, a chitosan
aqueous solution was prepared in distilled water with 25% concentra-
tion, that contained lactic acid 1% (w/v) as solvent and stirred for 2 h.
Then drop wise addition of 5ml of 5% sodium bicarbonate was carried
out. The solution was stirred using magnetic stirrer for 15 h after ad-
dition of glycerol (13% concentration) and honey (15% concentration)
based on previous research results [25]. The resultant solution was
filtered out and left to stand until the air bubbles get disappeared. Then
required quantity of the solution was casted onto the petri dish. The
petri dish was maintained in the oven at 40 °C for 24 h. The prepared
films were rinsed with 500ml of 1M NaOH solution and then washed
with distilled water. Then, these transparent, flexible films were stored
at 25 ± 1 °C and relative humidity 60–65% in an airtight glass con-
tainer until further use.

2.2.2. In vivo wound healing studies
Wound healing studies were carried out in Wister rats. The experi-

mental models of excision, incision and burn wounds are discussed in
this part.

i) Experimental Animals and Study Design

Thirty five female Wister rats weighing 200–250 grams were used
for this study. Throughout the study period, the rats were housed in
individual cages and were provided with a source of water and a
standard commercial rat diet. The rats were divided into groups ran-
domly and used for the study as given in the experimental protocol.

• Anesthesia and Surgical Protocol - Skin Preparation

Fig. 1. Excision wound contraction % in rats of control, commercial and CH
dress group.

R. Rathinamoorthy and L. Sasikala Wound Medicine 26 (2019) 100162

2



For all three types of wound models, the dorsum of the rats was
shaved and cleaned with povidine iodine and 70% alcohol. Then the
rats were anesthetized with anesthetic ether and a sterile towel was
used to isolate the operation site.

• Excision Wound Model

Excision wound was created as per Morton and Malone [26]. An-
aesthetized animals were placed in the operation table in its natural

position. A square wound of about 1.0 cm×1.0 cm×0.2 cm (depth)
was made on depilated ethanol-sterilized dorsal thoracic region of rats.
Samples were topically applied as per the protocol till the epitheliali-
zation was complete. The degree of wound healing was studied by
tracing the raw wound area subsequently. The size reduction and per-
centage of wound closure was recorded.

• Incision Wound Model

A longitudinal incision of 2 cm length and 2mm depth was made
through the skin using a surgical knife. No systemic antimicrobials were
used throughout the experimental study. Ligature was not used for
suturing. The parted skin was brought together and stitched with black
silk suture at 0.5 cm interval by a curved needle. Both the edges of the
threads were tightened for

good closure of the wound. The wounds were then dressed as per
the experimental protocol by considering the wounding day as Day 0.
The skin breaking strength was measured with a tensiometer on day 10
[27].

• Burn Wound Model

Fig. 2. The photographs showing the typical changes of excision wound contraction of (a) control group (b) commercial dressing (c) CH dress on day 0, 9 and 18.

Table 1
Statistical analysis results of Excision wound contraction between the wound
dressing.

ANOVA for Excision wound contraction %

Source of
Variation

SS df MS F P-value F crit

Between
dressings

980.9333 2 490.4667 21.27838 0.000627 4.45897

Between Days 4920.4 4 1230.1 53.36659 0.000008 3.837853
Error 184.4 8 23.05
Total 6085.733 14
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Partial thickness burn wounds were created in the dorsum region of
the rats with the help of a piece of hot metal, which is placed perpen-
dicularly on the rats for 30 s. The size of the wound was maintained as
approximately 2 cm diameter.

• Treatments

As per the experimental protocol, the rats were treated with proper
medication and change of dressing. During the study period, the rats
were maintained in individual cages and fed with a regular diet and
water. To avoid the loss of dressings during the movement of the rats,

perforated gauze cloths were used to hold the dressings in place.

2.3. Evaluation of wounds

Each rat was observed daily, and the condition of each wound was
examined on specific days with proper intervals. Wounds were traced
with the help of a transparency sheet, and photographs were taken.

2.3.1. Assessment of degree of healing
Wound contraction was measured by degree of wound healing % by

measuring the wound size using trace paper as given in Equation.

=
−

×

Wound area day wound area day n
Wound area day

% of wound contraction ( 0 ( ))
0

100

Epithelialization point was taken when the eschar fell off from the
wound surface without any residual raw wound.

2.3.2. Histopathological examination
Specimen skin of 0.5 cm×0.5 cm was taken for the histopathology

test from the wound surface during the completion of healing process.
The tissues were preserved in 10% phosphate-buffered formalin. The
sections were then stained with HE reagent and examined under light
microscope.

2.3.3. Statistical analysis
The Statistical difference between the control, commercial and de-

veloped wound dressing was analysed using ANOVA in Microsoft Excel
platform.

Fig. 3. Photomicrographs of excision wound tissues (a) control (b) commercial (c) CH dress; i-intermediary spaces, b-blood clots, bv-blood vessels, se-squamous
epithelium.

Table 2
Tensile strength value of experimental group on rat model.

Experimental Groups Tensile Strength (MPa)

4th day 18th day

Control 0.79 1.31
Commercial 1.21 2.02
CH Dress 1.67 2.27

Table 3
Statistical analysis results of Tensile strength value of Incision wound between
the wound dressing.

ANOVA for Tensile strength value of Incision wound

Source of
Variation

SS df MS F P-value F crit

Between Wound
dressing

0.8611 2 0.43055 38.38484 0.02539 19

Between Days 0.620817 1 0.620817 55.3477 0.017592 18.51282
Error 0.022433 2 0.011217
Total 1.50435 5
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3. Results and discussions

3.1. In vivo wound healing studies

The developed CH dressing’s was evaluated for their wound healing
activity with commercial dressings in excision, incision and burn
wound models. The percentage of wound contraction was assessed by
measuring the unclosed area at different point of time.

3.2. Excision wound model

Nine female Wister rats were taken for the excision wound experi-
mental study and divided into three groups of three animals each
(n= 3). Group I served as untreated control sample; Group II animals
were dressed with selected commercial dressing; Group III was treated
with CH dressing. After wound creation, the animals were dressed daily
and observed once in 3 days and till 18th day. Healing was visible in
both commercial dressing and CH dress treated wound groups. The
inflammation caused wound aggravation in control group and hence,
the healing was delayed. Hence, there was a significant difference in
wound size reduction in control and dressing applied groups. Fig. 1
shows the wound contraction % of three groups of animals on day 0, 3,
6, 9, 12, 15 and 18. The photographs of progress of wound contraction
and closure were taken on day 0, 9 and 18 and given in the Fig. 2. The
results were evaluated using statistical tool and it is found that, the

Fig. 4. The photographs showing the typical changes of incision wound contraction of (a) control group (b) commercial dressing (c) CH dress on Day 0, 6, 12 and 18.

Table 4
Wound contraction % of burn wounds.

Experimental Groups Wound Contraction %

Day 11 Day 18 Day 21

Control 39 43 58
Commercial Dressing 62 79 85
CH Dress 74 87 96

Table 5
Statistical analysis results of wound contraction % of Incision wound between
the wound dressing.

ANOVA for burn wound model contraction %

Source of
Variation

SS df MS F P-value F crit

Between
Dressings

2449.556 2 1224.778 105.4833 0.000346 6.944272

Between days 683.5556 2 341.7778 29.43541 0.004048 6.944272
Error 46.44444 4 11.61111
Total 3179.556 8
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excision wound closing percentage was significantly different
(0.05>p) among the control, commercial and developed dressing as
provided in Table 1. The contraction percentage of the CH dressing
were significantly higher contraction % at 18th day (94%) than the
control (51%) and commercial (90%) groups.

The wound exudates were absorbed by both commercial and CH
dressing uniformly. Both the dressings were removed from the surface
easily without damaging the newly generated tissues. The healing rate
in the negative control group rats was very slow due to inflammation.
On day 18, the degree of wound healing reached only 51%. In contrast,
epithilialization was observed on day 15 in both commercial and CH
dress treated wound. On day 18, commercial dressing applied wound
showed 90% wound contraction, whereas chitosan-honey dressed
wound showed 94% wound contraction. CH dress treated wounds ex-
hibited higher degree of healing.

Wound healing activity of manuka honey could be explained
through its higher antibacterial efficacy and wound healing property.
Antibacterial effect of honey is attributed to its osmotic effect due to
high sugar content, non-peroxide factors and phenolic content. It also
stimulates the mutagenesis of human-T and B-lymphocytes, thereby
exhibits immune-stimulant activity [28]. In case of occlusive dressings
like hydrogel, films and hydrocolloids, they keep the wound bed moist.
Thus the wound fluid is always in contact with the wound. It is ex-
perimented that certain cytokines (growth factors) present in the
wound exudates modulate connective tissue formation, thus epidermal
migration [29,30]. Also peptides such as interleukin-1, epidermal
growth factor, transforming growth factor-beta and platelet-derived

growth factor are expected to be at the wound site. Acute wounds oc-
cluded with commercial have the chemical and immunoglobulin fluid
composition, which is same as that of serum. Hence, better healing is
claimed in case of commercial dressings [31].

3.2.1. Histopathology studies of excision wound tissues
Photomicrograph of control sample was shown in Fig. 3. a. The

sections exhibited hemorrhage and necrosis. It also showed blood clot
with areas of inflammatory exudates. The fragments of squamous epi-
thelium with granulation tissue composed of neutrophilic abscess. This
was attributed to incomplete re-epithelialization. Fig. 3.b exhibited the
histological observations of commercial dressing treated wound tissues,
which showed high power of squamous epithelium. The sections were
also noted for fragments of squamous epithelium with granulation
tissue composed of neutrophils and monomuclear cells with plenty of
proliferating blood vessels. Foci showed collection of epitheloid cells

The CH dress treated sample showed fragments of stratified squa-
mous epithelium with granulation tissue, which is a new connective
tissue with tiny blood vessels that forms on the surface of wound during
healing process with foci of calcification and brown structures.
Complete epithelial regeneration was observed from tissues (Fig. 3.c).
Histopathological studies confirms the better healing of CH dress
treated excision wound compared to control and commercial dressing
treated wounds

Fig. 5. The photographs showing the typical changes of burn wound contraction of (a) control group (b) commercial dressing (c) CH dress on day 0, 11 and 21.
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3.3. Wound healing activity of incision wound model

Nine female Wister rats were taken for the incision wound experi-
mental study and used as mentioned in the previous section. After in-
cision wound creation and suturing, the animals were dressed daily and
observed once in 4 days and till 18th day. Wound tissues were collected
on day 4 and day 18, to analyze the tensile strength. Table 2 shows the
breaking strength values of incision wound rat model. For all the three
dressing treated wounds, tensile strength increased significantly from
day 4 to day 18. On day 18, the commercial and CH dress sample shows
higher breaking strength of 2.02MPa and 2.27MPa respectively. This
may be due to the formation of epithelial cells in the wound sites of
commercial and CH dress treated wounds. The data were analysed
using ANOVA and the results were presented in Table 3. From the re-
sults it can be noted that the tensile strength of the CH dressed Incision
wound model is significantly higher (0.05>p) than the commercial
dressed wound and control wound.

Fig. 4 shows the photographs of incision wounds observed on var-
ious days. The images show that the wound healing rate of control
group was lower compared to commercial and CH dress treated groups.
There existed a notable difference in healing of commercial and CH
dress treated wounds. On day 18, CH dress wound healed at a faster
rate with almost maximum closure of wounds than commercial dressing
group, where 20% of area of wound still remains unclosed. This could
be attributed to the effect of chitosan and manuka honey in healing of
incision wounds due to their accelerated wound healing properties

3.4. Wound healing activity of burn wound model

Nine female Wister rats were taken for the burn wound study and
divided into three groups of three animals each (n=3). Group I served
as untreated control sample; Group II animals were dressed with se-
lected commercial dressing; Group III was treated with CH dressing.
After burn wound creation, the animals were dressed daily and

observed till 21st day. Wound contraction % of burn wounds are shown
in Table 4. It is observed that the CH Dress treated burns healed at a
highest rate. On day 6, there was a notable difference between wound
contraction % of commercial dressing and CH dress treated wounds.
The healing in control groups was very slow. On day 11, wound con-
traction of CH dress increased to 74%, 12% higher than commercial and
35% higher than control group. On day 18, the wound contraction % of
CH dress and commercial dressing was 87% and 79% respectively. On
the day 21, the wound contraction % was noted as 85% and 96% in
commercial dressing treated and CH dress treated wounds respectively.
The statistical results were in support with the above findings that the
CH dressed wounds have significantly (0.05> p) better contraction
that the commercial and control wound as presented in Table 5.

Photographic images captured on day 0, 11 and 21 during the
healing of burn wound are shown in Fig. 5. On day 21, almost complete
healing was observed in CH dress treated wounds with intact epidermis.
This confirmed that chitosan honey films greatly accelerated the wound
healing percentage. Comparatively, the healing rate was lower in case
of commercial dressing treated wounds and very slow healing was
observed in control groups.

The treatment of burns involves two major considerations, preven-
tion of infection and promotion of epithelial cells proliferation. Hence,
an ideal wound dressing should have a balance between cytotoxicity,
moist environment and antibacterial efficacy to enhance epithelializa-
tion. According to these desirable properties, chitosan-honey films are
expected to have better wound healing effect. Chitosan possesses fa-
vorable properties for dermal regeneration. It is also responsible for
stimulating type IV collagen synthesis, giant cell migration, cytokine
production and fibroblast activation [32]. Due to higher hydrophilicity,
chitosan and honey possesses production of extracellular matrices. Fi-
broblast proliferation and synthesis of hyaluronic acid are attributed to
the depolymerisation of chitosan into N-acetyl-B-D-glucosamine [33].
The acceleration of wound healing by honey in hydrogel matrix was
well explained by Norimah [34]. Honey contributes in rapid

Fig. 6. Photomicrographs of burn wound tissues (a) control (b) commercial (c) CH dress i-intermediary spaces, bv- tiny blood vessels.
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debridement of wound, rapid clearance of infections, minimization of
scarring, tissue granulation, stimulation of angiogenesis and epidermal
growth [35].

3.4.1. Histopathology studies of burn wound
Histological features of burn wound control group are illustrated in

Fig. 6a. Histopathological analysis of the tissue sections taken from the
burn wounds after 20 days showed an incomplete arrangement of
flattened epithelial cells covered with neutrophilic abscess and necrotic
debris. The wound surface was covered with exudates. Presence of large
intermediary spaces confirms there is no healing in the burn wounds
after 20 days. The wound treated with commercial dressings exhibited
the neutrophilic infiltration and the accumulation of proteinaceous
fluidy material in the dermis region and the thin blood vessels which
confirms the wound healing. Eventhough the healing was observed,
presence of the foci of necrotic debris and intermediary spaces in
meagre amount confirms the incomplete healing of wounds treated
with commercial dressing. (Fig. 6b).

The CH dress treated wound showed the dense proliferation of
blood vessels and regenerated epithelium. Formation of dense fi-
brocollagenous tissue and the deposition of refractive proteinaceous
substances confirms the healing was better compared to the untreated
wounds (control) and the wounds treated with commercial dressings
(Fig. 6c).

4. Conclusions

In this research, Leptospermum scoparium Honey loaded Chitosan
Bioactive wound dressing was developed and its wound healing ability
was evaluated by in -vivo wound healing studies. The wound healing
efficacy was analysed using wound contraction percentage and histo-
pathology results. The results of the analysis revealed that the devel-
oped bioactive dressing having a better wound healing efficacy in all
three types of wound models statistically (0.05>p). In excision and
incision wound models, complete healing was observed in on 18th day
and in burn wound model on 21st day. In both excision and incision
wound models, the results of commercial and CH dressing was com-
parable. In the case of burn wound model, CH dressing exhibited a
better wound healing results than commercial dress statistically
(0.05>p). Thus it can be concluded that the prepared CH dressing can
be used as a potential wound dressing material for excision, incision
and burn wounds with light to moderately exudation and it is a po-
tential dressing for burn wounds, due to the effect of manuka honey.
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