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Abstract

Background: Wounds are still major problem in developing countries, and may impose severe
complications and high cost for therapy. Hence, wound management still remains an important focus of
researches. Plastic catheters coated with SNPs prevent biofilm formation. Papaya possesses antibacterial
activity which might prevent the multiplication of wound infection causing bacteria. The objective of
this study was to combined effect of honey and silver nanoparticles increases the rate of healing in
wounds infected by Pseudomonas aeruginosa.

Material and methods: Eighteen healthy adult male Wistar albino rats weighing 250-300 g were used in
this study. Excision wound model was used for this study. A wound of 500 mm? was created using a
sterile scalpel by removing the skin on the dorsum of the abdomen of the all group. Clinical assessments
included observations concerning the appearance, and the wound size was measured.

Results: The wound in all the three groups were almost same in the beginning. The percentage of wound
closure on the fifth day was 0.86 + 0.11, 0.91 + 0.18 and 0.95 + 0.07, On d 10 still better wound closure
was observed with a percentage there was a significant increase in healing and the percentage closure
was 0.76 £+ 0.20, 70.2 + 0.19 and 71.15 + 0.18 (P<0.001), on d 15 the wound closure percentage was 20.18
+ (.18, 89.21 + 0.18 and 94. 31 + 0.20 (P<0.001), for control, honey treated and honey + Ag Nps groups
respectively with a high significance from control.

Conclusion: This study demonstrated the efficacy of multifloral honey mixed with silver nanoparticles in
wound healing. Topical application of multifloral honey with silver nanoparticles accelerated the rate of
wound healing by increasing the wound contraction compared with honey. The acceleration of wound
healing rate and wound contraction through macroscopic and histological evolution on d 1, 5, 10 and 15.

Hence, honey mixed with silver nanoparticles is potentially useful in dressing wounds.

Keywords: Honey, Silver nanoparticles, Antimicrobial property, Albino adult male Wistar rats, Pathogenic microbes,

Wound healing.

Introduction

Till date, wound healing is an existing problem and research is
going on in this area. Hence, wound management still remains
an important focus of researches [1,2]. Wound healing is a set
of coordinated response to tissue injury. It represents a
dynamic physiological process initiated and influenced by
many factors like homeostasis, inflammation, proliferation and
remodeling phases [3].

At the site of wound, macrophages get activated and release
growth factors, such as Platelet Derived Growth Factors
(PDGF) and Vascular Endothelial Growth Factors (VEGF),
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which initiate the formation of granulation tissue. Macrophages
have a key role in inflammation and repair of wounds. Platelets
facilitate the formation of a homeostasis plug and activate
fibroblasts for re-epithelisation of wounds. Within 15t to 2nd
day of injury, epidermal cells initiate margination of wound.
New granulation tissue begins to invade the wound gap after
4™ day and numerous new capillaries grow through the new
stroma with its granular appearance [4,5]. The most common
infections in the wounds are caused by Staphylococcus aureus,
Pseudomonas  aeruginosa,  Enterococcus  species and
Escherichia coli [6].
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Honey is a natural and freely available viscous food substance
in nature. A vast amount of scientific evidence supports its
nutritional, medicinal and antimicrobial properties [7]. Honey
has antioxidants, anti-inflammatory, anti-allergic, anti-
thrombotic, vasodilator activity and wound healing properties
without harmful effects to host tissues [8]. It has bacteriostatic
and bactericidal property because of its high osmolarity [9].
Previous studies revealed that honey is effective against
antimicrobial resistant bacteria such as Staphylococcus aureus
and Pseudomonas aeruginosa on wounds [10,11].

The silver nanoparticles have various and important
applications. It has been reported that silver nanoparticles
(SNPs) are non-toxic to humans and most effective against
bacteria, virus and other eukaryotic micro-organism at low
concentrations without any side effects [12]. Moreover, several
salts of silver and their derivatives are commercially
manufactured as antimicrobial agents [13]. In hospitals,
infection is the most common complication and cause of death
in patients. Therefore, antibacterial effects of silver have been
incorporated into various medical applications. Plastic
catheters coated with SNPs prevent biofilm formation. Papaya
possesses antibacterial activity which might prevent the
multiplication of wound infection causing bacteria [14]. Hence,
an attempt was made in this present study to determine whether
honey with silver nanoparticles can increase the rate of healing
in wound pathogens in an experimental animal.

Material and Methods

Study setting

The study was conducted in the Department of Research and
Development, Saveetha Institute of Medical and Technical
Sciences (SIMATS), Chennai, India. After obtaining necessary
approval from Institutional Animal Ethics Committee (Vide
Ref. no SU/CLAR/RD/008/2016).

Animals

The animals were housed in individual metabolic cages and
maintained in the temperature range of 24°C-27°C and
humidity 40%-50% with natural light/dark cycle as per
Committee for the Purpose of Control and Supervision of
Experiments on Animals (CPCSEA) guidelines for laboratory
animal research. They were provided with pellet food and
water ad libitum.

Experimental animals and study design

Eighteen healthy adult male Wistar albino rats weighing
250-300 g were used in this study. Randomly selected rats
were assigned to 3 (1-3) groups of 6 rats each. Rats in group 1
consider as control, group 2 consider as positive control and
group 3 considered as experimental group. Sterile pasteurized
multifloral honey for testing antibacterial activity was obtained
from Bharat Unani Pharmacy, Hyderabad, India. Silver
nanoparticles purchased from Hi-Q nanotechnology, Banglore,
Karnataka. Bacterial strains to inoculate the wound were
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collected from Post Graduate Institute of Medical Education
and Research, Chandigarh (India). Pseudomonas aeruginosa
ATCC-27853, the common cause of wound infections. A six
hour incubated bacterial culture suspension matching with 0.5
Mc-Farland scale standards were prepared (i.e. 103 CFU for P,
aureginosa).

Experimental wound preparation

Excision wound model was used for this study. A wound of
500 mm? was created using a sterile scalpel by removing the
skin on the dorsum of the abdomen of the all groups [15] under
isofluorane anaesthesia. The wounds were infected by instilling
100 wl strains of P. aeruginosa. Evaluation every five days, i.e.
on d 1, 5, 10 and 15. Each wound was examined and
photographs were taken after wound creation until healing was
complete. Clinical assessments included observations
concerning the appearance, and the wound size was measured.

Procedure

Untreated group was left without any treatment to serve as the
untreated group 1 (control group), group 2 was treated
topically 0.5 ml/cm?, while group 3 was treated with honey
combine with silver nanoparticles (experimental group). On d
1,5, 10 and 15 of treatments, relevant groups had their wounds
measured before tissues were excised.

PERCENTAGE OF WOUND CONTRATION

ﬁl||_r||l|l ]:[tl‘:fy.l“lu]l

Figure 1. Size of excision wound appearance after treatments: Results
from (14), (54), (104) and (154) of untreated group, (I1B), (5B),
(10B) and (15B) of treated honey, (1C), (5C), (10C) and (15C) of
treated with honey+Ag NPS.

Rate of wound contraction

Wound size was measured on every 5 d interval (1%, 5t 10,
and 15% d) with the help of butter paper and graph paper and
the percentage of wound contraction was calculated using the
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following formula (Figure 1). The percentage wound
contraction was calculated by dividing the difference in wound
area of a particular day from the first day by first day area and
then multiplying it with hundred [16].

Histological evaluation of healed wounds

Excised tissue was fixed in 10% formalin before histologically
processed. Sections were made with Haematoxylin and Eosin
(H and E) staining, assessment for histological features was
observed under light microscope (40X) on d 1,5,10 and 15
respectively.

Ethical consideration

The study protocol was approved by institutional animal
ethical committee of Saveetha Institute of Medical and
technical sciences SU/CLAR/RD/008/2016.

Figure 2. Histopathology of excision wound appearance after
treatments: Results from (1a), (5a), (10a) and (15a) day of untreated
group, (1b), (5b), (10b) and (15b) day of treated honey, (ic), (5¢c),
(10c) and (15¢) day of treated with honey+Ag NPS. —: Ulceration;
- Inflammation and edema lag in granulation tissue formation; ~:
Reepithelialisation and collagenous matrix formation.

Results

The wound in all the three groups were almost same in the
beginning. The percentage of wound closure on the fifth day
was 0.86 + 0.11, 0.91 + 0.18 and 0.95 + 0.07, on d 10 still
better wound closure was observed with a percentage there was
a significant increase in healing and the percentage closure was
0.76 £ 0.20, 70.2 £ 0.19 and 71.15 + 0.18 (P<0.001), on d 15
the wound closure percentage was 20.18 + 0.18, 89.21 + 0.18
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and 94. 31 + 0.20 (P<0.001), for control, honey treated and
honey + Ag Nps groups respectively with a high significance
from control (Table 1).

Histopathology evolution

(la-1c) sections showing ulceration and intense inflammation,
treatment not yet started, (5a) sections show inflammation,
edema and initial stage of angiogenesis (5b) sections showing
sub epithelial hemorrhage, and (5¢) decrease in inflammation
edema and initial stage of angiogenesis, (10a) sections show
lag in granulation tissue formation, (10b) and (10c) sections
show thin layer of reepithelisation and granulation tissue
formation, (15a) sections showing lag in reepithelisation, (15b)
and (15c¢) Sections showing continuing reepithelisation and
collagenous matrix formation (Figure 2).

Table 1. Percentage wound contraction of control, honey treated and
honey+silver nanoparticles on infected wound model. Statistical
analysis is done with one way ANOVA with Dunnett’s test P<0.05 was
considered statistically significant where n 6 in control honey treated
and honey+silver nanoparticles.

S.no Parameter Control Honey Honey+AgNps Statistical
treated treated analysis
1 5thd 0.86+0.11 0.91+0.18 0.95+ 0.07 P=0.493
2 10thd 9.76 £0.20 70.2+0.19 71.15+0.18 P<0.001
3 15t d 20.18 + 89.21+0.18 94.23+0.20 P<0.001
0.18
Discussion

Wound healing is a dynamic physiological process occur after
skin injury and requires interactions of different cell types,
growth factors and structural proteins, macrophages,
neutrophils, and fibroblast cells have important role in wound
healing, It consists of four systematic steps of hemostasis,
inflammation, proliferation, and maturation in experimental
animals. Healing process was confirmed by microscopic and
macroscopic studies. After skin ulcer cell reaction occurs,
initially blood clotting, and degranulation of mast cells, release
chemical mediators and inflammation phase occurs [17,18].
During any injury, the body responds by restoring tissue injury
by the synthesis of connective tissue matrix at the site of
wound. The wound is strengthened by the fibrous protein,
collagen, which is the major component of extracellular matrix.
The increase in hydroxyl proline content support the increased
migration of fibroblast cells, epithelial cells and collagen for
the synthesis of extracellular matrix. A decrease in hydroxyl
proline can prolong the inflammatory phase of wound healing
and then inhibits both epithelial regeneration and proliferation
of fibroblast. Wound contraction is a necessary feature for the
healing process [19].

Honey has been used since ancient times in wound healing
[20]. Previous studies reported on honey treatment of wounds,
ulcers and skin graft preservation, the importance of sterile,
residue-free honey for medical use [21]. Clinical observations
on the wound healing properties of honey [22]. Effect of honey
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on healing of Pseudomonas aeruginosa infected burn wounds
in rats [23]. Effects of Acacia honey on wound healing in
various rat models [24]. The effect of Teucrium polium honey
on the wound healing and tensile strength in rats [25].
Evaluation of the effects of local application of thyme honey in
open cutaneous wound healing [26]. The evidence supporting
the use of honey as a wound dressing [27]. Antibacterial
activity of honey on bacteria isolated from wounds [28]. My
previous in vitro study is a prospective study of honey with
reference to its anti-bacterial activity [29].

An effective and complete process of wound healing is critical
for the general well-being of any patients. In recent times,
tremendous progress has been made in discovering the cellular
and molecular mechanisms underlying the wound healing
process. In current clinical treatments of wounds and ulcers,
medications such as topical antimicrobial agents are still
relevant. ~ Moreover, applying  nanotechnology  and
incorporating knowledge of cellular, sub cellular events
occurring during the typical healing process, could obviously
get better future therapeutic interventions. Nanotechnology
offers great opportunities for improving wound treatments.
Antimicrobial activity of the silver nanoparticles has been
reported, and it has been shown that their size and
concentration define their effectiveness. Nanoparticles with
sizes from 5 to 100 nm at a concentration of 40 pg ml"! have
been reported to have bactericidal effects on most tested strains
[30]. Kim et al. studied the antimicrobial mechanism of silver
nanoparticles for certain microbial species; the peptidoglycan
layer is a specific membrane feature of bacterial species and
not mammalian cells. Therefore, if the antibacterial effect of
silver nanoparticles is associated with the peptidoglycan layer,
it will be easier and more specific to use silver nanoparticles as
an antibacterial agent, and suggested that the antimicrobial
mechanism of silver nanoparticles is related to the formation of
free radicals and subsequent free radical-induced membrane
damage. The free radicals may be derived from the surface of
silver nanoparticles and be responsible for the antimicrobial
activity [31]. Silver nanoparticles (AgNPs) are the most widely
studied among metal NPs. These NPs have been shown to
enhance healing in a full-thickness excisional wound model in
mice [32]. Wounds treated with silver nanoparticles completely
healed in 25.2 £ 0.72 d after injury, whereas those treated with
antibiotics required 28.6 £ 1.02 d (P<0.001). This finding
suggests that other factors are also involved in the mechanism
of action of silver nanoparticles [33]. The wound in all the
three groups were almost same in the beginning. The
percentage of wound closure on the fifth day was 0.86 = 0.11,
091 £ 0.18 and 0.95 + 0.07, on d 10 still better wound closure
was observed with a percentage there was a significant
increase in healing and the percentage closure was 0.76 = 0.20,
70.2 £ 0.19 and 71.15 £ 0.18 (P<0.001), on d 15 the wound
closure percentage was 20.18 + 0.18, 89.21 £ 0.18 and 94. 31 +
0.20 (P<0.001), for control, honey treated and honey = Ag Nps
groups respectively with a high significance from control.
Histopathology evolution: (1a-1c) sections showing ulceration
and intense inflammation, treatment not yet started, (5a)
sections showing decrease inflammation, edema and initial
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stage of angiogenisis, (5b) and (5c¢) sections showing sub
epithelial hemorrhage, decrease in inflammation edema and
initial stage of angiogenesis, (10a) sections show lag in
granulation tissue formation, (10b) and (10c) sections showing
thin layer of reepithelisation and granulation tissue formation,
(15a) sections showing lag in reepithelisation, (15b) and (15c)
sections showing continuing reepithelisation and collagenous
matrix formation.

Conclusion

This study demonstrated the efficacy of multifloral honey
mixed with silver nanoparticles in wound healing. Topical
application of multifloral honey with silver nanoparticles
accelerated the rate of wound healing by increasing the wound
contraction compared with honey. The acceleration of wound
healing rate and wound contraction through macroscopic and
histological evolution on d 1, 5, 10 and 15. Hence, honey
mixed with Silver nanoparticles is potentially useful in
dressing wounds.
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