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Abstract

Ceramide is well known for its skin barrier function where hydrogel is an ideal one for wound healing, on
the other hand honey is used for antibacterial activity and burn wound treatment from many years ago.
So our aim to develop a ceramide loaded honey based hydrogel biomaterial for burn wound healing. The
biomedical hydrogel biomaterial have been prepared by solution casting method. The developed
Hydrogel membranes were characterized by using Fourier transform infrared spectroscopy (FT-IR), field
emission scanning electron microscopy (FESEM) and UV- Vis Spectrophotometer. Besides that, swelling
behavior in physiological solution, moisture retention capability, gel fraction, water vapor transmission
rate (WVT), porosity and antimicrobial study were also evaluated. After all the hydrogel were evaluated
for burn wound healing activity in mice model. Ceramide Hydrogel (C,) & Ceramide & Honey Hydrogel
(CH) showed significant wound healing rate but only CH hydrogel showed significant antibacterial
activity against Staphallycoccus aureus bacteria. Other physicochemical, swelling, WVT, porosity, gel
fraction, weight loss, and FTIR, FESEM & UV study was very satisfactory and all experimented data
strongly support the use of the hydrogel membrane as a burn wound healing.

Introduction

Burns are a global public health problem, which causes disability & mortality worldwide [1].Due to fire
induced burn, chemical burn, electric burn, radiation burn and incineration each year more than 3 lacs
death reported by World Health Organization (WHO) [2, 3].The majority of the death are take place in
middle and low income countries and almost half take place in South East Asia together with Bangladesh
[4]. Burns injuries are caused by direct or indirect contact with heat, radiation, or chemical agents. In high-
income countries, death rates due to burn injury have been decreasing, and the child deaths rate from
burn injury is now more than seven times higher in middle and low income countries than in high income
countries [5]. In Bangladesh, per year, per 1 lac populations overall mortality burn rate is 2.2 percent. The
deaths are mainly accidental in nature and few are self-inflected burn (5%) [6]. Due to burn injury skin loss
its barrier functions to microorganisms leading to the potential risk of infection. Burn infection may delay
healing, increase pain, increase chances of scarring and may even lead to death. Moist nature, high
temperature, and nutrient rich environment of a burn wound it provide an ideal environment for growth of
bacteria [7]. Owing to the wide area open burn surface being infected, curing of which takes long
durations of dressings and leading to malformations patients face high morbidity than mortality. In burn
injuries is protein denaturation and cell death (either by necrosis or apoptosis) are common denominator
[8]. Some current therapy of the acutely burned patients are based on sufficient regeneration, quick
wound debridement and closure, aid of post burn hypermetabolic response and control of infection.
There are varieties of dressings available for treating both acute and chronicwounds. Some examples are
solid wound dressings, gels, hydrogels, creams, ointments, and liquid wound washes. The types of
materials used in dressing’smaterials include polyester, nylon, poly vinyl alcohol (PVA), alginate, collagen,
poly ethylene glycol, and polylactic-co-glycolic acid. Typically these dressings contain silver, bismuth,
chlorhexidine, polyhexamethylenebiguanide (PHMB) as a antimicrobial (e.g., bacitracin). According to
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Food and Drug Administration (FDA) wound dressings contain drugs such as silver, bismuth,
chlorhexidineincluding certain risks of use and potential risk mitigation measures [9]. On the other hand
traditional dressings e.g. bandages and gauzes are made of cotton wool have some disadvantages e.g.
they are adhesive to tissue and cell and be more adhesive to the wound after the exudates fluid solidifies
as a result patients feel pain and lost some new generating tissue during removal. To minimize such risks
and disadvantages our research objective is to develop hydrogels containing honey together with plant
derived glucosylceramide for the resuscitation of burns. Hydrogels are biomaterials with three
dimensional hydrophilic polymeric network capable to absorb/ swollen water andexudates from
atmosphere [10]. Theycontrol moist environment helps to wound healing [11], create cushioning and
cooling effect to wound area [12], capable to stop wound dryness. Hydrogels are also easily removable;
spread more easily, biodegradable, non- toxic, elastic, biocompatible, cost effective, non staining water
soluble and compatible with several excipients [13]. Epidermal growth factor (EGF), silver sulfadiazene
(SS), Amniotic membrane, skin grafting, boiled potato peel, honey, banana leaf, soframycin creamare
some example whichare being used as a dressing materials for dressing the burn wounds among them
honey is the cheap, easily available and reasonably good dressing material in developing countries. In
burn treatment honey help to accelerate healing with reduce scarring of wounds. [14] Both topically and
systemically dressings with honey increase wound healing, [15, 16] when compared to silver sulfadiazene
(SS) honey help to do wound sterile in short time, and have better effect in periods of incidence of post
burn contractures and hypertrophic scars [17]. From ancient time honey has been used to wound
treatment [17—19]. Honey naturally supernaturated sugar solution containing glucose, maltose, fructose,
sucrose with carbohydrate and 17% water [20, 21]. So it can helps to creating a moist environment for
treating burns. Honey has anti-parasitic [22], anti-inflammatory [23], anticancer [24, 25] and antibacterial
properties [26]. The antibacterial activity of honey may help to accelerates wound healing process [25, 27]
and using honey in burn healing there have not found any adverse effect [28]. On the other hand, recent
studies suggest that in burns or in people having dry skin supplementing of intercellular sphingolipids of
the stratum corneumstimulate the activity of the skin [29]. The anima Iglycosphingolipid is similar to the
glycosphingolipid extract from rice bran; in which ceramide is the backbone of the glycosphingolipid
including fatty acid in an amide linkage along sphingoid bases, and the hydroxyl group is substituted by
glucose. As a result of different fatty acid components and chemical structure of sphingoid bases there
are many types of glycosphingolipids present in nature. Till now, over twenty molecular sphingolipids
species have been identified in rice bran. The representative structure of glucosylceramides in rice bran
was set up by experiment of several chromatograph and NMRspectra, as demostrated in Fig. 1 [30].

Ceramide is the essential element of stratum corneum (50%) of the epidermis layer of human skin [31-
35]. It play a crucial role in skin care by making a barrier which protect from bacterial infection,
environmental stress and dehydration (keep skin moisture and smoothness). [36]

Because of its role in water holding properties and maintaining the skin barrier function of the epidermis
[37, 38] ceramide has high profitable potential in pharmaceutical industries for uses in skin care products.
Many products containing ceramide have already been investigated and found effective for skin care.

Hydrophilic ointment containing 0.1 % ceramide was found to have good healing effects on patients of
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atopic dermatitis [39]. Hydrocolloid dressing containing 0.3% ceramide accelerated skin erosion [40].
Ceramides also effective in recovering the water content of dry skin and in alleviating atopic eczema [41].
These studies indicate that ceramide can be used as an active component in dermatological therapy.
Ceramides may be incorporated in the honey to form emulsions by constructing hydrogels. Like body
tissues hydrogels are capable of holding high amounts of water. It has hydrophilic 3D polymer networks.
High water holding capacity allows hydrogels to protect them from rapid degradation and encapsulate
therapeutic molecules. Large water content, rubbery consistency, low interfacial tension and softness
have make them useful materials for application on wound caused by burns [42]. Every these outcomes
support the favorable effects of skin lipid supplementation conferred their similarity to the stratum
corneum lipids both in composition and in the structuring of the dressing materials using ceramide
containing hydrogels [43].Therefore, the combination of the essential compound ceramides and the
natural honey in the form of hydrogels for treatment of burn skin and use like emulsion will make them
very useful, cost effective and available dressing materials for burn patients.

Gelatin is almost tasteless, odorless natural protein, obtained from animal skin or bone by partial
degradation of collagen. It's biocompatible, hydrophilic and biodegradable substance. It can absorb more
than 5 to 10 times water as its weight itself [44].Gelatin helps to prevent excess water (exudates
composed of serum, wound fluids) and cell debris which come out of the wound, as a result, accelerate of
wound healing [45-47]. PVA is one the important polymer used to prepare hydrogel biomaterial due to
their excellent properties.It used to prepare in wound dressing material due to their properties like
solubility in water, biodegradable, non-toxic, water retention properties [48, 49], biocompatibility, swelling
properties, curative dermal benefits [50, 51], non- carcinogenic and excellent film forming ability [52]. The
Crosslinking agent glutaraldehyde has been used for crosslink to PVA with Gelatin for hydrogel
membrane preparation [53]. Glycerine was used as plasticizers to the raise strength and flexibility of
biomedical hydrogel membrane. It help to increase chain flexibility, resistance to fracture and decline
density, viscosity of polymer [54].

Experimental Methods

Materials

Ceramide was purchased from Oryza Fat oil and chemical company Itd, Japan. Glycerin, Poly vinyl
alcohol (PVA) and glutaraldehyde (GA) were purchased from Sigma Aldrich, Germany. Honey (AussieBee,
Australia) was purchased from local market Bangladesh. Gelatin was collected from Global Capsules
Ltd., Bangladesh and Gelita Ltd., Germany. Mice (Swiss Albino) werecollected from Pharmacology Lab,
Jahangirnagar University of Bangladesh. Microorganism (Eshchericia coli, Staphalycoccas

aureus &Candida albicans) was collected from cell and tissue engineering lab of MIST. Distilled water
and molecular biology grade water was used throughout the experiments.

Preparation Method Hydrogel Dressings Membrane
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The hydrogel dressing’s membrane was prepared by following solution casting method. Briefly, first
prepare ceramide solution by adding ceramide powder in water. Prepare gelatin solution by adding
gelatin, glycerin& water as ratio of 2.26:1:2 with continuous heat & stirring. Then prepare 10% PVA
solution by adding PVA powder in water with continuous heat & stirring. Now ceramide solution added in
PVA solution to form PVA- Ceramide solution. Add gelatin solution into PVA- Ceramide solution to form
PVA- Ceramide- Gelatin solution. Add 3ml Honey and finally add crosslinking agent (0.5mI GA+0.05ml
HCL+10ml water). Heat and stirring was continued for whole process. Temperature kept between 50°C to
70°C for total process. Now the final solution was poured into petri dish and left for 48hrs to form
hydrogel biomaterials.

Water Vapor Transmission Rate (WVTR)

For WVT measurements, test tube was taken with 1.95 cm mouth diameter and 10 ml of molecular
biology grade water into it. The open test tube was enveloped with hydrogel dressing’s membrane and
staunched by applying Teflon tape. The test tube was weighed and at 40°C temperature placed in an
oven for one day (24 hours). After 24 h taken out of the test tube was from oven and took weight again.
By using formula the water vapor transmission rate (WVTR) was measured [55]:

WVT= (W;-W;)/(Ax24)x10° (gm/m?h)
A= area of the round mouth of test tube;

W, and Ws were the initial and final weight of test tube, respectively.

Moisture Retention ability

For moisture retention ability measurement, the hydrogel dressing’s membranes were cut into same
pieces and depth and weighed then placed in an oven for 5 h at 45°C. By using following formula the
moisture retention capability was measured [56)]:

Moisture retention capability (%) = (W¢/W;) x100
W= weight before placing in an oven and
W, = weight after 5 h

Gel Fraction

Prepared hydrogel dressing’s membranes were cut into same pieces then placed in a vacuum oven and
waited for gained the constant weight. Then hydrogel membranes were weighed. Then for 4 days the
hydrogels membranes were immersed in distilled water. These hydrogel dressing’s membranes were
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taken out of water after 4 days and placed again in vacuum oven to gain a constant weight. By using
following formula the gel fraction was measured [57]:

Gel fraction (%) = (Ws/W;) x100
W,;= weight after placing in vacuum oven, and
W¢= weight when the wet samples were dried in vacuum oven.

Porosity Evaluation

Porosity (P) of the hydrogel was determined by the liquid displacement method by following the
equations as described below [58].

P = (Sq - S3)/(S; - S3) X 100

Here, S1= solvent volume (initial), S,= solvent volume after the sample immersion, S3 = solvent volume
after withdrawal of sample.

Measurement of Swelling Behavior of Hydrogel Dressing’s Membrane

The swelling behavior of hydrogel dressing’s membrane was measured by dissolving the hydrogel
different physiological solution (e.g. blood, water, 0.9% NaCl, PBS, 0.9% MgCl,, 5% Dextrose. The hydrogel
dressing’'s membranes were cut and weighed to measure the swelling behavior. Then the hydrogel
membranes were immersed in these physiological solutions for 1.5 hr & 3 hr. After time interval, hydrogel
membranes were withdrawal from the solution and surface of the hydrogel was dried with filter paper to
dry and erase any droplets and took weight again. By using following formula swelling behavior was
calculated [59]:

Swelling ration (%) = (Wg-Wg4) /W4x100

W, = weight of swelled membrane and

W, = weight of dry membrane.

Evaluation of Antimicrobial Activity

Antimicrobial activity of hydrogels was determined by using diffusion method [60] against E. coli (ATCC
8739) and Staphylococcus aureus (ATCC 9749) as model gram (-) ve and gram (+) ve bacteria
respectively and Candida albicans (ATCC 10231) as fungi. PVA- Gelatin hydrogels were used as control.
The test specimens were C1 hydrogel, C2 hydrogel, CH hydrogel& H Hydrogel. Test specimens were
placed in MHA medium inoculated with S. aureus. At 37°Ctemperature incubated for 24 h after which
measured the Zone of Inhibition’. After the incubation the antibacterial and antifungal activity was
evaluated on the basis of zone of inhibition formed.
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Scanning Electron Microscope (SEM)

The hydrogel was freeze dried before investigated by SEM. The structure of the surface of hydrogel
membranes was experimented by using FESEM (field emission scanning electron microscope) (Model:
JOEL JSM- 7600F). The sample was covered by a thin gold conductive layer before analysis. To create
the layer a sputter coater was used. Using accelerating voltage of 5 kV, with a secondary electron detector
was used for observing hydrogel surface.

The structure of surface of hydrogel dressing’s membrane was investigated by SEM as shown in Fig.

UV- Spectroscopy.

The hydrogel membranes solution prepared was characterized using ultra- violet—visible spectroscopy
(Specord 205, Germany). For UV analysis spectra range was 200-600 nm, CH hydrogel were immerged in
deionized water then ceramide particles and honey were eliminated into the deionized water samplefrom
the swollen hydrogel samples and for background correction deionized water were used for UV spectra
recording. Then from this medium sample was taken to measure the absorption spectra.

Fourier Transform Infrared Spectroscopy (FTIR) Analysis:

FTIR (Shimadzuy, IR Prestige-21 PC) was performed to evaluate the major functional group,
chemical structure, contents and structural changes happened in hydrogel. The FTIR range was 4000 cm’

T t0 400 cm™ for the hydrogel membranes. In case of hydrogel membranes (Control and CH Hydrogel) the
samples were dried properly to make powder form. Then pellets were prepared including the KBr
(infrared grade) by pressing and then took the pellet in the FTIR- machine for experiment. At room
temperature all analysis was accomplished.

In- Vitro Burn Healing Procedure

Animal: Nine albino mice age 8 weeks old and weight 30—35 g were collected for the experiment. All
mice’s were separately kept in polyethylene cages under room temperature 23+ 2 °C. Throughout the
study all tested animals were fed on commercial pellet and supplied water ad libitum. The Animal Care,
Handling and Use Committee of The Jahangirnagar University in Bangladesh was approved the
experimental protocol and the study was done following animal welfare guidelines and regulations.

Experimental Design: All mice were divided into 3 groups:

» Group- I: Control group (Negative). No treatment was applied.
e Group- ll: Animal treated with CH- Hydrogel dressing.
e Group- lll: Animal treated with C2- Hydrogel dressing.

Applied anaesthetic ether for anaesthetized tested animal and used electric clipper with shaving cream
for removing hair on the back of the mice. By using 70% iso propyl alcohol (IPA) disinfected the shaved
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area. The burn wounds were created as reported in literature [61]. Briefly, 10 mm diameters a cylindrical
metal rod was heated over an open flame for 60 seconds then hold and pressed to the shaved and
disinfected dorsal mouse skin surface for 30 seconds under light ether anesthesia.

Measurement of wound area:

By digital slide caliperon 0, 3, 7, 10, 15 day before treatments application the reduction in burn edge
diameter was measured (mm). The reduction of the initial burn diameter was represented burn edge
contraction. All data were recorded for further analysis.

Determination of the burn wound healing rate:

By using the following formula the burn area reduction rate was calculated:
Burn wound reduction rate = (Ay/A;) X 100

Where A= the initial areaand

A,=the wound area at timet,

Histological Analysis

Histological analysis was performed by using light microscope. Tissue samples were collected from skin
of mice and fixed with 10% formalin. After fixation samples were stained with H&E (hematoxylin- eosin),
all images were recorded by light microscope.

Result And Discussion

Water vapor transmission rate (WVTR)

Too high value of WVTR may lead to rapidly dry the wound, resulting a scar formation, on the other hand
too lower value of WVTR may lead to accumulation of exudates, resulting risk of bacterial infection and
delayed healing process [62]. So an ideal hydrogel dressings WVTR value should not have either too
much or too less and should control evaporation of water from a wound at an optimal rate. An ideal
dressing should also have less WVTR value than WVTR compare with 2nd and 3rd degree burn in skin,

respectively which is 178.55 + 4.5 gm?h™ and 143.2 + 4.5 gm2h™" [63].

In this study, the WVTR of four samples C1, C2, CH and H were 97.23, 45.56, 49.97 and 23.58 g/m2h
respectively (Shown in Figure 2). The WVTR value of C2 and CH is comparable to Duoderm (UK)
hydrocolloid dressings which have been reported to have 37.04+2 g/m2h WVTR value [64]. Both results
also comparable with WVTR value of PVA- Clay nanocomposite hydrogel for wound dressings are 35-
56g/m2h [65]. So we can say that these two dressings could not only prevent dehydration, but also
protect wound from excess hydration.
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Moisture Retention Capability

Too much moisture loss from the wound may lead to a body temperature fall that may high metabolic
rate. [66]. On the other hand too much accumulation of moisture may build up risk of bacterial infection
and bad odor. So ideal dressing should need to maintain optimal moisture content at the wound surface
and it's very crucial in burn injury. In this study we found too less moisture retention capability for control
(only PVA and Gelatin hydrogel) which was only 28%. After addition of ceramide the moisture retention
capability increase to 32.69% and 33.88% for C1 and C2 hydrogel dressing respectively (Shown in Figure
3). Again addition of honey the moisture retention of H hydrogel dressing was almost 50% (47.33%). But
addition of both ceramide and honey together we have found an optimum moisture retention capability
for CH hydrogel dressing which was 43.66%. The moisture retention capability of CH hydrogel dressing
(43.66% at 40°C in 5h) was comparable with the moisture retention capability of PVA/PEG/agar based
wound dressings was about 40% at 37°C in 5h. [67] So CH hydrogel dressing was recommended for burn
injury which moderately losing moisture from wound.

Gel Fraction

It shows the crosslinking behavior of the hydrogel. The observed result of gel fraction in these studies for
investigated all hydrogel dressing showed proper Crosslinking. As per reported on Kim et al 2008 &Ajji et
al 2005, as the gel fraction decreased, the flexibility of hydrogel was increased [68, 69] According the
report, in this studies we have found CH and H was more flexible hydrogel dressing with moderate
strength (Shown in Figure 5). We have also observed the hydrogel with honey gave lower gel fraction than
did the hydrogel without honey. Honey reduced the Crosslinking interaction between PVA and Gelatin. On
the other hand hydrogel with higher ceramide gave lower gel fraction and lower gave higher gel fraction.

Porosity

Porosity of control was 70%, after incorporation of 5% & 2.5% ceramide and honey it was reduced to 50%,
55.56% and 58% for C1, C2 and H hydrogel respectively (Shown in Figure 6). The reduction of porosity for
C1, C2 and H- hydrogel due to incorporation ceramide into PVA & Gelatin and high density of honey range
between 1.38 to 1.45 kg/I at 20°C [70]. On the other hand, after addition of ceramide the porosity reduced
to 50% and 55.56%, it's due to incorporation and interaction of ceramide with PVA and Gelatin. Higher the
ceramide concentrations lower the porosity. The lowest porosity was found for CH 32.26% its due to both
dense honey and ceramide incorporation into the hydrogel dressings. For an ideal dressing porosity is an
important factor for cell migration, proliferation and nutrition supply. On the other hand dense surface
also important for dressing material because it does not allow bacteria to penetrate, that can responsible
for microbial infection to burn wound. So from these studies we found CH hydrogel with 32.26% porosity,
which was not too much porous or too much dense dressing’s material. It was better for cell migration,
proliferation, nutrition supply as well a good barrier against bacteria and help to absorb excess moist &
exudates.

Swelling Behavior
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Among all prepared hydrogel CH hydrogel was showed best swelling result in 5% DA, 0.9% MgCl,, PBS

and Blood solution. Compare with control all other hydrogels also showed good result for swelling (Figure
7 (a-f)).

Evaluation of Antimicrobial Activity

Antimicrobial activity of C2, CH and H hydrogel was investigated against Staphylococcus aureus (gram
+ve) and Escherichia coli(gram -ve) bacteria and Candida albicans fungi (Figure 8). The zone of
inhibition only found against S. aureus by CH and H hydrogel, its may be due to presence of honey in the
hydogel. Honey has a strong antibacterial activity against bacterias [25, 27]. On the other hand no zone of
inhibition were found for these hydrogel against E. coli and Candida albicans its may be due to less
volume of honey in the hydrogel.

SEM

The surface morphology of control (only PVA & Gelatin) and CH Hydrogel were experimented by SEM as
shown in Figure 9. It was noticed that CH hydrogel surface was both dense and porous. At very large
magnification in CH hydrogel there have well marked presence of dense surface and porous surface. Both
dense and porous surface will beneficial for hydrogel dressing finally for wound healing. Dense surface
did not permit the entrance of bacteria in wound area. On the other hand porous surface did allow the cell
migration, nutrition supply, proliferation and help to absorb excess moist and serum exudates from
wound area. Due to presence of porous structure it also helps to influences in degree of swelling.

UV Vis Spectroscopy

The prepared CH Hydrogel were characterized by UV visible spectroscopy. Figure 10 depicts the UV
spectrum of CH hydrogel showed a characteristics absorption band in 260 nm and 295 nm. The
absorption band 260 nm indicates the presence of ceramide in the solution [71, 72] and the absorption
band 295 nm indicates the presence of honey in the solution [73]. Both absorption band slightly different
from previous studies, it might be due to the source variations.

Fourier Transform Infrared Spectroscopy (FTIR) Analysis

In our current research we have investigated FTIR studies to confirm the hydroxyl group present in
hydrogel dressings, because which are reason for the water restoring capability of the hydrogel.

Our prepared hydrogel membrane showed the free hydroxyl groups present in the membrane. In the case
of C, hydrogel dressing, Figure 11a & Table 2, peak at 3394.72 cm-1 indicated the presence of free
hydroxyl groups and peak at 2927.94 cm-1 showed the C-H stretching. The spectra of the dressing
membrane also showed peak at 1649.14 cm-1, 1541.12 cm-1 and 1454.33 cm-1 implying the presence
of amide bond of ceramide between sphingosine and fatty acid. The membrane also showed peak at
1039.63 cm™" refers to CO stretching vibrations of aldehyde group of glutaraldehyde and peak at 852.54
cm™ refers to CH, stretching.
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In case of CH hydrogel dressing, Figure 11 b & Table 3, peak at 3380.66 cm-1 conveyed the presence of
free hydroxyl groups and peak at 2933.77 cm-1 represented the C-H stretching. The hydrogel showed
peak at 1649.14 cm™" 1544.98 cm™" & 1411.88 cm™" implying the presence of amide bond of ceramide
between sphingosine and fatty acid. It also showed peak of fructose and glucose at 1242.16 cm™" and
1336.67 cm™! that represents to the CO stretching in -COH group and C-C stretching in carbohydrates.

In- Vivo Burn Healing Procedure

The treatment was applied for 15 days. The essential process for burn healing is burn edge contraction
that leads to wound closure. The bun wound edge contraction was expressed as increase of healing rate.
So determination of burn wound area was main criteria for observing wound healing progression. Both
C2 and CH hydrogel showed regular burn wound edge contraction during the application of treatment
(Figure 12). The maximum burn diameter contraction was recorded for CH hydrogel. This may be due to
the presence of both honey and ceramide into the hydrogel. Previous studies in mice model showed
honey hydrogel quickened wound repairing process by increasing re-epithelialization and lowering the
inflammatory response [74]. The result of C2 hydrogel was also significant. Presence of ceramide may
play a vital role wound healing. Ceramide loaded in hydrophilic ointment [75] and hydrocolloid dressing
[76] showed rapid wound healing in mice model. Both C2 and CH hydrogel showed optimum result for
wound healing when moisture retention capacity water vapor transmission rates (WVTR) were
investigated. As we an ideal dressing should have good moisture retention capability and WVTR for
wound healing.

Histological analysis

This may be due to the release of ceramide and into the media, (Figure 11), which may regulate and
influence the cell proliferation, differentiations and apoptosis of epidermal cells to the wounded area

[77]. It is known that the ceramides selectively disallow the prolapse of the protein kinase C isoform PKCa
thus affecting cell growth [78]. On the other hand honey increases the healing rate [79, 80] by stimulating
leukocytes to cytokines and growth factors release that activate tissue repair [81] and by stimulating the
keratinocytes transcription of genes for TNF-a, IL-18 and TGF-R. [82]

Conclusion

This is the first study that uses ceramide in combination with honey to produce biomedical hydrogels for
burn wound treatment. Our results clearly indicate the based on the results obtained in the present study,
the use of CH & C, hydrogel is effective for promoting and accelerating burn wound healing. As a future
plan, addition of other antibiotic like Mupriocin with ceramide and honey to boost up the antimicrobial
properties.
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Tables

Table 1: Zone of inhibition of C, CH & H hydrogel dressing’s biomaterials against S. aureus,
E. coli, Candida albicans.

Hydrogel Formula Measurement of Zone of Inhibition
S. aureus E. coli Candida albicans
C, 0.00£0.00 mm | 0.00+0.00 mm | 0.00+0.00 mm
CH 5.10+0.05 mm | 0.00£0.00 mm | 0.00+0.00 mm
H 6.00+0.00 mm | 0.00+0.00 mm | 0.00+0.00 mm
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Table 2: FTIR range of C, Hydrogel

Frequency | Type of Vibration

3094.72 =C-H stretching mode
O-H stretching mode (Carboxylic acid)

2927.94 O-H stretching mode (Carboxylic acid)

1649.14 C=C stretching mode
C=C stretching mode (conjugation of aldehyde with two aromatic rings)
C=0 stretching mode (Amide)

1541.12 C=C stretching (aromatic ring)
N-H Bending in secondary amine

1454.33 N-H Bending in secondary amine

1039.63 C-O stretching mode (Alcohol, ether)

852.54 =C-H Dbending mode

Table 3: FTIR range of CH Hydrogel
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Frequency | Type of Vibration

3380.66 C-H: Stretching Mode
N-H: Stretching Mode
O-H: Stretching Mode (Carboxylic Acid)

2933.73 O-H: Stretching Mode (Carboxylic Acid)

1649.14 C=C: Stretching Mode
C=0: Stretching Mode (Amide & Aldehyde)

1544.98 C=C: Stretching Mode (Aromatic Ring)
N-H: Bending in Secondary Amine
-NOZ2: Asymmetric Stretching Mode (Aliphatic & Aromatic)

1411.88 C-O-H: Bending Mode

1336.67 C-O-H, -NO2: Symmetric Mode
C-F: Stretching Mode

1242.16 C-O-H: Bending Mode
C-O: Stretching (Alcohol, Ether, Carboxylic Acid)
C-F:Stretching Mode

918.12 C-H: Out of plane bending Mode

Table 4: Physicochemical characteristics of C1, C2, CH & H Hydrogel dressing biomaterials.
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Parameter C1 C2 CH H
Hydrogel Hydrogel Hydrogel Hydrogel
WVTR (gm>h?) 97.23 46.56 49.77 23.58
Moisture Retention Capability (%) 33.88 32.69 43.66 47.30
Gel Fraction (%) 167.19 141.29 42.17 39.45
Porosity (%) 55.56 50 32.26 58
Folding Endurance (times) 200 300 200 100
Spreadability (mm) 8 6 4 7
Swelling Blood 1.5 9.50 33.64 55.11 54.85
Equilibrium hrs
(%) 3 hrs | 14.95 54.01 66.21 71.22
PBS 1.5 52.29 62.63 134.85 50.68
hrs
3 hrs | 70.50 66.84 150.88 66.98
5%DA 1.5 98.96 82.75 111.63 106.61
hrs
3hrs |102.08 83.91 133.83 110.13
0.9% NaCl | 1.5 63.93 44.62 51.62 94.44
hrs
3 hrs | 68.47 50.85 78.33 98.26
H,O 1.5 162.79 112.60 103.27 71.08
hrs
3 hrs |208.19 119.93 150.52 75.06
0.9% 1.5 121.17 69.94 134.85 50.68
3hrs | 105 71.40 150.88 66.98
Figures
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Figure 1

Structure of glucosylceramide
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Figure 2

WVTR of Prepared Hydrogel
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Moisture Retention Rate

28.36% 33.88% 32.69% 43.66%

Control C1 Hydrogel C2 Hydrogel CH Hydrogel

s \oisture Retention Rate

H Hydrogel

Figure 3

Moisture retention capability of Prepared Hydrogel
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Figure 4

Moisture retention capability of hydrogel (left: before dry, right: after dry)
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Figure 5

Gel Fraction of Hydrogels
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Porosity

s Porosity
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C2 Hydrogel
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Figure 6

Porosity of Hydrogels
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Swelling Behavior in 5% DA

m Swelling Behavior After 1.5 hrs w Swelling Behavior After 3 hrs

133.83%

110.13%

Control ClHydrogel C2Hydrogel CH Hydrogel H Hydrogel

Swelling Behavior in PBS

m Swelling Behavior After 1.5 hrs = Swelling Behavior After 3 hrs

179.21%

Control ClHydrogel C2Hydrogel CHHydrogel H Hydrogel

Figure 7- a: Swelling Behavior of hydrogel in 5% DA

Figure 7- d: Swelling Behavior of hydrogel in PBS

Swelling Behavior in 0.9% NaCl

m Swelling Behavior After 1.5 hrs = Swelling Behavior After 3 hrs
98.26%

—

Control C1Hydrogel C2Hydrogel CHHydrogel H Hydrogel

Swelling Behavior in H,0

m Swelling Behavior After 1.5 hrs » Swelling Behavior After 3 hrs

Control ClHydrogel C2Hydrogel CHHydrogel H Hydrogel

Figure 7- b: Swelling Behavior of hydrogel in 0.9% NaCl

Figure 7- e: Swelling Behavior of hydrogel in H,O

Swelling Behavior in 0.9% MgCl.
m Swelling Behavior After 1.5 hrs = Swelling Behavior After 3 hrs

12007%  121.17%
107.4 : 92.50%

79.66

Control C1 Hydrogel C2Hydrogel CH Hydrogel H Hydrogel

Figure 7- c: Swelling Behavior of hydrogel in 0.9% MgCl,

Figure 7

Swelling Behavior

Swelling Behavior in Blood

B Swelling Behavior After 1.5 hrs u Swelling Behavior After 3 hrs

71.22%
66.20%, 1 1%
54.85

Control C1Hydrogel C2Hydrogel CHHydrogel H Hydrogel

Figure 7- f: Swelling Behavior of hydrogel in Blood
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Figure 8

Antimicrobial activity of hydrogel against S. aureus, E. coli and Candida albicans

Figure 9

SEM of Control (Lower) and CH hydrogel (Upper)
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Figure 10: UV Spectroscopy of CH hydrogel

Figure 10

UV Spectroscopy of CH hydrogel
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Figure 11a: FTIR of CH hydrogel (Upper), Figure 11b: FTIR of C2 Hydrogel (Lower)

Figure 11

a: FTIR of CH hydrogel (Upper), b: FTIR of C2 Hydrogel (Lower)

Page 28/31



CHHydrogel

C. Hydrogel

Figure 12

Wound healing in Mice model

Figure 12: Wound healing in Mice model
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a
Figure 13 a: image of a control after (no treatment) 18 days, there are presence of edm
(edemal), fn (fibrincid necrosis) and exd (serum exudates)

Figure 13 b: image of a 0.5CH treated skin, where already formed k (keratinized layer), e

{epidermi layer), p (dermal papillae), sg (sebacecus gland), f (hair follicles), s (sweat gland), a

{arrector pili muscle) and at (adipose tissue)

Figure 13: Prepared hydrogel dressings

Figure 13

a: image of a control after (no treatment) 18 days, there are presence of edm (edema), fn (fibrinoid
necrosis) and exd (serum exudates) b: image of a 0.5CH treated skin, where already formed k (keratinized
layer), e (epidermi layer), p (dermal papillae), sg (sebaceous gland), f (hair follicles), s (sweat gland), a
(arrector pili muscle) and at (adipose tissue) (Right)Prepared hydrogel dressings

During adding "
Hosd Emergedinblood

Figure 14: Swelling behavior test in blood

Figure 14: Preparing mice for in vive wound healing experiment

Figure 14

Swelling behavior test in blood (Right) Preparing mice for in vivo wound healing experiment
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Figure 15: Graphical Abstract

Figure 15

Graphical Abstract
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