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Innovative bioactive hydrogel dressings based on Psyllium (Pys) and Carbopol (Carp)
supported with Frankincense essential oil (FO) were fabricated using y- irradiation
facility for crosslinking and sterilization. (Psy-Carp)/FO dressing’s characteristics,
hemolytic potential, antioxidant efficiency, antimicrobial activity as well as their
morphological features were evaluated. Wound healing efficacy was evaluated using a rat
model. The results revealed that the gelation degrees increased by the increase of (Psy)
concentration, Carbopol content, and irradiation dose. The incorporation of FO oil up to
5% improves the swelling ability as well as the dressing porosity as shown by SEM
images. The incorporation of FO oil enhances the Water Vapor Transmission Rate
(WVTR), increases the antioxidant activity. Antimicrobial activity and microbial barrier
potency of (Psy-Carp)/FO dressing was tested against Staphylococcus aureus (S. aureus),
Escherichia coli (E. coli), and Candida albicans (C. albicans) and the results showed that
it was able to attenuate microbial growth of all the tested strains after 18 h. by two log
cycle and a high rate of microbial killing. A significant increase of protein release,
decrease in Exopolysaccharides (EPS) content and decrease of membrane surface
potential were noticed indicating alternation of cell membrane permeability leading to
cell death. In vivo wound healing evaluation using rat model confirms that the tested
dressings induce faster wound healing with improvement biochemical parameters
compared with that of FO free (Psy-Carp) hydrogel. Based on the above-mentioned
results, it can be concluded that (Psy-Carp)/FO hydrogel dressings demonstrate a
promising potential as wound care candidates.

1. INTRODUCTION

Growing awareness for the essential aspect of
wound care or any trauma helped in the development of
newer strategies and approaches for innovative dressing
materials with therapeutic support to enhance the
quality of human life[1]. Wounded skin may cause
severe health problems to the human body such as
loose thermal insulation, body fluid, electrolytes, and
nutritional components [2]. Wounds are classified
according to the involved damaged skin layers into (a)
superficial wounds in which only the epidermal layer is
damaged, (b) partial-thickness wounds in which the
damaged skin layers involved epidermal and deeper
layers, including blood vessels, hair follicles, and sweat
glands;(c) whereas wounds in which skin to the depth

of subcutaneous tissues is damaged are referred to as
full-thickness wounds[3]. According to the nature of
the repair process wounds are referred to be acute when
complete healing of wounds occurs within twelve
weeks with minimal scare formation[4]; whereas
wounds require a longer time for complete healing are
referred to chronic[5]. Wound healing is an intricate
overlapping series of well-orchestrated biological and
molecular processes starting with inflammation,
granulation, wound contraction, collagen deposition,
and epithelialization and remodeling [6, 7]. The
successful completion of such a healing process grantee
the regeneration of the distorted wounded tissues and
maintain its integrity and functional state.
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Accordingly, the choice of an ideal wound dressing
is a pivotal requirement for the contribution in the
speed-up of wound healing and promotes tissue
regeneration as well as prevention of microbial
infection and reduces pain.

Hydrogel-based  dressings provide promising
materials with new properties and treatment options
that can emerge as prime candidates for wound
management and repair[8]. Due to their hydrophilic
nature and soft tissue-like properties hydrogels can be
easily tailored to mimic the structure, physicochemical
properties, and functions of the native extracellular
matrix (ECM) of the skin[9]. They fulfill the essential
requirements for an ideal wound dressing, including (a)
cooling and soothing effect on the wounded area due to
their high water content, (b) non-adhesive property that
facilitates the change of the dressing without causing
pain and discomfort to the patient, (c) keeping the
wound moist while absorbing extensive exudate, (d)
tunable mechanical properties of hydrogels provide
them with suitable elasticity and flexibility to adapt to
wounds location (e) hydrogels are non-toxic, non-
antigenic, biocompatible and biodegradable, (f) even at
their swollen state, the tight mesh size of hydrogels
prevents microbial invasion while still allowing for an
efficient transport of bioactive molecules such as
antimicrobial and pharmaceuticals agents, (g) hydrogel
permeability enables undisturbed exchange of gaseous
(CO2, 02 and H20) allowing tissue to breathe, (h)
facilitate  scar-free  healing along  with  re-
epithelialization[10, 11].

Recently, psyllium seed husk arises amongst the
promising natural polymers that have been used
extensively in various biomedical applications due to its
remarkable gelling potential. Psyllium is a complex
polysaccharide obtained from herbaceous Plantago
ovate. It is hydrophilic mucilage of arabinoxylan
complex comprises of highly branched and densely
substituted b-(1/4) linked xylopyranose (50-54%)
backbones, attached with single arabinofuranose (17—
20%) or xylopyranose, or short chains of these at 2 and 3
positions. There are also additional residues, such as
rhamnose (3-5%), and galacturonic acid (5-8%) in these
side chains[12, 13]. Psyllium has been used as a food
thickener, anti-diarrheal agent, in the therapy for Crohn's
disease and irritable bowel syndrome, and wound
dressing’s fabrication [14].

Carbopol is a commercially available cross-linked
poly (acrylic acid) polymer. It is a non-irritant, non-
toxic, and highly hydrophilic synthetic polymer that has
been used in the development of drug delivery systems
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due to its high water affinity, fast swelling, high swelling
ratio, and good biocompatibility. In the wound healing
formulations, Carbopol hydrogels loaded with bioactive
substances offer a moist environment within the wound
site and therefore accelerate the healing process and
improve the tissue quality of wounds[15, 16].

Nowadays, the functionalization of wound dressing
hydrogels by the incorporation of bioactive moieties
such as therapeutic agents and essential oils has been
emerged as an innovative approach to increase the
effectiveness of wound dressings, prevent microbial
infection, control inflammation and stimulation of tissue
regeneration and as result improving patient’s
compliance and comfort[17, 18].

Frankincense oil (FO) is an essential oil extracted
from the resinous dried sap harvested from Boswellia
sacra trees of the genus Boswellia native to Arabian
Peninsulam(Oman, Yemen) and northeastern
(Somalia)[19]. FO has been used for thousands of years
as part of the practice of aromatherapy due to their
therapeutic and healing properties. Traditionally, it has
been used for its anti-inflammatory property, relieve
chronic stress and anxiety, reducing pain, and boosting
immunity. Recently, it gains a promising popular
reputation for promoting skin health[20].

Even though the antimicrobial mechanism action of
EOs is not completely understood, it is believed that
such antimicrobial activity is due to their hydrophobicity
as well as their phenolic compounds constituents, such
as monoterpenes, flavonoids, and phenolic acids[21].
The hydrophobic nature of EOs facilitates the interaction
with the cell membrane phospholipids of bacterial cells,
resulting in increased permeability and the leakage of the
inner cell components as well as affecting potassium ion
reflux, and eventually leading to cell death[22]. Also, the
phenolic compounds may cause a severe disturbance for
the cytoplasmic membrane functions by disrupting the
active transport of nutrients through the cell membrane
and coagulation of bacteria cell contents[23].

Compared to other synthesis facilities, the ionizing
radiation method is an excellent tool in the fabrication of
materials used for biomedical applications. It is an eco-
friendly additive-free process that combines synthesis
and sterilization of the polymeric materials in a single
technological step; thus reducing the cost and production
time.

In this regard, gamma rays ionizing radiation were
used to develop an innovative bioactive hydrogel
dressings composed of psyllium husk (Pys) and
Carbopol (Carp) enhanced with Frankincense essential
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oil to increase their utmost wound healing potential and
provide them with antimicrobial and antioxidant
properties.

2. Materials and methods
2.1. Materials

e Psyllium (Psy) was purchased from Sidpur Sat
Isabgol factory (Gujrat, India). Carbopol 940
(Carp) was received from (Loba Chemie Pvit.
Ltd., Mumbai-India). Frankincense essential oil
was purchased from Ayurveda for Healthy
Foods, Nasr City-Cairo, Egypt. All chemicals
were used as received without further
purification.

e Male Swiss albino rats (50-60 days old) weighing
(100 + 20 gm.) were obtained from the animal house
of the National Center of Radiation Research and
Technology (NCRRT), Cairo, Egypt. The animals
were housed under standard laboratory conditions.
Animals were maintained on a high protein
commercial diet and water ad libitum and they were
maintained for one week before starting the
experiment as an acclimatization period.

e Ethics Statement

The study was conducted following international
guidelines for animal experiments and approved by the
Ethical Committee at the National Center for Radiation
Research and Technology (NCRRT), Atomic Energy
Authority, Cairo, Egypt.

2.2. Methods

2.2.1. Preparation of (Psy-Carp)/FO Hydrogel
Dressings

(Psy-Carp)/FO hydrogel dressings were obtained by
radiation-induced copolymerization using ®Co y-
irradiation. Trials have been made to specify the
appropriate  preparation conditions for FO-loaded
hydrogel dressings. At first, series of different
concentrations of (Psy) has been mixed will with
different percentages of (Carp) (10:50%) from the initial
weight of (Psy) and subjected to different radiation
doses.

Frankincense essential oil was previously mixed
with Tween 80 as an emulsifier (0.250 g/g of essential
oil) to improve its solubility ensuring a uniform and
stable distribution in the (Psy-Carp) feed solution. To the
selected (Psy-Carp) optimum composition; (according to
gel content and swelling studies), different
concentrations of FO (1, 3, 5, 7, and 10%) based on

(Psy) initial concentration were added dropwise into
(Psy-Carp) mixture under magnetic stirring. The
homogeneous paste-like mixtures have been cast onto
glass molds then irradiated at doses 15, 20, and 25 kGy.
Finally, dressings were stored at the refrigerator for
further analysis.

2.2.2. Preparation of Pseudo Extracellular Fluid
(PECF)

PECF, which simulates the wound fluids, was
prepared by dissolving 0.68g of sodium chloride
(NaCl), 0.22 g of potassium chloride (KCI), 2.5g of
sodium bicarbonate (NaHCO3), and 0.35g of sodium
dihydrogen phosphate (NaH2POs) in 100 mL of
distilled water. The pH of PECF was adjusted to 8 +
0.2[24].

2.2.3. Gelation Degree

Pre-weighed (Psy-Carp)/FO hydrogel dressing
samples were immersed in distilled water at 50°C for
24 h to remove the sol fraction. After that, the samples
were dried in air to constant weight. The gel fraction
was calculated using the following equation:

Gelation Degree (%) = % x 100

Where G;j is the initial weight of the sample and Gy is
the weight of dried gel after extraction

2.2.4. Fluid absorption capacity

Imitating for an exuding open wound, pre-weighed
(Psy-Carp)/FO hydrogel dressings were allowed to
swell on sponge saturated with different fluids (distilled
water, physiological saline solution and pseudo
extracellular fluid (PECF), respectively) up to
equilibrium swelling at 37 °C, thereafter the discs were
taken out and gently pressed in-between two filter
papers to remove excess water and finally weighed.
The swelling degree (%) was determined using the
following equation:

s Wi

Swelling degree (%) = x 100

1
Where Ws and Wi are the weights of the swollen and
the dried samples, respectively. The experiments were
repeated three times, and the results were reported as
average values

2.2.5. Water Vapor Transmission Rate (WVTR)

Typically, (Psy-Carp)/FO hydrogel dressings were
placed on the mouth of a cylindrical plastic cup
containing 5 g CaCl; and sealed across the edges. The
sets were kept at 37 “C in desiccators containing 500
mL saturated solution of NaCl (75% relative humidity)
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and weighed at different time points. The weight loss
versus time plot is then constructed and the WVTR in
(9/m2h) is calculated by dividing the slope of the curve
by the tested dressing area (A) using the following
equation:

Slope

WVTR = ——
dressing area

2.2.6. Scanning Electron Microscopy (SEM)

The morphological features of the prepared (Psy-
Carp)/[FO hydrogel dressings were observed by
scanning electron microscope (model JSM-5400 JEOL,
Japan) at a voltage of 30 kV. Samples were allowed to
swell till equilibrium, freeze-dried, and then the
surfaces were coated with a thin gold layer to reduce
charging.

2.2.7. Antioxidant activity (DPPH Radical Scavenging
Assay)

The antioxidant efficiency of (Psy-Carp)/FO
hydrogel dressings were evaluated by measuring their
capacity to scavenge the stable 1, 1-diphenyl-2-
picrylhydrazyl (DPPH) free radical as described by
(Singh et al., 2015) with minor modification[25]. A
definite amount of each dressing sample was cut into
small pieces and incubated with a methanolic solution
of DPPH (2mM) for 45 min in dark at room
temperature then after the absorbance was measured at
517 nm using a UV-Visible spectrophotometer (UV-
Analytic Jena AG specord 210 plus). The control was
conducted in the same manner, except that distilled
water was used instead of the sample. The DPPH
radical scavenging activity was calculated as follows:

: Ag — Ay
DPPH scavenging % = B x 100

B
where Ag is the absorption of the blank (methanolic
DPPH solution) and An is the absorption of the
dressing (dressing sample in methanolic DPPH
solution). Lower absorbance of the reaction mixture
indicated a higher DPPH radical-scavenging activity.
The test was carried out in triplicate.

2.2.8. Hemolytic potential

The hemolytic potency of (Psy-Carp)/FO hydrogel
dressings were evaluated by studying their hemolytic
potential according to the method described by Tomié
et al [26]. In brief, dressing samples were equilibrated
in 5ml saline water (0.9% w/v NaCl) at 37 °C for 2 h
then 0.25 mL human ACD (acid citrate dextrose) blood
has been added. After 20 minutes, 2.0 mL of saline
water was added into the specimens to stop hemolysis
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and the samples were incubated for 1h at 37 °C.
Positive or negative controls, which did not contain
dressing, were performed using 0.1 mL of human ACD
blood diluted with 2.0 mL of distilled water (100%
hemolysis) and 0.9%saline solution (0% hemolysis),
respectively. Subsequently, the absorbance of the
supernatant in each tube was determined at 545nm
using a UV-Analytic Jena AG specord 210 plus,
Germany, and the hemolysis (%) was calculated from
the following equation:

A sample—A(-ve)control

Hemolysis(%) = X100

A(+ve)control-A(-ve)control

Where A is the sample absorbance. The experiment
was performed in triplicate Haemolysis value of 5% or
less was considered acceptable.

2.3. Antimicrobial Activity Evaluation

All the next experiments were done using irradiated
(Psy-Carp)/FO hydrogel dressings at 15 kGy.

2.3.1. Preparation of Microbial Cultures

Staphylococcus aureus (S. aureus), Escherichia coli
(E. coli), and Candida albicans (C. albicans) as
representatives of (Gram-positive), (Gram-negative)
bacteria and fungi, respectively; were previously isolated
and characterized at Microbiology Department, NCRRT.
They were selected as test cells because they are the
most frequent microbes in the wound infection. Cultures
were grown on nutrient agar (NA) plates for S. aureus
and E. coli and Sabouraud-Dextrose agar (SDA) for
Candida albicans and maintained in the agar slants at
4°C.

2.3.2. Total plate count (quantitative assay)

Antimicrobial activity of the irradiated (Psy-
carp)/FO hydrogel dressings was carried out according
to the AATCC Test Method [27]. The evaluated (Psy-
carp)/FO  hydrogel dressing disc in different
concentrations of oils was placed in a sterile screw-
capped tube; 100 ul of 108 CFU ml?* from the different
tested microbial strains was loaded on it with even
distribution of the inocula. After 18h, 900 pl of sterile
saline solution was added and mixed by shaking for 1
min. After that, 10-fold dilutions in sterile saline water
were made. From each dilution, 100 pl was surface
inoculated on NA plates. Then, the plates were incubated
at 35 °C for 18 h. Colonies were counted and log count
was calculated.
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2.3.3. Time- kill assay

The Killing assay was performed according to Tyagi
et al., 2015. Microbial cells were grown in Tryptone
Glucose Yeast Extract (TGY) broth medium. Using a
spectrophotometer, the optical density (OD 600nm) of
cells was adjusted to 0.5 (~108 CFUmI) in 10 mM PBS
buffer (pH 7.4). A final inoculum was incubated with
(Psy-Carp)/FO hydrogel dressings (including 10 % oil
concentration) at the chosen time points (2, 4, 6 and
24h), after that, 10-fold dilutions in sterile saline were
made. From each dilution, 100 pl was surface inoculated
on NA plates. Then, the plates were incubated at 35 °C
for 18h. Colonies were counted and the log count was
calculated[28].

2.3.4. Determination of protein release

Each microbial suspension (control and treated with
(Psy-Carp)/10%FO hydrogel dressings at different
incubation time was centrifuged at 6000 rpm for 10 min
at 10 °C; the supernatant was used to detect the protein
content[29]. A standard method using bovine serum
albumin (BSA as standard) was used for calculating the
amount of protein released from the microbial cells
before and after the treatment with the evaluated (Psy-
carp)/FO hydrogel dressing.

2.3.5. Exopolysaccharides (EPS) assay

Microbial suspensions were centrifuged at 5000
rpm for 15 min, the supernatant was removed and 95%
ethanol was added to the cells and incubated at 4 °C
overnight to release surface-bound exopolysaccharides
[30]. While soluble EPS was determined in the culture
supernatant directly using the phenol-sulfuric method
[31]. Absorbance was measured at 490 nm, glucose was
used as standard.

2.3.6. Microbial Surface Charge — Zeta Potential
Measurement

After the treatment with the (Psy-Carp)/FO
hydrogel dressings, the surface charge of the microbial
cells understudy was measured using a Nano Zeta
Potential/Particle Sizer NICOMPTM 380 ZLS PSS
(Nicomp Particle Sizing System, Santa Barbara,
California, USA). Briefly, 100 pl of the microbial
culture was freshly inoculated in 5 ml of Muller-Hinton
broth (MHB) and incubated at 35°C for 360 min, where
the final microbial concentration of =1.1 x 10° CFU ml !
was reached (0.4 at ODsg). The microbial suspensions
were then centrifuged at 10,000 rpm (20 min), the
supernatant was discarded and the cell pellets were
washed five times with 0.5 mM potassium phosphate
buffer solution (pH 7.4). The microbial cell suspension
was prepared by re-suspending the cell pellet in the used

buffer. The ODsgo Of the final dispersion varied between
0.12 and 0.15; then the washed microbial cell suspension
was incubated with (Psy-Carp)/FO hydrogel dressings
and incubated for 1 h at room temperature before zeta
potential measurements. For the positive control, the
washed microbial cell pellets were incubated at the same
conditions without any treatment[32]. The experiment
was repeated in triplicate.

2.3.7. Microbial penetration test

The efficiency of the (Psy-Carp)/FO hydrogel
dressings to prevent microbial penetration was
evaluated as follows; a suspension (20 ul) of S. aureus,
E. coli and C. albicans in saline phosphate buffer pH 7.4
was dropped on the center of the upper surface of (Psy-
Carp)/FO hydrogel dressings already placed on sterile
nutrient agar plates that previously incubated for 24 h at
35 °C. The suspension was carefully dropped on the
dressing pieces to avoid contamination of the nutrient
agar culture medium. The agar plates were then
incubated for 18 h at 35 °C and the microbial growth on
the upper surface of the dressing was visually inspected
for a week. The penetration of the microbes that pass
through the dressing was evidenced by colonies that
grew on the agar underneath the dressing piece.

2.4. In vivo wound healing studies

Wound healing efficacy of the prepared (Psy-
Carp)/FO hydrogel dressings with different (FO) oil
contents were evaluated using a rat model. In this
study, Swiss male rats were anesthetized using urethin.
The skin was prepared by shaving a specific surgical
area from the back of each animal using an electric
clipper. The shaved area was washed with 70% ethyl
alcohol. A full-thickness skin wound (approximately 1
x1 cm) was created on their backs using a scissor at sites
parallel and equidistant from the vertebral column. The
dimensions of the wound were measured using a caliper.
Rats were divided equally into 8 groups (n=6): group 1
(untreated wound) rats were covered without any
dressing, group 2: wounded rats treated with dressing
without oil. In the Groups from 3 to 7, rats wound was
covered with dressing contain 1, 3, 5, 7and 10% (FO)
oil, respectively. Healing wound area was measured
using a caliper and presented a decrease of the wound
area as compared with untreated rats. New dressings
were applied daily to the wound sites after cleaning with
a normal saline solution. The rate of wound closure was
determined using the following Eq.:

Ao X 100
Ao X

Where A,=wound area at day 0, Ax =wound area at a
specific time of the experiment.
Arab J. Nucl. Sci. Appl., Vol. 54, 2, (2021)
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At the end of the experiment, the rats were
sacrificed. The wound site of skin tissue was excised and
one portion was used for the histopathological
examination. The rest of the tissue was homogenized in
0.25 M ice-cold isotonic sucrose to be used for the
estimation of the assessed parameters.

2.4.1. Biochemical parameters

Biochemical parameters for inflammation and
matrix formation were analyzed in skin tissue
homogenates. Interleukin -6 (IL-6) was analyzed by
ELIZA, based on sandwich enzyme-linked immune-
sorbent assay technology using Rat IL-6 ELISA Kit,
MyBiosource.com. Rat Matrix Metalloproteinase 9
(MMP-9) was analyzed by ELISA kit applies the
competitive enzyme immunoassay technique utilizing a
monoclonal anti-MMP-9 antibody and an MMP-9-HRP
conjugate, MyBiosource.com. Rat Nuclear Factor «B
(NF «B) Elisa kit (Competitive ELISA), applies the
competitive enzyme immunoassay technique utilizing a
polyclonal anti-NFkB antibody and an NFxB-HRP
conjugate, MyBiosource.com.

2.4.2. Histopathological examination

Excised wound sites were fixed in 10% neutral
buffer formalin and processed routinely dehydrated
ascending alcohol series, cleared in xylol, embedded in
paraffin wax, and cut into 4 pum thickness, dewaxed,
rehydrated, and stained with hematoxylin and eosin.
Samples were examined using a light microscope and
photographed at 40x magnification.

2.5. Statistical analysis.

All mean values are reported as the mean *
standard deviation (SD). Data were analyzed using a
one-way analysis of variance (ANOVA). The level of
significance between mean values was set at p < 0.05
and p < 0.01 (significant and highly significant,
respectively). All statistical analyses were performed
using SPSS software (version 20.0).

3. RESULTS AND DISCUSSION
3.1. Gelation degree

The constancy of the hydrogels against
dissolution in hot water is known as a gelation degree.
The integrality of the developed network upon
irradiation depends on the extent of its crosslinking
density which is in direct relation with its
constituent’s nature, feed solution concentration, and
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composition as well as the preparation irradiation
dose. The irradiation of (Psy-Carp) pasty mixture
resulted in the simultaneous degradation of (Psy) as a
naturally degradable polysaccharide, crosslinking of
(Carp) as crosslinking synthetic polymer accompanied
by graft copolymerization of the degradable (Psy)
fragments on the cross-linkable (Carp) chains which
results in the formation of an insoluble polymeric
network (gel). Figure (1-a) illustrates the dependence
of the gelation degree of the obtained (Psy-Carp)
hydrogel dressings on the initial (Psy) concentration
and the preparation irradiation dose. As can be seen,
the gelation degrees ranged between 30 and 95% that
increases by increasing the (Psy) concentration as well
as the preparation irradiation dose. As the feed
solution concentration increases, the chains of these
polymers become dense and close enough for the
recombination of the chain derived radicals.
Additionally, the generated free radicals on both (Psy)
and (Carp) increase as the irradiation dose increases
consequently the crosslinking density of the
developed three-dimensional network increases and
the gelation degree as well.

Although the irradiation of (Psy-Carp) pasty
constituents at a dose of 20kGy slightly improves the
gelation degree of the obtained dressings than that
obtained atl5 kGy, the choice of irradiation dose
15kGy seems economically appropriate for the
formation of sufficient gel fraction.

100

60 |

Gelation degree (%)

20

0 1 1 1 1 1

0 2 4 6 8 10 12

Total Psy conentration (wt%)

Fig. (1-a): Dependence of the gelation degree of (Psy-carp)
hydrogel dressings on the initial (Psy) feed solution
concentration and preparation irradiation dose
(kGy): (e) 10,(V¥)15 and (m)20; Carbopol content
(50%).
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3.1.1. Influence of Carbopol content

The dependence of the gelation degree of the
(Psy-Carp) dressing hydrogels on their (Carp) content
was illustrated in Figure (1-b). As is clear, the gelation
degree of the developed dressing hydrogels increases
by the increase of the (Carp) content to reach a
maximum value of 88% and 96% for 3 and 5% (Pys)
total feed solution concentration wused during
preparation, respectively. The high crosslinking
tendency of (Carp) results in a well-developed 3D
network structure with high gelation degree as well
which makes them considerably safe to be used as
wound dressing material. Accordingly, the hydrogel
formulation consisting of 5% (Psy) and (50wt %)
(Carp), from the initial (Psy) concentration, was
chosen for the preparation of (Psy-Carp) hydrogel
dressings supported FO essential oil.

Iy

Gelation degree (%6)

Carbopol content (wt%)

Fig. (1-b): Dependence of the gelation degree of (Psy-carp)
hydrogel dressings on their carbopol content
(Wt%): ()3 and (V)5 : (Psy) concentration (3
and 5)wt%, irradiation dose 15 kGy. Results
represent the mean of three replicates

3.2. Fluid absorption capacity

The capability of the dressing materials to absorb
wound exudates is the most significant and important
prerequisites needed for ideal wound dressing.
Insufficient or uncontrolled exudates absorption
would results in maceration or drying out of the
wound surface. The extent of the swelling degree
determines the absorption capacity of wound dressing
materials. The swelling behavior of (Psy-Carp)
dressings incorporated different amount of FO

essential oil was evaluated in water (as blood plasma
contains about 90-92% of water), physiological saline
solution 0.9% NaCl (as its osmotic pressure is
approximately equal to that of human tissue fluid) and
simulated wound fluid (PECF) gravimetrically using
on sponge swelling method to simulate an exuding
wound and the obtained results were represented in
Figure (2). Generally, it can be noticed that; the
prepared dressings possess high swelling properties
and the degree of swelling in water >PECF> NaCl.
The incorporation of FO oil up to 5% slightly enhance
the swelling tendency of the (Psy-Carp) dressings,
whereas any further increase in the FO oil content
results in slight decrease in the swelling degree if
compared with FO-free (Psy-Carp) hydrogel. The
enhanced swelling degree of the FO loaded dressings
up to 5% results in the increase in the porous structure
with the addition of FO oil into the (Psy-Carp)
dressing matrices which may be due to the leaching of
oil droplets. Whereas due to hydrophobic nature of
FO ail, increased oil content results in the acquisition
of the (Psy-Carp) dressing hydrophobic properties.
Since the swelling tendency of the hydrogel dressing
is  governed by the nature of the
hydrophilic/hydrophobic balance of the dressing
constituents, such decrement in swelling degree
accompanied by the increase in FO oil content can be
explained by the increasing crosslinking interactions
between the dressing constituents and the hydrophobic
FO moieties[18, 33]. Of equal importance, the ionic
strength of the swelling medium is another controlling
parameter that governed the swelling degree. The
sensitivity of the (Psy-Carp) dressing hydrogel may be
attributed to the presence of the carboxyl (-COOH)
groups along (Carp) moieties. Swelling in salt
solutions or solutions of high ionic strength would
result in electrostatic shielding of the ionic groups
responsible for the expansion of the gel network with
an easy penetration of water molecules. The increase
of the swelling solution ionic strength will oppose the
water diffusion into the hydrogel network results in
lower swelling capability[34]. Despite the higher ionic
strength of the PECF, its pH value (7.4) enables it to
overcome such an obstacle. As soon as the pH of the
swelling medium exceeds the pKa value (4.2) needed
for the dissociation of -(COOH) groups, the repulsion
between the formed carboxylate -(COO ) groups
along the carbopol chains result in network expansion.
So, the swelling degree of (Psy-Carp)/FO dressings in
PECEF is higher than that obtained in NaCl solution.

Arab J. Nucl. Sci. Appl., Vol. 54, 2, (2021)
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Fig. (2): Swelling behavior of (Psy-carp)/FO dressing
hydrogels of different FO oil content in (=) distilled
water, (*) PECF, and (=) 0.9 wt% NaCl. Results
represent the mean of three replicates

3.3. Scanning electron microscopy

The spongy porous features of the hydrogel
dressing matrices offer a unique environment for the
successful healing process. Such important criteria
will enhance the dressing absorption performance
consequently prohibit exudates escalation and
maceration securing better tissue re-epithelization[35].
Figure3 (a:d) shows the SEM images of the (Psy-
Carp)/FO dressing hydrogels of different FO oil
content in comparison with their FO oil-free parent
hydrogel. As it is obvious, all the investigated
dressings have a well-constructed three-dimensional
(3D) interconnected porous foliate network structure.
The incorporation of FO oil up to 5% improves such a
porous feature whereas, any further increase of the
(FO) oil denser foliate network appearance with
smaller pore size.

3.4. Water vapor transmission rate (WVTR)

The rate of water vapor transmission across the
dressing surface (WVTR) is one of the most crucial
parameters affecting the wound healing process.
Dressing materials with excessive (WVTR) result in
faster drying with the possibility of dressing attachment
to the wounded skin results in eschar formation. On the
contrary, dressings with low (WVTR) values leading to
exudate retention, maceration of the healthy tissue
surrounding the wound and opens up the risk of bacterial
growth consequently retard the healing inducing patient
pain. The WVTR of (Psy-Carp) hydrogel dressings
incorporated different amounts of (FO) essential oil
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compared to the oil-free dressing was illustrated in Table
(1). Generally, as can be seen, the incorporation of (FO)
oil enhances the WVTR of the (Psy-Carp) hydrogels.
WVTR of the oil-free (Psy-Carp) hydrogel dressing was
found to be 433.2 (g/(m? h) that increased by the
incorporation of 1, 3and 5% (FO) within the hydrogel
matrices to be 462.1, 543.7 and 570.5 (g/(m? h),
respectively and this may be due to the additional
formation of a porous structure with the incorporation of
(FO) oil into the (Psy-Carp) hydrogel matrices as
supported by SEM data.

Table (1): WVTR of (Psy-Carp)/FO dressing hydrogels
with different FO oil content.

Oil content WVTR
(%) (g/(m? h))
0 433.2
1 462.1
3 570.5
5 543.7
7 471.3
10 456.2

3.5. Antioxidant activity evaluation (DPPH assay)

During the healing process, the oxidative stress
results from the accumulation of the generated free
radicals at the wound site results in DNA breakage,
protein inactivation, etc. The antioxidant ability of the
essential oils may help in the scavenging excess free
radicals which is one of the most substantial
requirements for successful wound healing[36]. DPPH
assay was used to evaluate the antioxidant activity of the
(Psy-Carp) hydrogel dressings incorporated different
concentations of (FO) essential oil compared to un-
irradiated (FO) oil sample and the obtained results were
represented in Table (2). The results indicated that there
is a marked increase in the DPPH scavenging activity for
the evaluated (Psy-Carp)/FO hydrogel dressings
prepared at 15 kGy compared to that of the un-irradiated
free FO oil sample. These findings come in good
agreement with similar studies reported by Zantar et al.
(2015) and Ademo et al. (2004) in which they attributed
the increase in the antioxidant activity after irradiation to
the degradation of molecules to other phenolic molecules
or because of the changes in the conformation of
molecules that contribute in antioxidant activity[37, 38].
The appropriate antioxidant efficiency of the (Psy-
Carp)/FO hydrogel dressings can prevent oxidative
damage which facilitates tissue repair and healing in
chronic wounds which make them a promising candidate
in the wound healing process.
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Table (2): Free radical scavenging activities (%) of (Psy-
carp)/FO dressing hydrogels with different FO
oil content (%0).

oil E:%tent DPPH scavenging (%0)

Free 0|Isgmpllgad|ated 70.9
0 oil 16.9

1 73.4

3 75.5

5 77.8

7 79.8

10 82.8

3.6. Hemolytic potential

Following the Council of Europe guidelines [39]
and the US FDA guidelines[40], dressing materials were
classified into hemolytic (hemolysis over 5%), slightly
hemolytic (hemolysis between 2% and 5%) and non-
hemolytic (below 2%). The blood compatibility of the
(Psy-Carp)/FO hydrogel dressings were evaluated
spectrophotometrically by measuring the amount of the
released hemoglobin after the incubation with the
dressing samples. The hemolytic index (%) data
represented in Table(3) was less than 2% which indicates
no significant haemolytic behavior ensuring good blood

compatibility and safely usage for all the dressing
samples.
Table (3): Hemolytic index for (Psy-carp)/FO hydrogel
dressings with different FO oil content.

FO oil content (wt%) Hemolytic index (%0)

0 0.51
1 0.47
3 0.46
5 0.49
7 0.53
10 0.65
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Fig. (3): SEM micrograph of (Psy-carp)/FO dressing hydrogels of different FO oil content: (a) 0%, (b) 1%, (c) 5% and (d) 10%.
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3.7. Assessment of the antimicrobial activity

3.7.1 Total plate count

Figure (4) demonstrates the antimicrobial activity
of (Psy-Carp)/FO hydrogel dressings containing
different concentrations of (FO) essential oil against
Staphylococcus aureus (S. aureus), Escherichia coli (E.
coli) and Candida albicans (C.albicans) as
representatives of (Gram-positive), (Gram-negative)
bacteria and fungi, respectively assessed by calculating
the log change in the viable count compared with the oil-
free (Psy-Carp) dressing.

S. aureus

C. albicans

Fig. (4): Viable count of S.aureus, E.coli and Candida

albicans incubated with (Psy-Carp)/FO hydrogel
dressings of different FO oil content (wt%o)

As is clear, for all the tested strains incubated
with the control and oil-free (Psy-Carp) dressing, the
number of survivors of the applied strains increased
during the 18h contact time. On the other hand, the
tested strains incubated with (Psy-Carp)/FO dressings
suffered an increasing shortage in the log number of
survivors by 2 log cycles for all the tested strains at the
end of contact time.

Arab J. Nucl. Sci. Appl., Vol. 54, 2, (2021)
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The efficient antimicrobial activity of the (Psy-
Carp)/FO hydrogel dressings may be attributed to the
oil's  chemical constituents which are mainly
monoterpenes and sesquiterpenes, such as alpha-pinene,
Limonene, alpha-Thujene, and beta-Pinene with small
amounts of diterpenoid components being the upper
limit in terms of molecular weight[41-43]. Some
researchers have reported that monoterpene or
sesquiterpene hydrocarbons and their oxygenated
derivatives, which are the major components of essential
oils, exhibit potential antimicrobial activities[44]. These
findings strongly supported the results of this study as
(FO) essential was also found to contain these
components, which confirmed its efficacy as a natural
antimicrobial agent.

3.7.2. Time killing assay

The antibacterial activity of (Psy-carp) hydrogel
dressing with 10% (FO) oil against the tested microbial
strains was examined by time- Killing assay. All
suspensions from the tested strains were incubated with
(Psy-carp) hydrogel dressing with 10% (FO) oil and then
the change in the number of viable cells was measured
over time and represented in Figure (5). As can be seen,
there was a significant reduction in the number of viable
cells during the first two hours for all the tested strains.
The high rate of microbial killing observed in the current
study suggests that the (Psy-carp)/FO hydrogel dressings
have highly potent antimicrobial activity that may have
potential medical applications.

10

N S. aurcus
Bl E. coli
8 B Cand. alb

6

log count (CFU/ml)

[
1

I'ime (h)

Fig. (5): Time-dependent viable cell count for (w) S.aureus ()
E.coli and (=) Candida albicans incubated with (Psy-
Carp)/10% FO hydrogel dressing

3.7.3. Protein content determination

Further investigations were carried out to explore
the possible mechanism of action of the compound
containing essential oil on microbial cells. The release of
proteins from the microbial cells is considered as an
indication of the reduction in their cell membrane
integrity. Cell content release was determined from
measurements of the increase in absorbance at 600nm as
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it is illustrated in Table (4). The results revealed that
there was a slight increase in the protein content with the
control group, which can be attributed to the death of
some of the bacteria in their normal life cycle since this
causes protein release. While there was a significant
increase in the protein content released from all the
tested microbial cells that occurred after 2, 6, and 18 h of
incubation with (Psy-Carp)/10 %FO hydrogel dressings
compared to the control groups. These results suggest
that the integrity of the tested strains cell membranes
was altered after the incubation with (Psy-Carp)/ 10
%FO hydrogel dressings, leading to protein release into
the culture medium. Disruption of cell membranes and
loss of cell constituents is a strong indication for cellular
malfunction and death. He et al., (2014) reported that the
increase in the concentration of protein can be attributed
to the damage done by the essential oil to the E. coli cell
membrane[45].

3.7.4. Quantification of the Exopolysaccharides

As illustrated in Figure (6), there was a significant
decrease in the number of exopolysaccharides (EPS)
from 1.009 to 0.56, from 0.8 to 0.52 mg/l and 0.67 to
0.43 mg/l with S.aureus, E.coli, and C. albicans,
respectively. The EPS is a major feature of biofilms of
the microbes and is believed to play a major role in their
resistance. The EPS is believed to work in three ways
that include; a diffusion barrier, a molecular sieve, and
an adsorbent. As a diffusion barrier, it prevents the
complete penetration of antimicrobial agents and
macromolecules into the inner cells[46]. Due to the
negative charge on the EPS, penetration of molecules
may also be restricted by the charge attraction and thus
become adsorbed onto the matrix[47]. In addition to
restricted penetration, other mechanisms are believed to
be coupled to the EPS thereby enhancing resistance.
Slow penetration of drugs is believed to be coupled with
either degradation or inactivation of the drug during the
process.

12

I control
treated cell

N

1.0

08

0.6

04

EPS content (mg/1)

02 F

0.0

S.aureus E.coli C.albicans

Fig. (6): Exopolysaccharides content of the three strains
incubated with (Psy-Carp)/ (FO) hydrogel
dressings. Results represent the mean of three
replicates. Values are the mean + standard error.
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Table (4): Protein content determination before and after incubation with (Psy-carp)/ (FO) hydrogel dressing containing 10% (FO)
essential oil at time intervals.

Protein content (mg/ml)

Time (h) S.aureus E.coli Cand. alb
before after before after before after
0 0.055+ 0.005 0.067+ 0.004 0.076+ 0.002 0.079+ 0.006 0.126 +0.008 0.168+ 0.002
2 0.236+ 0.015 0.507+ 0.016 0.079+0.006 0.416+0.034 0.199+0.012  0.516+0.023
4 0.351+ 0.020 1.243+0.040 0.199+ 0.010 0.768+ 0.030 0.236+0.015  0.686+0.031
6 0.552+ 0.045 1.996+ 0.096 0.217+0.020 1.313+0.030 0.351+0.020  1.571+0.029
18 0.686+ 0.030 3.702+ 0.050 0.516+ 0.020 2.093+ 0.050 0.428+0.030  1.996+ 0.094

** Values are means * standard deviation

Table (5): The follow-up for S. aureus, E. coli, and C. albicans penetration through (Psy-Carp)/FO dressings on nutrient agar

medium after one week of daily inspection

Surface

S. aure
(18h) ureus

Qil concn.

E. coli C. albicans

W%) inoculum Surface Under-neath

10

Surface

Under-neath Surface Under-neath

3.7.5. Microbial Surface Charge — Zeta Potential
Measurement

Zeta potential measurements are carried out to
evaluate the membrane surface potential of the tested
microbial cells after the incubation with (Psy-Carp)/FO
hydrogel dressings. As shown in Figure (7), the
microbial cells that did not incubate with the (Psy-
Carp)/FO hydrogel dressings display zeta potential of -
20, -25, and -18 mV for S. aureus, E. coli, and C.
albicans, respectively. However, zeta potential values
were decreased after their incubation with (Psy-
Carp)/FO dressings.

Details on the membrane potential and reflections
on the microbial metabolic state can be ascertained using
the zeta potential measurement, whereby higher growth
rates produce a more negative reading[48, 49]. Under
normal physiological circumstances, microbial cell
surfaces are usually negatively charged—due to the
presence of anionic groups in their membranes. The
obtained data demonstrated that the cells carried a
reduced negative charge after exposure to (Psy-Carp)/FO
dressing with 10 % essential oil. It is suggested that the
irreversible membrane damage was caused by the
acidifying and protein denaturation of the cell membrane
due to the accumulation of the components of the
essential oil[50].
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Fig. (7): Microbial surface charge-Zeta potential of tested
strains incubated with (Psy-Carp)/FO dressings.
Results represent the mean of three replicates.
Values are the mean + standard error.

. 3.7.6. Microbial barrier potency

An ideal wound dressing should protect wounds
from microbial invasion which results in exudate
accretion that delays wound healing with increased
chance of scare formation. As it is obvious from the
photographic pictures represented in Table (5), the
results of one-week-long examination for S. aureus, E.
coli and C. albicans penetration through (Psy-Carp)/FO
dressings ensure the dressing's ability to prevent
microbial penetration efficiently as indicated by the clear
growth zone underneath the dressing area on the agar
plates along the experiment period. Another important
advantage is that, (Psy-Carp)/FO dressings not only
prevent the microbial penetration through it but also
inhibit their growth on its surface as confirmed by the
surface swap re-culturing after one day of examination.
The microbial barrier potency of the (Psy-Carp)/FO
hydrogel dressings is mainly due to synergistic effect for
the bulk structure integrity of the hydrogel matrix[51]
and the natural antimicrobial activity of the FO essential
oil due to its hydrophobicity and phenolic constituents
that can prevent microbe penetration[52]

3.8. In vivo wound healing evaluation

Wound healing immediately starts after an injury
and proceeds with a complicated but well-organized
interaction among various types of tissues and cells. The
injury causes a gap, which is immediately filled by clots
in the presence of platelet aggregates. For the skin
wound-healing process the inflammatory phase starts
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with leukocytes such as neutrophils and monocytes
infiltration to the site, remove the breakdown products
from the injured cells and clots, and release various
growth factors and cytokines [53].

3.8.1. Anti-inflammatory response

Biochemical analysis of wound site skin
homogenate  significantly  indicated the  anti-
inflammatory effect of the applied dressings presented
by a significant decrease of I1L-6 parallel to the dressing
FO oil content. An important step in wound healing is
the production of inflammatory cytokine, IL-6 has
crucial roles in inflammation, particularly in the early
phase [54]. IL-6 is produced by various types of cells,
including neutrophils, macrophages, and fibroblasts
accumulated in the wound site after skin incisions
macrophages[55, 56]. IL-6 deficiency markedly affects
all three phases of wound healing, inflammation,
proliferation, and remodeling, respectively[57]. IL-6-
deficient mice showed diminished, inflammatory, acute-
phase response after tissue damage or infection,
reduction in leukocyte infiltration which supports the
suggestion of involvement of IL-6 in wound healing[58].
The present study showed intensive production of IL-6 at
the site of skin injury in the injured skin of the control
which was not treated with the dressing, while a
significant decrease in IL-6 was observed with the
increase in FO oil content in the applied dressings
indicating anti-inflammatory of the dressing contains a
high concentration of the oil (5 and 10%), as illustrated
in Figure (8).
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Fig. (8): Inflammatory response of wounded rat skin treated
with (Psy-carp)/FO hydrogel dressings of different
FO oil content (%). a: significance compared to
control.
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3.8.2. Wound Remodeling

Wound remodeling is a step activated by produced
cytokines at the injury site. Our results presented a
wound site renewing through provoke of MMP-9 and
Nf-kb. Results clarifying high levels of MMP-9 and Nf-
kb in wound site treated with dressing of 0% FO oil
compared to normal control skin. MMP-9 and Nf-kb in
wound site treated with the dressing of FO oil content,
showed reduced levels compared to that of FO oil 0%
proportion to oil content, Figure (9). Comparing these
results with that of IL-6 data, we may suggest that
MMP-9 and Nf-kb content were reduced due to the
reduction in IL-6 at the 20" day in wounds treated with
high FO oil % content compared with the control
suggesting an anti-inflammatory effect of FO oil
concerning its concentration.

Metalloproteinase (MMPs) play a crucial role in all
stages of wound healing by modifying the wound matrix,
allowing for cell migration and tissue remodeling. MMP-
9 plays an important role in keratinocyte migration; it is
expressed at the leading edges of migrating keratinocytes
during wound closure. MMP-9 knockout (KO) mice
display delayed wound closure indicates its importance
in wound healing and cell signaling. MMP-9 and MMP-
2 regulate angiogenesis during wound healing through
the activation of proangiogenic cytokines, including
TNF-a and VEGF[59, 60]. The treatment of (Psy-
carp)/FO hydrogel dressings may enhance wound
healing through regulating the canonical NF-«xB
signaling pathway [61], Nf-xB is essential for wound
healing as it activates the innate immune reaction,
proliferation, and migration of cells, regulate of MMP
expression, cytokines, and growth factors[62].

30
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Fig. (9): Accumulative production for MMP-9 and Nf-kb in
the wounded skin concerning FO oil content (%)
incorporated in the (Psy-Carp)/FO hydrogel
dressings. a: significance compared to control of
MMP-9 of control group, b: significance compared to
Nf-kb of control group.

3.8.3. Wound closure and antimicrobial potential

In this study, the rate of wound closure for each
wound has been evaluated on 5", 10, 15" and 20™-day
post wounding and the extent of wound closure along 20
days of observation was also quantified and the results
are shown in Figure 10 (a and b). The wound healing
process showed progress up to 20" days with significant
differences among the treatment groups. Wounds treated
with (Psy-Carp)/FO hydrogel dressings showed healing
efficacy in a shorter time compared to the control. Upon
using (Psy-Carp)/FO hydrogel dressings, the wound
healing reached 98.82% compared to the control.

More importantly, wound closure is positively
related to the dressing’s frankincense essential oil (FO)
content, noticing that, 10% oil content showed good
wound closure compared to other treatments. Five days
after surgery, the wound treated with 10% (Psy-
Carp)/FO hydrogel dressing appears significant closure
higher than that of 7and 5 % by 16.86 % while reached
to 24.15% and 26% compared to that of 3 and 5% oil
content. After 20 days of surgery, the wound closure of
wounds treated with (Psy-carp)/ 10% FO hydrogel
dressings was higher than that contain 7, 5, 3, and 1 %
oil content by 3.36 %, 9%, 13.44%, and 16.87%,
respectively.
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Fig. (10-a): Wound closure % of wounded skin concerning FO
oil content (%) incorporated in the (Psy-Carp)/FO
hydrogel dressings. (negative values in the direction
of the negative axis indicated the wound
deteriorated and enlarged). Significance a:
compared to 5 days control, b: compared to 10
days control, c: compared to 15 days control, d:
compared to 20 days control
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Fig. (10-b): Visual observation photographs of skin wound healing development in response to FO oil content (%) incorporated in
the (Psy-Carp)/FO hydrogel dressings.
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Fig. (12): Photos of skin histological sections: slide A (Control); slide B (Wound + (Psy-Carp) dressing; slide C (Psy-
Carp)/1%FO; slide D (Psy-Carp)/3%FO; slide E (Psy-Carp)/5%FO; slide F (Psy-Carp)/7%FO; slide G (Psy-
Carp)/10%FO. blue arrow: epidermis, yellow arrow: hair follicle, red arrow: collagen, black arrow:
pilosebaceous, mint arrow: inflammatory cells, mustard arrow: fibroblasts, light blue arrow: congested blood

vessels, brown arrow: inflammatory infiltrate, orange arrow: area under the scar, green arrow: blood vessels.
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The antimicrobial potential of the FO/dressings on
mice wounds was evaluated by culturing the exudates
from the wound on day 3 and day 5 after surgery and
observing the colonies of each culture and the obtained
data was illustrated in Figure (11). As can be seen,
wounds treated with FO/dressings show the lowest
number of microbial colonies and the antimicrobial
efficiency increased as the FO dressing’s content
increased due to the excellent antimicrobial potency of
the FO essential oil.

3.8.4. Histopathological findings

Histopathological findings of treated wound
sections were used to evaluate the (Psy-Carp)/FO
hydrogel dressings efficacy in wound healing. As it can
be seen from Figure (12), after 20 days of the wound
treatment with(Psy-carp)/FO hydrogel dressings of
different FO oil content, histopathological analysis of
untreated wound section (control) showed ulcerated
epidermis with underlying large scar tissue composed of
fibroblasts, collagen fibers, and few inflammatory cells,
no pilosebaceous units or hair follicles in the scar tissue
Figure(12-a). While wounded skin treated with (Psy-
Carp)/1(%)FO hydrogel dressing showed small ulcer in
the non-keratinized epidermis with underlying large scar
tissue composed of dilated congested blood vessels and
proliferating fibroblasts with collagen formation and few
inflammatory cells, and small hair follicles with no
pilosebaceous units in the scar tissue Figure (12-b).
Wounded skin treated with (Psy-Carp)/3(%) FO dressing
showed thin intact keratinized epidermis with vacuolated
keratinocytes and underlying large scar tissue composed
of fibroblasts with collagen formation and moderate
inflammatory infiltrate, and small hair follicles with no
pilosebaceous units in the scar tissue Figure (12-c).
Wounded skin healed by using (Psy-carp)/5(%) FO
hydrogel dressing showed intact keratinized epidermis
with underlying minimal scar tissue composed of few
fibroblasts with excess thick collagen, dilated congested
blood vessels, and few scattered inflammatory cells, and
pilosebaceous units and hair follicles Figure (12-d).
Wounded skin treated with dressing with (Psy-
Carp)/7(%) FO hydrogel dressing showed less healing
properties. Healed skin showed partially ulcerated
minimally  Kkeratinized epidermis with vacuolated
keratinocytes, underlying large scar tissue composed of
fibroblasts with collagen formation few blood vessels,
and small hair follicles with no pilosebaceous units in
the scar tissue Figure (12-e). Finally, wounded skin
treated using (Psy-Carp)/5(%) FO hydrogel dressing
showed intact Kkeratinized epidermis with underlying
minimal scar tissue composed of fibroblasts with

collagen formation, and few small-sized pilosebaceous
units and hair follicles Figure (12-f). In conclusion, (Psy-
Carp)/FO hydrogel dressing incorporated 5 and 10% FO
essential oil, respectively exhibits the best wound-
healing efficiency.

4. CONCLUSION

By using gamma irradiation technique, a novel
hydrogel dressings composed of Psyllium and Carbopol
incorporated Frankincense oil has been prepared to
maximize the benefits of Frankincense oil such as
disinfection and healing properties. During this study,
(Psy-Carp) dressings containing five different (FO) oil
concentrations (1:10 wt%) were prepared, and their
effect on the physicochemical properties. antioxidant
activity and haemocompatibility of the dressing were
evaluated. The incorporation of FO oil within the (Psy-
Carp) hydrogel network enhances their swelling degree
and water vapor transmittance properties as well. The
incorporation of FO oil results in foliate porous network
appearance. (Psy-Carp)/FO hydrogel dressings show a
marked antioxidant efficiency which makes them a
promising candidate in the wound healing process. (Psy-
Carp)/FO hydrogel dressings show excellent barrier
potency against external microorganism attack and
efficient antimicrobial activities against S. aureus, E.
coli, and C. albicans, respectively. In vivo wound
healing evaluation using rat model confirms that (Psy-
Carp)/FO hydrogel dressings induce faster wound
healing with a marked increase in Nf-kb when compared
with that of FO free (Psy-Carp) hydrogel. Based on the
above-mentioned results, it can be concluded that (Psy-
Carp)/FO hydrogel dressings demonstrate a promising
potential as wound care candidates.
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