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ABSTRACT

Objective: The study aims to investigate the wound healing response of the dug usnic acid and
carrier graphene with its nano form.

Method: Nano-precipitation method by sonication was adopted to formulate the nanoparticle.
SEM test was performed to check the shape and average size of the nanoparticle. FTIR test was
performed for the chemical interaction. Ointment was prepared by fusion method and the
viscosity test was performed by Brookfield viscometer. Spreadability test was performed by
slide method. In-vivo wound healing study and topical animal activity was performed to
confirm the wound healing effect of the formulated nano-formulation. Excision wound model
histology was done to confirm the activity. Statistical analysis was done by Anova.

Results: SEM study shows that the particles is in the nano range and possess spherical shape.
FTIR study shows no chemical interaction. The result of in-vitro drug release study shows that
the nano-formulation posses higher drug release rate as compare to the drug alone. Topical drug
administration is more suitable for the treatment of the wound healing, so the nano-formulation
was incorporated into the ointment by geometric mixing. The viscosity and the spreadability
test were performed on the different formulations of the ointment and the suitable one was
selected for the topical administration. In-vivo wound healing study was performed on the
Wistar albino rats for 16 days. Statistical analysis by Anova gives p<0.01. It was found that the
usnic acid alone, and the nano form of usnic acid with graphene both possess wound healing
activity but the nano-form with graphene possess more significant activity.

Conclusion: The present wound healing study revealed that the nano-form of the drug possess
higher wound healing activity than the normal formulation of usnic acid.
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1. INTRODUCTION

Wounds are the break in the skin continuity takes place by injury or by surgery. The healing
process of wound consists of significant challenge. And it also has the potential to lowdown the
quality of lifestyle of the peoples [1]. It was found that the normal healing process of wound is 2-
4 weeks. It was observed that healing of wound gets delayed in diabetic conditions. Several
kinds of wounds are as follows- cuts, bites, ulcers, stomach ulcers etc. It also depends on several
factors such as origin, depth, location, types of damage [2].

Wound consists of several issues like delayed wound healing process, reduced synthesis of
collagen, extended collagen, delayed neo-vascularization [3]. The process of wound healing
consists of 4 phases which consists hemostasis with creation of blood clots, inflammation with
swelling, proliferation and remodeling with the formation of scar tissues [4].

Wound healing process normally coexists with a malignant inflammatory response triggered by
hypoxia, aging, bacterial colonization [5], increased inflammatory cytokines [6, 7], impaired
neo-vascularization [8], reduced collagen deposition and deposition then morphological changes.

Therefore, wound healing process gets delayed because of pathogenic bacteria, generation of free
radicals, impaired collagen deposition and inflammation [9].Reactive oxygen species are the key
factors of various stages of wound healing and some small changes are essential for the defense
against external damage [10].

Studies showed that usnic acid possess anti-bacterial activity and graphene also consists of anti-
bacterial property. This research presented the formulation of nano-ointment of usnic acid and
graphene and also the wound healing activity by Wistar albino rats. Nanotechnologies attracted
significant attention in the recent researches. New technologies both in the preparation of the
sample and in fabrication of device evoke on development of nano-science. Nanoparticles are
employed for the purpose of targeted drug delivery system. It enhances the performance of the
drug by increasing their bioavailability. Nanoparticles are of nano-sized colloidal structures
which comprises of polymers of having synthetic and semi-synthetic nature. Nanonization
process is used for the compounds which are poorly soluble in water in respect to enhance the
dissolution rate and increase the bio-availability. Nanoparticles refers as drug delivery systems
which has the particle size ranges between 10—1000 nm, it also depends on the preparation
method and usage of materials [11].

Ointment considered as the semi-solid preparations which are used for the topical application on
to the skin. Basically ointments consist of a medicament which is emulsified or mixed in to the
base. They are applied for the emollient effect, protection of the skin. Ointments are also used for
the vehicle which is used to administer the drug or the medicament topically.

Now a days the research is going in a way to use the herbs or some special species like lichens to
cure the fungal infections by isolating their chemical constituents and secondary metabolites.
The current research showing that the symbiotic species between algae and fungi i.e. lichen is a
promising genera that contain various chemical constituents that show their antimicrobial
properties. In this context the proposed work is concerned with a potent chemical that has been
explored for various biological activities isolated from lichen i.e. Usnic acid. Lichens are
considered as photosynthetic and fungal partners. Usnic acid is considered to be the most
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common and abundant metabolites of lichens, it is also considered as an antibiotic. It has the
ability to inhibit the fungal and bacterial growth [12]. To enhance the bioavailability of usnic
acid, nano-conjugate was formulated with the help of graphene used as a carrier in the
preparation of nano-conjugate. Graphene having also antibacterial activity, so the conjugate of
graphene and usnic acid is developed to accomplished the higher anti-fungal activity.

2. MATERIAL AND METHODS.

Usnic acid was provided by TCIl Chemicals (India). Polyethylene glycol (PEG 400 and PEG
4000) were obtained from Merck, India. For the purpose of release study, magnetic stirrer of
Remi Pvt. Ltd and the dialysis membrane -70 was gifted by Hi-media Pvt. Ltd. Chemicals used
in this work were of good analytical grade.

2.1 Preparation of usnic acid nano-formulation

Usnic acid 1mg/ml was sonicated at pH 5 for 10 minutes at 20 watt for 3 cycles, then it was
stirred overnight at room temperature in the dark by using magnetic stirrer instrument, then it
was ultra-centrifuged at 15000 rpm for 1 hour, after ultracentrifugation the supernatant was taken
out for calculating the entrapment efficiency, the particles of usnic acid was remained at the
bottom, then it was heated at 40°c in the hot air oven, powder of usnic acid was obtained, then
this powder was taken for the characterization studies [13].

2.2 Characterization of usnic acid nano-formulation
2.2.1 SCANNING ELECTRON MICROSCOPY ANALYSIS

The SEM imaging of the sample is carried out by type of electron microscope which scans it
with a high energy electron beam. In this when electron gets interacted with the atoms of the
sample signals is produce which contains information of the sample morphology, its composition
and other properties like electrical conductivity. It gives a better resolution than the optical
microscope. In the present study, the Carbon coating of the materials was done by using JEOL-
JEE-420 vaccum evacuator to make the sample conducting. Coating thickness was 20nm.SEM
images were taken by using EPMA i.e. electron pro-micro analyzer JEOL- JxA 8100.The
average size range of the conjugate and its shape was determined. [14]

2.2.2 FTIR ANALYSIS

FTIR spectroscopy is commanding tool for the identification of functional group present in the
compound. It is a helpful tool to identify organic compounds, having polar chemical bonds (such
as OH, NH, CH, etc.) with a strong dipoles. It is very useful in the structural analysis of organic
compounds, polymers, natural products etc. As every functional group present in a compound
has an specific vibration, the IR spectra is seen as their fingerprints. In this study, the FTIR
analysis was performed to identify the potential interaction between the drug and the carrier.
FTIR analysis was performed on usnic acid, graphene and on usnic acid-graphene nano-
conjugate. For this function the samples were mixed with KBr and punched to a tablet applying
hydraulic press. The FTIR spectra was recorded at 4000-400 cm-1 using FTIR Spectrometer
(PerkinElmer Spectrum Version 10.4.00) [15].

2.2.3 XRD STUDY
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The PAN analytical X’Pert PRO X-ray diffractometer was used to perform X-ray diffraction
(XRD) characterization to estimate the physical characteristics of graphene loaded usnic acid.
Electromagnetic radiations include X-rays as one of its components. Scattering happens when it
interacts with a chemical substance via the electrons of the material’s atoms. The phenomenon
known as X-ray diffraction is caused by the combination of elastic scattering and destructive
interference. This is determined by applying Bragg’s law; 2dSin 6 = nA.

Amorphous materials have broad and dispersed peaks that correlate to particular crystal lattices
existing in them, whereas crystalline materials have narrow and sharp peaks that correspond to
specific crystal lattices present in them. Semi-crystalline polymers have both sharp and wide
peaks, depending on the amount of crystalline and amorphous components present [16].

2.2.4 IN VITRO DRUG RELEASE PROFILE

In vitro drug diffusion study was determined by using the dialysis bag diffusion technique. The
diffusion study of usnic acid alone, graphene conjugated usnic acid nano formulation and
graphene conjugated usnic acid normal formulation were performed in phosphate buffer (pH
7.4). Total quantity of prepared substance was placed in the cellulose dialysis bag and the bag
was tied at both ends. Then the bag was kept in the receptor compartment which consists of 50
ml of phosphate buffer having pH 7.4 at 37 °C under magnetic stirring. An aliquot of receptor
media (1ml) was taken out at determined period of time up to 500 minutes and the same quantity
of fluid was replaced by fresh dissolution medium having phosphate buffer pH 7.4 and analyzed
spectrophotomertically at 290 nm [17].

2.3 PREPARATION OF WATER SOLUBLE OINTMENT BASE

The water soluble ointment bases were prepared by using different grades of Polyethylene glycol
(PEG), glycerine, and surfactant and purified water. Briefly, water soluble ointment base was
prepared by melting the PEG-4000 on a hot plate/ stirrer (at 70°C) followed by addition of liquid
PEG- 400 and glycerin. Sodium lauryl sulphate was mixed to the melted base with continuous
stirring. Then the base was cooled with stirring until congealed. Total six formulations of bases
with different ratios of PEG 4000 and PEG 400 have been prepared and best one was selected on
the basis of their pH, spreadability and viscosity [18].

Table 1: List of water soluble base formulations.

Formulations PEG-4000 PEG-400 GLYCERINE S.L.S
WSB 01 40gm 60gm g.s g.S.
WSB 02 30gm 70gm g.s. g.S.
WSB 03 50gm 50gm g.s. g.s.
WSB 04 20gm 80gm g.s. g.S.
WSB 05 60gm 40gm g.s. g.S.
WSB 06 30gm 60gm g.s. g.S.

Formulation no. 3 was selected on the basis of pH, viscosity, spreadability.
2.3.1 FORMULATION OF NANO-OINTMENT OF USNIC ACID

The process of geometric dilution has been used for the preparation of nano-ointment. The
selected water soluble ointment base has been used for nano ointment. The nano ointment of
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usnic acid nano-formulation (UAN) had been formulated in a concentration of 0.5% wi/w;
similarly one more formulation Usnic acid ointment (UAQ) in the same concentration has been
developed without undergoing Nanonization process.

2.3.2 PHYSICOCHEMICAL CHARACTERIZATION
2.3.4 pH

The pH of the formulated products were determined by the usage of Digital pH meter
(361,Systronics). The electrode which was connected to the pH meter was cleaned with distilled
water and made it dry with the help of tissue paper, then immerse the electrode and temperature
probe in a beaker containing ointment formulations. After that wait for few minutes then note the
readings of pH of samples which were displayed on pH meter [19]. Experiment was performed
in triplicates and the mean values were depicted in Table 3.

2.3.5 DETERMINATION OF VISCOSITY

Measurement of viscosity is defined as the process of fluid resistance. Viscosity determines the
process of internal friction of a fluid which is a moving state. Units of viscosity are Poise,
Centipoises, Pascal-second. Viscosity test of ointment was performed by the help of Brook-field
Viscometer (model no. DV-E viscometer, Helipath-spindle S-61). The test was done in a
triplicate manner and then the mean values of each prepared formulation were depicted in table 3
[20].

2.3.6 SPREADABILITY

Spreadability of the semi-solid preparations is the ability of a preparation to evenly spread on to
the skin. It plays an important role in the administration of a dose of a preparation on to the skin.
Spreadability is measured in respect of times in seconds. 2 sets of glass slides of standard
dimension of 7.5cm were taken. The prepared ointment was kept over on the first slide and the
second slide was kept on top of the ointment, in the manner that the ointment was sand-witched
in between both slides. 100g weight of ointment was kept on the upper slide in such a manner
that the ointment gets compressed properly to form a thin layer. Then the previous weight of
100g was removed from the upper slide and 20g of new weight was tied to the upper slide and
the slides were tilted in such a manner that only the upper slide to slips off by the applied force
on to it. The time interval in which the upper slide travels the distance of 7.5cm and separated
away from the lower slide was measured. The test was performed in triplicate manner and the
mean value was considered. In the spreadability study lower the time interval of separation of the
slides better will be the spreadability. Formula for the spreadability study is as follows:

S=MxL/T

Where, S denotes the spreadability, M denotes the weight tied on to the upper slide, L denotes
the length of glass slides and T denotes the time taken by the slides to get separated [21].Values
were depicted in Table 3.

2.4 TOPICAL PHARMACOLOGICAL ACTIVITY

2.4.1 Acute skin irritation study
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Acute skin irritation study was used to determine any type sensitivity reaction on skin caused by
ointment. In this study, the experiment was performed according to the OECD- 402 guidelines.
1st day, dorsal region hairs of the animals were removed and different concentrations (0% w/ w,
5% wiw, 10% wiw, 15% wiw, 20% wiw, 25% w/w, and 30% w/w) of test ointment was
regularly applied on dorsal region. The animals were observed till the 16th days for any side
effects such as skin reactions itching, inflammation, erythema, swelling, skin redness and
irritation [22].

2.4.2 Animals

Healthy male adult Wistar albino rats, age ranges two and three months, weights 100-150 gm
was taken for the wound healing study. The rats were kept in poly-propylene cages and also in
prescribed atmosphere which comprises 12 hours light and 12 hour dark cycle at 25+2°c and 30-
55% humidity. Rat pellets were given to the rats in their daily diet.

2.4.3 Ethical Statement

The Institutional Animal Ethical Committee of (1698/PO/Re/S/13/CPCSEA) Patel College of
Pharmacy, Madhyanchal Professional University, Bhopal, M.P., has approved the study.

2.4.4 Experimental Design

Animals were randomly categorized into four groups and every group comprised of six animals.
Daily two time application was given to the rats for the interval of seven days. The control group
does not receive any treatment. The response of each group was compared to the control group
after the period of seven days.

G1: Control group untreated

G2: Usnic acid ointment (UAO-1% w/w)

G3: Usnic acid nano-formulation (UAN -1% w/w)

G4: Marketed Preparation (POVIDONE-IODINE 1% w/w)
2.4.5 PROCEDURE

Excision wound model

First of all, Ketamine (40mg/kg) intraperitoneal injection was injected to anaesthetize the
animals, the procedure includes, removal of hairs from the back of the rats by using the hair
removal cream and round area of 4.40 cm? was preferred for the application of the prepared
formulations. The excision wound was measured on the side of dorsal midline using biopsy
punch pliers, 0.2cm deep and 2.4cm thick [23]. During the entire procedure sterilized and
sanitary conditions were maintained. The animals were separated into four different groups,
which comprises one control group, 6 rats were taken in every group. The prepared products, i.e.
nano ointment of usnic acid with graphene (UAN) and ointment with usnic acid (UAO),
Standard marketed preparation (POVIDONE-IODINE 1% w/w) were administered topically.
Daily two time application was given to the rats for the interval of sixteen days. The control
group does not received any treatment. The response of each group was compared to the control
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group after the period of sixteen days. The treatment scores were given to each group as 1 (not
treated), 2 (treated with normal formulation), 3 (treated with nano-formulation) and 4 (treated
with marketed formulation). Each treated site was wiped properly with 90% ethanol [24].

2.4.6 Wound area measurement

Permanent marker and tracing paper were used to measure the wound regions on the 1st, 8th and
16th day. Reduction of wound area in percentage (%) was measured by using the following
formula [25].

Healed area of wound

Wound contraction as a percentage = x 100

Total area of wound

Whereas, Healed area of wound = Original area of wound — Current area of wound
2.4.7 STATISTICAL ANALYSIS:

The statistical analysis was performed by using GradPad Prism9. The values were depicted as
mean + S.D. for all six Wistar albino rats, the data was analyzed by ANOVA by the Newman-
keuls method [26]. * p < 0.05, **p < 0.01 as significant values whereas #p > 0.05 non-
significant, in comparison to wound control group.

3. RESULTS
3.1 SCANNING ELECTRON MICROSCOPY (SEM) ANALYSIS

Scanning Electron Microscopy is widely used in various fields, such as materials science,
biology, geology, nanotechnology, and forensic science, to study the morphology, structure, and
composition of a wide range of materials.SEM has been instrumental in advancing our
understanding of the microscopic world and has numerous applications, including quality control
in manufacturing, semiconductor analysis, biological imaging, and research on advanced
materials.SEM is a surface imaging method in which the incident electron beam scan across the
sample surface and interact with the sample to generate the signals. The size distribution and
shape of nano-material can be directly obtained from SEM. The average size of the prepared
nano-composite was found to be in the range of 80-120nm. The shape of the nano-composite is
of spherical in nature.

- M =15, 8808 1pm WO lmm
Fig.1: SEM image of usnic acid and graphene nano-formulation

JEOL SETI 15
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3.2 FTIR ANALYSIS

FTIR spectra were recorded to assess the compatibility of the pure drug and formulated
compound. FTIR spectra of drug, and nano-formulation were examined. All characteristic peaks
of usnic acid, and nano-formulation were ascertained in the FTIR test. The results showed that
there is no chemical interaction or alteration took place during formulation of nanoparticles.
FTIR spectra of usnic acid showed characteristic peaks of C=0 stretch at 1631.03cm?, C-O
stretch 1000-1200cm™ , C=C aromatic stretch at 1600-1675¢cm™ were obtained. Usnic acid nano-
formulation showed FTIR spectra at C=0 stretch at 1631cm™, C-O stretch at 1000-1200 cm?, C-
H aromatic stretch at 700-900 cm™.The results of the FTIR test showed that there is no chemical
interaction took place during the formulation of nanoparticles and drug was found to be
compatible. he measured signal is subjected to a Fourier transform, which converts the time-
domain data into a frequency-domain spectrum. This process allows for a more straightforward
analysis of the sample's molecular composition. FTIR is a powerful and versatile technique that
plays a vital role in the identification and characterization of a wide range of materials and
compounds in scientific research, industrial applications, and many other fields. The resulting
FTIR spectrum is displayed as a graph that shows the intensity of absorbed infrared radiation as a
function of wavenumber or frequency. The spectrum is unique to the molecular composition of
the sample and provides valuable information about the functional groups present in the
molecule.

5673
Eur. Chem. Bull. 2023,12(Special Issue 8), 5666— 5680



DESIGN AND DEVELOPMENT OF USNIC ACID AND GRAPHENE NANOFORMULATION FOR THE TREATMENT OF WOUND HEALING BY WISTAR
ALBINO RATS Section A-Research paper

PerkinElmer Spectrum Version 10.03.06
Friday, November 11, 2022 3:38 PM

Analyst Administrator
Date Friday, November 11, 2022 3:38 PM

581
551

501 ; ‘ i/
4 "’ |
L v i
0 i
351 ‘ il l

|

301 v 1357.85emd,513%7 || | | 51 ‘
/ ot 23 T

%T

251 3 b [

\ | | l

201 (|

1421.290”\—1,5.31%1; | | \ |
|

1
151 N\ N
Wiy h ‘I 1375.350m-1,580%T
161241cm-1, 242%T) | |
t63t87em-1,100%T! | |\l

5 1453.5%cm-1,1.84%T (=<
I B 1290 7 WR 8T S 44T
4000 3500 3000 2500 2000 1500 1000 450

cm-1

1190.58cm-1, 398%T

YELLOW SAMP.. Sample 005 By
Administrator Date
Friday, November 11
2022

Fig.2: FTIR spectra of usnic acid

ParkinEimer Spectrum Varsion 10.03.06
Fricay. November 11, 2022 3:26 PR

Analyst Administrator

Date Friday, November 11, 2022 3:26 PM

1452 68om-1. 0.92%T {
75 20¢m-1l 0.91%T
1542 93cm-1. 1.0888F° 2

T

1420 S8cm-1.'1,27%T)
1257 8201 A O7%T
1631 73em-1, 0,605 e
1190 46em-1. 1.39%T

3o N v s a0 NO OO SN

BLACK SAMPLE Sample 004 By
Administrator Date

2022

Page 7

Fig.3: FTIR spectra of usnic acid and graphene nano-formulation.
3.3 XRD STUDY

The XRD test of the selected formulation depicts that the compound was of crystalline nature.
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FIG.4 XRD spectra

3.4 ENTRAPMENT EFFICIENCY

The entrapment efficiency of usnic acid and graphene nano-formulation was determined. The
entrapment efficiency of usnic acid and graphene nano-formulation, prepared by nano-
precipitation method with sonication was found to be 79.44%. It shows that sonication technique
increased the entrapment of drug by decreasing particle size.

3.5IN VITRO DRUG RELEASE ANALYSIS

It was observed that the release rate of usnic acid is lesser in comparison to ushic acid and
graphene nano-formulation (UAN), it was concluded that the nano-formulation of usnic acid and
graphene facilitates more drug release because of its size.

Table 2. Drug Release Kinetics of usnic acid, graphene and usnic acid.

S.NO. DATA USNIC ACID | NANOFORMULATION
1 Standard 18.389 26.79

Deviation
2 Relative 0.58 0.51

Standard

Deviation
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Fig.5 Percentage drug release of UAN and UAO

3.6 PHYSICO-CHEMICAL CHARACTERIZATIONS OF PREPARED AND

SELECTED FORMULATION.

Table 3: Physico-chemical characterizations.

Formulations pH Viscosity(cps) Spreadability(gm.cm/sec)
Selected Base 6.4+0.2 24.12+0.14 28.73+0.52

UAO 6.31+0.2 24.22+0.16 27.21+0.17

UAN 6.4+0.2 24.12+0.14 30.11+12

Each value represents the mean +SD (n=3)

3.7 PHARMACOLOGICAL ACTIVITY
IN-VIVO WOUND HEALING ACTIVITY
3.8 EFFECT ON WOUND CONTRACTION
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The results shows that nano-formulation of Usnic acid with graphene of 1%w/w significantly
promotes wound reduction. The percentage of wound reduction in normal control group (16"
day) was found to be 5.10%. However in the treated group of usnic acid nano-formulation the
wound reduction was found to be 40.22%. The nano-formulation of usnic acid and graphene
exhibited 51.22% wound contraction. Maximum wound contraction percentage was obtained in
the group of marked preparation of povidone-iodine i.e. 55.10%.

60

50

40

30

Percentage

20

10 |

0

Normal UAO UAN Marketgd
Control Preparation

M Percentage 5.1 40.22 51.22 55.1
i Days 16 16 16 16

4. DISCUSSION

In the present work the drug usnic acid which is a dibenzo-furan derivative a common lichen
metabolite reported for their many pharmacological activities. This nano-formulation was
prepared by nano-precipitation method and characterized by SEM which confirms that the
average particle size is 80-120nm and also particles are in spherical in nature as spherical
particles having better cellular entry in biomedical activities. The FTIR data shows no chemical
interactions, as the obtained FTIR spectra of usnic acid showed characteristic peaks of C-H
stretch at 2931.10cm™, C=0 stretch at 1692.03cm™ , C-O stretch 1000-1200cm™ , C-H aromatic
stretch at 700-900cm™, C=C aromatic stretch at 1600-1675cm™ were obtained. Usnic acid nano-
formulation showed FTIR spectra at C=0 stretch at 1631cm™, C-O stretch at 1000-1200 cm?, C-
H aromatic stretch at 700-900 cm™.The In-vitro drug release study shows that the nano-form of
the drug possesses greater release rate than the normal forms of the drug (normal form of usnic
acid gives 40%-50% release of drug and whereas the nano-formulation of usnic acid gives 70%-
80% release of drug). The nano-ointment was prepared with water soluble base by geometric
mixing method. The various evaluation studies of the prepared ointment like pH, viscosity and
spreadability gives proper data of the standard ointment. The obtained data also gives the
justification of the evaluation tests like the data of viscosity and spreadability, lower the viscosity
higher will be the spreadability and the obtained data exactly indicates this concept of standard
ointment (viscosity 24.12+14cps gives spreadability 30.11gm.cm/sec) the obtain data was
compatible. The data of pH was also very compatible to the skin. Then finally the prepared nano-
ointment was subjected for wound healing activity by using wound excision model. The topical
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wound healing activity shows significant (p<0.01) wound healing activity that corresponds
similar to activity of standard marketed preparation. The obtained data was compatible.

5. CONCLUSION

The present study clearly indicates that the nano form of usnic acid and graphene shows greater
wound healing response as compare to the nano-form of usnic acid alone. The study illustrated
that the secondary metabolite of lichen i.e. usnic acid possess wound healing activity and with
graphene which considered as having anti-bacterial property, the prepared formulation exhibits
good results. The exact mechanism of wound healing is still unknown. Further research can
determine the exact wound healing mechanism and we are also working in that direction. is
essential to note that while these findings are promising, further research is required to determine
the specific mechanisms of action and potential side effects of plant-based treatments for wound
healing. Additionally, the effectiveness of plant extracts may vary depending on the plant
species, extraction methods, and the type and severity of the wound.

Overall, the studies on wound healing activity in rats suggest that plant-based treatments hold
potential as natural and cost-effective alternatives for promoting wound healing. However, more
extensive clinical trials and research are necessary to establish their safety and efficacy in human
wound healing applications.

AUTHORS CONTRIBUTIONS

Nimesh Kumar Dubey had performed and designed the study as well as written the manuscript.
Dr. Ritesh Jain and Dr. Neeraj Sharma helped in conceptualization and supervision of study. Dr.
Dharmendra Singh Rajput helped in conceptualization.

CONFLICT OF INTEREST
There is no conflict of interest

REFERENCES

1. Ahmed D., Kumar V., Verma A., Shukla G.S., Sharma M. Open access antihyperlipidemic effect of extract
of Euryale ferox salisb. with enhanced histopathology of pancreas, liver and kidney in streptozotocin induced
diabetic rats. SpringerPlus 2015. https:// doi.org/10.1186/s40064-015-1059-7.

2. Alemu, B.K., Getahun, K.A., Kahaliw, W., 2020. In vitro antioxidant and in vivo wound healing activities of
the 80% methanol extract and solvent fractions of seeds of brassica carinata a. Braun (brassicaceae) in mice. J.
Exp. Pharmacol. 12, 463-474. https://doi.org/10.2147/JEP.S278622.

3. API. The Ayurvedic Pharmacopoeia of India, 1st, 3rd ed. Controller of Publications, Ministry of Health and
Family Welfare, Government of India, New Delhi. 2016.

4.Bigoniya P., Agrawal S., Verma N.K. Potential wound healing activity of Euphorbia hirtalinn total flavonoid
fraction group | : 2013;22:149-56.

5.Biswas, T.K., Pandit, S., Chakrabarti, S., Banerjee, S., Poyra, N., Seal, T., 2017. Evaluation of
Cynodondactylon for wound healing activity. J. Ethnopharmacol. 197, 128-137.
https://doi.org/10.1016/].jep.2016.07.065.

6. Brem H., Tomic-canic M. Cellular and molecular basis of wound healing in diabetes Find the latest version :
Cellular  and  molecular  basis of wound healing in diabetes 2007; 117:1219-22.
https://doi.org/10.1172/JC132169.Despite.

7. Dong, J., Chen, L., Zhang, Y., Jayaswal, N., Mezghani, I., Zhang, W., 2020. Mast cells in diabetes and
diabetic wound healing. Adv. Ther. 37, 4519-4537. https://doi.org/ 10.1007/s12325-020-01499-4.

8 Burton, K.A., 1956. Study of the conditions and mechanism of the diphenylamine reaction for the
colorimetric estimation of deoxyribonucleic acid. Biochem. J. 62, 315-323.

5678
Eur. Chem. Bull. 2023,12(Special Issue 8), 5666— 5680


https://doi.org/10.2147/JEP.S278622
https://doi.org/10.1016/j.jep.2016.07.065
https://doi.org/10.1172/JCI32169.Despite

DESIGN AND DEVELOPMENT OF USNIC ACID AND GRAPHENE NANOFORMULATION FOR THE TREATMENT OF WOUND HEALING BY WISTAR
ALBINO RATS Section A-Research paper

8 Frykberg, R.G., Banks, J., 2015. Challenges in the treatment of chronic wounds. Adv. Wound Care (New
Rochelle) 4, 560-582. https://doi.org/10.1089/ wound.2015.0635.

9 In Chance, B.M.A., 1955. Assay of catalase and peroxidase, ed. In: Colowick, SP, Kaplan, NO (Eds.),
Methods in Enzymology. Academic Press, New York, pp. 764—775.

10. Chandrasekar, M.J.N., Bommu, P., Nanjan, M.J., Suresh, B., 2006. Chemoprotective effect of Phyllanthus
maderaspatensis in modulating cisplatin-induced nephrotoxicity and genotoxicity. Pharm. Biol. 44, 100-106.
https://doi.org/ 10.1080/13880200600592046.

11. D’Almeida, R.E., Torres Carro, R., Simonetta, S., Zampini, I.C., Simirgiotis, M., Borquez, J., 2020.
Flavonoid-enriched fractions from Parastrephia lucida: phytochemical, anti-inflammatory, antioxidant
characterizations, and analysis of their toxicity. S. Afr. J. Bot. 135, 465-475. https://doi.org/10.1016/j.
5ajb.2020.09.019.

12. Das U., Behera S.S., Pramanik K. Ethno-herbal-medico in wound repair : an incisive review 2017.
https://doi.org/10.1002/ptr.5786.

13. Dische, Z.B.E.A., 1950. spectroscopic method for the micro determination of hexosamine. J. Biol. Chem.
184, 517-522.

14. Dunnill, C., Patton, T., Brennan, J., Barrett, J., Dryden, M., Cooke, J., 2017. Reactive oxygen species (ROS)
and wound healing: the functional role of ROS and emerging ROS-modulating technologies for augmentation
of the healing process. Int. Wound J. 14, 89-96. https://doi.org/10.1111/iwj.12557.

15. Earnest Oghenesuvwe, E., Daniel Lotanna, A., 2014. Guidelines on dosage calculation and stock solution
preparation in experimental animals’ studies. J. Nat. Sci. Res. 4, 2225-2921. Www.

16. Elson, L.AM.W., 1933. A colorimetric method for the determination of glucosamine and chondrosamine.
Biochem. J. 27, 1824-1828.

17. Ezhilarasu, H., Vishalli, D., Dheen, S.T., Bay, B.H., Kumar Srinivasan, D., 2020. Nanoparticle-based
therapeutic approach for diabetic wound healing. Nanomaterials 10, 1-29.
https://doi.org/10.3390/nan010061234.

18. Frykberg, R.G., Banks, J., 2015. Challenges in the treatment of chronic wounds. Adv. Wound Care (New
Rochelle) 4, 560-582. https://doi.org/10.1089/ wound.2015.0635.

19. Garcia-Orue, 1., Gainza, G., Gutierrez, F.B., Aguirre, J.J., Evora, C., Pedraz, J.L., 2017. Novel nanofibrous
dressings containing rhEGF and Aloe vera for wound healing applications. Int. J. Pharm. 523, 556-566.
https://doi.org/10.1016/j. ijpharm.2016.11.006.

20. Getahun, A., Kifle, Z.D., Ambikar, D., Atnafie, S.A., 2021. In vivo evaluation of 80% methanolic leaves
crude extract and solvent fractions of buddlejapolystachyafresen (buddlejaceae) for wound healing activity in
normal and diabetic mice. Metab. Open 11, 100110. https://doi.org/10.1016/j.metop.2021.100110.

21. Ghlissi, Z., Sayari, N., Kallel, R., Bougatef, A., Sahnoun, Z., 2016. Antioxidant, antibacterial, anti-
inflammatory and wound healing effects of Artemisia campestris aqueous extract in rat. Biomed. Pharmacother.
84, 115-122. https://doi.org/ 10.1016/j.biopha.2016.09.018.

22. Gupta, A., Upadhyay, N.K., Sawhney, R.C., Kumar, R., 2008. A poly-herbal formulation accelerates
normal and impaired diabetic wound healing. Wound Repair Regen. 16, 784-790.
https://doi.org/10.1111/j.1524-475X.2008.00431.x.

23. Halliwell, B., Gutteridge, J.M.C., 1990. Role of free radicals and catalytic metal ions in human disease: an
overview. Meth. Enzymol. 186, 1-85. https://doi.org/10.1016/ 0076-6879(90)86093-

24. B. Hicks, C.W., Selvarajah, S., Mathioudakis, N., Perler, B.A., Freischlag, J.A., Black, J.H., 2014. Trends
and determinants of costs associated with the inpatient care of diabetic foot ulcers. J. Vasc. Surg. 60, 1247—
1254,

25. Kareti, S.R., Subash, P., 2020. In silico exploration of anti-Alzheimer’s compounds present in methanolic
extract of Neolamarckiacadamba bark using GC-MS/MS. Arab. J. Chem. 13, 6246-6255.
https://doi.org/10.1016/j.arabjc.2020.05.035.

26. Kim, J., Lee, C., 2017. International journal of biological macromolecules wound healing potential of a
polyvinyl alcohol-blended pectin hydrogel containing HippophaerahmnoidesL . extract in a rat model. Int. J.
Biol. Macromol. 99, 586-593. https:// doi.org/10.1016/j.ijbiomac.2017.03.014.

27. Moore, P.C., 2007. Statistics explained: an introductory guide for life scientists. Am. Stat. 61
https://doi.org/10.1198/tas.2007.s86, 274-274.

28. Moulin, V., Auger, F.A., Garrel, D., Germain, L., 2000. Role of wound healing myofibroblasts on re-
epithelialization of human skin. Burns 26.

5679

Eur. Chem. Bull. 2023,12(Special Issue 8), 5666— 5680


https://doi.org/10.1016/j.%20sajb.2020.09.019
https://doi.org/10.1016/j.%20sajb.2020.09.019
https://doi.org/10.1002/ptr.5786
https://doi.org/10.1111/iwj.12557.%2015
https://doi.org/10.1111/iwj.12557.%2015
https://doi.org/10.3390/nano10061234
https://doi.org/10.1016/j.%20ijpharm.2016.11.006
https://doi.org/10.1016/j.metop.2021.100110
https://doi.org/10.1111/j.1524-475X.2008.00431.x

DESIGN AND DEVELOPMENT OF USNIC ACID AND GRAPHENE NANOFORMULATION FOR THE TREATMENT OF WOUND HEALING BY WISTAR
ALBINO RATS Section A-Research paper

29. Pandian Sundara M, Karthikeyini Chitra S, Nagarjan M. Fabrication, characterization and pharmacological
activity of usnic acid loaded nanoparticles. International J Pharm Sci Res 2017; 8: 4758-66.

30. KrzeminskaGuzow et al, Antibacterial activity of lichen secondary metabolic usnic acid is primary caused
by inhibition of RNA and DNA. FEMS Microbiology letters 2014; 353: 57-62.

31. Pandey et al, Synthesis and characterization of graphene-ushic acid conjugate microspheres and its
antibacterial activity against staphylococcus aureus International J Pharm Sci Res 2019; 10: 939-46.

32. Gupta SK, “Introduction to Pharmaceutics II” fourth edition; CBS Publishers and Distributors Pvt. Ltd.
2011; p: 184-215

33. Nayak SH, Nakhat PD, Yeole PG, Development and evaluation of cosmeceutical hair styling gels of
ketoconazole. Indian J Pharm Sci 2005; 52: 231-33.

34. Jain S, Padsalg BD, Patel AK, Moale V. Formulation development and evaluation of fluconazole gel in
various polymer base. Asian J Pharm 2007; 1: 63-8.

35. Pershing LK, Corlett LJ, Jorgensen C. In vivo pharmacokinetBics and pharmacodynamics of topical
ketoconazole and miconazole in human stratum corneum Antimicrob. Agents Chemother 1994; 38: 90-5.

36. Queiroz MBR, Marcelino NB, Ribeiro MV, Espindola LS, Cunha F, Silva MV. Development of gel with
Matricariarecutita L. extract for topical application and evaluation of physical-chemical stability and toxicity.
Lat Am J Pharm 2009; 28: 574-9.

37. Bhattacharya Sankha, Prajapati G Bhupendra. Formulation and optimization of celecoxib nanoemulgel.
Asian J Pharm Clin Res 2018; 11: 353-65.

38. S Princely, MD Dhanaraju. Design, formulation and characterization of liposomal encapsulated gel for
transdermal delivery of fluconazole. Asian J Pharm Cli Res 2018; 11: 417-24.

39. Nihal Badduri, Gupta Vishal N, Gowda DV, M Manochar. Formulation and development of anti acne
formulation of Spirulina Extract. Int J App Pharm; 10: 229-33.

5680

Eur. Chem. Bull. 2023,12(Special Issue 8), 5666— 5680



