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Plant based therapeutics have been extensively used for wound healing due to their faster healing rate
and lesser side effects. The combinatorial approach of traditional concept with modern hydrogel-based
drug delivery system can able to heal the wound in an accelerated manner. The present study aimed to
formulate and evaluate the wound healing potential of hydrogel containing standardized ethanolic extract
of Lawsonia inermis Linn. Ethanolic extract of leaves was prepared, standardized with respect to lawsone
by validated high-performance thin-layer chromatographic method. The hydrogel formulations were
prepared using Carbopol 934 in different concentrations (0.5, 1.0 and 2.0 % w/w), assessed for cosmetic
persona, pH, viscosity, spreadability, occlusion, syneresis, drug content, drug-excipient compatibility, skin
irritation and for its wound healing activity. The hydrogel formulations (F1, F2 and F3) were found to be
clear, homogeneous, compatible, nonirritant in nature, with pH (6.73+£0.047 to 6.8+0.082), spreadability
(6.81+£0.09 to 8.13+0.08 cm), viscosities (39840+500.07 to 87538+389.87 cp), occlusion factor values
(57.43+1.24 to 73.82+2.48 %), percent syneresis (2.696+0.368 to 5.5+0.226), and percent drug content
(94.271+0.292 to 96.587+0.402) were found to be optimal for topical application. Hydrogel (F2) exhibited
a significant healing response in the excision wound rat model. Wound healing was significantly improved
among the test groups on the 4™, 8" and 12" d (p<0.001) in comparison to standard lawsone hydrogel and
control group. The result showed that the studied hydrogel has the potential for wound dressing.
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healing

Wound healing is a complex and dynamic tissue
regeneration process that repairs injured skin and
other soft tissues. Usually, it involves three temporally
overlapping phases inflammation, proliferation and
remodeling!'. The continuity of these three phases at
a particular time for a specific duration at an optimum
intensity in proper sequence is a bio-physiological
function®. After an injury, an inflammatory response
occurs and the cells under the dermis (the deepest layer
of skin) begin to increase the production of collagen
(connective tissue), later, the epithelial tissue (the outer
layer of the skin) is regenerated™.

Plants and their extracts have great potential in the
administration and treatment of wounds. For fewer
side effects and a quick healing rate, some herbal
medicines have been widely used for the treatment of
wounds since ancient times™. Lawsonia inermis (L.
inermis) Lythraceae family, commonly known as henna
or mehendi in Hindi. The leaves of L. inermis contain
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phenolic compounds such as coumarin, flavonoids,
naphthalene, naphthoquinones (lawsone, 2-hydroxy-
1,4-naphthoquinone), lignans, alkylphenones; non-
volatile terpenes such as lupeol, botulin, betulinic
acid and 30-norlupan-3f3-0l-20-one; oleamide; trace
elements such as Ca, Na, Mg, P, K, and Se; fat;
resin; gallic acid and mucilaget®®. The color matter
is assigned to the quinone, lawsone, accountable for
the dyeing principle of the plant and also related to
many of the pharmacological activities. The plant has
long been used for medicinal and cosmetic purposes,
which are extremely connected to the old and modern
cultures of Asia and North Africal®. Besides being used
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for personal adornment, Lawsonia played a crucial role
in holistic medicine for some ancient cultures, offering
medicinal and psychological benefits!. The folk remedy
of Henna includes treatment of jaundice and digestive
disorders, leprosy, headache, diabetic foot disorders,
ulcers, applied to feet and hands to give protection
against fungal microorganisms and to hair to rid lice
and dandruff. Numerous pharmacological benefits have
been reported for Lawsonia, including anthelmintic,
anticancer, antitrypanosomal, hypotensive, sedative,
astringent, anti-hemorrhagic activities as well as

immune-modulatory, hepatoprotective, antioxidant,
UV-protective, antifungal, virucidal, antiparasitic,
anti-inflammatory, analgesic, wound healing and

antimicrobial activity®. The wound healing activity of
this miracle plant was most thoroughly investigated!*7!,

Hydrogel has a great advantage for delivering
herbal medicines as it has high biocompatibility
and compatibility with herbal components, shows
negligible toxicity, tunable release sustainability,
can load ingredients with various hydrophilicity and
deliver multiple herbal components®. In addition,
hydrogels can absorb moisture from an exudating
wound and donate moisture to dehydrated tissue.
Hydrogels provide a moist atmosphere for wound
healing which are non-toxic, non-adherent and non-
particulate, smooth and flexible, high water content
and well oxygenated. These properties are essential for
providing a pain-free environment to the wound®'.
It can be described physically as a swellable three-
dimensional hydrophilic polymers network that
can absorb and retain a substantial amount of water
when immersed in water or biological fluids, without
dissolution™". In hydrogel, the polymeric structures are
held together by ionic forces, hydrogen bonds, primary
covalent cross-linking, affinity or ‘“bio-recognition”
interactions, hydrophobic interactions, polymer
crystallites, physical entanglements of single polymer
chains, or a combination of two or more of the above
interactions!'”. Polymers are the major constituent of
hydrogels, which can be natural or synthetic in origin.
The promising potential of hydrogels has been well
exploited for delivering herbal medicines in diverse
areas, from product development to treatment of
disease!®). Furthermore, the use of hydrogels as a wound
management product containing herbal extracts has been
investigated. These include astragaloside IV-loaded
nanoparticle-enriched hydrogel'), ethyl acetate Salix
alba leaves extract-loaded chitosan-based hydrogel
film!'*), topical application of an alcoholic extract of
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Terminalia arjuna bark in the form of a hydrogel,
novel alginate-based hydrogel films containing Aloe
vera'! and asiaticoside-loaded alginate films capable
of forming into hydrogel!'®!.

The present study aimed to formulate and evaluate
standardized ethanolic extract of L. inermis loaded
hydrogel for wound dressing application. The
hydrogels were developed for application in soft
tissues, in particular, topical skin applications and
characterized through the evaluation of several
parameters, such as cosmetic persona, pH, viscosity,
spreadability, occlusion, syneresis, drug content, drug-
excipient compatibility, skin irritation and also for its
wound healing activity. In this work, the hydrogels
were prepared using Carbopol 934 as a gallant due to its
high-water absorption capacity, better gel consistency
and good dispersion ability over natural hydrogel"”.
The formulated hydrogel allows the incorporation of
standardized ethanolic extract of L. inermis, which are
released into the wound to promote the healing process.
The results showed a potential use of the formulated
hydrogel by accelerating the wound healing process.

MATERIALS AND METHODS

Chemicals:

Standard lawsone and triethanolamine was purchased
from Sigma Aldrich (Sigma Aldrich, Germany). Ethanol
(99 %) was obtained from Merck, Germany. Carbopol
934 was obtained from Lubrizol Corporation (Wickliff,
OH, USA). Propylene Glycol (PG) was purchased from
Sisco Research Laboratory (SRL). The pre-coated silica
gel plates (Merck 60 F_,, 0.25 mm) were used in High-
Performance Thin-Layer Chromatography (HPTLC)
analysis. Millipore water was used throughout the
experiment.

Plant material:

The leaf of the L. inermis was collected from the
premises of the Department of Pharmaceutical
Engineering and Technology, Indian Institute of
Technology (IIT) (Banaras Hindu University (BHU)).
The plant material was identified and authenticated by
Prof. N. K. Dubey, Department of Botany, Faculty of
Science, BHU, Varanasi, India. The voucher specimen
was deposited in the herbarium of the Department of
Botany, Faculty of Science, BHU, under the number
Lythra 2017/1.

Indian Journal of Pharmaceutical Sciences 849



www.ijpsonline.com

Preparation of extract:

The collected fresh leaves of henna were rinsed
thoroughly with clean water and shaded dried at room
temperature to avoid direct sunlight from preventing
degradation of its phytoconstituents. After drying,
leaves were coarsely powdered using a crude drug
disintegrator and kept in a well-closed container. About
100 g of coarse powder of Henna was dispersed in 400
ml of ethanol and left for 48 hours at room temperature.
The solution was filtered through a fine muslin cloth
followed by filtration through Whatman 41 filter
paper. The filtrate was concentrated in a rotary vacuum
evaporator (IKA, RV 10 digital) at 45° with 60 RPM
until complete removal of the solvent occurred. The
dried extract was stored in a refrigerator until usage.

HIGH-PERFORMANCE THIN LAYER
CHROMATOGRAPHY (HPTLC)

Preparation of standard solution and calibration
plot:

A stock solution of lawsone (1000 pg/ml) was prepared
by dissolving 10 mg of accurately weighed lawsone in
10 ml of ethanol. 1 ml of stock solution was diluted
with 9 ml of ethanol to get the primary standard solution
(100 pg/ml). The solution was kept protected from
light in a refrigerator until further use. The calibration
curve was constructed as per International Council
for Harmonisation (ICH) guidelines. Six different
volumes of the primary standard solutions were applied
on 20x10 Thin Layer Chromatography (TLC) plate
(TLC aluminium sheets silica gel 60 F 254, Merck,
Darmstadt, Germany) to obtain the final range of 0.2
ug—1.2 pg/spot. The sample was applied (8§ mm band
length) by Linomat V sample applicator at an initial
distance of 15 mm from the left side and 8 mm from
the bottom of the plate. The dosage speed was 100 nl/s
and the bands were developed in a twin trough glass
chamber (CAMAG, 20x10 c¢cm) up 80 mm distance
using 20 ml of toluene-ethyl acetate-glacial acetic acid
(16:2:2 v/v) as mobile phase. Deuterium lamp was used
as sources of radiation. The slit dimension was kept at
6.00%0.45 mm micro and the scanning speed employed
was 20 mm/s. After chromatographic development, the
plate was dried by a hair drier and zones were scanned
by a scanner (CAMAG TLC Scanner 4) equipped with
WinCATS software (version 1.4.7.2018) in absorbance
measurement mode at ., 334 nm!'®"\. The calibration
curve was prepared by plotting the peak area in y-axis
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against the amount of lawsone in pg/spot in x-axis. Three
repetitive measurements were taken and the average of
the area under the curve vs. sample amount (ug/spot)
was considered for preparation of the calibration curve.

Method validation:

The above-mentioned method for quantification of
lawsone was validated as per the ICH guidelines in
terms of its system suitability, specificity, linearity,
accuracy, precision (intra-day and inter-day), Limit of
Detection (LOD) and Limit of Quantification (LOQ).

Lawsone content of ethanolic extract:

The dried extract was dissolved in ethanol (40 mg/ml),
filtered through a 0.4 pm syringe filter (Pall-Gelman
Supor Acrodisc®). Filtered solutions were applied to
pre-coated TLC plate (TLC aluminium sheets silica
gel 60 F,,,, Merck, Darmstadt, Germany). 5 pl of
extract solution was applied as a band by Linomat V
sample applicator in a triplicate manner at a speed of
100 nl/s. After application, the bands were developed
to a distance of 80 mm using 20 ml of toluene:ethyl
acetate:glacial acetic acid (16:2:2) as mobile phase
in a twin trough chamber (CAMAG, 20x10 cm) after
saturation with the same mobile phase. The developed
layers were dried by a hair drier and the zones were
scanned at A__ 334 nm. The lawsone content per spot
was estimated from the extrapolation of the standard
calibration curve. The amount present in the spot
represents the amount of lawsone in the applied volume
of the sample (5 pl). From that, the amount of lawsone
present in the dry weight of extract was calculated.

Preparation of hydrogel:

Dried standardized ethanolic extract of L. inermis
was used for the preparation of hydrogel. The
hydrogel was prepared using Carbopol 934 of
different concentrations (0.5, 1, 2 % w/w), PG, Tri-
ethanolamine (TEA) and distilled water. The known
amount of Carbopol 934 was slowly dispersed into
the required quantity of water with continuous stirring
to get uniform dispersion and allowed overnight for
proper hydration. The accurately weighed quantity
of standardized ethanolic extract along with other
excipients was poured into the fixed amount of hydrated
Carbopol 934 dispersion with constant mixing. TEA
was used to adjust the pH of the gel formulation®”. The
composition of hydrogel prepared from standardized
ethanolic extract of L. inermis is presented in Table 1.
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TABLE 1: COMPOSITION OF HYDROGEL FORMULATIONS CONTAINING ETHANOLIC EXTRACT OF L. inermis

Ingredients F1 F2 F3
Carbopol 934 0.50 % 1% 2%
Water up to (ml) 30 30 30
Dried stgndardized L. inermis 1g 1g 1g
ethanolic extract

PG 2 ml 2 ml 2 ml
TEA q.s q.s q.s

Evaluation of hydrogel:

Preliminary physical evaluation of hydrogel: All
formulated hydrogels were inspected for their cosmetic
characteristics, which include color, appearance,
texture, consistency and homogeneity.

pH determination: The pH of the formulation was
measured at 25°+2° with a digital pH meter (Mettler-
Toledo India Private Limited, Powai Mumbai, India)
which was previously calibrated with buffered solutions
of different pH. 1 g of hydrogel was precisely weighed
and dispersed in 10 ml of distilled water. The estimation
of pH of each hydrogel was done in a triplicate manner
and the average was calculated™!!.

Viscosity measurement of hydrogel: Viscosities of
all formulated hydrogels were determined at 25°+2°
by Brookfield cup and bob viscometer using spindle
number S64 (model-LVDVE, Brookfield Engineering
Laboratories, MA, USA). All measurements were done
in triplicate at 10 RPM and the average was considered.

Spreadability: The spreading ability of hydrogel
formulation was determined by placing 500 mg of
hydrogel inside a pre-marked circle of 1 cm diameter
on a 3 mm glass plate over which a second glass plate
was kept??. Then a 500 g weight was assigned to place
on the upper glass plate for 5 min. The increase in the
diameter of the hydrogel due to spreading was observed
and noted for all formulations separately. The results
were considered from the average of three experiments.

Occlusion test of hydrogel: The occlusion test for
prepared hydrogel was evaluated as per the method
by de Vringer. In this method, three beakers of 100 ml
volume were taken each of was filled with 50 ml of
water!?l. All the beakers were subsequently covered by
cellulose acetate filter paper (90 mm thickness, cutoff
size 4-7 pm). A sample of 200 mg was spread on the
filter paper surface (19.63 cm?), leading to an applied
amount of 10.19 mg/cm? A visible thin film of gel
formed on the filter paper. The sample was preserved at
skin temperature (32°) for 24 h at 50 %-55 % Relative
Humidity (RH). Then the sample weight was taken to
July-August 2022

evaluate the amount of water loss due to evaporation
(water flux through the filter paper). A beaker covered
with filter paper (without application of sample) was
taken as a reference. The experiment was conducted in
triplicate and the average was calculated. The occlusion
factor (F) was calculated by equation (1).

Occlusion factor (F)=((A-B)x100)/A

Where, A is the amount of loss of water without the
sample (reference) and B is the amount of water
loss with the sample. The zero value of F indicates
no occlusive effect, whereas 100 is the maximum
occlusion factor.

Syneresis:

It was evaluated as per the method"” with some
modifications. In this test, hydrogels were placed
in a cylindrical plastic centrifuge tube and the initial
weight was taken (M,). Tubes were kept in a centrifuge
(REMI CM 12 Plus, India) and centrifuged for 15 min
at 5000 RPM. After centrifugation, the released water
was discarded and the gels were weighed (M,) again.
Syneresis of hydrogel was calculated as equation (2).
The data were reported as an average of 3 measurements.

% Syneresis=(M -M,)/M, (2)
Drug content:

The drug content of the hydrogel was estimated
with respect to lawsone. The lawsone content of the
hydrogel was determined by using the calibration
curve of lawsone obtained from HPTLC analysis.
Accurately 200 mg of each hydrogel formulation was
weighed and dissolved in 1 ml of ethanol. The mixture
was sonicated in a bath sonicator (Labman-Ultrasonic
Cleaner LMUC-6, India) for 10 min for complete
solubilization of lawsone in ethanol. After sonication,
the mixture was filtered through a syringe filter (Pall-
Gelman Supor Acrodisc®), and 5 pl sample was
applied on the TLC plate in triplicate. Then the plate
was developed to a distance of 80 mm using 20 ml
of the same mobile phase as used in calibration curve
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preparation. The developed plate, after drying, was
scanned at A 334 nm. The lawsone content/spot was
estimated from extrapolation of the standard calibration
curve and the amount present in the spot represents the
amount of lawsone in the applied volume of the sample
(5 pl). From that, the amount of lawsone present in the
taken amount of hydrogel (200 mg) was calculated. The
percentage drug content was calculated by equation (3)

% Drug content=The obtained amount of lawsone
in total hydrogel formulation/theoretical amount of
lawsone present in formulationx100 (3)

Drug excipient compatibility study:

The physicochemical compatibility between L. inermis
extract (mainly lawsone) and excipients used in the
hydrogel formulation was investigated by using Fourier
Transform Infrared spectroscopy (FTIR) (Alpha FTIR
spectrometer, Bruker Co. Germany). The ATR-FTIR
spectra were recorded in the wavenumber region
between 4000 and 600 cm™! with 4 cm™! resolution. The
spectra were recorded for the standardized ethanolic
extract of L. inermis, three hydrogel formulations
(F1, F2 and F3), physical mixture of formulation

components and finally compared.
Skin irritation study:

The skin irritation potential of hydrogel formulation
was evaluated by Draize patch test!*!. The study was
performed using three healthy white albino rabbits
weighted between 2-3 kg in a group. Two such groups
were selected, group 1 served as placebo (group
topically applied with the hydrogel without ethanolic
extract), group 2 received F2 formulation. Each rabbit
was kept individually in the cage and supplied an
adequate amount of food and water in-between the
study. 24 h prior to the test, hair from the backside area
of each rabbit was removed by hair clippers (area of 4
cmx4 cm) and washed with distilled water. Accurately
0.5 g of hydrogel formulation was applied within the
area of 4 cm? The skin surface was examined for the
sign of erythema and edema at 24, 48, and 72 hours
after application. The response was evaluated as
reactions on the skin and given the scores according to
the grading values for skin responses described in Table
2[231 The Primary Irritation Index (PII) was calculated

and verified with the response category table (Table 3)
[26]

TABLE 2: GRADING VALUES FOR THE PRIMARY SKIN IRRITATION TEST

Skin responses

Score of PII

Erythema and eschar formation

No erythema

Very slight erythema (barely perceptible)
Well-defined erythema

Moderate to severe erythema

Severe erythema (beet-redness) to slight eschar formation
(injuries in depth)

Edema formation
No edema
Very slight edema (barely perceptible)

Slight edema (edges of area well-defined by definite raising)

Moderate edema (raised approximately 1.0 mm)

Severe edema (raised more than 1.0 mm and extending
beyond the area of exposure)

Total possible score for irritation

TABLE 3: RESPONSE CATEGORIES AND PII

Category

PIl

Negligible
Slight irritation
Moderate irritation

Severe irritation

0-0.4
0.5-1.9
2.0-4.9
5.0-8.0
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Evaluation of wound healing activity:

Animals: Adult male Wistar albino rats (150-180 g,
n=18) were procured from Central Animal House of
Institute of Medical Sciences, BHU, Varanasi. The rats
were individually housed in standard environmental
conditions, 12 h light-dark cycle with adequate
ventilation, fed with standard food and water ad libitum
during the whole experimental period. The permission
for the use of animals and experimental protocols
were approved by the Institutional Animal Ethics
Committee (No. Dean/2017/CAEC/705 Dated 30-03-
2017).

Wound healing study: The wound healing activity of
hydrogel containing standardized ethanolic extract of
L. inermis was evaluated by using the excision wound
model. The animals were acclimatized for 1 w before the
study. The animals were anesthetized by intraperitoneal
injection of pentobarbital sodium (40 mg/kg). The
dorsal skin of the rat was shaved with scissors and a
surgical blade, cleaned with 70 % ethanol, a round
section of full-thickness skin wound (25 mm diameter
and 2 mm depth) was created in all the rats with the
aid of sterilized toothed forceps, surgical scissors and
blade under semi-aseptic condition. Rats were homed
individually in disinfected cages after recovery from
anesthesia with unrestricted access to water and food
and divided into three groups equally. The progression
of the healing process was investigated by macroscopic
photographs of the wounds.

Initially, the amount of hydrogel that can spread evenly
to the entire wound area was determined by spreading
the preweighed amount of prepared hydrogel uniformly.
Accurately, 400 mg of extract-loaded hydrogel was
found to spread evenly throughout the wound area as
a very thin layer without any spillage to the adjacent
area. Hence, 400 mg of standardized L. inermis extract
loaded hydrogel and 400 mg of hydrogel containing
pure lawsone (equivalent to the amount of lawsone
present in the extract loaded hydrogel) were applied
topically for wound healing study.

Treatment groups:

Wistar albino rats were divided into three groups
consisting of six in each and were labeled as group I to
group III.

Group-I: Immediately after creating the wound, the
wound area of animals was left as such (untreated),
served as the control group (for comparison) and
allowed the natural process of wound healing.
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Group-II: Hydrogel of pure lawsone (placebo F2
hydrogel containing pure lawsone) promoting wound
healing was selected as the standard group for the
comparison of wound healing actions in experimental
animals. The quantity of lawsone used for the standard
hydrogel preparation was chosen as per the amount of
lawsone present in 1 g of standardized ethanolic extract
(estimated by HPTLC densitometry method) to make
each formulation uniform with respect to lawsone
content. Accurately weighed (400 mg) hydrogel
containing pure lawsone was applied once in 24 h for
12 d.

Group-III: Based upon the optimum viscosity,
medium occlusivity, spreadability and consistency
nature of formulation F2, it was selected for wound
healing activity evaluation. Formulation F2 (400 mg)
containing standardized ethanolic extract of leaf of L.
inermis was applied at once daily for 12 d, which is
served as a test group for evaluation of wound healing
potential of the hydrogel.

Wound photography and measurement of
percentage wound reduction:

The photographs of the wound of all animals were
taken separately on 0, 4, 8 and 12 d. The post-excision
wound area was measured at a predetermined time
interval on above mentioned days of all group animals.
During the healing process, the wound had not perfect
circular shapes. Therefore, the areas of the wounds
were traced on transparent paper by using a fine tip
marker. The wound areas within the traced boundaries
were calculated using a millimeter scale graph paper®].
The results of wound healing on various days were
expressed as percentage wound contraction calculated
by Wilson’s formula-*"! as in equation (4).

% Wound contraction=0 d wound area-wound area on
said day/0 d wound areax100 (4)

Statistical analysis:

The mean and Standard Deviation (SD) for all values
were calculated. All data are expressed in terms of
mean+SD. Statistical analysis was performed by one-
way ANOVA followed by Tukey’s test or students t-test
using at p<0.05 using Origin 2019b software (Trial
Version Software, Northampton, MA, USA).

RESULTS AND DISCUSSION

Different mobile phase was tried preliminarily and
good separation of standard lawsone and extract was
achieved with toluene:ethyl acetate:glacial acetic
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acid (16:2:2 v/v/v). Lawsone was detected at 0.57
Retardation Factor (R) value at 334 nm by absorbance
mode. The average of the area obtained from 3 repetitive
measurements was plotted against amount/spot (fig. 1).
The above mobile phase gave a compact spot as well
as a symmetrical peak with a R, value at 0.57 (+0.03)
shown in fig. 2.

The system suitability was checked by applying six
replicate spots (6 pul) of primary standard solution (100
ug/ml) and analyzing the percentage Relative Standard
Deviation (RSD) of peak areas. The percentage RSD
of peak areas was found to be 0.9994, which is <2 %
showing no significant variations among the peak area,
which indicates the suitability of the developed method
for doing further validation (Table 4).

The specificity of the method was verified by comparing
the R, value and the spectra of the ethanolic extract of
L. inermis, standard lawsone and formulation (F2). Fig.
3 showed a good agreement of R, value (0.57+0.03)
of the lawsone in ethanolic extract and formulation
(F2). On the obtained densitogram of pure lawsone,
no additional peaks were found. The densitogram of
extract and F2 formulation represent multiple peaks
with the easily identifying unique lawsone peak (R,
value 0.57+£0.03). Hence, the developed HPTLC
method is specific for the determination of lawsone.

From the calibration plot (fig. 1), the obtained linear
equation y=6698.3x+7868.3 (n=3). Regression analysis

of data was considered to obtain a linear regression
model. A good linear relationship was obtained in the
range of applied amount (0.2-1.2 pg/spot) of lawsone.
The correlation coefficient of the fitted model (0.999)
indicates a relatively strong relationship among
variables. The level of significance (p<0.001) reflects
the statistically significant correlation between the peak
area and the amount of lawsone at each level. Thus,
the method is in accordance with the guidelines of the
ICH essential for the quantitative analysis of an active
ingredient (lawsone).

The accuracy of this method was ascertained based on
the percentage recovery by standard addition method
at three levels (50 %, 100 % and 150 %). The recovery
was found to be within the range of 97.5 %-99.33 %
(Table 5), which is within the acceptance range as per
the ICH guidelines.

Table 6 displays the results of precision studies
(expressed as % RSD) of the measured peak area of
lawsone in the samples at three different amounts (0.2,
0.6 and 1.2 ug/spot). The % RSD values of intra- and
inter-day precision were <2 % in all cases, which
confirmed that the proposed method is capable of
producing reproducible results. Therefore, the HPTLC
method is considered to be precise.

The LOD and LOQ values were found to be 0.0701
ug/spot and 0.212 pg/spot respectively which confirm
that the proposed method is sensitive enough for the
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Fig. 1: Calibration plot of lawsone
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Fig. 2: Densitogram of lawsone spot (0.8 ng/spot) of standard solution obtained using developed HPTLC method at 2=334 nm with
R, value 0.57

TABLE 4: SYSTEM SUITABILITY (RSD)

S. No Amount/spot (ug/ Peak area Average SD % RSD
spot)
1 0.6 12091.5
2 0.6 11991.7
3 0.6 12012.4
12110.39 121.0376 0.9994
4 0.6 12046.8
5 0.6 12245.67
6 0.6 12274.28
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Fig. 3: 3D graph for specificity showing the unique lawsone peak (R=0.57+0.03) in L.inermis extract, standard lawsone solution of
different concentration and hydrogel formulation (F2)
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TABLE 5: ACCURACY DATA OF THE HPTLC-DENSITOMETRIC METHOD FOR LAWSONE (n=3)

Percent of standard
lawsone added

Initial quantity of
lawsone (pg/pl)

Theoretical quantity
of lawsone in sample

Average quantity of

recovered lawsone Recovery (%)

(pg/spot) (mean+SD)
0.1 50 0.9 0.884+0.005 98.22
0.1 100 1.17£0.015 97.5
0.1 150 1.497+0.005 99.33

Note: Results are shown as mean+SD

TABLE 6: PRECISION OF PROPOSED HPTLC-DENSITOMETRIC METHOD FOR LAWSONE

Amount of lawsone (ug/spot)

Peak area (meanSD)

% RSD of peak area

Intra-day precision (repeatability, n=3)

0.2 9194.3+164.62 1.79
0.6 12036.36+51.059 0.424
1.2 15842.334+85.602 0.54
Inter-day precision (repeatability, n=3)

0.2 9062.9+115.310 1.272
0.6 12316.914+224.900 1.825
1.2 15825.137+58.096 0.367

Note: Results are shown as mean+SD

estimation of lawsone.

The results of the robustness analysis are shown in
Table 7. The data indicate no marked change in results.
The values of percent RSD (<2 %) of peak area for all
parameters of robustness indicating the robustness of
the developed HPTLC method.

The lawsone content of the extract was estimated using
a linear equation, y=6698.3x+7868.3 (n=3), obtained
from the calibration curve of standard lawsone. 1 g
of dried ethanolic extract of L. inermis was found to
possess 5.450+£0.0352 mg of lawsone.

All the formulated hydrogels were light brown in color,
having an acceptable smooth homogeneous appearance
and texture, free from aggregates or absence of lumps.

In order to avoid irritation or disruption of skin, pH of
the topical formulations should be compatible with pH
of the skin?®. The pH of all the formulations (Table 8),
are in the acceptable range for topical administration,
permitting the use of the prepared formulations'!.

Spreadability, adhesiveness, drug release and
subsequent penetration may greatly be influenced by the
rheological properties of topical hydrogel formulations
while delivering the drug molecules onto or across the
skin®!, The viscosity results of formulation (Table 8)
indicate that the developed hydrogels possess adequate
consistency to retain on the skin. The results indicated
the viscosities of hydrogel formulations were consistent,
neither too thick nor too thin.
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Spreadability results of prepared hydrogels were
presented in Table 8. The ability of a gel to spread over
an area on application to the skin surface is expressed in
terms of spreadability. This is an important characteristic
of topical formulation for better patient compliance and
uniform application of gel to the skin surface. More
viscous formulation possesses poor spreadability, which
results in difficulty during application. It is influenced
by the type and concentration of gelling agent used
in the formulation®. All formulations showing good
spreadability indicate uniform spreading and take less
time to spread at the application site.

The occlusive effects of the tested hydrogels are shown
in Table 8. The hydrogels form an adhesive layer that
occludes the skin surface. The occluding property of
the topical gel allows the permeation of the extract to
the deeper site of the skin. This is due to hydration of
the stratum corneum in which water associates with
the polar head groups of the lipid bilayers through
hydrogen bonding. The hydrated cell loosens the lipid
bilayers, decreases intermolecular forces and increases
the fluidity of the bilayer region*"..

Syneresis of the gel system is a natural phenomenon
during which gel shrinks a bit and little amount of unbound
excess water is pressed out from it upon standing. It is
an undesirable property that can be controlled by proper
choice of gallant concentration and suitable additives. The
results of syneresis are shown in Table 8. The decrease
in the syneresis was obtained with an increase in the
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TABLE 7: ROBUSTNESS DATA OF HPTLC METHOD FOR LAWSONE QUANTIFICATION (n=3)

Variations of chromatographic conditions

% RSD of peak area

Volume of mobile phase (+0.8 ml)
Time of chromatographic plates activation (+5 min)
Saturation time of developing chamber (+5 min)

Development distance (10 mm)

1.76
1.23
0.85
1.31

TABLE 8: pH, VISCOSITY, SPREADABILITY, OCCLUSION AND SYNERESIS VALUES OF HYDROGEL

FORMULATIONS

Formulations F1 F2 F3

pH 6.73+0.047 6.53+0.067 6.8+0.082
Viscosity (cp) 39840+500.07 58786+610.83 87538+389.87
Spreadability (cm) 8.87+0.07 8.1320.08 6.81+0.09
Occlusion test value 57.43+1.24 64.67+2.37 73.82+2.48
Syneresis (%) 5.5+0.226 3.24320.202 2.696+0.368

Note: Results are shown as mean+SD
Carbopol 934 concentration for all hydrogels.

The drug content with respect to lawsone was
calculated for all formulations and from that, the
percent drug content was estimated. The F1, F2 and F3
formulation was found to contain (94.271+0.292) %,
(96.587+0.402) %, (95.287+0.17) % respectively. The
slight decrease in content in all formulations may be
due to the uneven distribution of extract in the blank
hydrogel during formulation.

The information of chemical composition and
compatibility of the drug with the additives can be
obtained by adopting FTIR analysis®!. The FTIR
spectra of standardized ethanolic extract of L. inermis,
standardized extract containing formulations (F1,
F2 and F3) and the physical mixture of formulation
components were illustrated in fig. 4. The peak at 1451
cm’, 1452 cm’!, 1454 cm™, 1456 cm™! correspond to
-C=C- (aromatic) stretching band, peak in between 1630
cm™ to 1641 cm™ correspond to >C=0 stretching band
and the phenolic O-H stretching having a broad peak
at around 3335 cm™! for all formulation analyzed. This
is in accordance with the FTIR signature of lawsone
as reported previously®>34. The physical mixture of
formulation components contains all the prominent
peaks without any shifting or disappearance, which
eliminates the possibility of incompatibility among
them. The spectrum of formulations (F1, F2 and F3)
and the standardized ethanolic extract of L. inermis has
shown all the dominant absorption peaks almost at the
same position indicating the retention of the chemical
identity of lawsone. However, the decreased intensity
of the peaks in the formulation was observed, which
is due to the low quantity of extract in the hydrogel
formulation. There is no disappearance of any important
July-August 2022

functional group positions. These findings suggested
the compatibility of the extract (mainly lawsone)
with additives in the prepared hydrogel. In addition
to the FTIR results, the compatibility of lawsone with
the formulation excipients was also revealed from
the integrity of lawsone peak (R=0.57+0.03) in the
HPTLC chromatogram (fig. 3). The band of lawsone
is also available in the HPTLC fingerprint captured at
254, 366 and 412 nm (fig. 5).

Skin irritation study measures the safety of polymeric
hydrogel containing the active ingredient on rabbit
skin®¥. A topical formulation with high acidic pH can
cause skin irritation'>. All the prepared formulations
have pH towards neutrality, hence has very less chance
of skin irritation due to acidity. The erythema and edema
were observed on applied areas of all three rabbits
of each group after 24 h, 48 h and 72 h applied with
hydrogel F2 as well as placebo gel. Two rabbits showed
very slight erythema, which disappeared after 72 h
which received a placebo gel. No erythema and edema
were observed on formulation F2. The results were
presented in Table 9, which represents the formulated
hydrogel of ethanolic extract of L. inermis has no skin
irritation tendency.

The full excision wound model in rats was utilized to
find the ability of hydrogel containing standardized
ethanolic leaf extract in promoting wound healing.
In the protocol, an untreated (control group), neat
lawsone containing hydrogel (standard group) and the
standardized ethanolic leaf extract hydrogel F2 (test
group) were applied over the wounds, and their ability
to reduce wound area was determined. The percentage
of wound area was investigated at different time points
up to 12 d period as shown in fig. 6. It was observed that
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there is a significant (p<<0.001) decrease in the wound
area in the rat treated with formulation F2 compared
to the control group. In the control group, animals had
a large difference in wound area contraction (33 % in
12 d) compared to the test group (66.66 % in 12 d)
found because of a slow natural wound healing process
of the body in untreated rats®>!. The closure rate in the
standard group is nearer to the test group as the standard
group contains lawsone, the important phenolic
principle present in henna leaf contribute to its wound
healing activity!”!. Standardized ethanolic extract of L.
inermis gel (F2) showed a significant increase in the
rate of wound contraction. The increased activity of
F2 than the standard group is due to the additive effect
of phytoconstituents present in L. inermis extract!®. To
conclude the wound healing study, the healing process
with F2 hydrogel was faster than other groups. Presence
of flavonoids, the bioactive constituents in henna can
promote fibroblast proliferation and collagen secretion
crucial for the healing of wounds’=%. In addition to
flavonoids, various phenolic compounds in L. inermis
extracts could combine with the bacterial cell wall and

4000 3500 3000 2500 2000

inactive their function””3% and accelerate healing of
wounds.

The 0™, 4%, 8" and 12™ d representative images of the
control, standard and test group were shown in fig.
7. After the 4" d, no remarkable change in wound
appearance was visible for all groups. After the 8"
d, the wound closure area was more in standard and
test compared to the control group. After 12 d more
than 50 % of the wound in the test and standard were
noticeably closed and scabs had fallen off while the
controls had wounds covered with scabs. The greatest
wound healing rate of the test group (formulation F2)
than other groups happened for several reasons, L.
inermis extracts promotes wound healing activity?!; L.
inermis extracts prevents antibacterial infection!”-73%I;
henna extract has the potential to suppress the formation
of superoxide anion and release of neutrophil elastase,
thereby enhances anti-inflammatory activity. Hence the
anti-inflammatory response protects the fibroblasts from
oxidative stress and increases fibroblast proliferation
and deposition of collagen at wound areal®; the
hydrogel usually extracts moisture from the wound,
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Fig. 4: FTIR spectra of standardized L. inermis extract, formulations (F1, F2, F3) and physical mixture
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Fig. 5: HPTLC fingerprint of L. inermis, standard lawsone and hydrogel (F2) formulation at 254, 366 and 412 nm
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366 nm

412 nm

Standard Lawsone (0.2-1.2 pg/Spot) Hydrogel Formulation

TABLE 9: REACTION ON SKIN AND SCORE OF ETHANOLIC EXTRACT OF L. inermis HYDROGELS

After a specific Rabbit
Formulation Response time interval Pll score
(h) 1 2
24 1 0 0.33
Erythema 48 0 1 0.33
72 0 0 0
Placebo gel
24 0 0 0
Edema 48 0 0 0
72 0 0 0
24 0 0 0
Erythema 48 0 0 0
72 0 0 0
F2
24 0 0 0
Edema 48 0 0 0
72 0 0 0
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pulling the skin together which gradually closing the
wound and reducing wound area, thereby falling the
risk of infection™.

Nature has had a significant role in offering medicinal
values for thousands of years in the treatment and
prevention of various ailments. The existence
of different life-sustaining chemical moieties in
plants has urged scientists to work on these plants
to identify their potential therapeutic activity. The
wound healing potential of various plants has been
well explored. The activity is attributed to their anti-
microbial, anti-inflammatory, healing, haemostatic,
analgesic, suppression of superoxide anion and
immuno-modulating activities. The extract-based
multicomponent system will be able to treat the wound
in a multi-dimensional way.

Compared to the traditional dressing, hydrogel, a
recent formulation, offers several advantages, such as
smoothness and ease of applicability, better patient
compliance, spreading over a larger area, safety,
case of removal due to non-adhesive properties, etc.
Furthermore, it has the tendency of moisture balance by
absorbing physiological exudates from wounds, which
facilitate the wound healing process.

The work offers the development of herbal wound
healing hydrogel containing standardized ethanolic
extract of L. inermis for topical wounds. The ethanolic
leaf extract of henna was obtained from fresh leaves.
The standardization of ethanolic extract with respect
to lawsone was done by HPTLC densitometric
method. The hydrogel containing an equal amount of
extract was formulated with different concentrations
of Carbopol 934. All the formulations showed
acceptable pH, viscosity and spreadability, occlusion,
syneresis, drug content, drug-excipient compatibility.
No formulation containing the extract was able to
cause any skin irritation. The presence of lawsone in
the formulation was confirmed by FTIR spectra. The
wound area contraction of formulation F2 was faster
than the standard and control group after 12 d of
treatment. It is concluded that the formulated hydrogel
would have promising application in topical wound
healing. The plant-based hydrogel formulation will
provide safe, efficacious, patient compliance and cost-
effective medication for the treatment of wounds, with
consideration of the traditional claim of plant-based
therapy and newer dosage form approach.
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