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Abstract

The aim of the present study was to develop and characterize karanjin-loaded ethosomes-based gel formulation for enhanced
topical delivery and effective therapy of skin acne. Karanjin-loaded ethosomes (K-ETH) presented a nanometric size of
140.87 +2.35 nm, entrapment of 71.41 +2.74% and enhanced permeation with 1.9 times increase in the flux and 2.4 times
higher skin deposition compared to the hydro-ethanolic solution of karanjin. The DSC analysis confirmed successful entrap-
ment of the karanjin within the ethosomes. The developed ethosomes were incorporated in the carbopol gel for adequate
application on the skin surface. The ethosomal gel (K-EGF) also exhibited greater penetration in the rat skin as revealed by
CLSM. The optimized K-EGF formulation was non-irritant to the skin as evident by Draize score test and histopathologi-
cal examination. The highest zone of inhibition, 30.0 +1.52 mm and 36.22 +0.57 mm was produced by the K-EGF against
Propionibacterium acnes and Staphylococcus epidermidis, respectively, indicating substantial antibacterial properties of the
K-EGF. DPPH assay indicated its potent antioxidant effects. Substantial anti-inflammatory effects in the carrageenan-induced
edema in the rat paw were evident with inhibition of rat paw edema by 66.66% and 70.37% upon application of K-EGF and
standard anti-inflammatory agent, respectively. Anti-acne effects were also evident with K-EGF treatment with significant
decrease in number and size of sebaceous gland units in dermis. Overall, the above findings vouch for a therapeutic oppor-
tunity to improve topical delivery of karanjin in acne treatment employing ethosomal gels as the promising carrier system.
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Introduction

Acne vulgaris, a multifactorial pathology, has a prevalence
of more than 85% in the teenagers and bears association
with the exposome factors, including the nutritional, medi-
cal, psychosocial, occupational, climatic and lifestyle fac-
tors (Cong et al. 2019). Microbial fluctuation in the skin
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ecosystem contributes in acne pathogenesis. Bacterial spe-
cies belonging to four phyla: Actinobacteria, Proteobacte-
ria, Bacteroidetes, and Firmicutes are mainly present on
the skin. Sebum and dead skin cells build-up within the
sebaceous follicle enhances the microbial load which leads
to the disruption of the follicular wall and also targets the
keratinocytes and phagocytes, triggers the production of pro-
inflammatory cytokines (interleukin (IL)-1p, IL-8, IL-12)
and tumor necrosis factor-a and hence contributes to skin
inflammation (Kumar et al. 2016). In addition to being a
dermatologic disorder affecting the skin follicles in body
parts like face, upper chest and back, acne severely affects
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the social life, self-esteem and body image of the individu-
als, which may lead to psychological disorders leaving the
individual in the state of depression and anxiety (Arora et al.
2011; Heng and Chew 2020). The symptoms of acne include
development of non-inflammatory comedones with inflam-
matory lesions for instance papules, pustules, and nodules
(Tanghetti 2013).

Acne development is influenced by four main pathologi-
cal factors viz enhanced sebum production, irregular follicu-
lar desquamation, microbes, particularly Propionibacterium
acnes (P. acnes) proliferation and inflammation of the area
(Gollnick et al. 2003). Treatment for acne includes systemic
and topical therapies with retinoids, antibiotics, hormonal
treatment and also physical treatment which includes extrac-
tion of comedone, cryo-slush therapy, electro-cauterization,
intra-lesional corticosteroids and optical therapy (Fox et al.
2016). However, most of the products are inadequate to con-
trol all the pathogenic factors contributing to acne disease.
The associated side effects, such as skin irritation, dryness,
teratogenicity, photosensitivity and antibiotic resistance,
are other concerns for acne treatment (Yu et al. 2016). This
necessitates development of alternative treatment for acne.

Herbal therapies, such as herbal extracts, oils and ayurvedic
formulations, have been used since ages for disease treatment
and also explored for their anti-inflammatory action in acne
lesion. The antibacterial and the anti-inflammatory actions of
the natural substances have led to their potential use in acne
treatment (Azimi et al. 2012; Kumar et al. 2008; Shahtalebi
et al. 2018; Yang et al. 2019). Pongamia pinnata L. Pierre
(Fabaceae; synonym Pongamia glabra Vent.), is a frequently
utilized traditional Indian medicinal plant possessing antitu-
mor, anti-ulcerogenic, anthelmintic, anti-inflammatory, anal-
gesic and anti-oxidative properties. It is also used in various
skin disorders and also for the treatment of bronchitis, chronic
fever and rheumatism (Yi et al. 2015). Karanjin, a major bioac-
tive furanoflavone, obtained from P. pinnata seeds has dem-
onstrated potential antioxidant, anti-inflammatory and H,
K*-ATPase inhibitory effects (Shejawal et al. 2014). Reduced
secretion of inflammatory mediators and inhibition of nitric
oxide are some of the inflammation inhibiting effects of karan-
jin (Patel and Trivedi 2012; Singh and Pandey 1996; Srini-
vasan et al. 2001). Potent antioxidant effects of karanjin were
observed through nitric oxide-scavenging ability (Ghosh and
Tiwari 2018). Karanjin also produces the antimicrobial effect
against Pseudomonas aeruginosa, Klebsiella pneumonia and
Micrococcus luteus (Rani et al. 2013). Treatment with karan-
jin produced some morphological changes, such as shrinking,
membrane disruption and break down of the cell wall in the
bacterial strain of Staphylococcus aureus and Escherichia coli
enterotoxin (Singh et al. 2016; Ujwal et al. 2007). Karanjin

Pielae clla)l auan .
KACST 3.015lq rogLe Ll @ Springer

is therefore a valuable antioxidant with promising prospects.
Considering the potential antioxidant, anti-inflammatory and
antibacterial activity of karanjin, it can be plausibly explored
for the treatment of acne vulgaris.

Despite promising benefits with topical delivery systems,
a potential challenge in acne treatment is drug penetration
through the deeper layers of the skin due to defensive mem-
brane structure of the stratum corneum (SC). Formulating
elastic vesicles such as ethosomes owing to their soft and
malleable nature can penetrate the deeper layers of skin (Garg
et al. 2017).

Ethosomes are squishy, delicate and pliable vesicles altered
for enhanced delivery of therapeutic agents. These are phos-
pholipid-based nano-vesicles containing ethanol at high per-
centages (20—45%) which imparts flexibility to the vesicular
membrane, hence allowing their transport through pores of
very small diameters (Yu et al. 2016). The presence of etha-
nol in the ethosomes causes the perturbation of multi-lamellar
and ordered lipid domain, reduces the structural density and
increases the fluidity of the SC, thereby promoting percuta-
neous permeation of the therapeutic agent into the deeper
skin layers. Moreover, a steady-state flux can be attained
throughout the skin in contrast to liposomes as the latter is
largely confined to the upper tier of SC (Bragagni et al. 2012).
Additionally, the fusion of the ethosomal vesicle with the SC
lipid contents results in change of the transition temperature
and hence enhanced drug diffusion (Kahraman et al. 2017).
Ethosomes have number of features that make them ideal for
use as drug carrier, including a smaller size as compared to
liposomes; with similar lipid composition, high payload for
both lipophilic and hydrophilic therapeutics and have great
physical stability during storage (Touitou et al. 2000). Etho-
somes have been widely explored as scaffold for several drugs
used in therapy of hair disorders and diseases associated with
sebaceous gland, photodynamic therapy, and delivery of anes-
thetics (Yang et al. 2017).

Considering the involvement of pathogenic factors, such
as oxidative stress, inflammation and bacterial proliferation,
in the pathogenesis of acne vulgaris, we aimed to explore
the potential antioxidant, antibacterial, anti-inflammatory
to investigate anti-acne effect of karanjin-loaded ethosomes
and ethosomal gel. The antibacterial efficacy of the developed
ethosomes and ethosomes-loaded carbomer gel was tested
against acne-causing bacteria, P. acnes and Staphylococcus
epidermidis (S. epidermidis). The antioxidant activity was
assessed via DPPH assay. In vivo pharmacodynamic evalu-
ation was performed in carrageenan-induced edematous rats
for the anti-inflammatory effect and testosterone-induced
sebaceous gland enlargement for evaluation of anti-acne
effect.
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Materials and methods
Materials

Karanjin was purchased from Yacca Enterprises Mumbai.
Phospholipid 90G and Carbopol 934 were obtained from
B.S. Goodrich, Cleveland. Chloroform, methanol (HPLC
grade), triethanolamine, methyl paraben of AR category
were purchased from S.D. Fine Chemicals Ltd (Mumbai,
India). Testosterone (Testoviron depot inj. 100 mg/ml)
was procured from Zydus cadila Health Care Ltd. Clin-
damycin containing marketed formulation (0.5% gel) and
standard herbal cream were procured from Alkem Labora-
tories Ltd, Mumbai and Himalaya Drug Company, Makali,
Bengaluru, respectively. Test organisms Staphylococcus
epidermidis (S. epidermidis) (MTCC 435) and Propioni-
bacterium acnes (P. acnes) (MTCC 1951) were obtained
from the Microbial Type Culture Collection and Gene
Bank (MTCC), Chandigarh. Typical soy broth (TSB) and
Modified brain heart infusion medium were obtained from
Himedia, India. Double-distilled water was used through-
out the study.

Preparation of ethosomes

Ethosomes were prepared according to the film hydra-
tion method (Dubey et al. 2007). Phospholipids 90G
(30 mg, w/w) and drug Karanjin (3% w/v) were weighed
accurately and dissolved in chloroform: methanol (2:1,
v/v). The mixture was evaporated in a rotatory evapo-
rator (HAHN SHIN, HS-2005V-N) at 200-250 rpm and
exceeding the transition temperature of the phospholip-
ids to obtain a thin film. Removal of traces of solvent
was carried out overnight under vacuum. Hydration of
the obtained thin film was done using isotonic phosphate
buffer:ethanol solution (25:75) above the lipid transition
temperature for 1 h. The vesicular suspension was dis-
persed using probe sonicator (Heilscher Ultrasonics, UP
50 H; Germany) at 50% amplitude for 5 min. The obtained
karanjin-loaded ethosomes (K-ETH) were stored in refrig-
erator until further use.

Evaluation of ethosomes
Vesicle size and size distribution analysis
The vesicle size and polydispersity index (PDI) were

measured by dynamic light scattering (DLS) at the angle
of 90° employing a computerized assessment system

(Nano ZS90, Malvern instrument, UK). All the samples
were diluted with deionised water before the size meas-
urements. Determinations were made in triplicate and at
temperature of 25 °C.

Determination of entrapment efficiency

The encapsulation of karanjin in vesicles system was inves-
tigated using centrifugation method. Vesicles suspensions
(1 ml) were centrifuged at 15,000 rpm for 30 min. Following
centrifugation, the supernatant and pellet were separated,
and the concentration of karanjin was analyzed by HPLC
Method. The entrapment efficiency was calculated using the
following equation:

oEE = AL =S}

100, ey
where T represents the total drug found in both the sediment
and supernatant while S refers to the amount of drug pre-
sented in the supernatant (Godin and Touitou 2004).

Vesicular shape and surface morphology

Transmission electron microscopy (TEM) was performed
using TEM (Philips CM 12 Electron Microscope, Eind-
hoven, Netherlands) for assessing the vesicular shape. Sam-
ple (K-ETH) was placed on carbon-coated grid, dried and
negative staining was performed using aqueous solution of
Phosphotungstic acid. The dried specimen was observed
using the TEM. For the scanning electron microscopy
(SEM) study, sample of K-ETH was put on the glass stub,
dried, coated with Polaron E 5100 Sputter coater (Polaron,
UK) and examined using SEM (Leo-435 VP, Cambridge,
UK).

Differential scanning colorimetry (DSC) analysis

Differential scanning colorimetry (DSC) analysis was per-
formed for investigation of the physical state of drug and
excipients when entrapped within the ethosomal vesicles.
Transition temperature (7,,) of the samples was analyzed
using Mettler DSC 60 equipped with Mettler Toledo Star
software (Mettler, Switzerland). Samples including stand-
ard karanjin, physical mixture and freeze-dried etho-
somes (K-ETH) were scanned at a range of temperature
(30-250 °C) with a heating rate of 10 °C/min, under a con-
stant flow of nitrogen gas.
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Ex-vivo permeation studies

Modified Franz diffusion cell apparatus was employed to
study the permeation of karanjin through rat skin.

Skin source and preparation of skin

Skin was obtained from male Wistar albino rats (150-200 g)
acquired from animal house facility at Jamia Hamdard. All
the procedures applied in this study were in accordance with
the institutional guidelines. Dorsal hairs of the excised skin
from the abdominal region were removed with the help of
an electrical clipper and subcutaneous fat was removed by
treating the excised skin with isopropyl alcohol. The skin
was finally washed with distilled water, observed physically
for any damage, stored at —21 °C and used within a week.
The skin was cut to appropriate size, sonicated and
applied over the receptor compartment and kept for mag-
netic stirring at 200 rpm. The temperature of the system was
maintained at 37 +0.5 °C. The skin was stabilized for 4-5 h
with replacement of buffer solution at regular intervals.

Permeation studies

Vertical diffusion cells (diffusion area 1.766 cm?; receiver
capacity, 12.2 ml) were used for in vitro permeation experi-
ments. Phosphate buffer (pH 7.4) with 1% sodium lauryl
sulfate was used as the receptor medium. The receptor cell
was filled with the media and K-ETH (1 ml) was placed on
the skin fitted between the two half cells with SC facing the
donor compartment. The receptor medium was maintained
at 37+ 0.5 °C and magnetically stirred at 200 rpm. 1 ml of
the receptor media was collected at regular intervals (initial
and 0.5-12 h) with sampled volume being replenished by
fresh medium. Karanjin concentrations were analyzed using
HPLC (Ravikumar et al. 2011).

Cumulative amount of drug permeated per unit area (pg/
cm?) was calculated at the end of 12 h of study. A graph was
plotted between amount of drug permeated vs. time. The flux
was calculated as the slope of the above graph.

Concentration(ﬁ—%) X volume of diffusion cell

Amount of drug permeated =

Flux
Initial drug concentration (CO)‘
4)
At the end of the study, the skin was removed, cleaned,
weighed, and sonicated with methanol to extract karanjin.
The resulting solution was centrifuged and karanjin concen-
tration (pug/mg of skin) was analyzed by HPLC.

Permeability coefficient (K,) =

Fabrication of ethosomal gel

The optimized ethosomal formulation was selected for the
preparation of karanjin-loaded ethosomal gel (K-EGF), an
anti-acne gel with 3% concentration of karanjin. A 1.5%
(w/v) Carbapol 934 gel was prepared and neutralized using
triethanolamine (0.05%, v/v). Preservative, methyl paraben
was added to the gel. The colloidal ethosomal suspension
(K-ETH) (10 ml each) was mixed with propylene glycol
and added to the Carbopol 934 solution slowly with con-
tinuous stirring until homogenous. Conventional hydro-
ethanolic gel loaded with karanjin (at equivalent concen-
trations) (K-CGF) was also prepared as a control.

Evaluation of ethosomal gel

The optimized gel pH was evaluated using pH meter (Met-
tler Toledo, MP 2020 (Mumbai, India). The developed gel
was examined visually for homogeneity for its appearance
and existence of any aggregates after the gel has been set
in the container.

The viscosity of the gel preparation was established at
room temperature using Vicostar viscometer (Fungilab
S.A., Spain). The measurements were made using spindle
number 5 at 2 rpm.

Texture profile analysis (TPA) was done by employ-
ing a TAXT PLUS Texture Analyzer (Stable Microsys-
tem, Surrey UK). Formulation (50 g) was transferred into
a standard size back extrusion container. The extrusion
disk was positioned centrally over the sample container.
A probe (cylindrical) with diameter of 35 mm was driven
downward into the sample at a rate of 2 mm/s and up to a

@

Area ( cm? )

)

cm?

ug
Flux = Slope of steady state portion of the plot between amount of drug permeated per cm? vs time( o >, 3)
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depth of 30 mm. From the resulting force—time plots, the
firmness, consistency, index of viscosity, cohesiveness and
work of adhesion were derived.

Spreadability of the developed gel (K-EGF) was ana-
lyzed by wooden block and glass slide system. K-EGF
(approximately 20 g) was placed on the pan and the time
for upper slide (moveable) to separate completely from
the fixed slides was noted (Fang et al. 1999). Spreadability
was determined by employing the below formula:

M XL
S = ,
- 5)

where M is weighed tide to upper slide, L is glass slide
length and 7 is total time to split the slide entirely from
each other.

Consistency of the developed K-EGF was evaluated using
the method of William et al. 2000 (Remington, 2006). Pen-
etration of the cone when dropped into the glass cup center
filled with K-EGF was determined. The distance traveled by
cone was recorded after 60 s.

Permeation studies of karanjin from K-EGF were also
performed as per the protocol described under Sect. 2.4.
Comparison was made between the K-EGF and the K-CGF.

Assessing depth of permeation using confocal
microscopy

The optimized gel formulation (K-EGF) and 0.05% w/v
hydro-alcoholic solution of Rhodamine B dye were applied
homogeneously to the excised rat skin installed on the Franz
diffusion cell for 8 h. The skin was then removed and a slide
was made which was observed under confocal microscope
(Leica TCS Spectral CLSM 710, UK) with excitation at
488 nm and emission at 590 nm.

Skin irritation studies
Visual method

Skin irritation potential of the anti-acne K-EGF was inves-
tigated using Draize Score test (Draize 1944). Two specific
areas on the interscapular region of the Wistar albino rats
(n=23) were shaven off and one part was kept intact while
other was slightly abraded. K-EGF (0.3 g) was applied
for 24 h. The skin reaction was evaluated on the basis of
scale weighted score post 24 h upon removal of the gel and
observed for additional period of 72 h. The average of the
reading at 24 h and 72 h was noted.

Scores of 0—4 were given based on the degree of ery-
thema (redness) and edema (swelling): O indicates no ery-
thema and edema, score 1 is given to slight erythema and
edema, 2 for moderate erythema and edema, 3 for moderate

to severe erythema and edema, and 4 to severe erythema
(extreme redness) and edema (extreme swelling).

Histopathological examination

The Wistar albino rats (n=3) were shaven off from the inter-
scapular region using a mechanical hair clipper and treated
with K-EGF twice a day for two consecutive days. After
48 h, rats were sacrificed and the skin from the treated area
and adjacent untreated area (control) was taken. Each section
was conserved in 10% formalin solution. The skin speci-
mens were cut into sections vertically, and were mounted
on glass slides. The samples were visualized under optical
light microscope (Motic, Japan) and assessed for any skin
irritation effects (Draize 1944).

Pharmacological activity

Prepared Ethosomal gel (K-EGF) was subjected to vari-
ous pharmacological activities including: (a) Anti-bacterial
activity, (b) Anti-oxidant activity, (c) Anti-inflammatory
studies and (d) Anti-acne activity (on sebaceous glands).

Antibacterial activity against acne-causing bacteria

The antibacterial activity of K-EGF, standard allopathic gel
(Clindamycin containing marketed formulation (0.5% gel)
(Std. allopathic), marketed herbal preparation (Himalaya)
(Std. herbal) and Pongamia pinnata L. (dried seeds) extract
(PP extract) was evaluated using modified agar well diffu-
sion method (Chomnawang et al. 2005). The inocula of S.
epidermidis and P. acnes were made by incubating in tryptic
soy broth at 37 °C for 24 h for S. epidermidis and in modi-
fied brain heart infusion medium (MBHI) for 48 h under
anaerobic condition for P. acnes. The prepared inoculum was
added to the nutrient agar, mixed, poured over the surface
of the agar base and left to solidify. Test solutions (200 pl)
were added into the 8 mm wells prepared in nutrient solidi-
fied agar plates and incubated at 37 + 1 °C for 24 h under
anaerobic conditions and diameter of zones of inhibition (in
mm) was measured.

Anti-oxidant activity

The DPPH free-radical scavenging activity of K-ETH was
evaluated using a specific HPLC method (Chandrasekar
et al. 2006). Stock solutions of DPPH (2.5 mM/ml) and
the standard antioxidant Butylated Hydroxyanisole (BHA)
(1 mM/ml) were prepared in methanol. K-ETH (at different
concentrations) were diluted in methanol. Equal amounts
(100 pl) of different concentrations of standard antioxidant
or ethosomal formulation in methanol were added to 100 pl
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of DPPH solution (final concentration 250 pM/200 pl), vor-
texed and allowed to stand in dark at room temperature for
20 min.

The samples were subjected to HPLC analysis. The
reversed-phase HPLC system consisted of a Shimadzu HPLC
(LC-10 Ai, Japan) with a diode array detector (SPD-M10
AVP) equipped with class LC10 software (Version 1.6) was
employed. Chromatographic separation was carried out on a
LiChrospher® 100RP-C18 Column (250 mm x4 mm, 5 pM)
(Merck, Darmstadt, Germany) using methanol:water (80:20,
v/v) as the mobile phase at a flow rate of 1 ml/min. The DPPH
peaks were observed at 517 nm and the percent radical scav-
enging activity of the sample was calculated using the formula:

PA —PA

Radical scavenging (%) = { BL/?: SAMPLE } x 100,
BLANK

(6)

where PAg; snx 18 the peak area of blank, PAg,ypr g 1S the
peak area of sample.

Anti-inflammatory studies
Experimental animals

The study was approved by Institutional animal ethics commit-
tee (IAEC) (Approval number: 1400). Wistar rats (120-200 g)
were obtained from the central animal house facility, Jamia
Hamdard. All animals were kept in standard conditions and
fed with standard rodent food with free access to water.

Carrageenan-induced rat paw edema

The inhibitory effect of the K-EGF on Carrageenan-induced
edema was evaluated using method of Yesilada (2002) with
some modifications (Yesilada and Kiipeli 2002). Before the
trial, the animals were fasted for 24 h and given free access
to water. Approximately 50 pl of Carrageenan suspension
(1%) in saline (CGN*) was injected into the plantar side of
right hind paw of rat. Animals were divided into four groups
and received the following treatments: Group 1 served as the
normal control, Group 2 was the vehicle control group and
received CGN* + blank Ethosomal gel (Blank-EGF), Group
3 received CGN* + standard anti-inflammatory gel (Clinda-
mycin containing marketed formulation (0.5% gel) (Std. anti-
inflammatory), Group 4 received CGN* + anti-acne gel con-
taining 3% karanjin. The formulations were applied 1 h prior to
the CGN* injection. Paw volume was measured immediately
after CGN* injection and at intervals of 1, 2 and 3 h using a
Plethysmometer (Model 7159, Ugo Basile arese, Italy).

(D, - DO)Control - (Dt — D,)test x 100

%Inhibition =
(D, — D) Control

k)

(N
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where D, is the linear paw circumference at 3 h after CGN*
Inj, D, is the linear paw circumference at O h just before CGN*
Inj.

Anti-acne activity (on sebaceous glands)

For the anti-acne activity evaluation, animals were divided
into groups of 5 (n=35). Group 1 was the normal control
group, Group 2 was the toxic control group which received
the testosterone injection (im) (1.42 mg/kg), Groups 3, 4
and 5 were given Std. allopathic, Std. herbal and K-EGF,
respectively. Interscapular area of the rats was shaved off and
Testosterone injection (im) was given daily to the animals of
all groups except normal control for 14 days. On 14th day,
the skin was excised from the normal control group and the
toxic control group and subjected to histopathological analy-
sis to verify the sebaceous glands (SG) enlargement in toxic
group. Post confirmation of SG enlargement, the test prepa-
rations were employed in the vicinity of the shaved area at
increasing doses (0.05, 0.5, and 5 mg/cmz) to the animals of
respective groups. The treatment was continued for 7 days.
The animals were sacrificed after 24 h of the last treatment
and skin was processed for histopathological examination.

Accelerated stability studies

Stability testing was carried out for 3 months as per ICH
guidelines at a temperature of 40+ 2 °C and relative humid-
ity (RH) 75 £ 5% (International Conference on Harmoniza-
tion 2003). All the gel formulations were observed for the
change in appearance, pH and drug content using HPLC
Method.

Statistical analysis

Statistical analysis was done using GraphPad Prism software
(v 5.03, San Diego, CA, USA) with one-way analysis of
variance (ANOVA), followed by Dunnett’s test (compare
all vs. control) to determine the statistical significance of the
data. All values are presented as mean =+ standard deviation
(S.D.). Statistical significance was considered at p value less
than 0.05.

Results and discussion

Karanjin-loaded ethosomes (K-ETH) were prepared using
the film hydration method. Preliminary experiments (data
not shown) were conducted to define the optimized con-
ditions for the preparation of ethosomes. Smaller-sized
ethosomes with optimal entrapment of karanjin could
be observed with phospholipid concentration of 30 mg
(%w/w), ethanol:buffer ratio of 25:75 and produced with
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5 min sonication. Higher amounts of lipid are required
for the higher entrapment efficiency as a higher lipid con-
centration provides greater capacity to accommodate the
drug in the inner core which may be due to higher carrying
capacity of the phospholipid molecules and solvent effect
(Garg et al. 2016; Kausar et al. 2019). However, amount
of phospholipid used needs to be regulated as higher lipid
fraction can lead to increased vesicular size which can
be ascribed to the formation of highly thickened matrix
structure. Optimal ratios of ethanol are desirable as too
high concentrations can cause reduction in the thickness
of bilayer membrane, making them leaky or may lead to
interpenetration of the ethanol hydrocarbon chain which
can reduce the particle size and decrease in entrapment
efficiency of system. Similarly, at low ethanol concentra-
tions, drug entrapment will be minimal (Abdulbagqi et al.
2016). Fang et al. stated that net charge of the vesicles
could be altered by ethanol, resulting in some steric sta-
bility and a reduction in size of vesicle (Fang et al. 2008).
Sonication time also influences the development of small-
sized ethosomes. Increasing sonication time up to a certain
limit leads to a decrease in particle size; however, with
higher sonication time, a gradual increase in vesicular
size was observed. A decrease in entrapment efficiency
is observed with higher sonication time which is due to
increased acoustic cavitation provided by the sonication
(Negi et al. 2013).

Characterization of karanjin-loaded ethosomes
(K-ETH)

Assessment of vesicle size and entrapment efficiency
and morphological characterization

K-ETH produced a particle size of 140.87 +2.35 nm
(Fig. 1A), polydispersity index (PDI) of 0.168 +0.012
and sufficient entrapment of 71.41 +2.74%. The electron
microscopy images of the optimized formulation revealed
vesicles of spherical shape and smooth morphology with
fine distribution in the nano-range (Fig. 1B, C). Vesicles’
size of less than 300 nm is critical for penetration of pay-
loads into the deep layers of the skin via topical route (Yu
et al. 2016). The developed ethosomes were within the
size range and hence have potential for karanjin delivery
deep into the skin.

Differential scanning colorimetry (DSC) analysis
Differential scanning colorimetry (DSC) thermograms of

standard karanjin, physical mixture of karanjin and excip-
ients and freeze-dried K-ETH are presented in Fig. 2. A

Intensity (Percent)
= N W & o0 » .~ ®

01 1 10 100 1000 10000

Signal A= SE1
Photo No. = 13 Mag= 1.06 KX

Date :27 Mar 2018

Fig. 1 Particle size and size distribution (A) morphological character-
ization; TEM Microphotograph (B) and SEM microphotograph (C)
of karanjin ethosomes (K-ETH)

sharp endothermic peak of karanjin could be observed at
156.8 °C corresponding to its melting point (Fig. 2A).
A similar endothermic peak at 156.9 °C was also seen
in the physical mixture which indicated least interaction
between the drug and the excipients (Fig. 2B) In contrast,
a reduced peak of karanjin with area under the peak of
26.48 mJ and enthalpy change, delta H value of 26.84 J/g
was observed (Fig. 2C) in case of ethosomal formula-
tion (K-ETH) which implied change in the drug crystal-
line state or molecular dispersion of karanjin in the lipid
matrix (Ahmed 2015).
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Fig.2 DSC Thermograms of (A) Standard karanjin, (B) Physical
mixture of karanjin and excipients, (C) karanjin-loaded ethosomes
(K-ETH)

Ex-vivo permeation studies and drug retaining on skin
surface

The permeation properties of K-ETH and hydroethanolic
solution of karanjin (K-HES) were represented by cumu-
lative amount of karanjin permeated per unit area (pg/
cm?) plotted as a function of time (Fig. 3A). Transdermal
flux (33.28 and 62.84 pg/cm?/h for K-HES and K-ETH,
respectively) and permeability coefficient (1.10x 10~ and
2.09%x 1072 cm h™!) were higher for ethosomal formula-
tion compared to the hydro-ethanolic solution, while 0.7
and 1.68 pg/mg drug were retained on the skin. Ethosomes
exhibited approximately 1.9 times increase in the flux
when compared to the K-HES which indicated the poten-
tial of ethosomes as effective dermal delivery vesicles.
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Fig.3 Permeation profile of (A) karanjin from hydro-ethanolic solu-
tion (K-HES) and ethosomal formulation (K-ETH); (B) Karanjin
from conventional gel (K-CGF) and ethosomal gel (K-EGF)

Furthermore, deposition of karanjin into skin by the etho-
somes was 1.68 pg/mg which was about 2.4 times higher
than the solution form of karanjin which showed that the
ethosomes increased the deposition of karanjin into skin.
The enhanced permeation properties with the ethosomes can
be related to the synergistic interplay of ethanol as penetra-
tion enhance with skin lipids and vesicles. Ethanol fluidizes
both the vesicular and SC lipids providing greater flexibility
and enhanced permeation while phospholipids aid in vesi-
cles mixing with the skin lipids developing openings in the
SC for ease of drug penetration (Ibrahim et al. 2019). Chin
and Goldstein (1997) reported that blending of intercellular
layers SC lipids with vesicles lipids further boosts the skin
permeability of drugs, which further supports the outcomes
of our permeation study.

Fabrication of anti-acne ethosomal gel

The ethosomal dispersion of karanjin possessed low viscos-
ity indicating inadequate application to the skin surface and
hence lack of patient compliance. Therefore, to improve the
consistency of the final dosage form, a 1.5% w/w Carbopol
934 gel was incorporated with the optimized ethosomes. The
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developed ethosomal gel was slightly yellowish in color,
translucent and smooth and slippery to touch.

Characterization of ethosomal gel

Different parameters were assessed for the karanjin-loaded
ethosomal gel (K-EGF). The pH of the prepared gel was
6.8 +0.08 indicating that the gel was non-irritant to skin.
The content of karanjin in the ethosomal gel was found
to be 99.39 +0.44%, indicating non-significant drug loss
during the gelling process. Texture profile analysis is cru-
cial for a topical formulation as it is associated with the
stickiness, ease of application and overall acceptance of the
product (Hurler et al. 2012). K-EGF showed good homo-
geneity with no lump formation. The non-sticky nature of
the K-EGF was supported by several parameters includ-
ing hardness (118.44 g), firmness (108.61 g), index of vis-
cosity (—580.72 g s), cohesiveness (—74.20 g) and con-
sistency (936.55 g s) (Fig. 4). The spreadability value of
6.58 +0.33 g.cm/sec and adhesiveness value —259.909 g s
indicate that the gel was easily spreadable by small amount
of shear, was free from severe adhesion and required mini-
mal force and work of adhesion. The observed characteris-
tics of the ethosomal gel fulfilled the ideal requirements of
the topical gels for dermal applications.

Permeation studies of karanjin-loaded ethosomal gel

Cumulative amount of karanjin permeated from the gel was
plotted against time to calculate the permeation parameters
(Fig. 3B). The flux value of K-EGF (63.32 pg/cmzlh) was
higher than that of K-CGF (42.56 pg/cm?/h). The permeabil-
ity constant (Kp) was found to be 1.62x 10~ and 2.36 x 1072
for K-CGF and K-EGF, respectively. This indicated greater

Fig.4 Texture profile analysis
of karanjin-loaded ethosomal
gel (K-EGF)

Force (g} °23
20+

100+
80+
60~

404

permeation of karanjin across the skin from the developed
ethosomal gel. Furthermore, maximum drug was retained in
the skin with the K-EGF (0.89 pg/mg) compared to K-CGF
(0.57 pg/mg).

Assessing depth of permeation using confocal microscopy

The penetration depth of ethosomal gel formulation
(K-EGF) in the rat skin was studied using confocal micros-
copy and was compared with the hydro-alcoholic solution
of rhodamine B. Figure 5 showed the intensity of rhoda-
mine red fluorescence at various depth of skin and the
fluorescence intensity is correlated with the density of
each formulation permeated into the skin. The intensity
was highest at 0.0 pm, i.e., on the surface of the skin and
decreased with the depth of skin and became negligible
after 64.9 pm and 44.9 pm upon treatment with K-EGF
and standard gel, respectively. This can be ascribed to
the combined “ethanol effect” and the “ethosome effect”
which leads to enhanced delivery of rhodamine in terms of
depth and quantity along with the ethosomal gel formula-
tion (Verma and Pathak 2012).

Skin irritation studies
Visual Method

Skin irritation capability of K-EGF was evaluated using
Draize test. Substances with score of 2.00 or less are
regarded as non-irritants (Draize 1944). The skin irrita-
tion score of K-EGF was 1.73, which indicated non-irritant
nature of the prepared gel.

(&)
L.
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(A)

Fig.5 Confocal laser scanning micrographs (CLSM) of (A) rhodamine-loaded ethosomal gel and (B) hydroalcoholic solution of Rhodamine B,

with a difference of 5 um that is from O to 70 um depth

Fig.6 Photomicrograph of
section of (A) untreated rat skin
(control) and (B) treated rat skin
with optimized ethosomal gel
formulation (K-EGF)

Histopathological examination

Figure 6A, B showed the photomicrograph of the rat inter-
scapular region of the control (untreated) skin and K-EGF
treated skin, respectively. Well-defined epidermal and
dermal layers were evident in the control group with SC
presented as a layer of individual keratinized cells (cor-
neocytes) peppered in lipid areas. Upon treatment with
K-EGF, the skin produced distinct changes in keratinized
layer which are due to the action of permeation enhancer
(ethanol) on the keratinized cells of SC only (Horita et al.
2015). Dermis and skin appendages remained intact.
This suggested that the K-EGF was devoid of any skin
irritation.
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Pharmacological studies

Antibacterial activity against acne-causing bacteria

The antibacterial activity of K-EGF was compared with
standard allopathic gel (Clindamycin containing marketed
formulation (0.5% gel) (Std. allopathic, Clindac A gel),
marketed herbal preparation (Std. herbal) and Ponga-
mia pinnata L. (dried seeds) extract (PP extract) against
acne-causing bacteria P. acnes and S. epidermidis. The
K-EGF displayed highest antibacterial activity as evident
with greater zone of inhibition (30.0 + 1.52 mm), com-
pared to Std. allopathic (22.76 +1.52 mm), Std. herbal
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(13.33+1.52 mm) and PP extract (14.21+1.04 mm)
against P. acnes and 36.22 +0.57 mm, 28.89 + 1.00 mm,
15.13+1.73 mm and 18.43 +1.15 mm zone of inhibition
observed with K-EGF, Std. allopathic, Std. herbal and
PP extract, respectively, against S. epidermidis. It was
confirmed that K-EGF had greater antibacterial activity
against acne-causing bacteria as compared to other stand-
ard preparations. P. acne is the crucial target for antibac-
terial treatment in acne vulgaris. P. acnes proliferation is
favored by retention of sebum which is due to impedi-
ment of the follicular canal by the abnormal desquamation
of the follicular epithelium. It further produces different
inflammatory substances that induce the development of
inflammatory lesions (Dreno 2004). Therefore targeting P.
acne can reduce bacterial load and inflammation in acne
vulgaris.

Antioxidant activity evaluation

The anti-oxidant activity for K-ETH was evaluated using the
simple and sensitive HPLC technique. The HPLC method
used was specific for DPPH with a low run time, letting
quick analysis of radical scavenging activity (%) of several
samples (Supplementary Table 1). It was observed that
the K-ETH at a concentration of 100 pg/ml had scaveng-
ing activity of 63.10% which was analogous to that of the
standard BHA (100 pg/ml) (66.18%). The radical scaveng-
ing activity of the K-ETH was increased with the increase
in its concentration. The higher antioxidant effects with
K-ETH can be ascribed to the antioxidant activity of karan-
jin (Arshad et al. 2013; Ghosh and Tiwari 2018). The etho-
somal formulation showed strong free-radical scavenging
activity, which is an ideal requirement for anti-acne formula-
tion. Oxidative stress and inflammation also contribute to the
pathogenic factors leading to acne. Reactive oxygen species
(ROS) production by neutrophils can damage the follicular
wall to cause lipid peroxidation that reduces the important
skin antioxidant, reduced glutathione (GSH) and initiates
an inflammation cascade, stimulating the inflammatory
cytokine production. Furthermore, oxidative stress within
the pilosebaceous unit alters the oxygen concentration in the

follicle making it suitable for the colonization of anaerobic
bacteria such as P. acnes. Antioxidant intervention is there-
fore crucial for acne management (Wong et al. 2016).

Anti-inflammatory studies

The anti-inflammatory effect of the developed gel (K-EGF)
and standard anti-inflammatory agent (Clindamycin contain-
ing marketed formulation gel) was evaluated in Carrageenan-
induced edema model. The K-EGF produced a comparable
reduction of swelling of the rat paw edema with % inhibi-
tion of 66.66% compared to the Std. anti-inflammatory agent
(70.77%) (Table 1). Acne lesions involve inflammation, an
anti-acne formulation must possess this activity to reduce
the inflammation [5]. Reduced inflammation can be due to
the improved penetration profile of the K-EGF suggesting
K-EGF as an effective treatment option for acne vulgaris.

Anti-acne activity (on sebaceous glands)

Histopathological investigation of the excised skin from the
interscapular region was performed to evaluate the anti-acne
effect. Sections from skin of the normal (group 1), toxic
(group 2), Std. allopathic gel (group 3), Std. herbal (group
4)- and K-EGF (group 5)-treated groups were examined for
the change in size and number of sebaceous gland (SG) units
in the dermis (Fig. 7). An increase in the number and size
of SG unit was prominent in group 2 animals. Testosterone
administration over several days produce enlargement of the
SGs (Kausar et al. 2019). However, the animals subjected to
acne treatments showed decrease in the number and size of
the SG units. Group 3 (Std. allopathic gel) rats produced a
decrease in number of SG units but not in size. However, the
Std. herbal (Group 4)- and K-EGF (Group 5)-treated animals
exhibited a slight decrease in both the number and size of
the SG units, the result being more pronounced in case of
K-EGF treatment and in sync with earlier report (Kausar
et al. 2019). It has been also reported that reduction in SG
size suppresses the production of sebum followed by inhibi-
tion of sebocyte differentiation which is a benchmark in acne
treatment (Orfanos et al. 1997).

Table 1 Effect of topical administration of Anti-acne ethosomal gel (K-EGF), standard herbal and standard allopathic gel on Carrageenan-

induced rat paw edema

Group Treatment Paw volume (mm) (Mean+S.D.) % Inhibition
Initial 1h 2h 3h

Normal Control - 1.09+0.04 1.11+0.04 1.18+0.03 1.14+0.05 -
Toxic Control CGN* + Blank-EGF 1.32+0.05" 1.45+0.05" 1.56£0.03" 1.59+0.03" -
Standard Allopathic Gel CGN*+Clindac A Gel 1.23 +0.06* 1.42+0.02% 1.38 £0.04* 1.31+0.05%* 70.37%
K-EGF CGN*+ K-EGF 1.16+0.05%* 1.39+0.03%* 1.33+0.02%%* 1.25+0.06%* 66.66%
(All values are reported as mean+S.D., Jp <0.01 vs normal control, *p <0.05 vs toxic control, **p <0.01 vs toxic control)

&ﬁ;ﬁ;ﬁ @ Springer
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Fig.7 Histopathological evaluation of control and different formu-
lations; (Group 1) control—low power (10X) (A1) and high power
(40X) (A2) photomicrograph; (Group 2) toxic—low power (10X)
photomicrograph (B1) and High power (40X) photomicrograph (B2);
(Group 3) standard allopathic gel—low power (10X) photomicro-

Accelerated stability studies

On storage of anti-acne ethosomal gel samples at 40+ 2 °C
and 75 + 5% RH for a period of 3 months, the appearance
of the formulations was clear with no significant varia-
tion in pH and drug content. The presence of ethanol as a
chief constituent in the ethosomes imparts it a net nega-
tive surface charge that avoids vesicular aggregation due
to electrostatic repulsion (Verma and Pathak, 2012). This
indicates sufficient stability of the developed ethosomal
gel.

Conclusion

The present investigation verified that the nano-sized flexible
ethosomal vesicles acted as efficient carrier for the deliv-
ery of karanjin to the deeper layers of the skin. Dynamic
light scattering, electron microscopy, entrapment efficiency
and permeation experiments showed favorable results for
incorporation of ethosomes into the gel bases. Further,
characterization of the developed ethosomal gel revealed
physicochemical properties acceptable for dermal deliv-
ery of the therapeutic agent. The antibacterial evaluation
in the acne causing bacteria and the antioxidant evaluation
depicted improved effects with the ethosomal formulation.
The in-vivo evaluations confirmed the effectiveness of the
anti-inflammatory and anti-acne properties of the karanjin-
loaded ethosomal gel.
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graph (C1) and high power (40X) photomicrograph (C2); (Group 4)
herbal standard—Ilow power (10X) photomicrograph (D1) and high
power (40X) photomicrograph (D2); (Group 5) K-EGF—low power
(10X) photomicrograph (E1) and high power (40X) photomicrograph
(E2)
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tary material available at https://doi.org/10.1007/s13205-021-02978-3.
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