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Candidal vulvovaginitis (CVV), is the second most leading vaginal infection (global prevalence > 75%),
caused due to excessive growth of Candida spp., predominantly Candida albicans (>95% cases). The current
treatment regimens for CVV are marred with the challenges of fungal resistance & infection recurrence,
subsequently leading to the compromised therapeutic efficacy of anti-fungal drugs, prolonged treatment
and low patient compliance. The core of the present research was the fabrication & investigation of 2 T-
SLN (solid lipid nanoparticles) gel carrying luliconazole for the amelioration of CVV. ‘2T’ symbolizes
transvaginal & thermosensitive attributes of the present formulation. SLNs were prepared by a modified
melt emulsification-ultra sonication method using a combination of solid lipids (Gelucire 50/13 & Precirol
ATO 5), surfactant (Tween 80) and co-surfactant (Kolliphor). Formulation by design (FbD) approach was
adopted to obtain appropriately screened and tailored SLNs. The optimized SLNs yielded a particle size,
polydispersity index & entrapment efficiency of 62.18 nm, 0.263 & 81.5% respectively. To formulate the
2 T-gel, the final SLNs were loaded into Carbopol 971P-NF and Triethanolamine based gel. The 2 T-SLN gel
was found to be easily spreadable and homogenous with mean extrudability (15 ± 0.4 g/cm2), viscosity
(696.42 ± 2.34 Pa�s) and %drug content (93.24 ± 0.73%) values.. The pH of the prepared 2 T-SLN gel
(4.5 ± 0.5) was in concordance with the vaginal pH (normal conditions). For in-vitro characterization of
an optimized 2 T-SLN gel the release kinetics & anticandidal activity were assessed which offers a %cu-
mulative drug release of 62 ± 0.5% in 72 h and 37.3 ± 1.5 mm zone of inhibition in 48 h. The visual appear-
ance & dimensions were determined using fluorescent microscopy (spherical shape) & transmission
electron microscopy (90–120 nm) respectively. The optimized 2 T-SLN gel showcases a skin-friendly pro-
file with no significant signs of erythema and oedema and was found to be stable at room temperature for
2 months without any visual non-uniformity/cracking/breaking. In conclusion, the current research
serves a new therapeutic perspective in assessing the activity of luliconazole for vaginal drug delivery
using a 2 T-SLN gel system.
� 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Candidal vulvovaginitis (CVV) is a widespread fungal infection
of the female reproductive tract, mainly, vagina and vulva (tissues
present at vaginal orifice). Clinically, it appears as a thick, white,
odourless vaginal discharge at the orifice (vaginal) with contribut-
ing symptoms such as severe irritations, itching, redness, swelling,
pain, rash, burning sensations (in & around the vagina) and painful
micturition. In many complicated cases of CVV extensive tears,
cracks and sores in the vaginal cavity are observed (Cassone,
2015; Reichman et al., 2015). CVV particularly owes its occurrence
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to altered and excessive growth of Candida, a commensal fungal
species of vaginal flora under a variety of conditions such as pH
alterations, non-optimal antibiotic usage, impaired host immune
system, douching (vaginal washing with vinegar), clinical condi-
tions (pregnancy, diabetes) and increased estrogen levels (Aguin
and Sobel, 2015; Bhagat and Desai, 2015). Candida albicans is the
predominantly isolated causative agent with an intermittent pres-
ence of C. glabrata and non-albicans in complicated CVV cases
(Bitew and Abebaw, 2018).

CVV is reportedly the second most common vaginal infection
(>75%) which is often not considered serious enough to warrant
clinical intervention and thus the plethora of health issues which
entails this practice leads to compromised quality of life (QoL) in
patients (Denning et al., 2018). The available treatment modalities
are associated with issues like resistance development by the cells
of inhabiting fungal species (Ford et al., 2017), enhanced disease
recurrence due to low therapeutic efficacy, low retention capacity
in vaginal epithelium, low bioavailability, leakage and messiness
(creams, ointments), prolong treatment duration and low patient
compliance (Hani et al., 2015). False diagnosis, wrong/self-
medication, social stigma, and economic burden adds on to the
pre-existing therapeutic challenges (Yarmohammadi et al., 2015).

These shortcomings necessitate the fabrication of a tailored
vaginal drug delivery system (VDDS) capable of mitigating, treat-
ing, and subsequently eliminating CVV in a clinically efficient man-
ner thereby, countering the chances of disease recurrence and
persistence (Dovnik et al., 2015). Recent reports have suggested
the exploration of the vagina as an efficient platform for drug deliv-
ery. The conventional VDDS such as creams, ointments, supposito-
ries have low or insufficient binding capacity to mucosal tissues
and the viscoelastic nature of the mucosal lining further impedes
the drug penetration (Graziottin and Gambini, 2015). On the con-
trary, solid lipid nanoparticles (SLN) based gel offers high vaginal
mucosal (lipid bilayer) binding, thus, enhancing gel adhesion, drug
penetration & retention (Mirza et al., 2016). Taking a cue from their
advantages, the current research proposes fabrication & investiga-
tion of luliconazole (a highly potent imidazole antifungal agent)
(Mishra et al., 2019) based 2 T-SLN gel (Dolatabadi et al., 2015)
as an improved therapeutic modality for the amelioration of CVV.
The ‘2T’, transvaginal & thermosensitive, approach of the pur-
ported SLN gel would ensure an efficient drug delivery at the site
of action whilst targeting superficial fungal cells as well as its
underlying hyphae, which in many CVV cases extends through
the vaginal walls and are mostly responsible for causing inefficient
clearance of fungal cells, resistance development and infection
recurrence (Fidel et al., 2004; Gonçalves et al., 2016). The proposed
locoregional targeting at the large vaginal surface area having rich
blood supply would support a prolonged drug release, higher
absorption and improved bioavailability. The avoidance/protection
from the first-pass metabolism, systemic adverse effects and reac-
tions (oxidative, chemical & enzymatic) could also be achieved
(Katz et al., 2015; Machado et al., 2015). Innovatively, as a step-
forward to conventional formulations, the 2 T-SLN gel would be
non-greasy with prolonged retention at the vaginal temperature
and pH consequently leading to an improved patient compliance
(Caramella et al., 2015). It would also be unaffected by the action
of gravity (leakage), self-cleansing action of the vagina and would
circumvent these significant disadvantages of the current treat-
ment regimens (Das and Bahia, 2006).

Despite an excellent antifungal profile and prominent literature
support, luliconazole has not been much explored for the treat-
ment of CVV. It has been found most suitable for treatment and
management of skin, eye & nail related fungal infections such as
jock itch, ringworm, fungal keratitis and onychomycosis. (Hasan,
2018; Khanna and Bharti, 2014; Scher et al., 2014; Todokoro
et al., 2019). The recent findings showcasing it’s very low MIC
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and potent anticandidal activity (MIC range: 0.031–0.13 mg/ml)
(Koga et al., 2006; Taghipour et al., 2018), skin safety profile
(Kaur et al., 2019), efficacy at low drug concentrations & lipophilic
nature (Mishra et al., 2019) has made it an exceptional drug of
choice for the present endeavour. Evidently and quite recently,
the molecular docking studies of luliconazole has shown high
binding affinity & interaction activity with the cellular contents
of C. albicans, subsequently, leading to cell disruption & death
(Hassan et al., 2019). Keeping in view the disease pathophysiology,
high drug potency and route of administration the purported for-
mulation was designed with a minimum API concentration of
0.1% (FDA approved concentration 1%) (DPT-Laboratories, 2013)
which would add to its commercial viability.

The success of any formulation heavily relies on the optimum
choices of formulation components (API and the excipients). For-
mulation by design (FbD) approach has recently emerged as a suc-
cessful tool for developing an optimized formulation
commensurate with the most desired attributes. FbD is a data-
based concept to predict & estimate the effect of pre-determined
variables on formulation performance and to study any possible
interactions and synergies among formulation parameters
(Bhoop, 2013; Debnath et al., 2018). FbD involves various experi-
mental design depending upon the nature of employment and data
required. For the current research, the 2 T-SLN gel was prepared by
employing Box Behnken Design (BBD) which was used to predict &
study the exact image of dependent responses (particle size, poly-
dispersity index & entrapment efficiency) through pre-selected
independent variables (lipid concentration, surfactant concentra-
tion & sonication time) to obtain a stable and biopharmaceutically
acceptable dosage form (Cunha et al., 2020).
2. Materials and methods

Luliconazole was obtained as a gift sample from Sun Pharma-
ceuticals, Gurgaon, India. Gelucire 50/13 and Precirol ATO 5 were
obtained from Gattefosse, France (ex gratia). Tween 80, Kolliphor,
Carbopol (grade 940) and Triethanolamine were obtained from
Sigma Aldrich, India. All other chemicals and reagents used were
of analytical grade and were used without further purifications.
2.1. Preformulation studies

Development of an analytical method for drug estimation in SVF:
UV spectral analysis.

The solubility & stability of the drug was determined in SVF
(simulated vaginal fluids; pH = 4.5) to assess the effect of the vagi-
nal pH & conditions on the drug (Tietz and Klein, 2018). The pH of
SVF was adjusted using a 0.1 M HCl solution. The preparation of
stock solution (10 ml) was done by dissolving a known quantity
of the drug, 1 mg, in a 1:1 ratio of methanol & freshly prepared
SVF. The serial dilutions were prepared using SVF in the concentra-
tion range of 5–25 lg/ml and are analysed using UV Spectropho-
tometer at kmax, 296.5 nm (Chaudhari et al., 2018; Shaikh et al.,
2020). Stability of drug solution was observed over one week to
assess the effect of environmental factor such as light, tempera-
ture, etc. (Sowjanya and Mohana, 2019). The experiment was
repeated in triplicate and results were represented as mean value
(mg/ml) ± SD.
2.2. Screening of excipients

The preliminary screening of excipients (solid lipids and surfac-
tants) was done based on their drug solubilisation capacity (Kathe
et al., 2014).



Table 1
BBD formulation variables for the preparation of a 2 T-SLN gel.

Independent Variables Units Levels
Low High

Lipid (mixture of solid lipid & co-lipid) % 2 3
Surfactant (mixture of surfactant & co-surfactant) % 2 3
Sonication time sec 60 180
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The solid lipids available for screening are Campritol 888 ATO,
Precirol ATO 5, Stearic Acid, Gelucire 50/13, Gelucire 43/01 and
Tefose 63. To each melted lipid, 5 ml (heated at 5 �C above their
melting point), an accurately weighed amount of drug (1 mg)
was added incrementally with continuous stirring on a magnetic
stirrer, 100 rpm (Remi Instrument Ltd., Mumbai, India) till the
point of saturation i.e. no further drug solubilisation in molten lipid
phase (Cassano et al., 2016). The amount of drug dissolved was
noted and the lipids in which the maximum amount of drug was
soluble were selected for further studies. The experiment was con-
ducted in triplicate.

The surfactants available for screening are Tween 20, Tween 40,
Tween 60, Tween 80, PEG, Triethanolamine and Kolliphor. In an
Eppendorf, an equal quantity of drug (excess) was dissolved in a
2 ml of surfactant. The Eppendorf’s were carefully covered &
closed, and were agitated for 72 h at 25 �C in a mechanical sha-
ker/incubator to reach equilibrium. After that, the Eppendorf’s
were centrifuged (High-Speed Centrifuge, 3 K30, SIGMA, Germany)
at 3000 rpm for 30 min at 25 �C to obtain a supernatant. The super-
natant was dissolved in methanol and analysed spectrophotomet-
rically at kmax, 296 nm, to estimate the amount of drug dissolved
(Cassano et al., 2016). The surfactant in which the least amount of
drug is dissolved were discarded and the rest were tested for their
%transmittance. The results were obtained in triplicate.
2.3. Formulation studies

2.3.1. Preparation of luliconazole based SLN Gel: Thermosensitive &
Transvaginal (2 T)

The preparation of 2 T-SLN gel was divided into two steps. For
the primary step, a luliconazole loaded SLNs were prepared by a
modified melt emulsification-ultrasonication method (Garse
et al., 2015). For the preparation of the lipid phase, a known quan-
tity of solids lipids (mixture) was melted in a predetermined ratio
of 3:1. To this lipid mixture, the drug was dissolved aided by mag-
netic stirrer at 1000 rpm. The aqueous phase was prepared by dis-
solving the surfactant and co-surfactant (4:1) in double-distilled
water. The hot aq. phase was then added dropwise to the molten
lipid phase and was maintained on continuous stirring for 3 h to
obtain a pre-emulsion. Further, to nanosize the emulsion sonica-
tion was done for 1–3 min. The nanoformulation was then cooled
at room temperature to get SLNs.

Followed by the above, the second step of 2 T-SLN gel
preparation was done using Carbopol (grade 940). In the aqueous
carbopol solution (1.5%) the prepared formulation was added
dropwise with continuous stirring at 600 rpm. A few drops of tri-
ethanolamine (TEA) were also added to improve the gel formation,
viscosity and to adjust the pH of a prepared gel (Anurova et al.,
2015).
2.4. Optimization of prepared formulations using BBD

2.4.1. Selection of dependent and independent variables
Independent variables are those process parameters (Table 1)

which may affect formulation design and characteristics such as
lipid concentration, surfactant concentration & sonication time.
The dependent variables/responses are formulation attributes such
as particle size (nm), polydispersity index (PDI) and entrapment
efficiency (%) (Cunha et al., 2020). The statistical analysis used
for current research is BBD (Design-Expert 10.0.6.), a computer-
based application to assess the exact image of dependent
responses through pre-selected independent variables, thus, con-
tributing to an optimized and biopharmaceutically stable
formulation.
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2.4.2. Particle size & PDI
Dynamic Light Scattering (DLS) technique using a computerised

inspection system, Zetasizer (Nano ZS90, Malvern Instruments Ltd,
Worcestershire, UK) with DTS software was used for the measure-
ment of particle size & PDI of prepared SLNs. A suitably diluted sus-
pension formulation (lyophilized SLNs) was used for the analysis
(Esposito, 2015). The experiment was performed in triplicate.

2.4.3. Entrapment efficiency (%EE)
To calculate the %EE of SLNs a High-Speed Centrifuge (Sigma-

3K30, Sigma Laboratory Centrifuges, Germany) was used at
10,000 rpm for 45 min. The supernatant obtained was appropri-
ately diluted and analysed spectrophotometrically at kmax,
296 nm to measure the amount of drug present (Esposito, 2015).
The experiment was performed in triplicate and the %EE was calcu-
lated using the following equation:

%EE ¼ ðDt� Ds=DtÞ � 100

Where,
Dt - Total amount of drug present in SLNs/formulation

Ds - Amount of drug present entrapped in the supernatant.

2.5. Characterization of an optimized formulation

2.5.1. Rheological assessment
The rheological parameters assessed for the characterization of

an optimized 2 T-SLN gel were spreadability, homogeneity, pH,
mean extrudability, viscosity and %drug content. Further, the opti-
mized 2 T-SLN gel was visually observed for stability at room tem-
perature over 2 months for any signs of breaking, non-
homogeneity i.e. presence of aggregates & unwanted changes in
colour, odour, pH and viscosity. For determination of viscosity &
pH a Brook-field viscometer and pH meter were used. Further,
the drug content analysis of 2 T-SLN gel was also done using UV
spectrophotometer at kmax, 296 nm (Lippacher et al., 2004).

2.5.2. TEM (Transmission electron microscopy) analysis
The surface morphology and dimensions of an optimized SLNs

were visualized under TEM (Morgagni 268D, Fei Electron Optics).
A suitably diluted sample solution was placed on the carbon-
coated grid at room temperature before analysis. After drying a
drop of phosphotungstic acid, 1% aq. solution, (negative staining)
is added to the sample and was further analysed under TEM
(Shah et al., 2015).

2.5.3. Fluorescent microscopy
The technique used to determine the physical characteristics

(vesicle formation) of an SLNwas fluorescent microscopy. The opti-
mized formulation was appropriately diluted (10 times) with
water and subjected to staining using Rhodamine B (water-
soluble fluorescent dye). The prepared sample was then analysed
under a fluorescent microscope (Shah et al., 2015).

2.5.4. In-vitro drug release study
The dissolution method using a dialysis membrane was per-

formed to quantify and determine the IVR of a drug through an
optimized 2 T-SLN gel. Prior to analysis the dialysis membrane
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Fig. 1. The UV analysis of luliconazole in methanol and SVF.
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(Sigma Aldrich, Merck) was activated by treating with 0.3% w/v
sodium sulphide solution in water at 80 �C for 1 min to remove sul-
phur compounds. The treated membrane was washed with hot
water at 60 �C for 2 min, acidified with 0.2% v/v H2SO4 in distilled
water, rinsed to remove excess acid and immersed in dissolution
medium (SVF) for overnight. For IVR analysis, an accurately
weighed amount of 2 T-SLN gel formulation (10 ml) was placed
in a pre-activated dialysis membrane and immersed in a freshly
prepared SVF (200 ml) with constant stirring, 400 rpm at
37 �C ± 0.5 �C. An aliquot was withdrawn from dissolution medium
at regular time intervals and replaced with fresh SVF to maintain
sink conditions. The aliquots were suitably diluted and analysed
spectrophotometrically at kmax, 296 nm, for estimation of drug
released (S�enyiğit et al., 2014). The experiment was performed in
triplicate.

2.5.5. Skin irritation study
The skin irritation potential of an optimized 2 T-SLN gel was

determined using Wistar strain rats (180–200 g). A small amount
of gel formulation was applied to the hairless (properly shaven)
abdominal skin (2 cm2) of rats and maintained for a period of
24 h. After 24 h the skin of rats was visually scrutinized for any
changes or irritations such as erythema and oedema on the scale
of 1–5 (Doktorovová et al., 2016; Ganesan and Narayanasamy,
2017).

2.5.6. Anticandidal activity
The anti-candida potential (in-vitro) of an optimized 2 T-SLN gel

was determined by zone of inhibition diameter using an agar cup
method (S�enyiğit et al., 2014). An agar medium (30 ml) was pre-
pared, sterilized (autoclaving) and inoculated with the standard
C. albicans strain (ATCC 90028). The concentration of inoculum
was adjusted with 0.5 McFarlands standard which is equivalent
to 1.5 � 108 C. albicans colony forming units, CFU/mL (Hassan
et al., 2019). The prepared medium was allowed to solidify and
incubated at 35 �C for 48 h. After, incubation period a well
(10 mm diameter) was prepared in a solidified medium using a
sterile borer. A suspension formulation of optimized SLNs, 0.5 ml,
was introduced into the fungal well aseptically and the ZoI diame-
ter was recorded at incubation period of 12, 24 & 48 h (35 �C) using
Antibiotic Zone Reader (HICON, New Delhi) (Doktorovová et al.,
2016; Ganesan and Narayanasamy, 2017).

3. Results and discussion

3.1. Preformulation studies

3.1.1. UV spectral analysis
The solubility of luliconazole in SVF & methanol was estimated

by UV analysis and have yielded satisfactory and concordant
results (Fig. 1). The stock solution was found to be stable for a per-
iod of one week, thus, indicating its stability from light, tempera-
ture, etc. The acceptable solubility & stability of luliconazole
further extend its use for formulation development.

3.2. Screening of excipients

The maximum drug solubilisation capacity was shown by solid
lipids (Gelucire 50/13 & Precirol ATO 5) and surfactants (Tween 80
& Kolliphor) (Fig. 2). As luliconazole is highly lipophilic in nature,
its interaction with all the selected lipids was exceptionally high,
however, the choice of Gelucire 50/13 & Precirol ATO 5 was mainly
attributable to their well-suited property for formulating lipid-
based systems such as SLN, emulsions (self-emulsifying & self-
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micro emulsifying), and micellar solutions. Also, the quality, high
binding capacity, flexible process, close melting points &
modified-release further compliment their use for present research
(Hazzah et al., 2015; Notario-Pérez et al., 2019).

The selection of surfactants, Tween 80 & Kolliphor, primarily
depends on drug solubilisation capacity and %transmittance i.e.
sample quality to transmit (pass) the light energy either by absorp-
tion, reflection & scattering (Fig. 2). Higher the transmittance
higher will be the dispersion & low globule size of a solution. Also,
the non-ionic nature of both the surfactants imparts electrostatic
repulsion & stearic stabilization negating particles agglomeration
(Gurpreet and Singh, 2018).

3.3. Formulation development & optimization: Box Behnken Design

BBD, a specially designed response surface methodology to pre-
dict the exact image of dependent responses (particle size, polydis-
persity index & entrapment efficiency) through independent
variables (lipid, surfactant & sonication time). The estimated inter-
actions were represented as 3D-response surface quadratic graphs.
In the present study, BBD presented a total of 17 formulation
designs (Table 2) to be subjected to optimization.

3.3.1. Response 1: Particle size
In the majority of CVV cases, the hyphae of fungal cells (C. albi-

cans) penetrates the mucus lining of a vagina thus, making infec-
tion recurrent (Fidel et al., 2004; Gonçalves et al., 2016). The
particle size (nano) of 2 T-SLN gel plays an important role in mucus
permeation, retention and bioadhesion (Qais et al., 2019). In addi-
tion, the purported formulation follows transvaginal (through the
vagina) delivery thereby, targeting the active concentration of for-
mulation in the vaginal region only. As highlighted in 3D-response
surface graphs (Fig. 3a) the particle size increases with an increase
in total lipid concentration. The is mainly attributable to the
increasing chain length of lipids which sufficiently enhance parti-
cles adhesion and gradually decrease monodispersity of a formula-
tion. The size of SLN also depends on the viscosity of lipids which
increases with an increase in chain length of lipids. Higher the vis-
cosity, larger will be the size of lipid droplets and untimely bigger
size of SLNs (Shi et al., 2011). However, to support the transvaginal
administration a nanosized SLN is desired. Henceforth, surfactant
and co-surfactants were added to improve stabilization of the
smaller lipid droplets. The application of sonication technique also
reduces or prevents coalescing of lipids into larger droplets.
Thereby, with increase in sonication time & surfactants concentra-
tion the particle size decreases (Fig. 3b) (Shah et al., 2017).



Fig. 2. Preliminary screening of excipients on the basis of drug solubilisation capacity & %Transmittance.

Table 2
BBD formulation designs for optimization of a 2T-SLN gel.

Formulation
Code

Factor A
Lipid
(%w/v)

Factor B
Surfactant
(%v/v)

Factor C
Sonication Time (sec)

Response 1
Average Size (nm)

Response 2
PDI

Response 3
Entrapment Efficiency (%)

F1 2.5 2 180 96.19 0.328 75.2
F2 3 2.5 60 141.9 0.7 80
F3 2.5 2 60 107 0.697 78.2
F4 2.5 2.5 120 93.14 0.218 77.6
F5 3 2.5 180 160 0.282 76.5
F6 2 3 120 61.52 0.208 74
F7 2.5 2.5 120 93.14 0.218 77.6
F8 2.5 2.5 120 93.14 0.218 77.6
F9 2.5 3 60 62.18 0.263 81.5
F10 3 2 120 167.4 0.597 78.9
F11 2 2 120 71.79 0.272 72.5
F12 3 3 120 123.2 0.301 80.5
F13 2.5 3 180 79.79 0.250 74.6
F14 2.5 2.5 120 93.14 0.218 77.6
F15 2.5 2.5 120 93.14 0.218 77.6
F16 2 2.5 60 69.54 0.374 75
F17 2 2.5 180 64.14 0.286 70.54
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3.3.2. Response 2: PDI
PDI refers to the size distribution of particles in a formulation

(2 T-SLN gel) which affects sample uniformity (homogeneous &
heterogeneous), drug distribution and dose. A high PDI (>0.3)
generally signifies particles agglomeration whereas, low PDI
(<0.2) signifies particles disintegration leading to drug expulsion
(El-Hammadi and Arias, 2015). As presented in 3D quadratic
graphs, PDI increases with an increase in total lipid concentration
due to the increase in chain length of lipids (Fig. 3c) (Shi et al.,
2011). However, with an increase in sonication time, PDI decreases
due to less agglomeration among particles (Fig. 3d). Therefore, to
321
obtain the desired PDI an optimum balance has to be strike among
the total lipid concentration and sonication time (Table 2) (Madani
et al., 2018). The concentration of surfactants has a slight or negli-
gible effect on PDI.

3.3.3. Response 3: Entrapment efficiency
Entrapment Efficiency (%EE), a quantitative measurement to

estimate the amount of drug entrapped in a lipid matrix (2 T-SLN
gel) (Esposito, 2015). As represented in BBD graphs %EE increases
with an increase in total lipid concentration (Fig. 3e) as higher
the amount of core matrix higher will be the drug entrapped. This



Fig. 3. BBD graphs representing particle size (a, b); PDI (c, d); entrapment efficiency (e, f).

S. Firdaus, N. Hassan, Mohd. Aamir Mirza et al. Saudi Journal of Biological Sciences 28 (2021) 317–326
could be mainly attributable to the high solubility of luliconazole
in Gelucire 50/13 and Precirol ATO 5. On contrary, with an increase
in sonication time %EE decreases (Fig. 3f) due to SLNs disintegra-
322
tion/breaking down leading to drug expulsion (ud Din et al.,
2015). The concentration of surfactants has no significant effect
on %EE.



Fig. 4. The particle size & PDI of an optimized formulation, F9.
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As per BBD, the present formulation (2 T-SLN gel) numbered as
F9 (Table 2) with independent variables, lipids conc. (2.5%), surfac-
tant conc. (3%) & sonication time (60 sec) has provided the opti-
mum responses (Fig. 4) i.e. particle size (62.18 nm), PDI (0.263)
and %EE (81.5%).The optimized formulation, F9 was further sub-
jected to the following characterization parameters.
3.4. Rheological parameters

The various rheological parameters for assessment of a 2 T-SLN
gel has yielded satisfactory results with mean extrudability, viscos-
ity and %drug content of 15 ± 0.4 g/cm2, 696.42 ± 2.34 Pa�s and 93.
24 ± 0.73% respectively. The gel was found to be easily spreadable
and homogenous with an optimum pH of 4.5 ± 0.5, which was in
concordance with the vaginal pH (normal conditions). The rheolog-
ical assessment of 2 T-SLN gel generally determines the effect of
application & therapy outcome at the administration site. They also
serve as a potential pre-requisite to sustain formulation. The attri-
bute of extrudability & viscosity, mainly, classifies a low force
expulsion of a gel from pharmaceutical packaging, and also its easy
applicability at the targeted site. Viscosity also contributes to gel
spreadability, thus, enhancing patient compliance. Henceforth, it
can be said that rheological parameters are an equally important
consideration in fabricating a 2 T-SLN gel. Further, the 2 T-SLN
gel was found to be stable at room temperature for 2 months with-
out any visual signs of non-uniformity/cracking/breaking, thus,
suggesting suitable blending of formulation components. Higher
the stability of a formulation higher will be its chances in terms
of specificity & preference for use. This is also considered as a
prominent step for effective designing of a drug delivery product.
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3.5. Surface morphology analysis

3.5.1. TEM & fluorescent microscopy
The surface morphology & dimensions of an optimized formula-

tion (F9) was found to be slightly spherical with a size range
between 60 and 100 nm (Fig. 5a). The obtained size dimensions
were well corroborated with the results of particle size (Malvern
Zetasizer). Further, the presence of spherically shaped vesicles
was confirmed by fluorescent microscopy as presented in Fig. 5b.
The obtained results of both the analysis compliments each other
and the optimized formulation was found to be acceptable in the
context of shape & size for efficient vaginal delivery and perme-
ation (Rathod and Mehta, 2015).
3.6. In-vitro drug release study

The %cumulative drug release of an optimized 2 T-SLN gel was
found to be 62 ± 0.5% in 72 h (Fig. 6). Initially, a burst release of
10 ± 0.6% was observed within 10 min. After which an incremental
release of 48 ± 1.1% was observed in 40 h followed by a sustained
release up till 72 h. It can be deduced that the incorporation of
selected lipids (Gelucire 50/13 and Precirol ATO 5) has mitigated
a modified release of an API in a sustained/controlled manner
(Hazzah et al., 2015; Notario-Pérez et al., 2019). Since the API is
active in lower concentration as well (MIC range against C. albi-
cans: 0.031–0.13 mg/ml) the burst or incremental release may
essentially provide a drug pool or depot in the vaginal milieu for
effective and continuous targeting of the fungal cells. The sustained
release of an API from 2 T-SLN also justifies the incorporation of a
low API concentration. The obtained results further suggest high
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Fig. 5. (A) The TEM analysis of an optimized formulation. (B) Fluorescent microscopy showing the presence of spherically shaped vesicles in an optimized formulation.
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Fig. 6. The in-vitro release pattern of an optimized 2 T-SLN gel.

Table 3
The skin safety analysis of an optimized formulation.

Group (n=3) Erythemaa Edemab

Formulation (with API) 1 1
Control (without API) 0 0

aErythema scale: 0 = none, 1 = slight, 2 = well defined, 3 = moderate, 4 = scar
formation.
bEdema scale: 0 = none, 1 = slight, 2 = well defined, 3 = moderate, 4 = severe.

 

0

10

20

30

40

50

12h 24h 48h

Z
o
n
e 

o
f 

In
h
ib

it
io

n
 (

D
ia

m
et

er
)

Time (h)

Anticandidal activity

Drug solution Optimised formulation Control

Fig. 7. The anticandidal potential of an optimized formulation.

S. Firdaus, N. Hassan, Mohd. Aamir Mirza et al. Saudi Journal of Biological Sciences 28 (2021) 317–326

324
drug retention & bioavailability in in-vivo conditions as well
(Attama and Umeyor, 2015).

3.7. Skin irritation study

The optimized 2 T-SLN gel was found to be non-irritant and
skin-friendly with no significant visual signs of erythema and
oedema (Table 3). The obtained results are only preliminary and
could be further employed for in-vivo studies.
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3.8. Anticandidal activity

The optimized formulation offers a 37.3 ± 1.5 mm zone of inhi-
bition (diameter) thus, signifying the high anticandidal potential of
luliconazole (MIC range: 0.031–0.13 mg/ml) (Koga et al., 2006)
against the strains of C. albicans (Fig. 7). The results obtained are
in concordance with the ZoI diameter of a drug solution i.e.
40.2 ± 0.5 mm thus, it can be inferred that encapsulation of an
API in a lipid matrix does not affect its anticandidal potential.

4. Conclusion

CVV although not associated with severe disease outcomes like
mortality or debilitating morbidity but remains a cause of concern
for women. Its chronic nature, frequent recurrence due to resis-
tance development in fungal cells, associated stigma, non-
availability of appropriate therapeutic modalities and poor patient
compliance adds to the health care burden.

Furthermore, the limited success of available treatment tools
triggers the need for the development of a tailored 2 T-SLN gel with
pharmacotechnical attributes of locoregional targeting, ther-
mosensitive application & transvaginal delivery. The 2 T-SLN gel
encompasses an active blend of solid lipids, surfactant and co-
surfactant along with the API (luliconazole) in a core enriched
aqueous colloidal dispersion, which would be able to provide
improved bioadhesion, intimate contact, permeability, bioavail-
ability and release within vaginal mucosa. In conclusion, the 2 T-
SLN gel carrying luliconazole offers potential result to be exploited
for wider clinical implications and therapeutic advancements.
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