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Purpose: The aim of this study was to encapsulate clotrimazole (CLT), an antifungal drug
with poor water solubility characteristics, into spanlastics (SPs) to provide a controlled
ocular delivery of the drug.

Methods: Span 60 was used in the formulation of SPs with Tween 80, Pluronic F127, or
Kolliphor RH40 as an edge activator (EA). The presence of EA offers more elasticity to the
membrane of the vesicles which is expected to increase the corneal permeation of CLT. SPs
were prepared using ethanol injection method applying 3% complete factorial design to study
the effect of formulation variables (ratio of Span 60: EA (w/w) and type of EA) on SPs
characteristics (encapsulation efficiency percent (EE%), average vesicle size (VS), polydis-
persity index (PDI) and zeta potential (ZP)). Design-Expert software was used to determine
the optimum formulation for further investigations.

Results: The optimum formulation determined was S1, which contains 20 mg of Tween 80
used as an EA and 80 mg of Span 60. S1 exhibited EE% = 66.54 + 7.57%, VS = 206.20 +
4.95 nm, PDI = 0.39 £ 0.00 and ZP = —29.60 £+ 0.99 mV. S1 showed highly elastic sphere-
shaped vesicles. Furthermore, S1 displayed a sustained release profile and a higher ex vivo
permeation across rabbit cornea relative to CLT suspension. Also, S1 revealed superior
inhibition of Candida albicans development compared to CLT suspension applying 2,3-bis
(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide (XTT) reduction techni-
que. Moreover, in vivo histopathological examination assured the safety of S1 after ophthal-
mic application in mature male albino rabbits.

Conclusion: Overall, the outcomes revealed the marked efficacy of SPs for ocular delivery
of CLT.

Keywords: clotrimazole, spanlastics, edge activators, XTT reduction technique, ocular drug
delivery

Introduction

Fungal infections of the eye have obviously increased lately and reported as
a serious condition. This is considered a main cause of blindness, corneal scarring
and illness if untreated.' The most repeatedly isolated organisms from the infected
eye are Candida, Fusarium and Aspergillus species which mainly cause endogen-
ous endophthalmitis, exogenous endophthalmitis, or fungal keratitis. Trauma is the
most common predisposing factor followed by the administration of immunosup-
pressive agents and AIDS.”
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Clotrimazole (CLT) is an azole agent with a topical
potent antifungal action against infective yeasts and
dermatophytes.® It is a white crystalline powder with
a molecular weight of 344.8 g/mol, insoluble in water
(0.49 mg/L), sparingly soluble in ether and very soluble
in polyethylene glycol 400, ethanol and chloroform. It is
lipophilic with Log P of 6.1 and pKa of 6.7.* CLT inhibits
fungal cell growth by binding to the heme portion of
dependent cytochrome P-450 lanosterol 14-a-demethy-
lase enzyme, restrains 14-a-demethylase, inhibits ergos-
terol formation and causes the accumulation of poisonous
methylated 14-a-sterols which together stop the cell
growth. Topical forms of CLT are considered safe and
without serious side effects.” The clinical use of CLT is
considered a challenge because of its poor water solubi-
lity. However, ocular drug delivery is also challenging
because of the precorneal fast and extensive loss due to
the high turnover of the tears leading to corneal penetra-
tion of very little amount of the drug reaching the intra-
ophthalmic tissues. This recommends a high concentra-
tion and a frequent dosing of the antifungal treatment to
reach the intended bioavailability.® Encapsulation of CLT
into surfactant-based nano-vesicular carriers can increase
the drug corneal permeability, ocular residence time,
improve bioavailability, decrease the dosing frequency
and avoid undesirable side effects.’

Spanlastics (SPs) are highly elastic novel surfactant-
based nanovesicles. They consist of an edge activator (EA)
and a nonionic surfactant.” They have the following
advantages: chemical stability, target specificity, conveni-
ence and high patient compliance.® SPs formulations are
hypothesized to be a promising delivery system for the
antifungal drug CLT over the conventional niosomes. The
difference in structure between SPs and conventional nio-
somes is that niosomes consist of a non-ionic surfactant
and cholesterol which is known to increase rigidity of the
niosomal structure; which makes the vesicles less elastic.’
However, the presence of an EA in SPs formulations
provides a great flexibility as the size and zeta potential
of the formulations can be adjusted to suit the need using
accessible and robust methodologies. The elasticity of the
vesicles improves the corneal permeability of the drug as
reported by EIMeshad and Mohsen® regarding SPs as
potential drug delivery system for both the anterior and
posterior eye diseases.

The work in this study included the formulation and
evaluation of CLT loaded SPs containing Span 60 with
different three edge activators (Tween 80, Pluronic F127,

or Kolliphor RH40). Span 60 is a non-ionic stable lipo-
philic surfactant, with HLB value of 4.7. It is insoluble in
water, soluble in ethanol (50 mg/mL), isopropanol,
mineral oil and vegetable oil. However, Tween 80 is
a hydrophilic non-ionic surfactant with HLB value of 15
and water solubility of 5-10 g/100 mL and it is liquid at
25°C. Pluronic F127 is a gel-based copolymer. It has
a polar water-soluble group attached to a nonpolar water-
insoluble hydrocarbon chain with HLB value of 22.
Kolliphor RH40 is a paste at 25°C with HLB value of
14.° A factorial design approach was used to study the
effect of using different types and ratios of EAs on SPs
properties: encapsulation efficiency percent (EE%), vesicle
size (VS), polydispersity index (PDI) and zeta potential
(ZP) followed by determination of the optimum formula-
tion. Corneal permeability and elasticity of the optimum
formulation were determined. Moreover, microbiological
assessment for the optimum formulation was evaluated to
measure the inhibition efficacy against Candida albicans
compared with CLT suspension. The system safety was
tested and compared to drug suspension.

Materials

CLT was provided kindly by Marcyrl Pharmaceutical
Industries (Cairo, Egypt). Methanol (HPLC grade) and
obtained from Merck-Schuchardt,
Germany. Sodium dodecyl sulfate (SDS), potassium dihy-
drogen phosphate, dimethyl sulfoxide (DMSO), disodium
hydrogen phosphate, sodium chloride and ethanol were

Span 60 were

purchased from El-Nasr Chemicals Company, Cairo,
Egypt. Tween 80, Kolliphor RH40 and Pluronic F127
were obtained from Sigma
St. Louis, USA.

Chemical Company,

Methods
Preparation of CLT Loaded SPs

Ethanol injection technique reported by Kakkar and Kaur’
was used in the preparation of CLT SPs. CLT loaded SPs
were prepared by changing Span 60: EA ratio (w/w) and
type of EA. Ethanol was used as a solvent to dissolve CLT
(20 mg) and Span 60 in a 60°C water bath. The solution was
injected slowly into a five-fold larger aqueous phase contain-
ing the EA. The mixture was continuously stirred at 800 rpm
at the same temperature until the full evaporation of ethanol
forming SPs aqueous dispersion. Then, ultrasonic water-bath
sonication was applied for five minutes to reach a proper VS
in a sonicator water bath (Type USR3, Julabo Labortechnik,
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Seelbach, West Germany) at 25°C. The SPs suspension was
stored at 4°C till further investigation.'®"!

In vitro Characterization of CLT Loaded

SPs

Measurement of EE% of CLT Loaded SPs

The percentage of CLT encapsulated into SPs was mea-
sured using indirect way by calculating the difference
between the amount of CLT added in the vesicles and the
amount remaining after separating the supernatant from
the prepared SPs wusing cooling ultracentrifuge at
25,000 rpm for 1 hour at 4°C (Sigma 3-30 KS, Sigma
Laborzentrifugen GmbH, Germany). The unentrapped
CLT concentration was determined by measuring the
wavelength of the UV spectrum at 261 nm using ultravio-
let (UV) spectrophotometer (Shimadzu, model UV-1601
PC, Kyoto, Japan). The EE% of the drug was calculated

using this equation:'%'?

Total amount of CLT — Unentrapped CLT

EE(%) =
(%) Total amount of CLT

x 100

Mean VS, PDI and ZP Measurement

The average VS and PDI were measured using Zetasizer
(Malvern Instrument Ltd., UK) applying the process of
dynamic light-scattering. The electrophoretic mobility of
the charged vesicles was observed to measure the ZP using
the same instrument. All measurements were done at 25°C

in triplicate after dilution of the formulations.'?

Statistical Analysis

A complete 3? factorial design was employed using the soft-
ware of Design-Expert (Version 7, Stat-Ease Inc., USA).
Table 1 summarizes the design. Two factors each with 3 levels
(Xy: Span 60: EA ratio (w/w)) and (X,: EA Type) were
investigated. The optimum formulation was chosen after the
analysis of experimental results and calculation of desirability.

Characterization of the Optimum CLT
Loaded SPs

Transmission Electron Microscope (TEM)

The morphology of the optimum CLT SPs vesicles was
inspected using TEM (Joel JEM 1230, Tokyo, Japan) by
employing a beam of high electron voltage to create
a super magnified image. One drop of the dispersion was
located on a carbon covered copper net, dried, then stained
with 2% potassium phosphotungstate. After complete dry-

ness, the sample was examined.'*">

Table | The Independent Variables Levels Used to Formulate
CLT Loaded SPs Utilizing (3%) Complete Factorial Design

Factors (Independent Levels

Variables)

X,: Span 60: EA ratio (w/w) 80:20 | 70:30 60: 40

X,: Type of EA Tween | Pluronic Kolliphor
80 F127 RH40

Responses (Dependent Desirability Constraints

Variables)

Y,: EE% Maximize

Y3: VS (nm) Minimize

Ys: PDI Minimize

Y4 ZP (mV) Maximize (as absolute value)

Abbreviations: CLT, clotrimazole; SPs, spanlastics; EA, edge activator; EE%, encap-
sulation efficiency percent; VS, vesicle size; PDI, polydispersity index; ZP, zeta
potential.

Measurement of Elasticity

The elasticity of the optimum SPs formulation was deter-
mined by applying the extrusion technique explained by Van
den Bergh et al.'® The formulation was diluted and extruded
under a steady pressure of 2.5 bar (Haug Kompressoren AG;
Biichi Labortechnik AG, Flawil, Switzerland) through
a microporous filter of 220 nm pore size (Jinteng
Experiment Equipment Co., Ltd, China).!” Zetasizer Nano
ZS was used to measure VS pre- and post-extrusion and then
the percentage alteration in VS was calculated.

The Storage Effect on the Optimum SPs

The optimum SPs formulation was stored for 90 days at
25°C and 4°C. Samples were taken from fresh SPs, after
45 days and after 90 days. The storage effect was evalu-
ated by the comparison between the first and the after
storage results in respect of EE%, VS, PDI and ZP.'®
Student’s #-test was used to analyze the results statistically
using SPSS® program 22.0 (USA). A significant differ-
ence was considered at P < 0.05.

In vitro Release Profile

The release of CLT from the optimum SPs formulation
was done using a cellulose-based membrane of 12,000—
14,000 Dalton mass cut off (Spectra/Pro, Spectrum
Laboratories, Inc., USA). A dialysis tube was created by
fixing the membrane on a top-cut plastic tube at one end
using rubber band. Then, 2 mL of the preparation (equiva-
lent to 4 mg CLT) was located in the dialysis tube that was
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attached to the dissolution apparatus II shaft (Distek, 2500,
USA) and adjusted carefully. A volume of 20 mL phos-
phate buffer saline (pH 7.4) with 1% SDS was used as the
release medium. The temperature was kept at 37 + 0.5°C
and the stirring speed was regulated to 100 rpm. The
receptor part was enclosed to limit the release medium
evaporation. One mL aliquot was withdrawn at time 0.5,
1, 2, 4, 6, 8, 10 and 12 hours. Then, 1 mL of the fresh
medium was added as a replacement to keep the volume
constant. A 0.22 pm sterile syringe filter was used for the
filtration of the samples and CLT content was analyzed
using HPLC."” The cumulative amount of CLT released at
each time interval was calculated and the release profile of
the optimum formulation was obtained by plotting the
percentage of CLT released at each time point vs time to
construct the drug release profile graph.

Release Kinetic Mechanisms

Release behavior of CLT from the optimum formulation
was kinetically evaluated using various kinetic equations.
The results were fitted into different mathematical equa-
tions like zero-order kinetics, first-order kinetics, second-
order kinetics, third-order kinetics and diffusion models
and were used for the analysis of the release data. The
correlation coefficient (R?) was determined for each

model*°.

Ex vivo Studies

Preparation of the Cornea

All the study protocols on animals were accepted by the
Research Ethics Committee, Faculty of Pharmacy, Cairo
University, Egypt (approval number PT 212). An average
weight mature male albino rabbits were anesthetized and
killed. The eyes were explicated and the corneas were cut
off immediately and washed using fresh saline. The cor-
neal permeation experiment was done within half an hour
of killing the rabbits.”*'

Corneal Permeation Study

A side by side diffusion cell device was used to study
permeation of CLT through fresh rabbit cornea. The tem-
perature was maintained at 37°C. The cornea was located
cautiously among the donor pool and receptor pool keep-
ing the corneal epidermis towards the donor one. A 20 mL
of fresh phosphate buffer saline (PH 7.4) with 1% SDS
was prepared as receptor medium and 0.5 mL of the
preparation was added in the donor pool. The stirring
was kept continuous and 1 mL of the receptor medium

was withdrawn after fixed time. A replacement of the fresh
medium was added after each aliquot to keep the volume
constant.”* The measurement of the withdrawn samples
was done using HPLC. The following equation was used
to quantify the cumulative CLT permeated percent at dif-
ferent time points:*’

_ CnxVr+ Y0 CixVs

Qn= 100

initial drug content

Where:
Qn: Cumulative drug permeated percent.
Cn: Drug concentration in the receiver.
Vr: Receiver medium volume.
Vs: Sample volume.
Z;:l] Ci: Total previously measured concentrations.

Determination of CLT Using HPLC

A validated HPLC method was used in the measurement of
CLT** The HPLC system (LC-20AD, Shimadzu, Japan)
consisted of reverse-phase column C;g (4.6 cm x 250 mm)
(SC-150, Germany) and UV-sensor running at 210 nm. The
elution mobile phase used was (80:20 v/v) methanol: water
with 0.8 mL/minute flow rate. The time of CLT retention
was 9.5 minutes. The approach was confirmed and validated
for good linearity, selectivity, accuracy and precision.

Microbiological Assay of CLT SPs
Applying the Reduction Technique of
2,3-Bis-(2-Methoxy-4-Nitro-
5-Sulfophenyl)-2H-Tetrazolium
-5-Carboxanilide (XTT)

The minimum concentration that restrains the development
of Candida albicans (ATCC 90028) completely is called the
minimum inhibitory concentration (MIC) value. A micro-
well dilution assay was used to determine MIC using pre-
pared inoculums with concentrations of 10° CFU/ mL.
DMSO was used for the dilution of CLT suspension, plain
SPs containing no drug and optimum SPs formulation in
a 96 well plate.> The microplate wells were filled with 40
pL of brain heart infusion as the growth medium, 50 pL of
formulations after dilution and 10 pL of the inoculum.
DMSO was considered as a negative control.

The incubation of the plates continued at 37°C for 24
hours followed by the addition of 40 pL of tetrazolium salt
followed by an hour of incubation at same temperature in
the dark. Any reduction of XTT appeared as a change in
color and measured at 492 nm using the microplate
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photometer (Tecan Sunrise absorbance reader, UK).
The percent of inhibition was measured using the follow-

ing equation:*®

The percentage of

average of test wells
x100
average of control wells

inhibition = 1 — (

In vivo Histopathological Investigation

The safety of the optimum SPs formulation was evaluated
using three mature male albino rabbits with an average
weight of 3.0 £ 0.5 Kg. The use and handling of rabbits
complied with the EU directive 2010/63/EU for animal
experiment. The rabbits were kept in cages at a temperature
of 22°C and relative humidity of 55%. The rabbits had free
access to water, supplied with standard diet and were put in
a dark: light cycle of 12 hrs each. Rabbits were left for 7 days
for adaptation before experiments. The formulations were
sterilized using gamma-irradiation. Samples were sterilized
in type I glass vials using a ®*Co irradiator offered at National
Center for Radiation Research & Technology, secondary to
Atomic Energy Authority, Nasr City, Egypt.® The rabbits
were divided into 3 groups; group 1 was considered as
Control group, CLT suspension was applied to group 2 and
group 3 was given the optimum SPs formulation. For a week,
three doses were dripped daily in the left eye of every rabbit.
The right ones were considered as a control. Eventually, on
the seventh day, the rabbits were anesthetized and killed.
A separation of the eyeballs was done and were then washed
with normal saline and fixed with 10% formal saline for
a day. The tissue samples were cleaned using double-
distilled water then desiccated using alcohol. Then, the speci-
mens were placed in melted paraffin wax, solidified in blocks
and kept at 56°C for 24 hours.'” Histopathological

abnormalities were examined microscopically after cutting
sections (34 mm) by a sliding microtome (Leica
Microsystems SM2400, Cambridge, UK), deparaffinizing
and staining using hematoxylin and eosin.

Results and Discussion

Investigation of Factorial Design

A complete factorial design was applied and analyzed sta-
tistically to identify the effect of some variables on the
features of the formulated SPs since it is considered
a suitable method for analysis.?” Factors and levels in this
manuscript were selected carefully after several trials to
accomplish the possible independent variables arranges.
The independent variables and the measured responses of
all SPs formulations are illustrated in Table 2 that demon-
strates 9 experimental formulations (S1-S9) that combine 2
factors with 3 levels. Adequate precision is the ratio between
signal and noise. As desired, a ratio > 4 was gained in all
responses”® as shown in Table 3. The quality of the model is
also affected by the predicted R%**** The adjusted and
predicted (R?) must be in rational agreement®' and that is
revealed in all the studied responses (Table 3).

Formulation Variables Effect on the EE%

of CLT Loaded SPs

As shown in Table 2, CLT was successfully entrapped in all the
prepared formulations. The effect of Span 60: EA ratio (w/w)
and type of EA on EE% are demonstrated as linear plot in
Figure 1. The analysis of the data statistically revealed signifi-
cant difference (P < 0.05) between EE% of SPs prepared using
the three Span 60: EA ratios (w/w) (80:20), (70:30) and
(60:40). When increasing the amount of EA, the EE%
increases. This is caused by the effect of EA in forming
a layer that increases the vesicles interface stability and giving

Table 2 Measured Responses of CLT Formulations of the Experimental Complete 3” Factorial Design

Formulations X, Span 60: EA Ratio X, Type of EA Y, EE% Y, VS (nm) Y; PDI Y4 ZP (mV)
Sl 80: 20 Tween 80 66.54 £ 7.57 206.20 * 4.95 0.39 + 0.00 —29.60 + 0.99
S2 80: 20 Pluronic FI27 67.38 £ 0.00 366.70 £102.00 0.56 + 0.10 —22.10 + 0.49
S3 80: 20 Kolliphor RH40 40.96 + 24.25 356.10 + 8.84 0.59 + 0.09 —29.40 + 0.49
S4 70: 30 Tween 80 2191 £876 162.10 + 0.14 0.36 + 0.03 —29.00 + 6.51
S5 70: 30 Pluronic FI27 33.34 £ 438 227.10 £ 2.69 0.36 + 0.05 —28.20 + 1.4]
S6 70: 30 Kolliphor RH40 97.74 = |51 411.30 + 13.00 0.81 +0.05 —26.10 + 2.83
S7 60: 40 Tween 80 94.52 + 0.00 309.50 + 5.23 0.44 + 0.0l —25.40 £ 0.21
S8 60: 40 Pluronic FI27 64.53 + 4.38 179.00 + 3.96 0.33 + 0.04 —27.20 £ 0.64
S9 60: 40 Kolliphor RH40 80.12 + 5.90 24540 £ 1.13 0.47 + 0.00 —21.20 £ 0.57

Notes: All the prepared SPs contained 10 mL CLT nanosuspension (equivalent to 20 mg drug). Data are presented as mean * SD (n=3).
Abbreviations: CLT, clotrimazole; EA, edge activator; EE%, encapsulation efficiency percent; VS, vesicle size; PDI, polydispersity index; ZP, zeta potential; SPs, spanlastics.

International Journal of Nanomedicine 2021:16

https:

6253

Dove:


https://www.dovepress.com
https://www.dovepress.com

Abdelbari et al

Dove

Table 3 The Statistics Summary of Complete Factorial Design (3%) Used for Optimization of SPs Formulations

Responses R? Adjusted R? Predicted R? Adequate Precision Significant Factors
Y,: EE% 0.93 0.87 0.73 11.39 Xy, Xy

Y,: VS (nm) 0.92 0.85 0.69 10.12 X, Xy

Y;: PDI 0.94 0.89 0.76 13.23 Xy, Xy

Y4 ZP (mV) 0.74 0.50 —0.05 4.82 -

Abbreviations: SPs, Spanlastics; EE%, encapsulation efficiency percent; VS, vesicle size; PDI, polydispersity index; ZP, zeta potential.

more room inside SPs to hold more drug.*> Three EAs were
used in the preparation of CLT SPs namely Tween 80, Pluronic
F127 and Kolliphor RH40. Kolliphor RH40 showed the high-
est mean drug entrapped (72.94%) followed by Tween 80
(60.99%) and Pluronic F127 (55.08%). The explanation of
these results is based on the EAs hydrophile-lipophile balance
(HLB) values which are 14, 15 and 22 for Kolliphor RH40,
Tween 80 and Pluronic F127, respectively. Values of HLB are
related to the EA alkyl chain length.® The longer the alkyl chain
is, the less HLB value which indicates that EA is more
hydrophobic,>*** hence forming less hydrophilic holes and
decreasing the fluidity of the membrane by decreasing the
bilayers amphiphilic property. This results in increased EE%."”

Formulation Variables Effect on VS of CLT
Loaded SPs

The VS of the formulated SPs ranged from 162.10 to
411.30 nm. All preparations had a VS < 5 um which is
perfect for ophthalmic administration.®> Analysis of the
data statistically showed a significant impact (P < 0.05)

of Span 60: EA ratio (w/w) on mean VS. Results are
demonstrated as linear plot at Figure 1. Table 2 showed
that Span 60: EA ratio (w/w) (60:40) gave the smallest
VS, giving a mean of 244.63 nm. This is probably caused
by the reduction in the interfacial tension due to the EA
higher concentration facilitating particle partition and for-
mation of smaller vesicles.>®

Statistical analysis also showed a significant effect (P <
0.05) of EA type on mean VS. The smallest VS was
detected in the vesicles prepared using Tween 80 as an
EA. This is might be due to steric repulsion rendered by its
molecules which minimizes the aggregation of the
vesicles.” Tween 80 might also act as stabilizing agent
during vesicles formation that results in reduced surface
energy causing inhibition of crystal growth and reduction
in VS” On the other hand, SPs formulated using
Kolliphor RH40 as an EA had the largest VS. This beha-
vior might be attributed to the branched structure and
relative bulkiness of Kolliphor RH40 molecules leading
to increased size of the vesicles. The physical state may

EE% (A) EE% (B) VS (A) VS (B)
One Factor One Factor One Factor One Factor
9 | 99 440 | 440
I
78 1 78 370 370
- .
.
;o s7T | L 57 T I 300 . 300 -
i |+ 1 I 4
. —
EE% T EE% I3 . T 'S -
s =
36 36 230 L 230 { o
15 160 -f 160
15 - g . . . - .
80:20 70:30 60:40 Tween 80 Pluronic 127 Kolliphor RH40 80:20 70:30 60:40 Tween 80 Pluronic F127 Kolliphor RH40
Span 60: Edge activator ratio Edge activator Span 60: Edge activator ratio Edge activator
PDI (A) PDI (B) ZP (A) ZP (B)
One Factor One Factor One Factor One Factor
[ 20
085 085 20
07125 | 07125 | 236 236
3 - | )
0575 | 0575 - 27y T 27 [
. * P -
PDI PDI pid L
04375 1 04375 ps 306 - -306 |
03 03 34 34

80:20 70:30 60:40

Tween 80 Pluronic F127

Span 60: Edge activator ratio Edge activator

Kolliphor RH40

80:20 70:30 60:40 Tween 80 Pluronic F127 Kolliphor RH40

Span 60: Edge activator ratio Edge activator

Figure | Linear correlation plots presenting the effect of (A) Span 60: EA ratio and (B) EA type on the following parameters: EE%, VS, PDI and ZP.
Abbreviations: EA, edge activator; EE%, encapsulation efficiency percent; VS, vesicle size; PDI, polydispersity index; ZP, zeta potential.
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also explain the size difference where Tween 80 has
a liquid nature while Kolliphor RH40 is a paste at 25°C.°

Formulation Variables Effect on PDI
PDI is the size distribution width of the formulation. Its
value varies from 0 to 1. A homogeneous VS distribution
shows low PDI value while a larger PDI indicates lower
VS uniformity.*® Results are demonstrated as linear plot in
Figure 1. As shown in Table 2, PDI measurements were
between 0.33 and 0.81, showing that the vesicular prepara-
tions had a variable homogeneity to a certain degree.
Factorial analysis showed that the ratio (w/w) of Span
60: EA significantly affects PDI (P < 0.05). The vesicles
prepared using the ratio (60:40) had the lowest PDI. This
is probably due to the increased EA amount that reached
maximum coverage to the vesicles surface. Also, this
could be attributed to the effect of steric resistance of the
EA by forming an adsorption layer on the particle
surface.*®

Likewise, factorial analysis revealed that EA type sig-
nificantly affected PDI (P < 0.0001). The PDI results
showed that the factors which affected the VS of the SPs
also affected the PDI of the dispersions. The PDI was
lowest in SPs containing Tween 80 which had the smallest
VS. Also, Kolliphor RH40 containing SPs had the highest
PDI. This can be explained by the increased size of the
vesicles caused by the relative bulkiness of Kolliphor
RH40 and the repulsion between the bilayers molecules
therefore increasing PDI.’

Formulation Variables Effect on ZP

ZP is indication of colloidal dispersions stability, it is the
measurement of all charges gained by vesicles. When ZP
value exists between +£30 mV the system is stable due to
the presence of sufficient electric repulsive force between
particles.'” The Span type has an important role in pre-
dicting the vesicular formulation stability. The most suita-
ble surfactant is Span 60 and this is due to the saturation of
the alkyl chains present in it which gives the vesicles
higher stability.* In this manuscript, values of ZP
obtained ranged from —21.20 to —29.60 mV (Table 2).
Formulations exhibited a negative zeta potential that
caused a repulsion between the vesicle bilayers. This
could be attributed to increasing OH ion concentration
present in Span 60 and EAs used producing highly nega-
tive charges.*® Factorial analysis revealed a non-significant
effect of Span 60: EA ratio (w/w) and EA type on ZP.
Results are presented as linear plot in Figure 1.

Determination of the Optimum SPs

Formulation

Complete factorial design was applied using the results of
the 9 prepared SPs formulations to determine the optimum
one using Design-Expert software. The optimum formula-
tion criteria was to achieve highest EE% and ZP (absolute
value) and lowest VS and PDI values. This was achieved
in formulation S1 with a desirability of 0.74. S1 was
formulated using Span 60: EA ratio (w/w) (80:20) using
Tween 80 as an EA and showed EE% of 66.54 + 7.57%,
VS of 206.20 + 4.95 nm, PDI of 0.39 + 0.00 and ZP of
—29.60 £ 0.99 mV.

Characterization of the Optimum CLT
Loaded SPs

Transmission Electron Microscopy (TEM)

TEM is used to determine the shape, size and lamellarity
of vesicles.*' TEM examination of CLT optimum formula-
tion (S1) showed spherical drug nanoparticles with no
signs of aggregation as shown in Figure 2. Also, the
particle diameter of the vesicles observed by TEM micro-
graphs agreed with that obtained by the Zetasizer.

Elasticity Measurement

The degree of elasticity of SPs vesicular formulation is
very important parameter as it shows the ability of elastic
vesicles to cross the mucus membrane by compressing
themselves.® S1 elasticity was examined for any deform-
able characteristics. The VS were 206.20 + 4.95 and
176.20 + 1.27 nm before and after extrusion, respectively.
The results revealed a very small change (14.6%) in aver-
age VS, indicating a high elastic vesicles. This is probably
due to the high flexibility and non-bulky alkyl chain of
Tween 80 that leads to the formation of an elastic vesicle
membrane.'”

Stability Study of the Optimum SPs

Results showed good stability of S1 after storage. The
appearance of stored CLT vesicles did not record any
significant variations. No significant changes concerning
EE%, VS, PDI and ZP of stored SPs vesicles appeared in
the stability analysis (P > 0.05) in relation to the fresh ones
as presented in Table 4.

In vitro Release Profile

In vitro release profile of the drug is a good prediction of the
way a delivery system works in ideal conditions and expects
its in vivo performance.*? The experiment was done using
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Figure 2 The optimum SPs formulation (SI) transmission electron micrograph.
Abbreviation: SPs, Spanlastics.

S1 compared to CLT suspension. The percentage of drug
released from the formulations was calculated for further
comparison. Figure 3 presents the release profile of CLT
from S1 and drug suspension. The results showed that SPs
had a slower release than drug suspension. The percentage
of CLT released in 6 hours from S1 were significantly lower
in relation to CLT suspension (P < 0.05) applying

independent Student’s t-test using SPSS™ program 22.0.
These results could be attributed to the presence of the
alkyl chain in Tween 80 which causes a lower release rate
as it increases the bilayer hydrophobicity.** This also may be
due to the Span 60 high transition temperature (TC) that
forms a more rigid less permeable bilayer. Also, Span 60 has
long-chain length leading to more stable vesicles which gave

Table 4 Effect of Storage on Physical Properties of the Optimum Formulation S|

Parameter | S| Fresh S| After 45 Days at S| After 45 Days at S| After 90 Days at S| After 90 Days at
4°C 25°C 4°C 25°C

EE% 66.54 £ 7.57 66.68 * 1.90 6882 % 1.18 66.67 £2.20 67.60 * 3.68

VS (nm) 206.20 £ 495 | 210.30 £ 7.42 207.40 £ 3.96 219.00 £ 2.19 211.50 £ 0.78

PDI 0.39 + 0.00 0.47 + 0.03 0.46 + 0.02 0.42 £ 0.02 0.40  0.03

ZP (mV) —29.60 + 0.99 | —30.60 + 0.07 —28.90 + 1.34 —31.00 £ 0.14 —30.00 + I.13

Note: Data are presented as mean + SD (n = 3).
Abbreviations: EE%, encapsulation efficiency percent; VS, vesicle size; PDI, polydispersity index; ZP, zeta potential.
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Figure 3 In vitro release study of CLT formulations.
Abbreviation: CLT, clotrimazole.

delayed drug release.** The comparative data indicates that
vesicular encapsulation of CLT controls and sustains its
release for a longer time interval as reported by Ruckmani

et al.®

This in turn increases bioavailability, decreases the
drug dosage regimen and causes a reduction in the toxicity

of the drug.

Kinetic Analysis of Drug Release

Table 5 presents the release kinetic modeling and correlation
coefficients (R?) calculated for the investigated formulation
(S1). Kinetic analysis of the release data showed that R?
value was the highest in the zero-order model. Therefore, S1
followed zero-order release kinetics representing concentra-
tion independent drug release. This may be explained by the

high concentration of Tween 80 that formed strong

diffusional gel matrix allowing the release of the drug in
a controlled way independent of concentration.*

Corneal Permeability Study

Corneal permeation studies reflect the action of an ophthal-
mic drug delivery system inside the body.”' Corneas of
mature albino male rabbits were used to measure the per-
meation of CLT from S1. Figure 4 presents the cumulative
percentage of CLT permeated as a function of time from S1
in relation to CLT suspension. The percentage of CLT per-
meated in 8 hours from S1 was significantly higher than
CLT permeated from drug suspension at the same time (P <
0.05) utilizing Student’s r-test using SPSS® program 22.0.
The resulted permeability percentages are in good correla-

tion with the elasticity results which provided the vesicles

Table 5 Kinetics of CLT Release from S| According to Different Kinetic Models

Formulation Zero Order First Order Second Order Third Order Diffusion
Correlation Coefficient (R?) *
Sl 0.98 £ 0.00 0.77 £ 0.03 0.44 £ 0.03 0.34 £ 0.04 0.97 £ 0.03
Note: *Mean + SD (n=3).
Abbreviation: CLT, clotrimazole.
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Figure 4 Ex vivo corneal permeability of CLT formulations.
Abbreviation: CLT, clotrimazole.

with greater membrane flexibility allowing them to effi-
ciently penetrate the cornea.’’ The presence of Tween 80
as EA caused the high capability of SPs vesicles to compress
themselves through the cornea because of its tendency for
highly curved structures giving SPs high permeability.”
Furthermore, SPs after compressing through the cornea
will pass in an intact form through aqueous humor achieving
the antifungal activity of CLT.

Microbiological Assay of CLT SPs for

Treating Candida albicans

MIC Determination via XTT Reduction Technique
The in vitro antifungal test was done to detect Candida
albicans being the most common cause of human fungal
infections.*® Candida activity can be measured quantita-
tively using XTT reduction technique unlike the agar diffu-
sion technique. The reduction process of XTT releases
intracellular formazan compound that can be measured
calorimetrically reflecting the cell activity.*”** Figure 5 pre-
sents the antifungal activity of CLT suspension, non-
medicated S1 and CLT loaded S1. S1 had the lowest MIC
of 0.98 pg/mL while CLT suspension and non-medicated S1

Drug suspension

|
| I
l

Time (hr)

MICs were 7.81 and 1000 pg/mL, respectively. The effec-
tiveness of the formulation increases when MIC decreases
which shows better antifungal activity. S1 accomplished
around eight-times less MIC than CLT suspension. This
might be due to the ultimate diffusion of CLT and its high
discharge from S1 compared with CLT suspension.'’

In vivo Studies

Histopathological Ocular Examination
Histopathological examination using light microscopy was
done for the stained sections of ocular tissues of male
albino rabbits. All three groups; group 1: Control group,
group 2: treated with CLT suspension and group 3: treated
with S1 showed no histopathological change in the iris,
sclera, retina, or cornea (Figure 6). This ensures the safety
of CLT SPs for ocular delivery.

Conclusions

In this study, we prepared SPs as a novel nanovesicles for the
usage of CLT to treat ocular fungal infections. The prepara-
tion of CLT loaded SPs was done using ethanol injection
method. A complete 3% factorial design was utilized to set
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Figure 5 Microbiological assay of (A) CLT suspension, (B) Non-medicated S| and (C) S| for the treatment of Candida albicans infection. Data are presented as mean * SD,

(n=3).
Abbreviation: CLT, clotrimazole.

experimental design and to determine the optimum formula-
tion (S1) that had spherical morphology, high EE% and small
VS. S1 also had a sustained in vitro release profile in relation
to CLT suspension. Moreover, the corneal permeability study
of the investigated SPs showed that S1 had a higher drug
permeation than CLT suspension. These outcomes along with
SPs high elasticity are essential requirements for the

Group Il

Group Il

absorption by the cornea. Microbiological evaluation of S1
showed a high activity against Candida albicans relative to
CLT suspension. Additionally, the administration of S1 to the
corneas of the study rabbits confirmed the non-irritant nature
of SPs vesicles. Briefly, SPs vesicles offer convenient and
promising system for the delivery of CLT to cure ophthalmic
fungal infections.

Figure 6 Photomicrographs presenting histopathological sections (stained by hematoxylin and eosin) of normal untreated rabbit eye (group I), rabbit eye treated with CLT
suspension (group 2) and rabbit eye treated with S| (group 3). (A) Shows histological structure of the cornea, (B) Shows histological structure of the iris and (C) Shows

histological structure of the sclera, retina and choroid.
Abbreviation: CLT, clotrimazole.
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