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Econazole nitrate, a chemically
produced triazole drug, is utilized to
manage fungal keratitis. It has potent
antifungal properties against many
species; the readily available formula
exhibits inadequate corneal
permeability, visual aberrations,
excessive tearing, dilution of tears, and
leakage via the nasolacrimal duct.

This research aimed to study the effect of polyvinyl alcohol concentration on the properties of
econazole nitrate polymeric micelles eye drops. Polymeric micelles loaded with econazole
nitrate eye drops were prepared with different polyvinyl alcohol concentrations and evaluated
for particle size, polydispersity index, zeta potential, and drug content. Formulations evaluated
for ex vivo drug permeation using Franz diffusion cell. The cumulative drug permeation (CDP)
percentage of the optimum formulation exhibits a significant variation of 64.4 % which has 2%
of PVA as compared to econazole nitrate pure drug suspension 12.69% CDP. The cumulative
drug permeation (CDP) percentage of the optimum formulation F3D demonstrated a 5-fold
increase in ex vivo permeability through the goat ocular membrane compared to the econazole
nitrate suspension may be attributed to the PVA use as a thickening agent. Using econazole
nitrate polymeric micelle as eye drop containing 2% PVA led to system that is efficient and
superior in overcoming ocular obstacles and facilitating the appropriate administration of
lipophilic medicines by increasing contact time at the ocular surface and improving
bioavailability.

Keywords: Econazole nitrate, Eye drop, Poloxamer 188, Polymeric Micelles, PVA

JaJbsS) <l 3 cra ) Bukd el & e Jiid (gl Jgas Laead il
*k Alaall s e e Fouma Al L) Faea e

Gl et 4y paiical) dralad) chual) LS scliYsuall £ %

gl il e oy alba_pa) deala Auall LS CiliYsuall £ dx

-

«dadAl)
lias ailiad Lol okl 4 8l el 310Y il e Js53bi el s «Js iUl Gy adius
Ay el a1y AU e A all A3 A pean Aaliall AuS 5l jeda o) i) (e el i By g8 il phadll
JsaS 3S50 s dul jo I Cand) 1 Caan AW dpadl) 3Ly il g cp geall Caialy cdajdall (§3aill g
eaall 4y el sl COLA) a5 J 530Syl A el sal) D33 e (el 3508 Gal 2 e i sl
axiall Cilill pise s Claseadl aaad Leandis did Joll JaS e ddline 380 55 J5 3080 @l i @l ki
ek 38 Ll Aa Al cuell OBA o) sall 4308 Al ) S i a5 A sall (5 sl 5 L 3l LIS
i J sl Jyd J o0 (30 72 o (g5in3 S5 7644 Aty L giaa Ll Tl A0S yll 2 il o) gall 4,005 G

AJPS (2025) 179

O
AJPS is licensed under a Creative Commons Attribution 4.0 International License @-EH



https://creativecommons.org/licenses/by/4.0/
athmar1978@uomustansiriyah.edu.iq
https://orcid.org/0000-0002-4690-5660
https://doi.org/10.32947/ajps.v25i2.1152

Al Mustansiriyah Journal of Pharmaceutical Sciences, 2025, Vol. 25, No.2

(Research article)

e ol anal) 2 A 43 b Cileal 5 ey 3305 F3D ekl 712,69 o) sall &) J5 35Sy G5 GBlaay
ASlas JalaS Jsasll Jaid g alasiiad ) (s m o 0San Js sV <l i Gl 46 jlia elal) cuall eliie DA
Gsiias Jad aldas ) ool Jonsl) b s 72 o (sims cppnll 3 LES 5 305 <l A pad sl AL aladsd
b o JuaiV) ci g 3al ) sk oo saall Al Ay 9B daidiall 5 Y Jagasis ¢l Clie e bl

(sl sl ety el

JnSh b Vs e 3508 188 paseS 5l g2 A jpadd 52 0he ¢l i 5 S A palidal) cilaldl)

Introduction

The most popular and convenient method
of administering medications to the eyes is
still topical instillation, which is the
recommended course of treatment for
numerous ocular conditions. Although low
ocular bioavailability and poor corneal
permeation, which necessitate multiple
daily applications of topically applied drug
molecules can limit their efficacy, many
drug delivery system (DDS) have been
developed in the last few decades to
improve drug bioavailability on the ocular
surface (1).

Polymeric micelles (PMs)is One of the
important approaches, PMs are a type of
micelles that are created from block
copolymers containing both hydrophilic
and hydrophobic monomer units. These
micelles  self-assemble at  specific
concentrations and temperatures (30°C).
PMs are utilized in drug delivery owing to
their distinctive characteristics, such as

biocompatibility.,, nano size, core-shell
arrangement, morphology, micellar
association, high stability, and low

toxicity,nano-sized polymeric micelles use
led to improved permeation through the
cornea of poorly water-soluble drugs and

thus decrease application frequency (2). The
use of PMsas eye drops gained attention
because it combined the advantage of ease
of administration of eye drops and the
possibility to reduce problems associated
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with eye drops, particularly if the drug has
poor solubility. For example, diclofenac
sodium polymeric micelles showed a
sustained release pattern and 17-fold
increase in ex vivo corneal permeation
increase than of that diclofenac sodium
phosphate buffer eye drop (3).

Econazole nitrate (ECN(1-[2-[(4-
chlorophenyl) methoxy]-2-(2,4-
dichlorophenyl) ethyl]imidazole;nitric acid
(Figurel) is a imidazole class antifungal
drugs that are frequently used as econazole-
nitrate salt to treat cutaneous candidiasis,
jock itch, ringworm, athlete's foot, tinea,
and pityriasis versicolor (7).

Econazole nitrate is class IV according to
Biopharmaceutical Classification which
has limited solubility and permeability. (8)
Polyvinyl alcohol (PVA) is a synthetic
polymer widely used in the medical field
with good biocompatibility, chemical
resistance, and high water solubility (4). A
previous study showed that PVA was used
as a thickening agent (5). Adding PVA led
to increased viscosity of the solution and
improved the dispersion on the ocular
surface to enhance the retention of active
components on the ocular surface and
improve the corneal permeation (6).

For the current research, a polymeric
micelle of poorly soluble drug econazole
nitrate will be prepared as an eye drop, and
the effect of different PVA ratios as
viscosity enhancers will be studied.

O
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Fig (1) Chemical structure of econazole nitrate (8)

Materials and Methods

Materials

The Iragi company Safa Pharmaceutical
Industries supplied the econazole nitrate
pure drug substance. We acquired
Poloxamer 188 (Pluronic F68) from
Hangzhou Hyper Chemicals in China and
Polyvinyl alcohol from Thomas Baker
(Chemicals) Pvt. Ltd. — India. The
remaining components were all of a
chemical grade.

Methods

Preparation of econazole- nitrate loaded
polymeric micelle

The rotary evaporation method was used to
create optimum polymeric micelles loaded
with econazole nitrate formula (9).
Methanol, was used to dissolve the drug
(100 mg) and poloxamer 188 (6000 mg).
The solvent was employed to undergo
vacuum evaporation at 45 °C in a revolving
evaporator manufactured by Buchi in
Switzerland after the solution had been
stirred for an hour at room temperature. To
hydrate the thin layer, 10 mL of distilled
water was used. Following that, the mixture
was vigorously shaken at 37°C while
rotating at a steady 100 rpm until polymeric
micelles containing econazole nitrate were
formed. The dispersion was treated to
sonication using an ultrasonic homogenizer
(Bioland, China) running at a power of 75
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W for 30 minutes in order to produce a
homogenous micellar dispersion. In an ice
bath, the sonication procedure was
performed in cycles of three seconds on and
six seconds off. To make sure the
dispersion reached a homogeneous state,
this technique was applied. Using a filter
syringe, the  unincorporated  drug
aggregates were successfully removed from
the mixture. As a result, ECN polymeric
micelles formed into a transparent colloidal
dispersion (F1).
Characterization of the
formula

Polymeric Micelles size, polydispersity
index and zeta potential

Using Brookhaven Instrument Corp.'s dyn
amic light scattering method, the average p
article size (average diameter), zeta potenti
al (charge on particle surface), and polydis
persity index (spectrum of particle sizes) w
ere ascertained for the formula. This
approach entailed examining the variations
in light scattering, which can be ascribed to
the random movement of particles in a
dispersion of polymeric micelles. A 1 mL
sample of the diluted polymeric micelle
dispersion was placed in a folded capillary
zeta cell and zanalyzed using light
scattering at a temperature of 25°C and an
angle of 15° (10)(11).

Optimum

O
AJPS is licensed under a Creative Commons Attribution 4.0 International License @-EH



https://creativecommons.org/licenses/by/4.0/

Al Mustansiriyah Journal of Pharmaceutical Sciences, 2025, Vol. 25, No.2

Determination of the drug content

Specifically, a 100 mL volumetric flask
was filled with 1 mL of liquid econazole
nitrate polymeric micelle. Afterwards, 70
milliliters of methanol were introduced, and
following 30 minutes of sample sonication,
a transparent solution was acquired. The
solution’'s volume was reduced by adding
100 mL of methanol. After that, it was
subjected to centrifugation for 15 minutes
at a speed of 3000 rpm. Subsequently, it
was filtered using a 0.22um millipore filter
and analyzed by scanning at specific

(Research article)

lambda max to determine the drug content
(12).

Preparation of econazole-nitrate eye
drop

The production of Econazole nitrate 1% op
hthalmic drop involved the combination of
econazole nitrate polymeric micelles solut
ion (F1) with polyvinyl alcohol at three var
ying concentrations (1%, 1.4%, and 2% w/
v) for F1D, F2D, and F3D respectively. Po
lyvinyl alcohol was used as a thickening a
gent, while 0.02% benzalkonium chloride
served as a preservative (13).

Formula code Econazo | Poloxamer | PVA benzalkonium chloride
le nitrate | 188 concentraation

Puredrug 100mg

suspension

Fl 100mg 6000 mg

F1D 100mg 6000 mg 1% 0.02%

F2D 100mg 6000 mg 1.4% 0.02%

F3D 100mg 6000 mg 2% 0.02%

Characterization of econazole nitrate eye
drop
Physicochemical
Eye Drops
Determination of the Formulations pH
(0.19) of each formulation was dispersed in
20 mL of distilled water, and a pH meter
was used to measure the pH (14)

Characterization of

Determination of the Formulations
Viscosity

The viscosities of the prepared eye drops
(F1, F1D, F2D, and F3D) were measured
using a viscometer (Brookfield-DVE-
USA). Measurements were performed in
triplicate using suitable spindle number 62
and sheared at a rate of 10,30, 50, and 100

rpm(15).

Ex vivo permeation of econazole nitrate
eye drops

A Franz diffusion cell with donor and
receptor compartments divided by goat
cornea was used for a comparative
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examination of the ex vivo transcorneal
permeation of optimum formula, F1, F1D,
F2D, F3D, and a pure drug suspension of
econazole nitrate. The eyeball was
promptly transported to the laboratory
within 1 hour after the animal's sacrifice
(ethical approval no 1lon 16-6-2023). It
was acquired in its entirety, immersed in
Ringer's salt solution. The cornea, along
with about 2-4 mm of the adjacent scleral
tissues, was  effectively  excised.
Subsequently, Ringer's salt solution was
used to thoroughly rinse the cornea until the
washings showed clarity free of any
adherent tissues. Following this, the cornea
was carefully transferred into a recently
prepared phosphate buffer with a pH value
of 7.4. A continually stirred 7 mL of freshly
prepared phosphate buffer comprised the
receptor medium. The upper compartment
of the donor contained a solution containing
a concentration of 10 mg/mL of econazole
nitrate. The division of the upper and lower
compartments was achieved by utilizing a

O
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goat cornea with a surface area of 0.798
cm?, The epithelial surface of the cornea
was oriented towards the donor
compartment and a continuous, undamaged
connection was maintained with the release
medium. To accurately reproduce ocular
conditions observed in living organisms,
the entire system was maintained at 37 °C
and 100 RPM with a 0.5 degree of accuracy
(16).

Optimum eye drop selection

Regarding ex  vivo  trans-corneal
permeation, viscosity measurement, and
drug content the best eye drop formula was
selected.

Isotonicity Test

The aqueous solution is combined with
small quantity of blood and scrutinized in
comparision to  established ophthalmic
preparation using a H40 microscope
magnification (16,17).

All ophthalmic preparations must maintain
isotonicity in order to prevent irritation of
the eye and tissue (18).
The isotonic solution will preserve the inte
grity of the blood cells.

In contrast the cells undergo contraction
when the solution attains hypertonicity and

(Research article)

enlargement when the solution falls below
hypotonicity (16).

Irritation Test

A test for ocular irritation was performed in
order to determine the optimal effective
formulation. The study employed a cohort
of six white albino rabbits, which were
approximately 1.5 kilograms in weight and
ranging in age from 5 to 10 months. The
animal house of the Iragi Centre for Cancer
Research and  Medical Inheritance
authorized the use of these rabbits, which
were also provided by the ethical council
for animal experimentation at Musyansiriya
University's College of Pharmacy(ethical
approval no 1lon 16-6-2023). A solitary
drop of econazole nitrate eye solution was
applied to the inner eye of each rabbit, with
the right eye serving as a control. We
conducted a diligent observation of the eyes
for indications of discharge, edema,
irritation, and  inflammation.  The
monitoring period interval commences at
the moment of installation and is recorded
at intervals of 1, 24, and 48 hours.
Furthermore, the documented time
intervals consist of 18 and 19 hours. The
assessment of the experiment was
performed following the grading scheme
that is detailed in Table 1 (20,21).

Table 1. The scales employed in the assessment of the irritation test

Score | Description of irritation

0 The absence of any inflammatory symptoms, including redness, excessive tear production,
or edema.

1 There is moderate inflammation and redness, accompanied by a few tears.

2 Moderate inflammation and redness accompanied by severe tearing

3 Severe redness, inflammation, and tearing

Results and Discussion

Polymeric micelle Preparation and
Characterization

The optimum polymeric micelle of ECN
formula was successfully prepared and
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their dispersion was evaluated to be used as
eye drops (22).

Micelle size, polydispersity index and
zeta potential

The size of the micelle was 86.3+1.1nm,
while the polydispersity index (PDI) value

O
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was 0.127 as in Fig 2. The first value
indicates the appropriateness for ocular use,
while the second parameter signifies the
uniformity of the preparation. It has been
proposed that formulations with particle
sizes below 100 nm have the potential as
effective drug carriers for ocular
administration (23). Smaller PDI values
are indicative of a particle size distribution
that is extremely homogeneous, while
higher PDI values suggest a broader
particle size distribution (24). The observed
PDI values for the tested formula were
consistently below 1.0, suggesting a
uniform and tightly distributed particle size
(24).

The assessment of zeta potential, a measure
of surface charge, is crucial in evaluating
the durability of formulations including

(Research article)

polymeric micelles. The obtained results
from the conducted experiments indicate
that the incorporation of econazole nitrate
into copolymers led to the manifestation of
negative zeta potential values. The zeta
potential values for the optimum
formulation were observed to be (-22.67
mV) as seen in Fig 3, suggesting the
favorable durability of polymeric micelles
through electrostatic repulsion or attraction
between the micelles. When the zeta
potential is high and either positive or
negative, it creates a repulsive force
between micelles, preventing them from
aggregating  or  flocculating.  This
electrostatic repulsion helps to maintain the
stability of the micellar dispersion over
time (24). Comparable findings were seen
in earlier investigations (25, 26).

8-0 (Combined)

Effective Diameter: 86.3 nm
Polydispersity: 0.127
Baseline Index:
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Fig 2 Particle size and polydispersity measurement of the optimum formulation
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Drug Content Determination of the Formulations
The drug content results of the optimum Viscosity
formula were (91.3% = 0.92%) which The results of the viscosity measurements
complies with the pharmacopeial limits indicated that an increase in the
ranging from 90 to 110% of the label concentration of polyvinyl alcohol resulted
claim (27). in a corresponding rise in the viscosity of
the econazole nitrate eye drop as shown in
Characterization of econazole nitrate eye Fig 3. This, in turn, caused the solution to
drop become thicker and the dispersion to
Determination of the Formulation's pH improve on the ocular surface, thereby
The findings indicated that the prepared eye enhancing the drug's retention on the ocular
drops exhibited pH values ranging from surface. Consequently, these factors
6.1+0.95 to 7.3+£0.98, a range that is known contributed to  improved  corneal
to be ocularly tolerable, devoid of any permeation and a reduced dosage frequency
discomfort or irritation(27). of the formulation.(28)(29)
250
200
?5 1s0
=
g 100
0
O 20 40 60 80 100 120

Shear Stress RPM

Fig 4 Viscosity measurement of F3D (Green), F2D (Red), and F1D (Blue).

Ex vivo permeation of econazole nitrate through the goat ocular membrane. This
eye drops increase was found to be substantially
The ex vivo trans-corneal permeation larger (P < 0.05), indicating the enhanced
profile of F1 and (F1D-F3D) was compared efficiency of polymeric micelles. In
to the profiles of a pure drug suspension of contrast to the epithelium, the hydrophilic
econazole nitrate to assess the impact of stroma acts as a hindrance to lipophilic
micelles and polyvinyl alcohol compounds, consequently, the pure drug
concentration on increasing corneal suspension was incapable of traversing the
permeation through the cornea (0. The stromal layer, while F3D have much higher
findings indicate that the permeation permeation than that (F1, F1D, and F2D)
characteristics of F3D differ significantly may be attributed to the polyvinyl alcohol
(P < 0.05) from those seen with econazole increased concentration that led to enhance
nitrate suspension (PD), F1, F1D, and F2D contact time on the ocular surface and
with corresponding values of 64.4%, improve corneal permeation (31). The
12.69%, 43.45%, 49.8%, and 56.2% CDP limited amount of tear fluid present in the
respectively as showed Fig 4. In cul-de-sac is inadequate to dilute polymeric
comparison to the econazole nitrate micelles below their critical micelle
suspension (PD), F3D demonstrated a 5- concentration (CMC), hence ensuring the
fold increase in ex vivo permeability stability of the polymeric micelles carrier
AJPS (2025) 185
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system(31). The durability of polymeric
micelles is anticipated to be sustained until
they reach the aqueous humor, mostly

(Research article)

owing to the low critical micelle
concentration (CMC) value of poloxamer
188.

-o- Pure drug suspension
-= F8

-4 P1D

¥ P2D

o P3D

Cumlative Percent drug permeated

1 1
0 100 200
Time (min)

1
400

Fig 5. Ex-vivo transcornel permeation results

Optimum eye drop selection

According to ex vivo, trans-corneal
permeation, viscosity measurement, and
drug content the best eye drop formula
(F3D) was selected.

Lo

A-pure drug suspension

Isotonicity Evaluation of optimum
formula
There is no change in the shape of red blood
cells shown in the Fig 6 indicate that the
pure drug suspension and optimum eye
drop solutions are isotonic (32).

B-optimum eye drop formulation (F3D)

Fig 6. Isotonicity test evaluation
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Irritation Test of Optimum formula

Irritation of ocular tissues is an important
factor to be considered because the eye is a
sensitive organ and any foreign material
placed in contact with ocular tissues may
cause excessive blinking, severe tearing,

Prior Instillation 1 hr 12 hr

(Research article)

redness, and discharge. Rabbits were used
for the irritation test Fig7 for F3D eye drop
formulation demonstrated that no irritation
signs (redness, tearing, swelling) were
observed even after 48 hr of administration
compared to the control(score zero).

24 hr 48 hr control

Fig7.Irritation Test results of Rabbit eye

Conclusion

It has been demonstrated that the econazole
nitrate  polymeric  micelle is an
exceptionally effective and superior drug
delivery system for circumventing ocular
obstacles, thereby facilitating the proper
administration of lipophilic medications. It
has been demonstrated that the
permeability of the system is greater than
that of a suspension of purified econazole
nitrate. In addition, topical administration
may facilitate the transportation of the
medication to the anterior portion of the
eye. Poloxamer 188 micelles were shown to
be effective vehicles for delivering a
hydrophobic medication to the anterior
segment of the eye and the use with PVA as
viscosity enhancer result in an increase by
a fivefold in the ex vivo trans-corneal
permeation  without inducing ocular
irritation.
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