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ABSTRACT
Objectives: Emulgel, known for their unique combination of properties from both emulsions and 
gels, have attracted significant interest from the pharmaceutical and cosmetic industries for their 
versatility and usefulness. This research aims to design and assess a novel emulgel containing 
nepafenac for ocular drug delivery. Materials and Methods: Extensive literature research guided 
the formulation. Novel emulgel formulations (F1 to F9) blended O/W emulsion with castor oil, 
oleic acid, linseed oil and a self-emulsifying agent i.e. poloxamer 188. The gel phase was prepared 
by employing pluronic F-127, HPMC K 15M alone, or in their combinations. The O/W phase was 
integrated into the gel phase to form the emulgel. Results: 9 nepafenac emulgel batches were 
formulated, with oil phase and polymer concentration variations. All batches were evaluated 
for emulsion and gelling properties. Batch F6 was selected as the optimized formulation as its 
characteristics exhibited a pH of 7.2, a refractive index of 1.356, 75.12% transmittance, a viscosity 
of 1892 centipoise (cP), a globule size of 224 nm and zeta potential of -24 mV that are more 
suitable for ocular applications. In vitro and ex vivo drug release showed controlled release 
for 8 hr, with no histological changes. HET CAM and rabbit ocular irritation tests indicated no 
irritation/toxicity upon administration. Sterility testing confirmed the absence of contamination 
and stability studies uphold consistent characteristics over time. Conclusion: The newly 
developed nepafenac emulgel holds promise for efficient ocular drug delivery with favourable 
physicochemical properties, sustained drug release, tissue compatibility and a robust safety 
profile. It presents a strong candidate for future developments in ocular therapies, potentially 
expanding the treatment options for ocular conditions.

Keywords: Ex vivo permeation, Nepafenac, Novel Emulgel, Ocular Drug Delivery, Ocular irritancy/
toxicity.

INTRODUCTION

Ocular drug delivery is a specialized field of pharmaceutical 
research and development focused on the distribution of 
therapeutic agents to the eye to treat a wide range of ocular 
diseases and conditions. The eye poses special difficulties in 
administering medications because of its intricate structure, 
inherent obstacles and the necessity for accurate dosing to attain 
the desired therapeutic results while reducing adverse reactions. 
During cataract surgery, various ocular tissues, including retina, 
sclera, aqueous and vitreous humour, iris, cornea, ciliary body, 
choroid and conjunctiva, are manipulated and incised. This 
medical procedure activates the creation of prostaglandins 
through enzymes such as phospholipase, COX 1 and COX 2. 
As a result, the most frequent and possibly severe side effect 

of this procedure, known as cystoid macular inflammation, 
might happen, causing signs like discomfort, photophobia and 
miosis.1,2 To tackle these problems, topical corticosteroids and 
Nonsteroidal Anti-Inflammatory Drugs (NSAIDs) have been 
utilized. Studies show that using these drugs together is successful 
in lowering inflammation after surgery.3,4 Nonetheless, finding 
the correct equilibrium between how well patients can tolerate 
the drugs and their safety for the cornea remains difficult for drug 
manufacturers, due to the specific concerns related to the eye's 
structure and function.

Nepafenac (2-amino-3-benzoylbenzeneacetamide) is a strong 
NSAID drug that is explicitly designed for usage in the eyes 
and is used to ease the discomfort and swelling that occurs 
after cataract surgery.5,6 It is important in managing the pain 
and swelling experienced after cataract surgery. Its efficacy in 
reducing eye inflammation and pain has made it a key element 
in eye medication. This drug is generally given as eye drops or 
mixed into special ocular medications. Presently, it is available 
as an eye drop solution in a concentration of 0.1% (Amplinak 
Opthalmic Suspension 5 mL). Nepafenac's discrete features, such 
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as its low systemic absorption and a safe profile, position it as an 
excellent option for addressing different eye diseases, including 
inflammation after surgery, uveitis and ocular discomfort. 
Its specific mechanism of action and broad applicability have 
solidified its status as an effective drug for eye treatment, leading 
to better results and patient comfort. Nonetheless, nepafenac 
is categorized as a class IV substance in the Biopharmaceutical 
Classification System,7,8 encounters obstacles due to limited tissue 
penetration and poor solubility in water.9,10 This has kindled 
interest for creating new nepafenac ocular formulations with 
better solubility and absorption rates, a challenging endeavour 
for ocular-topical medications.11,12 Techniques like penetration 
enhancers, cyclodextrin based systems,8 viscosity adjusters,13 
nano fibres based delivery systems,14 and even external forces such 
as electrical charges or ultrasound waves have been investigated 
to boost its absorption.15

The preferred mode of topical treatment for ocular conditions 
is often an eye drop solution, especially when localized action is 
required, such as in the cornea or anterior chamber. However, 
natural mechanisms like lacrimal secretion and blinking reflex, 
coupled with corneal impermeability, limit drug retention and 
necessitate frequent administration.16,17 Furthermore, ocular 
drug delivery faces various challenges, including limited drug 
bioavailability in crucial ocular tissues, short duration of drug 
action necessitating frequent dosing, natural barriers hindering 
drug distribution, patient discomfort during administration,18 

and the need for precise dosing control. Furthermore, delivering 
drugs to the posterior section of the eye poses exceptional 
challenges. Ensuring drug stability, safety and cost-effectiveness 
while pursuing customized therapies for individual patients 
are ongoing concerns in this field. Addressing these challenges 
is essential for improving the effectiveness, patient experience 
and accessibility of ocular drug treatment.19 So, to overcome this 
problematic situation and formulation difficulties researchers 
and pharmaceutical companies have developed innovative 
approaches and formulations to enhance drug bioavailability, 
prolong drug release and improve patient compliance.20,21

To overcome rapid dilution, formulations with increased viscosity 
have been investigated, as they extend drug residence time and 
improve absorption in the pre-corneal area. Equally Oil-in-
Water (O/W) and Water-in-Oil (W/O) emulsions are extensively 
employed as vehicles for delivering drugs to the cornea due to 
their therapeutic properties.22 These emulsions offer a balance of 
elegance and ease of removal, crucial in ophthalmic preparations.23 
Gels for ophthalmic have several favourable properties such as 
being thixotropic, easily removable, emollient and compatible 
with excipients.24 Emulgels, a combination of emulsions and 
gels, have gained popularity as vehicles for ocular drug delivery, 
providing high patient acceptability and the advantages of both 
forms.25 They are often referred to as gelled emulsions or emulgels, 

offering a promising avenue for delivering various drugs to the 
eye.26 Emulgel has high patient acceptability since they possess 
the advantages of both emulsion and gels.27,28

Therefore, current work has been undertaken to develop an 
emulgel formulation containing nepafenac for efficient control of 
ocular inflammatory conditions.

MATERIALS AND METHODS

Materials

Nepafenac graciously donated by Flax Laboratories Pvt. Ltd., Mira 
Bhayander, Mumbai, Castor oil and HPMC (Research-Lab Fine 
Chem Industry, Mumbai), Linseed oil Oleic acid and Pluronic 
F-127 (Loba Chemie Pvt. Ltd., Mumbai), Poloxamer 188 (BASF, 
Mumbai). All the solvents and chemicals were of the highest 
quality and purity for analysis; and utilized exactly as directed.

Methods
Emulgel Development and Characterization

The preparation of an emulgel dosage form involves three key steps: 
the preparation of the emulsion phase, the preparation of the gel 
phase and the merging of these two phases to form the emulgel.29 
Nepafenac was initially dissolved in oil to produce the emulsion 
phase, constituting the oil phase, at a concentration of 300 mg 
within 1.5 g of oil. Three oils castor oil, oleic acid and linseed 
oil were used in the study. Subsequently, Oil-in-Water (O/W) 
emulsion phase was generated by using this nepafenac-infused 
oil. The aqueous phase was established by dissolving poloxamer 
188 (an emulsifying agent) and benzalkonium chloride (acting as 
a preservative) in distilled water. A homogeneous emulsion was 
achieved through continuous mixing and agitation of the oil phase 
into the aqueous phase at 1500 rpm.30 The gel phase was created 
by dissolving the gelling ingredient in an iso-osmotic solution 
that contained 3% glycerin. Various gelling agents were utilized at 
different concentrations during the preparation of the gel phase. 
Finally, the emulgel was formulated by mixing emulsion and gel 
phases in a 1:1 weight ratio for 15 min at 1500 rpm, resulting in a 
uniform and smooth emulgel (Figure 1). The composition details 
of all the developed formulations are given in (Table 1).

Evaluation of Emulgel
pH determination

The pH was determined using a pH meter (EQ-610, Equiptronics, 
India) by positioning the electrode tip into emulgel for 2 min and 
the outcome was documented.

Refractive Index

The refractive index was determined by placing one drop of 
formulation on the slide of the refractometer and observing 
under Abbe’s Refractometer (Rolex, India).
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% transmittance

It reflects the degree of transparency of the formulation. 
% Transmittance was measured by using UV visible 
spectrophotometer (Shimadzu 1800) at 650 nm after diluting 
formulations with distilled water.

Rheological study

Rheological data is crucial for assessing the flow properties 
and consistency of the prepared emulgel formulations. Further, 
it is significant in ophthalmic applications where product 
consistency, texture and viscosity became vital considerations 
in its performance. The viscosity of the prepared emulgel was 
determined using a Brookfield viscometer (model: DV-II+Pro) 
with 64-number spindles. The emulgel sample, formulated 
according to the specific formulation under investigation, was 
loaded into a glass container.31,32 The viscometer was calibrated 
using standard reference fluids and the spindle was set to rotate at 
a fixed speed of 50 revolutions per minute (rpm). As the spindle 
rotated within the emulgel sample, the resistance to flow or 
shear force was measured and the resulting viscosity data, often 
recorded in centipoise (cP), were estimated. The procedure was 
typically repeated for consistency and to ensure the accuracy of 
the viscosity measurements.

Drug content

1 g sample of emulgel was dispersed into Simulated Tear Fluid 
(STF) 100 mL with a pH of 7.4 and subjected to sonication for 
2 hr. After sonication, the resulting mixture was filtered through 
a 0.45 µm Millipore filter and subsequently analyzed using UV 
spectroscopy at a wavelength of 238 nm.33

In vitro drug release study

Franz Diffusion Cell apparatus (Orchid Scientific, India) was set 
up to grasp the dialysis membrane firmly in place throughout 
experiments of release studies. Dialysis membranes were prepared 
by soaking them into STF with a pH of 7.4 for duration of 30 min 
prior to the commencement of experiments. The receptor cell was 
filled with 5 mL of STF. Subsequently, the dialysis membrane was 
placed over the receptor cell and the donor cell was positioned on 
top, with both halves firmly fastened together. The compartment 
of the donor cell was loaded with emulgel formulation. Sampling 
from the receptor cell was conducted at time intervals of 0.5, 1, 1.5, 
2, 3, 4, 5, 6, 7 and 8 hr. To maintain sink conditions, the receptor 
cell was reloaded with STF pH 7.4. Samples that were previously 
withheld were collected for analysis using UV spectrophotometry 
and their absorbance was measured and analyzed at a wavelength 
of 238 nm.34

The in vitro release profiles of nepafenac emulgel were compared 
using similarity factor f2 and difference factor f1 with marketed 
formulation, as well-defined by the equation-

​

Where ​"n"​ is the number of time points Tt and Rt are percentage 
releases at a time point (t) for the test and reference formulation, 
respectively.35

In vitro drug release data of all the emulgel batches was attempted 
to fit into mathematical models in order to determine drug release 
kinetics. The n and R2 values for Zero order, First order, Higuchi 
equation, Hixson-Crowell equation and Korsmeyer-Peppas 
equation models were determined. The analysis was executed to 
determine the fit of most suitable model to the drug release from 
nepafenac emulgel.

Zeta potential, polydispersity index and globule size

Determining zeta potential using the particle size analyzer 
(Horiba SZ-100V2, Korea) is a crucial step in characterizing 
the emulgel formulation. The emulgel formulation was diluted 
with 10 mL of water. 2-3 mL of diluted solution was taken for 
measurements to obtain data about globule size and zeta potential 
of formulations.36

Zeta potential reflects the electrolytic mobility of particles and 
offers insights into the stability of the formulation. Additionally, 
the Polydispersity Index (PDI) assessment provides information 
about the uniformity of particle size distribution, emphasizing 
the importance of smaller particle sizes to prevent formulation 
instability.

Ex vivo Corneal Permeation

Ex vivo transcorneal permeation studies were conducted using 
freshly procured goat cornea placed within the Franz diffusion 
cell. The excised goat cornea was placed between the receptor 
and donor sections, with the inner epithelial surface facing the 
receptor compartment. STF (pH 7.4) was employed as the release 
medium, filling the receptor compartment. The Nepafenac 
emulgel mixture was spread over the donor cell, enveloping 
the cornea. The liquid in the receiving area was kept at a steady 
temperature of 37ºC and continuously agitated at a speed of 50 
rpm. At set times; small samples were taken from the receiving 
area over an 8-hr span and then examined at 238 nm.37

According to the following equation, the obvious corneal 
permeability coefficients (Papp, cms-1) Were determined:38,39

​​

In the given formula, the rate of drug flow through the corneal 
tissue is represented by ‘ΔQ/Δt’ (micrograms per minute). Here, 
'A' denotes the area of the corneal surface that is exposed (square 
centimeters), 'Co' represents the initial concentration of the drug 
in the donor's compartment (micrograms per cubic centimeter) 
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and '60' is used as a conversion factor to switch minutes into 
seconds. The rate of drug flow through the cornea is calculated 
from the slope of the line on the graph that shows the relationship 
between the amounts of drug that permeates (Q) and time.

Hydration of cornea

The corneal tissue excluding sclera was subjected to treatment 
with nepafenac emulgel to assess corneal hydration levels. The 
cornea was treated as a control with 0.9% normal saline solution. 
Each of the treated corneas was carefully weighed and then 
saturated with methanol for 5 min. After that cornea was allowed 
to dry, their weights were measured and percentage of hydration 
was subsequently calculated.40

HET-CAM Test

HET-CAM (Hen’s Egg Test-Chorioallantoic Membrane test) 
was conducted as part of irritancy testing process. Eggs from 
newly laid hens from a poultry farm were gathered. These eggs 
were then kept in an incubator for three days at a temperature of 
37ºC. 12 hr after that, the eggs were manually turned. On day 3, a 
sterile procedure was employed to extract egg albumin, following 
which the hole was sealed with paraffin using a spatula. To 
allow Chorioallantoic Membrane (CAM) to develop away from 
eggshell, the eggs were placed at the equator. On day 10, a window 
was created at the equatorial region of the egg, through which 
0.5 cc of test solution was introduced and left in contact with the 
CAM surface for 5 min. Throughout the entire experiment, 0.9% 
NaCl solution served as the control and it was observed to have 
minimal irritant effects. The evaluated results included the start 
of bleeding (from the blood vessels), the breakdown of blood 
vessels and clotting, evaluating both within and outside the blood 
vessels.

Histopathology Study

Histopathology studies were conducted to assess the irritancy 
of ocular formulation. The persistence of ocular discomfort was 
evaluated by comparing it to the control group, which involved 
using a goat cornea that had been excised. The degree of ocular 
irritation was found to be dependent on corneal anatomy. Freshly 
harvested goat corneas were immersed in an emulgel solution for 
12 hr. Afterward, the corneas were promptly excised and fixed 
using an 8% formalin solution.41,42 The tissue was subsequently 
embedded in molten paraffin, dehydrated with alcohol and allowed 
to solidify. Cross-sectional slices of the tissue were prepared and 
stained with hematoxylin. Histopathological examination was 
carried out using a digital Microscope, at a magnification of 100x. 
The results obtained from histopathological analysis were then 
compared to those of the control group.

Sterility Testing

Sterility is a critical requirement for ocular formulations as 
it has importance and necessitates sterility tests for emulgel 

formulation. Under aseptic conditions, sterility testing must 
encompass both aerobic as well as anaerobic bacteria, fungi, 
using both fluid thioglycollate medium as well as soybean-casein 
digest media. For the testing process, aseptic techniques were 
employed. Specifically, 100 mL of sterile water was used to 
dilute 1 mL of the optimized sterile formulation. To assess the 
presence of any microorganisms within the formulation 5 mL of 
the solution was introduced into respective medium. The cultures 
were maintained for minimum of 14 days at temperature range of 
20-25ºC in the incubator and were observed for development of 
turbidity corresponding to the growth of microorganisms.

Draize eye test

The study was completed at Marathwada Mitra Mandal’s College 
of Pharmacy, Thergaon Pune, Maharashtra India according to the 
protocols permitted by the Committee for Purpose of Control and 
Supervision of Experiments on Animals (CPCSEA), under the 
reference no. MMCOP/IAEC/01/2022 on the recommendations 
of the Institutional Animal Ethical Committee.

Rabbits are commonly favored over other animals for ocular 
irritancy studies due to their large eyes, which possess 
well-defined anatomy and physiology. Additionally, their ease 
of handling, cost-effectiveness and widespread availability make 
them a practical choice. It’s worth noting that rabbit eyes tend 
to be more sensitive to irritating substances compared to human 
eyes.43 Draize eye test, or in vivo eye irritation studies involved 
3 rabbits; the procedure includes instilling 0.1 mL of optimized 
test sample into one eye and leaving the contralateral eye that 
was untreated as a reference.44 Observations were made for one 
day and interpreted at three time points: 0, 6 and 24 hr following 
the application of test material. The method used an extensive 
grading scale to evaluate the intensity of eye abnormalities, such 
as those impacting the cornea (measuring transparency), iris 
(identifying the degree of inflammation, for example, erythema) 
and conjunctiva (checking for congestion, swelling and fluid, for 
instance, edema). Changes in these ocular structures were visually 
evaluated and the Draize score was calculated based on these 
observations. This methodology provided a thorough assessment 
of the potential irritant effects of emulgel formulation on the eyes.

The Mean Total Score (MTS) was calculated as follows:

In the context of the study, X1(n), X2(n) and X3(n) represent 
the scores for the cornea, conjunctiva and iris, all of which are 
measured for each rabbit in the experiment.

The scoring system for Draize eye test was followed as-Score 0 
indicates no erythema and edema; Score 1 indicates very slight 
erythema and edema; Score 2 indicates well- defined erythema 
and edema; Score 3 indicates moderate to severe erythema and 
edema; Score 4 indicates severe erythema and edema.
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Stability study

The stability studies were conducted by ICH (International 
Council for Harmonization) guidelines. The F6 formulation 
was placed inside stability chamber under controlled conditions 
of temperature and humidity, specifically at 25ºC±2ºC and 
60%±5% RH, for duration of three months. The evaluation of 
stability included both chemical and physical aspects. Chemical 
stability was assessed by monitoring changes in drug content, 
while physical stability was assessed by examining alterations in 
the refractive index and pH of the formulation. This approach 
ensures the evaluation of the formulation’s stability under 
specified conditions and in line with internationally recognized 
guidelines.

RESULTS

Emulgel Development and Characterization

As stated in the introduction, the objective of the current 
investigation was to develop nepafenac emulgel for ophthalmic 
delivery using different oils and different combination of 
polymers. The study evaluates the effect of oil (component of 
emulsion) and gelling agent (component of gel base) over the 
characteristics of emulgel. Three different oils such as castor 
oil, linseed oil and oleic acid and polymers like Pluronic F 127 
and HPMC K15M as standalone and as combination polymers; 
total nine formulations were prepared by following two stage 
procedures. Firstly, preparation of drug containing o/w emulsion; 
and secondly incorporating emulsion to gelling base to form 
emulgel (Figure 1). A total of nine batches indicated as F1 to F9 
were prepared (as mentioned in Table 1). These formulations 
were evaluated for the following properties of emulgel.

PH determination

pH test for ophthalmic formulations is essential to ensure patient 
comfort and ocular safety, as deviations can lead to discomfort, 
reduced therapeutic effect and potential tissue damage. The 
prepared ocular formulations exhibited a pH range of 6.2 to 7.4 
which falls within the physiologically compatible pH range of 
4.75 to 7.40 for eye products (Table 2).

Refractive Index

The refractive index is essential for ocular formulations to ensure 
compatibility with tear fluid, maintain optical clarity, minimize 
light scattering and enhance patient comfort. Matching the 
refractive index with ocular components during formulation is 
critical and crucial. The definitive average refractive index value 
for human tears was established at 1.33698±0.00110, signifying 
a precise and critical measurement in ocular research and 
ophthalmic formulation development.45 The refractive index of 
all formulations was observed to fall within the range of 1.340 
to 1.370, which closely resembles that of tear fluid (Table 2). 
Specifically, the refractive index of the optimized batch (F6) was 
determined to be 1.36±0.01. These values are well within the 
acceptable range, indicating similarity to tear fluid.

% transmittance

Generally, % transmittance should be more than 90% for ocular 
use. It exhibits the degree of transparency and clarity of the 
formulation. % transmittance of all the emulgel formulation is in 
the range of 67.12 %-93.32% (Table 2). Formulation F6 showed 
highest % transmittance as 93.32±1.8%, indicating its suitability 
for ocular use.

Rheological study

Viscosity of formulations is modified by the addition of HPMC 
K15. Formulations containing HPMC K15 exhibited higher 

Batch Nepafenac
(mg)

Castor 
oil (g)

Oleic 
Acid (g)

Linseed 
oil (g)

Benzalkonium 
chloride
(g)

Poloxamer 
188 (mg)

PF127
%

HPMC 
K15M
%

PF127+HPMC 
K15M %

Water
(mL)

F1 300 1.5 0.01 650 25 15
F2 300 1.5 0.01 650 10 15
F3 300 1.5 0.01 650 20+7 15
F4 300 1.5 0.01 650 25 15
F5 300 1.5 0.01 650 10 15
F6 300 1.5 0.01 650 20+7 15
F7 300 1.5 0.01 650 25 15
F8 300 1.5 0.01 650 10 15
F9 300 1.5 0.01 650 20+7 15

* PF127-Pluronic F 127; HPMC-Hydroxypropyl methylcellulose.

Table 1: Compositions of emulgel formulations in weight bases.
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viscosities (F5, F6, F8 and F9) than those without it (Table 2). 
The optimized batch, F6, showed particularly satisfactory results 
with a viscosity of 1892±4 cp at 50 rpm (Table 2).46 From plot ‘A’ 
and plot ‘B’, it could be interpreted that as the shear increases the 
viscosity of emulgel formulation decreases (Figure 2).

Drug Content

The drug content is crucial for ensuring accurate dosing, 
therapeutic efficacy and patient safety in pharmaceutical 
formulations. It also plays a vital role in quality control, regulatory 
compliance and formulation stability, impacting the overall safety 
and effectiveness of the medication. Drug content measurements 
were rigorously conducted in triplicate, with calculated average 
values ensuring precision and accuracy. The drug content of all 
formulated emulgels falls under the range of 38.63±2.43% to 
80.79±1.52% (Figure 3).

In vitro drug release study

In vitro drug release studies were conducted for all formulations 
F1 to F9 (Figure 4), including a comparison between the 
optimized batch F6 and a marketed formulation (Figure 4). 
Dialysis membranes were employed in this study, revealing 
sustained drug release over 8 hr. The in vitro drug release study 
categorized into two groups, A (F1-F5) and B (F6-F9), revealed 
distinct outcomes. Group A exhibited a drug release ranging 
from 65.4% to 85.1%, expressing the higher release than group B, 
where the release ranged from 39.8% to 63.4%.

In vitro drug permeation was observed to be increased over 
time for emulsion-loaded gel and 0.1% marketed formulation. 
The drug release rate from the emulgel was lower than that of 
the marketed formulation due to its higher viscosity. The drug 
release percentages were 99.39% for the marketed formulation 
and 72.84% for the emulgel after 8 hr of period (Figure 4).

For the optimized batch (F6), f1 (difference factor) value obtained 
between the formulations was 14.2, which is below the limit 
value of 15. This suggests that there is no significant dissimilarity 
between the drug release profiles. Additionally, f2 (similarity 
factor) values obtained between the formulations fell within the 
limit range of 50-100, with a value of 61.79.

The coefficient of determination (r2) values were determined 
to pick up the best fitting model to the drug permeation from 
nepafenac loaded emulgel formulations. The n and R2 values 
were calculated and reported for zero order, first order, Hixson 
Crowell, Higuchi and Peppas-Korsmeyer dissolution models. All 
the formulations exhibited different r2 values for all the different 
models used in the current study. F1 followed first order release 
kinetics as the correlation coefficient (r2) value was highest 
i.e. 0.999. F2, F3 and F6 followed zero order release with their 
correlation coefficient (r2) values as 0.9923, 0.999 and 0.9984 
respectively. It indicated linear but slower relation for the release 
of drug from emulgel formulations occurring mostly by diffusion. 
F4 formulation followed Higuchi kinetics with r2 value of 0.9964 
indicating release of drug from polymeric matrix with other 
excipients. F5, F7, F8, F9 followed Peppas-Korsmeyer kinetics as 
the correlation coefficient (r2) values were 0.9932, 0.9983, 0.9951, 
0.9917 and n values were 1.01, 1.14, 1.09, 1.13 respectively. It 
indicated Super case II anomalous type transport mechanism 
(Table 3).

Zeta potential, polydispersity index and globule size

The size of the globules, PDI and analysis of zeta potential of the 
optimized F6 nepafenac emulgel is crucial for its performance 
in ocular drug delivery. A smaller globule size was observed i.e. 
224 nm (Figure 5), which will improve penetration and enhance 
the drug absorption due to a larger interfacial surface area. A low 
PDI value (<0.7) signifies a narrow and homogeneous droplet 

Figure 1:  Graphical representation of emulgel preparation.
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Figure 2:  Graphical representation of rheological behaviour.

Batch PH Refractive Index %
Transmittance

Viscosity (cp)

F1 6.7±0.05 1.346±0.005 67.12±1.6 1567±2
F2 6.3±0.1 1.366±0.005 68.82±0.6 1237±4
F3 7.1±0.05 1.376±0.005 80.62±0.5 1187±3
F4 7.2±0.11 1.356±0.005 85.12±0.7 1347±5
F5 6.9±0.05 1.37±0.01 83.32±0.8 1463±6
F6 7.2±0.05 1.36±0.01 93.32±1.8 1892±4
F7 7.4±1.09 1.373±0.005 68.52±1.4 1098±12
F8 6.8±0 1.343±0.005 75.22±2.0 1678±3
F9 6.4±1.09 1.366±0.005 75.92±2.6 1674±5

Table 2: Characterization of nepafenac-loaded emulgel (pH, RI, % transmittance, viscosity).

Figure 3:  Graphical representation of % drug content
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size distribution, ensuring greater stability, with the optimized 
formulation boasting a PDI of 0.232. Zeta potential, particularly 
a negative value like -24.0 mV in the optimized emulgel, (Figure 
5) indicates repulsion between charged globules, contributing 
to system stability. These findings underscore the potential 
of emulgel for efficient drug delivery and stability in ocular 
applications.

Ex vivo transcorneal permeation

An in vitro transcorneal permeation study was conducted to 
compare an optimized emulsion formulation, F6 with a marketed 
one on how well they allowed a drug to pass through a goat's 
cornea. The experiment lasted for 8 hr and demonstrated better 
drug permeation through the cornea with the refined emulsion. 
The permeation rates of the drug were recorded at 50.96±4.52% 
for the marketed formulation and 79.54±2.00% for the optimized 
emulgel F6 after 8 hr (Figure 4), showing an improvement in drug 
permeability with the optimized emulsion throughout the study.

The results demonstrated that the apparent permeability 
coefficient 2.91±0.02 cm/sec × 106 and 0.69±0.02 cm/sec × 106 for 
optimized batch (F6) and marketed formulation respectively. The 
flux across corneal tissues was observed as 0.026±0.01 µg/mL for 
F6 and 0.023±0.01 µg/mL for marketed formulation respectively. 
Results showed an increase in the apparent corneal Permeability 
(Papp.) of the emulgel formulation compared to the marketed one, 
indicating improved drug permeation.47

Hydration of cornea study

A healthy, intact goat cornea typically maintains a hydration 
level within the range of 76% to 80%. Elevated hydration levels, 
ranging from 83% to 92%, are commonly associated with corneal 
damage.48 The percent hydration of corneas treated with both the 
marketed formulation and optimized emulgel (F6) was observed 
to be consistent with the normal range of 78% to 80% respectively, 
which closely matches reported values.

HET-CAM Test

The HET-CAM examination serves as a different method for 
assessing the potential for irritation. The control group sets 
a standard, aiding in the comparison and understanding of 

any impacts noted in the experimental group subjected to the 
mixture. If the control group remains unchanged, any effects in 
the test group are likely attributed to the test formulation, aiding 
in assessing potential irritation or harm. This test reduces animal 
experimentation while ensuring the safety of products. With the 
optimized batch F6 of nepafenac emulgel serving as the test and a 
sodium chloride 0.9% solution as the control (Figure 6). The CAM, 
which comprises veins, arteries and capillaries, is responsive to 
inflammation,49 making it suitable for this experiment. After 
instilling control and the test sample onto the egg membrane, no 
discoloration or hemorrhage of the membrane was observed. The 
ocular irritancy index score was found to be ≤0.9, which shows 
no irritancy of the HET-CAM membrane. This observation 
indicated that the nepafenac emulgel was non-irritating when 
compared to the control, suggesting its safety for use.50

Histopathological study
The histopathological evaluation of control using 0.9% sodium 
chloride performed and no any alteration or rupture of the 
corneal surface was observed (Figure 6). As a reference of the 
control; test performed for optimized batch F6 formulations of 
nepafenac ocular emulgel, conducted at 100X magnification and 
indicated no significant alterations in the tissue histopathology.51

Sterility testing
The optimized formulation F6 of nepafenac ocular emulgel 
was assessed for sterility by means of fluid thioglycollate and 
soybean casein digest medium.52 The formulation was checked 
for microorganism growth in the individual mediums after its 
incubation period.53 It was found that the formulation showed 
that there was no bacterial or fungal growth.

Draize Test
Draize eye test was conducted to assess the irritancy potential 
of the formulation. Here, the optimized batch F6 of nepafenac 
emulgel was tested on 3 rabbits. The right eye of each rabbit 
received the formulation (nepafenac emulgel), whereas the left 
eye was used as a control as shown in Figure 7. The evaluation for 
irritancy was conducted at multiple time points, specifically at 0, 
6 and 24 hr. Importantly, even after 24 hr, no signs of irritation 
were observed. The Mean Total Score (MTS) was determined to 

Formulation 
Code

F1 F2 F3 F4 F5 F6 F7 F8 F9

Model 
Parameters

R2 0.9991 0.9923 0.9992 0.9964 0.9932 0.9984 0.9983 0.9951 0.9917
K -220.6 0.114 0.106 0.0267 0.78 0.122 0.77 0.87 0.89
n     1.01  1.14 1.09 1.13

Model First 
order

Zero 
order

Zero 
order

Higuchi Peppas 
Korsmeyer

Zero 
order

Peppas 
Korsmeyer

Peppas 
Korsmeyer

Peppas 
Korsmeyer

Note: Zero order (Qt=Qo+Kot); First order (ln Qt=ln Qo+K1t); Hixson-Crowell (Qt1/3-Qo1/3=KHCt); Higuchi (Qt=ln Qo+KHt1/2); Peppas Korsmeyer (Mt/
Mα=KPtn).

Table 3:  Drug release kinetics study. 
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Days PH Refractive Index % Drug Content
0 6.7±0.05 1.346±0.005 78.24±1.16
30 6.3±0.1 1.366±0.005 76.36±1.98
60 7.1±0.05 1.376±0.005 77.70±2.68
90 7.2±0.11 1.356±0.005 78.29±2.31

Table 4: Stability evaluation of optimized nepafenac emulgels batch F6.

Figure 4: In vitro drug release study and ex vivo transcorneal permeation study.

be 0, which categorizes the formulation as non-irritating and safe 
for ophthalmic use.

Stability studies
A three-month stability study was conducted. It involved storing 
the optimized F6 formulation in a stability chamber under 
controlled conditions of temperature (25ºC±2ºC) and humidity 
(60%±5% relative humidity) for 3 months.54 During this period, 
changes in drug content, pH and RI of the formulations were 
monitored (Table 4). The observations led to the inference that 
there were no significant changes in the formulation, indicating 
its stability over the three months.

DISCUSSION

The discussion of the findings from the current study gives 
essential insights into the development of nepafenac loaded 
emulgel formulation, its characteristics and their potential for 
treating the ocular inflammation. Emulgel development needs 
selection of suitable materials, appropriate manufacturing 

process. The study evaluated the impact of various formulation 
variables, especially type of oil and type of polymer and its 
combinations over the emulgel properties. It expressed the 
multifaceted relation between various formulation components 
and emulgel properties.

Numerous preliminary studies were carried out for the 
selection of suitable oil and polymers, their concentrations and 
combinations. The different oils were evaluated in the study so as 
to incorporate hydrophobic nepafenac to develop O/W emulsion. 
Castor oil, linseed oil, oleic acid were selected in the study to 
develop O/W emulsion. External aqueous phase of this emulsion 
was then gelled with different gelling agents like pluronic F 127, 
HPMC K 15M alone and its combinations. Pluronic containing 
emulgels were clear, less toxic, achieving controlled release and 
were suitable. But, we needed higher concentration of pluronic 
F 127 to obtain emulgel with these desired properties. Also, 
pluronic exhibits lower mucoadhesive properties. So, pluronic 
containing formulations were further modified by adding 
polymers like carbopol, HPMC to improve their mucoadhesive 
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characteristics and to modify release properties. Different grades 
of HPMC are useful due to their enhanced muco adhesion, safety, 
gelling characteristics and other physicochemical properties. In 
the current study, pluronic was selected alone and in combination 
of HPMC K15M to develop emulgel formulation to achieve 
controlled release of nepafenac and mucoadhesive characteristics.

All formulations exhibited desired pH, refractive index and % 
transmittance suitable for ocular applications (Table 2).

The viscosity of all emulgel formulations met the required 
standards; this is due to selected polymers, its combinations and 
their proportions in nepafenac emulgel. Such higher viscosity 
help in increasing the retention time of the formulation in the 
ocular cavity thus by giving the sufficient time for the corneal 
permeation and improving the ocular absorption. These 
formulations exhibited pseudoplastic rheology, characterized 
by shear thinning behaviour consistent with our initial 
screening data. This property allows the formulation to thin 
during application and thicken afterward, which is desirable for 
improving retention time and controlled release of the drug from 
topical ophthalmic products (Table 2, Figure 2). Such pseudo 
plastic performance allows withstanding varying shear rates 
that occur during blinking and inter-blinking periods. Similar 
results for rheological behaviour were reported in literature by 
Shen Y et al; 2014 for cyclosporine A,31 Gadad A et al; 2016 for 
lomefloxacin,55 Pawar P et al; 2013 for voriconazole.56

Optimized batch F6 exhibited the highest drug content of 
80.79±1.52% signifying a consistent and uniform distribution of 
the drug within the developed formulations, where combination 
of PF 127 and HPMC K15M served as the primary gelling base. 
Further, drug content was observed to be improved for emulgels 
(F3, F6, F9) where PF 127 and HPMC K15M were used in 
combination as compared to emulgels (F1, F2, F4, F5, F7, F8) 
containing these polymers in solitude. This drug content of 
emulgel formulations underscores the promising role of PF-127 
and HPMC K15M in the uniform distribution of drug in emulgels 
formulations. It could be also inferred that combination of these 

2 polymers could be employed in order to improve various 
properties of emulgels.57

Formulations containing PF127 and HPMC K15M individually 
resulted in higher drug release within 8 hr, whereas formulations 
which combined these polymers showed comparatively lower 
release rates. This underscores the significant influence of 
polymer selection on drug release profiles (Figure 4).

In vitro drug permeation of optimized F6 formulation was 
lower and sustained as compared to marketed preparation. The 
reason could be attributed to the higher viscosity, formulation 
design (choice of polymers) and dissolution kinetics.58 Emulgel 
exhibited sustained drug release and its release rate was slowed 
down as it was incorporated into the gel, requiring more time for 
diffusion of drug from gel base as compared to the lower-viscosity 
marketed formulation.

Determination of f1 (difference factor) and f2 (similarity factor) 
indicated a notable similarity between the optimized batch F6 and 
the marketed formulation in terms of their drug release behavior.

All 9 formulations exhibited different drug release kinetics 
depending upon the compositions used in their preparation. 
Such sort of results signifies use of combination of polymers in 
altering the release characteristics of emulgel (Table 3).

Uniform globule size, PDI and higher zeta potential value of F6 
emulgel would help in uniform spreading of emulgel over corneal 
surface, better penetration of globules across the cornea and 
sustained release of the nepafenac from the formulation (Figure 
5).

In vitro studies on transcorneal emulsion interactions are crucial 
for understanding how these formulations behave with the 
cornea, replicating conditions found in the human eye. These 
investigations examine how well drug passes through the gel 
emulsion, help refine the emulsion's composition and confirm the 
safety of the product. Also, optimized emulgel F6 demonstrated 
sustained drug permeation over the extended period of 8 hr (Figure 
4). It may be attributed to the incorporation of an emulsion into 

Figure 5:  PS, PDI and ZP of F6 emulgel formulation.
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Figure 6:  Histopathology study on goat cornea and HET-CAM test.

Figure 7:  Ocular irritation study on rabbit eye (Draize eye test).
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the gel matrix. In contrast, the marketed formulation permeated 
the drug directly from its lower-viscosity solution.

The capacity of a medication to cross the corneal protective layer 
relies on multiple elements, such as its chemical characteristics, 
dimensions, distribution coefficient, level of ionization and 
additional factors. Hydrophilic drugs face the primary barrier 
in the lipidic epithelium, while hydrophobic agents encounter 
resistance from the aqueous stroma. The predominant barrier 
in the cornea presents a comparison of the apparent corneal 
permeability (Papp.) between the marketed formulation and the 
emulgel. After 7 hr of study marketed formulation showed a 
decrease in drug release as compared to emulgel resulting into 
higher value of Papp. for F6 formulation as compared to the 
marketed one.

The hydration levels remained well within the normal range 
for optimized formulation F6. This suggested that it wouldn’t 
cause any detrimental effects or damage to the corneas. It 
could be attributed to addition of hydrophilic HPMC K15M in 
the formulation. Such addition would have improved wetting 
and hydration properties resulting into providing the higher 
hydration effect which may further would not cause any harmful 
effect into the eyes.

The outcomes of HET-CAM test (Figure 6) offer strong evidence 
of the formulation's safe and non-irritating nature for ocular 
usage.

Histopathological studies for emulgel formulations are vital for 
assessing tissue compatibility, safety and regulatory compliance. 
They guide formulation optimization and ensure the safe use of 
these products. The finding underscores the formulation's safety, 
as it did not induce any ocular irritation or affect the cells of 
the corneal membrane. Furthermore, there were no observed 
ruptures in the corneal sections, as shown in (Figure 6). When 
the formulation was instilled into the eyes neither cell necrosis 
nor epithelium removal was seen.

Sterility testing is crucial for emulgel projected for ocular 
distribution as it approves the absence of detrimental 
microorganisms, confirming the product's safety and avoiding 
probable eye infections. It is a vital measure of quality control in 
pharmaceutical manufacturing. The optimized formulation F6 
was sterile and free of microorganisms.

The extended observation period of 24 hr for Draize eye irritancy 
test further confirms the non-irritating nature and safety of the 
F6 emulgel formulation for ocular use. This outcome confirms 
the formulation's suitability for use in the eyes without causing 
any deleterious, irritant effects (Figure 7).59

Thus, outcomes of HET-CAM test, histopathological study 
and Draize test confirmed the suitability of F6 formulation 
for application into eyes without causing any irritation and 
detrimental effects.

Emulgel batch F6 was subjected to stability studies for 90 
days period. Samples were periodically evaluated for stability 
parameters like pH, RI and drug content. No any significant 
change was observed in properties of F6 formulation during 
the study period confirming the stability over the three months 
(Table 4). Also, observed t test value of 0.6479 (t-test for two 
samples with equal variance) was below the t-critical value of 
2.91, therefore, demonstrated no statistically significant difference 
in drug content of F6 formulation even after the period of three 
months that specifies the stability of product.

CONCLUSION

Ocular drug delivery is a dynamic field marked by its unique 
challenges and evolving solutions. Nepafenac, a potent NSAID, 
stands out for its effectiveness in addressing post-cataract surgery 
inflammation and pain. However, challenges such as limited tissue 
permeability and low water solubility persist, driving ongoing 
research into innovative approaches for enhanced delivery.

The emulgel formulation process is characterized by the creation 
of an oil-in-water emulsion phase and then incorporating it into 
a gel with gelling base, developing an effective delivery system for 
nepafenac. Among various batches designed for formulation, F6 
was selected as the best option because it outperformed the other 
groups. This selection positions F6 as the preferred candidate for 
further studies.

The Nepafenac emulgel preparations displayed a uniform, 
slight yellow transparent appearance and had a refractive index 
(1.356±0.005) similar to tear fluid. The optimized F6 nepafenac 
emulsion, featuring a particle diameter of 224 nm, a Particle 
Distribution Index (PDI) of 0.232 and a zeta potential of -24.0 
mV, demonstrates enhanced spread ability over cornea, improved 
drug permeation through cornea, excellent stability and 
potential for effective ocular drug delivery. These formulations 
exhibited pseudoplastic rheology with shear thinning behaviour, 
showcasing the promising potential of PF-127 as a standalone 
component. The drug release rate from the emulgel was 
slower than that of the marketed formulation due to its higher 
viscosity indicating sustained effect over the period. For the 
optimized batch (F6), the f1 value (14.2) suggested no significant 
dissimilarity in release profiles and the f2 value (61.79) indicated 
notable similarity with the marketed formulation. The 8-hr drug 
permeation study showed improved drug permeation into the 
cornea, with values of 79.54±2.00% for the optimized emulgel. 
Optimized formulation (F6) maintained corneal hydration within 
the normal range, suggesting no detrimental effects. HET-CAM 
testing revealed non-irritating properties of the emulgel, further 
confirmed by ocular irritation assessments in rabbits using 
the Draize test. Sterility testing revealed the formulation was 
free from microorganisms. Stability studies over three months 
presented no substantial deviations in the invention, confirming 
its stability. In conclusion, we can obtain the modified release, 
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transparent, stable, effective, non-irritating emulsion loaded 
into gel i.e. emulgel type of formulation for the nepafenac. It 
can offer the alternate dosage form for nepafenac which helps 
in repositioning of the drug into the market and would help to 
extend the product life cycle.
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SUMMARY

This study explored the potential of emulgel as an innovative 
vehicle for ocular drug delivery, with a particular emphasis on 
the drug nepafenac. The study demonstrated the formulation's 
non-irritant properties, stability and minimal impact on ocular 
histopathology, ensuring patient comfort and safety. In-depth in 
vitro and ex vivo investigations provided compelling evidence of 
the formulation's efficacy in achieving the controlled delivery 
of nepafenac. Overall, the research indicates the significance 
of emulgel as a promising approach for ocular medication 
delivery, offering improved patient care possibilities in the field 
of ophthalmology.
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