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ABSTRACT
Objectives: Etodolac (ETD), an insoluble anti-inflammatory drug, undergoes first-pass metabolism, 
which limits its oral bioavailability. The current study presents the trials for improvement of drug 
solubility on one hand and formulation of different emulgel systems loaded with modified drug 
on the other hand.
Significance: The Prolonged oral administration of ETD results in serious gastrointestinal problems. 
Therefore, the improvement of its solubility and modifying an alternative route of administration 
will increase its bioavailability and lessen its adverse effects, providing an alternative safe delivery 
system for inflammatory signs treatment.
Methods:  The current study focused on the formulation of different emulgel systems since 
medicated emulgels were constructed by loading the emulgels with either pure ETD or modified 
ETD adsorbate (ETD/Avicel, 1:2 ratio). Finally, the in vivo studies were accomplished by studying 
the anti-inflammatory activity of ETD emulgels using albino rats.
Results:  All the prepared emulgels showed acceptable physical properties since sodium alginate 
emulgel showed superior drug release compared with other gelling agents. The drug release 
profile was affected significantly by both emulsifying and gelling agents’ concentration. The 
release kinetics data showed that the main mechanism of drug release was the Higuchi diffusion 
model. concerning the in vivo results, the extreme edema inhibition was obtained upon using 
emulgel formulae containing modified ETD with penetration enhancer (5% PG + 5% oleic acid). 
The modified emulgels did not show any sign of irritation on rats’ dorsal skin.
Conclusion:  The obtained results highlighted the promising application of topical ETD emulgels 
as an alternative anti-inflammatory drug delivery system.
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Introduction

ETD is prescribed for pain and inflammation control, 
especially that accompanying osteoarthritis or rheuma-
toid arthritis [1,2]. ETD, a pyranocarboxylic acid deriva-
tive, is a nonsteroidal anti-inflammatory drug. It is a 
white-yellow crystalline powder with poor water solu-
bility (less than 100 mg/L), with a half-life of 7h and a 
molecular weight of 287.35 g/mol [3–5]. Like any 
anti-inflammatory drug, the oral administration of ETD 
(usually with an oral dose of 300–400 mg) exhibits sev-
eral side effects, including stomach irritation, which 
limits its applications, especially for patients who suffer 
from ulcers or any GIT disorders [4]. The bad solubility 
of ETD may be the cause of its side effects, which also 
limit its pharmaceutical applications. Therefore, the 
improvement of ETD solubility may lead to a decrease 
in gastric residence time following oral administration 
and, consequently, will reduce or avoid GIT adverse 
effects [3,5].

Recently, the poor solubility of drugs was overcome 
by several amorphization techniques, which were uti-
lized for the drug transformation from crystalline to 
amorphous, including solid dispersion, nanoparticula-
tion, co-crystalization, liposome or microemulsion for-
mation, and amorphization [6], self-emulsifying [7], or 
the inclusion complexation with cyclodextrins [8,9].

Solid dispersion is an advanced technique that was 
reported to improve drugs’ sustained release, solubility, 
dissolution, pharmacokinetics, pharmacological, and 
therapeutic efficacy [10–12]. Nanoparticulation of 
water-insoluble reagents follows specific and easy 
techniques and has been proven as an effective 
approach for many different biomedical applications in 
vitro as well as in vivo [13–16]. Co-crystalization is an 
emerging, environmentally friendly approach reported 
to enhance the solubility and bioavailability of several 
insoluble reagents [17–20]. Liquid formulations of 
nanoparticles, liposomes, microemulsions, and 
self-emulsifications are available by simple techniques; 
however, their stability is still not sufficient for wider 
pharmaceutical applications [6]. Also, both solid dis-
persion and co-crystallization methods require special-
ized manufacturing techniques, and the obtained 
products exhibit insufficient physicochemical stability.

Another amorphization technique is the adsorption of 
crystalline, insoluble drugs on porous carriers to change 
these drugs into their amorphous state. It was reported 
that the adsorption technique is very promising for the 
improvement of drug solubility and bioavailability with-
out changing their chemical structure (sufficient physico-
chemical stability) [6,21,22]. Various adsorbents have 
been utilized as carriers for drug adsorption, such as 

porous calcium silicates (Florite R) [23] Avicel pH 101 [24], 
and (Aerosil 200) [25]. The improvement of drug solubil-
ity may be attributed to the process of surface adsorp-
tion leads to an increase in the drug surface area, 
porosity, and wettability [26,27]. All the above-mentioned 
methods help to improve the drug solubility, bioavailabil-
ity, and reduce its required dose and consequently 
decrease its side effects.

Alternatively, it was reported that the topical admin-
istration of such drugs may overcome such oral side 
effects [26,28]. Especially, emulgels, constructed via 
combining an emulsion with a suitable gelling agent 
[29], are unique systems that have the advantages of 
both aqueous phase (gels) and oil phase (emulsions), 
making them promising and attractive for different 
pharmaceutical applications [30,31]. Emulgels exhibit 
several advantages, including acceptable release from 
the tubes and ease of application on the skin, high 
stability, and their ability to load different kinds of 
hydrophilic or hydrophobic drugs depending on the 
kind of preformulated emulgels (either o/w or w/o) 
[32,33].

In the current study, we are focusing on the formu-
lation of a new and safe drug delivery system named 
emulgel for loading and local delivery of ETD. For the 
improvement of the native drug, we used our previ-
ously modified ETD/Avicel adsorbate in a comparative 
study with native drug-loaded systems. The modified 
emulgel systems were evaluated and evaluated by dif-
ferent analyses, including the physicochemical proper-
ties, and in vitro release studies. In addition, the 
mechanism of drug release was investigated by fitting 
the release profiles with different kinetic models. 
Finally, the in vivo studies were carried out in a rat 
model to examine the anti-inflammatory activity of the 
applied system on hind paw edema induced by rheu-
matic arthritis, which causes severe inflammatory signs 
in the internal organs and joints’ synovial membranes 
[34,35].

Materials and methods

Chemicals and materials

ETD was obtained from PHARCO (Alexandria, Egypt). 
Carbopol 934, Sodium carboxymethyl cellulose, 
Hydroxypropyl methylcellulose, sodium alginate, Tween 
80, ethanol, methanol, castor oil, and oleic acid were 
delivered from El-Nasr Chem. Co., (Cairo, Egypt). Avicel 
pH 101 and Carrageenan were provided by Sigma 
Aldrich (Frankfurt, Germany). Dialysis membranes 
(MWCO = 12 KDa) were obtained from Carl Roth GmbH 
(Karlsruhe, Germany).
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Preparation of ETD adsorbate

The co-evaporation of ETD with Avicel PH 101was pre-
pared at a (1:3) drug: carrier ratio using the solvent 
evaporation technique according to our previously 
reported procedure [23]. The obtained solid adsorbates 
were collected and placed for 48 h in a desiccator for 
complete drying. Then, the collected dried mass (ETD 
adsorbates) was ground in a mortar and sieved (a 
sieve no. 60, 250 μm), and stored in tightly closed con-
tainers until further analysis.

Characterization of ETD adsorbates

Dissolution studies
The dissolution rate of pure ETD in comparison with 
either ETD/Avicel 1:1 w/w adsorbate or the corre-
sponding physical mixture was investigated using a 
dissolution tester from Hanson Research Corporation 
(Chatsworth, CA 31311, USA). All experiments were 
carried out in phosphate buffer pH 6.8 (500 ml) at 
32 ± 1 °C with a stirring rate of 50 rpm. The dissolution 
studies were started by the dispersion of 20 mg ETD 
(pure or modified) in the dissolution medium. After a 
certain interval, samples (5 ml) were taken, filtered, and 
the drug concentration was investigated spectrophoto-
metrically at 280 nm [23,36].

Differential scanning calorimetry (DSC)
DSC analysis was performed using a TA 50 PC system 
with the Shimadzu software program (Shimadzu- 
DSC-T50, Japan). Indium was utilized for the calibration 
of the DSC analyzer. The samples were scanned ther-
mally in a range of 30 to 200 °C with a heating rate of 
10 °C/min [37].

X-ray diffraction studies
This kind of analysis was utilized for determining the 
crystallinity of ETD (before and after modification). The 
measurements were accomplished using an X-ray dif-
fractometer (Philips X-ray PW1710, USA) since the sam-
ples were irradiated by monochromatized Cu-Kα 
radiation with a current of 30 mA and at a voltage of 
40 kV. Then, the data were collected over a 2θ (diffrac-
tion angle) range from 4° to 60° at a scanning speed 
of 5°/min at room temperature [6].

Preparation of ETD emulgels

The emulgels were formulated according to the previ-
ously reported method [38] with little modification. 
Firstly, an o/w emulsion was constructed via mixing of 

aqueous phase (half of the water amount) with oil phase 
(castor oil) with the aid of tween 80 (emulsifier). The sec-
ond step is the addition of a gelling agent (pre-swollen 
in water) to obtain emulgel. Drug loading was achieved 
by thoroughly mixing 1% w/w of either pure or modified 
ETD (ETD/Avicel, 1:2 ratio) into the preformulated emul-
gel for 20 min using a homogenizer. Different emulgel 
systems were formulated by changing the type and con-
centration of gelling base, emulsifying agents, and oil 
phase, as presented in Table 1.

Characterization of ETD emulgels

Visual inspection
The modified ETD emulgels were inspected visually for 
color, homogeneity, consistency, and smoothness.

Viscosity studies
Viscosity is the most important parameter that can affect 
the whole other properties of the modified emulgel sys-
tems. It can affect the consistency, spreadability, extrud-
ability, and drug release rate. It can be affected by both 
the type of gelling base. Therefore, the viscosity of the 
constructed systems was measured by using a cone and 
plate ultra-viscometer with a T-D 94 spindle (Brookfield 
Co., USA). The viscometer/rheometer was connected to a 
water bath, which was adjusted to 25 °C. The spindle was 
allowed to rotate freely into the investigated samples at 
a fixed rate (50 rpm), and the viscosity value was recorded 
for each sample [39].

pH assessment
Due to the modified emulgel system is to be applied 
to the skin, it must be safe and nonirritant. Therefore, 
the pH value of such a topical formulation should be 
suitable for skin pH. Practically, the pH values were 
investigated via immersing the probe of a pH meter 
(Ama Co., Germany) into the gel samples, and the 
readings were recorded [40].

Spreadability and extrudability studies
To ensure the ability of the modified gel to be easily 
applied to the skin, the gel’s spreadability was 

Table 1. C omposition of different modified emulgels.

Ingredient

Concentration (% w/w)

F1 F2 F3 F4 F5 F6

Oil 20 20 20 20 20 20
Tween 80 2 2 2 2 2 2
Carbopol 934 2
HPMC 2.5
CMC-Na 5
Na-alginate 5 7.5 10
Water To 100
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investigated using the glass plate method, which was 
reported previously [40]. The weighed quantity of 
emulgel samples (1.0 g) was added to a glass plate on 
which a second calibrated glass plate was set. A glass 
plate was then covered with a 500 g mass for a min-
ute. The following equation (Equation (1)) was used to 
determine the spreadability values, based on the 
change or increase in the average diameter of the 
spreading emulgels [40]:

	 Spreadability P r2( )= ππ	 (1)

Where the spreadability values (surface area occu-
pied by the emulgel) were presented in a unit of cm2 
since (r) represents the sample radius (cm).

In vitro release studies

In vitro release of ETD (pure or modified adsorbate) 
from the formulated emulgels was investigated by 
using the diffusion Franz device. Typically, the amount 
of emulgel samples (1 gm), containing 10 mg ETD (pure 
or modified), was placed over a presoaked 
semi-permeable dialysis membrane (MWCO = 
12,000 Da). Then, the Franz cells were suspended over 
the surface of the receptor release medium (200 ml 
phosphate buffer, pH 6.8), maintained at 32 ± 0.1 °C 
with a 50-rpm shaking rate [41]. After each predeter-
mined interval, 5 ml of the receptor medium was with-
drawn, filtered, and the ETD concentration was 
measured spectrophotometrically at λmax 280 nm [23]. 
Subsequently, the factors that might affect the drug 
release were evaluated as follows. The effect of the uti-
lized gelling agent (Na-alginate, Na-CMC, HPMC, and 
Carbopol 934 in distilled water at 32 °C) was investi-
gated at different concentrations (5, 7.5, and 10% w/v). 
In addition, the impact of the medium pH (5.5, 7, and 
7.4) and the oil type (Castor oil, paraffin oil, and oleic 
acid) was evaluated. Furthermore, the effect of the 
Tween 80 concentration (2, 4, and 6%) as an emulsify-
ing agent was studied. Moreover, the influence of the 
utilized penetration enhancers (menthol, ethanol, oleic 
acid, and propylene glycol) was investigated.

Release kinetic treatment

The mechanism of drug release from the modified 
emulgels was explored via constructing concentration/
time plots and fitting the produced plots with differ-
ent kinetic models, including Higuchi diffusion, 
first-order, zero-order, and Korsmeyer-Peppas. The 
extent of plot fitting was evaluated according to the 
values of R (correlation coefficient) [9,42–45]. Table 2 

summarizes the equations and release rate constant 
units of the different kinetic models. Qt is the amount 
of drug at a specific time (t), and Q0 is the initial 
amount of drug. In the case of Kosmeyer-Peppas, Mt/
M∞ represents the fraction of drug released at a spe-
cific time, M∞ is the amount of drug at equilibrium, 
and n is the exponent that determines the release 
mechanism. K is the release rate constant for all mod-
els [46]. Zero-order model is applicable to different 
sustained and controlled release dosage forms that do 
not disintegrate [47]. First-order model is applicable for 
the release of water-soluble drugs from porous matri-
ces [48]. Higuchi diffusion model is applied for the 
release of soluble and insoluble drugs from different 
solid and semisolid matrices [49]. Finally, the 
Korsmeyer-Peppas model is utilized to describe the 
drug release mechanism (erosion and/or dissolution) 
from different polymers [50,51].

In vivo studies

The in vivo proposal was approved by the Faculty of 
Pharmacy, Al-Azhar University, under the number AZ-/
PH/12/C/2024, using 36 healthy male albino rats as ani-
mal models (200 ± 20 g). The rheumatic arthritis induc-
tion was accomplished by following the previously 
reported paw edema procedure [52]. Briefly, the rats 
were injected with 100 μL of carrageenan solution (1% 
w/v) into their right paws, while their left paws were 
left non-inflamed to represent the -ve controls. The dis-
eased rats were classified into six separate groups (6 
rats each). Group 1 (Gr1) represents the control 

Table 2. T he equations and the release rate constant units of 
different kinetic models.

No.
Release mechanism 

model Equation

K (model constant) 
as a function of 

time

(2) Zero-order Qt = Q0–K0 t (M.t −1)
(3) First-order LogQt = Log 

Q0–K1 
t/2.303

(t −1)

(4) Higuchi diffusion Qt = KH t 0.5 (g. t-0.5)
(5) Korsmeyer-Peppas Mt/M∞= Kk t n

Log Mt/M∞ = 
logK + n log t

(t-n)

Different sub-models depending on (n) value of the 
Korsmeyer equation

(5A) Higuchi diffusion 
(Fickian, case I)

n = 0.5 (t 0.5)

(5B) Non-Fickian 
(anomalous)

0.5 ˂ n ˂ 1 (t n-1)

(5 C) Like zero-order n = 1 Time independent
(5D) Super case II transport 

(relaxation 
mechanism)

n > 1 (t n-1)

*Qt is the amount of drug at a specific time (t); Q0 is the initial amount of 
drug; Mt/M∞ represents the fraction of drug released at a specific time; M∞ 
is the amount of drug at equilibrium; n is the exponent that determines 
the release mechanism; and K is the release rate constant for all models.
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(received the unmedicated placebo gel to exclude the 
gel soothing effect), group 2 (Gr 2) received standard 
oral medication (indomethacin suspension 50 mg/kg), 
group 3 (Gr3) is the group that received 1% w/w pure 
ETD loaded emulgels, and group 4 (Gr 4) is the group 
of rats that received the 1% w/w modified ETD-adsorbate 
loaded alginate emulgel. The results are presented as 
the means ± SD (n = 6). To investigate the dose-response 
relationship, three different concentrations of ETD (0.5, 
1% and 3% w/w) were loaded into the selected algi-
nate emulgel system (the system that showed the 
highest in vitro release rate). Therefore, two more 
groups received the medicated emulgel besides the 
previous four groups. Group 5 (Gr 5) received emulgel 
loaded with 0.5% w/w ETD adsorbate, and group 6 (Gr 
6) received emulgel loaded with 3% w/w ETD adsor-
bate. The extent of edema was investigated and mea-
sured before and after emulgel application by using a 
plethysmometer. The extent of edema inhibition was 
monitored after time intervals and presented as the 
percentage of edema inhibition as described by the 
following equation (Equation (2)) [9,52,53]:

	 % /EdemaInhibition 1 V V 100
t 0

= − × 	 (2)

Since V0 is the volume of edema before treatment, 
and Vt is the edema volume at each time interval after 
the treatment.

Skin irritation test

The irritation studies were performed on the dorsal 
skin. The amounts (2 g) of the investigated ETD-loaded 
emulgel systems were applied to the shaved rat skin 

by rubbing. Then, the skin was washed after 24 h, and 
the erythema/edema scores were determined accord-
ing to the following ranks: Score 0, 1, 2, or 3 for no 
erythema, mild erythema, moderate erythema, or 
severe erythema [54,55].

Statistical and data analysis

The obtained results were presented as means ± stan-
dard deviation (SD). One-way analysis of variance 
(ANOVA) and SPSS were utilized for group comparison 
and data analysis. The homogeneity and significance 
were considered by the values of the probability (P). 
When the p-value is (P ˂ 0.05), the effect is considered 
significant. The p-value is less than 0.01 for a highly 
significant effect. In contrast, a p-value more than 0.05 
means a non-significant effect.

Results

Characterization of ETD adsorbate

The in vitro dissolution of ETD before and after modi-
fication was carried out, and the results are illustrated 
in Figure 1(A). It was detected that the dissolution rate 
of the drug in the form of adsorbate (composed of 
ETD/Avicel at a 1/1 w/w ratio) is better than the corre-
sponding physical mixture and both are significantly (p 
˂ 0.05) higher than pure drug at all-time intervals. For 
example, the amounts of dissolved drug after 1h are 
38.8%, 84.6%, and 100% for pure drug, physical mix-
ture, and adsorbate, respectively.

Also, the DSC thermograms of pure ETD in com-
parison with the adsorbate and physical mixture 

Figure 1. T he in vitro dissolution (A), DSC thermograms (B), and X-ray diffraction (C) of pure ETD in comparison with ETD/Avicel 
1:1 w/w adsorbate and the corresponding physical mixture.
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were illustrated in Figure 1(B). Regarding pure ETD, 
a sharp endothermic peak at 152.3 °C was detected, 
which is due to the melting point of the drug, indi-
cating the crystalline nature of ETD. In contrast, the 
thermogram of Avicel showed just a shallow broad 
endothermic band at 70–80 °C, corresponding to the 
water content. In the case of physical mixture, the 
same melting peak of the drug was detected at the 
same region with lower intensity due to the dilution 
effect. Interestingly, regarding the thermogram of 
the adsorbate, it was observed that the endothermic 
peak of the ETD had disappeared. This finding indi-
cated the complete drug amorphization (transforma-
tion of the drug from a crystalline state to an 
amorphous one).

Regarding the morphological changes of ETD, the 
X-ray diffraction analysis was accomplished on ETD, 
Avicel, and ETD/Avicel adsorbate. The results, illus-
trated in Figure 1(C), showed that the X-ray pattern 
of pure ETD exhibited sharp, distinct peaks at dif-
fraction 2θ angles (9.16°, 13.6°, 14.38°, 18.58°, 22.9°, 
and 27.28°), indicating ETD’s crystalline nature. In 
contrast, Avicel showed no x-ray diffraction peaks, 
indicating that the existing Avicel an amor-
phous state.

Regarding the physical mixture, the characteristic 
peaks of ETD were detected, indicating the existence 
of the drug in a crystalline state even after physical 
mixing with the carrier. In the case of the correspond-
ing adsorbate, it was noted that the characteristic 
peaks of the drug had mostly disappeared.

Preparation of ETD emulgel

Different ETD emulgels were successfully constructed 
and characterized for their physicochemical properties. 
The results showed that all constructed emulgels 
exhibited an acceptable color (creamy white creamy 
gels), consistency (smooth), homogeneity, and drug 
content since ETD concentration in all modified gels 
ranged from 96.5 to 102.5%. in addition, there is no 
evidence of clumping or separation between phases 
that have been detected for all modified systems.

Physical characteristics of ETD emulgel

pH measurements
The results revealed that the pH values of the emulgel 
formulations ranged from 6 to 7.2, as presented in 
Tables 3 and 4, indicating the suitability of all con-
structed emulgels for transdermal or topical applica-
tions without fear of skin irritation [45].

Spreadability measurements
Spreadability of the constructed emulgels was eval-
uated and listed in Tables 3 and 4. The results 
showed that the spreadability values of all modified 
systems ranged from 3 to 4.2 cm2, which is consid-
ered an acceptable value for topical formulations 
[40,56].

Viscosity measurement
The viscosity of the formulated emulgels was exam-
ined to assess their rheological characteristics (Tables 3 
and 4). A positive relationship was observed between 
the polymer (gelling base) concentration and the vis-
cosity of the constructed emulgels.

In vitro release studies

The ETD release profiles from the investigated emul-
gels are illustrated in Figure 2. The obtained results 
revealed that the drug release rate is higher in the 

Table 3. P hysicochemical properties, including pH, viscosity, 
and spreadability of different emulgel formulations.

Code Gelling agent pH
Viscosity  
(cP x103)

Spreadability 
(cm2)

F1 Carbopol 934 (2%) 6.3 ± 0.15 185.6 ± 2.10 3.0 ± 0.15
F2 HPMC (2.5%) 7.1 ± 0.21 85.3 ± 2.08 3.8 ± 0.12
F3 Na-CMC (5%) 6.2 ± 0.10 64.5 ± 1.40 3.7 ± 0.12
F4 Na-alginate (5%) 6.8 ± 0.15 82.3 ± 2.57 3.9 ± 0.21
F5 Na-alginate (7.5%) 6.8 ± 0.10 150.9 ± 1.10 3.5 ± 0.20
F6 Na-alginate (10%) 6.5 ± 0.06 171.9 ± 1.76 3.2 ± 0.26

Table 4.  Kinetic data for etodolac release from certain emulgels.

Model

Emulgel formulae

Na-alginate HPMC Na-CMC Carbopol 934

Zero-order K0 (mg.min–n) × 10–2 0.769 0.1209 0.1882 0.3670
R2 0.895 0.992 0.962 0.988

First-order K1 (min–n) × 10–2 0.005 0.002 0.003 0.004
R2 0.0930 0.974 0.985 0.974

Higuchi diffusion KH (min–n) × 10–2 5.489 2.276 3.646 6.194
R2 0.987 0.957 0.995 0.985

Korsmeyer-Peppas Kk (min–n) × 10–2 0.5691 0.4190 0.4211 0.7636
R2 0.977 0.987 0.987 0.976
N 0.5891 0.9942 0.6811 0.7056

The fitted model Higuchi + Fickian Zero order + non Fickian Higuchi + Fickian Higuchi + Fickian
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case of modified forms than in the case of the plain 
drug. Also, the highest release rate was achieved by 
the ETD adsorbate compared to the corresponding 
physical mixtures. Concerning the impact of the gel 
base on the ETD release rate, the results revealed 
that the percentage of drug release was the highest 
from the sodium alginate emulgel base (57.3% after 
3 h). The release of ETD from alternative emulgel 
bases followed a decreasing order as follows: 
Na-alginate > Na-CMC > Carbopol 940 > HPMC.

Figure 3(A) illustrates the impact of medium pH on 
the in vitro release behavior of ETD from Na-alginate 
emulgel. The increase in the pH value of the release 
medium from 5.5 to 7 was associated with an increase 
in the release profile. Further increase in pH value was 
accompanied by a slight reduction in the drug release. 
Also, Figure 3(B) showed the influence of polymer con-
centration on the release of ETD from the Na-alginate 
emulgel. The results exhibited an inverse relationship 

between the polymer concentration and the quantity 
of the released drug.

Regarding the effect of emulsifying agent concen-
tration, the obtained finding indicated that the increase 
in emulsifying agent concentration increased the 
release rate of ETD from the emulgel base (Figure 
4(A)). The effect of the oil utilized in emulgel construc-
tion is displayed in Figure 4(B). The results showed 
that the highest release was achieved in the case of 
oleic acid compared with both castor oil and liquid 
paraffin (Figure 4(B)).

Kinetics (mechanism of ETD release)

Regarding the mechanism of drug release from the 
modified emulgels, Table 4 displays the values of each 
formulation’s slope (constant of release model, K), and 
the correlation coefficient value (R2) for the zero-order, 
first-order, Higuchi, and Korsmeyer-Peppas models. As 

Figure 2. T he percentage of the cumulative drug released (% CDR) of 1% w/w plain or modified ETD from different emulgel 
bases, (A) Na-alginate, (B) Na-CMC, (C) HPMC, and (D) carbopol 934 in distilled water at 34 °C.
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a result, it was noted that the drug’s release from all 
emulgel systems follows the Higuchi diffusion model 
except for the HPMC-based emulgel, which follows the 
zero-order model.

In vivo studies

The in vivo anti-inflammatory activity of Na-alginate 
emulgel formula was evaluated by the paw edema 
method. The % inhibitions of edema thickness after 
application of emulgels containing 1% w/w pure ETD 
or ETD adsorbate (ETD/Avicel, 1:2 w/w ratio) are 

illustrated in Figure 5. The statistical analysis for the 
comparison between groups is displayed in 
Figure 6(A,C).

The edema swelling was significantly (p < 0.05) 
inhibited in all treated groups of rats, either treated 
with the modified emulgels or in the group that 
received standard drugs (oral indomethacin ®). The 
release of ETD and the extent of edema inhibition 
obtained from the emulgel formula containing a 
penetration enhancer are higher than those from 
other formulae (Figure 5). At the first hour 
post-treatment, oral indomethacin® exhibited a 

Figure 3.  In vitro release of ETD adsorbate from sodium alginate emulgel as a function of pH (A), and polymer concentration (B). 
All experiments are done in distilled water at 32 °C. The results are presented as the average of three separate experiments SD.

Figure 4.  In vitro release of ETD adsorbate from sodium alginate emulgel as a function of emulsifying agent (A), and the utilized 
oil (B). All experiments are done in distilled water at 32 °C. The results are presented as the average of three separate 
experiments ± SD.
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higher anti-inflammatory effect than topical formu-
lations. This is because topical vehicles exert their 
effect by releasing and diffusing ETD through the 
skin layers. Importantly, ETD emulgel still had a sig-
nificant anti-inflammatory effect (p < 0.05) between 2 
and 3 h, while the effect of oral indomethacin® 
started to decline after 2 h (Figure 6(A,C)).

The percentage of inhibition after 2h was 47.61, 45.6, 
and 58.7(%) for oral drug (G2), Na-alginate emulgel con-
taining plain drug (G3), Na-alginate emulgel containing 
ETD adsorbate (G4). The inhibition percentages after 3h 
were 40.4, 44.3, and 63.9 (%) for G2, G3, and G4, respec-
tively. Then the effect of all drugs decreased signifi-
cantly after 5 h, as indicated by the values of edema 
inhibition, which showed 23, 20, and 28.4 (%) for the 
investigated groups, respectively. Notably, compared 
with the control group, the modified formula showed 
significant differences (p < 0.05) in edema inhibition 
even after a longer period (4 or 5 h) (Figure 5).

Dose/response studies
To determine the impact of ETD concentration on the 
drug activity (extent of edema inhibition), three differ-
ent ETD concentrations (0.5, 1, and 3%, w/w) were 
incorporated into the modified Na-alginate emulgel 
system. The results, illustrated in Figure 7, indicated 
that the extent of edema inhibition was significantly (p 
˂ 0.05) affected by the loaded drug concentration 
since the highest edema inhibition was obtained in 
the case of emulgel loaded with 3% ETD adsorbate 
(Figure 6(B,D)).

Skin irritation test
The results of irritation studies revealed that there 
were no signs or manifestations of irritation (edema, 
redness, etc.) since a zero erythema/edema score was 
detected within the examination period (24 h). The 
obtained finding indicated the safety of the modified 
ETD emulgel system as an alternative drug delivery 

Figure 5. T he percentage of carrageenan-induced edema inhibition as a function of treatment duration for different investigated 
groups, since the G1 control group, G2 is the group of animals that received oral standard Indomethacin suspension, G3 is the 
group that received pure ETD-loaded emulgels, and G4 is the group of rats that received the modified ETD-adsorbate-loaded 
alginate emulgel. The results are presented as the means ± SD (n = 6).

Figure 6. T he effect of ETD concentration (0.5, 1%, and 3% w/w), which were loaded onto the selected emulgels, on edema 
inhibition of rat hind paw (n = 6).
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system for topical administration of ETD instead of the 
oral route.

Discussion

The poor solubility of ETD is considered the main cause 
for its limited application in topical delivery systems 
[23]. Our contribution to the current work is to enhance 
the solubility, dissolution rate, and bioavailability of 
ETD, on the one hand. Also, we attempted to mitigate 
or avoid the severe side effects associated with its oral 
administration by using an alternative topical dosage 
form, known as an emulgel, on the other hand. The first 
goal of the present study was achieved via drug adsorp-
tion over the surface of an inert carrier, named Avicel 
pH 101, in a 1:1 drug/carrier ratio, as the corresponding 
physical mixture was prepared for comparison, which 
was followed owing to its easy production and assur-
ance of the physicochemical stability of the product.

Regarding the dissolution studies, the results 
showed that drug absorption was associated with a 
significant enhancement of drug dissolution. While 

only 30% of the pure drug was dissolved within 30 min, 
around 90% of the drug was dissolved in the drug/
Avicel adsorbate during the same period (i.e. 3-fold 
improvement). Also, it was observed that the extent of 
solubility improvement in the case of the adsorbate 
was higher than that of the physical mixture. A similar 
finding was obtained by Mohamed et  al. who studied 
the effect of the adsorption technique using porous 
silica on the solubility enhancement of etodolac [23].

As for the DSC analysis results, the existence of a 
sharp endothermic peak at 159 °C corresponding to 
the melting point of pure ETD indicates its crystalline 
nature. The obtained result correlates with other previ-
ously reported data [23,57]. In contrast, the DSC ther-
mogram of Avicel did not show any endothermic or 
exothermic peak, indicating its amorphous nature, 
which correlates with the reported data of Ibrahim 
and Al-Anazi [58]. The endothermic melting peak of 
ETD was partially diluted and reduced in the case of a 
physical mixture, while in the case of ETD adsorbate, 
this peak disappeared completely, indicating the com-
plete conversion of ETD from crystalline to amorphous 

Figure 7. S tatistical analysis of the obtained in vivo results. (A) Surface plot representing the effect of different emulgel groups 
on the extent of edema inhibition, (B) a surface plot that represents the effect of drug concentration on edema inhibition, (C,D) 
Pareto chart for the effect of different investigated groups, and drug concentration, respectively, on the extent of edema 
inhibition.
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form. These results explain the above-mentioned 
results of in vitro release studies and correlate with the 
previously reported data [23,55]. In other words, this 
result refers to the importance of solid adsorption and 
indicates that the physical mixture is not enough to 
achieve the goal.

Consequently, the X-ray diffraction results demon-
strated that the drug is a typical crystalline, as evi-
denced by the presence of various diffraction peaks at 
different 2θ angles. In contrast, Avicel showed no X-ray 
diffraction peaks, indicating its amorphous nature as 
an inert carrier. These findings align with the previ-
ously reported data of Ibrahim and Al-Anazi [58]. 
Regarding the ETD/Avicel physical mixture, there are 
several small peaks that were detected, which might 
be attributed to the dilution effect. In contrast, the 
X-ray pattern of ETD/Avicel adsorbate showed the dis-
appearance of most characteristic peaks of ETD, indi-
cating the conversion of ETD into its amorphous form 
and confirming the results of DSC analysis. This finding 
may be due to the transformation of ETD to an amor-
phous state via surface adsorption. The obtained 
results confirm those obtained by DSC analysis and 
explain the higher dissolution rate of ETD in the case 
of the adsorbate in comparison with either the pure 
drug or the physical mixture [55,57,59].

Furthermore, we formulated different emulgel systems 
that were loaded with the modified form of ETD (ETD/
Avicel, 1:1 ratio) according to the previously reported 
procedure of Rosiak et  al. [38]. We used several gelling 
agents for the emulgel construction, including sodium 
alginate, HPMC, sodium CMC, and Carbopol. The physico-
chemical properties (viscosity, drug content, pH, spread-
ability, and extrudability) of our modified emulgel systems 
indicated their homogeneity, smoothness, creamy white 
color, with no signs of phase separation. Also, the drug 
content in all modified systems ranged from 95 to 101%, 
and their viscosity is significantly affected by the kind 
and concentration of the utilized gelling agent. In addi-
tion, all modified systems exhibited acceptable pH and 
spreadability values [40,56]. Regarding the effect of 
adsorption on drug release from the modified emulgels, 
the rate is higher for the modified forms than for the 
plain drug. Moreover, the highest release rate was 
obtained by the ETD adsorbate compared to the corre-
sponding physical mixtures. This result may be explained 
by the change of ETD into the amorphous state, the 
extreme reduction of particle size, and the rapid desorp-
tion of ETD from the surface of the adsorbate (Avicel 
PH-101) [23]. Earlier, Mohamed, I [60]. reported similar 
outcomes by examining the effects of gelling agent type, 
oil phase, and emulsifying agent concentrations on drug 
release from emulgel.

The measured pH values for all formulated emulgels 
existed in the range of 6 to 7.2, indicating the suitabil-
ity of all constructed emulgels for transdermal or top-
ical applications without fear of skin irritation [45]. 
Also, the spreadability values of all modified systems 
ranged from 3 to 4.2 cm2, which is considered an 
acceptable value for topical formulations [23,40]. 
Moreover, the viscosity of the formulated emulgels 
was examined to assess their rheological characteris-
tics. A positive relationship was observed between the 
polymer (gelling base) concentration and the viscosity 
of the constructed emulgels.

The in vitro release of all systems was studied to 
investigate the effect of viscosity, gelling agent, and 
pH. The results showed that sodium alginate exhibited 
the best release profile compared with other gelling 
agents. The observed effect may be attributed to the 
sodium alginate emulgel base’s lower viscosity and the 
presence of sodium ions [23,40]. These ions interact 
with the drug, transforming ETD into its sodium salt 
form, which exhibits enhanced solubility compared to 
the native acidic drug [61]. Consequently, this formula 
(alginate emulgel) will be the subject of studying the 
impact of all other factors on the ETD release profile.

Effect of pH of the release medium on ETD release. 
The results showed that the release of the drug was 
retarded by the increase in pH. This result may be 
attributed to a higher degree of ionization of ETD at 
these higher pH values [61,62]. Besides, the effect of 
polymer concentration on the ETD release profile was 
studied. The release rate is retarded by the increase in 
gelling agent concentration. This may be due to the 
low viscosities resulting in more channels in which the 
drug can diffuse, and, consequently, increasing the 
release rate. The obtained findings and explanations 
are in accordance with several previous reports [63,64]. 
Also, the kind and concentration of the utilized emul-
sifying agent play a crucial role in the final emulgel 
properties since the increase in emulsifying agent con-
centration was accompanied by an increase in the 
release rate of ETD from the emulgel base. One possi-
ble explanation for this observation is that the emul-
gel becomes more hydrophilic when the emulsifying 
agent is present at the proper concentration (2% − 
4%), which promotes the drug’s diffusion from the 
emulgel to the release medium [65]. Similar outcomes 
and explanations were obtained and previously 
reported [60].

Kinetically, the drug release mechanism from differ-
ent emulgels was explored. The kinetic parameters 
named formulation’s slope (constant of release model, 
K), the correlation coefficient value (R2), and n, deduced 
from the curve of drug release profiles, can determine 
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that the drug fits with which kinetic model (the 
zero-order, first-order, Higuchi, and Korsmeyer-Peppas 
models). In the present study, it was noted that the 
drug’s release from emulgels follows the Higuchi diffu-
sion model in certain formulas and zero-order kinetics 
in others, as indicated by the highest R2 value (which 
will be the nearest value to 1), upon fitting with the 
zero-order model in the case of HPMC emulgel, since 
the value of R2 was 0.992. While the release mecha-
nism of ETD from Na-alginate, Na-CMC, and Carbopol 
940 emulgels follows the Higuchi diffusion model, the 
values of R2 were 0.987, 0.995, and 985, respectively.

Also, n values determine which kind of release 
(Fickian or non-Fickian). As shown from the presented 
results in Table 4, the values of n are (0.5 > n ˂ 1), 
which exhibit non-Fickian release controlled by a com-
bination of diffusion and chain relaxation mechanisms 
[43,66].

Similar results were obtained by Karatas, who inves-
tigated the kinetic models for the release of ketolac 
from hydrogel and reported that the sorption of water 
in hydrogels exhibited non-Fickian (ranging from 
Fickian to Case-II) release [67].

Another study was carried out by Asghar, A. et  al. 
[68] who investigated the release mechanism of prega-
balin from Carbopol gel. The obtained results showed 
that the main release mechanism fitted with the 
Higuchi diffusion model (the drug released via diffu-
sion from the swollen gel matrices) as indicated by 
both R and n values. Comparable behaviors have been 
reported in previous work in which the authors inves-
tigated the kinetics of drug release from polymeric 
hydrogel. The results showed that the diffusion mech-
anism is the dominant mechanism due to polymer 
swelling and limited water penetration [69,70].

Likewise, the in vivo studies were accomplished by 
following the previously reported paw edema proce-
dure. It was noted that the edema swelling was signifi-
cantly (p < 0.05) inhibited in all treated groups 
compared with the untreated group and that treated 
with a placebo. Also, the extent of edema inhibition in 
the case of the group treated with the emulgel for-
mula that contains the modified ETD adsorbate is 
higher than that of other formulae. These results may 
be attributed to the improved drug solubility and bio-
availability via the amorphization process, which is 
caused by the drug adsorption onto the surface of the 
utilized adsorbent (Avicel). The obtained results con-
firm the in vitro release results and agree with previ-
ously reported data [23].

Upon studying the impact of the loaded drug con-
centration on the edema inhibition, it was noted that 
the extent of edema inhibition was significantly increased 

by increasing drug concentration, since the formula 
composed of 3% ETD showed the highest edema inhibi-
tion. Similar findings were obtained and reported previ-
ously [23,71,72]. Finally, the irritation ability of the 
constructed emulgels was investigated to confirm the 
safety of their topical application. The results indicated 
that there were no signs of skin irritation on the rat skin. 
Considering the obtained results, it could be concluded 
that the modified emulgel system is considered a prom-
ising and safe alternative drug delivery system for topi-
cal administration of ETD instead of the oral route.

Conclusion

ETD adsorbates were prepared by the co-evaporation 
technique using Avicel PH 101 as an adsorbent to 
improve its solubility and bioavailability. Then, the mod-
ified ETD was loaded onto different emulgel formula-
tions. All the prepared emulgels showed acceptable 
physical properties concerning drug content, consis-
tency, color, homogeneity, pH values, and spreadability. 
From all modified emulgels, the alginate-based emulgel 
showed superior in vitro ETD release. The results also 
indicated that the most important factor for enhancing 
the drug release from the modified emulgels was the 
emulsifying agent concentration, followed by the type 
of the oil phase, and then the gelling agent concentra-
tion. According to the release kinetics data, the drug’s 
release from emulgels occurs according to Higuchi dif-
fusion models in some cases and zero-order kinetics in 
others. Finally, regarding the in vivo results, the maxi-
mum edema inhibition was obtained upon using emul-
gel formulae containing modified drug (ETD adsorbate). 
Importantly, it was observed that the modified medi-
cated Na-alginate emulgel systems did not cause skin 
irritation since the erythema/edema score was zero, 
indicating the suitability of the modified system for 
topical delivery of ETD as an alternative anti-inflammatory 
drug delivery system.

Consent to publish

All authors have agreed to the publication of this manuscript.

Author contributions

CRediT: Shaaban K. Osman: Conceptualization, Project 
administration, Validation, Visualization, Writing – review & 
editing; Ahmed M. Mohammed: Data curation, Writing – 
review & editing; Khaled I. Saleh: Data curation, Supervision; 
Taher M. Yassin: Investigation, Methodology; Ahmed M. 
Abdelsalam: Data curation, Investigation, Validation; Adel A. 
Marzouk: Investigation, Validation; Fatma Ahmed: Software, 
Visualization, Writing – original draft; Mohamed A. Ibrahim: 



Drug Development and Industrial Pharmacy 13

Formal analysis, Project administration, Resources, 
Visualization, Writing – review & editing.

Disclosure statement

There is no conflict of interest with any other authors or 
companies that may influence the work in the current paper.

Funding

The authors extend their appreciation to the Ongoing 
Research Funding Program King Saud University, Riyadh, 
Saudi Arabia.: number (ORF-2025-R171), King Saud University, 
Riyadh, Saudi Arabia.

Data availability statement

All data are contained within the current article.

References

	 [1]	S ingh JK, Kaur S, Chandrasekaran B, et al. A 
QbD-navigated approach to the development and eval-
uation of etodolac–phospholipid complex containing 
polymeric films for improved anti-inflammatory effect. 
Polymers (Basel). 2024;16(17):2517. doi: 10.3390/
polym16172517.

	 [2]	 Mohammed AM, Faisal W, Saleh KI, et al. Self-assembling 
organogels based on pluronic and lecithin for sustained 
release of etodolac: in vitro and in vivo correlation. Curr 
Drug Deliv. 2017;14(7):926–934. doi: 10.2174/156720181
3666160902151514.

	 [3]	A hirrao SP, Sonawane MH, Bhambere DS, et al. Cocrystal 
formulation: a novel approach to enhance solubility 
and dissolution of etodolac. Biosci Biotechnol Res Asia. 
2022;19(1):111.

	 [4]	A lptug K, Nevin C. Investigation of formulation and 
process parameters of wet media milling to develop 
etodolac nanosuspensions. Pharm Res. 2020;37(6):111.

	 [5]	 Yao J, Cui B, Zhao X, et al. Preparation, characterization, 
and evaluation of azoxystrobin nanosuspension pro-
duced by wet media milling. Appl Nanosci. 
2018;8(3):297–307. doi: 10.1007/s13204-018-0745-5.

	 [6]	 Kawano Y, Chen S, Hanawa T. Solubility enhancement 
of ibuprofen by adsorption onto spherical porous calci-
um silicate. Pharmaceutics. 2021;13(6):767. doi: 10.3390/
pharmaceutics13060767.

	 [7]	S un X, Lv G, Xiong J, et al. Novel solid self-emulsifying 
drug delivery system to enhance oral bioavailability of 
cabazitaxel. Int J Pharm. 2024;654:123899. doi: 10.1016/j.
ijpharm.2024.123899.

	 [8]	A bdellatif AA, Ahmed F, Mohammed AM, et al. Recent 
advances in the pharmaceutical and biomedical appli-
cations of cyclodextrin-capped gold nanoparticles. Int J 
Nanomed. 2023;18:3247–3281. doi: 10.2147/IJN.
S405964.

	 [9]	 Osman SK, Yassin TM, Abdelzaher A, et al. Self-assembling 
organogels loaded with tenoxicam for local intensive 
pain and inflammation cure: in vitro and in vivo 

correlation. AAPS PharmSciTech. 2024;25(1):18. doi: 
10.1208/s12249-024-02742-9.

	[10]	 Budiman A, Hafidz NPM, Azzahra RSS, et al. Advancing 
the physicochemical properties and therapeutic poten-
tial of plant extracts through amorphous solid disper-
sion systems. Polymers (Basel). 2024;16(24):3489. doi: 
10.3390/polym16243489.

	[11]	I shtiaq M, Manzoor H, Khan IU, et al. Curcumin-loaded 
Soluplus® based ternary solid dispersions with en-
hanced solubility, dissolution and antibacterial, antioxi-
dant, anti-inflammatory activities. Heliyon. 2024;10(14): 
e34636. doi: 10.1016/j.heliyon.2024.e34636.

	[12]	H aq SA, Paudwal G, Banjare N, et al. Sustained release 
polymer and surfactant based solid dispersion of an-
drographolide exhibited improved solubility, dissolu-
tion, pharmacokinetics, and pharmacological activity. 
Int J Pharm. 2024;651:123786.

	[13]	A hmed F, Soliman FM, Adly MA, et al. Dietary chitosan 
nanoparticles: potential role in modulation of rainbow 
trout (Oncorhynchus mykiss) antibacterial defense and 
intestinal immunity against enteric redmouth disease. 
Mar Drugs. 2021;19(2):72.

	[14]	A hmed F, Soliman FM, Adly MA, et al. In vitro assess-
ment of the antimicrobial efficacy of chitosan nanopar-
ticles against major fish pathogens and their cytotoxic-
ity to fish cell lines. J Fish Dis. 2020;43(9):1049–1063. 
doi: 10.1111/jfd.13212.

	[15]	A hmed F, Soliman FM, Adly MA, et al. Recent progress 
in biomedical applications of chitosan and its nano-
composites in aquaculture: a review. Res Vet Sci. 
2019;126:68–82. doi: 10.1016/j.rvsc.2019.08.005.

	[16]	S aleh M, Essawy E, Shaalan M, et al. Therapeutic inter-
vention with dietary chitosan nanoparticles alleviates 
fish pathological and molecular systemic inflammatory 
responses against infections. Mar Drugs. 2022;20(7):425. 
doi: 10.3390/md20070425.

	[17]	E lshaer M, Osman S, Mohammed AM, et al. 
Co-crystallization of hesperidin with different co-formers 
to enhance solubility, antioxidant and anti-inflammatory 
activities. Pharm Dev Technol. 2024;29(7):691–702. doi: 
10.1080/10837450.2024.2378498.

	[18]	 Bhatia M, Devi S. Co-crystallization: a green approach 
for the solubility enhancement of poorly soluble drugs. 
CrystEngComm. 2024;26(3):293–311. doi: 10.1039/
D3CE01047C.

	[19]	 Wang H, Zheng C, Tian F, et al. Improving the dissolution 
rate and bioavailability of curcumin via co-crystallization. 
Pharmaceuticals. 2024;17(4):489. doi: 10.3390/ph17040489.

	[20]	S akhiya DC, Borkhataria CH. A review on advancement 
of cocrystallization approach and a brief on screening, 
formulation and characterization of the same. Heliyon. 
2024;10(7):e29057. doi: 10.1016/j.heliyon.2024.e29057.

	[21]	 Wu J, Liu M, Fan J, et al. Amorphization‐driven RhRu 
bimetallene enhances water dissociation kinetics. Adv 
Funct Materials. 2024;34(51):2409825. doi: 10.1002/
adfm.202409825.

	[22]	 Wang Y, Li A, Hong Y, et al. Iterative sublattice amorphi-
zation facilitates exceptional processability in inorganic 
semiconductors. Nat Mater. 2025;24(10):1545–1553. doi: 
10.1038/s41563-024-02112-7.

	[23]	 Mohammed AM, Saleh KI, Almawash S, et al. Formulation 
and evaluation of different hydrogels loaded with 

https://doi.org/10.3390/polym16172517
https://doi.org/10.3390/polym16172517
https://doi.org/10.2174/1567201813666160902151514
https://doi.org/10.2174/1567201813666160902151514
https://doi.org/10.1007/s13204-018-0745-5
https://doi.org/10.3390/pharmaceutics13060767
https://doi.org/10.3390/pharmaceutics13060767
https://doi.org/10.1016/j.ijpharm.2024.123899
https://doi.org/10.1016/j.ijpharm.2024.123899
https://doi.org/10.2147/IJN.S405964
https://doi.org/10.2147/IJN.S405964
https://doi.org/10.1208/s12249-024-02742-9
https://doi.org/10.3390/polym16243489
https://doi.org/10.1016/j.heliyon.2024.e34636
https://doi.org/10.1111/jfd.13212
https://doi.org/10.1016/j.rvsc.2019.08.005
https://doi.org/10.3390/md20070425
https://doi.org/10.1080/10837450.2024.2378498
https://doi.org/10.1039/D3CE01047C
https://doi.org/10.1039/D3CE01047C
https://doi.org/10.3390/ph17040489
https://doi.org/10.1016/j.heliyon.2024.e29057
https://doi.org/10.1002/adfm.202409825
https://doi.org/10.1002/adfm.202409825
https://doi.org/10.1038/s41563-024-02112-7


14 S. K. OSMAN ET AL.

Florite®-based etodolac adsorbate: in vitro and in vivo 
correlation. J Drug Delivery Sci Technol. 2022;71:103304. 
doi: 10.1016/j.jddst.2022.103304.

	[24]	C hella N, Shastri N, Tadikonda RR. Use of the liquisolid 
compact technique for improvement of the dissolution 
rate of valsartan. Acta Pharm Sin B. 2012;2(5):502–508. 
doi: 10.1016/j.apsb.2012.07.005.

	[25]	 Zayed G. Dissolution rate enhancement of ketoprofen 
by surface solid dispersion with colloidal silicon diox-
ide. Unique J Pharm Biol Sci. 2014;1:33–38.

	[26]	 Yu Y-Q, Yang X, Wu X-F, et al. Enhancing permeation of 
drug molecules across the skin via delivery in nanocar-
riers: novel strategies for effective transdermal applica-
tions. Front Bioeng Biotechnol. 2021;9:646554. doi: 
10.3389/fbioe.2021.646554.

	[27]	 Das SK, Roy S, Kalimuthu Y, et al. Solid dispersions: an 
approach to enhance the bioavailability of poorly 
water-soluble drugs. Int J Pharm Pharma Technol. 
2012;1(1):37–46.

	[28]	S hilakari Asthana G, Asthana A, Singh D, et al. Etodolac 
containing topical niosomal gel: formulation development 
and evaluation. J Drug Deliv. 2016;2016(1):9324567–
9324568. doi: 10.1155/2016/9324567.

	[29]	 Milutinov J, Krstonošić V, Ćirin D, et al. Emulgels: prom-
ising carrier systems for food ingredients and drugs. 
Polymers (Basel). 2023;15(10):2302. doi: 10.3390/
polym15102302.

	[30]	 Bansal N. Emulgel: an effective drug delivery system. 
Res J Pharm Technol. 2023;16(6):2754–2758.

	[31]	S astri TK, Gupta VN, Chakraborty S, et al. Novel gels: an 
emerging approach for delivering of therapeutic mole-
cules and recent trends. Gels. 2022;8(5):316. doi: 
10.3390/gels8050316.

	[32]	 Kankane M, Nigam V, Modi S, et al. Emulgel: a dual re-
lease system for hydrophobic drug delivery. World J 
Biol Pharm Health Sci. 2022;12:335–347.

	[33]	H osny KM, Aldawsari HM, Bahmdan RH, et al. 
Preparation, optimization, and evaluation of hyaluronic 
acid-based hydrogel loaded with miconazole 
self-nanoemulsion for the treatment of oral thrush. 
AAPS PharmSciTech. 2019;20(7):297. doi: 10.1208/
s12249-019-1496-7.

	[34]	 Yassin FE-ZS, Ahmed R, Mohamed D, et al. Histopathological 
appraisal of the synergistic effect of ginger and curcuma 
on an arthritic rat model. CTNR. 2021;20(2):407–415. doi: 
10.37290/ctnr2641-452X.20:407-415.

	[35]	A hmed RA, Abdel-Tawab HS, Yassin FSS, et al. 
Histopathological appraisals in the lymph node and 
spleen of induced arthritis rat model treated with gin-
ger and curcuma. Assiut Univ J Zoo. 2021;50(2):98–128.

	[36]	 Bachhav A, Pingale PL, Upasani CD. Pharmaceutical de-
velopment of etodolac transfersomal gel for topical 
drug delivery system in rheumatoid arthritis. J Appl 
Pharm Res. 2024;12(4):155–170. doi: 10.69857/joapr.
v12i4.597.

	[37]	C zajkowska-Kośnik A, Misztalewska-Turkowicz I, 
Wilczewska AZ, et al. Solid dispersions obtained by ball 
milling as delivery platform of etodolac, a model poor-
ly soluble drug. Materials. 2024;17(16):3923. doi: 
10.3390/ma17163923.

	[38]	 Rosiak N, Tykarska E, Cielecka-Piontek J. The study of 
amorphous kaempferol dispersions involving FT-IR 

spectroscopy. Int J Mol Sci. 2023;24(24):17155. doi: 
10.3390/ijms242417155.

	[39]	 Osman SK, Yassin TM, Mohammed AM, et al. A novel 
approach for the availability and ocular delivery of 
tenoxicam potassium: synthesis, characterization, and in 
vivo application. AAPS PharmSciTech. 2023;24(1):44. 
doi: 10.1208/s12249-022-02487-3.

	[40]	S zulc-Musioł B, Siemiradzka W, Dolińska B. Formulation 
and evaluation of hydrogels based on sodium alginate 
and cellulose derivatives with quercetin for topical ap-
plication. Appl Sci. 2023;13(13):7826. doi: 10.3390/
app13137826.

	[41]	S iewert M, Dressman J, Brown CK, et al. FIP/AAPS 
guidelines to dissolution/in vitro release testing of nov-
el/special dosage forms. AAPS PharmSciTech. 
2003;4(1):E7–52. doi: 10.1208/pt040107.

	[42]	 Qian F, Huang J, Hussain MA. Drug–polymer solubility and 
miscibility: stability consideration and practical challenges 
in amorphous solid dispersion development. J Pharm Sci. 
2010;99(7):2941–2947. doi: 10.1002/jps.22074.

	[43]	S alamanca CH, Barrera-Ocampo A, Lasso JC, et al. Franz 
diffusion cell approach for pre-formulation characterisa-
tion of ketoprofen semi-solid dosage forms. 
Pharmaceutics. 2018;10(3):148. doi: 10.3390/pharmaceu-
tics10030148.

	[44]	A uda SH, El-Rasoul SA, Ahmed MM, et al. In-vitro re-
lease and in-vivo performance of tolmetin from differ-
ent topical gel formulations. J Pharm Investig. 
2015;45(3):311–317. doi: 10.1007/s40005-015-0174-3.

	[45]	C leary GW. Transdermal controlled release systems. In: 
Medical applications of controlled release. CRC Press; 
Taylor & Francis Group, London, 2019. p. 203–252.

	[46]	 Kahraman E, Hayri-Senel T, Nasun-Saygili G. Kinetics and 
optimization studies of controlled 5-fluorouracil release 
from graphene oxide incorporated vegetable oil-based 
polyurethane composite film. ACS Omega. 
2024;9(48):47395–47409. doi: 10.1021/acsomega.4c02247.

	[47]	 Varelas CG, Dixon DG, Steiner CA. Zero-order release 
from biphasic polymer hydrogels. J Controlled Rel. 
1995;34(3):185–192. doi: 10.1016/0168-3659(94)00085-9.

	[48]	 Bruschi M. Mathematical models of drug release. In: 
Strategies to modify the drug release from pharmaceu-
tical systems. Woodhead Publishing; Elsevier,  2015.

	[49]	S iepmann J, Peppas NA. Higuchi equation: derivation, 
applications, use and misuse. Int J Pharm. 2011;418(1):6–
12. doi: 10.1016/j.ijpharm.2011.03.051.

	[50]	 Korsmeyer RW, Gurny R, Doelker E, et al. Mechanisms 
of solute release from porous hydrophilic polymers. Int 
J Pharm. 1983;15(1):25–35. doi: 10.1016/0378-5173 
(83)90064-9.

	[51]	 Yarce CJ, Pineda D, Correa CE, et al. Relationship be-
tween surface properties and in vitro drug release from 
a compressed matrix containing an amphiphilic poly-
mer material. Pharmaceuticals. 2016;9(3):34. doi: 
10.3390/ph9030034.

	[52]	 Dwita LP, Yati K, Gantini SN. The anti-inflammatory ac-
tivity of Nigella sativa balm sticks. Sci Pharm. 
2019;87(1):3. doi: 10.3390/scipharm87010003.

	[53]	 Goindi S, Narula M, Kalra A. Microemulsion-based topi-
cal hydrogels of tenoxicam for treatment of arthritis. 
AAPS PharmSciTech. 2016;17(3):597–606. doi: 10.1208/
s12249-015-0383-0.

https://doi.org/10.1016/j.jddst.2022.103304
https://doi.org/10.1016/j.apsb.2012.07.005
https://doi.org/10.3389/fbioe.2021.646554
https://doi.org/10.1155/2016/9324567
https://doi.org/10.3390/polym15102302
https://doi.org/10.3390/polym15102302
https://doi.org/10.3390/gels8050316
https://doi.org/10.1208/s12249-019-1496-7
https://doi.org/10.1208/s12249-019-1496-7
https://doi.org/10.37290/ctnr2641-452X.20:407-415
https://doi.org/10.69857/joapr.v12i4.597
https://doi.org/10.69857/joapr.v12i4.597
https://doi.org/10.3390/ma17163923
https://doi.org/10.3390/ijms242417155
https://doi.org/10.1208/s12249-022-02487-3
https://doi.org/10.3390/app13137826
https://doi.org/10.3390/app13137826
https://doi.org/10.1208/pt040107
https://doi.org/10.1002/jps.22074
https://doi.org/10.3390/pharmaceutics10030148
https://doi.org/10.3390/pharmaceutics10030148
https://doi.org/10.1007/s40005-015-0174-3
https://doi.org/10.1021/acsomega.4c02247
https://doi.org/10.1016/0168-3659(94)00085-9
https://doi.org/10.1016/j.ijpharm.2011.03.051
https://doi.org/10.1016/0378-5173(83)90064-9
https://doi.org/10.1016/0378-5173(83)90064-9
https://doi.org/10.3390/ph9030034
https://doi.org/10.3390/scipharm87010003
https://doi.org/10.1208/s12249-015-0383-0
https://doi.org/10.1208/s12249-015-0383-0


Drug Development and Industrial Pharmacy 15

	[54]	 Kohan HG, Baker DM, Sani S, et al. In vitro permeability, 
irritability, and release evaluation of commonly used 
topical diclofenac gel preparations (1%, 5%, and 10%). 
Int J Pharm Compd. 2021;25(2):146–155.

	[55]	 Kumar M, Shanthi N, Mahato AK, et al. Preparation of 
luliconazole nanocrystals loaded hydrogel for improve-
ment of dissolution and antifungal activity. Heliyon. 
2019;5(5):e01688. doi: 10.1016/j.heliyon.2019.e01688.

	[56]	 Yapar EA, Ynal O, Erdal MS. Design and in vivo evalua-
tion of emulgel formulations including green tea ex-
tract and rose oil. Acta Pharm. 2013;63(4):531–544. doi: 
10.2478/acph-2013-0037.

	[57]	 Qian KK, Bogner RH. Application of mesoporous silicon 
dioxide and silicate in oral amorphous drug delivery 
systems. J Pharm Sci. 2012;101(2):444–463. doi: 10.1002/
jps.22779.

	[58]	I brahim MA, Al-Anazi FK. Enhancement of the dissolu-
tion of albendazole from pellets using MTR technique. 
Saudi Pharm J. 2013;21(2):215–223. doi: 10.1016/j.
jsps.2012.03.001.

	[59]	 Kumar R, Siril PF. Enhancing the solubility of fenofibrate 
by nanocrystal formation and encapsulation. AAPS 
PharmSciTech. 2018;19(1):284–292. doi: 10.1208/
s12249-017-0840-z.

	[60]	 Mohamed MI. Optimization of chlorphenesin emulgel 
formulation. AAPS J. 2004;6(3):e26–87. doi: 10.1208/
aapsj060326.

	[61]	S aarai A, Sedlacek T, Kasparkova V, et al. On the charac-
terization of sodium alginate/gelatine‐based hydrogels 
for wound dressing. J Appl Polym Sci. 2012;126(S1):E79–
E88. doi: 10.1002/app.36590.

	[62]	 Khattab IS, Nada A, Zaghloul A-A. Physicochemical charac-
terization of gliclazide–macrogol solid dispersion and tab-
lets based on optimized dispersion. Drug Dev Ind Pharm. 
2010;36(8):893–902. doi: 10.3109/03639040903578734.

	[63]	 Wiseman LR, Faulds D. Ebastine: a review of its pharma-
cological properties and clinical efficacy in the treat-
ment of allergic disorders. Drugs. 1996;51(2):260–277. 
doi: 10.2165/00003495-199651020-00006.

	[64]	 Kumar V, Mahant S, Rao R, et al. Emulgel based topical 
delivery system for loratadine. ADMET and DMPK. 
2014;2(4):254–271.

	[65]	L achman L, Lieberman HA, Kanig JL. The theory and 
practice of industrial pharmacy. Lea & Febiger 
Philadelphia, Wiley online library,1976.

	[66]	 Paarakh MP, Jose PA, Setty CM, et al. Release kinetics–
concepts and applications. Int J Pharm Res Technol 
(IJPRT). 2018;8(1):12–20.

	[67]	 Karataş A, Baykara T. Studies on release of ketorolac 
tromethamin and indomethacin from ophthalmic hy-
drogel inserts. J Facult Pharm Ankara Univ. 2006;35(4): 
255–268.

	[68]	A sghar A, Aamir MN, Sheikh FA, et al. Co-combination 
of pregabalin and withania coagulans-extract-loaded 
topical gel alleviates allodynia and hyperalgesia in the 
chronic sciatic nerve constriction injury for neuropathic 
pain in animal model. Molecules. 2022;27(14):4433. doi: 
10.3390/molecules27144433.

	[69]	 Mohsin MEA, Siddiqa AJ, Mousa S, et al. Design, char-
acterization, and release kinetics of a hybrid hydrogel 
drug delivery system for sustained hormone therapy. 
Polymers (Basel). 2025;17(8):999. doi: 10.3390/
polym17080999.

	[70]	C heng S, Yang J, Song J, et al. A motion-responsive in-
jectable lubricative hydrogel for efficient Achilles ten-
don adhesion prevention. Mater Today Bio. 
2025;30:101458. doi: 10.1016/j.mtbio.2025.101458.

	[71]	A bdellatif AA, Mohammed AM, Zayed G, et al. 
Cyclodextrin/adamantane-grafted polyethylene gly-
col–based self-assembling constructs for topical de-
livery of ketorolac tromethamine: formulation, char-
acterization, and in vivo studies. AAPS PharmSciTech. 
2022;23(1):45. doi: 10.1208/s12249-021-02188-3.

	[72]	 Osman SK, Yassin AM, Yassin TM, et al. A new and safe 
delivery of sildenafil citrate co-evaporate loaded 
emulgels for the cure of certain male sexual dysfunc-
tions. AAPS PharmSciTech. 2025;26(1):37. doi: 10.1208/
s12249-024-03027-x.

https://doi.org/10.1016/j.heliyon.2019.e01688
https://doi.org/10.2478/acph-2013-0037
https://doi.org/10.1002/jps.22779
https://doi.org/10.1002/jps.22779
https://doi.org/10.1016/j.jsps.2012.03.001
https://doi.org/10.1016/j.jsps.2012.03.001
https://doi.org/10.1208/s12249-017-0840-z
https://doi.org/10.1208/s12249-017-0840-z
https://doi.org/10.1208/aapsj060326
https://doi.org/10.1208/aapsj060326
https://doi.org/10.1002/app.36590
https://doi.org/10.3109/03639040903578734
https://doi.org/10.2165/00003495-199651020-00006
https://doi.org/10.3390/molecules27144433
https://doi.org/10.3390/polym17080999
https://doi.org/10.3390/polym17080999
https://doi.org/10.1016/j.mtbio.2025.101458
https://doi.org/10.1208/s12249-021-02188-3
https://doi.org/10.1208/s12249-024-03027-x
https://doi.org/10.1208/s12249-024-03027-x

	A new approach for the development of etodolac emulgels for rheumatic arthritis cure: in vitro and in vivo assessments
	ABSTRACT
	Introduction
	Materials and methods
	Chemicals and materials
	Preparation of ETD adsorbate
	Characterization of ETD adsorbates
	Dissolution studies
	Differential scanning calorimetry (DSC)
	X-ray diffraction studies

	Preparation of ETD emulgels
	Characterization of ETD emulgels
	Visual inspection
	Viscosity studies
	pH assessment
	Spreadability and extrudability studies

	In vitro release studies
	Release kinetic treatment
	In vivo studies
	Skin irritation test
	Statistical and data analysis

	Results
	Characterization of ETD adsorbate
	Preparation of ETD emulgel
	Physical characteristics of ETD emulgel
	pH measurements
	Spreadability measurements
	Viscosity measurement

	In vitro release studies
	Kinetics (mechanism of ETD release)
	In vivo studies
	Dose/response studies
	Skin irritation test


	Discussion
	Conclusion
	Consent to publish
	Author contributions
	Disclosure statement
	Funding
	Data availability statement
	References


