
 
 

 

MEDICAL UNIVERSITY OF PLOVDIV 

FACULTY OF PHARMACY 

Department of Pharmaceutical Sciences 

 

 
    

 
Petya Todorova Peneva 

 

 
 
 

EMULGELS AND BIGELS – AN OPTIMIZED APPROACH                                               

FOR DERMAL APPLICATION OF KETOPROFEN 

 
 

ABSTRACT 
 
 

 of a dissertation for awarding the educational and scientific degree  

"Doctor of phylosophy"  

  

Doctoral program 

 "Technology of dosage forms and biopharmacy"  

 

Professional field 7.3. Pharmacy 

 
Scientific supervisor: Prof. Margarita Kassarova-Traykova, PhD 

 
 
 

Plovdiv  

2022 



 
 

The author is an assistant professor in the Department of Pharmaceutical Sciences 
at the Faculty of Pharmacy of the Medical University of Plovdiv.  
 
The dissertation paper contains 143 pages, it is illustrated with 19 tables and                
38 figures. The bibliography includes 221 references. 
 
The experimental researches were performed in the Department of Pharmaceutical 
Sciences at the Faculty of Pharmacy of Medical University of Plovdiv. Part of the 
experimental work was conducted in the Department of Pharmacology, Toxicology 
and Pharmacotherapy and the Department of Bioorganic Chemistry of Medical 
University of Plovdiv, as well as the Department of Engineering Chemistry and 
Pharmaceutical Engineering, Faculty of Chemistry and Pharmacy of Sofia University 
"St. Kliment Ohridski". 
 
The dissertation was approved and scheduled for public defense by the Council of 
the Department of Pharmaceutical Sciences at the Faculty of Pharmacy of Medical 
University of Plovdiv, held on 07.07.2021. 
 
The defense will be held at an open session of the Scientific Jury with the following 
members: 
 
1. Assoc. Prof. Bissera Pilicheva, PhD – Medical University of Plovdiv  
2. Assoc. Prof. Kalin Ivanov, PhD – Medical University of Plovdiv  
3. Prof. Krassimira Yoncheva, DSc – Medical University of Sofia 
4. Prof. Denitsa Momekova, PhD – Medical University of Sofia 
5. Assoc. Prof. Stefka Ivanova-Titeva, PhD – Medical University of Pleven 
 
 
 
 
The public defense of the PhD dissertation will take place on 17.02.2022  
at 11.00 a.m., online via Zoom platform. 
 
 
The materials related to the defence are available at the Department of Science and 
Research and are published on the website of the Medical University of Plovdiv. 

 
 
 
 
 
 
 
 

 
 

 
 
 
 



 
 

CONTENTS 
 
 
 

Introduction................................................................................................................. 1 

Aim and objectives......................................................................................................  2 

Materials.....................................................................................................................   3 

Methods...................................................................................................................... 4 

Results and discussion............................................................................................... 12 

Conclusions................................................................................................................ 52 

Contributions............................................................................................................... 53 

References................................................................................................................. 54 

List of publications and presentations at scientific events.......................................... 57 

Acknowledgements..................................................................................................... 59 

  



 
 

LIST OF USED ABBREVIATIONS 

 

MS – Medical substance/s 

MF – Medicinal form 

КР – Ketoprofen 

SC – Stratum corneum 

LPP – Lipid-protein-partitioning theory 

DMSO – Dimethyl sulfoxide 

DMF – Dimethyl formamide 

DMAC – Dimethyl acetamide 

GRAS – Generally recognized as safe 

FDA – Food and Drug Administration – USA 

MN – Microneedles 

PDI – Polydispersity index 

НРМС – Hydroxy propyl methyl cellulose 

NSAIDs – Non-steroidal anti-inflammatory drugs 

LLP – Light liquid paraffin 

CA – Cetyl alcohol 

IPM – Isopropyl myristate 

АО – Almond oil 

SD – Standard deviation 

HPLC – High performance liquid chromatography 

SEM – Standard error of the mean



1 
 

 

INTRODUCTION 

 

Dermal pharmaceutical products are widely prescribed and used. They account 

for about 15% – 20% of all medical prescriptions. Over-the Counter (OTC) products, 

containing non-steroidal anti-inflammatory drugs, lubricants, humectants and 

softening agents are extremely popular. The supply of medicines through the skin is 

a convenient alternative of the conventional per oral route because of those 

advantages:  low metabolic activity of the skin compared to the gastrointestinal tract 

and the liver; avoidance of absorption rate variability; delivery of the medicinal 

substance directly to the inflamed location and achievement of high local 

concentration; noninvasiveness; enabled effective application of medicinal 

substances with short half-life; easy quitting of drug use and increased patients’ 

compliance. Various groups of active substances are applied on the skin aiming at 

achievement of local effects (e.g. corticosteroids for dermatitis treatment); transport 

through the skin for systemic effects (e.g. fentanyl, nicotine, estradiol and 

testosterone plasters); surface effect (e.g. sun shields and antimicrobial agents); 

transport to deep skin layers (e.g. non-steroidal anti-inflammatory agents). 

The current pharmaceutical technology implements two approaches to develop 

different dosage forms. One of them is associated with the inclusion of new drug 

structures in classic carriers of medicinal substances while the other one, significantly 

more frequently used is related to the development of innovative carriers containing 

substances with well known physicochemical and therapeutic properties. 

The recent years evidenced the intensive development of emulgels and bigels 

as a platform for dermal application of various drugs and compounds of natural 

origin. Their basic properties are associated with the possibility to include both 

hydrophilic and lipophilic active substances as well as with realization of controlled 

release. 

This dissertation thesis presents the results from studying the potential of semi 

solid carriers for dermal forms – emulgels and bigels for achievement of optimal 

ketoprofen release in order to reduce the number of applications and to increase 

patients’ compliance. The possibility to preserve the photostability of the medicinal 

substance in the developed carriers was also studied. 
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AIM AND OBJECTIVES 

 

The aim of the present thesis was to develop and characterize emulgels and 

bigels with ketoprofen for dermal application, providing for prolonged release and 

improved stability. 

 

The following objectives were to be realized for the achievement of the aim: 

1. To develop model compositions of emulgels with good physical stability when 

varying the type of oil phase – liquid paraffin, cetyl alcohol, isopropyl myristate, 

almond oil and at varying the concentration of the gelling agent Carbopol®940. 

2. To develop model compositions of bigels at different ratios of carbopol hydrogel/ 

sorbitan monostearate – almond oil oleogel. 

3. To characterize the resulting emulgels and bigels in relation to external 

appearance, pH, viscosity, flux type and spreadability. 

4. To study the rheological behavior and viscoelastic properties of emulgels and 

bigels. 

5. To characterize the resulting emulgels and bigels in relation to kinetics and 

mechanism of ketoprofen release from the model compositions. 

6. To investigate the chemical stability and photostability of ketoprofen in 

perspective emulgel and bigel models. 

7. To conduct in vivo studies on rats of a perspective bigel model for acute dermal 

toxicity, analgesic, anti-inflammatory and hyperalgesic effects. 
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MATERIALS 

 

Ketoprofen  
[KP; (2RS)-2-(3-benzoylphenyl) propanoic acid] 

(≥ 99%; Sigma- Aldrich, USA) 

Carbopol®940 (Carbomer) (The Lubrizol Corporation, USA) 

Propylene glycol (propane-1,2-diol)                        (Sigma-Aldrich, USA) 

Ethanol 96% (v/v) (Eur.Ph. 9) 

Span®60(Sorbitan monostearate) (Sigma-Aldrich, USA) 

Tween®60(Polysorbate60)                                        (Sigma-Aldrich, USA) 

Light liquid paraffin (Eur.Ph. 9) 

Cetyl alcohol  (Sigma-Aldrich, USA) 

Isopropyl myristate                                                       (Sigma-Aldrich, USA) 

Almond oil, 100% pure, of Californian Almonds         (KTC (Edibles) Ltd. U.K.) 

Triethanolamine, A.R.                                 (Fillab Eood, Bulgaria) 

Purified  water                                                               (Eur.Ph. 9) 
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METHODS 

 

1. PREPARATION OF EMULGELS AND BIGELS WITH KETOPROFEN 

1.1. Preparation of emulgels with ketoprofen 

The carbopol dispersion and the emulsion were prepared separately. The oil 

phase of the emulsion included various hydrophobic substances – light liquid paraffin 

(LLP), cetyl alcohol (CA), isopropyl myristate (IPM) and almond oil (AO), with 

Span®60 dissolved in it. The hydrophilic phase contained propylene glycol, 

Tween®60 and purified water. Ketoprofen was dissolved in ethanol and added to the 

hydrophilic phase of the emulsion. The oil and hydrophilic phases were warmed up to 

temperature 70-80°С. The oil phase was added to the hydrophilic phase at 

continuous stirring by electromagnetic mixer at 300 rpm. The carbopol dispersion 

was obtained in purified water at room temperature at continuous stirring by an 

electromagnetic mixer (300 rpm). The obtained emulsion and dispersion were mixed 

in 1:1 ratio and after that the pH was adjusted to 5.5-6.5 with triethanolamine (Fig. 1). 

 

 

Fig.1. Technological chart of emulgel preparation 

1.2. Preparation of bigels with ketoprofen 

The hydrophilic and lipophilic phases of the bigel were prepared separately. The 

hydrogel was obtained from propylene glycol, ethanol, carbopol, and purified water 

and the oleogel contained almond oil and Span®60. Carbopol®940 was dispersed in 

the mixture of purified water, propylene glycol and ethanol (25°C, 400 rpm). 

Triethanolamine helped in adjusting the pH of the obtained dispersion to 5.5-6.5 to 

form the hydrogel. Span®60 was dissolved in the almond oil (60°C, 100 rpm). The 

bigel was obtained by adding to the hydrogel portions of the lipophilic phase warmed 

to 60°С at continuous stirring (500 rpm) and cooling down to room temperature (Fig. 

2). Ketoprofen in concentration 1% w/w was included in the ready bigel. 
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Fig. 2. Technological chart of bigel preparation 

 

2. METHODS FOR CHARACTERIZATION OF THE PRODUCED EMULGELS AND 

BIGELS 

2.1.   Physical appearance 

The prepared emulgels and bigels were evaluated visually for color, 

homogeneity, consistence and phase separation. 

2.2. Determination of рН 

The pH values of the produced emulgels and bigels were determined 

potentiometrically (Eur. Ph. 01/2008:20203). A pH-meter was used (inoLab рН 720, 

WTW GmbH, Germany), pre-calibrated with standard buffer solutions. The 

measurements were conducted three times for each of the models and pH was 

presented as a mean ± standard deviation (SD). 

2.3. Optical microscopy 

Method 1 

Optical microscope (Leica DM2000 LED, Leica Microsystems, Germany) with 

camera (Leica DMC 2900) and image-processing software (Leica Application Suite, 

LAS) was used for optical microscopy. 

The samples were examined at 40x magnification after staining with methylene 

blue solution (methylthioninium chloride) 1.5% (w/v). 

Method 2 

The form of the droplets in the examined samples was determined by optical 

microscopy in transmitted or transmitted polarized light by a microscope Axio Imager 

M2m (Zeiss, Germany). For those experiments the samples were used in 

concentrated form and after dilution with 5 mM SDS (anionic synthetic surfactant: 
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sodium dodecyl sulfate – product of Acros Organics, cat. No: 23042-500, abbreviated 

to SDS), after that the samples were placed between three glasses to perform the 

examinations. 

2.4. Determination of the droplets size and their distribution  

The analysis of the droplets size and their distribution was performed by 

Nanotrac Wave (Microtrac, Inc., USA) device. Microtrac software automatically 

presents information for multimodal distributions. The samples to be analyzed were 

prepared using one and the same amount of bigels (1% w/w), dispersed in a 

phosphate buffer at рН 5.5. They were subjected to a 10-minute ultrasound effect up 

to producing a homogeneous emulsion. Samples with 3 ml volume were analyzed at 

25.0°С ± 0.5°С. The measurements were performed three times and the results were 

recorded as mean ± standard deviation (SD). 

2.5. Test for physical stability of emulgels through centrifuging 

This test was performed one week after preparing the emulgels for assessment 

of their physical stability. For the purposes of the test were weighed 5 g of the 

experimental compositions in a centrifuge tube. They were centrifuged in a laboratory 

centrifuge Cencom (J.P. SELECTA, s.a., Spain) at 3000 rpm for 30 minutes at 

temperature of 25°С. The emulgels were assessed visually for any signs of phase 

separation. 

2.6. Drug content determination of ketoprofen in emulgels and bigels 

Experimental technique of UV-spectrophotometry was used for ketoprofen 

determination. The samples to be analyzed were prepared as follows: 0,100 g of the 

model compositions were dispersed in freshly prepared phosphate buffer (рН 5.5) in 

a 100-ml graduated flask under UV effect; 5 ml of this dispersion were filtered 

(Chromafil Xtra 0.45 µm) and diluted to 25 ml with phosphate buffer (рН 5.5). 

The amount of KP was determined at 260 nm using an UV-Vis 

spectrophotometer, Ultrospec 3300 pro (Biochrom Ltd., Cambridge, UK), by a 

method, developed and validated by us for the purposes of the present study. The 

measurements were made three times and the results were presented as mean ± 

SD. 

The implemented UV-spectrophotometric method was validated by the 

parameters: specificity, linearity, working range, stability, precision, repeatability. 

2.7. Infrared spectroscopy – ATR-FTIR analysis 

Infrared spectroscopy was used to assess potentially emerging chemical 

interaction between ketoprofen and the bigel base. ATR-FTIR analysis was made by 

NicoletTM iS TM 10 FT-IR spectrometer equipped with Smart iTRTM appliance 

(ZnSe crystal) (Thermo Scientific, Thermo Fisher Scientific, Inc., USA). The spectra 

were recorded from 4000 to 650 cm-1 using a DTGS detector. All spectra were 

adjusted for CO2 by an in-built software. 
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2.8. Determination of viscosity and flux type 

The viscosity of the semisolid forms was determined by the method of rotational 

viscometer (Eur. Ph. 01/2008:20210), based on the principle of measuring the force 

acting on a rotor with constant angular velocity. The viscosity of the produced model 

compositions was determined with the help of viscometer Selecta STS-2011 (J.P. 

SELECTA, s.a., Spain) at room temperature. A spindle R6 at 1, 2, 3, 4, 5, 6 and 10 

rpm was used. The results were presented as mean ± SD, after three measurements. 

The graphic representation of the relationship between viscosity and shear rate 

helped to determine the flux type of the model compositions. 

2.9.   Rheological studies 

The rheological properties of selected emulgels and bigels were examined by a 

rotational rheometer Discovery Hybrid Rheometer DHR-3 (TA instruments, USA). 

Geometry with a parallel lamella with 40-mm diameter was used for all experiments. 

Four types of rheological tests were performed: 

2.9.1. Oscillatory deformation (frequency sweep) (1) 

In order to imitate the physiological conditions for application of the tested 

emulgels and bigels on the skin, the first three types of tests were conducted at 32°C 

(typical body temperature of the skin). For this test the oscillatory frequency was 

varied logarithmically from 0.001 to 100 Hz. The storage modulus, also called “elastic 

modulus” (G’), and the loss modulus (G’’) or “viscosity modulus” were measured as a 

function of oscillations frequency at constant deformation amplitude (γА1 %). 

2.9.2. Oscillatory deformation (amplitude sweep) (2) 

The deformation amplitude, γА, was varied logarithmically from 0.05 to 500% at 

fixed frequency –1 Hz. The elastic modulus, G', and the viscous modulus, G", were 

determined as functions of the deformation amplitude, γА. 

2.9.3. Steady shear deformation (3) 

In this test the shearing rate, γ, was varied logarithmically from 0,001 s-1 to 2000 

s-1, the shear stress was measured and the viscosity was calculated. 

2.9.4. Temperature ramp test (4) 

In this experiment the temperature was increased gradually from 10°C to 40°C 

with a step of 5°C/min at fixed shear rate, γ, 1 s-1. The shear stress was measured as 

a function of the temperature, as well as the apparent viscosity. 

The experiments were performed as follows: The samples were loaded and 

stayed in peace in the rheometer for 300 s at Т = 32°С. After that test (1), test (2) and 

test (3) were conducted sequentially. 

For the experiments with varying temperature the samples were loaded in the 

rheometer at Т=10°С. In order to homogenize the sample a preliminary shear with 

fixed velocity, γ, 20 s-1 at T=10°C was made followed by test (4). 
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2.10.  Determination of the spreadability and gel type of the model 

compositions 

Method 1 

A 350 mg sample of the tested model was weighed on a glass plate (10/5 cm). 

Another glass plate (10/5 cm and 6 ± 1 g) was lowered on the sample from 5-cm 

distance. The experiment was performed at temperature 25.0°С ± 0.5°С with the 

models assessed 48 hours after their preparation. The measurements were 

performed three times and the results were recorded as mean ± SD. The gel type 

was determined on the basis of the obtained circle after 1 minute after Varma et al. 

(2014) scale as follows:> 2,4 cm, fluid gel; 1,9 to 2,4 cm, semi fluid gel; 1,9 to 1,6 cm, 

semi-stiff gel; 1,6 to 1,4 cm, stiff gel; and  <1,4 cm, very stiff gel. 

Method 2 

The spreadability of model compositions was assessed in the following way: 1 ± 

0.01 g of the sample was pressed between two horizontal glass plates (20 х 20 cm), 

with the upper plate weighing 125 ± 1 g. The experiment was conducted at room 

temperature, 48 hours after being produced. The diameter of the obtained circle (ɸ) 

was assessed after one minute. The measurements were made three times and the 

results were recorded as mean ± SD. Arvouet-Grand et al. (1995) and later Lardy et 

al. (2000) introduced the terms “semi-stiff” and “semi fluid” for the assessment of the 

spreading of creams and gels. According to the two classifications at (ɸ) ≤ 50 mm, 

the tested models were identified as semi-solid. 

 

3. IN VITRO RELEASE STUDY OF KETOPROFEN 

The in vitro study of ketoprofen release from prepared model compositions was 

made by the dialysis method. Samples, 300 g each of the studied compositions, were 

deposited in tubing cellulose membrane (MWCO 12,500 Da), pre-soaked in distilled 

water for 24 hours. The cellulose membrane was fixed to the baskets of Dissolution 

Apparatus 1 (Sotax AG, Aesch, Switzerland). Fresh prepared phosphate buffer рН 

5.5, 30 ml was used as test medium. The experiment was conducted at 32°С ± 0.5°С 

and 50 rpm. Samples from the acceptor medium (5 ml) were collected at suitable 

time intervals and after that aliquots of the phosphate buffer рН 5.5 were returned 

back to the dissolution medium in order to preserve the sink conditions. The amount 

of released ketoprofen was determined spectrophotometrically at λ=260 nm using an 

UV-Vis spectrophotometer Ultrospec 3300 pro (Biochrom Ltd., Cambridge, UK). The 

results were recorded after 6-fold measuring (n = 6, mean ± SD). 

In order to assess the kinetics of ketoprofen release from emulgels and bigels 

and to understand better its mechanisms, the data from the in vitro tests for 

dissolution were fitted to zero-order equations (released amount of MS vs. the time), 

first order (Ln of the unreleased amount of MS vs. time) and Higuchi’s equation 

(released amount of MS vs. √t). 
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4. STABILITY TESTS 

4.1. Stability of emulgels and bigels 

The stability of the prepared model compositions was assessed in compliance 

with the guidelines of the International Council for Harmonization (ICH) and according 

to the requirements of the intermediate test under the following conditions: the 

studied models were packed in firmly sealed plastic containers and were stored at   

30 ± 2°С / 65 ± 5% RH for six months. Their physical stability was assessed visually 

for change in color, phase separation or appearance of syneresis at equal time 

intervals. Optic microscopy, as described above, was used to establish changes in 

the microstructure of the studied models. After six months the samples were 

assessed by physical appearance, pH and ketoprofen content. 

4.2. Ketoprofen photostability in bigel base and trade product 

The photostability test of the bigel with ketoprofen and trade product was 

conducted during 6 hours under extreme conditions using three samples of the 

model. The trade product was used as control. The tested models were exposed to 

direct sunlight. Analytical samples (0.500 g) were collected at the second, fourth and 

sixth hour. The samples were transferred to a cuvette with a screw cap and diluted 

with 5 ml methanol. After that they were centrifuged for 15 minutes at 2500 rpm. After 

filtering (Chromafil Xtra 0.45 µm), the undecomposed ketoprofen in the supernatant 

was determined by modified HPLC (Dvorak et al., 2004). The HPLC system 

contained a ProStar 230 modulus for solvent supply and PDA detector model 335, 

Microsorb-MV C18 column (150 х 4.6 mm, 5 μm particle size), all from Varian 

Australia Pty. Ltd., Mulgrave, Australia. A dissolution system, containing acetonitrile 

(А) and Н2O with рН 3.1 (В) was used in isocratic state 45А:55В. The flux rate was 

1.1 ml/min with detection at 254 nm. The searched compound (КР) was identified in 

compliance with the retention time, determined by using pure ketoprofen substance. 

It was determined quantitatively with the help of an absolute calibration curve. Star 

Chromatography Workstation Version 6.30 (build 5) (Varian Australia Pty. Ltd) 

software was used. The measurements were made three times and the results were 

presented as mean ± SD. 

In order to validate the analytical method three series of standard solutions of 

pure ketoprofen were analyzed in preset conditions and it was established that in the 

selected concentration limits (5, 10, 20, 50, 80, 100 μg/ml) there was a linear 

relationship between the concentration and chromatographic peak surface 

(regression equation y = 5.3910e+005x; r2 = 0.9999). This shows that the 

implemented method can be used for quantitative determination of the tested 

substance with limit of detection respectively (LOD = 30 µg/ml), and limit of 

quantification (LOQ = 110 µg/ml) 1. One sample with concentration 30 µg/ml of the 

studied substance was tested. The result was a mean value of 5-fold measuring of 

one and the same sample. The recovery was 99.1%. The variation coefficient (RSD) 
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was 4.21%. This showed that the proposed method was sufficiently accurate and 

precise. 

 

5. IN VIVO EXPERIMENTS 

All experiments in vivo with laboratory animals were permitted by the Bulgarian 

Food Safety Agency (Certificate No: 88/09.01.2014) and approved by the Ethic 

Committee of the Medical University – Plovdiv (Approval certificate No: 

1/22.01.2015). The experiments were conducted in compliance with the ethic 

guidelines of the International Council for Laboratory Animal Science for researchers 

and relevant institutional and national rules and ordinances. 

Eighty two male rats, Wistar breed (weight from 180 to 400 g) were used for in 

vivo experiments. The rats were bred in standard laboratory conditions (temperature 

22°С ± 1°С, humidity 45% and 12-hour light cycle), having food and water ad libitum. 

 

5.1. Skin irritation test 

Eighteen rats with weight 250-400 g were selected for the purpose of this study. 

They were divided into 3 groups (n = 6). The animals were anesthesized by 

intraperitoneal infusion of ketamin (90 mg/kg body weight) and xylazine (10 mg/kg 

body weight). The fur on rats’ backs was shaven and two fields were marked, 1 cm2 

each. The spots were selected in a way to be closest to the rats’ neck so that the 

animals were not able to lick and swallow some of the medicine after its spreading on 

the skin. One of the fields was left untreated with the model bigel composition while 

the tested model was spread on the other field by gentle rubbing in the skin. The rats 

were treated as follows: first group – bigel with ketoprofen; second group – bigel 

without medicinal substance; third group – trade product ketoprofen containing 

hydrogel. The animals were returned to the cages and observed tor local and 

systemic toxicity symptoms. The dermal toxicity was assessed at the first, twenty 

fourth and forty eighth hour after the application of the tested models. The irritation 

grade was recorded using modified Draize assessment system (Widera et al., 2006). 

5.2. Antinociceptive activity (hot plate test) 

Thirty two rats (body weight 180-250 g), divided in four groups (n = 8) were 

used for this test. Groups 1 to 3 were treated as described in the previous point 

(acute dermal toxicity test) and the fourth, control group was treated with 

physiological solution (0.9% NaCl). The same amount (1 ml/rat) of the studied 

models was applied locally on the plantar rat paws surface. The antinociceptive effect 

was assessed immediately after the application of the tested models and after 

respectively 30, 90 and 180 minutes after treatment. The test was conducted with Hot 

PlateAnalgesyMeter, UgoBasile, Italy. The animals were placed on a metal surface 

heated up to 55°С ± 0.5°С. The antinociceptive response was measured by the 

latency observed from the time of placing the rat on the heated surface by the first 
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behavioral sign of nociception. The following behavioral changes were used as end 

points of the test: licking the hind paw, vocalization or attempt to escape. Maximal 

latency of the hot plate of 30 seconds was used to prevent tissue damage of the rats’ 

paws (Apostolova et al., 2015). The latency was entered and recorded as mean ± 

SEM. 

5.3. Anti-inflammatory activity (carrageenan-induced edema) 

Thirty two rats, Wistar breed (body weight of 180-250 g) were divided into 4 

groups (n = 8) and were treated with the compositions described in the above point 

(antinociceptive activity – hot plate test). The same amount (1 ml/rat) of the 

compositions was applied locally on the plantar right hind paw of the rat. The skin 

penetration of the tested models was realized by gentle massage. Immediately after 

the treatment the rats were administered subplantarily with 0.1 ml carrageenan (1% 

(w/v) suspension in physiological solution) in the right hind paw. The following 

measurements of the right hind paw of the animals were made immediately before 

applying the compositions and at the first, second and fourth hour after the 

subplantar infusion. The paw was dipped up to the tibiotarsal joint in the water 

column of a pletismometer (UgoBasile, Gemonio, Italy). The volume of the paw was 

recorded and its cage was calculated by the formula (Sakeena et al., 2010). 

 

Swelling index (%) = (Vn – V0) / V0 x 100 
Vn = recorded volume at the nth hour; 

 V0 = volume of the same animal recorded before treatment. 

5.4. Antihyperalgesic effect 

The same animals involved in the anti-inflammatory activity test (carrageenan-

induced edema) were involved in this test too. Immediately after measuring the 

volume of the paw, the pain threshold was assessed with analgesimeter (UgoBasile). 

Continuously increasing pressure is applied to the hind right/left paw of the animal, 

between the third and fourth metatarsal joint (16 g/sec). The nociceptive threshold is 

measured as value of the pressure when the rats drag off the test paw (in relative 

units PPT by the linear scale of the apparatus). The maximal possible pressure (cut-

off point) is 250 g. The results were presented as mean ± SEM.  

 

6. STATISTICAL PROCESSING OF THE DATA 

The data were statistically processed by SPSS 19.0 (IBM Corp., Armonk, NY, 

USA) software. Kolmogorov-Smirnov normality test was used. One-way variation 

analysis with Tuckey post hoc test was made in case of normal distribution and non-

parametrical Wilcoxon Signed-Rank Test and Mann-Whitney U-test were made in the 

other cases. The results were considered significant at Р<0.05. The data for 

emulgels were analyzed by one-way variation analysis (ANOVA), using GraphPad 

InStat (version 3.10). Value of P<0.05 was considered statistically significant. 
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RESULTS AND DISCUSSION 

 

1. PREPARATION AND CHARACTERIZATION OF EMULGELS 

1.1. Preparation of emulgels 

Emulgels formulations with different oil phases were prepared based on 

literature and our previous studies – light liquid paraffins (LLP), cetyl alcohol (CA), 

isopropyl myristate (IPM) and almond oil (AO). Compositions with hydrophobic phase 

liquid paraffin in concentrations respectively 5%, 6% and 7.5%, cetyl alcohol, 

isopropyl myristate and almond oil, were used in concentration 5% to assess the 

effect of the oil phase type on the viscosity and spreadability of the emulgels. 

For the preparation of the gel basis, Carbopol®940 was used as gelling agent – 

a high-molecular polymer of acrylic acid. It belongs to the group of carbomers 

(Carbomers, Eur. Ph. 04/2009:1299), that are polymers of acrylic acid netted with 

alkenyl ethers of sugar or polyalcohols. Using organic amines as neutralizing agents, 

carbomers form a three-dimensional polymer network and a gel structure. 

Carbopol®940 was used in concentrations 0.5%, 0.75% and 1% in emulgels 

preparation for the assessment of the effect of variable polymer amounts on the 

viscosity, spreadability and biopharmaceutical characteristics. 

The composition of emulgels incorporated propylene glycol (PG) as a 

humectants and ethanol (10%), in higher than usual concentration in emulgels 

(2.5%), ensuring microbiological stability. Table 1 presents the compositions of the 

different emulgel models. 

1.2. Physical appearance  

The organoleptic characterization of the produced emulgel models established 

that they were white, viscous, creamy, with smooth homogeneous structure without 

observed phase separation. 

The physical stability of the emulgels was confirmed by the centrifuge test. After 

the test no phase separation and modification of the homogeneous structure of the 

emulgels was observed. 
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Table 1. Model emulgel composition (% w/w) 

 

1.3. Optic observations 

The test was performed using the experimental technique of optic microscopy in 

transmitted or in transmitted polarized light. The micrographs (Fig. 3) showed the 

presence of unevenly distributed oil droplets in an unbroken hydrogel matrix 

confirming emulgel formation. A smaller number of larger droplets with irregular form 

were found that might be produced due to aggregation of smaller size droplets. 

Nevertheless, the small size of the oil droplets (about 20 μm) supposed 

thermodynamic stability of the tested sample. 

 

Composi
tion 

KP Carbopol 
940 

LLP CA IPM AO Span
® 60 

Tween
® 60 

PG Ethanol Purified 
water 

F1 1 1 5 - - - 0,69 1,31 5 10 76 

F2 1 1 6 - - - 0,69 1,31 5 10 75 

F3 1 1 7,5 - - - 0,69 1,31 5 10 73.5 

F4 1 1 - 5 - - 0,14 1,86 5 10 76 

F5 1 1 - - 5 - 0,69 1,31 5 10 76 

F6 1 1 - - - 5 0,69 1,31 5 10 76 

F7 1 0,5 5 - - - 0,69 1,31 5 10 75.75 

F8 1 0,75 6 - - - 0,69 1,31 5 10 74.75 

F9 1 0,75 7,5 - - - 0,69 1,31 5 10 73.25 

F10 1 0,75 - 5 - - 0,14 1,86 5 10 75.75 

F11 1 0,75 - - 5 - 0,69 1,31 5 10 75.75 

F12 1 0,75 - - - 5 0,69 1,31 5 10 75.75 

F13 1 0,5 5 - - - 0,69 1,31 5 10 75.5 

F14 1 0,5 6 - - - 0,69 1,31 5 10 74.5 

F15 1 0,5 7,5 - - - 0,69 1,31 5 10 73 

F16 1 0,5 - 5 - - 0,14 1,86 5 10 75.5 

F17 1 0,5 - - 5 - 0,69 1,31 5 10 75.5 

F18 1 0,5 - - - 5 0,69 1,31 5 10 75.5 
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           a)       b)   

           c)       d)   

Scale size: 20 μm 

Fig. 3. Micrographs of model F1 (oil phase liquid paraffin) – a) in transmitted light;                      

b) in transmitted light after dilution with 5 mM SDS; c) in transmitted polarized light;                

d) in transmitted polarized light after dilution with 5 mM SDS 

 

a)         b)    

Scale size: 20 μm 

Fig. 4. Micrographs of model F4 (oil phase cetyl alcohol) – a) in transmitted light;                             

b) in transmitted light after dilution with 5 mM SDS 

 

Fig. 4 shows the micrographs of model F4 prepared with liquid paraffin oil 

phase. Arranged structures that could affect the viscoelastic properties of this model 

could be seen. The larger colored droplets on Fig. 4b were aggregates of smaller 

droplets. The predilection to aggregation could be explained with the higher melting 

point (49.3°С) of cetyl alcohol. 
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a)      b)   

c)      d)   

Scale size: 20 μm 

Fig. 5. Micrographs of model F6 (oil phase almond oil) – a) in transmitted light;                      

b) in transmitted light after dilution with 5 mM SDS; c) in transmitted polarized light;              

d) in transmitted polarized light after dilution with 5 mM SDS 

 

The micrographs of model F6 (Fig. 5) showed droplets with spherical form. The 

oil droplets were comparatively evenly distributed in the hydrogel base with clearly 

formed film around them, possibly of surfactants. Their form and comparatively small 

sizes supposed thermodynamic stability of the emulgels. On the other hand, firmly 

sticking one to the other emulsion droplets, though without aggregation, were seen 

(Fig. 5a and 5c). This was possibly due to the additional stabilizing role of the 

polymer net. Similar findings were also reported by Sagiri et al. (2015) when studying 

gelatin emulgels. 

1.4.   Determination of pH and ketoprofen content  

The prepared emulgels were characterized referring to pH and ketoprofen 

content. Table 2 shows the values of the determined indicators. 

The measured pH-values of the compositions varied from 5.62±0.02 to 

6.42±0.01. Those values were within the range of physiological pH of healthy skin, 

which was important for the physiological tolerance and absence of possible dermal 

irritation at dermal application. 

The data in Table 2 showed that the ketoprofen content in the models varied 

from 98.56±0.01% to 99.72±0.26%, indicating full inclusion of KP in the emulgels. 
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Table 2. Summary of pH values and KP content (%) of emulgels 

Composition рН KP content 
(%) 

Composition рН KP content 
(%) 

F1 5.62±0.02 98.91±0.01 F10 6.03±0.01 98.56±0.05 

F2 5.98±0.02 99.01±0.02 F11 5.95±0.01 99.26±0.10 

F3 6.13±0.02 99.25±0.01 F12 6.02±0.01 98.99±0.13 

F4 6.09±0.01 98.56±0.01 F13 6.42±0.01 98.66±0.21 

F5 5.99±0.02 98.99±0.02 F14 6.22±0.01 98.95±0.15 

F6 5.87±0.02 99.72±0.26 F15 5.89±0.01 99.45±0.06 

F7 5.77±0.01 98.69±0.12 F16 5.81±0.01 98.81±0.07 

F8 5.87±0.01 99.05±0.15 F17 5.66±0.01 99.01±0.08 

F9 6.01±0.01 99.25±0.11 F18 5.73±0.02 99.69±0.10 

 

1.5. Viscosimetric tests 

The viscosimetric tests were conducted following the methods described in p. 

2.8. in the “Material and methods” chapter. The relationship of viscosity as a function 

of the shear rate is presented on Fig. 6. The presented graphs showed that the 

viscosity was affected by the type and amount of the oil phase and concentration of 

Carbopol®940 in the different compositions. 

1.5.1. Effect of the type and concentration of the oil phase on viscosity 

Fig. 6a shows that the greatest viscosity was found in composition F4 prepared 

with cetyl alcohol as oil phase and 1% Carbopol®940 as gelling agent. This greater 

viscosity was possibly associated with the nature of the oil phase, which was a 

saturated fatty alcohol with wax-like structure at room temperature. The increase of 

the amount of liquid paraffin in compositions F1 to F3 (F1: 5%; F2: 6%; F3: 7.5%) 

caused reduced viscosity. This reduced viscosity effect with increased amount of 

liquid paraffin has also been observed in emulgels formulated by Sabri et al. (2009). 

The compositions F5 and F6 had a lower viscosity compared respectively to F1-F4, 

possibly because of the used various oil phases isopropyl myristate and almond oil. 

Similar less expressed tendencies were observed with models F7-F12, prepared with 

0.75% Carbopol®940 and models F13-F18, prepared with 0.5% gelling agent. The 

evidence from the viscosimetric test showed that the type and amount of the oil 

phase affect viscosity. 

1.5.2. Carbopol®940 concentration effect on viscosity 

When comparing the viscosity of models F1 to F6 prepared with 1% 

Carbopol®940, to models F7 to F12, with included 0.75% gelling agent in the 

composition and models F13 to F18 with с 0.5% Carbopol®940 it was established 

that the reduced concentration of the gelling agent caused viscosity reduction. The 
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results presented on Fig. 6 showed reduced viscosity in the following order:                     

F1-F6>F7-F12>F13-F18, i.e. directly proportional relationship was observed between 

the concentration of the gelling agent and viscosity. The increased Carbopol®940 

concentration caused elevated viscosity. This can be explained with the gelling 

mechanism of Carbopol®940. The interaction of the carbomer carboxyl groups with 

the hydroxyl groups of propylene glycol and ethanol, included in emulgel formulations 

caused the formation of hydrogen bonds (Suhaime et al., 2012). The higher 

concentration of Carbopol®940 was a cause for the formation of a greater number of 

hydrogen bonds, thus forming a denser polymer net, respectively greater viscosity. 

The results from the statistical processing of the data from examining the 

viscosity showed that at the lowest shear rate (1 rpm) there was no significant 

difference in the viscosity of the model groupsF1-F6 and F7-F12 (P>0.05). Significant 

difference, though, was found between models F1-F6 and F13-F18 (Р<0.001) and 

between emulgels F7-F12 and F13-F18 (Р<0.01). At the highest shear rate (10 rpm) 

there were significant differences between F1-F6 and F13-F18 (Р<0.05) and between 

F7-F12 and F13-F18 (P<0.05), but not between F1–F6 and F7–F12 (P>0.05). 

1.5.3. Determination of the flux type 

From the presented graphic dependence of the change of viscosity as a 

function of the shear rate it was established that the increased shear rate was 

associated with reduced viscosity, i.e. the prepared model compositions of emulgels 

were non-Newtonian bodies with pseudoplastic flux type, (“shear thinning” behavior). 

With increasing the shear rate, the long polymer chains of Carbopol®940 were 

arranged following the shearing direction. This orientation of the polymer chains 

reduced the internal resistance of the tested systems, thus reducing the viscosity 

(Nikumbh et al., 2015). 

 

a) 
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Fig. 6. Dependence of the viscosity on the shear rate: a) models F1-F6;                               

b) models F7-F12; c) models F13-F18 

 

1.6. Rheological studies 

The rheological characteristics of dermal emulgels are of critical importance for 

their spreadability on the skin, process of release of the contained drug and patients’ 

compliance when applying those medical forms. The conducted viscosimetric tests 

showed statistically significant difference in the viscosity of emulgels prepared with 

1% Carbopol®940 (F1 to F6) and emulgels prepared with 0.5% Carbopol®940 (F13 to 

F18). Those groups of models were further tested for determination of their 

rheological properties and viscoelastic behavior. 
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1.6.1. Rheological tests for determination of the effect of oil phase 

concentration (liquid paraffin) 

Those tests were conducted with models F1, F2 and F3, containing respectively 

5%, 6% and 7.5% liquid paraffin and 1% Carbopol®940 and models F13, F14 and 

F15, prepared respectively with 5%, 6% and 7.5% liquid paraffin and 0.5% 

Carbopol®940. The viscoelastic properties of the selected emulgel groups were 

determined by oscillation measurements based on frequency changes and oscillation 

measurements based on deformation changes. 

1.6.1.1. Viscoelastic properties as a function of oscillation frequency 

It has been established that the gelling agent has substantial impact on the 

emulgel rheological properties (Berdey and Voyt, 2016). The emulgels composed by 

us contained the gel agent Carbopol®940 and we could suppose that their rheological 

characteristics would correspond to the rheological properties of carbopol gels. The 

tests based on change in the frequency are a useful tool for assessment of the 

mechanical response of the microstructure of carbopol gels in peace (Kim et al., 

2003). The storage modulus Gʹ and loss modulus Gʺ of the tested emulgels were 

presented on Fig. 7a. The elastic modulus Gʹ did not change substantially and 

remained much greater than the viscous modulus Gʺ in the overall frequency range 

as it was expected for netted hydrogel systems (Kocen et al, 2017). The established 

higher values of Gʹ vs. Gʺ were an indication of prevailing elastic properties of the 

tested models and showed the formation of a continuous polymer network with those 

two characteristics referring to gel with stiff structure (Li et al., 2011). Two factors 

contributed for the elasticity of the emulgel structures. When neutralized with TEA, 

the swollen Carbopol®940 particles formed a densely arranged structure forming thus 

an elastic network (Nae and Reichert, 1992). The entangling between long-chain 

segments and lateral chains of the adjacent microparticles also contributed to the 

formation of the network structure (Testa and Etter, 1973). The curves of the tested 

models F1, F2 and F3, prepared with 1% Cabopol®940 in the elastic modulus 

overlapped almost fully, meaning that the difference in the concentration of liquid 

paraffin did not affect substantially the elastic properties of the particular emulgels. 

The models prepared with 0.5% Carbopol®940 exhibited a slight increase of Gʹ in the 

following order: F14 (6% liquid paraffin) < F15 (7.5% liquid paraffin) < F13 (5% liquid 

paraffin), what meant that the smallest liquid paraffin concentration produced the 

most elastic emulgel. In the end of the test the elastic modulus of F13 coincided with 

the elastic modulus of emulgels prepared with 1% Carbopol®940. On the other hand 

the viscous modulus Gʺ increased with increasing the frequency. The particular 

experimental conditions did not enable the determination of the cross-point between 

the storage modulus Gʹ and loss modulus Gʺ. 
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Fig. 7. Change of the elastic Gʹ(solid symbols) and viscous Gʺ(blank symbols)                                      

a) as a function of the change in frequency, b) as a function of change in deformation 

 

1.6.1.2. Viscoelastic properties as a function of change in deformation 

 The tests for determination of viscoelastic properties as a function of 

deformation provided information for the behavior of the system flux and especially 

about its elastic properties (preserved elasticity), deformation range of the so called 

linear viscoelasticity and the cross point between the elastic and viscous modulus. 

 The results of the determination of Gʹ and Gʺ as a function of deformation, γА, 

were presented in Fig. 7b. At low values of the deformation, γА, in the so called 

“plateau region” (linear viscoelasticity) the two moduli did not change substantially 

with increasing the deformation, γА. The tested emulgels were characterized with 

much higher elasticity modulus compared to the viscosity modulus at low deformation 

values, thus showing the full elasticity of the system. In this regime the gel network 

could be regarded as a close packed dispersion of a solid sphere (Prasanna et al., 

2015). At higher deformations the elastic structure was destroyed and the elasticity 

modulus decreased with the increase of deformation while the viscosity modulus was 

increased and passed through its maximum before the crossing of the two moduli. 

The generated modulus curves were comparable to the results from testing complex 

systems such as emulsions and xanthan gums and with the results from former tests 

of carbopol gels (Mason et al., 1996; Hyun et al., 2002; Piau 2007). The decrease of 

elasticity at high amplitude of deformation was associated with the arrangement of 

the system layers following the flux direction which caused better spreading of the 

emulgels at dermal application. 

1.6.1.3. Rheological tests as a function of shear rate 

The rheological behavior of the tested emulgels was determined by rheological tests 

at varying shear rate at a temperature of 32°С. The derived dependences of viscosity 

as a function of shear rate were presented in Fig. 8. 
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Fig. 8. Change of viscosity of emulgels F1, F2, F3 (с 1% Carbopol®940) and emulgels 

F13, F14, F15 (with 0.5% Carbopol®940) as a function of shear rate 

 

It is obvious that the viscosity of the tested models decreased with the increase 

of the shear rate, i.e. they were characterized with non-Newtonian pseudoplastic flux 

(“shear thinning“ behavior). Models prepared with 1% Carbopol®940 had greater 

viscosity than those prepared with 0.5% Carbopol®940. It can be seen that the 

varying concentration of the oil phase did not affect viscosity substantially. At low 

shear rates there was high viscosity that would enable the preservation of the 

semisolid dosage form on the skin and its further spreading on the treated area. The 

“thinning behavior” at shearing is a desired property of semisolid forms for local 

application as it can provide for the better spreading of the dosage form on the skin 

(Shadab and Shamsi, 2020). Besides that, it is substantially important for the 

reduction of the emulgel amount, necessary to cover a maximal area of the skin. A 

number of researchers have established “shear thinning“ behavior of emulgels with 

different composition (Sabri et al., 2009; Khalil et al., 2011; Berdey and Voyt, 2016). 

1.6.1.4. Rheological tests as a function of temperature 

 In order to assess the long-term stability of emulgels, the literature methods 

are generally based on accelerated procedures for reduction of the time for the 

conduction of the tests. The most frequently used aging tests are those conducted at 

high temperature, usually 40°C (Bajaj et al., 2012). During recent years the rheology-

based methods were put forward as a potential alternative to the traditional 

procedures and the tests with elevating temperature can be considered as effective 

methods for imitation of the accelerated destabilization of the semisolid forms (Lupi et 

al., 2015). 
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A test with continuous temperature rise from 10°C to 40°C, step 5°C/min at 

fixed shear rate, γ, 1 s-1 was conducted to determine the rheological characteristics 

and assessment of the long-term stability of the tested emulgels. The generated 

results for the viscosity of the tested models as a function of temperature were 

presented on Fig. 9. 
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Fig. 9. Change of viscosity of emulgels F1, F2, F3 (with 1% Carbopol®940) and emulgels 

F13, F14, F15 (with 0.5% Carbopol®940) as a function of temperature 

 

Models F1, F2, F3 (with 1% Carbopol®940) showed insignificant change of 

viscosity with temperature rise, while models F13, F14, F15 (with 0.5% 

Carbopol®940), exhibited slight viscosity decrease. The amount of the oil phase did 

not affect the viscosity at temperature rise. Those results showed that the emulgels 

had substantial temperature stability. The stability at high temperature could be 

explained with the increased heat mobility of the polymer chain fibers suppressed by 

the crossed bonds in the polymer structure (Islam et al., 2004). 

1.6.2. Rheological tests recording the impact of the oil phase type and the 

concentration of the gelling agent (Carbopol®940) 

Those tests were made with models F1, F4, F5 and F6, containing respectively 

5% liquid paraffin, 5% cetyl alcohol, 5% isopropyl myristate and  5% almond oil as oil 

phase and 1% Carbopol®940 as gelling agent. The other tested group of models - 

F13, F16, F17 and F18, contained respectively 5% liquid paraffin, 5% cetyl alcohol, 

5% isopropyl myristate and 5% almond oil as oil phase and 0.5% Carbopol®940 as 

gelling agent. The viscoelastic properties of the selected emulgels were determined 

by oscillation measurements based on change in frequency and in deformation. 
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1.6.2.1. Viscoelastic properties as a function of frequency 

The viscoelastic properties of the tested emulgels were determined by 

oscillation measurements and the generated results are presented on Fig. 10. 
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Fig. 10. Change of the elastic Gʹ (solid symbols) and viscous Gʺ (blank symbols) modulus as 

a function of frequency change –  

a) models with с 1% Carbopol® 940; b) models with 0.5% Carbopol® 940 

 

 

The elastic moduli Gʹ of all tested models were higher than the viscous moduli 

Gʺ, what shows that the systems are elastic. Both concentrations of the gelling agent 

(Fig. 10a and 10b), the elastic moduli of the compositions prepared with oil phase 

cetyl alcohol were higher than those containing isopropyl myristate and almond oil as 

oil phase. The higher values of the elastic moduli of models with cetyl alcohol showed 

that the samples are more elastic. This was due to the formation of arranged 

structures, microscopically observed (polarized light). Besides that at concentration of 

0.5% of the gelling agent the difference between the elastic and viscous moduli 

decreased. Fig. 10b showed the same effect of slight increasing of the elastic 

modulus of the model with 5% liquid paraffin as in the testing of the impact of various 

concentrations of liquid paraffin in point т.1.6.1.1., Fig. 7a. This result confirmed the 

selection of 5% oil phase as optimal in the other models. The elastic modulus of 

emulgels prepared with liquid paraffin and almond oil were almost the same which 

meant that they showed similar elasticity. This was probably associated with the 

aggregate state of the oil phases at room temperature. They were fluids with close 

density, respectively 0.88 g/cm3 for liquid paraffin, 0.85 g/cm3 for isopropyl myristate 

and 0.91g/cm3 for almond oil. Cetyl alcohol had a similar density of 0.81 g/cm3 but its 

melting point was higher – 49.3°C. The results recorded by us corresponded with the 

studies of emulgels with cetyl alcohol (Khalil et al., 2011). 
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1.6.2.2. Viscoelastic properties as a function of change in deformation 

The viscoelastic properties of the tested emulgels were determined as a 

function of the deformation, γА, and the generated results were presented on Fig. 11.  
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Fig. 11. Change of the elastic Gʹ (solid symbols) and viscous Gʺ (blank symbols) modulus as 

a function of changes in deformation –  

a) models with с 1% Carbopol® 940; b) models with 0.5% Carbopol® 940 

 

At equal low values of the deformation, γА, no significant change in the elastic 

and viscous modulus with increasing of the deformation γА was observed in the so 

called “plateau-region”. At higher deformations the elasticity modulus was reduced 

while the viscosity modulus increased and passed through its maximum before the 

crossing of the two moduli. The tested systems were characterized with much higher 

elasticity modulus compared to the viscosity modulus at low deformation values. 

Here again the modulus of the sample with 5% cetyl alcohol (Fig. 11a) showed higher 

values than the modulus of the other tested models, confirming that this model was 

more elastic. This higher elasticity could be due to the microscopically observed 

arranged structures (polarized light). The elastic and viscous modulus of the model 

with 0.5%Carbopol®940 and 5% cetyl alcohol (Fig. 11b) exhibited a different type of 

curve which was most probably due to insufficient homogeneity of the sample. 

Nevertheless the moduli had again higher values due to the arranged structures. For 

both concentrations of the gelling agent the moduli of the other tested models 

overlapped, i.e. they have similar viscoelastic properties. 

The elasticity moduli of the models prepared with 1% Carbopol®940 were higher 

than the elasticity moduli of the models with 0.5% gelling agent. The increase of the 

concentration of the gelling agent caused greater elasticity of the tested models. This 

was possible because the greater amount of polymer enabled the interaction and 

interweaving of the polymer chains resulting in the formation of a strong polymer 

network. The obtained results confirmed the conclusions of other authors who have 

researched the viscoelastic properties of carbopol gels with various concentrations 

(Asasutjarit et al., 2005). 
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1.6.2.3. Rheological tests as a function of the shear rate 

Rheological tests at varying shear rate at a temperature of 32°С were 

conducted to test the rheological behavior of the studied emulgels. The derived 

relationships of viscosity as a function of shear rate were shown on Fig. 12. 
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Fig. 12. Change of viscosity as a function of shear rate – 

a) emulgels F1, F4, F5, F6 (with 1% Carbopol®940); 

b) emulgels F13, F16, F17, F18 (with 0.5% Carbopol®940) 

 

 

The models formulated with 1% Carbopol®940 had higher viscosity than the 

models prepared with 0.5% Carbopol®940. In the group of 0.5% gelling agent the 

highest viscosity was observed in the model with 5% cetyl alcohol characterized with 

non-Newtonian pseudoplastic flux (“shear thinning“ behavior). This behavior of 

“thinning” at shearing (or low viscosity at high shearing) was an desirable 

characteristic of the semisolid dermal forms for easy applying and spreading on the 

skin. On the other hand the low viscosity at high shearing was important for the 

formation of a homogeneous thin layer of the dermal form that would easily penetrate 

into the skin and improve the absorption of active substances (Yao and Patel, 2001). 

1.6.2.4. Rheological tests as a function of temperature  

A test with continuous rising of the temperature from 10°C to 40°C with step of 

5°C/min at fixed shearing rate, γ, 1 s-1 was conducted for determination of the 

rheological characteristics and for assessment of the long-term stability of the tested 

emulgels. The generated results for the viscosity of the tested models as function of 

the temperature were shown on Fig. 13. 
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Fig. 13. Change of viscosity as a function of temperature – a) emulgels F1, F4, F5, F6 

(with 1% Carbopol®940); b) emulgels F13, F16, F17, F18 (with 0.5% Carbopol®940) 

 

Emulgels with oil phases liquid paraffin, isopropyl myristate and almond oil and 

1% Carbopol®940 (Fig. 13a) showed insignificant viscosity reduction with 

temperature rise. The model with cetyl alcohol and 1%Carbopol®940 showed greater 

stability with temperature change that again was possibly associated with the higher 

melting point of cetyl alcohol – 49.3°С. In the experimental conditions the 

temperature was risen to 40°С without reaching the melting point of cetyl alcohol that 

could explain the lack of significant change in the viscosity. The group of models with 

0.5% Carbopol®940 (Fig. 13b) exhibited smooth decrease of viscosity down to 

particular limits with temperature rising. No significant difference in the layout of the 

curves of the particular models was found. Emulgels with 1% Carbopol®940 showed 

better stability at temperature rising compared to those with 0.5% Carbopol®940. This 

result is possibly associated with the fact that the higher concentration of gelling 

agent forms a denser polymer network which has more crossed bonds between the 

polymer chains in the polymer structure. This increased number of crossed bonds 

respectively reduces the thermal mobility of the individual polymer chains thus 

causing insignificant changes of viscosity and increased stability. 

The results of the conducted rheological tests showed that the emulgels were 

elastic systems with models with 5% liquid paraffin/0.5% Carbopol®940 and 5% cetyl 

alcohol/1% Carbopol®940 being the most elastic. The viscosity of all tested models 

decreased with the increase of the shearing rate, i.e. they were characterized with 

non-Newtonian pseudoplastic flux (“shear thinning“ behavior). This is a desired 

characteristic for semi stiff dermal forms for easy application and spreading on the 

skin. The emulgels had significant stability at temperature up to 40°С, with models 

with 1% Carbopol®940 being more stable. 

1.7.    Determination of the spreadability of emulgels 

The spreadability is an important characteristic related to the application and 

biopharmaceutical characteristics. The results from the measurement conducted by 

Method 1, described in point 2.10 of the Chapter “Material and Methods” were 
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presented in Table 3. The type of the gel was determined based on the diameter of 

the obtained circle after jamming the sample between two glass plates as follows:> 

2.4 cm, fluid gel; from 1.9 to 2.4 cm, semi fluid gel; from 1.9 to 1.6 cm, semi stiff gel; 

from 1.6 to 1.4 - stiff gel; и <1.4 cm, very stiff gel. 

Based on this classification the compositions prepared with 1% Carbopol®940 

(F1 to F4), were identified as semi stiff gels while F5 and F6 were semi fluid gels. 

This was possibly due to the used oil phase – isopropyl myristate, respectively 

almond oil. The decreased concentration of the gelling agent causes reduced 

viscosity and improved spreading observed at the assessment of compositions F7 to 

F12 as semi fluid gels (with the exception of F10 identified as semi stiff gel prepared 

with cetyl alcohol). The compositions prepared with lower concentration of 

Carbopol®940, F13 to F18, were characterized as liquid gels (with the exception of 

F16, formulated with cetyl alcohol and identified as semi fluid gel).  

The statistical processing of the data by the Tukey-Kramer multiple 

comparisons test showed that there was a significant difference between the 

spreadability was observed between the groups F1-F6 and F7-F12 (P<0.05) and 

between F1-F6 and F13-F18 (Р<0.001). Statistically significant difference was also 

established in the spreadability between the groups F7-F12 and F13-F18 (P<0.001). 

The test results showed that the spreadability of emulgels was improved at 

reduced Carbopol®940 concentration. This conclusion corresponded fully to the 

results produced by Goyani et al., (2018) in a test on spreadability of an emulgel 

designed for acne treatment. 

 

Table 3. Values of emulgels spreadability of (cm) 

Composition Spreading 
(cm) 

Composition Spreading 
(cm) 

Composition Spreading 
(cm) 

F1 1.60±0.10 F7 2.07±0.06 F13 2.40±0.10 

F2 1.63±0.06 F8 2.13±0.06 F14 2.47±0.15 

F3 1.87±0.06 F9 2.20±0.06 F15 2.55±0.06 

F4 1.77±0.15 F10 1.85±0.06 F16 1.93±0.06 

F5 2.07±0.06 F11 2.30±0.06 F17 2.67±0.06 

F6 1.93±0.06 F12 2.35±0.10 F18 2.63±0.06 
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1.8. In vitro release of ketoprofen from the emulgels 

In vitro testing of ketoprofen release from the formulated model compositions 

was made in Dissolution Apparatus 1 (Eur.Ph. 01/2010:20903) following the 

described methods in point 3 of the “Materials and Methods” chapter. After 

preliminary tests the optimal time period for the conduction of this test was 

established. The data for the amount of released ketoprofen up to 150 minutes were 

presented in Table 4. 

 

Table 4. Released ketoprofen amount (%) after 150 minutes 

Composition Amount of 
released 
KP (%) 

Composition Amount of 
released 
KP (%) 

Composition Amount of 
released  
KP (%) 

F1 88.48±0.82 F7 95.92±4.68 F13 98.46±3.07 

F2 95.19±0.58 F8 96.80±1.90 F14 98.02±2.26 

F3 96.14±0.27 F9 98.92±0.53 F15 99.03±0.56 

F4 90.14±2.14 F10 96.16±1.19 F16 96.94±0.27 

F5 91.01±0.26 F11 92.40±1.48 F17 98.54±0.78 

F6 95.31±0.64 F12 95.54±0.97 F18 99.11±0.69 

 

The release profiles of ketoprofen from the emulgels were shown in Table. 14. 

The amount of MS released after 150 minutes was substantial, varying between 

88.48 ± 0.82% and 99.11 ± 0.69%. The reduction of the viscosity caused increased 

amount of released ketoprofen. The smaller concentration of Carbopol®940 caused 

the formation of a polymer network with smaller density which could explain the 

greater amount of released MS. Our results supported previous conclusions of Raut 

et al. (2012) derived at comparative tests of hydrogels and emulgels prepared with 

various concentrations of Carbopol®940. Similar results have been reported by 

Daood et al. (2019) at testing the effect of various concentrations of Carbopol®940 on 

the release of metronidazole from emulgels. The data presented in Table 4 showed 

that independently of the type of oil phase the emulgels released about and over 

90% ketoprofen in the end of the test, i.e. the type of the oil phase did not affect 

significantly the release profile of ketoprofen. The greatest amount of released KP – 

99.11% was observed in composition F18, formulated with almond oil and 0.5% 

Carbopol®940. 
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Fig. 14. In vitro release profiles of ketoprofen: a) F1-F6; b) F7-F12; c) F13-F18 
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The release kinetics of ketoprofen was determined by fitting the data from the 

dissolution profiles to the kinetic models for zero order, first order and the kinetic 

model of Higuchi. The model for zero order characterized drug carriers that did not 

disaggregate and the drug was released slowly, not depending on their initial 

concentration. The first order model could describe the initial stage of dissolution of 

weakly water soluble drugs incorporated in water soluble matrix. Higuchi’s equation is 

based on several conditions: the initial concentration of drug in the carrier is greater 

than its solubility, drug particles are smaller than the carrier particles, the swelling of 

the system and its dissolution is insignificant, sink conditions have been reached. 

Theoretically the kinetic models for first order and Higuchi’s model would be 

appropriate to determine the kinetics of release of ketoprofen from the tested 

emulgels. The correlation with the kinetic models was estimated with the help of the 

correlation ratio (R2). The values of the correlation ratio (R2) of the experimental 

models are presented in Table 5. 

Table 5. Correlation ratio (R2) for various kinetic models  

Compositions Zero order (R2) First order (R2) Higuchi (R2) 

F1 0.5531 0.7966 0.7456 

F2 0.5922 0.9204 0.8235 

F3 0.5339 0.8828 0.7746 

F4 0.6546 0.8725 0.8537 

F5 0.6891 0.9614 0.8927 

F6 0.6005 0.8689 0.8334 

F7 0.5977 0.8786 0.8310 

F8 0.5420 0.8870 0.7820 

F9 0.5418 0.8828 0.7799 

F10 0.6742 0.9716 0.8870 

F11 0.5776 0.8996 0.8033 

F12 0.5399 0.9345 0.7832 

F13 0.5770 0.9474 0.8151 

F14 0.4990 0.8851 0.7418 

F15 0.5269 0.9533 0.7628 

F16 0.6259 0.9371 0.8512 

F17 0.5559 0.9485 0.7966 

F18 0.5191 0.9332 0.7639 

 

The data from the in vitro release of ketoprofen according to the correlation ratio 

R2 revealed kinetics of first order for all tested models which result confirmed our 

hypothesis. Kinetics of release of first order has been established also by Gallagher 

et al. (2003) in an assay on hydrophilic gels. 
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Based on the data from in vitro ketoprofen release from the emulgels, the 

greatest amount of released MS 99.11% ±0.69 was established for composition F18, 

prepared with almond oil and 0.5% Carbopol®940. This composition was identified as 

the most perspective experimental model and it was involved in the stability tests of 

the dosage form. 

1.9. Stability test of model F18 

The stability of the selected model was evaluated in accordance with the 

guidelines of the International Council for Harmonization (ICH) (Bajaj et al., 2012). 

The prepared emulgel was packed in firmly sealed plastic container and was stored 

at 30 ± 2°С / 65 ± 5% RH for six months. No changes of the color, consistency and 

homogeneity of the selected composition were observed during the entire storage 

period. The content of ketoprofen before and after storage as well as pH value was 

shown in Table 6. The insignificant changes of pH value and ketoprofen content as 

well as the lack of any changes of the physical appearance identified the tested 

model as stable. 

 

Table 6. KP content and pH value of model composition F18 at the stability test 

Ketoprofen content pH value 

Before storage After storage Before storage After storage 

99.69 ± 0.10% 98.96 ± 0.18% 5.73 ± 0.02 5.65 ± 0.01 

 

Based on the produced results when characterizing the model compositions we 

can conclude that the developed emulgels with ketoprofen are appropriate for dermal 

application. The increasing of Carbopol®940 concentration causes increased 

viscosity and all emulgels exhibit a pseudoplastic flux type. The results from the 

rheological tests identified the model compositions as elastic systems with „shear 

thinning“ behavior which is a desired characteristic of semisolid dermal forms for 

easy applying and spreading on the skin. The spreadability of the semisolid dosage 

forms is improved by reducing the concentration of Carbopol®940. Based on the 

analysis of in vitro release of ketoprofen, F18 is the selected composition with 

maximal release of KP of 99.11 ± 0.69% up to 150 minutes and it can be supposed 

that a prolonged therapeutic effect with a reduced number of applications will be 

ensured. After a storage period of 6 months the composition F18 remained stable.  

Based on the results of the technological and biopharmaceutical 

characterization of the model compositions, an oil phase – almond oil was chosen for 

the formulation of semisolid bi-phase systems – bigels. 
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2. FORMULATION AND CHARACTERIZATION OF BIGELS WITH KETOPROFEN 

Bigels are bi-phase systems produced by mixing oleogel and hydrogel. Both 

phases were prepared separately by the method described in p. 1.2. of the “Materials 

and Methods” chapter. The compositions of the hydrogel and oleogel were presented 

in Table 7. Using literature data three bi-phase compositions were selected and 

produced with different ratios of carbopol hydrogel /almond oil oleogel – BG20, BG30 

and BG40, prepared in ratios respectively 80/20, 70/30 and 60/40. The bi-phase 

compositions were presented in Table 8. 

 

Table 7. Compositions of hydrogel and oleogel for 100 g (w/w) 

Hydrophilic phase – hydrogel Lipophilic phase – oleogel 

Carbopol
®
 940                                1.0 Almond oil                                     85.0 

Propylene glycol                           5.0 Span
®
 60                                        15.0 

Ethanol 10.0   

Purified water ad     100.0   

 

 

Table 8. Bigel models (ratio for 100 g) 

Model Hydrogel Oleogel 

BG20 80 20 

BG30 70 30 

BG40 60 40 
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The gel formation was initially confirmed by the test of the upturned tube (Singh 

et al., 2014b) (Fig. 15). Model BG40 had a different structure and consistency than 

those of BG20 and BG30 possibly because of the greater amount of oleogel of the 

almond oil and the technological conditions (temperature, stirring rate, stirring time 

etc.), implemented at its preparation. All model bigel compositions were white with 

creamy appearance and pleasant odor of almond oil. BG20 and BG30 are not greasy 

at contact unlike BG40 where oily droplets could be felt although there is no phase 

separation. 

 

 

 

 

 

 

 

 

 

Fig. 15. Model bigel compositions produced after mixing carbopol hydrogel and almond oil 

oleogel (without storing) 

 

2.1. Optic microscopy for investigation of bigels microstructure 

The interposition of phases in the bi-phase system was studied by an optical 

microscope. Figure 16 shows optic micrographs of the three bigel systems. In models 

BG20 and BG30 (Fig. 16a, Fig. 16b) the oleogel of almond oil was dispersed as small 

gel droplets with regular or oval form in the carbopol hydrogel. The oval form was due 

to the spreading of the semisolid form on the slide before the microscopic analysis. 

This microstructure proved the formation of a bigel system. Both examined models 

showed particles with size greater than 5 μm. Model BG40 (Fig. 16c) exhibited an 

unhomogeneous structure because of the presence of large amounts of poorly 

dispersed oleogel of almond oil which was not homogeneously mixed with the 

carbopol hydrogel. Besides that, fusion of the individual oleogel particles was 

observed, suggesting the appearance of physical instability (phase separation) at 

prolonged storage. 
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a)   b)  

 

c)  

 

Fig. 16. Optic microscopy of bigels at 40x: 

a) BG20; b) BG30; c) BG40 (Leica DMC2900) 

 

 

 

Fig. 17. Model bigel compositions after 6-month storage at 30 ± 2°С  

and humidity 65 ± 5% 
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2.2. Examination of the physical stability of the bigels 

Fig. 15 shows the model bigels immediately before their preparation and Fig. 17 

shows the model compositions bigels after 6-month storage at 30 ± 2°С / 65 ± 5% 

humidity. No changes in the physical stability of BG20 and BG30 were observed 

unlike in BG40. The initial changes related to the phase separation of BG40 were 

established in the beginning of the experiment after one-month storage, after that 

syneresis occurred. 

Optic microscopy was implemented in order to study the changes in the 

structure of the bigels during storage. Fig 18a presents the optic micrographs of 

BG20, BG30 and BG40 at the end of the intermediate stability test. BG20 and BG30 

were characterized with homogeneous distribution without fusion zones of the 

lipophilic and hydrophilic phase of the bigels. This microstructure was determinative 

for the physical stability of both bigels (BG20 and BG30). Figure 18a shows the 

microstructure of BG40, characterized with fragmented, unhomogeneous structure 

and large, clearly outlined vacuoles indicative for syneresis. Because of the exhibited 

physical instability of BG40 the further tests were made only with BG20 and BG30. 

 

a)  b)  

 

c)  

 

Fig. 18. Micrographs of bigels at 40x after 6-month storage at 30 ± 2°С and 65 ± 5% 

humidity: a) BG20; b) BG30; c) BG40 (Leica DMC2900) 
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The composition BG40 containing 40% (w/w) oleogel with almond oil is an 

unstable system and the first sighs of physical instability were observed yet after the 

first month of storage. Syneresis was established in the oleogel of almond oil as part 

of the bigel composition. The exhibited syneresis in BG40 could be explained with 

the unbalanced interphase tension between almond oil, sorbitan monostearate and 

gravitation force (Rogers et al., 2008). Unlike the results of our study Singh et al. 

(2014c) have established that bigels with a higher percentage of oleogel amounts in 

the bigel composition remained stable under high temperatures and maintained a 

well organized structure. According to the authors the long alkyl-hydrocarbon chains 

of sorbitan monostearate could be a stabilizing factor in bigel compositions. The 

molecules of the gelling agent tended to self-associate through the formation of 

active centers when the melt of a gelling agent-solvent was oversaturated (e.g. the 

temperature was below the melting point of the gelling agent, 53°С for sorbitan 

monostearate). The growth of associates was mainly linear causing the formation of 

fibers and the oversaturation velocity is the main impacting factor. According to 

Rogers et al. (2008) the stable state of oleogels depended on hydrogen bonds, van 

der Waals forces and the mechanism of fibers growth affected by the fluid phase of 

the gel. The presence of almond oil used in this study could explain the difference in 

the physical stability of BG40 and bigels formulated by Singh et al. (2014с), together 

with some technological varieties in the preparation and storage of bigels. Further 

studies are necessary to examine the causes for physical instability of BG40. 

2.3. Determination of droplets size and their distribution 

The tasks of this study were fulfilled using a device Nanotrac Wave (Microtrac, 

Inc.,USA) with software automatically presenting information about multimodal 

distributions. The analysis of the droplets size showed that in BG20 90% of the 

droplets were larger than 0.257 ± 0.06 μm and only 5% were larger than 3.29 ± 

0.5μm. Similar results were observed for BG30 as well where the droplets size varied 

from 0.244 ± 0.04μm to 6.06 ± 0.62 μm.  

The analysis of the distribution by droplets size showed broad bimodal 

distribution for both bigel models, shown on Fig. 19. 

 

 

 

 

 

 

 

Fig. 19. Distribution of the bigels droplets size: a) BG20 and b) BG30 
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Table 9 shows the summary results of the study for mean drop diameter, 

volume (%) (calculated contribution in percents of each peak vs. the total distribution 

volume), and width (measure for the width of the particular peak) of the peaks. The 

data showed that the mean diameter of the droplets of both compositions was similar. 

The established mean diameter of the droplets of both model bigel compositions 

corresponded with the results of the optic microscopic analysis. Independently of the 

polydispersity of BG20 and BG30 they showed good physical stability. This was 

possibly due to the fact that the size of the droplets was small, varying between                  

0.2 μm and 6 μm.  

 

Table 9. Peaks of bi-modal distribution of BG20 and BG30 droplets by size (n = 3) 

 

Composition Peak 
Mean diameter 

(μm) 
Volume 

(%) 
Width 

BG20 
 

Peak 1 2.35±0.44 64.2±7.3 1.15±0.50 

Peak 2 0.33±0.05 35.8±7.3 0.30±0.06 

BG30 
 

Peak 1 2.59±0.21 53.4±5.5 1.76±0.34 

Peak 2 0.34±0.04 46.6±5.5 0.29±0.07 

 

2.4. Determination of pH and KP amount in the bigels 

The values of pH of the bigel models were measured following the method 

described in p. 2.2 of the “Materials and Methods” chapter. The results were shown in 

Table 10. The established values were in the range of physiological pH of healthy 

skin. According to Worth and Cronin (2001) the pH value was important for the 

physiological tolerance and absence of possible skin irritation at local application. 

The results from the quantitative determination of ketoprofen in the bigels 

showed full inclusion of the MS in the bigel base (Table 10). 

 
Table 10. pH values and KP amount in the bigels 

Model Amount КР pH 

BG20 98.12 ± 1.06% 5.66 ± 0.03 

BG30 98.33 ± 0.99% 6.33 ± 0.02 

 

2.5. Viscosimetric tests of bigels 

Fig. 20 presents the graphic relationship between viscosity as a function of the 

shear rate. The conducted viscosimetric test identified smaller viscosity of BG20 

compared to BG 30 for all shear rates. 



38 
 

0

100

200

300

400

500

600

700

1 2 3 4 5 6 10

V
is

c
o

s
it

y
, 
P

a
.s

 

rpm 

BG20

BG30

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 20. Relationship of viscosity as a function of shear rate of BG20 1nd BG30 

 

The increasing of the shear rate caused decreasing of the difference between 

the two bigels. For example, the viscosities were respectively 524.7 ± 66 Pa.s and 

613.5 ± 52 Pa.s for BG20 and BG30 at 1 rpm; 122.7 ± 17 Pa.s and 150.7 ± 12 Pa s 

for BG20 and BG30 at 5 rpm; and 67.1 ± 9 Pa s and 84.1 ± 5 Pa s for BG20 and 

BG30 respectively at 10 rpm. The viscosity data at various shear rates were shown in 

Table 11. The greater viscosity of BG30 compared to BG20 could be explained with 

the greater content of sorbitan monostearate in BG30. Those results confirmed the 

findings of Ibrachim et al. (2013) in their study of oleogels, hydrogels and bigels as 

transdermal drug delivery systems of diltiazem hydrochloride. 

Both bigel models showed pseudoplastic flux type when the shear rate was 

associated with viscosity decrease. 

The statistical processing of the results showed that the difference between the 

viscosity of the two bigels was not statistically significant (р>0.05).  

 

Table 11. Viscosity (Pa.s) of BG20 and BG30 at various shear rates 

Shear rate 
(rpm) 

Viscosity (Pa.s) 
BG20 

Viscosity (Pa.s) 
BG30 

1 524.7 ± 66 613.5 ± 52 

2 279.9 ± 35 336.4 ± 31 

3 194.9 ± 25 235.5 ± 20 

4 150.0 ± 20 182.8 ± 15 

5 122.7 ± 17 150.7 ± 12 

6 104.6 ± 14 129.4 ± 9 

10  67.1 ± 9   84.1 ± 5 
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2.6. Rheological tests 

The rheological characteristics of dermal bigels are critically important  for their 

spreadability on the skin, process of release of the included drug and patients’ 

compliance at the application of those dosage forms. The viscoelastic behavior and 

rheological characteristics were determined by tests of the carbopol hydrogel, oleogel 

with almond oil and the bigels produced by mixing them. 

2.6.1. Viscoelastic properties as a function of frequency 

The viscoelastic properties of the tested models were determined by oscillation 

measurements based on frequency changes. The obtained results were presented in 

Fig. 21. It is obvious that the hydrogel and the two bigels have much greater elasticity 

module Gʹ compared to the viscosity module Gʺ over the entire frequency range. The 

information about the storage and loss modules showed that there was no crossing 

of the two modules, typical for elastic networks. This meant that the mixture of 

oleogel and hydrogel had a structure of a strong gel (Yan and Pochan, 2010). On the 

other hand the modules of oleogel were much lower than the modules of all other 

tested models. This result showed that individually the oleogel was less elastic than 

the hydrogel and bigels. Besides that the viscoelastic properties depended on the 

variation in oscillation rates because the crossing between the elastic and viscous 

module occurred at higher frequencies. After the cross-point the elastic module 

decreased while the viscous one increased. 

The combination of oleogel and hydrogel caused increasing of the elasticity of 

the system in the order hydrogel<BG20<BG30, with BG30, combination of 70% 

hydrogel and 30% oleogel being the most elastic. 
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Fig. 21. Changes of the elastic Gʹ and viscous modules, solid symbols - Gʹ;  
blank symbols - Gʺ, as a function of velocity 

 



40 
 

 The viscoelastic behavior of all systems was controlled mainly by the polymer 

Carbopol®940 and the combination with oleogel caused increasing of the modules 

and affects the rheology of the system as a whole. The increased amount of oleogel 

in the ratio hydrogel/oleogel caused greater elasticity of the system. The obtained 

results supported the tests conducted by other researchers according to whom the 

greater amount of oleogel in the bigels composition increased the system elasticity 

(Lupi et al., 2016). 

2.6.2. Viscoelastic properties as a function of deformation  

 The viscoelastic properties of the tested emulgels were determined as a 

function of the deformation, γА, and the generated results were presented on Fig. 22. 
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Fig. 22. Change of the elastic Gʹ (solid symbols) and viscous Gʺ (blank symbols) modules as 

a function of deformation variations 

 

 At low deformation changes, γА, in the so called “plateau-region” no 

substantial changes in the elastic and viscous module were observed with increasing 

of the deformation, γА. At higher deformations the elasticity module decreased with 

deformation increasing while the viscosity module increased and passed through its 

maximum before the crossing of the two modules. The tested systems were 

characterized with much higher elasticity module compared to the module of viscosity 

at low deformation values. The elasticity module was highest for BG30, decreasing 

for BG20 and the hydrogel. Both oleogel modules were substantially lower compared 

to the other tested samples. The produced results fully correlated with the results 

from the tests of viscoelasticity properties as a function of frequency confirming that 

the increased amount of oleogel in the hydrogel/oleogel ratio led to increased system 

elasticity. Those results corresponded to the conclusions derived by Lupi et al. (2015) 

when testing bigels with olive oil. 
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2.6.3. Rheological tests as a function of shear rate 

 The rheological behavior of the tested bigels was determined at varying the 

shear rate at temperature of 32°С. The results were presented on Fig. 23. 
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Fig. 23. Changes in viscosity of oleogel, hydrogel, BG20 and BG30 as a function                                   

of the shear rate 

 

 The greatest viscosity was observed with hydrogel and the smallest one – with 

the oleogel. After mixing the two gels in various ratios the produced bigels BG20 and 

BG30 were characterized with very similar viscosity, smaller than the viscosity of the 

individual hydrogel. The inclusion of the oleogel in the hydrophilic gel caused 

decreased viscosity (Rehman et al., 2014а). It is seen that the viscosity of all tested 

models decreased with the increasing of the shear rate, i.e. they were characterized 

with non-Newtonian pseudoplastic flux („shear thinning“ behavior). This behavior of 

the bigels contributed for the easier applying and spreading on the skin surface. The 

pseudoplastic behavior could be explained with the bigel flux as at higher shear rates 

they would flow easily and in case of a lower shear rate the system would have 

greater viscosity and would recover its initial rheological properties (Rehman et al., 

2014а). Pseudoplastic flux has been observed with sesame oil /Span® 60/ 

Carbopol®940 bigels because of the rearranging of the dispersed droplets causing 

disintegration of the larger droplets into smaller ones after application of a greater 

shear rate without losing the structural integrity (Singh et al., 2014a). 

2.6.4. Rheological tests as a function of temperature 

 In order to determine the rheological behavior and for evaluation of the long-

term stability a test was conducted with continuous rising of the temperature from 

10°C to 40°C, step 5°C/min at fixed shearing velocity, γ, 1 s-1. The produced results 

for the viscosity of the tested models as a function of temperature were presented on 

Fig. 24. 
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Fig. 24. Change in viscosity of oleogel, hydrogel, BG20 and BG30 as a function of 

temperature 

Insignificant decreasing of the viscosity of the individual oleogel was observed 

within the experiment at temperature rise. Both bigel models as well as the hydrogel 

showed a constant viscosity within the temperature range 10°С – 40°С. The 

combination oleogel/hydrogel additionally stabilized the hydrophobic phase in relation 

to the temperature. It can be seen that the prepared bigels had an outstanding 

stability related to temperature changes. Based on this we can recommend the use of 

the bigels in countries with high average daily temperatures. 

The obtained results confirmed the conclusions derived by Lupi et al. (2016) 

that thermal destabilization of bigels was observed over 45°С. 

2.7. Testing the spreadability of bigels 

The spreadability is an important characteristic of semisolid dermal forms as it is 

responsible for the precise dosing and application on the therapeutic site, and 

application method (easier or more difficult application on the skin). The spreadability 

was determined by measuring the spreading diameter (ɸ) at pressing the models 

between two glass plates as described in p. 2.10. Method 2 in the “Material and 

Methods” chapter. The measured diameters of the resulting circles (ɸ) were 

respectively 38.0 ± 1.0 mm for BG20 and 37.3 ± 0.6 mm for BG30 (Table 12). 

 

Table 12.  Spreading diameter ɸ (mm) of BG20 and BG30 

Model Spreading diameter (ɸ)(mm) 

BG20 38.0 ± 1.0 mm 

BG30 37.3 ± 0.6 mm 



43 
 

In their studies on various oil-in-water creams and gels Arvouet-Grand et al. 

(1995) and later Lardy et al. (2000) introduced the terms “semi stiff” and “semi fluid” 

to assess the spreading ability of those forms. According to the two classifications 

BG20 and BG30 are semi stiff forms as the established spreading diameter (ɸ) is ≤ 

50 mm.  

The statistical processing of the data showed that the difference between the 

spreadability of the two bigels is not statistically significant (р>0.05).  

2.8. ATR-FTIR analysis 

The conducted ATR-FTIR analysis with NicoletTM iS TM 10 FT-IR spectrometer 

equipped with Smart iTRTM device (ZnSe crystal) (Thermo Scientific, Thermo Fisher 

Scientific, Inc.,USA), was used for identification of chemical or physical interactions 

between the two bigel phases: oleogel from almond oil and carbopol hydrogel, as 

well as possible interactions with ketoprofen. Fig. 25 presents the spectra of bigels 

without KP (BG20 and BG30) and those of the two gels before mixing (oleogel from 

almond oil and carbopol hydrogel). 

 

Fig. 25. ATR-FTIR spectra of the two bigels without KP BG20 and BG30 compared to 

spectra of oleogel from almond oil and carbopol hydrogel:                                                                     

a) oleogel from almond oil; b) carbopol hydrogel; c) BG20; d) BG30 
 

The oleogel from almond oil consisted of almond oil and sorbitan monostearate. 

The characteristic absorption peaks were found in the range 2850-3000 cm-1, and 

were due to the (-CH2-) group which was strongly expressed and involved in the 

spectra of sorbitan monostearate (Van Lierop et al., 1998) and almond oil (Yildirim 

and Kostem, 2014).  
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The carbopol hydrogel consisted of Carbopol®940, propylene glycol, purified 

water and triethanolamine (Table 7). This composition supposed the following 

characteristic peaks in the spectrum of carbopol hydrogel: the peak situated at 

3362.03 cm-1 was due to free (-ОН) groups; the carbonyl (=С=О) group could be 

identified between 1670 cm-1 and 1820 cm-1, but the conjugation of the groups 

redirected the absorptions to lower values (the peak at 1644.75 cm-1). The peaks 

located at 1044.88 cm-1 showed valence vibrations of ether С-О-С group. Our 

findings confirmed the conclusions reported by Silverstein et al. (2005) and Sahoo et 

al. (2011). All three peaks were clearly distinguishable in the spectra of model 

compositions BG20 and BG30. 

The obtained results suggested lack of chemical interaction between the 

oleogel with almond oil and the carbopol hydrogel as well as the presence of a 

physical mixture between the two phases. Our conclusions corresponded to results 

published by Singh et al. (2014d). 

АТR-FTIR analysis was made also to establish the compatibility of ketoprofen 

and the bigel base. Fig. 26 presents the spectra of ketoprofen, bigel base without KP 

(BG30 without КР) and a model composition (BG30). The ATR-FTIR spectrum of 

ketoprofen showed two main bands centered at 1695 cm-1 and 1654 cm-1, 

corresponding to С=0 valence vibration of the carbonyl group (Silverstein et al., 2005; 

Gálico et al., 2011; Chan et al., 2015) and a triplet was found in the range 703 cm-1. 

The two findings outlined the crystalline character of ketoprofen used in this work 

(Chan et al., 2015). The multitude of poorly expressed bands in the range 1400-1600 

cm-1 corresponded to the presence of an aromatic nucleus. 

The spectrum of a model bigel with ketoprofen contained all characteristic 

peaks of the bigel base (BG30e without KP) and some of those showing the 

presence of MS. The obvious disappearing of the characteristic absorption bands for 

ketoprofen in the BG30 spectrum could be explained with the low concentration of 

the used substance (1% w/w). 

On the background of the obtained data no signs of chemical interactions 

between ketoprofen and the bigel were recorded, i.e. the model composition bigel 

was a physical mixture. 

 

 

 

Fig. 26. ATR-FTIR spectra of ketoprofen, BG30 without KP and BG30 
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2.9. In vitro release study  

For this test we used a modified method developed by us with a rotating basket 

(Model 1, Eur. Ph.). The process of release of ketoprofen from the bigels has been 

studied in a dissolution media 300 ml phosphate buffer with рН 5.5 and temperature 

32±0.5°С. 

Fig. 27 presents the release profiles of ketoprofen within 5 hours. The released 

amount of MS at the end of the test was 82.4 ± 6.39% for BG20 and 94.7 ± 2.3% for 

BG30.  

 

 
 

Fig. 27. Release profiles of KP of BG20 and BG30 

 

Fig. 28 presents the profiles of ketoprofen release from the marketed product 

hydrogel (KP gel), model composition F18 (EG F18) and model composition bigel 

BG30. The marketed product released ~ 90% of the MS for about 30 minutes. The 

emulgel F18 formulated by us released the same amount of ketoprofen in about 1.5 

hour while bigel BG30 released KP in 5 hours. The bigel composition was 

characterized with longer release of MS compared to KP hydrogel. Although 

ketoprofen release was slowed down in BG30 compared to the hydrogel and 

emulgel, it reached levels higher than 85% by the end of the dissolution test. This 

result could be expected at recording the presence of an oil phase in the emulgel and 

bigel composition. The behavior of KP release could be explained with its distribution 

ratio. As the amount of the oil phase increased in the emulgel and bigel it acted as 

ketoprofen depot and controlled release of MS. Having in mind that the amount of oil 

phase in the emulgel was 5%, and the bigel contained 30% oleogel, the increased 

amount of oil phase caused additional retardation of the release and the obtained 

results confirmed our expectations. Usually hydrogels followed by emulgels and 

bigels were characterized with the highest rate and extent of MS release as reported 

by Ibrachim et al. (2013) in their study of organogels, hydrogels and bigels for 

transdermal supply of diltiazem hydrochloride. 
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Fig. 28 Dissolution profiles of ketoprofen from KP gel, EG F18 and BG30 

 

In order to describe the kinetics and mechanism of ketoprofen release from the 

formulated bigels, the data from the in vitro release test were fitted to various kinetic 

models as zero order, first order and Higuchi’s model (Table 13). The correlation with 

the kinetic models was evaluated with the help of correlation ratio (R2). According to 

the values of R2 it was established that the kinetics of ketoprofen release followed 

Higuchi’s model for BG20. This confirmed that the KP release from the bigel base 

was realized through diffusion. In order to determine the value of the diffusion 

exponent (n-value) we applied the model of Korsmeyer – Peppas. The value of the 

diffusion exponent "n"~0.5 showed that the mechanism controlling KP release is a 

Fick’s diffusion. Release kinetics after Higuchi for ketoprofen was also found by 

Hosny et al. (2013) at emulgel tests. Higuchi’s kinetics was established also by Singh 

et al. (2014b), when testing carbopol bigels. Our findings confirmed also the results of 

Fergany (2001), who reported that the kinetics of diclofenac sodium from hydrophilic 

gels followed Higuchi’s model and the release mechanism was diffusely controlled. 

Table 13. Correlation ratio (R2) of various kinetic models  

Composition Zero order 

(R2) 

First order 

(R2) 

Higuchi 

(R2) 

Diffusion exponent  

(n) 

BG20 0.7143 0.8677 0.9106 0.4985 

BG30 0.6742 0.9381 0.8680 0.5109 

  

According to the values of R2, the data from in vitro release showed kinetics of 

first order for BG30. The value "n", established by the model of Korsmeyer-Peppas 

was over 0.5, which determined abnormal transport (non-Fick diffusion). Release 

kinetics of first order for ketoprofen was found also by Gallagher et al. (2003) at 

testing hydrophilic gels. 

Based on the data from in vitro testing of the ketoprofen release processes from 

the bigels, BG30 was considered a more perspective model. The further tests were 

made with it. 
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3. STABILITY TEST – MODEL BG30 

The stability of the selected model was evaluated in compliance with the 

guidelines of ICH (Bajaj et al., 2012). The prepared bigel was packed is a firmly 

sealed plastic container and stored at 30 ± 2°С / 65 ± 5% RH for 6 months. No 

changes in the color, consistency and homogeneity of the selected composition were 

observed during the overall storage period. The content of ketoprofen before and 

after storage, as well as pH value was shown on Table 14. The insignificant changes 

in pH value and ketoprofen content as well as the lack of any changes in the 

appearance identified the tested model as stable. 

Table 14. Content of KP and PH value of model composition BG30 at stability test 

Ketoprofen content pH value 

Before storage After storage Before storage After storage 

98.33 ± 0.99% 97.46 ± 0.26% 6.33 ± 0.02 6.21 ± 0.01 

3.1. Photostability of ketoprofen in BG30 

Accelerated test under stress conditions was performed to determine the 

photostability of ketoprofen in model composition BG30 and the results were 

compared to those of the marketed product ketoprofen gel. The tested models were 

exposed to external light for 6 hours. The results from the photostability test were 

shown in Fig. 29. At the second and fourth hour of the test ketoprofen showed better 

photostability in the marketed product. At the end of the photostability test the model 

composition BG30 recorded about 54% non-disintegrated ketoprofen while its 

amount in the marketed product was 40%. Those results suggested that the bigel 

base where ketoprofen was incorporated could improve the photostability of MS. This 

result was of particular importance having in mind the retarded ketoprofen release 

from the bigels as seen from the dissolution profiles, i.e. its photostability was 

guaranteed during the period of the release of MS from the base.  

 

 

 

 

 

 

 

 

 

 

Fig. 29. Non-disintegrated amount of ketoprofen for 6 hours in BG30 and KP gel 
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4. IN VIVO TESTS 

The tests on laboratory animals were conducted with the bigel considered as 

most perspective – BG30. 

4.1.  Skin irritation test  

The acute skin toxicity test was conducted on 18 rats as described in the 

“Materials and Methods” chapter. During the first 48 hours after treating with the 

model form BG30 no symptoms of dermal toxicity (reddening, edema), skin irritation 

or inflammation were displayed (Fig. 30). Those results showed that the tested model 

composition BG30 could be considered safe for dermal application. Our findings 

corresponded to those of Rehman et al. (2015) who established that bigels with fish 

oil did not provoke sensitization and could decrease inflammation caused by 

imiquimod (chemotherapeutic agent). 

 

Fig. 30. Skin irritation test in rats. The area marked as “K” is not treated and the tested 

semisolid form is applied on the other area 
 

Aiming to achieve correlation and correctness of the data the further 

experiments were conducted with a bigel with 2.5% ketoprofen. The amount of MS 

was the same as that in the marketed product used for comparison. 

4.2.  Antinociceptive activity (hot plate test) 

The antinociceptive activity was determined according to the method described 

in p. 5.2. of the “Materials and Methods” chapter. Fig. 31 presents the test results. 

The statistical analysis showed normal data distribution. The results showed that at 

the 30th minute of the test the model composition had a more weakly expressed 

antinociceptive effect than the marketed product. This finding could be explained with 

the in vitro profiles of ketoprofen dissolution in BG30 and the marketed product. KP 

gel released ~ 90% of the MS for about 30 minutes while the model composition 

released ~ 50% of the MS by the 30th minute. Those results supported the hypothesis 

for prolonged release of ketoprofen from BG30 compared to the marketed product. 
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It is interesting to note that at the 30th minute of the test BG30 without KP 

showed higher latency than BG30. This result could be explained with the presence 

of almond oil in the bigel composition. Although that currently there is no convincing 

scientific evidence, it is considered that almond oil has properties that are very 

beneficial for health including anti-inflammatory, analgesic, immunostimulating and 

anti-hepatotoxic effects. Besides that, almond oil has a softening and hydrating skin 

effect and reduces the formation of scars (Ahmad, 2010). 

Based on the results from the hot-plate test for BG30 a well exhibited 

antinociceptive effect was established. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 31. Antinociceptive effect of BG30, BG30 without KP and KP gel,                                     

assessed by “hot plate” test 

4.3. Anti-inflammatory activity (carrageenan-induced edema) 

Fig. 32 shows the data from the test for anti-inflammatory activity. When 

conducting this test a trend to decrease the edema on the test animal paw after 

application of BG30 and KP gel compared to the control group was observed but the 

conventional levels of statistical significance were not reached. Well outlined anti-

inflammatory activity was observed in the first hour after BG30 application compared 

to the control group (16.2% ± 4.2% vs. 29.8% ± 2.7%; U = 11; Р<0.05, Mann-Whitney 

U-test). The paw edema of rats treated with BG30 and KP gel was quite different 

during the first hour and similar during the second and third hour. At the fourth hour of 

the test the empty BG30 did not affect the paw edema and the results are similar to 

those of the control group. The observed findings can be explained with the stable 

ketoprofen release from the model composition BG30.  

Sakeena et al. (2010) compared the anti-inflammatory and analgesic effect of 

ketoprofen in nanoemulsion with KP gel. The authors also communicated anti-

inflammatory properties of the composition at the second and fourth hour after 

application. Our study established that BG30 was more effective during the first hour 

compared to KP gel which was probably due to the anti-inflammatory activity of 

almond oil. 
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Fig. 32. Effects of BG30, BG30 without KP and KP gel                                                                         

on carrageenan-induced edema on a rat’s paw 

4.4. Antihyperalgesic effect 

Hyperalgesia is elevated sensitivity to pain that might be due to damaged 

nociceptors or peripheral nerves and can provoke hypersensitivity to stimuli that 

usually are not a cause for reaction to pain. The same animals used for testing the 

anti-inflammatory activity (carrageenan-induced edema) were subjected to tests for 

hyperalgesic effect of the model bigel. When studying the antihyperalgesic effect no 

statistically significant difference was found at the moment before the treatment with 

the analyzed models (Mann-Whitney U-test; P > 0.05). Fig. 33 presents the test 

results. Significant increase of PPT units (Paw Pressure Test units by the linear scale 

of the analgesiometer device used for the test), assessed in the BG30 group 

compared to the BG30 group without MS (15.2 ± 2.4 vs. 7.8 ± 0.6; U = 9.0; P = 

0.015, Mann-Whitney U-test) in the first hour after treatment was recorded. No 

statistically significant difference was established between the marketed product and 

BG30 group (14.1 ± 1.9 vs. 15.2 ± 2.4; U = 30.5, P = 0.878). The hyperalgesic effect 

was reduced by treatment with KP gel compared to empty BG30 (14.1 ± 1.9 vs. 7.8 ± 

0.6, U = 7.5; P = 0.007). At the second hour of the test the treatment with KP gel 

increased the rats’ reaction time compared to the empty BG30 and the control group 

(11.8 ± 2.4 vs. 5.9 ± 0.5, U = 12.0; Р = 0.038; Mann-Whitney U-test and 11.8 ± 2.4 

vs. 4.9 ± 0.7; U = 6.0; Р = 0.005, respectively). PPT units measured in the group with 

positive control (KP gel) were 10.7 ± 2.6 – a value substantially greater than that 

established in the empty BG30 group (5.9 ± 0.5, U = 7.0; P = 0.007). The same 

results were found also in the KP gel group and the control group (10.7 ± 2.6 vs. 4.9 

± 0.7; U = 6.5; Р = 0.005). 

The treatment of the laboratory animals with BG30 and KP gel caused well 

defined antihyperagesic effect at the fourth hour of the test. The recorded PPT units 

were 10.3 ± 2.0 in BG30 and 4.8 ± 0.5 in the control group (U = 7.0; P = 0.007). The 
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respective measurements in KP gel and control groups showed 10.8 ± 1.2 and 4.8 ± 

0,5 (U = 0.5; P<0.001). The positive control group showed slightly elevated latency 

compared to the BG30 group (10.8 ± 1.2 vs. 7.2 ± 0.9; U = 11.0; P = 0.028). 

Statistical difference was established between the control group and the BG30 group 

(4.8 ± 0.5 vs. 7.2 ± 0.9; U = 11.0; Р = 0.028; Mann-Whitney U-test).  

The application of BG30 caused decreasing of the mechanical hypersensitivity 

in the first hour of the experiment and BG30 and KP gel provoked well defined 

antihyperalgesic effect at the fourth hour of the test. 

 

Fig. 33. Effect of BG30, BG30 without КР and KP gel on carrageenan induced 

hyperalgesia in rats 

 

Based on the conducted tests in vivo we can conclude that the proposed model 

composition of bigel with ketoprofen BG30 has well expressed antinociceptive effect, 

shows better anti-inflammatory and antihyperalgesic activity during the first hour 

compared to the marketed product hydrogel and can be regarded as safe. 

 

SUMMARY 

 

Based on all produced experimental data we can summarize that the developed 

emulgels and bigels are an suitable platform for inclusion of ketoprofen for dermal 

application. The rheological tests showed that the proposed emulgel and bigel 

models are elastic systems with pseudoplastuc type of flow. This is a desired 

characteristic of the dermal forms associated with the option for easy spreading on 

the skin and good therapeutic effect. The inclusion of ketoprofen in emulgels and 

particularly in bigels achieved prolonged release of KP from the base thus reducing 

the number of applications as well. It was confirmed that the bigel base has 

photoprotective effect on ketoprofen. The proposed bigel BG30, based on the 

determined rheological and biopharmaceutical characteristics was identified as a 

stable, effective and safe semisolid dosage form for dermal application. 
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CONCLUSIONS 

 

1. Emulgels with various oil phases: liquid paraffin, cetyl alcohol, isopropyl 

myristate, almond oil and varied concentration of the gelling agent 

Carbopol®940 were prepared. Suitable technological parameters (25°C, 300 

rpm) for their preparation have been identified. 

2. An adequate technological regime for preparation of bigel systems (60°C, 500 

rpm) at various ratios carbopol hydrogel/oleogel with almond oil was defined. 

3. The conducted viscosimetric and rheological tests of model emulgels and bigels 

showed: 

3.1. The viscosity of the emulgels was affected by the type of oil phase and 

concentration of Carbopol®940. The decreasing of the concentration of the 

gelling agent caused decreased viscosity. 

3.2. The tested emulgel and bigel models were non-Newtonian bodies with 

pseudoplastic flux type, possessed elastic properties and preserved their 

stability at a temperature up to 40°С. 

4.     The spreadability of the emulgels was improved at decreasing the concentration 

of Carbopol®940. No significant difference in the viscosity and spreadability was 

established for both bigel models. 

5.     The studies on the kinetics of ketoprofen release showed first-order kinetics for 

emulgels and BG30 and Higuchi kinetics for BG20, as well as longer release of 

bigels compared to emulgels. 

6.    The perspective models of emulgel (with almond oil) and of bigel (BG30) are 

physically stable systems. The proposed bigel base ensured ketoprofen 

photostability. 

7.     The tests in vivo on rats with the selected bigel model showed: 

         7.1. It has a well expressed antinociceptive effect and a better anti-inflammatory 

and antihyperalgesic activity in the first hour compared to the marketed 

hydrogel product. 

         7.2. The skin irritation test showed that the selected bigel model can be 

considered safe. 
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CONTRIBUTIONS 

 

1. Emulgels and bigels have been developed and characterized as suitable 

carriers of ketoprofen for dermal application, with optimal stability and KP 

release profile. 

 

 

2. An approach has been proposed to increase the chemical stability 

(photostability) of ketoprofen by incorporating it into a bigel base. 

 

3. A stable, effective and safe biphasic system (bigel) for dermal application of 

ketoprofen with original composition has been developed. 
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