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ABSTRACT

Objective: The purpose of this study was to formulate flurbiprofen (FLB) loaded 
methylcellulose (MC), hydroxypropyl methylcellulose (HPMC) and Carbopol®940 
(C-940) based gel formulations with the help of dispersion method for topical ap-
plication. Additionally, in this study also a new ultra performance liquid chroma-
tography method was developed for the determination of FLB, which was not pre-
viously entered into the literature.
Method: FLB loaded gel formulations with the help of dispersion method for topi-
cal application and to characterize the formulations according to physical appear-
ance, pH, rheology, drug content, dissolution study and release kinetic study with 
the DDSolver software program. The UPLC method developed was validated for 
linearity, specificity, precision, sensitivity, accuracy, range and robustness.
Results: Linearity was determined to be at a concentration range of 5-50 µg.mL-1. 
The method developed for FLB was decided to be precise due to RSD values of 
<2%. Recovery of the method was satisfactory owing to <2%RSD value. The drug 
content was found to be in the range of 98.14-99.02% indicating the uniformity of 
the high drug content. At the 6th hour in dissolution study, the FLB release from 
gels prepared with MC, HPMC, C-940 reached 99.7%,99.5% and 87.60%, respec-
tively. In the release kinetic tests with DDSolver, the release of gels prepared with 
MC and HPMC showed conformity with the weibull model, whereas the gel formu-
lation prepared with C-940 showed a zero-order kinetics.
Conclusion: According to the results, all gel formulations prepared have longer 
release times than the release of pure FLB.
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INTRODUCTION 

Nonsteroidal anti-inflammatory drugs (NSAIDs) are among the most popular 
drugs in the world because of their efficacy in reducing pain and inflammatory 
reactions. NSAIDs have been documented worldwide for use in many clinical 
situations such as osteoarthritis, rheumatoid arthritis, ankylosing spondylitis, 
gout, dysmenorrhea, toothache and headache.1 The main pharmacological ef-
fect of these group of drugs is the inhibition of the pro-inflammatory enzyme 
cyclooxygenase (COX). NSAIDs are divided into two groups. The first group is 
traditional non-selective NSAIDs that specifically inhibit both COX-1 and COX-2. 
The other group is selective COX-2 inhibitors.2 Flurbiprofen (FLB) belongs to the 
first group of NSAIDs with a molecular weight of 244.3 g/mol. FLB is commer-
cially available as racemate blend of (+) S and (-) R-enantiomers. FLB is poorly 
water soluble but soluble in DMS and ethanol.3 Different high performance liquid 
chromatography (HPLC) methods have been introduced into the literature for 
the determination of FLB quantities in various biological fluids and pharmaceu-
tical dosage forms.4,5,6,7,8 However, the ultra performance liquid chromatography 
(UPLC) method is not yet available in the literature for FLB. UPLC is accepted as 
new liquid chromatography. UPLC is defined as “speed, resolution and sensitiv-
ity” by ‘Waters’ that the first manufacturer of the UPLC system.9 

Gel formulations are very important for the pharmaceutical field and provide bet-
ter application and stability when compared to creams and ointments.10 Topical 
gel medication is a localized drug delivery system anywhere on the body, via oph-
thalmic, rectal, vaginal and topical routes via the skin. The skin is one of the most 
common and easily accessible organs in the human body for topical application 
and is the main route of topical drug applications.10,11 Because of its non-toxic 
properties, cellulose derivatives are used as emulsifiers, colloidal stabilizers and 
gel agents in pharmaceutical and food industries.11 The methylcellulose (MC) and 
hydroxypropyl methylcellulose (HPMC) are used for model development and are 
thermosensitive physical hydrogels. MC is a water-soluble polymer commonly 
used as a thickener or binder in pharmaceutical, ceramic processing and food 
applications. HPMC like MC, is used as a hydrophilic carrier material in a wide 
variety of food and drug applications, especially in oral controlled drug delivery 
systems.12 Carbopol® 940 (C-940), a synthetic polymer, has recently been used 
frequently as part of drug delivery systems. Since the rheological properties are 
usually investigated by the continuous shear technique which can deform the gel 
structure, the obtained data does not represent intact gel structure.13 C-940 is a 
hydrophilic polyacrylic acid polymer and the carboxyl groups are highly ionized 
after neutralization, forming a gel due to the electrostatic compression between 
the charged polymer chains. The most important point in gels prepared with 
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C-940 is that it prevents the skin from escaping from the environment, causing 
the hydration of the stratum corneum. This leads to intracellular and intercellular 
channels and “opening” of the pathway for easier passage of drug molecules.14

In this study, a new UPLC method for FLB, which was not previously entered 
into the literature, has been developed and validated. FLB loaded MC, HPMC, 
C-940 based gels were prepared and characterized for physical appearence, pH, 
rheology, drug content, dissolution study and release kinetics study with DD-
Solver software program. The UPLC method developed in this study was used 
for drug amount and dissolution study.

METHODOLOGY

Materials

FLB was obtained from Sanovel (İstanbul/Turkey) as a gift sample. All the other 
chemicals and reagents used were of analytical grade.

Method development of FLB by UPLC

26 methods (Method 1 to 26) with varying parameters were tested for best reso-
lution, peak shape and minimum & accetable retention time at every single day 
for the condition of the device. Table 1 gives the UPLC parameters for each meth-
od and Table 2 shows the UPLC methodology applied for selected method.

Table 1. UPLC method development studies

Method Mobile phase composition Ratio Flow rate Rt 
(min)

Peak 
morphology

Method 1 Acetonitrile: Methanol 70:30 0.5 mL.dk-1 0.5 Sharp peak

Method 2 Acetonitrile: Methanol 50:50 0.5 mL.dk-1 0.6 Sharp peak

Method 3 Acetonitrile: Methanol: 
Water 10:70:30 0.5 mL.dk-1 0.5 Spread peak

Method 4 Methanol: Water: 
Acetic acid %5 65:35:2 0.5 mL.dk-1 1.2 Tailed peak

Method 5 Acetonitrile: Methanol 30:70 0.5 mL.dk-1 0.1 Spread peak

Method 6 Acetonitrile: Buffer 1 50:50 0.5 mL.dk-1 0.4 Sharp peak

Method 7 Methanol: Buffer 1 50:50 0.5 mL.dk-1 0.5 Tailed peak

Method 8 Acetonitrile: Buffer 1 30:70 0.5 mL.dk-1 0.5 Spread peak

Method 9 Acetonitrile: Methanol: 
Buffer 1 15:15:70 0.5 mL.dk-1 3.0 Spread peak

Method 10 Acetonitrile: Methanol: 
Buffer 1 15:15:70 0.3 mL.dk-1 5.0 Tailed peak

Method 11 Acetonitrile: Methanol: 
Buffer 1 30:10:60 0.5 mL.dk-1 0.7 Sharp peak
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Method 12 Acetonitrile: Methanol: 
Buffer 1 20:10:70 0.5 mL.dk-1 1.7 Tailed peak

Method 13 Acetonitrile: Buffer 1 20:80) 0.5 mL.dk-1 3.0 Spread peak

Method 14 Acetonitrile: Methanol: 
Buffer 1 20:20:60 0.5 mL.dk-1 1.0 Spread peak

Method 15 Acetonitrile: Methanol: 
Buffer 1 15:20:65 0.5 mL.dk-1 2.0 Tailed peak

Method 16 Acetonitrile: Methanol: 
Buffer 1 15:30:55 0.5 mL.dk-1 1.0 Sharp peak

Method 17 Acetonitrile: Methanol: 
Buffer 1 15:25:60 0.5 mL.dk-1 1.5 Sharp peak

Method 18 Acetonitrile: Methanol: 
Buffer 1 15:15:70 0.6 mL.dk-1 2.0 Spread peak

Method 19 Acetonitrile: Methanol: 
Buffer 1 25:15:60 0.4 mL.dk-1 1.0 Tailed peak

Method 20 Acetonitrile: Methanol: 
Buffer 2 20:20:60 0.5 mL.dk-1 3.0 Tailed peak

Method 21 Acetonitrile: Methanol: 
Buffer 2 30:20:50 0.5 mL.dk-1 0.7 Tailed peak

Method 22 Acetonitrile: Methanol: 
Buffer 2 20:30:50 0.5 mL.dk-1 0.4 Tailed peak

Method 23 Acetonitrile: Methanol: 
Buffer 2 30:10:60 0.3 mL.dk-1 1.0 Sharp peak

Method 24 Acetonitrile: Methanol: 
Buffer 1 30:20:50 0.3 mL.dk-1 1.7 Sharp peak

Method 25 Acetonitrile: Methanol: 
Buffer 1 30:20:50 0.1 mL.dk-1 0.8 Spread peak

Method 26 Acetonitrile: Methanol: 
Buffer 1 30:30:40 0.2 mL.dk-1 2.0 Sharp peak

*Rt: Retention time (minute), *Buffer 1: 30 mM disodium hydrogen phosphate buffer, 
*Buffer 2: 0.05 M Potassium dihydrogen phosphate buffer 

Table 2. Summary conditions of the UPLC method

Device Agilent Technology 1290 Infinity

Column Zorbax Eclipse Plus C18 (2.1x50 mm, 1.8 µm)

Mobile phase 30:30:40 (v/v/v) acetonitrile:methanol: 30 mM 
disodium hydrogen phosphate buffer

Oven temperature 40°C

Flow rate 0.2 mL.min-1

İnjection volume 0.5µL

Wavelength 247
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UPLC device (Agilent Technology 1290 Infinity) used was mounted with re-
versed-phase (RP) Zorbax® Eclipse Plus C18 gravity column (column length: 
50 mm, column diameter: 2.1 mm, particle diameter: 1.8 µm). 30:30:40 (v/v/v) 
acetonitrile: methanol: 30 mM disodium hydrogen phosphate buffer was used 
as the mobile phase for perfect resolution of FLB. Flow rate of the mobile phase 
was set to 0.2 mL.min-1 and 0.5µL invariable volume of specimen were injected 
by an automatic injector. Temperature of the column was set to 40°C while a 
fluorescent detector was used at 247 nm.

Method validation of FLB by UPLC

Linearity and Range

Linearity is a common study used to check the linearity of a calibration curve by ex-
amining the correlation coefficient.15 Aliquots from a standard stock solution (250 
µg•mL-1) of FLB were used to prepare different sets of dilutions. A series of dilu-
tions consisted of 10 different concentrations of FLB in the range of 5-50 µg•mL-1. 
Absorbance values were measured and calculations were made to determine FLB 
concentration.  The specified range is derived from linearity studies and depends  
on  the intended  application  of  the  procedure.16 Therefore, a standard stock 
solution (250 µg•mL-1) of FLB were used to prepare in the range of 5-250 µg•mL-1. 

Specificity

The specificity of the UPLC method was determined by complete separation of 
the FLB with the mobile phase, pH 7.4 buffer and then the effect of the excipients 
used in the gel formulation was investigated with placebo formulations to deter-
mine whether or not they have been interfered.

Precision

Precision is an extremely important criterion for all analysis that exhibits “close-
ness to agreement” between a set of measurements.17 Intermediate precision and 
repeatability values when using the device in this study was verified by repeated 
scanning and measurement of absorbances (n=6) for FLB (15 µg•mL-1, 30 µg•mL-1, 
45 µg•mL-1). Repeatability studies were performed six times on the same day by 
analyzing three different concentrations of 15 µg•mL-1, 30 µg•mL-1, 45 µg•mL-1 for 
FLB. Repeating tests on three consecutive days verified intermediate precision of 
the method. Results were expressed as RSD% of the measurements obtained.

Limit of detection and limit of quantitation (sensitivity) 

Detection and quantification limits are the two principal components of method 
validation [18]. Limit of Detection (LOD) and Limit of Quantitation (LOQ) were 
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separately determined based on the calibration curve obtained according to ICH 
Q2 (R1) recommendations (Eq. 1, Eq. 2). Standard deviation of y-intercept and 
slope of the calibration curve were used to calculate LOD and LOQ, respectively. 

LOD = 3.3 × σ/S  Equation 1

LOQ = 10 × σ/S  Equation 2

where, σ = the standard deviation of the response and S = slope of the calibra-
tion curve.

Accuracy

Accuracy was calculated as deviation of mean from nominal concentration.19 
Accuracy of the method used was determined by calculating recoveries of FLB 
by standard addition method. Standard solutions containing specific amount of 
FLB (20 µg•mL-1, 30 µg•mL-1, 40 µg•mL-1) were used and percentage of recover-
ies were calculated.

Robustness

Robustness is the measure of the analytical method’s ability to remain unaffect-
ed by small changes in method parameters. The factors chosen for this Robust-
ness study were the wavelength (nm), temperature (◦C), flow (mL.min−1), pH of 
mobile phase. The factors are shown in Table 3. 

Table 3. Experimental design of the robustness study

No Wavelength 
(nm)

Temperature 
(°°C)

Flow rate (ml.
min−1)

pH of mobile 
phase

1 247 37 0.20 7.4

2 247 37 0.18 7.8

3 245 40 0.18 7.8

4 245 40 0.20 7.4

5 247 40 0.18 7.4

6 245 37 0.20 7.8

Preparation of gel formulations

The composition of FLB topical gel formulations are shown in Table 4 and Table 
5. For water-based formulations, the amount of polymer required was weighed 
and sprinkled on the water surface at about 500 rpm for 2 hours (Solution A). 
0.5 g FLB is then dissolved in the appropriate amount of alcohol, glycerin (GLY) 
and propylene glycol (PG) (Solution B). Finally, solution B was added into solu-
tion A under magnetic stirring. These two mixtures were further stirred under 
continuous stirring for 2 hours.
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For dimethyl sulfoxide (DMSO) based formulations, the amount of polymer re-
quired was weighed and sprinkled on the DMSO surface at about 500 rpm for 2 
hours (Solution C). 0.5 g FLB is then dissolved in the appropriate amount of al-
cohol, glycerin and propylene glycol (Solution D). Finally, solution D was added 
into Solution C under stirring. These two mixtures were further stirred under 
continuous stirring for 2 hours. The gel formulations prepared were filled into 
aluminum collapsible tubes for characterization studies, folded and sealed.

Table 4. Gel formulations prepared with distilled water

Code MC 
(g)

HPMC 
(g)

C-940 
(g)

GLY 
(g)

PG 
(g)

D. water 
(g)

Alcohol  
(g)

FLB 
(g)

A-1 0.200 - - 1.000 1.000 5.300 2.000 -
A-2 0.250 - - 1.000 1.000 5.250 2.000 -
A-3 0.300 - - 1.000 1.000 5.200 2.000 -
A-4 0.400 - - 1.000 1.000 5.100 2.000 -
A-5 0.500 - - 1.000 1.000 5.000 2.000 -
A-6 0.200 - - 1.000 1.000 5.300 2.000 0.500
A-7 0.250 - - 1.000 1.000 5.250 2.000 0.500
A-8 0.300 - - 1.000 1.000 5.200 2.000 0.500
A-9 0.400 - - 1.000 1.000 5.100 2.000 0.500
A-10 0.500 - - 1.000 1.000 5.000 2.000 0.500
B-1 - 0.200 - 1.000 1.000 5.300 2.000 -
B-2 - 0.250 - 1.000 1.000 5.250 2.000 -
B-3 - 0.300 - 1.000 1.000 5.200 2.000 -
B-4 - 0.400 - 1.000 1.000 5.100 2.000 -
B-5 - 0.500 - 1.000 1.000 5.000 2.000 -
B-6 - 0.200 - 1.000 1.000 5.300 2.000 0.500
B-7 - 0.250 - 1.000 1.000 5.250 2.000 0.500
B-8 - 0.300 - 1.000 1.000 5.200 2.000 0.500
B-9 - 0.400 - 1.000 1.000 5.100 2.000 0.500
B-10 - 0.500 - 1.000 1.000 5.000 2.000 0.500
C-1 - - 0.040 1.000 1.000 5.960 2.000 -
C-2 - - 0.050 1.000 1.000 5.950 2.000 -
C-3 - - 0.100 1.000 1.000 5.900 2.000 -
C-4 - - 0.150 1.000 1.000 5.850 2.000 -
C-5 - - 0.200 1.000 1.000 5.800 2.000 -
C-6 - - 0.040 1.000 1.000 5.960 2.000 0.500
C-7 - - 0.050 1.000 1.000 5.950 2.000 0.500
C-8 - - 0.100 1.000 1.000 5.900 2.000 0.500
C-9 - - 0.150 1.000 1.000 5.850 2.000 0.500
C-10 - - 0.200 1.000 1.000 5.800 2.000 0.500

*g: gram
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Table 5. Gel formulations prepared with DMSO

Code MC 
(g)

HPMC 
(g)

C-940 
(g)

GLY 
(g)

PG 
(g)

DMSO 
(g)

Alcohol  
(g)

FLB 
(g)

D-1 0.200 - - 2.000 2.000 2.300 3.000 -

D-2 0.250 - - 2.000 2.000 2.250 3.000 -

D-3 0.300 - - 2.000 2.000 2.200 3.000 -

D-4 0.400 - - 2.000 2.000 2.100 3.000 -

D-5 0.500 - - 2.000 2.000 2.000 3.000 -

D-6 0.200 - - 2.000 2.000 2.300 3.000 0.500

D-7 0.250 - - 2.000 2.000 2.250 3.000 0.500

D-8 0.300 - - 2.000 2.000 2.200 3.000 0.500

D-9 0.400 - - 2.000 2.000 2.100 3.000 0.500

D-10 0.500 - - 2.000 2.000 2.000 3.000 0.500

E-1 - 0.200 - 2.000 2.000 2.300 3.000 -

E-2 - 0.250 - 2.000 2.000 2.250 3.000 -

E-3 - 0.300 - 2.000 2.000 2.200 3.000 -

E-4 - 0.400 - 2.000 2.000 2.100 3.000 -

E-5 - 0.500 - 2.000 2.000 2.000 3.000 -

E-6 - 0.200 - 2.000 2.000 2.300 3.000 0.500

E-7 - 0.250 - 2.000 2.000 2.250 3.000 0.500

E-8 - 0.300 - 2.000 2.000 2.200 3.000 0.500

E-9 - 0.400 - 2.000 2.000 2.100 3.000 0.500

E-10 - 0.500 - 2.000 2.000 2.000 3.000 0.500

F-1 - - 0.040 2.000 2.000 2.960 3.000 -

F-2 - - 0.050 2.000 2.000 2.950 3.000 -

F-3 - - 0.100 2.000 2.000 2.900 3.000 -

F-4 - - 0.150 2.000 2.000 2.850 3.000 -

F-5 - - 0.200 2.000 2.000 2.800 3.000 -

F-6 - - 0.040 2.000 2.000 2.960 3.000 0.500

F-7 - - 0.050 2.000 2.000 2.950 3.000 0.500

F-8 - - 0.100 2.000 2.000 2.900 3.000 0.500

F-9 - - 0.150 2.000 2.000 2.850 3.000 0.500

F-10 - - 0.200 2.000 2.000 2.800 3.000 0.500
 
*g: gram

Gel characterization studies

Physical appearence

The prepared gel formulations were inspected visually for their colour and ho-
mogeneity. 
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pH

The pH of the FLB loaded gels were determined using digital pH meter (Mettler 
Toledo™ S220 SevenCompact™ pH/lon Benchtop Meter). The measurements 
were taken for average of 3 times. 

Rheological Characterization 

Rheological properties were determined using a cone-and-plate geometry 
rheometer with a diameter of 40 mm (Brookfield, USA). Measurements and vis-
cosity changes were repeated at 25 ± 1°C temperatures. Shear rates against shear 
stress were calculated. Measurements provide further information about flow 
properties.

Drug content

Fully weighed 1 g of gel was removed and dissolved in 100 mL of pH 7.4 phos-
phate buffer. The volumetric flask containing the gel solution was agitated for 
2 hours on a mechanical shaker to obtain the complete solubility of the drug. 
This solution was filtered using a Millipore filter (0.45 µm). After appropriate 
dilution, it was analyzed by the developed UPLC method. Measurements were 
repeated three times. 

Dissolution study

In vitro release study of the gel formulations was investigated for 6 hours time. 
In vitro drug release of FLB from gel formulations were studied through dialysis 
bag (cellulose membrane) which was sealed with clamps and stirred at 250 rpm 
using magnetic stirrer. The temperature was maintained at 37 ± 0.5°C under 
sink conditions. Gel formulation equivalent to 0.2 g of drug and 0.2 g pure FLB 
were transferred into dialysis membrane which was previously soaked in dis-
solution medium for 12 hours, tied properly at both the ends and kept inside 
the glass. The in vitro release studies were performed in phosphate buffer (pH 
7.4).20 Samples were collected at certain intervals from the release media and the 
same volume was completed with a fresh dissolution medium. The samples were 
then analysed by a developed and validated UPLC method.

Release kinetics

To determine the release kinetics, data obtained from in vitro drug release stud-
ies in phosphate buffer (pH 7.4) were analyzed by a software program DDSolv-
er.21
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RESULTS AND DISCUSSION

Method development and validation of FLB by UPLC

Different proportions of acetonitril:methanol:30mM disodium hydrogen phos-
phate buffer and acetonitril: methanol:0.05M Potassium dihydrogen phosphate 
buffer and flow rates were tested for method optimization and it was found that 
acetonitril: methanol:30 mM disodium hydrogen phosphate buffer the propor-
tion of 30:30:40 v/v/v and a flow rate of 0.2 mL.min-1 give admissible retention 
time (RT) and good resolution for both the mobile phase, placebo formulations, 
pH 7.4 buffer and FLB.

Linearity and Range

Linearity range of FLB for the method used was found to be 5-50 µg•mL-1 while 
regression equation was determined to be y=152920x-206333 by plotting con-
centration (x) versus peak area (y). Correlation coefficient (R2) of 0.9999 was 
highly significant.  Linearity test results are shown in Table 6 and regression 
curve is presented in Figure 1.

Table 6. Series and area values prepared for linearity study

CONC 
(µg.mL-1)

Area/Rt

SET 1 SET 2 SET 3 Mean SD SE

5.0 61.7205 59.4184 58.3159 59.8183 1.7372 0.7092

10.0 132.6282 130.8683 134.4335 132.6433 1.7826 0.7278

15.0 203.9623 206.8451 206.6789 205.8288 1.6185 0.6608

20.0 285.7185 283.5822 281.8051 283.7019 1.9594 0.7999

25.0 363.9279 360.1898 358.7766 360.9648 2.6617 1.0866

30.0 439.5623 440.0372 433.7357 437.7784 3.5092 1.4326

35.0 520.3603 509.4565 510.3425 513.3864 6.0557 2.4722

40.0 590.8665 591.0432 587.2816 589.7304 2.1226 0.8665

45.0 672.6392 666.9029 668.4010 669.3143 2.9752 1.2146

50.0 753.8879 748.1176 735.3897 745.7984 9.4647 3.8639

75.0 1113.503 1116.422 1158.8123 1129.579 25.3588 10.3527

90.0 1368.832 1380.642 1371.7079 1373.727 6.1587 2.5143

120.0 1799.558 1824.454 1853.7453 1825.919 27.1236 11.0731

150.0 2230.738 2266.369 2309.2433 2268.784 39.3083 16.0476

200.0 3003.514 3039.887 3063.1810 3035.528 30.0712 12.2765

250.0 3808.190 3792.207 3856.2010 3818.866 33.3061 13.5972
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Figure 1. Regression profile of FLB.

Range is the interval between the upper and lower concentration of active agent 
that have been indicated to be determined with precision, accuracy and linear-
ity using the method as written.22 The accuracy and precision of the method are 
within the acceptable range. In this study the range was observed linearly to the 
highest concentration (250 µg.mL -1, R2: 0.9999).

Specificity and peak morphology

Characteristic UPLC chromatogram of FLB is given at Figure 2. It can be seen 
that chromatogram recorded for the combination of non-functioning compo-
nents exposed no peaks at retention time of 2.0 minutes (Figure 3 and Figure 4). 
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Figure 2. Chromatogram of FLB
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Figure 3. Chromatogram of Mobile phase and pH 7.4 phosphate buffer a: mobile phase 
b: pH 7.4 phosphate buffer



93Acta Pharmaceutica Sciencia. Vol. 56 No. 4, 2018

 

Figure 4. Chromatogram of placebo formulations a: D-2 b: E-1 c: F-4
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Table 7. Precision results for 15 µg.mL-1 30 µg.mL-1 45 µg.mL-1 of FLB

Area/Rt Concentration (15 µg.mL-1)

1st day 2nd day 3rd day 1st day 2nd day 3rd day

218.4481 206.6694 218.7202 15.6344 14.8642 15.6522

220.0384 205.5260 216.8623 15.7384 14.7894 15.5307

213.0078 203.1071 213.5887 15.2787 14.6312 15.3166

Mean 15.5505 14.7616 15.4999

Standard deviation (SD) 0.2411 0.1189 0.1699

Coefficient of variation (RSD) 1.5504 0.8057 1.0961

95 % confidence interval 0.5989 0.2995 0.4220

Area/Rt Concentration (30 µg.mL-1)

1st day 2nd day 3rd day 1st day 2nd day  3rd day 

452.4530 440.2308 460.0505 30.9369 30.1376 31.4337

435.4347 455.5667 445.2264 29.8240 31.1405 30.4643

444.1183 451.2570 445.6063 30.3918 30.8587 30.4891

Mean 30.3842 30.7122 30.7957

Standard deviation (SD) 0.5565 0.5172 0.5527

Coefficient of variation (RSD) 1.8315 1.6841 1.7946

95 % confidence interval 1.3824 1.2848 1.3729

Area/Rt Concentration (45 µg.mL-1)

1st day 2nd day 3rd day 1st day 2nd day  3rd day 

452.4530 440.2308 460.0505 30.9369 30.1376 31.4337

435.4347 455.5667 445.2264 29.8240 31.1405 30.4643

444.1183 451.2570 445.6063 30.3918 30.8587 30.4891

Mean 30.3842 30.7122 30.7957

Standard deviation (SD) 0.5565 0.5172 0.5527

Coefficient of variation (RSD) 1.8315 1.6841 1.7946

95 % confidence interval 1.3824 1.2848 1.3729

Limit of detection and limit of quantitation (sensitivity) 

Analytical method development and validation procedures are very important for 
the discovery and development of drugs. LOD and LOQ parameters are interre-
lated, but have different definitions and should not be confused. There are a few 
definitions used to describe LOD and LOQ. In general, an LOD is detected as the 
lowest concentration in a sample under the conditions specified in the test, but 
is not considered to be quantifiable. LOQ is the lowest concentration of an ana-
lyte in a test and can be determined with acceptable precision and accuracy under 
the specified test conditions. There are several common methods for estimating 
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the detection and quantification limit, which can be listed as follows; signal-to-
noise, blank determination, linear regression, limit of blank and precision-based 
approaches.24,25 In this study, LOD and LOQ were calculated by linear regression 
and found as 0.0607 µg.mL-1 and 0.1840 µg.mL-1,  respectively. The linear regres-
sion method used in this study can be applied in every situation and the analysis 
method is most suitable if it does not contain noise in the background. The calibra-
tion curve uses a series of low values close to zero and results in a more relevant 
evaluation with a more homogeneous distribution.25

Accuracy

As shown in Table 8 perfect recoveries of FLB at various concentrations were ob-
tained between 100.3863 - 101.0911% and also RSD values for all concentration 
were <2 %.25,26 Table 8 indicates good accuracy of the UPLC method developed 
in this study.

Table 8. Accuracy results for 20 µg.mL-1 30 µg.mL-1 40 µg.mL-1 of FLB

Area/Rt Concentration
20 µg.mL-1 30 µg.mL-1 40 µg.mL-1 20 µg.mL-1 30 µg.mL-1 40 µg.mL-1

287,4006 438,4561 598,9059 20,1435 30,0216 40,5140
285,9462 441,4241 595,5505 20,0484 30,2156 40,2945
286,4823 439,8155 598,7052 20,0834 30,1105 40,5008

Recovery %
20 µg.mL-1 30 µg.mL-1 40 µg.mL-1

100,7174 100,0718 101,2849
100,2418 100,7188 100,7363
100,4171 100,3682 101,2521

Recovery % (mean) 100.4588 100.3863 101.0911
Difference % 0.4588 0.3863 1.0911

Standard deviation 0.2405 0.3239 0.3077
Coefficient of variation (RSD) 0.2394 0.3226 0.3044

Standart Error 0.0982 0.1322 0.1256
95 % confidence interval 0.5974 0.8045 0.7643

Robustness

Results were obtained for area response and retention time, % RSD was calculated 
and examined for robustness. % RSD for retention time for six different condu-
tions were between 0.20 and 0.76 % (Table 9), which is is well inside the proposed 
acceptance basis of ≤5 %. Percent RSD for area response was from 0.09 to 0.73 %, 
which also passed the proposed acceptance basis of ≤2 %.26,27,28 Therefore, it can be 
concluded that the method is consistent in front of the wavelength, temperature, 
flow and pH of mobile phase. 
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Table 9. %RSD for robustness study (n=6)

No %RSD, Retention Time %RSD, Peak Area

1 0.20 0.09

2 0.63 0.73

3 0.76 0.73

4 0.63 0.68

5 0.72 0.24

6 0.28 0.11

Gel characterization studies

Physical appearence

All gel formulations showed good homogeneity in the absence of pellets. Their 
color was determined to be transparent both in the placebo and in the active 
ingredient formulations.29,30

pH

pH results of prepared gel formulations were shown in Table 10. The pH of all gel 
formulations were found near to the skin pH, that showed the gels were suitable 
for topical delivery.31

Table 10. Result of pH and drug content

Code pH Drug content (%) 

D-7 5.79±0.26 98.14±0.06

E-6 5.82±0.21 98.21±0.04

F-9 5.71±0.39 99.02±0.02

*all result gives with standart error

Rheological Characterization

Rheological measurements were performed for carbopol, MC and HPMC gels. The 
results of these measurements are presented in Figure 5. Flow index provides an 
idea about the flow properties of the formulation from the container. 

All gels are clearly shear thinning fluids and have the tendency to become non-
Newtonian at low shear rates. The pseudoplasticity is because of the gelling struc-
ture, which lead to decrease in viscosity with increase in shear rate.32,33 Because 
of the pseudoplastic flow, the gel system will require application of some force to 
take. The sheer stress/ shear rate datas for Casson Model were compatible with 
the literature.32 Flow curves obtained at room temperatures indicate gels show 
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significant pseudoplastic behavior with a Casson Model ranging from 10 to 20 s-1 
(Figure 5). Non-Newtonian flow properties in gel formulations can be found to the 
increased solvent-solvent and polymer-solvent attractions and higher viscosity of 
cosolvent.33,35

 

Figure 5. Rheological measurements results a: D-7 b: E-6 c: F-9
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Drug content

In the prepared gel formulations, the drug content was found to be in the range 
of 98.14-99.02 % indicating the uniformity of the high drug content.35,36 The 
drug content results of the gel formulations are shown in Table 10.

Dissolution study

In vitro dissolution profile of FLB gels containing different gelling agent are 
shown in Figure 6. The initial concentration of FLB in all gel formulations was 
kept constant at 0.2 grams. It was determined that the release rate of pure FLB 
reached 100% within 2 hours. At the end of the 6th hour, the FLB release from 
gels prepared with MC (D-7) and HPMC (E-6)  reached 99.7 % and 99.5 % re-
spectively. The release rate of the gel prepared with C-940 (F-9) was 87.60%. 
Viscosity is negatively related to the formulation release of the active ingredients 
and their penetration through diffusion barriers. The reduction in release can be 
attributed to the excess viscosity of the F-7 coded formulation over the other two 
formulations.35 In the light of these results, it was observed that the polymer 
type and viscosity was the most affected factor in releasing the drug.36 At the 
same time the results suggest that formulations prepared according to pure FLB 
have prolonged release.

Figure 6. In vitro release of pure FLB and FLB loaded gels
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Release kinetics

Dissolution testing is a crucial analysis for both drug research development 
and quality control because it determines the rate and extent of drug release 
from oral pharmaceutical products. Dissolution data analysis is determined by 
statistically or mathematically comparing the dissolution profiles to quantify 
or characterize drug release from a pharmaceutical formulation.21 Almost all 
of the commercial statistical software programs used on the pharmaceutical 
field are designed for evaluating pharmacokinetic parameters (in vivo study), 
not for statistical evaluation of dissolution profiles (in vitro dissolution study). 
To reduce computation time and eliminate computational errors, researchers 
designed the DDsolver program, an excel add-in program that allows modeling 
of dissolution data using a different dissolution model. The program provides 
an efficient data analysis report to summarize the analysis of the dissolution 
data.21,37 In this study, different kinetic models were applied on release data 
for categorizing the kinetics of drug release with DDSolver computer program. 
This program was used to shorten the calculation time, to eliminate calcula-
tion errors and to determine the correct release profile. When all optimum gel 
formulations were analyzed for cumulative solubility in time versus time, all 
formulations appeared to be continuously released for 6 hours. After calcula-
tion, the data is transferred to the DDSolver program to determine five impor-
tant and the most popular criteria. These criteria are based on the coefficient 
of determination (Rsqr, R2, or COD), the adjusted coefficient of determination 
(Rsqr_adj or R2

adjusted), the Akaike Information Criterion (AIC), the Model Se-
lection Criterion (MSC) and n for only korsmeyer peppas models.   The highest 
R2, R2

adjusted and MSC values and the lowest AIC values are used for the evalu-
ation.21,38 Zero-order kinetic, First-order kinetic, Higuchi, Korsmeyer-Peppas, 
Korsmeyer-Peppas with Tlag, Korsmeyer-Peppas with F0 and Weibull models 
were selected for evaluation in DDSolver program. As a result of applying in 
vitro release study data obtained to different kinetic models using DDSolver 
program; R2, R2

adjusted MSC, AIC found are shown in Table 11.
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Table 11. Kinetic modeling of gel formulation by DDSolver program

Code Model and Equation
Evaluation Criter

R2 R2 
adjusted AIC MSC n

D-7
Zero-order model* 

F=k0*t

0.914 0.914 62.067 2.226 -

E-6 0.686 0.686 75.256 0.935 -

F-9 0.990 0.990 41.027 4.404 -

D-7
First-order model* 

F=100*[1-Exp(-k1*t)]

0.812 0.812 69.051 1.450 -

E-6 0.974 0.974 52.874 3.422 -

F-9 0.948 0.948 56.083 2.728 -

D-7
Higuchi model* 

F=kH*t0.5

0.934 0.934 59.633 2.496 -

E-6 0.920 0.920 62.917 2.306 -

F-9 0.859 0.859 64.982 1.739 -

D-7
Korsmeyer-Peppas* 

F=kKP*tn

0.910 0.897 64.469 1.959 0.915

E-6 0.882 0.865 68.451 1.691 0.431

F-9 0.970 0.966 52.984 3.072 0.956

D-7 Korsmeyer-Peppas with Tlag 
model* 

F=kKP*(t-Tlag)
n

0.939 0.919 62.893 2.134 0.820

E-6 0.864 0.819 71.692 1.331 0.389

F-9 0.976 0.968 53.203 3.048 1.003

D-7 Korsmeyer-Peppas with F0 
model* 

F=F0+kKP*tn

0.845 0.794 71.297 1.200 1.027

E-6 0.752 0.670 77.107 0.729 0.485

F-9 0.904 0.872 65.558 1.675 1.236

D-7
Weibull model* 

F=100*{1-Exp[-((t-Ti) β)/ α]}

0.987 0.965 58.015 2.676 -

E-6 0.994 0.987 50.482 3.688 -

F-9 0.990 0.979 51.921 3.190 -
 
*In all models, F is the fraction (%) of drug released in time t, k0: zero-order release 
constant, k1:bfirst-order release constant, kH: Higuchi release constant, kKP: release constant 
incorporating structural and geometric characteristics of the drug-dosage form, n: is the 
diffusional exponent indicating the drug-release mechanism, F0 is the initial fraction of the 
drug in the solution resulting from a burst release, α: is the scale parameter which defines the 
time scale of the process; β: is the shape parameter which characterizes the curve as either 
exponential (β=1; case 1), sigmoid, S-shaped, with upward curvature followed by a turning 
point (β>1; case 2), or parabolic, with a higher initial slope and after that consistent with the 
exponential (β<1; case 3), Ti: is the location parameter which represents the lag time before 
the onset of the dissolution or release process and in most cases will be near zero, Tlag: is the 
lag time prior to drug release.

For gel formulations prepared with cellulose derivatives; the release of FLB from 
D-7 and E-6 coded formulations was consistent with the Weibull model according 
to the criterion. The results in this study can be verified on the grounds of previous 
cellulose derivates studies which demonstrates that researchers mostly emerged 
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as the most appropriate model for the Weibull model.39,40,41 From the gel formula-
tion prepared with C-940 (F-9), the release of FLB had zero-order kinetics accord-
ing to the criterion. This rate of release is preferred because the drug is given in a 
constant rate for a long time. For the gel formulation prepared with C-940 (F-9), 
the n value of the Korsymear-Peppas, Korsymear-Peppas with Tlag model and 
Korsymear-Peppas with F0 model is closer to 1. This information indicates the 
zero order kinetics.14 The release kinetic profiles corresponding to all models are 
automatically extracted from the program and presented in Figure 7.

 
 

 

Figure 7. Automated 
release kinetic profiles 
of gel formulations 
from DDSolver 
software for more 
suitable model
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CONCLUSION

According to the in vitro studies results, a useful methodology for the detection 
of FLB in topical formulations has been established, which will provide a future 
basis for the development of a topical dosage form of the drug with a desired 
release profile.  The general rank order of FLB release from the formulations was 
determined as MC > HPMC > C-940. Gel formulations of HPMC and MC have 
been observed to give higher values of drug release, which is due to the higher 
solubility of the drug. Pseudoplastic flows with thixotropy were obtained for all 
FLB-gels. Thus, these developed systems could be a promising vehicle for topi-
cal delivery of FLB.  Additionally, in this study also a new, economic, easy and 
sensitive ultra performance liquid chromatography method was developed for 
the determination of FLB. The method developed for FLB was decided to be 
precise due to RSD values of <2% for repeatability and intermediate precision. 
Recovery of the method was satisfactory owing to <2% RSD value. The drug con-
tent was found to be in the range of 98.14-99.02% indicating the uniformity of 
the high drug content. In the release kinetic tests with DDSolver, the release of 
gels prepared with methylcellulose and hydroxypropyl methylcellulose showed 
conformity with the weibull model, whereas the gel formulation prepared with 
Carbopol® 940 showed a zero-order kinetics. In the case of different variants of 
similar polymer formulations, it was found that having a higher viscosity with 
a hyrophylic polymer released a higher amount of drug compared with the car-
bopol formulations. Further studies will be focused on the in vivo animal studies 
and tissue distribution in order to get a proper insight into the potential of poly-
meric based gel formulations in topical delivery.
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