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Abstract 

A High Performance Thin Layer 

Chromatographic method (HPTLC) for the 

simultaneous estimation of Pamabrom 

(PAM) and Paracetamol (PAR) was 

optimized and validated as per ICH 

guidelines and robustness testing was 

performed by using Central Composite 

Design (CCD). HPTLC separation carried 

out by using plates pre-coated with silica 

gel 60F254 and Acetonitrile: Toluene (6:4 

v/v) as a mobile phase. The detection 

wavelength for simultaneous estimation of 

both the drugs was 289nm The Rf values 

for PAM and PAR were 0.43 and 0.63 

respectively. Percent recoveries of the 

marketed formulation were found to be 

99.2-100.11, 98.75-100.53 for PAM and 

PAR, respectively. The obtained value for 

repeatability studies and  precision was 

found to be less than 2% of percentage 

relative standard deviation for PAM and 

PAR, respectively. All the three factors 

evaluated in the robustness testing by CCD 

were found to have an insignificant effect 

on the retention factor. The content of 

acetonitrile in total mobile phase as a 

factor involved having a significant effect 

on robustness when compared to band size 

and developing distance and it is necessary 

to be carefully controlled. Simple, accurate 

and reproducible HPTLC method was 

developed, which would be of use in 

routine quality control for the marked 

formulation. 

KEYWORDS: Central Composite 

Design, High Performance Thin Layer 

Chromatography, Paracetamol, Pamabrom. 

 

 

INTRODUCTION 

Paracetamol is Acetaminophen (N-acetyl-

p-aminophenol,4-acetamidophenol). It is 

an acylated aromatic amide, which was 

firstly introduced into medicine as an 

analgesic/ antipyretic and is accepted as a 

very effective treatment for the relief of 

pain and fever in adults and children. It is 

the most practiced medicine after 

acetylsalicylic acid in many countries as 

an alternative to Aspirin and Phenacetin. 

Its primary mechanism of action is the 

Inhibition cyclooxygenase (COX), an 

enzyme responsible for the production of 

prostaglandins which are important 

mediators of inflammation, pain, and 

fever.
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Figure 1: Chemical Structure of 

Paracetamol (A) and Pamabrom (B) 

Pamabrom USP is 1:1 mixture of 2-amino-

2-methyl-1-Propanol and 8-

bromotheophylline. It is a diuretic, which 

is known by trade name Calleddiurex, 

available as over the counter medication. 

Pamabrom will act on the proximal tubule 

to increase the urine volume reabsorption 
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of 60%-90% of the glomerular filtrate 

occurs in the proximal tubule. The 

xanthine diuretics like Pamabrom reduce 

salt and water and increase renal blood 

flow yet their diuretic effect is modest. 

A literature survey reveals that the method 

development and validation of both drugs 

individually and its combination with one 

another in biological fluids and in their 

formulation based on UV [1], HPLC [2-4], 

HPTLC and LC-MS/MS.  Only few HPLC 

methods have been reported for the 

simultaneous determination PAM and 

PAR in biological samples [5-7]. So this 

research has attempted to develop a 

simple, accurate, rapid and precise for the 

estimation of PAM and PAR in the 

marketed formulation [8-9]. The 

experimental design has proved to be a 

useful tool for method development and 

validation, as it allows the examination of 

simultaneously modulating factors. During 

method validation, ruggedness and 

robustness studies are performed with the 

expected outcome that there is no 

significant change in the response, 

according to the claim of a rugged/robust 

method. Moreover, many factors can be 

screened simultaneously without concerns 

about interacting and non-interacting 

effects, as they are usually considered 

negligible. On the evaluation of obtained 

results, when a factor is not robust, the 

proposed method can be changed, 

revalidated or the can be design, factorial, 

fractional factorial and response surface 

designs. This research article focuses on 

the estimation of robustness of HPTLC 

method by central composite design 

(CCD). All other various experimental 

models, CCD as a response surface design 

preferred for determining of nonlinear 

response and also proper to its flexibility, 

by the experimental runs and related to 

factor's main and interaction effects. 

Preparatory trials of optimization study 

revealed that the Acetonitrile content in 

the mobile phase produced a significant 

effect on the response [10]. CCD that 

combines two level factorial design and 

center points covers the factor space near 

the center with more points than at 

periphery and allows some levels without 

doing experiments at all the combination 

of factor levels. For the CCD, three 

influent chromatographic parameters: 

Acetonitrile content in the mobile phase, 

developing distance and band size by 

optimized experimental domain were 

selected and varied within a real range, 

and their quantitative influence on the 

response variable, retention factors was 

determined. Hence a novel, simple, 

accurate, reproducible HPTLC method 

was developed for simultaneous estimation 

of Pamabrom and Paracetamol in 

pharmaceutical dosage form, using CCD 

design for robustness testing [11-14]. 

MATERIALS AND METHODS 

Densitometric Conditions
 

HPTLC analytical measurement and 

separation were performed using 

stationary phase consisting of pre-coated 

silica gel 60F254 on aluminum sheets used. 

The mobile phase consisted of 

Acetonitrile: Toluene (6:4 v/v).
 

Preparation of Standard Solution 

Accurately 50mg Pamabrom and 

Paracetamol were weighed and transferred 

to 50ml standard flask, dissolved in 25ml 

of methanol and volume was makeup with 

the same. Each drug concentration was 

found to be 1000µg/ml. 

Validation 

A. Linearity 

Linearity estimated by spotting different 

concentration (1-6ng/spot) of mixed 

sample solutions. 

B. Precision  

 For system precision, standard solution 

(2mg/spot) was applied six times to check 

Percentage relative standard deviation (% 

RSD) and for method precision, six-time 

samples were prepared those spotted in 

duplicate.
 

C. Assay 

Tablets Mensodol marketed by Anthus 

Pharmaceutical used for the Assay
 

D. Limit of Detection (LOD) and Limit of 

Quantization (LOQ)
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 LOD and LOQ) of the optimized as per 

ICH guideline, the values from the 

standard deviation (σ) of the response and 

slope(S) of the calibration curve of each 

drug using the following formula  

Limit of Detection=3.3*σ/S and  

Limit of Quantization =10*σ/S,  

Where, σ is the standard deviation of 

response and S is the slope of the 

calibration curve.  

Robustness studies
 

The CCD approach connects a fractional 

factorial including incomplete block 

design to avoid extreme vertices and to 

present an approximately rotatable design 

with two levels per factor. Central 

composite design, as a three level factorial 

design with k  a, wants 2k  factorial runs, 

2k axial runs symmetrically spaced at 

simultaneously each variable axis and at 

least one center point[15-17]. The factors 

and ranges selected for consideration 

based on previous univariate studies of 

method development and chromatographic 

conditions. The Content of the mobile 

phase is the volume of Acetonitrile on the 

total volume of the mobile phase. Twelve 

experiments with two center points 

conducted by selection of three factors, 

acetonitrile content in mobile phase (A), 

developing distance (B), band size (C) and 

retention factor was the response for two 

drugs using in the level, represented in 

Table 1.  

The original value of all these three 

factors, A, B, and C, were 6ml, 8cm, and 6 

mm, respectively. In context to this, a 

minimum and maximum content of 

methanol (A) were fixed as 5 and 7ml. 

Similarly, developing distance (B) was 

kept between 7 and 9 cm, respectively. 

Likewise, minimum and maximum values 

for band size (C) were selected as 5 and 

7mm, respectively. The system value of α 

is 1.41. The data produced were analyzed 

using Design Expert (Version 10.0.1, Stat-

Ease Inc., Minneapolis, MN, USA) 

statistical software. The significance of the 

relevant factors was calculated using 

Fisher's statistical test for Analysis of 

Variance (ANOVA) model that were 

estimated. ANOVA for linear regression 

partitions the total variation of a sample 

into components. These components were 

then used to compute an F- ratio that 

evaluates the effectiveness of the model. If 

the probability compared with the F-ratio 

is low, the model is considered a better 

statistical fit for the data. All experiments 

performed in randomized order to 

minimize the bias effects of uncontrolled 

factors.
 

RESULT AND DISCUSSION 

Mobile phase optimization using the 

different ratio of solvents in various 

composition like Water, Methanol, 

Acetonitrile, ethyl acetate, n-butanol, 

toluene and glacial acetic acid tried for 

separation peaks of PAM and PAR. 

Observed the various combinations of 

Acetonitrile and Methanol tried in 

different ratios as the good resolution 

between the drugs. Acetonitrile: Methanol 

(8:2) gave good resolution, but typical 

peak shape of PAR was missing.  The 

addition of water resulted in the separation 

of PAM and PAR peak, with the final 

optimized mobile phase, Acetonitrile: 

Toluene (6:4 v/v). Which gave highest 

resolution and Rf values of 0.43±0.015, 

0.63±0.042 for PAM and PAR, 

respectively at a detection wavelength of 

289nm (Figure 2). The PAM and PAR 

showed a good correlation coefficient 

(r2=0.9997 for PAM, r2=0.9996 for PAR) 

in the given concentration range 1-6 

ng/band for both PAM and PAR (Table 2). 

The Limit of Detection and Limit of 

Quantification were found to be 0.034 and 

0.189 ng/band, respectively for PAM 

0.021and 0.264 ng/band, respectively for 

PAR. Repeatability and intermediate 

precision evaluated Method Precision and 

reported as %RSD of peak area. 

Repeatability and intermediate precision 

were carried out by performing three 

replicates of three different concentration 

(2, 3 and ng for both PAM and PAR) 

showed %RSD less than 2% (Table 2), 

indicating acceptable precision regarding 
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the repeatability of peak area measurement 

and sample application. Accuracy study 

was performed by "Standard addition" at 

three concentration level 50, 100 and 

150%, by spiking with the reference 

standard. The percentage recovery was 

found within the range of 99.85% to 

101.6%, suggesting the method to perform 

routine quality control analysis (Table 

2).The pharmaceutical formulation 

conducted in this method, exhibited two 

peaks at Rf value of 0.43 and 0.63 for 

PAM and PAR respectively, similar to 

API. 

 
Figure 2: Densitogram of Pamabrom and 

Paracetamol 
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Figure 3: Perturbation Plat of Pamabrom 
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Figure 4: Perturbation Plat of 

Paracetamol 
 

Robustness testing performed in a 

randomized order to minimize the effects 

of insignificant factors that introduce bias 

to the response. Evaluate the effect of the 

factors on the retention factor of both 

drugs constructed by response surfaces and 

perturbation plots. Perturbation plots 

revealed the variation in response from its 

original value of the drugs with all the 

factors are constant at a reference point, 

and Slopes indicates sensitiveness to the 

particular factor. Figure 3 & 4 depicts 

content of Acetonitrile has the most effect 

on the retention factor. So increasing the 

content of Acetonitrile in the mobile phase 

to increase the retention factor. The 

robustness of the method was acceptable 

to the variation in retention factor due to 

change in Acetonitrile content of mobile. 

All other factors such as band size and 

developing distance have no significant 

effect on retention factor.  
 

Table 1: CCD for Simultaneous estimation of 

Pamabrom and Paracetamol 

Run 

Organic 

Phase 

(ml / 

10ml) 

Developing 

Distance 

(cm) 

Band 

Size 

(mm) 

Rf value of 

Pamabrom 

Rf Value of 

Paracetamol 

1 7.00 9.00 6.00 0.34 0.54 

2 6.00 8.00 5.00 0.42 0.62 

3 6.00 8.00 6.68 0.42 0.62 

4 6.00 8.00 5.00 0.38 0.58 

5 6.00 8.00 3.32 0.4 0.60 

6 7.68 8.00 5.00 0.44 0.64 

7 5.00 9.00 6.00 0.42 0.62 

8 5.00 9.00 4.00 0.45 0.65 
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Run 

Organic 

Phase 

(ml / 

10ml) 

Developing 

Distance 

(cm) 

Band 

Size 

(mm) 

Rf value of 

Pamabrom 

Rf Value of 

Paracetamol 

1 7.00 9.00 6.00 0.34 0.54 

9 5.00 7.00 4.00 0.45 0.66 

10 5.00 7.00 6.00 0.42 0.62 

11 6.00 6.32 5.00 0.43 0.63 

12 6.00 9.68 5.00 0.38 0.68 

13 6.00 8.00 5.00 0.42 0.62 

14 7.00 9.00 4.00 0.45 0.65 

15 7.00 7.00 4.00 0.42 0.62 

16 7.00 7.00 6.00 0.38 0.58 

17 4.32 8.00 5.00 0.43 0.63 

18 6.00 8.00 5.00 0.35 0.56 

19 6.00 8.00 5.00 0.49 0.68 

20 6.00 8.00 5.00 0.35 0.55 
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Figure 5: Cuboidal plot of Pamabrom 
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Figure 6: Cuboidal Plot of Paracetamol 

The 3D response surface plots (Figure 5,6) 

revealed the variation in response of factor 

as a function of Acetonitrile content of 

mobile phase and developing distance 

while band size is held constant. The 

retention factor of PAM and PAR 

increases as the Acetonitrile content in the 

total mobile phase increases the retention 

factor, all the parameter was robust, except 

Acetonitrile content in the mobile phase, 

where the optimal condition was 6 ml in 

total mobile phase content. The CCD 

model validated by analysis of variance 

(ANOVA) using Design Expert software, 

and the results are as presented in Table 3. 

The factor Effects of p-value less than 

0.05. Adequate Precision defined as a 

signal-to-noise ratio greater than four is 

desirable, and the obtained ratio for all the 

drugs indicated an appropriate signal 

(Table  3). The less standard deviation 

(%CV) and high adjusted R-square values 

reported the relationship between the 

experimental data and those of the fitted 

models. The predicted R-square value was 

within an acceptable limit of both the 

drugs. The predicted final equation, 

regarding actual components and factors, 

is as shown in Table 3.  
 

 

Table 2: Overall Result for HPTLC Method 

Parameter 

Results 

Pamabrom Paracetamol 

Linearity range 

(ng/spot) 

1-6 1-6 

Correlation 

coefficient 

0.9997 0.9996 

Slope  4718.34 3064.79 

Intercept 116.94 98.34 

Limit of 

Detection(ng/spot) 

0.034 0.189 

Limit of 

Quantification(ng/

spot) 

0.021 0.264 

System 

precision(% RSD) 

0.891 0.9651 

Assay (% Purity) 99.26 – 

100.11 

98.75 – 

100.53 

% Recovery 

(w/w) 

99.85 – 

101.06 

98.21 – 

100.85 

 

 

 

Table 3: Predicted Response Models and 

Statistical Parameters 

Respo

nse 
(Rf 

value) 

Type 

of 
Mod

el 

Polynomi
al 

equation 

model for 
Y 

Mod

el 
P 

value 

%CV 

Adequa

te 
Precisio

n 

Pamab

rom 

Line

ar 

+0.42 -

0.0048A+
0.000233

0B+0.000

123C 

<0.0

001 
3.10 27.42 

Parace

tamol 

Line

ar 

+0.63-

0.037A+0

0.00

43 
4.08 10.86 
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Respo

nse 

(Rf 
value) 

Type 

of 

Mod
el 

Polynomi

al 

equation 

model for 

Y 

Mod

el 

P 
value 

%CV 

Adequa

te 

Precisio
n 

Pamab
rom 

Line
ar 

+0.42 -
0.0048A+

0.000233

0B+0.000
123C 

<0.0
001 

3.10 27.42 

.0002330

B+0.0001
23C 

 

 

CONCLUSION 

The developed method was found to be 

novel, simple, accurate, precise and 

reproducible for the simultaneous 

estimation of PAM and PAR in bulk and 

tablet formulations(Table 3). Moreover, 

the main advantage of optimized HPTLC 

method was consumed a small amount of 

mobile phase unlike HPLC, thus less 

analysis time by high throughput sample 

application and low cost per analysis. 

Central composite design was applied 

robustness study was simultaneous effects 

of variation in responses. CCD observed to 

DoE program by evaluating the effects of 

Acetonitrile content in total mobile phase, 

band size and, developing distance. 

Acetonitrile content in mobile phase 

appeared to have a significant effect on 

robustness, compared to other factors and 

so it was important to be carefully 

monitors in the factor. It concluded that 

the response surface methodology of CCD 

Design was a simple procedure to reduce 

the number of the runs in the robustness 

study of HPTLC method.  So the method 

was found to be repeatable and suitable for 

routine quality control and combined 

dosage form analysis. 
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