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INTRODUCTION 
Atenolol (RS)-2-{4-[2-Hydroxy-3-(propan-2-
ylamino) propoxy] phenyl} acetamide (Fig.1)    
is a selective β1 (cardioselective) receptor 
antagonist, a drug belonging to the group of beta 
blockers which is group of drugs used primarily 
in treatment of cardiovascular diseases. It is 
used alone or in combination with other 
medications for treatment of hypertension so it 
helps prevent strokes, heart attacks, and kidney 
problems. Several methods in the literature 
were found describing the determination of 
atenolol in dosage form, human plasma and 
human urine. These methods include high 
performance liquid chromatography (HPLC)1-16, 
Gas Chromatography17, Chemometry18,19 
capillary zone electrophoresis20, 
Spectrofluorometry21. 
Pregabalin (S)-3-(aminomethyl)-5-
methylhexanoic acid (Fig.2) is structural 
analogue to the naturally occurring transmitter 

GABA (gamma-aminobutyric acid). It is a potent 
ligand for the alpha-2-delta subunit of voltage-
gated calcium channels in the central nervous 
system that reduces depolarization-induced 
calcium influx with a consequential modulation 
in excitatory neurotransmitter release. It is 
currently being developed for epilepsy, 
neuropathic pain, and generalized anxiety 
disorder22. Pregabalin is the first drug to receive 
approved labeling from the Food and Drug 
Administration (FDA) for the treatment of 
painful diabetic neuropathy and postherpetic 
neuralgia and is the first antiepileptic agent to 
receive FDA-approved labeling since 199923. 
Several methods in the literature described the 
determination of pregabalin in dosage form, 
human plasma and human urine. These methods 
include high performance liquid 
chromatography (HPLC)24-35, 
Spectrophotometry36-42, Spectroflurometry43, 
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ABSTRACT 
In this study, we have developed, optimized and validated a new high-performance liquid 
chromatographic method for simultaneous determination of atenolol and pregabalin in their dosage 
forms and in human urine. The new method used a C18 column with mobile phase consisting of 
potassium dihydrogen phosphate and methanol in the ratio of 92.5:7.5 (v/v) and buffered at pH 6.0 
with orthophosphoric acid, with a flow rate of 1 mL/min. Quantitation was achieved with UV 
detection at 230 nm. In addition, the urinary excretion patterns of atenolol and pregabalin were 
calculated using the proposed method by analysis of urine samples of five healthy volunteers 
during 24 hours after single oral administration of both drugs. The developed method was proved 
to be specific, robust and accurate for the determination of the studied drugs in pharmaceutical 
preparations and in human urine. 
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capillary electrophoresis44 and Gas 
Chromatography45.  
Recent consensus guidelines recommend 
pregabalin as a first-tier treatment for painful 
diabetic peripheral neuropathy (DPN)46. 
Atenolol is used in the treatment of several 
cardiovascular diseases including hypertension, 
coronary artery disease, heart attack and 
angina. This type of patients usually has 
diabetes and/or other cardiovascular disorders 
which require the concomitant administration 
of these two medications. Pregabalin can be 
taken safely by patient treated with atenolol 
making this combination a highly prescribed 
one47.Unlike, pregabalin is not prescribed   to 
patients treated with Angiotensin-converting-
enzyme inhibitors (e.g. lisinopril & enalapril) as 
there is a drug- drug interaction (increased risk 
of angioodema)48. Therefore, the biological 
quantification of atenolol and pregabalin in 
presence of each other is of pharmaceutical and 
clinical significance. However, there is no 
reported method for simultaneous 
determination of atenolol and pregabalin by 
high performance liquid chromatography 
(HPLC), in dosage form, spiked and human 
urine. 
The aim of the present work was to develop, 
optimize and validate a simple, fast and reliable 
isocratic RP-HPLC method with UV detection for 
simultaneous determination of atenolol and 
pregabalin. Confirmation of the applicability of 
the developed method to urinary excretion, 
study was performed in healthy volunteers after 
single oral administration of commercially 
available  (Ateno®) tablet and (Lyrica®) capsule.  
 
MATERIALS AND METHODS 
Pharmaceutical-grade authentic standards of 
atenolol and pregabalin were kindly supplied by 
Eva pharmaceutical company, and were certified 
to contain 99,8 % (w/w)and 99.9 % (w/w) 
respectively. 
Acetonitrile (SDS, France) used was of HPLC-
grade. Potassium dihydrogen phosphate and 
orthophosphoric acid (Riedel-de Haën 
Laboratory Chemicals, Germany) used were of 
analytical-grade. All chemicals were used as 
received without further modification or 
purification. 
Twenty mM potassium dihydrogen phosphate 
was prepared by dissolving 2.72 g of potassium 
dihydrogen phosphate in 1 L of distilled water 
for HPLC prepared by double glass distillation, 
filtered through 0.45 µm nylon membrane filters 
(Merck, Germany) and then degassed for 30 
minutes in an ultrasonic bath.  
The pharmaceutical preparation Ateno® 50 
tablets manufactured by E.I.P.I.CO. 

pharmaceutical company (Egypt) (Batch No. 
1301548) labeled to contain 50 mg atenolol. The 
pharmaceutical preparation Lyrica®75 capsules 
manufactured by Pfizer pharmaceutical 
company (Egypt) (Batch No. 2006) labeled to 
contain 75 mg pregabalin. 
 
Instrumental and chromatographic 
conditions 
The HPLC instrument used was (Bischoff, 
Germany); equipped with model series 2250 LC 
pump, Rheodyne 7125 injector with a 20 µL 
loop and a LC lambda 1010 variable wavelength 
spectrophotometric detector (Bischoff). 
Seperation and quantitation were made on 
reversed phase phenomenex column [C18 (5µm, 
250 ×4.6 mm,i.d.)]. The sample was injected 
with 25 µl Hamilton analytical syringe. Data 
acquisition was performed on a model MCDACq 
data acquisition (version 1.3 x) and Kyocera FS-
820 printer. 
The detection wavelength was set at 230 nm 
and was selected using a double –beam 
Shimadzu [Tokyo, Japan] UV-1601 PC UV-Visible 
spectrophotometer (10 mm optical path length 
matched quartz cell). 
The mobile phase was prepared by mixing 20 
mmol/L of potassium dihydrogen phosphate, 
adjusted to pH 6 ± 0.1 by 1 M orthophosphoic 
acid and 100% methanol, in ratio of 92.5: 7.5. 
The pH of the mobile phase was adjusted by 
Cole Parmer® pH-meter. The mobile phase was 
filtered using PhenomenexTM vaccum 
filteration system equipped with 0.45 µm nylon 
membrane filter and degassed for 30 minute via 
an ultrasonic bath. The flow rate was 1mL/min. 
All determinations were performed at ambient 
temperature. 
 
Standard solutions and calibration graphs 
Stock standard solutions were prepared in 
concentration of 1mg/mL for pregabalin and  
0.1mg/mL for atenolol. The standard solutions 
were prepared by further dilution of stock 
solutions with methanol to reach the 
concentration range of 200-700 µg mL-1 for 
pregabalin and 5-55 µg mL-1 for atenolol. 
Triplicate 20 µl injections were made for each 
concentration and chromatographed using the 
specified HPLC chromatographic conditions 
described previously. The peak area values were 
plotted against corresponding concentrations in 
order to construct the calibration curve for each 
compound. Linear relationships were obtained. 
 
Sample preparation 
Determination of Lyrica® capsules 
Twenty capsules were emptied of their all 
contents as possible. A portion of the powder 
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equivalent to 75 mg pregabalin was accurately 
weighed transferred to 100 mL volumetric flask 
and extracted with 75 mL methanol. The 
solution was filtered through 0.45 µm 
membrane filter; further dilutions with 
methanol to reach the linearity range for drug 
were done. The prepared solutions were 
analyzed using the HPLC chromatographic 
conditions described previously. The peak area 
ratio for each concentration was plotted against 
the corresponding concentration to construct 
the calibration graph of pregabalin. 
 
Determination of Ateno® tablets 
Twenty tablets were weighed and finely 
powdered. A portion of the powder equivalent 
to 50 mg atenolol was accurately weighed 
transferred to 100 mL volumetric flask and 
extracted with 100 mL methanol. The solution 
was filtered through 0.45 µm membrane filter, 
and further dilution with methanol to reach 
linearity range for the drug was done. The 
prepared solutions were chromatographed 
using HPLC conditions described previously. 
The peak area ratio for each concentration was 
plotted against the corresponding concentration 
to construct the calibration graph of atenolol. 
 
Determination of pregabalin and atenolol in 
spiked urine 
Standard solutions of pregabalin and atenolol 
were diluted with drug free human urine to 
obtain the concentration range of 200-700 
µg/mL for pregabalin and 5-55 µg/mL for 
atenolol. Into 2 mL Eppendorf tubes, 1 mL of the 
spiked urine samples were added to I mL 
methanol and filtered through 0.45 µm 
membrane filter. Triplicate 20 µl injections were 
made for each concentration and 
chromatographed under the HPLC conditions 
described above. The peak area of each 
concentration was plotted against the 
corresponding concentration to obtain the 
calibration graph of each compound. 
 
In vivo procedures   
Written consent was obtained from the 
volunteers and the study was approved by the 
Human Ethics Committee of the faculty of 
pharmacy, Suez Canal University. 
The proposed method was applied to determine 
the concentration of pregabalin and atenolol in 
urine of 5 healthy (normal liver, kidney 
functions and electrocardiogram) Egyptian 
female and male volunteers (aged between 25 & 
40 years, weighing between 45 &75 Kg and 157 
& 170 cm height) after an oral administration of 
75mg pregabalin and 50 mg atenolol (single 
dose of Lyrica® 75mg capsule and Ateno® 50 

mg tablet). The method was also applied to 
investigate the urinary excretion patterns of 
pregabalin and atenolol. 
The volunteers were instructed to stop all 
medications for 2 weeks before administration 
and also during study. Also, the volunteers were 
instructed to be sure of evacuating the urinary 
bladder as thoroughly as possible just before the 
administration of one pregabalin capsule (75 
mg) and one atenolol tablet (50mg) with about 
350 mL of water. 
The 0-h urine samples were collected as blank. 
Urine samples were collected at intervals for up 
to 24 hours. The volume of urine specimens 
were measured and recorded after each 
collection, and stored at -20˚C until 
determination. Suitable volume (1mL) of the 
urine specimen from each sampling point was 
transferred to 2 mL Eppendorf tubes and I mL 
methanol was added. The solution was filtered 
through 0.45 µm membrane filter. A 20 µl was 
injected into HPLC, in triplicate for each solution 
and chromatographed under the conditions 
described above. The concentration of 
pregabalin and atenolol were calculated using 
regression equation. 
 
RESULTS AND DISCUSSION 
Optimization of chromatographic conditions 
The proposed RP-HPLC method was proved to 
be simple, accurate and reproducible for 
simultaneous determination of pregabalin and 
atenolol in dosage forms, spiked and volunteers 
human urine without any interference from 
excipients or urine matrix. The proposed 
method was optimized for parameters such as 
effect of organic modifier, pH of buffer and flow 
rate. 
 
The effect of organic modifier 
The percentage of organic modifier (methanol) 
has a critical effect on separation of pregabalin 
and atenolol. It was found that increasing the 
proportion of methanol than 10% led to 
interference between pregabalin peak and urine 
matrix and inadequate resolution between 
atenolol and pregabalin. While decreasing the 
proportion of methanol less than 7.5% caused 
excessive tailing of pregabalin and atenolol 
peaks. Best separation was obtained using 7.5% 
methanol.  
 
The effect of buffer pH 
The buffer pH also has a significant effect on 
separation of the studied compounds. At pH 3.5, 
inappropriate resolution between peaks and 
forked shape of pregabalin peak were obtained. 
While at pH 5.3 a good resolution between 
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peaks was accomplished but best resolution and 
better peak shape were achieved at pH 6.  
The reason behind that could be due to the basic 
nature of atenolol that is protonated in acidic pH 
and pregabalin that is amino acid in nature and 
is mainly zwitter ion at acidic pH and this led to 
rapid elution and inadequate separation as well 
as interference with urine matrix. In the alkaline 
side, atenolol is highly retained leading to 
undesirable long run time. The optimum pH was 
found to be in the slightly acidic side where the 
atenolol is not highly retained and pregabalin is 
not mainly ionic and rapidly eluted. This is also 
appropriate for the application of the method to 
the biological samples that necessities the 
elution of the first compound of the sample 
matrix (~ 6 min). 
 
The effect of flow rate 
The proposed method was performed at flow 
rate 1mL/min. At higher flow rate (> 1mL/min), 
bad resolution between studied compounds and 
urine matrix was obtained but at flow rate less 
than 1mL/min led to peak broadening and 
undesirable increase in run time. 
According to the above investigation, the 
optimum chromatographic separation of 
pregabalin and atenolol was obtained using 
mobile phase prepared by mixing 20 mM 
potassium dihydrogen phosphate (pH adjusted 
to 6 by orthophosphoric acid) with methanol in 
the ratio of 92.5: 7.5 (v/v). The flow rate was 1.0 
mL/min. Quantitation was achieved using of UV 
detection at 230 nm. The performance of the 
proposed method on real samples was 
demonstrated by its application to human urine 
samples taken from healthy volunteers who 
received Lyrica® 75 capsule and Ateno® 50 
tablet. Figure (3) shows typical chromatograms 
of Lyrica® 75 capsule and Ateno® 50 tablet. 
Figure   (4) and figure (5) show typical 
chromatograms of urine samples. Average 
retention time (± SD) for pregabalin and 
atenolol were 7.9 ± 0.08 and 14.9 ± 0.06 min, 
respectively. 
 
Urinary excretion patterns 
Cumulative urinary excretion is often used in 
pharmacokinetic and clinical studies in humans 
and animals to learn about the disposition of the 
drug, the fraction of drug absorbed and the 
extent of bioavailability (EBA) of a drug. 
Therefore we decided to determine the urinary 
excretion patterns of these two drugs after 
single oral administration and   by which we can 
determine the concentration of atenolol and 
pregabalin in urine at any time during 24 hours 
after oral administration. 

The cumulative urinary excretion patterns of 
pregabalin and atenolol were investigated in 
healthy volunteers after a single oral 
administration of Lyrica® 75 mg capsule and 
Ateno® 50 mg tablet figure (6-7) and table (8-9). 
It appeared that approximately 80 % of 
pregabalin and 45.6 % of atenolol were excreted 
unchanged within 24 hours after oral 
administration.  
 
Method validation 
Linearity and range 
The linearity of the proposed HPLC method was 
evaluated by analyzing a set of different 
concentrations of atenolol and pregabalin. Five 
concentrations were selected, ranging between 
5-55 µg/mL for atenolol and 200-700 µg/mL for 
pregabalin. Each concentration was injected in 
triplicate and the mean value of the peak area 
ratios was taken for constructing the calibration 
curve. The regression analysis revealed a 
satisfactory correlation and an intercept value 
not statistically (P ≤ 0.05) different from zero. 
Characteristic parameters for the regression 
equations of the HPLC method obtained by 
least-squares treatment of the results were 
given in table (1-2).   
 
Detection and quantification limits 
(sensitivity) 
The limit of detection (LOD) and limit of 
quantification (LOQ) were determined 
according to the current ICH guidelines as the 
ratio of 3.3 and 10 standard deviations of the 
blank respectively, against the slope of the 
calibration line49.  The theoretical values were 
calculated practically and given in tables (1-2) 
indicating the high sensitivity of the proposed 
HPLC method.  
 
Accuracy 
The accuracy of the method was performed by 
standard addition method that was applied for 
each compound in pharmaceutical dosage form 
and in human urine. Three replicate samples of 
each concentration level were prepared and % 
recovery at each level and mean % recovery 
were determined as listed in tables (3-4). The 
proposed method shows high degree of 
accuracy as neither the excipients in the 
pharmaceutical formulations nor the biological 
endogenous compounds interfere in the analysis 
of atenolol and pregabalin by the proposed 
HPLC method. 
 
Precision 
Percision of the proposed HPLC method was 
expressed as CV (coefficient of variation). 
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The intra-day precision of HPLC method was 
determined by injection of three replicates of 
three different concentrations of each 
compound which were prepared and analyzed 
on the same day. The inter-day precision of the 
HPLC method was determined by injection of 
three replicates of three different 
concentrations of each compound, which were 
prepared and analyzed on three successive days. 
CV values were calculated and found to be less 
than 2 (table 5-6) showing excellent precision 
for the proposed HPLC method during analysis 
either on the same day or on three successive 
days. 
  
Robustness 
Variation of buffer pH by ± 0.2 units, organic 
composition of the mobile phase by ± 1 % or 
elution flow rate by ± 0.02 mL/min did not have 
a considerable effect on chromatographic 
resolution. Only one parameter was varied and 
analysis was performed according to the 
previous chromatographic procedure (number 
of replicate n=3). The results revealed a good 
robustness of the proposed method (table 7). 
 
Selectivity 
Selectivity of the proposed method in bulk was 
determined by preparing five mixtures of 
different concentrations of atenolol and 
pregabalin within their linearity range. The 
selectivity of the method in spiked human urine 
was carried out by preparing five mixtures of 
different concentrations of atenolol and 
pregabalin within their linearity range using 
drug free human urine. Then, the prepared 
mixtures were analyzed using the 
chromatographic conditions described 
previously. The obtained results revealed the 
high selectivity of the proposed HPLC method 
for simultaneous determination of pregabalin 
and atenolol in bulk and in spiked human urine 
(table 10-11). 
 

Analytical solutions stability 
It was found that the samples of atenolol and 
pregabalin in mobile phase were stable for at 
least 5 hours at room temperature. The stability 
of stock solutions of atenolol and pregabalin in 
methanol were checked and proved to be stable 
for at least 2 weeks at 4˚C. 
Urine samples spiked with atenolol and 
pregabalin were evaluated for the stability 
following freezing and thawing. The drugs were 
stable for at least three freeze-thaw cycles. No 
considerable changes were observed for the 
stability of the spiked urine samples after 2 
weeks of storage at -20˚C.  
 
System suitability tests 
Resolution and other system suitability 
parameters (capacity factor (k/), selectivity 
factor (α), number of theortical plates and 
RSD% of retention time were calculated for 
atenolol and pregabalin. A value of 20.56 for 
resolution and tailing factor of 0.83 and 1.16 for 
pregabalin and atenolol respectively implies a 
good separation of these components within a 
reasonable run time. Also the values of the 
capacity factor and the theoretical plate counts 
reflect the efficiency of the seperation (table 12). 
 
CONCLUSION 
This study represents a simple, accurate and 
reproducible HPLC method for quantitative 
analysis and simultaneous determination of 
atenolol and pregabalin in dosage forms, spiked 
and human urine. The proposed method was 
validated for its accuracy, simplicity and 
reproducibility revealing the convenience of the 
method for routine analysis of both drugs in 
their dosage forms and in human urine. The 
cumulative excretion patterns of atenolol and 
pregabalin have been determined which could 
represent a valuable clinical application by 
which we can  detect the concentration of the 
two drugs in urine at any time during 24 hours 
after single oral administration.  
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Table 1:  Characteristic parameters for the regression equations of the proposed  
HPLC method for determination of atenolol and pregabalin in spiked urine 

Parameter Atenolol in spiked urine Pregabalin in spiked urine 

Linearity range (µg/mL) 5-55 200-700 
Detection limit (µg/mL) 0.008 0.2 × 10-3 

Quantitation limit (µg/mL) 0.027 0.7 × 10-3 
Regression equation (Y)a  

N 5 5 
Slope (b) 0.245 0.008 

S.D. of slope (sb) 0.004 0.1× 10-3  
% R.S.D. of the slope 1.59× 10-2 2.885× 10-5 

Confidence limit of the slope b 1.585 - 1.592 1.588 - 1.589 
Intercept (a) 0.357 0.735 

S.D. of intercept (Sa) 0.141 0.055 
% R.S.D. of the intercept 52.20 × 10-2 0.013 

Confidence limit of the intercept b -0.020 - 0.226 0.055 - 0.151 
Correlation coefficient (r) 0.999 0.999 

 ay= a+bC , where C is the concentration of pregabalin and atenolol in µg/mL and Y is the peak area, 
                                           b 95% confidence limit. 

 
 
 

Table 2: Characteristic parameters for the regression equations of  
the proposed HPLC method for determination  

of atenolol and pregabalin in bulk 
Parameter Atenolol Pregabalin 

Linearity range (µg/mL) 5-55 200-700 
Detection limit (µg/mL) 0.007 1.7×10-4  

Quantitation limit (µg/mL) 0.023 5.4×10-4  

Regression equation (Y)a  
N 5 5 

Slope (b) 0.300 0.0076 
S.D. of slope (sb) 0.004 8.4 × 10-5 

% R.S.D. of the slope 0.013 2.05 × 10-5  

Confidence limit of the slope b 1.586 – 
1.592 

1.588 – 
1.589 

Intercept (a) 3.572 1.741 
S.D. of intercept (Sa) 0.120 0.038 

% R.S.D. of the intercept 0.444 0.009 
Confidence limit of the interceptb  0.924 – 1.135 0.068 ̵  0.137 

Correlation coefficient (r) 0.999 0.999 
 ay= a+bC , where C is the concentration of pregabalin and atenolol 
                                                            in µg/mL and Y is the peak area,  
                                                                                            b 95% confidence limit.  

 
 
 
 

Table 3: Results of the recovery studies by standard addition 
 technique for the assay of atenolol in tablet and spiked urine 

Atenolol Level 

Amount of 
atenolol 

taken 
(µg/mL) 

Amount of 
atenolol  

added 
(µg/mL) 

Total concentration 
found (µg/mL) 

Recovery 
% 

 

Mean 
recovery % 

Tablet 

I 50 3 52.991 99.98 

100.275 II 50 5 55.322 100.58 
III 50 7 56.455 99.04 
IV 50 9 59.887 101.50 

Spiked urine 

I 10 2 11.543 96.19 
98.69 

 
II 10 4 14.443 103.16 
III 10 6 15.486 96.78 
IV 10 8 17.760 98.66 
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Table 4: Results of the recovery studies by standard addition  
technique for the assay of pregabalin in capsules and spiked urine 

Pregabalin Level Amount of pregabalin 
taken (µg/mL) 

Amount of pregabalin 
added (µg/mL) 

Total concentration 
found (µg/mL) 

Recovery 
% 

 

Mean 
recovery % 

capsules 

I 300 20 321.45 100.45 

100.55 II 300 55 358.55 101.00 
III 300 70 367.89 99.43 
IV 300 100 405.33 101.33 

Spiked urine 

I 400 10 415.34 101.30 
99.72 

 
II 400 35 438.67 100.84 
III 400 75 468.44 98.61 
IV 400 90 480.88 98.13 

  
 
 
 

Table 5: Results of the intra-day and inter-day precision expressed 
 as CV in the assay of atenolol in tablets and spiked urine 

Atenolol Concentration 
(µg/mL) 

Intra-day precision Inter-day precision 
Recovery %  a  ± S.D CV Recovery %  b  ± S.D CV 

Tablets 
10 100.5 ± 0.05 0.52 99.1 ± 0.34 0.34 
30 100.4 ± 0.07 0.24 99.78 ± 0.25 0.8 
50 99.19 ± 0.28 0.56 100.6 ± 0.19 0.3 

Spiked urine 
10 100.7 ± 0.25 0.25 99.7 ± 0.21 0.21 
30 100.6 ± 0.35 0.12 99.4 ± 0.16 0.5 
50 99.8  ± 0.28 0.5 99.7 ± 0.30 0.6 

a Mean and S.D. for three determinations. 
b Mean and S.D. for three constitutive days. 

 
 
 
 

Table 6: Results of the intra-day and inter-day precision expressed as  
CV in the assay of pregabalin in capsules and spiked urine 

Pregabalin Concentration(µg/mL) Intra-day precision Inter-day precision 

Recovery %  a  ± S.D CV Recovery %  b  ± S.D CV 

capsules 
300 100.12 ± 0.35 0.116 99.4 ± 0.61 0.24 
400 99.9 ± 0.81 0.203 100.6 ± 0.8 0.19 
500 99.5 ± 0.64 0.129 100.05 ± 0.8 0.16 

Spiked urine 
350 100.14 ± 0.55 0.166 100.56 ± 0.9 0.28 
370 100.28 ± 0.45 0.122 99.5 ± 0.72 0.19 
450 99.99 ± 0.71 0.159 99.36 ± 0.9 0.20 

a Mean and S.D. for three determinations. 
b Mean and S.D. for three constitutive days. 

 
 
 
 
 

Table 7: Robustness results of the proposed HPLC method 
Factor pregabalin Atenolol 

Mean recovery % S.D. Mean recovery % S.D. 
Organic strength of mobile phase ± 1% 

(7.5 ± 1%) 100.42 1.34 100.29 0.61 

pH of buffer ± 0.2 (6 ± 0.2) 101.05 1.09 99.71 1.44 
Flow rate ± 0.02 (1 ± 0.02) 99.87 1.40 100.3803 1.103478 
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Table 8: Cumulative amount of  

atenolol excreted in urine 
Excretion profile 

Time (h) Cumulative amount (mg) 
0.0 0.0 
2.0 2.0 
3.0 5.0 
6.0 11.0 
8.0 15.0 
9.5 18.0 

12.0 20.0 
15.0 20.9 
18.0 21.5 
20.5 22.3 
24.0 22.8 

 
 
 
 
 
 
 

Table 9: Cumulative amount of  
pregabalin excreted in urine 

Excretion profile 

Time (h) Cumulative amount 
(mg) 

0.0 0.0 
2.0 3.5 
3.0 8.0 
6.0 25.0 
8.0 38.0 
9.5 44.0 

12.0 49.0 
15.0 53.0 
18.0 55 
20.5 57.3 
24.0 60.0 

 
 

 

Table 10: Results of selectivity of HPLC method in bulk 
 

 

 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
Mix. 
No. 

Mixture- conc. 
(µg/mL) % Recovery 

Pregabalin atenolol Pregabalin 
 atenolol 

1 200 50 100.5 98.8 
2 300 40 99.2 99.7 
3 400 30 98.8 100.9 
4 500 20 101 99.6 
5 600 10 99.1 101.6 

 
 

Mean 99.72 100.12 
± S.D. 0.96 1.12 
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Table 11: Results of selectivity of HPLC  
method in spiked human urine 

 

 
 
 
 
 
 
 
 

 
Table 12: Calculated system suitability parameters of the developed  

HPLC method for determination of pregabalin and atenolol 

 
Compound 

Retention 
time 

(min)a 

Capacity 
factor 

(k/) 

 
Selectivity 

(α)b 

 
Resolution 

( Rs )b 

 
Tailing 
Factor 

% RSDc 

of 
retention 

time 

 
Plate 
Count 

Pregabalin 7.93 2.90 2.18 (a1) 20.56 (b1) 0.83 1.01 8709.5 
Atenolol 14.9 6.33   1.16 0.40 13664.1 

a the retention time of unretained peak is 2.03 min. 
b a1 , b1 : are  α and Rs calculated for pregabalin and atenolol. 
c Relative standard deviation . 

 

 

 
Fig. 1:  Chemical structure of atenolol 

 
 
 
 

 
Fig. 2: Chemical structure of pregabalin 

 
 
 
 

 
Fig. 3: HPLC chromatogram of Ateno® and  Lyrica® capsules,  

showing retention time of pregabalin at 7.93 min and atenolol at 14.9 min 

Mix. 
No. 

Mixture- conc. 
(µg/mL) % Recovery 

Pregabalin atenolol Pregabalin Atenolol 
1 500 20 100.9 99.7 
2 400 25 100.4 101.2 
3 300 30 99.1 99.2 
4 200 35 98.2 98.4 
5 100 40 101 101.8 

 
 

Mean 99.92 100.06 
± S.D. 1.22 1.41 
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Fig. 4:  HPLC chromatogram of blank urine 

 
 
 

 
Fig. 5: HPLC chromatogram of  Volunteer urine , showing retention time  

of pregabalin at 7.93 min. and atenolol at 14.9 min 
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Fig. 6: Cumulative excretion pattern of atenolol in urine of a  

healthy human volunteer after a single oral dose of 50 mg atenolol 
 
 
 

 
Fig. 7: Cumulative excretion pattern of pregabalin in urine of a healthy 

 human volunteer after a single oral dose of 75 mg pregabalin 
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