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Abstract 

A reversed-phase HPLC method with spectrophotometric detection was 
developed for the simultaneous determination of labetalol (LBT) and hydrochloro- 
thiazide (HCD). The chromatographic separation was performed using a 
Microbondapak Cq8 column (4.6 i.d. x 250 nm) and paracetamol as internal 
standard. A mobile phase consisting of 0.05 M phosphate buffer/acetonitrile of pH 4 
(7:3) at a flow rate of 0.7 mllmin was used. The detection was affected 
spectrophotornetrically at 302 nm. The working concentration range was 0.3-10 
pglml with detection limits of 0.05 pglml for both drugs. The lower quantitation limit 
was 0.25 pglml in the two cases. The method was successfully applied to tablets, 
the % recoveries were 99.45k0.68 for LBT and 99.79k0.75 for HCD. The method 
was extended to the in-vitro determination in spiked human plasma. The % 
recoveries were 91.12k0.33 for LBT and 91.37k0.40 for HCD. The interday and 
intraday precision and accuracy were evaluated in plasma by calculating the % 
RSD (n=5) and the % error and were found to be in the ranges of 1.18-4.1% and 
0.38-0.36% for both drugs, respectively. 

Introduction 

Labetalol hydrochloride Hydrochlorothiazide 

Labetalol hydrochloride: 5-[I -hydroxy-2-(I -methyl-3-phenylpropy1amino)- 
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ethyl]salicylamide hydrochloride. (LBT) is a non-cardiovascular P-blocker drug with 
selective al-blocking properties which decrease peripheral vascular resistance. It is 
frequently used in the management of hypertension."] 

Hydrochlorothiazide: 6-Chloro-3,4-dihydro-2H, 1,2,4-benzothiadiazine-7-sulpho- 
namide-I ,I-dioxide. (HCD) is widely used as a potent diuretic of low toxicity.['] 

Both drugs are official in the British ~harmaco~oeia [~ ]  (BP) and in the United 
States ~harmacopoeia[~] (USP). The BP[~ ]  described a nonaqueous titration 
procedure for the determination of LBT-HCI and HCD in bulk and a 
spectrophotometric method for their determination in tablets. The USP, however, 
recommended high performance liquid chromatography (HPLC) for the analysis of 
both LBT-HCI and HCD in bulk and in tablets. Several other methods have been 
reported in the literature for the determination of LBT, both in formulations and in 
biological fluids; these include spectrophotometry,[4~61 NMR spectroscopy,~71 TLC,[~] 
HPLC,[~-"] LC-MS,['~-'~' micellar liquid chr~rnatograph~,~ '~~ capillary electro- 
phoresis[151 and capillary liquid ~hrornatography."~] 

Similarly, several methods have been reported for the determination of HCD in 
bulk, formulations or biological fluids. These include spectrophotometric,~177191 
H P L C [ ~ O - ~ ~ ]  and polarographic methods.123p241 Although labetalol and hydrochloro- 
thiazide are frequently co-formulated together in tablets, yet, there is no reported 
method for the simultaneous analysis of such mixture. This led us to search for a 
simple, rapid and accurate method for that purpose and HPLC proved to be suitable 
tool for the analysis of the mixture. The method has been applied for the 
determination of both components in laboratory-made mixtures, in tablets and was 
further extended to the in-vitro determination in spiked human plasma using the 
internal standard method. The results obtained were satisfactorily accurate and 
precise. 

Experimental 

Reagents and Materials 

Reference standard samples of LBT.HC1 and HCD were obtained from 
Glaxo-Welcome, Middlesex, UK, through Drug Control Center, Riyadh, Saudi 
Arabia, their purity was checked according to the British Pharmacopoeia (BP) 
method.[21 Synthesized tablets were prepared in lab to contain 200 mg LBT.HCI and 
40 mg HCDJtablet. 

Human plasma was obtained from King Khalid University Hospital, blood bank, 
King Saud University, Riyadh and kept frozen until use after gentle thawing. 
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Orthophosphoric acid, disodium hydrogen phosphate, ammonia solution and 
ether were of Analytical Reagent grade, acetonitrile and methanol were HPLC 
grade; these chemicals were purchased from Merck (Darmstadt, Germany). 

HPLC Instrumentation 

Optimized Chromatographic Conditions: 

Column: pBondapakTM Cl8 pm (4.6 mm id x 250 mm). 
Eluent: (0.05 M) phosphate bufferlacetonitrile (7:3) pH = 4 adjusted with 

phosphoric acid. 
Detector: Attenuation = 16, at 302 nm. 
Flow rate: 0.7 mL min-I. 
Temperature: Ambient (20-23°C). 
Injection volume: 20 pI sample loop. 

Standard Solutions 

Individual stock solutions of LBT-HCI, HCD and paracetamol (Internal 
Standard, IS) were prepared in methanol to give final concentrations of 200 pg ml-I. 
Each solution was then diluted as appropriate. 

Calibration Curves 

Aliquots of the LBT.HC1 or HCD stock solutions were transferred into separate 
25 ml volumetric flasks to obtain concentrations ranging between 0.3 pg ml-'-10 pg 
ml-I. 1.0 ml of IS solution was added to each flask, then completed to the mark with 
the mobile phase. Make triplicate 20 pI injections for each solution. The peak-area 
ratio of each concentration to the IS against the corresponding standard 
concentration were plotted to obtain the calibration graphs. Alternatively, the 
corresponding regression equation was derived. 

Analysis of Authentic Mixtures 

Volumes of the stock solutions of LBT.HCI and HCD (in the range 0.4-1.0 pg 
ml-') at different ratios (1:1, 5:l and 2:l)  were mixed then 1 ml of IS was added to 
each solution and completed to the appropriate volume with the mobile-phase. 
Triplicate 20 pl injections for each solution were made. Calculate the peak-area 
ratio of each concentration to the IS. The concentration of each drug is obtained 
using the calibration graph or the corresponding regression equation. 
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Analysis of Tablets 

The method was applied to the determination of LBT.HCI and HCD in the 
medicinally recommended ratio (51). Samples of about 100 mg LBT.HCI and 20 
mg HCD were accurately weighed and mixed with appropriate proportions (5:28) of 
the drug-matrix components. The mixtures were dissolved and diluted quantitatively 
to 100 ml using methanol. The solutions were sonicated for 15 min, centrifuged at 
4000 rpm, for 10 min and the supernatant was used to prepare solutions of various 
quantities of the two drugs using the mobile phase as a diluent after addition of the 
IS solution. 

Detection and Determination of LBT.HC1 and HCD in Spiked Human Plasma 

To 10 x 75 mm glass culture tubes containing 500 pl of human plasma, 20 pl 
of each LBT.HCI and HCD were added and left to stand for 20 min. A 20 pl aliquot 
of paracetamol was added as the internal standard, complete to 1 ml with 
ammonium acetate (pH 9). Each addition included vortexing and centrifugation 
(4000 rpm for 5-10 min). The aqueous phase was extracted twice with 1 ml of ether 
by vortexing vigorously for 90 s and then centrifuging at 6000 rpm for 10 min. A 
fixed volume of the organic phase was removed and evaporated to dryness under a 
nitrogen steam at ambient temperature. The residue was reconstituted in 1 ml of 
the mobile phase and triplicate 20 p1 injections were made into the liquid 
chromatographic system. 

Blank human plasma samples, which had 60 yl of deionized water instead of 
the drugs were processed in the same manner. 

The percentage recovery of the drug from human plasma was calculated by 
taking the peak area. From an injection of an extracted sample and dividing it by the 
peak area from an injection of the corresponding stock solution, X100. Percentage 
recovery was defined as the experimentally determined plasma concentration of the 
drug divided by the actual plasma concentration of the drug, X100. 

Also, additional samples for the lowest, medium and highest concentrations 
(0.4, 1.0, 8.0 pg ml-I) were prepared to calculate the inter-day precision and 
accuracy over 5 consecutive days. On a separate day, a calibration curve and five 
samples for each of the lowest, medium and highest concentrations were prepared 
to determine the intra-day precision and accuracy. All samples were extracted and 
processed as described above. 
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Results and Discussion 

A reversed phase HPLC method was developed to provide a specific 
procedure suitable for the rapid quality control analysis of binary mixtures 
containing LBT.HCI and HCT. The method was also extended for their 
simultaneous determination in spiked human plasma. The method involves the use 
of an RP-CI8 column and a mobile phase consisting of 0.05 M phosphate 
bufferlacetonitrile (7:3, vlv) of pH 4. The mobile phase was chosen after several 
trials using various proportions and different pH values. In order to optimize the 
assay parameters, the effect of acetonitrile and pH on the resolution were studied. 
At high concentrations of acetonitrile, the peaks of LBT.HCI and HCD overlapped. 
On using equal ratios of acetonitrile and phosphate buffer, no peaks were observed 
within the first 15 minutes. Variation of the pH yielded good resolution at pH 4, with 
reasonable retention times for all peaks. 

Ionic strength is an important factor for the resolution of the peaks and the best 
results were obtained at 0.05 M. Decreasing the ionic strength below 0.05 M 
decreased the column resolution. Changing the ionic strength of the mobile phase 
from 0.05 M to 0.01 M resulted in a decrease in the column resolution. 

The above described chromatographic system showed an adequate resolution 
(Rs = 3.505) between LBT.HCI (tR = 10.227) and HCD (tR = 6.21) in a reasonable 
time (Fig. 1) Rs, resolution; tR, retention time. The proposed method was assessed 
for linearity, precision, accuracy, sensitivity, specificity and stability. 

Linearity 

The linearity of the detector responses for both LBT.HCI and HCD were 
determined by plotting peak area ratios of the drug to the internal standard vs 
concentrations. The analytical data for the calibration graphs are listed in Tab. 1. 

The tab. also shows the values of the standard deviation of the slope (Sb) and 
intercept (S,) on the ordinate and the standard deviation of the residuals (S,,,). 

Specificity 

The specificity of the method was investigated by observing any interference 
encountered from the drug matrix. No interference was encountered from common 
tablet excipients such as talc, starch, lactose, avisil, gelatin and magnesium 
stearate. 
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Tab. 1. Analytical Data for the Determination of Labetalol. Hydrochloride and 
Hydrochlorothiazide. 

Fig. (1) shows the typical chromatogram of authentic mixture of LBT.HC1 and 
HCD (4.5 pglml each) while Fig. (2) shows the chromatogram of LBT.HC1 (1.5 
pglml) and HCD (0.85 pglml) added to plasma. It is clear that plasma components 
did not interfere with the proposed method. 

Hydrochlorothiazide 

350-1 000 

- 0.03231 
0.55691 
0.9998 
2.23 x 

2.60 x 1 o - ~  
3.06 x 

0.05 
0.25 

Parameter 

Concentration range (nglml) 
Regression equation 

Intercept (a) 
Slope (b) 
Correlation coefficient (r) 
sa 
s b  

Sy/x 
LOD (pglml) 
LOQ (pglml) 

The good linearity of the calibration graphs and the negligible scatter of the 
experimental points are clearly evident by the high values of the correlation 
coefficients (close to one) and standard deviations.[251 

La betalol. hydrochloride 

350-1 000 

- 0.00407 
0.59642 
0.9998 
2.35 x 

2.73 x 

3.20 x 

0.05 
0.25 

Precision and Accuracy 

The precision (RSD%) and accuracy (Error%) of the proposed method were 
assessed by the repeated analysis of plasma samples containing mixtures of 
LBT.HC1 and HCD at different concentrations (Tab. 2). The data indicate that the 
intra-day precision is in the range of 1.9-3.3% (n=3) and intra-day accuracy is in 
the range of 1.1-3.7% (n=3) for both LBT.HC1 and HCD, and that inter-day 
precision is in the range of 1.2-4.1 % (n=5) and inter-day accuracy in the range of 
0.4-3.1 % (n=5) for both drugs. 

Sensitivity 

The limits of detection, LOD and limits of quantification LOQ, were calculated 
for both LBT.HC1 and HCD. The values are given in Tab. 1. The values obtained 
are comparable to those given with the other chromatographic methods (10-12). 
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Stability of Analytical Solutions 

The stability of the sample solutions at 20°C after preparation was verified by 
reassaying them (after dilution with the mobile phase). There was no indication of 
any decomposition of either LBT.HCI or HCD in the samples. Solutions were found 
to be stable for at least 5 days if kept in the refrigerator. 

R e  ten.cion T i m e  (min) 

Fig. 1. Typical Chromatogram of Mixture of Labetalol and Hydrochlorothiazide. 
Conditions: flow rate 0.7 mllmin., UV detection at 302 nm. 
(1): Solvent front (3.937 min) 
(2): Paracetamol (5.029 min). 
(3): Hydrochlorothiazide (6.721 min) 
(4): Labetalol. HCI (10.227 min). 
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Retention Time (min) 

Fig. 2. Typical Chromatogram of Mixture of Labetalol and Hydrochlorothiazide in Plasma. 
Conditions: flow rate 0.7 mllmin., UV detection at 302 nm. 
(1): Solvent front (3.508 min) 
(2): Paracetamol (4.862 min). 
(3): Hydrochlorothiazide (6.329 min) 
(4): Labetalol. HCI (8.287 min). 
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Analyte 

Intra-day 
Labetalol. HCI 

Conc. 

494.65k14.1Za 
1000 977.47k28.15 2.3 2.9 

aMean +, S.D. based on n = 3. 
b ~ e a n  + S.D. based on n = 5. 

Hydrochlorothiazide 

Inter-day 
Labetalol. HCI 

Hydrochlorothiazide 
, 

Tab. 2. Accuracy and Precision Data for Labetalol HCI and Hydrochlorothiazide in 
Plasma. 

Applications 

6000 
500 
1000 
6000 

500 
1000 
6000 
500 
1000 , 

Determination of LBT and HCD in Laboratory Prepared Tablets 

The validity of the proposed method was studied by assaying laboratory 
prepared tablets which comprise the binary mixture (200 mg LBT.HCI and 40 mg 
HCD). Five replicate determinations were made. Satisfactory results were obtained 
for the recovery of both drugs. The % recoveries ranged from 99.5k0.69 to 
100.7k2.4 for LBT and from 99.80k0.88 to 100.4k2.21 for HCD. 

5828.40k159.79 
483.18k9.37 
980.00k33.36 

5840.60k115.08 

485.39k5.71 ---- 
968.581t14.94 

5825.88k128.36 
509.99220.92 
986.021t24.59 , 

The proposed method, however, is not suitable for simultaneously quantify 
labetalol, hydrochlorothiazide and their possible degradation products, often seen 
during storage conditions. 

Determination of LBT and HCD in Spiked Human Plasma 

2.9 
3.4 
2.0 
2.7 

2.9 
3.1 
2.9 
2.0 
1.4 , 

Plasma sample (n=6) were prepared by spiking blank plasma with LBT.HCI 
and HCD followed by liquid-liquid extraction and then the solution was injected once 
on the same day. The absolute recoveries of both drugs were determined by a 

2.8 
1.9 
3.3 
2.0 

1.2 
1.5 
2.2 
4.1 
2.5 , 
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comparison of the extracted analyte peak area with the unextracted analyte areas. 
The results are shown in Tab. 3 are satisfactorily accurate and precise. 

Tab. 3. Determination of Labetalol HCI and Hydrochlorothiazide in Spiked Human 
Plasma. 

*Recoveries were calculated by a comparison of the extracted peak area. 

RSD 

2.8 

3.2 

3.2 

2.7 

2.9 

3.5 

The proposed method, however, is not appropriate to detect the metabolites in 
plasma. 

Recovery* (%) 
(Mean k S.D. n = 5) 

91.58k2.6 

90.95k2.9 

90.84k2.9 

91.35k2.5 

91.8752.7 

90.88k3.2 

Compound 

Labetalol HCI 

Hydrochlorothiazide 

Conclusion 

Spiked Concentration 
nglml 

400 

2000 

8000 

400 

2000 

8000 

A reversed phase HPLC method has been developed and validated for the 
simultaneous determination of LBT.HCI and HCD in tablets and in spiked human 
plasma. The assay is fast and requires a relatively simple sample preparation. The 
procedure is suitable for the separation and quantification of each drug in 0.3-10 
pglml range. The lower limits of detection are comparable to those given with the 
other chromatographic methods. 
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