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ABSTRACT

A simple, specific, accurate and precise reverse phase high performance liquid chromatographic
method was developed for simultaneous estimation of diazepam and propranolol hydrochloride
in pharmaceutical tablet formulation. The separation was achieved on Phenomenex Cig column
(250 mm i.d., 4.6 mm, 5 pm particle size) using methanol: acetonitrile: water (50 : 25 : 25, vivlv,
pH adjusted to 2.8 + 0.05 with ortho- phosphoric acid) as the mobile phase at a flow rate of 1.0
ml min™. The quantification was achieved with PDA detector at 235 nm. The injection volume
was 20 ul. The retention times of diazepam and propranolol hydrochloride were 5.38 + 0.29 min
and 3.80 £ 0.15 min, respectively. The method was validated for linearity, precision, specificity,
robustness and recovery according to the ICH guidelines. The linearity was obtained in the
concentration range of 0.1-5.0 pg/ml for both drugs with mean recovery of 100.3 £ 0.47 and
100.2 £ 0.78 % for diazepam and propranolol hydrochloride, respectively. The limit of detection
and quantification for diazepam were 0.015 and 0.050 pg/ml, respectively and for propranolol
hydrochloride were 0.014 and 0.045 pg/ml, respectively. The method was found to be simple
and highly sensitive and can be useful in the routine quality control of diazepam and propranolol
hydrochloride in bulk manufacturing and pharmaceutical dosage forms.
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INTRODUCTION

Diazepam (DZP) (Figure 1) is chemically 7-chloro-1, 3-dihydro-1-methyl-5-phenyl-1, 4-
benzodiazepin-2-one; C1sH13sCIN,O?, used as an anxiolytic agent?. It is official in IP, USP and
BP. IP* and BP* describes non-aqueous titration method and USP® describe liquid
chromatography method for its estimation. Literature survey reveals spectrophotometric®?®,
spectrofluorimetric'®, GC', HPLC'?, HPTLC®™, LC/MS™ and radioimmunoassay™® methods
for the estimation of DZP in single dosage form. Propranolol hydrochloride (PRO) (Figure 2) is
chemically (RS)-1-isopropylamino-3- (1-naphthyloxy) propan-2-ol hydrochloride; CiH21NO3,
HCIY, is beta-adrenoceptor antagonist'®. The combination of DZP and PRO has been shown to
be effective in the management of chronic anxiety. The combination was generally more
effective than diazepam®®. Propranolol hydrochloride is official in IP, USP and BP. IP*° and BP?
describes potentiometric titration method and USP# describe liquid chromatography method for
its estimation. Literature survey reveals spectrophotometric®*%*, fluorimetric®®, HPLC?**" and
chemiluminescence?®® methods for estimation of propranolol hydrochloride in single dosage
form. This combination is not official in any pharmacopoeia, so no official method is available
for the estimation of these two drugs in combined dosage forms. Literature survey reveals
spectrophotometric”® method for the simultaneous estimation of DZP and PRO in combined
dosage form. The present manuscript describes simple, sensitive, accurate, precise, specific and
robust HPLC method for simultaneous determination of diazepam and propranolol hydrochloride

in pharmaceutical tablet dosage form.
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Figure 1: Chemical structure of Figure 2: Chemical structure of
Diazepam (DZP) Propranolol Hydrochloride (PRO)

MATERIALS AND METHODS
Reagents and Materials
DZP and PRO bulk powder was kindly gifted by Santham Pharmaceutical Ltd, Gandhinagar,

Guijarat, India. The commercial fixed dose combination product containing 2 mg DZP and 10 mg
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PRO was procured from the local pharmacy. HPLC grade acetonitrile and methanol was

purchased from S.D. Fine Chemicals Ltd., Mumbai, India. The water for HPLC was prepared by
triple glass distillation and filtered through nylon 0.45 pm-47 mm membrane filter (Gelman
laboratory, Mumbai, India). Ortho-phosphoric acid and methanol was purchased from S.D. Fine
Chemicals Ltd., Mumbai, India and were of analytical reagent grade.

Instrumentation

A Shimadzu (Columbia, MD) RP-HPLC instrument (LC-2010Cyr) equipped with a UV-Visible
detector and a photodiode array detector, manual injector with 20 [J L loop, Phenomenex
(Torrance, CA) Cyg column (250 mm x 4.6 mm id, 5 [J m particle size), LGsolution software,
Digital pH meter (LI 612 pH analyzer, Elico, Mumbai), analytical balance (Sartorius CP224S,
Gottingen, Germany), ultra sonic cleaner (Frontline FS 4, Mumbai, India) were used in the study.
Preparation of mobile phase

The mobile phase comprised of methanol: acetonitrile: water (50:25:25, v/v/v, pH adjusted to
2.80 £ 0.05 with ortho-phosphoric acid.). The mobile phase was filtered through nylon 0.45 pum-
47 mm membrane filter and was degassed before use.

Preparation of DZP and PRO standard stock solutions

Accurately weighed DZP (10 mg) and PRO (10 mg) was transferred to a separate 100 ml
volumetric flask and dissolved and diluted to the mark with methanol to obtain a standard stock
solutions having concentration DZP (100 pg/ml) and PRO (100 pg/ml).

Preparation of DZP and PRO mixed standard solution

DZP and PRO standard stock solution (10 ml) was transferred to 100 ml volumetric flask and
volume was made up with mobile phase to obtain a mixed standard solution having
concentration DZP (10 pg/ml) and PRO (10 pg/ml).

Preparation of sample solution

Twenty tablets were weighed and powdered. The quantity of the powder equivalent to 2 mg of
DZP and 10 mg of PRO was transferred to a 100 ml volumetric flask. The content was mixed
with methanol (50 ml), sonicated for 20 min to dissolve the drug as completely as possible and
the volume was adjusted up to the mark with methanol. The solution was then filtering through
Whatman filter paper no. 41. The above solution (1.0 ml) was transferred to a 10 ml volumetric
flask and the volume was adjusted up to mark with mobile phase. An aliquot of this solution (1.0
ml) was taken in to a 10 ml volumetric flask and the volume was adjusted up to mark with

mobile phase.
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Determination of analytical wavelength

The standard solution of DZP and PRO were injected under the chromatographic condition
described above. The elution showed reasonable good response at 235 nm with PDA detector. So
both drugs were detected at that common analytical wavelength.

Validation of the proposed HPLC method

Calibration curve (linearity)

Calibration curves were constructed by plotting peak areas Vs concentrations of DZP and PRO,
and the regression equations were calculated. The calibration curves were plotted over the
concentration range 0.1-5 pg/ml for both DZP and PRO. Accurately measured standard working
solutions of DZP and PRO (0.1, 0.2, 0.4, 0.8, 1.0, 2.0, 3.0, 4.0 and 5.0 ml) were transferred to a
series of 10 mL of volumetric flasks and diluted to the mark with mobile phase. Aliquots (20 pl)
of each solution were injected under the operating chromatographic conditions described above.
Accuracy (% recovery)

The accuracy of the method was determined by calculating recoveries of DZP and PRO by the
standard addition method. Known amounts of standard solutions of DZP and PRO were added at
50, 100 and 150 % level to prequantified sample solutions of DZP and PRO (0.3 + 1.5 pg/ml).
The amounts of DZP and PRO were estimated by applying obtained values to the regression
equation of the calibration curve.

Method precision (% repeatability)

The precision of the instrument was checked by repeatedly injecting (n = 6) standard solutions of
DZP and PRO (1.0 pg/ml) under the same chromatographic condition and peak area, retention
time and tailing factor was measured. The results were reported in terms of percent relative
standard deviation (% RSD).

Intermediate precision (reproducibility)

The intraday and interday precision of the proposed method was determined by analyzing the
corresponding responses 3 times on the same day and on 3 different days over a period of 1 week
for 3 different concentrations of standard solutions of DZP and PRO (0.8, 1 and 2 pg/ml). The
results were reported in terms of percent relative standard deviation (% RSD).

Limit of detection and limit of quantification

The limit of detection (LOD) and the limit of quantification (LOQ) of the drug were derived by
calculating the signal-to-noise ratio (S/N, i.e., 3.3 for LOD and 10 for LOQ) using the following

equations as per International Conference on Harmonization (ICH) guidelines®.
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LOD=3.3 x6/S

LOQ =10 x 6/S

Where ¢ = the standard deviation of the response

S = Slope of calibration curve.
Robustness
The robustness of the method was established by introducing small changes in various
parameters like mobile phase composition, pH of mobile phase, wavelength and flow rate. For
the same, mobile phases having different compositions, like methanol: acetonitrile: water (51 +
24 + 25, viviv), (51 + 25 + 24, vivIv), (50 + 26 + 24, vivIv), (50 + 24 + 26, vIviv) were tried and
chromatograms were run. The changes made in wavelength, flow rate and pH were + 1 nm, +
0.05 ml/min and £ 0.1 units, respectively. Robustness of the method was evaluated by
calculating the % RSD values. Robustness of the method was done at different concentration
levels in the range of 0.1-5 pg/ml for both DZP and PRO.
Specificity
The specificity of the method was ascertained by analyzing standard drugs and sample of DZP
and PRO. The peak purity of DZP and PRO were assessed by comparing the peak purity of
sample with standard DZP and PRO.
Analysis of DZP and PRO in combined dosage form
The response of the sample solution was measured at 235 nm under the chromatographic
condition mentioned above for the quantitation of DZP and PRO. The amounts of the DZP and
PRO present in the sample solution were determined by fitting the responses into the regression

equation for DZP and PRO.
RESULTS AND DISCUSSION

Method development

To optimize the RP-HPLC parameters, several mobile phase compositions were tried. A
satisfactory separation and good peak symmetry for DZP and PRO was obtained with a mobile
phase methanol: acetonitrile: water (50:25:25, v/v/v, pH adjusted to 2.80 + 0.05 with ortho-
phosphoric acid) at a flow rate of 1.0 ml/min to get better reproducibility and repeatability.
Quantification was achieved with PDA detection at 235 nm based on peak area. Complete
resolution of the peaks with clear baseline was obtained (Figure 3). Peak purity of drugs was
confirmed by comparing the spectra of standard and sample solutions. The overlain spectrum of
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standard and sample shows good correlation (Figure 4). System suitability test parameters for

DZP and PRO for the proposed method are reported in Table 1.
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Figure 3: RP-HPLC chromatogram of standard DZP and PRO with corresponding

retention time at 235 nm
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Figure 4: Overlain spectra of DZP and PRO for standard and marketed formulation

Table 1: System Suitability Test Parameters

Parameters DZP + RSD? PRO + RSD
Retention time (min) 5.38 + 0.29 3.80+0.15
Tailing factor 1.25+0.26 1.19+0.20
Theoretical plates 4085 = 0.35 3548 £ 0.39
Resolution 4,72 £0.19 4,72 £0.19

®RSD = Relative standard deviation
Validation of the proposed method

Linearity
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Linear correlation was obtained between peak area versus concentrations of DZP and PRO in the

ranges of 0.1-5 pg/ml. The linearity of the calibration curve was validated by the high values of
correlation coefficient of regression (Table 2).

Table 2: Regression Analysis Data and Summary of Validation Parameters

Parameters HPLC Method

DZP PRO
Detection wavelength (nm) 235 235
Concentration range (ng/ml)  0.1-5 0.1-5
Slope 14800 11832
Intercept 3648 3146
Correlation co-efficient (%) 0.9960 0.9990
LOD? (ug/ml) 0.015 0.014
LOQ" (ug/ml) 0.05 0.045
Accuracy (% recovery,n=6) 100.3+0.47 100.2+0.78
Repeatability (% RSD®, n=6) 0.41 1.08
Precision (% RSD)
Interday (n® = 6) 064-133  055-1.23
Intraday (n = 6) 0.39-0.78 0.30 - 1.07

4LOD = Limit of detection.

b LOQ = Limit of quantitation.

“ RSD = Relative standard deviation

3 = number of determinations
Method precision (% repeatability)

The RSD values for DZP and PRO were found to be 0.41 % and 1.08 %, respectively (Table 2).
The RSD values were found to be <1 %, which indicates that the proposed method is repeatable.
Intermediate precision (reproducibility)

The low RSD values of interday (0.64 - 1.33 % and 0.55 - 1.23 %) and intraday (0.39 - 0.78 %
and 0.30 - 1.07 %) variations for DZP and PRO, respectively, reveal that the proposed method is
precise (Table 2).

LOD and LOQ

LOD values for DZP and PRO were found to be 0.015 pg/ml and 0.014 pg/ml, respectively and
LOQ values for DZP and PRO were found to be 0.05 pg/ml and 0.045 pg/ml, respectively
(Table 2). These data show that the proposed method is highly sensitive for the determination of
DZP and PRO.

Accuracy

The recovery experiments were performed by the standard addition method. The recoveries
obtained were 100.3 £ 0.47 % and 100.2 £ 0.78 % for DZP and PRO, respectively (Table 3). The
low value of standard deviation indicates that the proposed method is accurate.
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Table 3: Recovery data

Drug Level Amount of sample Amount of standard Mean %
taken (pg/ml) spiked (%) recovery + SD

DZP I 0.3 50 100.4 £ 0.67

I 0.3 100 100.4 £ 0.42

i 0.3 150 100.1 £0.34
PRO I 1.5 50 99.90 + 0.68

1| 15 100 1005+ 1.15

i 15 150 100.3 + 0.54

" Mean % Recovery + SD of six observations.
Robustness
The standard deviation of peak areas was calculated for each parameter and % RSD was found to
be less than 2 %. The low value of % RSD indicated robustness of the proposed method.
Specificity
The specificity of the method was ascertained by analyzing standard drugs and sample of DZP
and PRO. The peak purity of standard DZP and PRO were 1.000 and 0.999, respectively. Peak
purity for sample was found to be 0.999 for both drugs. The above results suggest that proposed
method is specific for the simultaneous estimation of DZP and PRO
Assay of the pharmaceutical formulation
The proposed validated method was successfully applied to determine DZP and PRO in their
tablet dosage form. The result obtained for DZP and PRO was comparable with the
corresponding labeled amounts (Table 4). The RP-HPLC chromatogram for DZP and PRO in

sample was recorded and is shown in Figure 5.
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Figure 5: RP-HPLC chromatogram of sample DZP and PRO with corresponding retention
time at 235 nm
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Table 4: Assay results for the combined tablet dosage form (n = 6)

Tablet Label claim  Amount found %o Label claim+S. D. (n=23)

(mg) (mg)

DZP PRO DZP PRO) DzP PRO
I 2 10 1.97 10.15 98.50 +1.29 101.5 +0.69
I 2 10 2.02 9.95 101.0 £ 0.65 99.50+1.12

CONCLUSION

The proposed RP-HPLC method was found to be simple, sensitive, accurate, precise, specific
and robust and can be used for the routine quality control analysis of DZP and PRO in combined

dosage form without any interference of excipients.
ACKNOWLEDGEMENT

The authors are thankful to Santham Pharmaceutical Ltd, Gandhinagar, Gujarat, India for
providing gift sample of DZP and PRO for research. The authors are highly thankful to Shree S.
K. Patel College of Pharmaceutical Education & Research, Ganpat University, Kherva, Mehsana,

Guijarat, India for providing all the facilities to carry out the work.
REFERENCES

1) Maryadele JO Neil. The Merck Index: An Encyclopedia of chemicals, drugs and biologicals.
14™ ed., Whitehouse station, New Jersey: Published by Merck Research Laboratories,
Division of Merck and Co., Inc; 2006: 5009.

2) Sweetman SC. Martindale: The Complete Drug Reference, 35" ed., London, UK:
Pharmaceutical Press; 2007: 884.

3) Indian Pharmacopoeia, Vol. Il, New Delhi, The Controller Publication, Govt. of India; 2010:
1194,

4) British Pharmacopoeia, Vol. I, London, The British Pharmacopoeia Commission; 2010: 663.

5) The United State Pharmacopoeia, USP 32 NF 27, Vol. 2, Rockville MD, United State
Pharmacopoeial Convention, Inc; 2005: 2113.

6) Liawruangrath S, Makchit J, Liawruangrath B. A simple flow injection spectrophotometric
procedure for the determination of diazepam in pharmaceutical formulation. Anal Sci 2006;
22:127-130.

7) El-Hawary WF, Issa YM, Talat A. Spectrophotometric determination of diazepam in pure
form, tablets and ampoules. Int J Biomed Sci 2007; 3: 50-55.

363 WWW.ajptr.com




Patels et al., American Journal of PharmTech Research. 2011; 1(4):355-365. ISSN: 2249-3387
8) Sadeghi S, Takjoo R, Haghgoo S. Quantitative determination of diazepam in pharmaceutical

preparation by using a new extractive-spectrophotometric method. Anal Let 2002; 35: 2119-
2131.

9) Salem AA, Barsoum BN, lzake EL. Spectrophotometric and fluorimetric determination of
diazepam, bromazepam and clonazepam in pharmaceutical and urine samples.
Spectrochimica Acta A Mol Biomol Spectro 2004; 60: 771-780.

10) Salem AA, Barsoum BN, lzake EL. Spectrophotometric and fluorimetric determination of
diazepam, bromazepam and clonazepam in pharmaceutical and urine samples.
Spectrochimica Acta A Mol Biomol Spectro 2004; 60: 771-780.

11) Abu-Qare AW, Abou-Donia MB. Chromatographic method for the determination of
diazepam, pyridostigmine bromide, and their metabolites in rat plasma and urine. J
Chromatogr B Biomed Sci Appl 2001; 754: 503-509.

12) Abdel-Hamid ME, Abuirjeie MA. Determination of diazepam and oxazepam using high-
performance liquid chromatography and fourth-derivative spectrophotometric techniques.
Analyst 1988; 113: 1443-1446.

13) Machale VP, Gatade AT, Sane RT. Validated HPTLC content uniformity test for the
determination of diazepam in tablet dosage form. Int J Pharm Res Dev 2011; 3: 34-41.

14) Mali BD, Rathod DS, Garad MV. Thin-layer chromatographic determination of diazepam,
phenobarbitone, and saccharin in toddy samples. J Planner Chromatogr Modern TLC 2005;
18: 330-332.

15)Umezawa H, Lee XP, Arima Y, Hasegawa C, Marumo A, Kumazawa T, Sato K.
Determination of diazepam and its metabolites in human urine by liquid
chromatography/tandem mass spectrometry using a hydrophilic polymer column. Rapid
Commun Mass Spectrom 2008; 15: 2333-2341.

16) Dixon R, Crews T. Diazepam: Determination in micro samples of blood, plasma, and saliva
by radioimmunoassay. J Anal Toxicol 1978; 2: 210-213.

17) Maryadele JO Neil. The Merck Index: An Encyclopedia of chemicals, drugs and biologicals.
14™ ed., Whitehouse station, New Jersey: Published by Merck Research Laboratories,
Division of Merck and Co., Inc; 2006: 1348.

18) Sweetman SC. Martindale: The Complete Drug Reference, 35" ed., London, UK:
Pharmaceutical Press; 2007: 1241.

WWW.ajptr.com 364




Patel et al., American Journal of PharmTech Research. 2011; 1(4): 355-365.  ISSN: 2249-3387
19) Indian Pharmacopoeia, Vol. 111, New Delhi, The Controller Publication, Govt. of India; 2010:

1987.

20) British Pharmacopoeia, Vol. I, London, The British Pharmacopoeia Commission; 2010:
1787.

21) The United State Pharmacopoeia, USP 32 NF 27, Vol. 3, Rockville MD, United State

Pharmacopoeial Convention, Inc; 2005: 3425.

22) Gowada BG, Seetharamappa J, Melwanki MB. Indirect spectrophotometric determination of
propranolol hydrochloride and piroxicam in pure and pharmaceutical formulations. Anal Sci
2002; 6: 671-674.

23) ElI-Didamony AM. A sensitive spectrophotometric method for the determination of
propranolol HCI based on oxidation bromination reactions. Drug Testing Anal 2010; 2: 122-
129.

24) Sajjan AG, Seetharamappa J, Masti SP. Spectrophotometric determination of propranolol
hydrochloride in pharmaceutical preparations. Indian J Pharm Sci 2002; 64: 68-70.

25) Ramesh KC, Gowda BG, Seetharamappa J, Keshavayya J. Indirect Spectrofluorimetric
Determination of Piroxicam and Propranolol Hydrochloride in Bulk and Pharmaceutical
Preparations. J Anal Chem 2002; 58: 933-936.

26) Olsen CS, Scroggin HS. Liquid chromatographic determination of propranolol hydrochloride
in various dosage forms. J AOAC Int 1988; 71: 761-763.

27)Jonczyk A, Nowakowska Z. Determination of hydrochlorothiazide, triamterene and
propranolol hydrochloride by the spectrophotometric method and high-performance liquid
chromatography (HPLC). Acta Pol Pharm 2001; 58: 339-344.

28) Rao ZM, Wu QL, Xie GP, Xu HH, Zhang XQ. Determination of propranolol hydrochloride
by flow injection chemiluminescence. Fenxi Huaxue 2004; 32: 1660-1662.

29) Jain S, Tiwari M, Chaturvedi SC. Propranolol hydrochloride-diazepam: simultaneous
estimation by spectrophotometric method. Indian Drugs 1998; 35: 696-699.

30) The International Conference on Harmonization, Q2 (R1), Validation of Analytical
Procedure: Text and Methodology: 2005.

365 WWW.ajptr.com




