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ABSTRACT

New, simple and cost effective, accurate and reyitndle UV-spectrophotometric methods were
developed for the estimation of drotaverine hydladtde (DHC) in bulk and pharmaceutical
formulations. The drug was estimated at 242 nm0id thM hydrochloric acid (pH 1.2), 242 nm
in methanol: 100 mM phosphate buffer pH 7.4 (25:75)d 243 nm in ethanol: 100 mM
phosphate buffer pH 7.4 (25:75). Linearity rangeswaund to be 2-1&g mL? (regression
equation: absorbance = 0.052 x concentration g mL* + 0.0163; ¢ = 0.9999) in the
hydrochloric acid medium (pH 1.2), 5-28 mL™" (regression equation: absorbance = 0.0347x
concentraion ing mL™* + 0.0058; F = 0.9999) in methanol: 100 mM phosphate buffer, p#
(25:75) and 7-2%:g mL™* (regression equation: absorbance = 0.0435 x comegan inug mL*

+ 0.0002; ¥ = 0.9998) in ethanol: 100 mM phosphate buffer, pM (25:75). The apparent
molar absorptivity was found to be 2.22 x*1nol™* cm*, 1.48 x1d | molr'* cmi* and 1.88 x
10" | mol* cmit. The quantitation limits were found to be 0.2R10and 3.56.g mL™" in the
respective media. These methods were tested aildteal for various parameters according to
ICH guidelines and USP.
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INTRODUCTION

Drotaverine  Hydrochloride  (DHC)  [1-(3,4-diethoxylmtidene)-6,7-diethoxy-1,2,3,4-
tetrahydroiso-quinoline] Figure 1, a hydrated dative of papaverine, is an effective
spasmolytic agent [1].
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Figure 1. Structure of Drotaverine Hydrochloride

A survey of literature has not revealed any sinylespectrophotometric method for estimation
of DHC in bulk and formulations. They include HPLUZ-4] and TLC [5]. Other alternative
include spectrophotometry [6], differential speptiotometry [7-8], computer-aided
spectrophotometry [9] potentiometry [10-11] squasere polarography [12] and
spectrophotometric method determination using clopimore[14].

But, chromatographic techniques are time consunuosfly and require expertise. A simple and
accurate UV-spectrophotometric method can be higldgful for routine analysis of bulk,
formulations and dissolution samples and this amslgoesn’t require chromophore. The present
work aims to present a simple, rapid and sensitieéhod for the determination of DHC in pure
form and in their pharmaceutical preparations aad be used for the quality control and
assurance of these drugs in industry.

The objective of the present study was to develomple, precise, accurate and economic
analytical methods with the better detection raiogestimation of DHC in bulk, pharmaceutical
formulations, and in vitro dissolution studies odldormulations.

Three analytical methods have been developed fardift media for estimation of DHC Media
used are 100mM (0.1N HCI), methanol: 100 mM phospbaffer, pH 7.4 (25:75), ethanol: 100
mM phosphate buffer, pH 7.4 (25:75). No extracstep was involved in the proposed methods,
thereby decreasing time and the error in quarditafi he developed methods were validated as
per ICH guidelines and USP requirements [14-15] anth suitable statistical tests were
performed on validation data [16-17].

MATERIALS AND METHODS

2. Experimental procedures

2.1. Instruments

A double-beam Analytical Technologies Limited, mbd&0 UV-Visible spectrophotometer
connected to computer loaded with UV Win 5.0 sofavalhe instrument has an automatic
wavelength accuracy of 1 nm and matched quartg o&LlO mm path length.

167
Scholar Research Library



Khaggeswar. Bet al Der Pharmacia Lettre, 2011, 3(1):166-176

2.2. Materials

DHC was obtained as gift samples from Rantus Phegotecals Pvt. Ltd., India. Tablet
Formulation A, labeled to contain 40 mg of DHC pedlet, Tablet Formulation B, labeled to
contain 80 mg of DHC per tablet, Injection FormigatC, labeled to contain DHC 20 mg mL
were collected from local Indian market. All othehemicals and reagents used were of
analytical grade.

2.3. Analytical method development

Different media were investigated to develop aadlé UV-spectrophotometric method for the
analysis of DHC in formulations. For selection aédia the criteria employed were sensitivity of
the method, ease of sample preparation, solubdftythe drug, and cost of solvents and
applicability of method to various purposes. Absoride of DHC in the selected medium at
respective wavelength was determined and apparelar mbsorptivity was calculated according
to the standard formulae (Table 2).

Table 1. Calibration data of the developed method&ach value is result of nine separate determinatns)

100 mM Hydrachloric acid medium (pH 1.2}

Drug Cone. (ugmL™)  Absorbance at 242 nm (£ 3D.%) %N REED”
02 0088500014 1.58
06 0295800007 0.24
10 0499440 0041 0.82
14 (7164400043 060
18 0.9182+0.0021 0.23

Methanol: 100 mM phosphate buffer, pH 7.4 (23:73) 1

Drug Conc. (g mL™)  Absorbance at 242 nm (+ 3.D0.7) YW RED
05 01634400022 1.37
10 (0.3411£0.0027 0.81
15 05145400038 0.74
20 0.e820+0.0053 0.77
25 0.854 600082 0.57

Ethapol: 100 mM phosphate buiffer, pH 7.4 (23:73)

Drug Cone (ugmL™)  Absorbance at 243 nm (+ 3D.% % EED”
o7 (308300082 2.65
10 (0.4374+£0.0061 1.39
15 0647 600087 1.34
20 0.8650£0.0094 1.08
25 1094300076 069

a Standard deviation.
b Relative standard deviation.

2.4. Calibration standards

Three different stock solutions of 1@ mL™ of DHC were prepared in 100 mM hydrochloric
acid (pH 1.2) (medium A), methanol: 100 mM phosphlatiffer, pH 7.4 (25:75) (medium B)
and in ethanol: 100 mM phosphate buffer pH 7.412p(medium C) by dissolving 10 mg of
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DHC in 100 mL of each media. For preparation ofedént concentrations, aliquots of stock
solutions were transferred into a series of 10 talndard flasks and volumes were made with
respective media. Five different concentrationsenmepared in the range of 2:§ mL™, 5-25

ug mL ™ and 7-25ug mL™ of DHC in respective media. DHC was estimated4& @m, 242 nm
and 243 nm in three media, respectively. The caiitn data are presented in Tablel.

2.5. Analytical validation

2.5.1. Specificity and selectivity

DHC solutions (10ug mL™) were prepared in three selected media along waiith without
common excipients. (methyl cellulose, hydroxyl promethyl cellulose, dextrose, iron oxide
yellow, titanium oxide, lactose, starch, microcajyishecellulose, magnesium stearate, talc and
benzalkonium chloride) separately. All the solutomere scanned from 400 to 200 nm and
checked for change in the absorbance at respestaxelengths. In a separate study, drug
concentration of 1,g mL™ was prepared independently from pure drug stockcammercial
sample stock in selected media and analybed §). Paired-test at 95% level of significance
was performed to compare the means of absorbaratee(2).

Table 2. Optical characteristics, statistical dataf the regression equations and validation paramets for
DHC (each value is result of nine separate determations)

Parameter Medium A Medium B Medium C
Opfical characteristics

Apparent molar absorptivity dmoel ' ety 2.22x10° 1.48x10* 1.88x10"
Regression analysis

Slope (REY 0.052001.0<10°%) 0.0347¢1.4x10™ 0.0435¢4.0x10°™"
95% confidence limits of slope 00510, 00529 00338 00351 0.0435; 00441
Intercept (5. E%) 0016301 1x107) -0.0058(2. 1% 107 -0.0002(6.6x107)
95% confidence limits of intercept S00273:.-00053  0.033%, 00049 00187, 00191
Standard error of estirnate 2.94x107 2.5%107 1.3x107
Regression coefficient (rz) 09999 09999 09998
Calculated Fvalue (oritical Fvalue) b 1012202 5787y 11521025787y 1.280102.5787)
Validation parameters

Specificity and selectivity - tCal ¢Crit)® 097230 1.28(231) 16402310
Linearity (ug mL™ 2-18 5-25 7-25

DL (g mL™) 00762 01023 1.1766

QL (ug mL_l) 02309 0.3100 3.5655
Robustness (mean % recovery £ 3.10.) 100 11£1.524 100.81+£1.135 100 96£1.729

a Standard error of mean.

b Theoretical value of F(4,45) based on one-way XN®est at P = 0.05 level of significance.

c tCal is calculated value and tCrit is theoreticalue (at 8 d.f.) based on paired t-test at P 8%0level of
significance.

2.5.2. Accuracy

To determine the accuracy of the proposed methdifferent levels of drug concentrations
(LQC, MQC and HQC in respective media) were pregpdirem independent stock solution and
analyzed Nl = 9). Accuracy was assessed as the percentagweetator and mean percentage
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recovery (Table 3). Standard addition method wasedo give additional support to accuracy. In

this study, same concentrations of pure drug 5L in the three media were added to a known
preanalysed formulation sample and the total canagon was determined using the proposed
methods |l = 3). The percent recovery of the added pure drag ealculated as, % Recovery =

[(Cv — Cu)/Ca] x 100, where Cv is the total drugnoentration measured after standard addition;
Cu, drug concentration in the formulation; Ca, dosgcentration added to formulation (Table

4).

2.5.3. Precision

Repeatability was determined by using differentelsvof drug concentrations prepared from
independent stock solution and analyzZ&d=(9) (Table 3). Inter-day and intra-day variatiorda
instrument variation were taken to determine inttiate precision of the proposed methods.
Different levels of drug concentrations in tripliea were prepared three different times in a day
and studied for intra-day variation.

The relative standard deviation (in %) of the pcezli concentrations from the regression
equation was taken as precision indicating intgradaiation (N = 27) (Table 5).

2.5.4. Linearity

To establish linearity of the proposed method, mieparate series of solutions of the drug (2-18
ng mL™t in medium A, 5-25ug mL™ in medium B and 7-2mg mL™ in medium C) were
prepared from the stock solutions and analyzedu(Ei@®, 3 and 4). Least square regression
analysis was done for the obtained data. ANOVA (ese-way) was performed based on the
absorbance values observed for each pure drug mimaten during the replicate measurement
of the standard solutions (Table 2).

Table 3. Accuracy and precision data for the devefmed methods (each value is result of nine separate
determinations)

Level Predicted congg(mL™) ? Mean % recovery (+ S.D.) Accuracy (%)
Range Mean (£ S.D.) R%.D.

Medium A

LQC 3.89-4.07 3.99+0.05 1.47 99.77+1.38 0.22

MQC 9.96-10.05 10.00+0.03 0.31 100.1640.31 -0.06

HQC 16.92-17.05 17.01+0.11 0.64 100.42+0.59 0.64

Medium B

LQC 4.95-5.04 5.00£0.04 0.80 3991.57 -0.08

MQC 14.87-15.05 14.97+0.06 0.40 99.8820 0.19

HQC 22.91-23.12  23.01+0.07 0.31 00.27+0.31 -0.07

Medium C

LQC 7.96-08.12 8.01+0.06 0.77 100.1540.72 0.15

MQC 15.85-16.09 15.97+0.07 0.46 99.84+0.46 1-D.

HQC 23.88-24.16  23.98+0.12  0.50 99.91+0.34 0.08

a Predicted concentration of DHC was calculatedibgar regression equation.
b Accuracy is given in % relative error (= 100 xpjedicted concentration — nominal concentrationjiioal
concentration)]
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Table 4. Results of standard addition method (eachalue is result of three separate determinations)

Method Conc. of drug in Conc. of@drug Total conc. of drug % Analytical
formulationug mL™?) added found Recovery (+
S.D.)
Medium A 5 2 7.04 100.57+1.76
5 5 98. 100.02+0.83
5 10 15.10 99.33+1.05
Medium B 5 1 6.05 100.21+0.47
5 5 9.93 99.61+0.55
5 7 12.14 101.17+£1.12
Medium C 5 3 7.96 99.28+1.46
5 11 16.22 100.31+0.55
5 19 24.27 100.83£1.17

2.5.5. Detection limit (DL) and quantitation limit (QL)

The DL and QL of DHC by the proposed methods wertterdnined using calibration standards.
DL and QL were calculated as 8/3 and 186/S, respectively, where S is the slope of the
calibration curve and is the standard deviation of y-intercept of regi@s equation [7] (Table
2).

nnnnnnnnnn
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Table 5. Results of intermediate precision study

Conc. ig mL™) Intra-day repeatability % R.S.D(N = 9)

Inter-day repeatability R.S™D.

Day 1 Day 2 Day 3 N =27)

Medium A

4 0.1925 0.1007 0.0031 1.54

10 0.5042 0.4034 0.3836 0.87

17 0.8674  0.8569 .8398 0.59
Medium B

5 0.1653 0.1512 0.1403 1.08

15 0.5112 0.5059 0.4967 0.72

23 0.7918 0.7831 0.7762 0.94
Medium C

8 0.3503 0.3416 0.3290 0.52

16 0.6965 0.6781 0.6548 0.66

24 1.0483 0.9395 0.9206 1.13

a Percentage relative standard deviation

Table 6. Application of the proposed spectrophotontdc methods to the determination of DHC in dosage
forms (each value is the average of five separatetgrminations)

Market Product Medium A Medium B Medium C
% Assay % Assay % Assay
Tablet Formulation A(40 mg)
Mean + S.D. (mg) 98.42+1.24 100.12¥1 100.29+0.85
F 1.82(3.84)
Tablet Formulation B(80 mg)
Mean + S.D. (mg) 101.06+0.73 99.94+1.40 101.17+1.60
F 2.09(3.84)
Injection Formulation C (20 mg i)
99.12+1.55 100.26+0.51

Mean + S.D. (mg) 98.46+1.83
P 2.71(3.84)

#The values in parenthesis are the tabulated vabfieg at P = 0.05(at 4 d.f.).
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2.5.6. Robustness

Robustness of the proposed method was determingd)mhanging pH of the media by + 0.1
units and (b) stability of the DHC in the both sté&l medium at room temperature for 8 h.

Three different concentrations (LQC, MQC and HQG3rev prepared in both media with

different pH. Mean percentage recovery was detexch{ifable 2).

2.6. Estimation from formulations

2.6.1. Tablets

Twenty tablets were weighed and pulverized. Amoafnthe powder equivalent to 10 mg of
DHC was taken and extracted with three media seggréor 30 min. These solutions were

diluted suitably to prepare a 1@ mL™ concentration in respective media. Finally sohsio

were filtered through Whatman filter paper numb@rafd the filtrate was suitably diluted to

prepare a 1g mL™, 15ug mL™ and 20ug mL™ (Figure 5, 6 and 7) in the following media A,
B and C were analyzed using proposed methods (Bable
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Figure 5. Overlay spectrum of DHC 10ug mL™ and marketed product (dotted line) in medium A.
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Figure 6. Overlay spectrum of DHC 15ug mL™ and marketed product (dotted line) in medium B.
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Figure 7. Overlay spectrum of DHC 20ug mL™ and marketed product (dotted line) in medium C.

2.6.2. Injection
Equivalent aliquots of DHC injection was taken alldted with three media separately to get 10
ng mL™ concentration and the samples were analysed (Bable

RESULTS AND DISCUSSION

For media optimisation various aqueous media lié@ thM hydrochloric acid medium, acetate
buffers (pH 3.6-5.8), phosphate buffers (pH 5.8-&06d 100 mM sodium hydroxide were
investigated. The final decision of using 100 mMitochloric acid (pH 1.2), methanol: 100 mM
phosphate buffer pH 7.4 (25:75), and ethanol: 100 pmosphate buffer pH 7.4 (25:75) as a
media was based on criteria like: sensitivity oé tmethod, cost, ease of preparation and
applicability of the method to dissolution studigsie spectra of DHC in the respective media
are shown in Figure 2, 3 and 4. Thraax of DHC in medium A, B and C were found to b@,24
242 and 243 nm, respectively.

3.1. Calibration curve

In medium A, the linear regression equation obthim@as at 242 nm, absorbance = 0.052 x
concentration img mL™" + 0.0163 with ¥ = 0.9999, in medium B at 242 nm, absorbance =
0.0347 x concentraion g mL™ + 0.0058 with T= 0.9999 and in medium C at 243 nm, 0.0435
x concentraion img mL™ + 0.0002 with ¥= 0.9998 (Table 2).

3.2.  Analytical validation

3.2.1. Specificity and selectivity

The UV-spectrum of DHC was not changed in the preseof common excipients in both the
selected media. Absorption spectrum of pure drugpsa was matching with the marketed
formulation sample in both the selected media (E)gThe calculated t-values were found to be
less than that of the critical t-value, indicatthgt statistically there was no significant diffiece
between mean absorbance of solutions prepared foane drug sample and marketed
formulation sample (Table 2). Therefore proposedhows are specific and selective for the
drug.
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3.2.2. Accuracy

Accuracy ranged from -0.06% to 0.64%, -0.07 to %1&nd -0.15% to 0.08% in three media,
respectively (Table 3). The excellent mean % regowalues (nearly 100%) and their low
standard deviation values represent accuracy. Tiiglity and reliability of the proposed
methods was evaluated by recovery studies of stdradklition method (Table 4).

3.2.3. Precision

Precision determined by studying repeatability amgrmediate precision. Repeatability (%
R.S.D.) ranged from 0.31% to 1.47%, 0.31% to 0.808@ 0.46% to 0.77% in the respective
media, at all three levels of concentrations (Tad)leln intermediate precision study, lower
R.S.D. values indicating that these methods haweeliexnt repeatability and intermediate
precision (Table 5)

3.2.4. Linearity

The linearity range was found to be 2-1@ mL* at 242 nm in medium A, 5-26g mL™ in
medium B and 7-2jg mL*in medium C. Lower values of parameters like stashdaror of
slope and intercept indicated high precision ofgleposed methods (Table 2). The mean slope
and intercept values are within the 95% confidemterval. Goodness of fit of regression
equations was supported by high regression coefficvalues and less calculatédvalues
(Table 2).

3.2.5. DLand QL

DL and QL values are found to be 0.0762 pghaind 0.2309 pg mtt in medium A, 0.1023 pg
mL™ and 0.31 pug mt* in medium B, and 1.1766 pg mtand 3.5655 pg mt in medium C,
respectively (Table 2).

3.2.6. Robustness

Variation of pH of the selected media by +0.1 dad have any significant effect on absorbance.
The mean % recovery+S.D were found to be 100.1241.%00.8+1.656 and 100.96+1.729 in
the three media (Table 2).

3.3. Estimation of formulations

Assay values of formulations were same as mentiaméie label claim; this indicated that the
interference of tablet excipient matrix is insigeéint in estimation of DHC by proposed
methods. The estimated drug content with low valaestandard deviation established the
precision of the proposed methods. The resultsraddarom the three methods were compared
statistically (Table 6). The F-values did not extébe tabulated values (for four degrees of
freedom) indicating no significant difference betmethe methods, as far as accuracy and
precision are concerned.

CONCLUSION
In summary, the proposed methods were simple, raplrate, precise and inexpensive and can

be used for routine analysis of DHC in bulk, phacedical formulations and for dissolution
studies of tablets and injection formulations.
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