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ABSTRACT

A stability indicating HPLC method was developed for the analysis of Drotaverine in the presence of its degradable
products using Cyg column. Mixture of methanol and ammonium acetate (0.1 M, pH 5) in the ratio of 60:40 (v/v)
was taken as mobile phase, at flow rate of 1.5 ml min™. Detection was carried out at wavelength 319nm using
photodiode array detector. Drotaverine was subjected to different ICH prescribed stress conditions like acid, alkali,
neutral hydrolysis, oxidation, dry heat, and Sunlight. In study it was observed that significant degradation was
found in alkali, oxidation and photolytic conditions. The drug was labile under acidic and neutral hydrolytic
conditions but stable to thermal stress conditions. The degradation products of Drotaverine in different conditions
were well resolved from the pure drug with significant differences in their retention time values. The developed
assay method was validated according to ICH guideline and found accurate, precised and specific as all the results
were within the acceptance limit.
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INTRODUCTION

In recent times, there is an increase tendencyridsvthe development of stability-indicating ass@thod, using
the approach of stress testing as mentioned inI@t¢ guidelines [1]. The International Conference on
Harmonization (ICH) guideline entitled “Stabilitggting of new drug substances and products” restivat stress
testing be carried out to elucidate the inhereabikty characteristics of the active substance.ideal stability-
indicating method is one that resolves the drug @sddegradation products efficiently. The stressting
encompasses the influence of temperature, humiligtiyt, oxidising agent as well as susceptibilityeo a wide
range of pH values [2,3]. The objective of pressotk to study degradation of drotaverine undefedént ICH
recommended stress conditions, and to establishedlidated stability-indicating HPLC method. Chealig
drotaverine (DRO) is 1-[(3,4-[Diethoxy phenyl) metdne]-6,7-diethoxy-1, 2, 3, 4-tetrahydro isoquera [4,5]
[Figure 1]. It is an analog of papaver and is usgnly as an antispasmodic and smooth muscle melargpain
associated with gastrointestinal colics, biliaryie® and postsurgical spasms [6] etc. DRO is nohtioe in any
pharmacopoeia. From the literature survey it wasated that DRO has been determined in human pl§ghzend
urine by HPLC [8] and by UV-spectroscopic methausingle [6] and combine dosage forms [9,10]. Dateation
of DRO in tablets and plasma was carried out by dpplication of new membrane selective electrodd.[1
Simultaneous estimation in combination using TLE][&nd selective differential spectrophotometrictimes [13]
were reported. Simultaneous quantitative estimatfoirotaverine and omeprazole in tablet dosage fasing UV-
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spectroscopy and RP-HPLC were reported [14-16].rBuliterature found regarding the developmenttabitity-
indicating assay method for DRO, hence it wastéettevelop and validated stability-indicating HPa€say method
for analysis that separates the drug from its digms formed under ICH suggested stress condifioydrolysis,
oxidation, photolysis and thermal stress).
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Figure 1. Chemical structure of DRO
MATERIALS AND METHODS

Materials

Working standards of pharmaceutical grade DRO waailmed as gift sample from Plethico Pharmaceuttl
Ltd, Indore and was used without further purifioati HPLC grade Water and methanol were purchassd fr
Ranchem, New Delhi, India. All the buffer materialsd reagents used were of HPLC grade and purctiesad
Spectrochem, Mumbai, India. Nylon filter paper @Rum (Ultipor) was purchased from Pall Life Science,
Mumbai, India.

Instrumentation

Precision mantel heater (Biotech, Mumbai) with tenapure regulator equippted with a reflux condengane used
for degradation study in acid, alkali and neutrahditions. Dry air oven was used to study the eftéadry heat.
Photolytic study was carried out by exposing thegdo direct sunlight for 4h.

The HPLC system equippted with an LC-10 AT VP sotwdelivery system with universal loop injector @lalyne
7725 i) of injection capacity of 20 uL. Detectorns@sts of photodiode array detector SPD-10 AVP UgHWe
detector. Separation was carried out on a Phenomlemea Gg (5umx25cmx4.6mm i.d) under reversed phase
partition chromatographic conditions. The equipmeas controlled by a PC workstation. The work wasied out

in an air-conditioned room maintained at tempee@5 + 2C. Chromatograms were recorded using a CLASS-VP
software (Shimadzu, Kyoto, Japan).

Forced Degradation studies

Forced degradation studies were performed to peoaidindication of the stability indicating propedf the drug.
Drug at a concentration of 1mg TnWas used in all degradation studies. The pH ofatienonium acetate buffer
was checked before and after reaction and no chaageobserved. Conditions employed for stabilitydsts were
as follows.

Hydrolytic studies

For acid hydrolysis studies, 1mg hsolution of the drug was prepared by diluting reegiiamount of drug in 0.1N
HCI and the solution was refluxed for 8h and then¥2h. Same concentration of drug solution wasesgbently
prepared in 1 N HCI and refluxed for 12h. Studiesenalso performed in 5 N HCI and refluxed for 13kdrolysis
study in alkali conditions was done at a drug cairegion of 1mg mt in 0.1 N NaOH and the solution was
refluxed for 8h. For neutral condition 1mg-hsolution of the drug was prepared in water andixeftl initially for
12h and subsequently for 24h.

Oxidative studies

For oxidative degradation study, initially 1mgfrétrength of drug was prepared in 3%p The drug was kept
under the conditions of room temperature for aquefi2h and then for 24h. Subsequently the drugexpssed to
30% H0O, at room temperature for a period of 7Photolytic studies

Photolytic study was done by exposing the dry doudirect sunlight for 4h (17).
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Thermal (dry heat) studies
Susceptibility of the drug to dry heat was studigdexposing the solid drug to %@ for 15 days in a hot air oven.
Sampling was carried out every day to study itgadation behaviour.

For all the stability study, the formation of dedmhle product was conformed by compairing the clatogram of
the degradable mixture with the blank solvent starader normal condition and control drug solutkapt under
normal condition.

Preparation of samples for HPLC analyses

For hydrolysis study during 0.1N HCI, 0.1 N NaOHlawsxidative study during 3% J@, the samples were diluted
10 times with water to a concentration ofii®mi* where as the samples were diluted 100 times wéttemduring
higher acidic, higher alkali and 30 %®} conditions to a concentration of 1@ ml*. The solution for neutral,
thermal and photolytic degradation study were &lytdiluted with water to a concentration of 1@ mi™.

Separation studies on stressed samples

In all HPLC runs, the mobile phase was filteredtigh 0.22m nylon membrane under vaccum and degassed before
use. The injection volume was #0and the mobile phase flow rate was 1.5 ml Tithe analytical wavelength
selected was 319nm.

HPLC studies were carried out on all reaction sotutndividually. Initially analysis were performethg column
and mobile phase composed of methanol : ammonietatec (0.1 M, pH 5 adjusted with orthophosphotidga As
the satisfactory resolution of the drug and theraégtion products was not achieved, hence to gat gesolution
the method was further optimized by increasingréti® of methanol and it was found good resolutiothe ratio of
60:40 (v/v) of methanol : ammonium acetate.

Validation of the method
Validation of the optimized HPLC method was dontghwespect to following parameters as per ICH ndiB$

Linearity and range

A stock solution of the drug (1mg H)lwas prepared in water. From this stock solutieves concentrations of the
drug were prepared in water within the concentratiange of 5-108y mI*. The solutions were injected in
hexaplicate into the HPLC column, keeping all tbaditions constant.

Precision

Precision of the method was verified by repeatgbiind intermediate precision studies. Repeatglstitdies were
performed by analyses of three different conceioimadf (30,50,80ug mI*) drug in hexaplicate on the same day.
Intermediate precision of the method was checkedepgating the studies on same day at an intefvah® hour
(intraday precision) for three hours and on thriffernt days (interday precision).

Accuracy
Accuracy of the method was tested by fortifying axtore of decomposed reaction solutions with three
concentration of the drug and determining the peege of recovery of added drug.

Specificity and selectivity

The specificity of the method towards the drug watablished through study of resolution factorhaf drug peak
from the nearest resolving peak. Where as selgctivas established through determination of pufity each
degradation product peak using PDA detector.

RESULTS AND DISCUSSION
Degradation behaviour of drotaverine

HPLC studies of sample obtained on stress testindgrataverine under different conditions using naetdl :
ammonium acetate (60:40) as the mobile solvenesysuggested the following degradation behaviour.
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Table 1 Degradation study of DRO at different stress condibns

Standard DRO concentrartion (ug ml™) Stressed conditions Intact DRO found| Degraded DR@und
10 Acidic degradation 87.38% 12.62%
10 Basic degradation 37.51% 62.49%
10 Neutral degradation 90.18% 9.82%
10 Oxidative degradatic 44.86% 55.14%
10 Photolytic degradatio 76.41% 23.59%
10 Thermal degradation| 98.62% 1.38%
Table 2. Linearity Data of DRO
S.No | Concentration injected ig ml?) | ®Average peak area+S.D] % COV S.E.

1 5 51726 + 110.910 0.214 45.288

2 10 117355 +101.022 0.086) 41.250

3 20 221973+ 153.24: 0.06¢ 62.57:

4 40 450863+ 176.31t 0.03¢ 71.99¢

5 60 671450 + 207.696 0.030 84.808

6 80 898610 +173.611 0.193 70.890

7 100 1109501 + 295.395 0.026 120.6(18

#Mean of six etimations; SD. : Standard deviation; COV: Coefficient of variance; SE.: Standard error

Table 3. Precision studies

Actual Measured concentration pg ml™) + S.D.

concentration . _ o Intra day o . _ o

(ng mi) Repeatability (n=6) | % COV precision (n=3) 0% COV | Inter day precision (n=3) | % COV
30 30.658 +0.227 0.751 30.056+0.208 0.677 29.66040. 1.016
50 50.428 +0.392 0.780 50.144+0.417 0.832 49.713+0.191 0.384
80 79.528 +0.402 0.502 79.980+0.434 0.543 79.348+0.249 0.318

SD. : Sandard deviation; COV: Coefficient of variance

Table 4. Recovery studies (n=6)

Added( lt;,gr:;:lrel;ltratlon Conc(igtrrﬁplc;n iresc.oDvered % COV | Recovery (%)
30 30.556 +0.288 0.943 101.85
50 50.715 +0.332 0.655 101.43
80 81.061 +0.314 0.388 101.32

SD. : Sandard deviation; COV: Coefficient of variance

Hydrolytic studies

Acidic condition.

It was observed that the drug gets slowly degradeait 12.62% in strongly acidic conditions overeaiqgd of time.
On reflux in 0.1 N HCI (6h) and further for 12h, I1n0 N HCI (12h) and 5.0 N HCI (12h), the heighttioé drug
peak decreased with out corresponding rise in apeak (Fig.2b). This indicates that the drug isrbiyged under
higher acid conditions, perhaps to a non-chromafagc compound. Hence the drug has liability irsgr acidic
conditions.

Degradation in alkali

In alkali, the drug was found to decompose alm@&6®% after refluxing for 8h in 0.1 N NaOH. As shoin
chromatogram (Fig .2c), degradation of the druglted in the rise of three new peaks at 3.119(B43 (IlI), 6.579
(1) mins with respect to the peak of DRO at 9.00ih.

Neutral (water) condition
In neutral condition, mild degradation only 9.82%snseen after reflux for 24h at’80(Fig. 2d).

Oxidation studies

The drug was found to be stable in 3%Okifor 6h at room temperature. However about 55% diegradation was

observed on exposure to 30%C for 72h. One very small degradation product pestk8.32 min was seen, but
there was no significant rise in the height of pleak with time (Fig.2e). This signifies that thegiwas degraded in

oxidative conditions to non-chromatographic compmtsin
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Photolytic studies

Photolytic study was carried out in dry form. Héhe drug was directly exposed to the sunlight forof a hot
sunny day. Two very small degradation product pedk3.923 and 4.454 mins were appeared (Fig.3a.pEaks
were found to increase with time. Around 23.59%lfy was degraded in this condition.
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Figure 2. Representative HPLC chromatograms of DR(Q(a) standard solution of drug (b) sample degradeth 0.1 N HCI, (c) sample
degraded in 0.1N NaOH, (d) sample degraded in watgefe) sample subjected to oxidative degradation.
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Figure 3. Chromatogram of DRO (a) sample subjectetb photolytic degradation in dry form.(b) sample sijected to dry heat.

Thermal stress study

DRO was found to be degraded in very negligible am@s a new peak of degradation product was agpdar80
min (Fig.3b). Only 1.38 % of the drug was foundbt® degraded hence DRO was almost stable after iexpthe
drug to 66 C for 15 days.

The results of percentegradation shown by DRI different stressed conditions are given in Tdble
Development of stability-indicating method

It was observed that satisfactory resolution of D&@ its degradation products formed under varauslitions
was achieved when the analyses was performed by asmixture of methanol and ammonium acetate NO.fpH
5 adjusted with orthophsophoric acid) in the raifo60:40 {/v) as mobile phase at a flow rate of 1.5 ml Tin
Detection was carried by PDA detector at 319nm.

Validation of the developed stability-indicating HRLC method
The developed method was validated by using folhgvdriteria.

Linearity

The response curve of the drug was linear in theeatration range of 5-10@y mi*. The mean values of slope,
intercept and correlation coefficient were 11147549 and 0.9997 {rrespectively. The linearity results are given
in Table 2. From the result it was cleared thatghgas an excellent correlation existed betweerp#ak area and
concentration of the analyte.

Precision
The results of repeatability and intermediate iea study are given in Table 3. The developed oeethas found
to be precise as the % COV values for repeatalaitity intermediate precision studies were < 2.

Accuracy

The accuracy of the developed HPLC methods waskeldeby performing recovery study. Here standardydru
solutions of 30, 50 and 8@g mI* were added to fortifying mixtures of decomposeaction solutions and the
percentage of drug recovery was calculated. Thdtre the recovery study is given in Table 4. Gaedoveries
(101.32-101.85%) of the drug and low % COV (< 2yavebtained at each added concentration, indicatiagthe
method was accurate.

Specificity and selectivity
The method was specific for the drug and its degmesl The resolution for the drug peak was > 2 ftbennearest
resolving peak. The method was also selective gpadiation products as the purity factor for all tegradents
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formed under different stressed conditions weréniwithe threshold limit checked by Shimanzu SPDAMP,
photo diode array detector demonstrated the anpbak homogeneity.

CONCLUSION

In the present study, a stability-indicating assagthod for drotaverine was established by followthg ICH
recommended stress conditions. The drug was foonbet degraded extensively in alkaline medium, highe
oxidative stress and in the presence of light wiasrenild degradation of drug occured in higher iacidnditions,
neutral condition. But the drug was stable in thedrstress conditions.

A new, reversed-phase HPLC method was developegdhvidsimple, accurate, precise, selective andiipeThe
method was completely validated showing satisfycttata for all the method validation parametersetbsThe
developed method is stability indicating and camélpful for analyse the drug in stability samples
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