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ABSTRACT

A simple, isocratic rapid stability-indicating uétrperformance liquid chromatography (UPLC) methodsw
developed with 5 minutes run time and validated fbe simultaneous quantitative determination of
hydrochlorothiazide, ramipril and telmisartan presein tablets. Chromatographic separation achieved
isocratically on Waters Acquity BEH Shield RP18ucaoh (100 mm x 2.1, 1.7um) column. The separatioh wa
achieved on simple Isocratic method. The mobileselwnsisted of a mixture of 0.1% triethylaminetdt3.5 with
methanol and acetonitrile (3:2:5 v/v) and the floate was 0.15 mL/min. The column temperature wastaianed

at ambient and the detection was carried out at &b The retention times of Hydrochlorothiazidemiail and
Telmisartan are 1.5, 1.9 and 2.9 minutes respedgtivEhe method was validated in terms of systenakility,
linearity, precision, limit of detection, limit afuantitation and accuracy. The developed method limasr for
hydrochlorothiazide, ramipril, telmisartan in theamge of 6.2-18.7 pg/mL, 1.2-3.7 pg/mL and 20-60mjLg/
respectively. The accuracy of the method was eteduim the range of 80% to 120% in triplicate arg tmean
recoveries obtained for hydrochlorothiazide, raniiptelmisartan were 99.7%, 99.6% and 100.3% refipely.
Validation parameters such as specificity and rabess were also determined. The method was fouhd tapid
and stability-indicating, which can be applied f@imultaneous quantitative determination of hydrocbthiazide,
ramipril and telmisartan present in combination lits.

Keywords. Hydrochlorothiazide, Ramipril and Telmisartan;lLd? Validation

INTRODUCTION

A combination drug or fixed-dose combination (FO&)y formulation of two or more active ingredieatsnbined

in a single dosage form, available in certain fixiedes. FDC therapies are hypothesized to enhamepliance by
decreasing the number of required pills. UPLC systevolves significant technological advances imtipke size
performance, system optimization, data procesdileggector design and control. When all brought togetthe
specific achievements in each area have creatsgpdisction progress in chromatographic perfornearidis new
technique of analytical separation science uses ptfireciples and practicality of High Performancequid
Chromatography (HPLC) with increasing the attrilsutef speed, sensitivity and resolution. Now a day's
pharmaceutical industries are in search of new wayseduce cost and time for analysis of drugs. ital
laboratories are not exception in this trend. UPWiEh better resolution, assay sensitivity and higgmple
throughput allows a greater number of analysise@é&rformed in a shorter period of time and it alsparts cost
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effective advantage over HPLC [1-5] analysis, s ttonventional assay was transferred and optinfaedPLC
system [6].

Hydrochlorothiazide is chemically 6-Chloro-3,4-ditng-2H-1,2,4-benzothiadiazine-7-sulfonamide 1,1-dioxidg [
A thiazide diuretic often considered the prototgbimember of this class. It reduces the re absorptf electrolytes
from the renal tubules. This results in increasectation of water and electrolytes, including sadjypotassium,
chloride, and magnesium. It has been used in tegnrent of several disorders including edema, hgpsion,
diabetes insipidus, and hypoparathyroidism.

Figurel: Structuresof A) Hydrochlorothiazide B) Ramipril and C) Telmisartan.
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Ramipril is chemically (2S,3aS,6aS)-1-[(2S)-2-{[{2ZEethoxy-1-0x0-4-phenylbutan-2-yllJamino}propanpyl
octahydrocyclopenta [b] pyrrole-2-carboxylic acid].[ Ramipril is a prodrug belonging to the angisien

converting enzyme (ACE) inhibitor class of medioas. It is metabolized to ramiprilat in the liverda to a lesser
extent, kidneys. Ramiprilat is a potent, competitichibitor of ACE, the enzyme responsible for domversion of
angiotensin | (ATI) to angiotensin Il (ATIl). ATHegulates blood pressure and is a key componetiteofennin

angiotensin-aldosterone system (RAAS). Ramipril hayused in the treatment of hypertension, conges$teart
failure, nephropathy, and to reduce the rate offgeayocardial infarction and stroke in individuashigh risk of
cardiovascular events.

Telmisartan is chemically 2-(4-{[4-methyl-6-(1-mgtHLH-1,3-benzodiazol-2-yl)-2-propyl-1H-1,3-benzadol-1-
yllmethyl}phenyl)benzoic acid [7]. It belongs toetlelass of drugs called angiotensin Il receptock#es. It is used
to treat high blood pressure and to reduce theofshkeart attacks, strokes, and related death&iitaio people.
Telmisartan decreases the effectiveness of a clatknown as angiotensin Il, which normally causkem vessels
to narrow (constrict). By blocking the effects afgéotensin Il, telmisartan causes blood vesselsekax, which
can lower blood pressure. Based on clinical stydamisartan has been shown to significantly logyetolic and
diastolic blood pressure. Angiotensin convertingyeme inhibitors (ACE inhibitors) are very usefulogp of
medications often used to reduce cardiovasculéis iiis people at high risk for such problems. Thedtres of
telmisartan, ramipril and hydrochlorothiazide wgreen in Figure 1.

The ever-increasing need for speed and efficiept afstime in the pharmaceutical and other fieldgre is a
demand for the development of fast and high thrpuglnalytical procedures. The rapid quantitatiggednination
of combination drugs with big difference in lab&ims (12.5 mg for hydrochlorothiazide, 2.5 mg famipril and
40mg of telmisartan) with shorter run time is alldrme. For UPLC based assays, the processes otingd
analysis time while adequately resolving analytesnf degradation products is often accomplished witlumn
with small particles. The theoretical advantages dmall particles are to get well resolved peakghwiigh
theoretical plates over small concentration. Predemng stability test guidance Q1A (R2) issued btetinational
conference on harmonization (ICH) [8] suggest ttaéss studies should be carried out on a druguptot
establish its inherent stability characteristiesding to identification of degradation productd &ence supporting
the suitability of the proposed analytical procexdurlt also requires that analytical test procesidoe stability
samples should be stability indicating and theyusdhdve fully validated. Accordingly, the aim of tpeesent study
was to establish inherent stability of hydrochlbratzide, ramipril and telmisartan through stresslists under a
variety of ICH recommended test conditions [8] anddevelop a rapid stability-indicating reverse ghassay
method. Literature survey reveals that a varietgpaEctrophotometric and chromatographic methodsdiig UV,
colorimetric determination, and a stability indiogt HPLC methods have been reported for deternunati
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hydrochlorothiazide, ramipril and telmisartan eitbmgle or in combination with other drugs [9-1lt]is important
to develop a rapid stability indicating method [1&hich can quantify hydrochlorothiazide, ramiiid telmisartan
simultaneously [13-16] in the combined dosage form.

Hence UPLC method with 5 minutes run time was dgedl for simultaneous quantitative determination of
hydrochlorothiazide, ramipril and telmisartan inapimaceutical dosage forms in the presence of datjoad
products.

MATERIALSAND METHODS

2.1. Instrumentation:

Acquity UPLC system (Waters) was used for develgphe method and validation consisting of a bireslvent
manager, a sample manager and a UV detector. Tipeitasignal was monitored and processed using Erapow
software. The water bath equipped with MV contmolleas used for hydrolysis studies. Thermal stabsiudies
were performed in a dry air oven.

2.2. Chromatographic Conditions:

The chromatographic column used was Waters AcdBiiiif Shield RP18 (100mm x 2.1, 1.7um) column. The
mobile phase contains a mixture of 0.1% TEA at pH, 3nethanol and acetonitrile in the ratio 3:2:% v/
respectively. The flow rate was 0.15 mL/min anduomh temperature was maintained at ambient. Theimmis 5
minutes. The detection wavelength is 215nm. Theil@@hase is used as diluent.

2.3. Preparation of Standard Solutions:

Standard stock solutions of hydrochlorothiazidenipail and telmisartarf0.1 mg/mL of hydrochlorothiazide, 0.01
mg/mL of ramipril and 1.0 mg/mL of telmisartan) weprepared by dissolving appropriate amounts ofdiiug
substances of hydrochlorothiazide, ramipril andntgartanin diluent. Working solutions of hydrochlorothiaeid
ramipril and telmisarta®.0125 mg/mL, 0.0025 mg/mL and 0.04 mg/mL respetfiwere prepared from above
stock solutions in diluent for assay determinatidowever, the precision and accuracy results shavrethod is
precise, linear and accurate without internal saashd

2.4. Preparation of Sample Solution

Accurately weighed and made the Tablets powder Mithtar and Pestle. 276.5 mg of Tablets Powderweighed
into a 100ml clean dry volumetric flask, 70ml ofugint was added and sonicated to dissolve it caelgland made
up to the volume with diluent. Further pipetted lafhlthe above stock solution into a 10ml volumeftask and
diluted up to the mark with diluent to get a firlgldrochlorothiazide, ramipril and telmisartan camcation of
0.0125 mg/mL, 0.0025 mg/mL and 0.04 mg/mL respetfivThe solution was then filtered through 0.4BNylon
66-membrane) filter to analyze.

2.4.1. Preparation of Sample for Degradation stadie

The standard stock solutions of hydrochlorothiazidenipril and telmisartan were exposed to stresslitions [11]

like acid, base, peroxide and thermal. The acidas® samples were neutralized before analysissdinples were
exposed to 0.1N hydrochloric acid and 0.1N sodiwyardixide at room temperature for 90 minutes una&t and

base degradation respectively. The oxidative degram conditions applied were 3% hydrogen peroxidambient
conditions. The sample was refluxed at 80°C fonButes under thermal degradation condition.

Scholar Research Library

Table2
. . Hydrochlorothiazide Ramipril Telmisartan
0/4)

S.No | Linearity Level (%) Concentration pg/mL  Response Concentration pg{mL sp&ese| Concentration pg/mL  Response
1 80 6.2 1288769 1.2 680457 20 2934769
2 90 9.2 151060¢ 1.6 79340( 30 343127
3 10C 12 173010! 2.t 90861+ 40 392686
4 110 15.6 1910018 3.1 1031325 50 4435442
5 120 18.7 2104268 3.7 1117387 60 4868744
Correlation Coefficient 0.999 0.999 0.999
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RESULTSAND DISCUSSION

3.1. Chromatographic Conditions

A Reverse phase UPLC method was proposed as ablsuitaethod for quantitative determination of
hydrochlorothiazide, ramipril and telmisartan tabl€feram H Pharmaceuticals). The mobile phaseitions were
optimized so that the three drugs would be sepatiatshort run time of 5 min in the presence ofrtdegradation
products. The final choice of the stationary phifise¢ gave a satisfactory resolution and run time @ reverse
phase column Waters Acquity BEH Shield RP18 (100 xr2al, 1.7um). Triethyl amine solution with diféet pH
values and concentrations in combination with défee volume fractions of acetonitrile as modifieere also
tested. The best results were obtained by the fusentixture of 0.1% triethylamine in UPLC water wipH 3.5,
methanol and acetonitrile in the ratio of 3:2:5/v/kespectively. All the experiments were carried at an ambient
column temperature. Under the optimum chromatogecaptonditions, the retention times obtained for
hydrochlorothiazide, ramipril and telmisartan pealse 1.54, 1.97 and 2.87 minutes respectivelyufei@). The
result of resolutions (Rs), tailing factors anddtetical plate numbers were reported in Table liddton was done
after establishing the optimal conditions for theparation. Specificity, linearity, precision, acacy, limit of
detection and limit of quantification were deterednunder the validation for the combination tablets

Figure2
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3.2. Linearity

The linearity was determined for three drugs hyblomthiazide, ramipril and telmisartan separatelthe range of
50% to 150% of each drug with respect to test asmaton of 12.5 pg/mL for hydrochlorothiazide, 215/mL for

ramipril and 40 pg/mL for telmisartan, preparedrrstandard stock solution in diluent. The correlatto-efficient
values calculated for the concentration and thearese for hydrochlorothiazide, ramipril and telniaa, are found
to be linear in the range of 6.2 - 8.7ug/ml, 127 pg/ml and 20 - 60 pg/ml respectively and tHaesare given in
Table 2.

3.3. Accuracy:

To check the accuracy of the developed method,yacal recovery study experiments were carried loytthe
standard addition method. From that total amourthefdrug found, the percentage recovery was Gkl The
recovery values for the three compounds are inrdnge of 99.7% — 100.3%. The accuracy data arerteghb@
Table 3.
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Table3
. I | % Recover
% Concentration at Specification lev "Hydrochlorothiazide] Ramipril Telmisatah
80 99.6 99.5 100.5
100 99.9 99.8 100.1
120 99.8 99.6 100.3
Mear 99.7 99.€ 100.2

3.4. Precision:

The System precision of the proposed method wasrmé&ied by injecting standard solution for five ¢ésnand
measured the response for them into UPLC. The ddiefPrecision of the proposed method was determiryed
injecting six sample solutions into UPLC prepanedividually. The % RSD for the areas of systencisien was
given in the Table 4. The % assay calculated fioenmethod precision data and the % RSD calculate#hfassay
values were given in Table 4.

Table4
Precision Hydrochlorothiazid¢ Ramipril| Telmisartarn
System Precision (% RSD for the respo 0.4 0.3 0.4
Method Precision
(% Assay) 99.0 99.8 100.4
% RSD (Assay) 0.2 0.2 04

3.5. Intermediate Precision / Ruggedness:

To evaluate the intermediate precision (also knewrRuggedness) of the method, Precision wasrpegtbon
different days by using different instruments. Theermediate Precision of the proposed method degsrmined
by injecting six sample solutions into UPLC preghnedividually. The % RSD for the areas of systeracision
was given in the Table 5. The % assay calculatad the intermediate precision data and the % R3$uleded for
% assay values were given in Table 5.

Table5
Intermediate Precision Hydrochlorothiazid¢ Ramipril| Telmisartal
System Precision (%RSD for the respol 0.2 0.3 0.3
Method Precision 100.0 09.8 999
(Yoassay)
Assay %RSD 0.2 0.4 0.2

3.6. Limits of Detection and Quantitation

For determining the limit of detection (LOD) andnlt of quantitation (LOQ), the standard deviatiomdaslope
method was adopted and studies were carried cadliate the detection and quantization limitshef mmethod by
using equations, LOD = 3@S and LOQ = 1&/S, wheres is the standard deviation and S is the slopeetthve.
The LOD for Hydrochlorothiazide, Ramipril and tebartan was 0.005ug/mL, 0.002ug/mL and 0.005ug/mL
respectively and LOQ was 0.02pg/mL, 0.007 pg/mL @o@ug/mL respectively.

3.7. Robustness

As part of the Robustness, deliberate changedrflthv rate, mobile phase composition was madevaduate the
impact on the method. The results reveal that thghad is robust for the flow rate and mobile phesmposition
changes. The results are summarized in Table 6/6Bnd

Table 6A
System Suitability Results
S. No | Change in Flow Rate (ml/min| Hydrochlorothiazide Ramipril Telmisartan
USP Plate Cou | USP Tailing | USP Plate Cou | USP Tailin¢ | USP Plate Cou | USPTailing
1 0.1 8517 1.3¢ 8197 1.8 800¢ 1.31
2 0.15 8132 1.39 8167 1.10 7914 1.35
3 0.2 7713 1.30 7516 1.14 7534 1.29
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Table 6B
System Suitability Results
S. Change in Organic Composition in the Hydrochlorothiazide Ramipril Telmisartan
No Mobile phase USP Plate USP USP Plate USP USP Plate USP
Count Tailing Count Tailing Count Tailing
1 10% Les 843¢ 1.3¢ 830: 1.2¢ 8221 1.2¢
2 Actual 8132 1.47 8167 1.13 7914 1.35
3 10% More 8116 1.34 7922 1.10 7627 1.33

3.8. Forced Degradation Studies:
The International Conference on Harmonization (I@Hidline entitled stability testing of new drugbstances and
products requires that stress testing be carriedmelucidate the inherent stability charactesstid the active
substance. The aim of this work was to perform stress degradation studies [11] on the hydrochicanide,

ramipril and telmisartan using proposed method.

The degradation products were well separated frgdrdthlorothiazide, ramipril and telmisartan peaksll the
degradation conditions. The peak purity is checf@dHydrochlorothiazide, Ramipril and Telmisartandathe
results are summarized in Figures 3-6 and Table 7.

Figure 3. Acid Degradation of hydrochlorothiazide, ramipril and telmisartan standard solution
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Table7
Dearadation Conditio Hydrochlorothiazide Ramipril Telmisartan
9 Purity angle| Purity Threshold| Purity angle| Purity Threshold| Purity angle| Purity Threshold
Acid 0.5 0.6 04 05 0.5 0.6
Base 0.5 0.6 05 0.6 0.5 0.6
Oxidative 0.4 05 05 0.6 0.5 0.6
Therma 04 0E 0E 0.€ 0.t 0.€
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Figure 4. Base Degradation of hydrochlorothiazide, ramipril and telmisartan standard solution
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Figure 5. Peroxide Degradation of hydrochlorothiazide, ramipril and telmisartan standard solution
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Figure 6. Thermal Degradation of hydrochlorothiazide, ramipril and telmisartan standard solution

Al

| U |
&0 100 150 200 Z_ISCI 3.00 3580 1.00 4 50 500
Minutzs

CONCLUSION

The established UPLC method proves to be simpieati, precise and accurate. The total runtime wasninutes
within which three drugs and their degradation puiaisl were well separated. The method was validatedshows
satisfactory data for all the method validationgmaeters tested. The Developed method is stahiliticating and
can be used for simultaneous quantitative detetinimaf the drugs hydrochlorothiazide, ramipril atetimisartan
in presence of degradation products in stabilitythg industry. The adopted UPLC method also caruded
separately for assay estimation of Telmisartanetablsimultaneous estimation of Hydrochlorothiaziaied
Telmisartan and simultaneous estimation of Ramgd Hydrochlorothiazide in tablets [17].
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