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ABSTRACT

The aim of this study was to develop and validatdissolution test for Raloxifene hydrochloride (RLKX
pharmaceutical dosage forms using a reverse phagegerformance liquid chromatographic (RP-HPLC)thoa.
Efficient chromatographic separation was achievsthg a ZodiacSil C4 column (150x 4.6 mm, 5u), \sithple
mobile phase combination delivered in an isocratiode and quantitation was by ultraviolet detectaina
wavelength of 287 nm. The mobile phase consistbdftdr and acetonitrile (64:36% v/v) deliveredaatiow rate of
0.7 ml min*. Buffer consisted of 50 mM potassium di-hydrogehoophosphate monohydrate, pH adjusted to 3.0
using ortho-phosphoric acid. The calibration cumwes linear (R> 0.999) over the concentration range of 2.5 — 15
ng mL* of the analyte. The optimized dissolution condgiinclude the USP apparatus Il at a paddle rotatiate

of 50 rpm and 900 mL of 0.001 N HCI (pH 3.0) asdlistion medium at 37 + 0.5°C. The present methad w
validated with respect to linearity, specificityrepision, accuracy and robustness. The system Lslitiya
parameters, such as theoretical plates, tailingtdda@nd relative standard deviation (RSD) betwega standard
replicates were well within the limits. The stallature of drug in the prescribed dissolution medicould be
inferred from the stability studies. The develogéesolution test was adequate for its purpose aand lme applied
for the quality control of RLX in pharmaceuticalsdge forms.

Keywords: Raloxifene hydrochloride, dissolution, RP-HPLC igation.

INTRODUCTION

Being a relatively new selective estrogen receptodulator (SERM), Raloxifene hydrochloride (RLX)tg@s an
estrogen agonist on bone and on the liver therabseasing bone mineral density [1]. Currently,sitused for
prevention of osteoporosis in postmenopausal worApart from being an estrogen agonist on bones @lso an
antagonist on estrogen receptors in the breasti@nds, therefore decreases the risk of cancaredsed incidences
of hot flushes and venous thromboembolic eventslow percentage of population are some of the radveffects
of RLX [2]. Raloxifene hydrochloride is a generiame for 6-Hydroxy-2-(p-hydroxyphenyl)benzo[b]thigng-p-
(2-piperidinoethoxy)phenyl ketone hydrochloridewé molecular weight of 510.05 g/mol. RLX is off-iéhto pale
yellow non-volatile solid whose chemical structusedepicted in Figure 1. It has an ultraviolet (Usf)sorption
maximum at 287 nm [3-5].
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HCI

Fig. 1: Structure of Raloxifene HCI

A high interindividual and intraindividual variakil (30%) of most pharmacokinetic parameters isitgiéd by
RLX and which makes it attractive for further disfimn and metabolism studies [1]. The drug hasebeial
actions on lipoprotein metabolism, reducing botialtocholesterol and LDL; however, HDL is not incsed unlike
with estrogen-replacement therapy. After oral adshiation RLX is absorbed rapidly and has an alisolu
bioavailability of about 2%. The drug has a hai-lof about 28 hrs and is eliminated primarily e tfaeces after
hepatic glucuronidation [1,2].

Drug release from pharmaceutical dosage forms eavaluated using a dissolution test. In ordehtrk the batch
to batch consistency in drug release and detectmheufacturing deviations, the vitro dissolution tests are
important in quality control, while a predictivetiésate of drug release correlating ito vivo performance of the
drug product is provided by R&D. However, a dissiolu test should be sensitive and reliable for oty thein
vivo performance of drug product [6]. Thus in order éwelop and optimize a drug formulation and coreelé$ in
vitro andin vivo release, the dissolution profiles could be considémportant [7,8]. A few HPLC methods with
UV detection have been previously reported fordbtermination of RLX in Pharmaceuticals [9-14]. Tgresent
work describes the development and validation oaegurate and reliable RP-HPLC method for the ediom of
release of RLX in solid dosage forms, consideriagous factors like media volume, pH and sinks étoms. The
RP-HPLC method reported in this study was validatedaccordance with the International Conference on
Harmonization (ICH) guidelines [15,16]. It is assdrthat this dissolution test meets the requirettitions that
will dissolve a large fraction of the dose in as@aable amount of time and will be used for qualdgtrol studies.

EXPERIMENTAL SECTION

2.1. Chemicals and Reagents

Raloxifene HCI was procured from Dr. Reddy’s Laliorees Ltd., Hyderabad. Acetonitrile, Methanol, Iart
phosphoric acid were obtained from Rankem, Indigdridchloric acid was obtained from SD fine Chemdia.
Potassium Hydrogen Pthalate, Sodium Hydroxide alati@ Acetic acid were obtained from Merck (Indiay.
Potassium di-hydrogen ortho-phosphate was obtafn@tt Fischer Scientifics, USA. High purity water sva
prepared by a Millipore Milli-Q plus water purifitan system. All other reagents used were of aitallygrade.

2.2. Instrumentation

The drug dissolution profiles were studied usingPUge |l rotating paddle apparatus (Labindia, ®i2600). The
liquid chromatographic system used for method dgwekent and validation was Waters 2695 binary putog p
auto sampler and a 2998 photo diode array det¢dtaters Corporation, MA, USA). The pH of all solris was
determined by Thermo orion (Orion 420 A+) pH-analyz

2.3. Chromatography

Chromatographic separation was achieved on a Z8ii@& column, with 150 mm X 4.6 mm ID and 5u paes.
The mobile phase consisted of a mixture of buffed acetonitrile (640:360 v/v), which was degassgdising
vacuum pump and sonication for 15 min prior to WBeffer consisted of 50 mM potassium di-hydrogethor
phosphate monohydrate, pH adjusted to 3.0 usirtggahosphoric acid. The flow rate of mobile phasesWw.7 mL
min’and the injection volume was 50 pL. The column terafure was maintained at 37°C + 0.5°C and the
detection was monitored at a wavelength of 287Mobile phase was used as diluent.

3.1. Optimization of dissolution test conditions

The solubility of RLX was determined across pH buwéf pH — 1.2 (0.1 N HCI), 2.1 (0.01 N HCI), 3.0001 N
HCI), 4.5, 6.8 and 7.4. All the buffers were pregghaccording to USP NF. Excess amount of RLX wakeddo a
specific volume of buffer in stoppered conical fasand rotary shaking method was used to estinmateltug’s
solubility.

The drug release was carried for each type of bisea medium at 50 rpm according to general USalution
specification. Aliquots of 10 mL sample were withan at pre-determined time intervals (15, 30, 4& &® min),
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and replaced with an equal volume of medium to ta@ira constant total volume of 900 mL (sink coiais). The
obtained samples were filtered through 0.45u mengbfitters and diluted accordingly for analysi®87 nm using
HPLC.

The solution stability of RLX in dissolution mediuweas performed in the selected dissolution mediyrkdeping
the solutions at different conditions, such as betop (25°C) for 24 hrs and 37 + 0.5°C conditioas 2 hrs. The
chromatograms obtained by the HPLC method wereuated and compared with a freshly prepared saropléhé
presence of any degradation products and any changkee peak area.

3.2. Method validation

RP-HPLC method was used to analyze the RLX sanipleslected dissolution medium. The present methasl
validated with respect to linearity, specificityrepision, accuracy and robustness according tornatenal
Conference on Harmonization [15,16] and United e&taeood and Drugs Administration (USFDA) guidelines
[17,18].

RESULTS AND DISCUSSION

4.1. Optimization of dissolution test conditions

The important parameters to be considered duriegdiégvelopment of a dissolution method are solybdihd
solution stability of the drug sample. Buffers ramgfrom pH 1.2 — 7.4 were used as media. Congidetie
solubility and release profiles of the formulatiaa depicted in figure 2 & 3 respectively, greatukility and
highest drug dissolution was observed with 0.00H®! (pH 3.0) as medium. Three reproducible batabfethe
formulation containing 60 mg of RLX were performadth the developed method and the results showed no
significant differences among the batches. Thegugrdrug release for all the three batches weratgrehan 85%

in 30 min as depicted in figure 4, which were weithin the suggested acceptance criteria of nat than 80% in

30 min.

0.5
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Fig. 2: pH-Solubility profile of Raloxifene HCI
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Fig. 3: Comparative dissolution profiles across pHbuffers

Hence, based on the solubility and screening studi®®01 N HCI (pH 3.0) provided or ensured exceligink
conditions with greater stability for drug releaSe.0.001 N HCI was selected as the optimized hlisesa medium
for dissolution of RLX in pharmaceutical dosagenfier
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Fig. 4: Release profiles of three reproducible bates of RLX formulations

During the evaluation of solution stability of RL¥ the selected dissolution medium (0.001 N HCI),
chromatograms were obtained. The results showedthigasolutions remained stable and no peaks teltate
degradation products were observed. Accordingtévatiure (USP, 2007) [19], the acceptable rangesédution
stability is within 98 — 102 % of the initial valu&/hen the stability sample was compared with ahfreample, the
difference in the drug content was very insignificlless than 1%). Therefore it was possible guenthe integrity
of the drug, stating its stability in the dissotutimedium during the complete process of analysis.
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4.2. Method validation

The developed method was validated through therm@tation of linearity, specificity, accuracy, pigion and
robustness. Prior to injecting sample solutions,ablumn was equilibrated for atleast 30 min with mobile phase
flowing through the system and validation was eatidut in accordance with ICH and USP guidelines.

In order to ensure the validity of the used mettibd,important factor to be considered is systettalsility. During
the study, the limit for theoretical plates wasefixo not less than (NLT) 2500 and that of tailiagtor was fixed to
not more than (NMT) 2.0. As indicated in Tableelative standard deviation (RSD) for the area atention time
of five replicates showed adherence to limits. &bthe chromatograms, theoretical plates were at2500 and the
tailing factor was less than 2.0. RSD results fffora replicates showed adherence to the limits. abheve results
indicate the validity of the above developed methnd suggested its use for routine lab analysis.

Table 1: System suitability criteria and results

Parameter Criteria Results
Blank No interference| No interference
Tailing Factor NMT 2 1.2
Theoretical Plates NLT 2500 3500
% RSD for the area of 5 replicate injectionshef standard solution NMT 2.0% 0.48
% RSD for the retention time of 5 replicate itiegs of the standard solution NMT 0.2% 0.04

4.2.1. Linearity

To establish linearity of the above method, catibra solutions were prepared from stock solutionsat
concentration levels from 10 to 150% of the assafyde concentration (2.5, 5.0, 7.5, 10.0, 12.5 Bhiqig mLY).
Each solution was injected and the chromatograme wbktained. A calibration curve was prepared nttipig
concentration (ug mt) against area response (mAU) and is depictedgnrgi5. The corresponding linearity data
of RLX is shown in Table 2.

5000000

y =274533x + 30591
R*=0.9992

4000000
3000000
2000000

Area (mAU)

1000000

0

0 2 4 6 8 10 12 14 16

Concentration (pg mL-1)

Fig. 5: Linearity curve for Raloxifene HCI

Table 2: Linearity data of Raloxifene HCI

Percent of APl | Concentration (ug/mL) | Area (mAU)
25 % 2.5 701135
50 % 5 1417795
75 % 7.5 2176475
100 % 10 2759206
125 % 12.5 3439330
150 % 15 4133161

Slope 274533

y-intercept 30591

R? 0.9992

4.2.2. Specificity

The ability to unequivocally determine the analytepresence of additional components such as etipi

degradation products and impurities is called aifipity of an analytical method. It is evaluatedmparing the
chromatograms of placebo solution and RLX solutitained from dosage form. No peaks were obsenmveabe

resultant chromatogram of placebo. The dosage f&owed a single peak corresponding to RLX but reerot
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peaks of the formulation (i.e. excipients) wereaskied as depicted in Figure 6. These results aurtfie specificity
of the method for RLX.

AU

o
=
2
RALOXIFENE -

0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00
Minutes

Fig. 6: Chromatogram corresponding to test sample

4.2.3. Precision

The precision of the method was investigated wepect to repeatability and intermediate precidRapeatability
is a measure of the precision under the same apgrainditions over a short interval of time andiliso known as
intra-assay precision. This was evaluated by asgagix replicate injections of RLX at 100% of thest
concentration (10 pg mi) on the same day. Analyzing the samples on twierifit days by two different analysts
using different columns (of same make), differemtocnatographic and dissolution systems gives tterrimediate
precision (inter-day precision) and was evaluatgd$saying six replicate injections of RLX at 10@¥%the test
concentration. The peak area based RSD for intgradd intra-day precision are tabulated in Tabl&!8 results
indicated that all the RSD values were within theepted criteria of NMT 2.0%.

Table 3: Precision (repeatability) of Raloxifene HC

. Inter-day(area)
Replicates | Intra-day (area) Day 1 Day 2
1 2759037 2777989 2781368
2 2729380 2756100 3768510
3 2720992 2729098 2724679
4 2770871 2776001 27887533
5 2771800 2739009 27204837
6 2740191 2798987 2766885
Average 2748712 2762864 275842
% RSD 0.79 0.95 1.05

Table 4: Accuracy (recovery) of Raloxifene HCI

Recovery Percent
Individual | Mean

98.7

96.8

50 98.5
(5 ng/mL) 99.2
97.5
98.3
99.2
98.1 98.9 0.67
99.3
98.3
98.6

150 98.6
(15 pg/mL) 97.6
97.1
97.7

Sample No.| Spike Level, % %RSD

98.2 0.89

100
(10 pg/mL)

98.0 0.62

OB [(WINRP|WIN|RP(O(O|B|W|IN|F-
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4.2.4. Accuracy

The closeness between the obtained and referehee imaan analytical method is expressed as acguR&covery
studies were performed at three concentrations (5% and 150%) of the target concentration (10mLd),
spiking each placebo with RLX drug substance. 8plicates each were spiked at 50% and 150% leveldtaece
replicates each were spiked at 100% levels and/zel Considering the results, the recoveries nbthaivere good
and were within acceptance criteria (98 — 120 %3hasvn in Table 4. The percentage recoveries cddaivere
considered under the accepted range as per thegi@télines. No significant differences were obsdrbetween
amounts of RLX added and the amounts found.

4.2.5. Robustness

Robustness of the method was evaluated by altéhegxperimental conditions such as flow rate addop the
mobile phase. The flow rate was varied by + 0.% @hd 0.9 ml mifl) and the pH of the mobile phase was varied
by £ 0.1 units (2.9 and 3.1 pH units). The restdisealed that deliberate variations of the methmutlitions had no
significant effect of the retention time and peagaa(for a given RLX concentration), indicating tledustness of
the above chromatographic method.

CONCLUSION

An isocratic RP-HPLC method was developed for thteneation of percent drug release of RLX in phareudical
dosage forms. The method overcame the solubilitystability issues and was validated as per ICHgliies. The
optimized dissolution conditions included a 900 oflmedium (0.001 N HCI, pH 3.0) and the paddle dp&e50
rpom. A rapid quantification of many samples in ioatanalysis could be achieved using this chrontafugc
method, since the run time was relatively shonn{f). The method showed satisfactory results fbthel method
validation parameters tested and indicated tha, dbveloped method is linear, specific, preciseurte and
robust. Therefore, this method can be recommenmuietthé quality control studies of RLX in pharmadeaitdosage
forms, concomitantly assuming the therapeutic afycof the drug.
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