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ABSTRACT

A simple, specific, accurate and stability-indicgti RP-HPLC method was developed and validated for
determination of related substances in Tretinoipical pharmaceutical formulation. Chromatographiparation
was achieved on Hypersil BDS C18 250 x 4.6mim;d@umn as stationary phase while mobile phase # budfer,
(Buffer=Water : Glacial acetic acid, 90:2 v/v) amdobile phase B as Methanol. Method was developedaidient
mode with 40 minutes, at flow rate of 1.2 mL/mifiluEnts were monitored at 356 nm. The method \atidated
for specificity, linearity, accuracy, precisionpiit of quantification, limit of detection, robussseand solution
stability. The RRF (relative response factor) valwé Isotretinoin impurity determined from linegristudy were
0.91. Limit of quantification of Tretinoin and Isetinoin was found to be 0.02 pg/mL and 0.02 pgresipectively.
Recovery was found to be in the range of 95.0-205The method was proved to be robust with redpectianges
in flow rate, buffer pH and column temperature. Pheposed method was successfully applied for trntifative
determination of related substances in Tretinoical pharmaceutical formulation.

Keywords: Topical formulation , RP-HPLC, Related substan€esced degradation, Trretinoin

INTRODUCTION

Tretinoin (TRET), 3,7-Dimethyl-9-(2,6,6-trimethykdyclohexen-1-yl)-2,4,6,8-nonatetraenoic acid,his alltrans
stereoisomer of retinoic acid, is a first genematiopical retinoid used as a topical keratolytidhe treatment of
acne vulgaris in which comedones, pustules, andlpapredominate; it prevents comedo formationfandopical
use. ). Itis also used to treat acute promyelodgtikemia [1-5].

Oral Tretinoin has been shown to be teratogeniat®iwhen given in doses 1000 times the topicaldiudose. Oral
Tretinoin has been shown to be fetotoxic in ratemvigiven in doses 500 times the topical human dbspical

Tretinoin has not been shown to be teratogeniais and rabbits when given in doses of 100 andtiB2®s the
topical human dose, respectively (assuming a 5adigt applies 250 mg of 0.1% cream topically). Hoare at

these topical doses, delayed ossification of a rurobbones occurred in both species [6-8]. Topical delivery
systems have been used for centuries for the tezdtaf local skin disorders. Topical applicatiorfigh® drug offer
the potential advantages of delivering the drugdaliy to the site of action and delivering the dfog extended
period of time at the effected site that mainlysaattthe related regions [9].

A detailed literature survey for TRET revealed thbility of Tretinoin in tretinoin-minoxidil sation by HPLC
reported by Zarghi A et al. [10]. A rapid simultas determination of Tretinoin and isotretinoinHiyLC reported
by Tashtoush BM et al.[11]. Simultaneous deternmmatof Tretinoin and Clindamycin phosphate and rthei
degradation products in topical formulations by IRPEC reported Rose YY et al.[12]. Determinatiortretinoin in
creams by HPLC reported by Kril MB et al.[13eparation and Determination 6lindamycin Phosphate and
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Tretinoin in Acne Gel by HPLC reported by Ya-zhdvig et al.[14]. HPLC method for simultaneous deteration

of tretinoin and isotretinoin in dermatological fiaulations reported by Bassam M et al.[15]. Simudtars
Determination of 13-Cis- and All-Trans-Retinoic dsiand Retinol in Human Serum by HPLC reported aketla
N et al.[16]. Simultaneous Determination of All-fis, 13-Cis-, 9-Cis-Reti-noic Acid and Their 4-OMtabolites
in Plasma by HPLC reported by Disdier B et al. [ID&nsitometric thin layer chromatographic analgdifretinoin

and erythromycin in lotions for topical use in a¢reatment reported by Gabriels M et al.[18]. HPTM@&thod for
Simultaneous Estimation of Isotretinoin and Erythyain in Bulk Drug and Topical Gel Form reported Rgthore
AS et al.[19]. spectrophotometric determinatiomfioxidil and tretinoin reported by Bordbar M ef20]. Residue
Determination of Clindamycin phosphate and Tretinon the Surface of Manufacturing Equipment by RPA-8

also reported by Roy C et al.[21]. Assay by HPLébakported in United State of Pharmacopeia [22].

To the best of our knowledge, none of the methodvailable for determination of potential known gy of
TRET from TRET and its deradation impurities fréopical pharmaceutical formulatiofthe aim of the present
work was to develop and validate a method for deitetion of degradation impurity in TRET topicalfiaulation

The drug product stability guideline Q1A (R2) isduwy the International Conference on Harmonizal@H) [23]
suggests that stress studies should be carrieghoaidrug to establish its inherent stability chdstics, leading to
identification of degradation products and, hescgporting the suitability of the proposed anabjtioprocedures. It
also requires that analytical procedures for tgstire stability of samples should be stability-ozading and should
be fully validated. Chemical structures Tretnoiwl dsotretinoin of all compounds are presented guFe 1.

N NN

(b)
Figure 1: Chemical Structure of (a) Tretinoin and (b) Isotretinoin

MATERIALS AND METHODS

2.1 Reagents and chemicals

TRET gel, placebo, TRET working standards and &toin impurities (IUPAC name: (13cis)-retinoici@dc
standards were provided by Dr. Reddy’s laboratokigs, Hyderabad, India. HPLC grade methanol aratigl
acetic acid were used of Rankem, India. 0.45 pmionane filter, 0.22 um PTFE syringe filter and O28 nylon
syringe filter were used of Millipore, India. Watfar HPLC was generated using Milli-Q Plus waterification
system (Millipore, Milford, MA, USA).

HPLC (Alliance Waters, separation module 2695, phdiode array detector 2996, UV detector 2487 with
Empower2 software. Photo-stability chamber (Sahgicestershire, UK). Dry air oven (Cintex, Mumbiaidia).

2.2 HPLC instrumentation and chromatographic conditions

The LC system of Waters Alliance HPLC with PDA d#te was used for this study and chromatographic
separation was achieved on Hypersil BDS C18 (250>t6 mm, 5 um) column as stationary phase wittadyi
gradient mode. Gradient program was used as tine)/nobile phase-A (%)/mobile phase-B (%); 0.0/2)/8
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30/10/90, 35/20/80, 40/20/80. Where, mobile phasga& water : Glacial acetic acid, 90:02 v/v and ileophase-
B, Methanol. Buffer was filtered through 0.45um nieeme filter. Column oven temperature was mainthiae
30°C and injection volume for each study preparaticas 20 pL. Eluent with flow rate of 1.2 mL/min sva
monitored at 356 nm with PDA detector. Methanol waed as a final diluent.

The stress degraded samples and the solutionistad@imples were analyzed using a PDA detector raayehe
range of 200-400nm.

2.3 Diluted standard solution preparation
Standard solution was prepared by dissolving stahslabstance in diluent to obtain solution contagrd.5 pg/mL
of TRET.

2.4 Sample solution preparation

An accurately weighed sample equivalent to 1 mgRET was taken into 10 mL volumetric flask. AboumL of
diluent was added to this volumetric flask and sat@d in an ultrasonic bath for 15 min with intetent shaking,
diluted to the volume with diluent, mixed well, ¢efuged at 7500 rpm for 15min. Supernatant solutigas
filtered through 0.22 pum Nylon syringe filter.

RESULTS AND DISCUSSION

3.1 Method development and optimization

Prime objective of an RP-HPLC method developmentdetermination of related impurities in TRET tagdic
dosage form was: the method should be able tordaterall TRET related impurity in single run ancbahd be

accurate, reproducible, robust and stability intiica All degradation products from stress condisicsholud be
well separated from each other and method shouldifple to user in analytical research and qualdntrol

laboratory for routine use.

The spiked solution of related compounds (Isotoétipand TRET were used for method developmentptinize
chromatographic conditions and separation by RPE& R&otretinoin impurity was spiked in TRET in sugtway
to achieve 1 pg/mL for each impurities and 100 (gfor TRET. Further more primary developed methoasw
challanged by forced degradation as a pre-validatio

3.2 Mobile phase and gradient optimization

The optimization of stationary phase and mobilesghaere done simultaneously. Stationary phasesasitaters
symmetry C18, Luna C8 and inertsil ODS 3V weredtngth mobile phase such as Ammonium phosphatesbuff
(pH 4.5), triethyl amine buffer (pH 2.5) and theemposition with Methanol, acetonitrile and tetrdigfuran were
tried but problems such as co-elution of Isotratinompurity peak and principal peaks, peak broadgnof
Principal, placebo peak interferences, late elutibprincipal peak etc were observed. Good chrogragthy was
observed using Hypersil BDS C18 250 mm x 4.6 mmbcolumn as stationary phase. Mobile phase A wéerb
(water : Glacial acetic acid, 90:02 v/v), while rilebphase B was methanol. For gradient optimizatiiost
programme was time (min)/mobile phase-A (%)/molglease-B (%); 0.0/20/80, 30/10/90, 45/10/90, 46/20/8
55/20/80, inorder to achieve shorter run time gradiprogramme changed to time (min)/mobile phase-A
(%)/mobile phase-B (%); 0.0/20/80, 30/10/90, 353P0/40/20/80 Column oven temperature was maintaated
30°C and injection volume for each study preparaticas 20 pL. Eluent with flow rate of 1.2 mL/min sva
monitored at 356 nm with PDA detector. Methanol waed as the diluent for all preparations . So hils
gradient elution it was found good separation bfrapurities with main peak and tailing factor legssn 2.0 and
resolution > 2.0. Finally the praposed method wagexted to method validation according to the rimaéonal
conference on Harmonization guidelines, with comsition of sample concentration to achieve an L@@w
reporting threshold of the impurities.

3.3 Diluent selection

The extraction of the drug from formulation triedtiwdifferent solvents such as acetonitrile, methamethanol
with water, methanol with tetrahydrofuran. The céetg extraction of drug was achieved with methaioktinoin
and Isotretinoin has solubility in methanol.

3.4 Method validation

After satisfactory development of method it wasjeated to method validation as per ICH guidelind][Z2The
method was validated to demonstrate that it isabietfor its intended purpose by the standard pharee Analytical
method validation was carried out by means of systaitability, accuracy, precision, linearity, rabness, solution
stability, filter compatibility, specificity and foed degradation study.
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3.4.1 System suitability

The system suitability was performed by dilutedndtrd solution and impurities spiked solution (@/mL
Isotretinoin impurity of TRET). The system suitatlyilparameters were evaluated and found to be mvitié limits
[Table 1].

Table No.1: System suitability results (Precisionintermediate precision and Robustness)

Parameter *Arearatio  USP tailing of TRET USP theoretical plates of Relative retention time (RRT)

TRET Isotretinoin
Precision 1.00 1.0 27574 0.83
Intermediate precision 1.02 0.9 24577 0.84
At 1.4 mL/min flow rate 1.01 11 15071 0.84
At 1.0 mL/min flow rate 1.02 1.1 20240 0.85
At 35°C column temp. 0.99 1.1 14542 0.85
At 25°C column temp. 1.00 1.1 9909 0.84

*... Area ratio of TRET peak from two replicateutidd standard injections; USP...United state phacapeia

3.4.2 Method Precision
The method was found to be precise with six samppdearations by spiking the impurities at 0.3% ldV¥able 2].
The % RSD of Isotretinoin in six sample preparatias found to be less than 3.5%.

Table No.2: Method precisionof TRET

Sample No. % Isotretinoin % Total Impurities
Average’ 1.00 1.15
%RSD* 3.40 3.30
#... Average of six determinations;
*... Determined on six values

3.4.3 Forced degradation study

Forced degradation was performed on TRET topicahfibation to achieve desired degradation and plaeasbwell
as TRET drug substance were treated with simitenditions as mentioned below, based on developmnizts
optimized forced degradation conditions were eghbl. Final sample concentration was achieveduigithL of
TRET with diluent as proposed sample concentration.

3.4.3.1 Oxidative degradation

TRET sample equivalent to 1mg of TRET was takew ib® mL volumetric flask, added 5 mL Methanol and
sonicated for 15minutes with intermittent swirlifithen subjected to oxidative stress condition Byl of 1% v/v
H,0, solution in 10 mL volumetric flask and kept on nodemperature for 45 min, diluted to volume with
Methanol. Further a portion of sample centrifuge@%00 rpm for 15min. Supernatant solution wagfdtl through
0.22 um nylon syringe filter. Degradation in oxigatcondition was achieved by 1.66 %.

3.4.3.2 Acid degradation

TRET sample equivalent to 1mg of TRET was takeo iB® mL volumetric flask, added 5 mL Methanol and
sonicated for 15minutes with intermittent swirlinihen subjected to acid hydrolysis condition by 1 afi 1N HCI
solution in 10 mL volumetric flask and kept on rot@mperature for 60 min, sample was neutraliset wimL of
1IN NaOH and diluted to volume with Methanol. Furtlaeportion of sample centrifuged at 7500 rpm fémin.
Supernatant solution was filtered through 0.22 ylomsyringe filter. Degradation in acid hydrolysisndition was
achieved by 1.53 %.

3.4.3.3 Base degradation

TRET sample equivalent to 1mg of TRET was takew i5® mL volumetric flask, added 5 mL Methanol and
sonicated for 15minutes with intermittent swirlinghen subjected to acid hydrolysis condition by L af 5N
NaOH solution in 10 mL volumetric flask and keptwater bath at 60°C for 15 min, sample was nesedliwith 1
mL of 5N HCI and diluted to volume with Methanolrher a portion of sample centrifuged at 7500 fpniL5min.
Supernatant solution was filtered through 0.22 wom syringe filter. Degradation in base hydrolys@ndition
was achieved by 2.23 %.

3.4.3.4 Thermal degradation

TRET sample equivalent to 1mg of TRET was takea @ mL volumetric flask and exposed at 03or 2 hours.
Added 5 mL Methanol and sonicated for 15minuteswitermittent swirling. Diluted to volume with Menol.
Further a portion of sample centrifuged at 7500 fpml5min. Supernatant solution was filtered tlgio.22 pm
nylon syringe filter. Degradation in thermal expbs®ndition was achieved by 3.46%.
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3.4.3.5 Photolytic degradation:

TRET sample equivalent to 1mg of TRET was takewo ib® mL volumetric flask and kept in photo stajilit
chamber to expose it for 1.2 million lux hours. A&ddb mL Methanol and sonicated for 15minutes witbrimittent
swirling. Diluted to volume with Methanol. Further portion of sample centrifuged at 7500 rpm for &kbm
Supernatant solution was filtered through 0.22 pyfomsyringe filter. Degradation in photolytic exqeal condition
was achieved by 3.04%.

3.4.4 Specificity

The forced degradation of TRET topical formulatiwas carried out as per ICH guideline [24]. All sseonditions
and obtained results are shown in Table 2. Thetypamgle was less than purity threshold for all gieess
conditions. Interference was not observed fromlbkamd placebo preparations. Blank, placebo, cosaoiple and
impurity spiked sample chromatograms are presantéigure 4. Stress study samples are presentEdyure 5.

Table No.3: Data of forced degradation study of TRE

Unk.

. - Isotretinoin Total # # . . Drug
Degradation condition % Inl\l/lpaﬁk Imps % PA PTH PA PTH assay %
Control sample 0.74 0.05 0.92 0.055 0.275 1.208 512.7 99.3
Acid degradation 1.13 0.17 1.53 0.103 1.361 1.091552 98.9
Base degradation 1.66 0.21 2.23 0.085 1.221 1.553%012 98.3
Peroxide degradation 1.40 0.12 1.66 0.048 0.276 301.42.566 98.6
Photo degradation 2.79 0.08 3.04 0.051 0.283 0.886509 97.2
Thermal degradation 3.10 0.11 3.46 0.054 0.267 30.53.008 97.0

Unk. Max Imp.... Unknown maximum impurity; PA Rudhgle; PTH Purity threshold; # For Tretinoin ;
* For Isotretinoin

3.45L0D, LOQ and RRF establishment
LOD and LOQ were establised by linearity methochdarity was performed with a range of 0.1pg/mL 10 1
pg/mL concentration. The correlation co-efficierlue was found to be more than 0.999 [Table 3]ae
response factor (RRF) was calculated for each knimpurities by taking the ratio of impurity slope TRET
slope.

Table No.3: LOD, LOQ and RRF results of TRET

Parameter Isotretinoin TRET
LOD (ug mLY) 0.007 0.007
LOQ (ug mL?Y) 0.02 0.02
Intercept (a) -1614.83 -2078.15
Slope (b) 130363.5 143797.2
RRF 0.91 1.00

3.4.6 Linearity
Linearity was performed for Isotretinoin and TRBhe correlation coefficient value was found to barenthan
0.999 [Table 4]. Bias was less then +0.5% for ezade.

Table No.4: Linearity of Isotrtinoin and TRET

Parameter Isotretinoin TRET
Linearity range (g mL?) 0.02-2.03 0.02-9.90
Correlation coefficient 0.99967 0.99993
Intercept (a) 294.7 -247.4
Slope (b) 121842.0 146067.6
Bias at 100% response 0.05 -0.2

3.4.7 Method Precision at LOQ

The precision of the test method at LOQ was coretlibly injecting six placebo solution preparatiop&ed with
each of known impurity (Isotretinoin) at LOQ contraion, calculated % of individual Impurity, % RSBom the
six preparations are summarized in Table 5.

Table No.5:Method precision data at LOQ of TRET

Sample No. Isotretinoin %
Average’ 0.017
%RSD* 5.88

#... Average of six determinations;
*... Determined on six values
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3.4.8 Accuracy

Accuracy was established by recovery methodologwiling of Isotretinoin impurity, at six differefgvels, in
triplicate preparations, starting from LOQ to 150%mpurity specification of drug product [Table. @Jhe recovery
results for Isotretinoin impurity was found to betlween 95.0-105%.

Table No.6 Accuracy data of Isotretinoin of TRET

Component LOQ 50% 75% 100% 125% 150%

Isotretinoin Concentration pg/mL~ 0.02 25 3.7 5.0 6.25 7.5
#Mean Accuracy % 98.0 97.7 96.8 97.4 94.8 95.1

#... Average of three determinations

3.4.9 Solution stability
The solution stability of the standard and spikathgle preparation in methanol was studied for & &t bench

top. The solution under study was compared withhe prepared standard solution. The samples saoltiability
was established upto 72 hrs and found satisfafialyle 7].

Table No.7 Solution stability results of TRET

Duration % Isotretinoin % Total Impurities

Initial 0.99 1.13
24 hrs. 0.99 1.16
72 hrs. 1.01 1.15

3.4.10 Filter compatibility

Filter compatibility was performed for PTFE 0.28h syringe filter (Millipore) and nylon 0.22m nylon syringe
filter (Millipore). To confirm the filter compatility in proposed analytical method, filtration re®oy experiment
was carried out by sample filtration technique. Blenwas filtered through both syringe filters. Rethsubstances
were determined (ipg/mL) and compared against centrifuged sample. sEmaple solution was not showing any
significant changes in related substances with espo centrifuged sample. Filter compatibility ults are
presented iMTable 9 which indicates that both syringe filters are paiible with sample solution.

3.4.11 Robustness
The robustnes was demonstrated by varying; floe eatd column oven temperature [Table 1]. The methas

found to be robust with respect to flow rate awtumn temperature without any significant changesystem
suitability parameters and relative retention tohémpurities in sample.

Table No.9 Filter compatibility results of TRET

Components Centrifuged  PTFE filter 0.22um  Nylon fiter 0.22um
% Isotretinoin 117 1.17 1.16
% Total impurities 1.34 1.34 1.34
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degradation sample and (e) photolytic light exposesample

CONCLUSION

A stability indicating RP-HPLC method was succebgfdeveloped for determination of related impw@#in TRET
gel and validated according to ICH guidelines. Bsshed RRT and RRF values for known impurities baruseful
to determine the related impurity in TRET gel usinBET standard only. Low cost, environment friendiyd
satisfactory LOD, LOQ, precision and accuracy & main features of this method. The method wagalty

validated and statistically generated high qualéya proves that the method is linear, sensitigksctive, specific
and robust. This method can be applied for analytievelopment laboratory during product developineroduct
stability testing and in quality control laboratory
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