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ABSTRACT

A simple, selective, precise and stability-indicating Isocratic high-perfor-
mance chromatographic method of analysis for adapalene in pharmaceuti-
cal (gel) formulations was developed. Mobile phase consisted of acetoni-
trile (ACN), tetrahydrofuran (THF) and phosphate buffer (PB) (pH-2.5; 0.01
M) intheratio of 30:40:30 respectively. Thismobile phase wasfound to give
adequate results in terms of peak shape, symmetry, tangent and tailing.
Retention time (RT) for adapalene was found to be 2.4 with run time of 5
minutes. Sampleswere subjected to acid, alkali hydrolysis, oxidation, ther-
mal, humidity and photodegradation. The whole analysiswas carried out at
the wavelength of 272 nm. The linear regression analysis data for the cali-
bration plots showed good linear relationship with rz = 0.9995 with respect
to peak areain the concentration range of 14-26pg/ml.The mean value of
correlation coefficient; slopeand intercept were 0.9995, 9060.51 and 1282.
The method was validated for precision, specificity, recovery and robust-
ness, in accordance with ICH guidelines. The drug undergoes degradation
under basic (alkaline) conditions. This indicates that the drug is suscep-
tible to base hydrolysis. Statistical analysis proves that the method is re-
producible, selective and accurate for the estimation of said drug. As the
method could effectively separate the drug from its degradation product, it
can be employed as a stability-indicating one.
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Adapd ene 6-(3-(1-adamantyl)-4-methoxy phenyl)-
2-napthoic acid¥ isoff whitecrystalline powder. It has
been used to treat acnelesions. Extensive researches
have reveaded potent anti-inflammatory effects of
adapa ene. Itisamodulator of cdllular differentiation,
keratinization and inflammeatory processesdl of which
represent important featuresin the pathol ogy of acne-
vulgarig?. Mechanistically, adapa enebindsto specific

retinoic acid nuclear receptorsbut doesnot bindto the
cytosolic receptor protein. Although the exact mode of
action of adagpa eneisunknown, it issuggested thet topi-
ca adgpaenemay normaizethedifferentiationof folli-
cular epithelia cells resulting in decreased micro-
comedoneformation>4. Adapaleneisunstable at ba-
scpH and undergoesakdinehydrolyssindkdi / higher
pH solution. Sinceno method isavailablefor theanaly-
sisof adapaleneinformulationsintheliterature®, we
have devel oped avery sensitiveand accurate HPLC
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method whichisstability indicating d so. TheInterna:
tional Conference on Harmonization (ICH) guideline
entitled ‘stability testing of new drug substances and
products’ requires the stress testing to be carried out to
elucidatetheinherent stability characteristicsof theac-
tive substance®”). Susceptibility to oxidationisone of
the required tests. Also, the hydrolytic and the pho-
tolytic stability arerequired. Anided stability indicating
method isonethat quantifiesthe drug per seand aso
resolvesits degradation products. Nowadays, HPLC
isbecoming aroutine analytical technigueduetoits
advantages®. The major advantage of HPLC isthat
severd samplescan berun quickly. It ensuresaccurate
determination of minute quantitiesof sample. Theaim
of thiswork isto develop an accurate, specific, repeat-
ableand stability-indicating method for the determina-
tion of adapaleneasper ICH guidelines.

2.EXPERIMENTAL

2.1. Materials

Adapa enewas purchased from Ranbaxy Research
labs Gurgaon, India. All chemicalsand reagents used
were of analytical grade and were purchased from
Ranbaxy Chemicds, India.

2.2. HPL C method development

The proposed study was an attempt to develop and
validate an HPLC method for determination of
adapaeneinAdapadenegd.

During the development of the HPLC method,
mobile phasesinvestigated were phosphate buffer, ac-
etonitrile, tetrahydrofuranin different ratiosand with
different pHs. M obile phase sel ection was based on
peek parametersi.e. height, asymmetry, tailing, basdline
drift, runtime, ease of preparation of the mobilephase,
need for pH adjustment and cost (inthat order). Keep-
ing al theserequirementsin consideration, proposed
chromatographic condition wasfound appropriatefor
quantitetivedetermination.

Sampleswere prepared by dissolving 2 gm of gel
inthediluent { mixtureof acetonitrileand tetrahydrfuran
(60:40)} which onfurther dilution contained 20ug/mi
of Adapaene.

The chromatographic column used was Kromasi|
C-18(100* 4.6)5u. The number of theoretical plates

Hnalytical CHEMISTRY o

TABLE 1: Final chromatogr aphic conditions
Chromatographic

S.no. Condition
par ameter
1 Column Kromasil C-18(100* 4.6)5u
5 Column oven 40°C
temperature
3 Detection wavelength  272nm
4 Runtime 5 minutes
5 Elution mode Isocratic
Buffer: (b) Organic(30:40)
6 Composition of mobile (a) Phosphate
Phase buffer(10mM), pH 2.5
(b) ACN:THF
7 Injection volume 20 pl
8 Flowrate 1.5ml/min
9 Diluent ACN: THF:60:40
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Figurel: Chromatogramsof adapalene

was more than 30,000 for Adapalene and RSD was
lessthan 2% for the entire study. Column oven Tem-
perature was 40°C. Mobile phase sel ected was phos-
phate buffer and organic (ACN: THF, 30:40) inthe
ratio of 30:70 (pH-2.5). Isocratic method for adgpa ene
inAdapalene gdl wasused. 10ul samples(20ug/ml of
Adapalene) wereinjected. Flow ratewas 1.5 ml/min.
Sampleswererunfor 5Smin at awavelength at 272nm
(TABLE 1andfigurel). TheHPLC method wasfur-
ther validated asper ICH guidelines 199699,

Au Tudian Yournal



ACAIlJ, 7(11) December 2008

M.Mudasir et al.

803

2.3.Method validation
23.1. Linearity

Thelinearity for adapal ene was determined over
therange of 14-26ug/ml whichwas 70-130% of stan-
dard concentration (20pg/ml).

2.3.2. Precision
2.3.2.1. System precision

Six replicateinjection of slandard sol ution contain-
ing 20ug of adapalene wereinjected into the HPLC
system.

2.3.2.2. Method precision

Six sampleof asinglebatch of adgpalenewerepre-
pared as described in section 2.2 and analyzed by pro-
posed method.

2.3.3. Recovery studies

Known amount of placebo for adapa enewastaken
and spiked with adapalene standard at three levels
(80%, 100% and 120%) with respect to adapalenein
triplicate. The sampleswere prepared and analyzed as
per proposed method.

2.3.4. Robustness

Therobustnesswasdetermined by injecting three-
samplesolution at each different conditionwith respect
to control condition. Robustness of the method was
checked by varying theinstrumental conditionssuchas
flow rate (= 10%), organic content in mobile phase ra-
tio (+2%), wavelength of detection (£ 5 nm), column
oventemperature (+ 5°C) and change in pH of buffer
(£0.2%). Sample solution was injected in each condi-
tion and assay % of adapal enewas cal cul ated.

2.3.5. Specificity

Placebo (gel base) of adapalene was taken and
solution prepared similar to sample solution. The solu-
tion was analyzed as per proposed method. Sample
solution was also anayzed as per proposed method.

2.3.6. Ruggedness

Ruggedness of the method was verified by anayz-
ing samples (prepared and analysed as described in
sec 2.2) of thesingle batch of adapal eneby two differ-
ent anaystsusing different insrumentsondifferent days.

—— Fyll Peper
2.4. Sressdegradation study

A stress degradation study was carried out in
adapaenegd accordingtothel CH guidelines™.

Hydrolyticand oxidative degradation

Sample (gel) and Placebo (gel base) were sepa-
rately trested with 1N hydrochloricacid, 0.2 N sodium
hydroxide and 30% hydrogen peroxide sol utions. So-
lutions of these sampleswere prepared as per the con-
ditionsgivenin TABLE 8, followed by analysisas per
the proposed method.

Thermal degradation

Samplesand placebo (gel base) weresubjected to
thermal degradation by keeping at 105°C for 24 hr,
followed by analysis as per proposed method.

Photolytic degradation:

Photolytic degradation study was carried out by
exposing the sampleand placebo (gel base) tolightin
photolytic chamber at 500W/m?for 24 hr, followed by
anaysisas per proposed method.

Humidity degradation:

Humidity degradation study was carried out by ex-
posi ng the sampleand placebo (gel base) to 92% rda
tivehumidity a 25°C for 24 hr, followed by analysis as
per proposed method. Using the peak purity test, the
purity of adapalene peak was checked at every stage
of above-mentioned studies. TABLE 8 showsthefina
degradation of adapa eneachieved.

3.RESULTSAND DISCUSSION

3.1. Development of the optimum mobilephase

During the development of the HPLC method,
mobile phasesinvestigated were Phosphate buffer, ac-
etonitrile, tetrahydrofuranin different ratiosand with
different pHs. Mobile phase sel ection was based on
pesk parametersi.e. height, asymmetry, tailing, basdline
drift, runtime, ease of preparation of the mobilephase,
need for pH adjustment and cost (inthat order).

Mobile phase selected was buffer and organic
(ACN: THF, 30:40) intheratio of 30:70 (pH-2.5).

3.2. Validation of themethod

3.2.1.Linearity
—  Analytical CHEMISTRY
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A good linear regression, with R? value of 0.9995

for Adapal enewas obtained.
TABLE 2: Linearity of adapalene
. Area counts (uv* sec)

Sampleid Conc. (ug/ml) i #1 inj#2 Mean
L-1 14.08 129544 132206 130875
L-2 16.09 148620 149797 149209
L-3 18.10 164079 164498 164289
L-4 20.12 183985 183741 183863
L-5 22.13 203347 201844 202596
L-6 24.14 21436 215784 215310
L-7 26.15 239400 240445 239923
Slope  9060.51

Intercept 1282

CC 0.9995

INJ= Injection; CC = Correlation coefficient
TABLE 3: System precision for adapalene
Area counts (uv* sec) Adapalene

193924

196253

195803

194798

194579

195157

195086

845

RSD (%) 0.43

TABLE 4: Method precision for adapalene
Mean ar ea counts (uv*sec)

Inj #

0=
Ugmmhwmn—\

3.2.2. Precision

Precision for six duplicate samples of adapalene
showed % RSD of 0.43 and 1.22 for system and
method precision respectively. Resultsare shownin
TABLES3and 4. The% RSD valueindicatesthat the
method hasan acceptablelevel of precision. (Accep-
tancecriteria: RSD should not bemorethan 2%).This
indicatesthat the proposed method had good system
and method precision.

3.2.3. Robustness of themethod

Themean, standard deviation, and RSD areshown
inTABLE 5. Robustness of the method isindicated by
the overall RSD value between the data of set-1 and
data at each variable condition. (Acceptancecriteria
Over all RSD should not be morethan 5%).

The method wasfound to be robust and no signifi-
cant changeswere observed. Theaverage% RSD was
found to bewithin the acceptablelimits.

3.2.4. Specificity

Both Sample as well as placebo (gel base) was
analyzed asper the proposed method. No interference
from placebo was observed at the retention time of
adapal ene peaks (2.45) (Figure 2). Peak purity plots

Sample indi i >
p Adapalene  Assay(%owiw) % Assay alsomdmatestha_tpedsof adaoamels_pgremddont
MP-1 183530 0.100 100.00 have any co-eluting peaks. Therefore, itisconcluded
MP-2 176183 0.097 97.00 that themethod is specific.
MP-3 178430 0.098 98.00 )
MP-4 177599 0.098 08.00 3.2.5. Recover y/ACCUf acy studies
mg:g i%%gi 8-388 1905608 The percent recoverieswerein therange of 98.39
Mean 0.099 t0 100.14% and 98.38 to 100.91% for the two com-
Sih) 0.001 ponents studied. Resultsshownin TABLE 6 indicate
%RSD 122 that the method has an acceptablelevel of accuracy.
inj=Injection
TABLE 5: Robustnessof Adapalene
S no Assay of adapalene (% w/w)
e Setl Set2 Set3 Setd4 Set5 Set6 Set7 Set8  Set9  Set10 Set 11
1 0.099 0.100 0.101 0.095 0.094 0.097 0.097 0.097 0.097 0.098 0.100
2 0.097 0.093 0.098 0.095 0.097 0.096 0095 0.096 0.096 0.097 0.097
3 0.097 0.097 0.099 0.092 0.092 0.097 0097 0.099 0.095 0.096 0.098
Mean 0.100 0.100 0.100 0.090 0.090 0.100 0.100 0.010 0100 0.100 0.100
sD 0.001 0.003 0.002 0.002 0.003 0.000 0001 0.002 0.001 0.001 0.002
%RSD 1180 3510 2000 2220 3330 0.000 1.000 2000 1000 1.000 2.000
Overall mean 0.100 0100 0.100 0100 0.100 0.100 0.100 0.1000 0.100 0.100
Overall SD 0.002 0.002 0.002 0003 0.001 0.001 0001 0.001 0.001 0.001
Overal RSD 2,000 2000 2.000 3000 1000 1.000 1.000 1.000 1.000 1.00

Set 1 : Control sample; Set 2 : Sample wavelength 267 nm; Set 3 : Sample wavelength 277 nm; Set 4 : Sample flow rate 1.8 ml/min.;
Set 5 : Sample flow rate 2.2 ml/min. ; Set 6 : Sample organic minus 2%.; set 7 : Sample organic plus 2%.; Set 8 : Sample temp. 25°C.;

set 9 : Sample temp. 35°C.; set 10 : Semple buffer ph 2.8.; Set 11 : Sample buffer ph 3.2
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TABLE 6: Accuracy for adapalene

Mean A Actual
mt. Amt. t o
Sample area recovered added amt. 0
counts (mg) (mg) added Recovery
(nv*sec) (mg)
80%-Rec-1 329420 1.621 1.632 1.619 100.14
80%-Rec-2 331888  1.633 1.632 1.619 100.08
80%-Rec-3 326672  1.608 1.632 1.619 99.31
100%-Rec-1 410877 2.022 2.046 2.030 99.62
100%-Rec-2 405767  1.997 2.046 2.030 98.39
100%-Rec-3 409773  2.017 2.046 2.030 99.38
120%-Rec-1 486186  2.393 2.435 2.416 99.07
120%-Rec-2 478936  2.357 2.435 2.416 97.58
120%-Rec-3 486537 2.394 2.435 2416 99.11
Mean 99.19
SD 0.806
%RSD 0.81

amt = amount

TABLE 7: Ruggednessfor adapalene

M ean ai ea Assay (%wiw)
Sample no. counts (uv*sec))
Adapalene Adapalene
Setl Set?2 Setl Set 2
1 183530 431243 0.100 0.106
2 176183 412855 0.097 0.101
3 178430 402026 0.098 0.098
4 177599 402167 0.098 0.098
5 181168 416401 0.100 0.102
6 178774 411126 0.099 0.101
Mean 174175 399328 0.098 0.101
SD 696 2667 0.001 0.003
%RSD 040 067 1.23 294
Overall mean 0.15
Overall SD 0.002
Overall %RSD 1.11

TABLE 8: Final degradation sudy for Adapalene

Adapalene Adapalene
Sample areacounts Assay Percent degrada
(nv*sec)  (%WI/W) Tion
Sample (IN Hcl 5 ml,
Heat 120 min.80°C) 211836 0.103 -3.00
gﬂg"e (O2NNaOH 171198 0.09 13.00
Sample (H,0,30% 5
ml heat 120 min. 183691 0.10 3.00
80°C)
Sample Thermal Deg.
(105°C, 2.5 hrs) 178551 0.10 4.00
Sample Photolytic
Deg. (2700 LUX, 24 191829 0.10 4.00
hrs)
Sample Humidity
Deg.(92% RH 25°C, 195461 0.10 1.00
24 hrs)
Mean 0.099
SD 0.004
%RSD 4.544

(Acceptancecriteria: recovery should beintherange
of 98-102%)

—— Fyll Peper
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Figure?2: Specificity for Adapalene(No peak | nterference
at retention time of 2.45)

3.2.6. Ruggedness

Themean, SD, RSD for two set of dataare shown
iInTABLE 7. (Acceptancecriteria Overdl RSD should
not be more than 2%).The results were found to be
withinthelimitsthus confirming that themethodisrug-
ged.

3.3. Stress studies

Adapa enedegraded by dkadinehydrolysswith 0.2
N NaOH (5 ml) at room temperature. The percentage
degradationwas13%i.e withinthelimitsand wassteble
for rest of the stress conditions. No degradation was
achieved for therest of the conditionsempl oyed.

4. CONCLUSION

A smple, easy and cost-effective stability indicat-
ing HPLC method for determination of adapalenein
gel formulation was devel oped us ng phosphate buffer:
acetonitrile: tetrahydrofuran asthe mobile phase. The
method wasthoroughly validated and wasfound to be
accurate, precise, linear and robust. Adapa ene showed
aretentiontimeof 2.45inAdapaenegel. The number
of theoretical plates was morethan 30,000 and RSD
waslessthan 2% for the entire study. To conclude, the
present devel oped and validated HPL C method ap-
pearsto bevery sensitive, selective, precise, accurate,
lesstimeconsuming, reproducible and thussuitablefor
routine andys sfor the estimation of Adapa enein phar-
meceutica formulations
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