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ABSTRACT KEYWORDS
A Validated Specific Stability indicating Reversed-phase Liquid chromato- Reversed phase liquid
graphic method was developed for the quantitative determination of chromatography;
Altretamine and its related substances in bulk samples, pharmaceutical Forced degradation;
dosage forms in presence of degradation products. Forced degradation RSD and validation;
studies were performed on bulk sample of Altretamine as per ICH pre- Altretamine.

scribed stress conditions using acid, base, oxidative, water hydrolysis,
thermal stress and photolytic degradation to show the stability indicating
power of the LC method. Significant degradation in oxidative hydrolysis
was observed and no degradation was observed in other stress condi-
tions. The chromatographi c method was optimized using the samples gen-
erated from forced degradation studies and the impurity spiked solution.
Good resolution between the process related impurities and degradation
products from the analyte was achieved on Zorbax SB-C18 column using
the mobile phase consists amixture of 10mM ammonium carbonate in wa-
ter pH adjusted to 8.0 with ammonium hydroxide solution and Methanol in
theratio of 35:65 v/v at detection of 227 nmwavelength. Thelimit of detec-
tion and the limit of quantitation for Altretamine and its process related
impurities were established. The stressed test solutions were assayed
againgt the qualified standard of Altretamine and the mass balance in each
casewasin between 98.7%-99.8% indi cating that the developed L C method
was Stability-indicating. Validation of the developed LC method was car-
ried out as per |CH requirements. The developed method was found to be
suitable to check the quality of bulk samples of Altretamine at the time of
batch release and also during its storage and stability studies.
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INTRODUCTION insolubleinwater. Thedrugisan anti-neoplastic agent;

itisused totreat refractory ovarian cancer™. Itisnot

Altretamineisdescribed chemicaly as: N, N2, N%,  considered afirgt-linetreatment, but it can beuseful as

N*, N6, N6-hexamethyl-1,3,5-triazine-2, 4, 6-triamine.  salvagetherapy. It also hasthe advantage of beingless
Itiswhitecrystalline powder solubleinchloroformand  toxicthan other drugsused for treating refractory ova
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rian cancer’?d, The precise mechanism by which
atretamine exertsits anti-cancer effect isunknown but
itisclassified by MeSH asan akylating antineoplastic
agent®. Inoneof publication, Determinationof dtretamine
in human plasmawith high-performanceliquid chroma:
tography!™ wasreported. Based on literaturesurvey the
following methodswereavailable, High-PressureLiquid
Chromatography Separation of Potentia Impuritiesof
Altretaming®, Minicolumn centrifugation-HPL C deter-
mination of entrgoment efficiency for lipasoma formula:
tion of altretaming”. Sofar dl these articleswere pub-
lished on andytica method of Altetamineanditsme-
tabolitesinbiologicd fluids. Most of thereported meth-
odsinvolvetroublesomemobile phase (buffers) and dif-
ficult detection methods (fluorescence or mass detec-
tors). Based ontheliterature survey, therewereno sta-
bility indicating LC methods published for the determi-
nation of Altretamineinbulk sampleinthepresencedeg-
radation productsand itsprocessrelaedimpurities. The
present researchwork wasto devel op asuiteble stability
indicating single LC method for the determination of
Altretamineaswell itsrdaed substancesand thedevel -
oped method was validated with respect to specificity,
LOD, LOQ, linearity, precision, accuracy and robust-
ness to show the stability indicating power of theLC
method and al so to ensurethe compliancein accordance
with|CH Guiddines®.

EXPERIMENTAL

Chemicalsand reagents

Samples of Altretamine and itstwo processim-
purities (Figure 1) werereceived from Bulk Actives,
Unit-11 of Cheminoval aboratories, Hyderabad, In-
dia

HPLC grade Methanol was purchased from
Rankem, Mumbai, India

Ammonium carbonate was purchased from Sd.
FineChemicas, Mumbai, India

Ammonium hydroxidewas purchased from Loba
ChemieMumbai, India

High purewater was prepared by using Millipore
Milli Q pluspurification system.

Equipment
The L C method devel opment, vaidation and forced
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N2,N2,N4 N4 N6 N°¢é-hexamethyl-1,3,5-triazine-2,4,6-triamine
(Mol. Wt.: 210..28)

CIYN\\YN\\
NIY/N
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Impurity-1
4,6-dichloro-N, N-dimethyl-1,3,5-triazin-2-amine (Mol. Wt.:
193.03)
N N N

N\[//
Cli
I mpurity-2
6-Chloro-N2?, N2, N4, N*tetramethyl-1,3,5-triazine-2,4-

diamine (Mol. Wt.: 201.66)

Figurel: Chemical structuresof altretamineand itspro-
cessrelated impurities

degradation studiesweredone using Waters (Milford,
U.S) HPLC system and Shimadzu (Japan) HPLC sys-
temwith diodearray detector. The datawere collected
and the pegk purity of theAltretaminepesk was checked
using Shimadzu L C solutions software. Stability studies
were carried out inahumidity chamber (Thermo Lab,
India) and photo stability studieswerecarriedoutina
photo stability chamber (Sanyo, Leicestershire, UK).
Thermd gability sudieswereperformedinadry ar oven
(MACK Pharmatech, Hyderabad, India).

Chromatogr aphic conditions
The chromatographi c separationswere achieved
on Zorbax SB-C18 column 250 mm length X 4.6 mm
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ID with 5 um particle size using the mobile phase: 10
mM ammonium carbonate pH adjusted to 8.0witham-
monium hydroxide sol ution and M ethanol mixedinthe
ration of 35:65 v/v. Thecolumntemperaturewasmain-
tained at 25°C and the detection was carried out at
227 nm. Thetest concentration wasabout 250 pg mL-
tandtheinjection volumewas 10 puL. A degassed mix-
tureof water and methanol intheratio of 20:80v/v was
used asdiluent during the standard and test samples
preparations.

Prepar ation of standard solutions

A working solution of 250 pg mL* was prepared
for the determination of assay and rel ated substances
andysis. A stock solution of impurities (impurity-1 and
impurity-2) at 100 ug mL* wasaso preparedin diluent.
Method validation
Sressstudies/specificity

Stresstedting of thedrug substancecanhdptoiden-
tify thelikely degradation products, which caninturn
help to establish the degradation pathwaysand thein-
trindc stability of themolecule. Specificity istheability
of themethod to measure unequivocdly theandytere-
sponseinthepresenceof itspotentia impurities?. All
stressdegradation sudieswereperformedatinitia drug
concentration of 250 ug mL*. Acid hydrolys swasper-
formedin0.5N HCI at 70°C for 5 days. The study in
basic solutionwascarried out in 0.5 N NaOH at 70°C
for 5 days. For study in neutral solution, thedrug dis-
solved in water and was heated at 70°C for 5 days.
Oxidation studieswere carried out at ambient tempera-
turein 3.0% hydrogen peroxidefor 3 days. Photo deg-
radation studieswere carried out according to Option
2of Q1B inICH guiddines. Thedrug samplewas
exposedtolight for and overdl illumination of 1.2 mil-
lionlux hoursand anintegrated near ultraviol et energy
of 200 W hm2. Thedrug samplewas exposed to dry
heat a 100 °C for 5 days. Samples were withdrawn at
appropriate timesand subjected to LC analysis after
suitabledilution (250 ug mL?) to eva uate theability of
the proposed method to separate Altretaminefromits
degradation products. Photodiode array detector was
employed to check and to ensurethe homogeneity and
purity of Altretamine peak in al the stressed sample
solutions. Assessment of massbaancein thedegraded
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sampleswas carried out to confirm theamount of im-
puritiesdetected in stressed samples matcheswith the
amount present before the stresswas applied. Quanti-
tative determination of Altretaminewas carried out in
all the stressed samplesagainst quaified working stan-
dard and the mass balance (% assay + % sum of all
impurities + % sum of al degradation products) was
tabulated inTABLE 1.

Limit of detection (L OD) and limit of quantifica-
tion (LOQ)

TheLOD and LOQ for impurity-1 and impurity-2
were established at asignal-to-noiseratio of 3:1 and
10:1, respectively**12 by injecting aseries of diluted
solutionswith known concentration. Precison study was
dsocariedattheLOQleve byinjectingsix individua
preparationsof impurity-1, impurity-2 and calculating
the RSD percentage of the areafor each impurity.
Linearity

Thelinearity of anandytica procedureisitsability
(withinagivenrange) to obtaintest results, which are
directly proportional to theconcentration of theanayte
in the sampl €™, Linearity test solutionsfor the assay
method were prepared from 50 to 150% of with respect
toana yte concentration 250 ug mL™ (i.e. 125, 188, 250,
313 and 375 pug mL?) respectively. The pesk areaver-
susconcentration datawas performed by least-squares
linear regressonandysis. Linearity test solutionsfor re-
lated substance method were prepared by diluting the
impurity stock solution to the required concentrations.
The solutionswere prepared at six concentrationlevels
from LOQ to 200% with respect totheimpurities speci-
fication level of 0.10% (i.e. LOQ, 0.05, 0.075, 0.10,
0.125, 0.15and 0.2%). Thecdibration curvewasdrawn
by plotting the peak areas of impurity-1 and impurity-2
versusitscorresponding concentration. Linearity test was
performed for two consecutive daysin the same con-
centration range for both assay and rel ated substance
method. Thecorre aion coefficient of thecalibration curve
wascd culated.

Precision
Assay method precisonwasevauated by carrying
out SiX independent assaysof test sampleof Altretamine

against qualified working standard and cal cul ated the
percentage of RSD. The precision of therelated sub-
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stance method was checked by injecting six individua
preparations of Altretamine spiked with 0.10% level of
impurity-1 and impurity-2 with respect to target andyte
concentration (i.e. 250 ugmLt). RSD percentage of
areafor eachimpurity-1 and impurity-2 wascal cul ated.
Theintermediate precision of themethod wasd so veri-
fied usingdifferent andyst, different day and different
makeinstrument inthe samelaboratory.

Accuracy

Theaccuracy of an anaytica procedure expresses
theclosenessof agreement betweenthevaue, whichis
accepted either asaconventional truevalueor an ac-
cepted referencevalueand theva uefound™. Theac-
curacy of theassay method waseva uated intriplicate
at three concentration levelsi.e. 125, 250 and 375 pg
mL-tinbulk drug samples. The percentagerecoveries
were cal culated from the s ope and Y-intercept of the
cdlibration curve. Standard addition and recovery ex-
periments were conducted to determine accuracy of
therel ated substance method for the quantification of
two impuritiesin bulk drug samples. The study was
carried out intriplicate by spiking eachimpurity at 0.05,
0.10and 0.15% in bulk drug samplesolution (250 pg
mL1). The percentagerecoveriesfor impurity-1 and
impurity-2 were cal culated from thed opeand Y-inter-
cept of thecalibration curve
Selectivity

Thesdectivity of themethod wasestablished from
theresol ution of the drug peak from the nearest peak
and also amongall the other peaks. All the degradants
and impuritieswere separated anongst aswell asfrom
analytewith aresolution greater than 3.9 show the se-
lectivity of themethod.

Solution stability and mobile phasestability

Thesolution sability of Altretaminewascarried out
by leaving thetest solution and thetest solution spiking
withtheimpuritiesa 0.10% level with respect toanlayte
concentration (250 ug mL1) inatightly capped volu-
metric flask at room temperaturefor 48 h. Thesolution
was assayed at 6 h intervals to the end of the study
period, using afreshly prepared standard solution of
Altretaminefor comparison eechtime. Themohbilephase
stability wasa so investigated by assaying thefreshly
prepared samplesol utionsagangt freshly prepared stan-
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dard solutionsat 6 hintervalsup to 24 h and after at
intervalsof 24 h upto 5 days. Mobile phase compos-
tion and preparation waskept constant during the study
period. The % RSD of the assay of Altretamine and
impuritieswasca culated during thetime of themobile
phase and sol ution stability experiments.

Robustness

To evaluate the robustness of the developed LC
method, the chromatographic conditionsweredeliber-
ately dtered, System suitability parametersliketailing
factor, theoreticd plates and theresol ution betweenthe
impurity-1, impurity-2 and with the anal yte peak was
evaluated. To study the effect of flow rateon thereso-
[ution, theflow ratewasdtered by 0.2 unitsi.e. 1.5and
1.9mL mintfromtheactua flow 1.7 mL min* Theef-
fect of column temperature on resol ution was studied
a 20°C and 30°C instead of 25°C. The effect of change
in the mobile phase composition by changing the
%methanol to 60 and 70 from the actual value 65%.
Theeffect of pH was studied by changing pH by 0.5
unitsfromtheactua va ue8.0kespingremaining method
conditionswerekept constant.

RESULTSAND DISCUSSION

Optimization of chromatogr aphic conditions

Themaintarget of the chromatographic methodis
to get the separation of impurity-1 and impurity-2 and
the degradation products generated during stress stud-
iesfrom analyte peak. Impurities were co-eluted by
using different stationary phaseslike C8, Cyno, X Terra
and Phenyl and different mobile phasescontainingbuffers
like Phosphate, Sulphate and acetate with different pH
(4-10) and using organic modifiers like Acetonitrile,
Methanol and THF inthemobile phase. Apart from the
co-elution of impurities, poor peak shapesfor some
impuritiesand degradation productswerea so noticed.
Ammonium carbonate buffer pH 8.0 adjusted with
ammonium hydroxidesolution mixed with Methanol in
theratio of 50:50v/v at 1.0 mL min was chosen for
initid trail witha250 mmlength X 4.6 mm D column
and 5 pm particle size C18 stationary phase. When
impurity spiked samplewasinjected theresol ution be-
tween two impuritiesand andytewas poor and dl pesks
areduting at grester retention times (about 30 min) with
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moretailing. Toincreasetheresolution between impu-
ritiesand to reduce theretention of theana yte pegk the
%of methanol wasincreasedto 70%frominitia value
of 50% at thisratio the retention time of analytewas
showing about 20 minutesand theimpuritiessightly
separated. Still to reducetheretention timetheflow
rate of themobile phasewasincreasedto 1.7 mL min
inthisconditiontheretentiontimeof andytewasabout
12 minutes. At these conditions all the stressed solu-
tionswereinjected, only degradation observedin oxi-
dative condition and thedegradation product formedin
thiscondition wasnowell separated from thetwo im-
purities. Toincreasetheresol ution betweenimpurities
and degradation product the % of methanol was re-
duced to 65% from 70%. At these chromatographic
conditionsal thestressed solutionsand impurity spiked
solutionwereinjected, dl theimpuritiesand degradants
werewd | separated amongst and dsofromAltretamine.
Theeffect of buffer pH wasd so studied under theabove
conditionsand it wasfound that at higher pH thetailing
of theAltretamine peak was moreand a so resolution
was poor between impuritiesand degradantsand also
fromtheanayte. Theresultsclearly indicated that on
Zorbax SB-C18 column 250 mm length X 4.6 mm D
with 5 um particle size and isocratic mobile phase Am-
monium carbonate buffer pH 8.0 adjusted with ammo-
nium hydroxide solution, mixed with Methanol inthe
ratio of 35:65v/v with runtime of 30 minutesat detec-
tionwaveength 227 nm, flow rateof 1.7 mL mintwas
successful inseparation of drug fromitsimpuritiesand
degradation products. Under theabove conditions, re-
sultswereasfollows, retention timeof Altretaminewas
around 9.7 min, with atailing factor of 1.0, number of
theoretical plates (N) for the Altretamine peak was
80856 and % RSD for 5replicateinjectionswas 0.1%.
thetypicd retention timesof impurity-1 and impurity-2
were about 3.7 and 5.4 minutesrespectively (Figure
2). Peak purity of stressed samplesof Altretaminewas
checked by using a photodiode array detector on
Schimadzu LC Solutions, the peak purity index was
gregter thanthethreshold limitindl thestressed samples,
demonstrating the homogeneity of analyte peak. Ac-
celerated and Long term stability study results as per
ICH Q1A (R2) for Altretaminewere generated for 12
months by using the devel oped LC method and there-
sultswerewd | withinthelimitsthisfurther confirmsthe
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Blank

Altretamine spiking with the impurities

Imp1  Imp-2
§

FigUreZ: Tybical H PL'C chrométogram df blank, aj.tretamir'le
spiked with known impurities

stability indicating of the developed LC method.
Resultsof forced degradation

Altretaminewas stableunder stressconditionssuch
asphotolytic stress, acid hydrolysis, basic hydrolysis,
water hydrolysisand thermad conditions. Whilesignifi-
cant degradation of the drug substancewas observed
under oxidative hydrolyss. In oxidative sressonema
jor unknown degradation peak at 0.47 RRT adongwith
some small degradation products (Figure 3). Peak pu-
rity test results obtained from PDA confirm that the
Altretamine peak ishomogeneousand purein al the
stress samples analyzed. The massbalanceisapro-
cess of adding together the assay valueand thelevels
of degradation productsto see how closely these add
up to 100% of initial value with due consideration of
themargin of anaytical error’®. The mass ba ance of
stressed sampleswascloseto 98.7%-99.8% (TABLE
1). Theassay of Altretaminewas unaffected by the pres-
ence of impurity-1, impurity-2 and degradation prod-
uctsthusconfirmsthe Stability-indicating power of the
developed LC method.

Resultsof method validation

Limit of detection (L OD) and limit of quantifica-
tion (LOQ)

TheLOD of impurity-1 and impurity-2 were0.004,
and 0.009ug mL* respectively (of anayte concentra-
tion 250 ug mL1) for 10 uL injection volume. The LOQ
of impurity-1 and impurity-2 were 0.012 and 0.031 pg
mL respectively (of ana yte concentration 250 ug mL-
B for 10 uL injection volume

Au Tudian Yournal



ACAIJ, 12(1) 2013 M.B.V.Narayana and K.B.Chandrasekhar 37

== PFyll Poper

maL e Irtensty © 1,199 655
200—7Rm ArT (1 00 & a
2
175
Degradation in 0.5 N HClat To"c for 5 days
150
125 E'F'ulity View
1 mALl
100 107 Lrily Curea” - Fealk
Jrerguine [ k1000
] X
75 0.5 / i
1 | Fson
I "
50 o K o o
T T T
a5 100 105 min
25 = Irnpurity - Mot Dietected.
W & Frak purly index : 0.999399
- = Single paint threshold | 0999957
o = Minirnurn peak puity index : 48 Peak purity
510 180 200
«l Peak Puity £ Prak Profis 7
AL Mso¢ Intensty - 1,512,971 2000 i
cpp-J=s nam Znm (1 003 [[5 T e i AL
E 1500
175
] | Degradation in 0.5 N NaOH 1000
1501 | at70°C for 5 days
] ‘ S00,
T | = 82 t) =] z B
: % o Frpe ¥ d =
] | T
|
100 | j | 200 00 400 soo so0 700 i
] |
] [ EI Puity View
5 } mAL
| PLgity e’ Peak
] , o nllr;e;,- =
Jj .
0.0 = - = ; i g
- a5 10.0 10.5 min
= Impurity - Mot Detected
J = Peak purity indew : 1.000000
! = - Single point threshold : 0.393954 Peak purity
s : = F : gl Minimum peak puity index : 36
ol s 10.0 1.0 20.0 250 min Feak Purity A Peak Frofile 7
Max Intensity : 3,392,792 A wavelength 0
i r@. T oo 1000
E =
a0
] Degradation in 3.0% H202 sou
i for3 d X e — P - -
= R SR o oA &3 &
70 =250 500 " m
GD—f 5| Purity Wiew
7 mAaLLE
3 JPurity Clarve ===
S0 J ] a7sJEeroL b
] =~ ] -1 o000
40 = | [
] = o.50- f L
=0 =] ] | [ soo
E 0.25- Jll F
20 ] / [
] s i . —lo
103 = - 10.0 min
2 = = =
-J o2 o= Irmpnby - Mot Detected.
a3 \_,é_;té; = e | Peal: purity index : 0.9399939
= i 12 Single point threshold - 0 999853 3
10 % Finimum peak purity index - 145 Peak purity
10 =b rmiry
Ll | 1= ", Paak Purity £ Peak Profile 7
AL Mo Intensity - 1,350,628 i
100 @ (T 007 = =]
=1
20
Degradation in thermal
s0-3 condition for 5 days
70
= | Puriky Wi
. PUFty Cu Pean o
JPurtty Curve LT
JZerp Line ,'Ir \l 1250
50 o.50-] £
= | ] 111 \ F1o00
40} 1 .Il \ Frso
0.25- 4
o ] ( \ F-500
] ! \
w o ] J{ F2so
20 1
i 4] 0.00 £
= = ! A T~ o
= =5 s 100 mir
104 =4 =
=t pot Irnpurity © Mot Detected.
\ = = Poak purity indss: : 1.000000
- PR =3 . Single point threshold - 0.993364
e ™ Minirurn pealk: purity indes : 36 Peak purity
-10+ T T T T T
oo 50 100 150 200 250 min Peak Purity £ Peak Profile /

= Analytical CHEMISTRY
Au Tudian Yournal



38

A validated specific stability-indicating RP-HPLC method for altretamine

ACAIJ, 12(1) 2013

Full Peper ——

AL

Max Irtensity @ 1,216,046

maL
2000 Wavelength maL

m
1004727 rm anm (1000

s

203
| Degradation in photolytic
condition

80
704
BD—;
s0-]
40

303

20

10

BT18545

T4 730
11188

37/1.00
]

£58
1642
éeh

nm

& Purity View
mALl
1000

JPurity Curve

JZeto Line /
] \ /

0.0+ .
100

Irnpurity © Net Detected
Peak purnty index : 1.000000

05

T
105

=

L= T T

=1

10

Single point threshold : 0.999964

Minimum peak purity index : 36 Peak purity

4

50 10.0 15.0 200 250

=

=

min

Peak Purity £ Peak Profile /

Figure3: Typical peak purity HPL C chromatogramsof altretamineunder variousstressconditions(acidic, badsc, oxidative,
thermal and photolytic) respectively during for ced degradation study

TABLE 1: Resultsof stressstudies

M ass balance (%
Percentage assay +% sum of
Stress condition Period of study assay of all impurities Remarks
Altretamine  +% sum of all
degradants)
Acid hydrolysis(0.5 N HCI at 70°C) 5 days 99.2 9.1 No degradation products formed
Base hydrolysis (0.5 N NaOH at 70 °C) 5 days 99.5 99.6 No degradation products formed
Oxidation (3.0% H202 at One major Unknown degradation
ambient temperature) 3 days 929 9.7 product formed
Water hydrolysis at 70°C 5 days 9.1 99.2 No degradation observed
Thermal degradation at 100 °C 5 days 98.8 98.8 No degradation products formed
Photol ytic degradation 11 days 99.7 99.8 No degradation products formed
Linearity Precision

Linear calibration plot for the assay method was
obtained over the calibration rangestested, i.e. 50to
150% of assay anal yte concentration and the correla
tion coefficient obtained was greater than 0.9992. Lin-
earity was checked for the assay method over thesame
concentration rangefor two consecutivedays. There-
sultsshow that an excellent correl ation existed between
the peak areaand concentration of theanayte. Linear
calibration plot for the rel ated substance method was
obtained over the calibration rangestested, i.e. LOQ
t0 0.20% for impurity-1 and impurity-2. Thecorrela-
tion coefficient obtained was greater than 0.991. Lin-
earity was checked for the rel ated substance method
over the same concentration rangefor two consecutive
days. Theresultsdemongtratethat an excellent corre-
lation exi sted between the peak areaand concentration
of impurity-1and impurity-2.

The RSD percentage of assay of Altretamine dur-
ing assay method precision study waswel | within 1.0%
and the RSD percentage of areaof impurity-1 andim-
purity-2 in related substance method precision study
waswithin4.5%. The RSD percentage of assay results
obtained intheintermediate precison study waswithin
1.0% and the RSD percentage of areaof impurity-1
andimpurity-2 werewithin 6.8%, confirming the good
precision of the developed LC method. The method
precision forimpurity-1 and impurity-2 at LOQ level
was below 6.3% RSD.
Accuracy

Thepercentagerecovery of Altretamineinbulk drug
samplesranged from 99.3 to 100.2. The percentage
recovery of impurity-1 and impurity-2 in bulk drugs
samplesranged from 96.7 to 103.7.

Hnalytical CHEMISTRY o
A Tndéan ﬂoawal



ACAIJ, 12(1) 2013

M.B.V.Narayana and K.B.Chandrasekhar 39

—— Fyll Peper

TABLE 2: Resultsof stability samples(L ongterm and acceler ated conditions) of altretamine (B.No: ALT-004-C07)

L ong term condition

Storage Water Related substancesby HPLC ~ Any Total Assay on
condition Period Description Content i , Unknown impurities Anhydrous
by KF Impurity-1  Impurity-2 impurity p basis
Initia  W/hite color 0.7 0.05 0.04 0.02 0.11 99.6
crystalline powder
1 Whitecolor 0.4 0.04 0.02 0.02 0.08 100.2
month crystalline powder
Temperature  2Nd - White color 0.8 0.06 0.04 0.03 0.13 99.3
25°C42°C, monéh cr);]s':talllnle powder
Relative 3rd -~ White color 0.6 0.05 0.06 0.01 0.12 99.8
humidi month crystalline powder
umidity 6th Whitecolor
60+5% ; 0.5 0.07 0.03 0.02 0.12 99.3
month crystalline powder
9th ~ White color 0.8 0.04 0.02 0.04 0.10 995
month crystalline powder
12th  White color 0.6 0.06 0.04 0.04 0.14 99.1
month crystalline powder
Accelerated condition
Initig  WWhite color 0.7 0.05 0.04 0.02 0.11 99.6
crystalline powder
Temperature 1St White color 05 0.07 0.03 0.03 0.13 99.3
40°C+2°C, rgon(tjh \(j\%s_ttallmle powder
. n ite color
Esnflttlj\lltey month crystalline powder 0.6 0.04 0.06 0.02 0.12 100.1
75+5% 3rd  White color 0.8 0.07 0.03 0.04 0.14 99.1
month crystalline powder
6th  White color 0.7 0.04 0.05 0.03 0.12 99.3
month crystalline powder
TABLE 3: Resultsof assay and related substancesfor altretamineof three production batches
Water  Related substancesby HPLC Any Total Assay on
Btach No: Description Content ] ] Unknown impurities Anhydrous
by KF Impurity-1  Impurity-2 impurity P basis
ALT-076-A12 Vhite color 05 0.05 0.03 0.04 0.12 99.3
crystalline powder
ALT-111-Go1 WWhite color 0.3 0.04 0.06 0.03 0.13 99.4
crystalline powder
White color
ALT-142-K17 crystalline powder 0.7 0.08 0.03 0.05 0.15 99.0
Robustness drug product, to know the effect of storage condi-

Indl thedeliberate varied chromatographic condi-
tions (flow rate, columntemperature, pH variation) the
resol ution between Altretamineand impuritiesaswell
asdegradation productswas not significantly affected
hence the developed L C method was robust for the
determination of Altretaminein bulk samples.

Application of thedeveloped L C method to stabil-
ity samplesand quality monitoring of altretamine

Accelerated and Long term stability studiesare
carried out to establish retest period or ashelf life of

tionsat different atmospheric conditionsand to show
the stability indicating of the method™®. Altretamine
samples stored at Long term condition (Tempera-
ture: 25°C+2°C, Relative humidity 60+5%) Accel-
erated (Temperature:40°C+2°C,Relative humidity
75+5%) were analyzed by using the developed LC
method for period of oneyear at different intervals
i.e; Initial, 1,2, 3, 6, 9, and 12 months (TABLE 2).
And a'so by using thedevel oped LC method quality
of theAltretaminewas monitored during production
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of threebatches (TABLE 3). TheResultsclearly in-
dicates that the drug was stable under Long term
and Accelerated conditions and there were no inter-
ference of theimpuritiesfor Altretaminewhich dem-
onstratesthat developed L C method was stability
indicating and well applied for drug stability study as
well asto quality monitoring of Altretamine.

CONCLUSION

Inthis paper aspecific, vaidated and well-defined
single Stability-indicating LC method for the quantita-
tivedetermination of Altretamineaswell asitsrelated
substances was described and the behavior of
Altretamine under various stress conditionswas stud-
ied and presented. All thedegradation productsformed
during stress conditions and processimpuritieswere
well separated from the drug substanceindicatesthe
developed LC method was asimpleaccurate, specific
and gtability indicating. Thelessconcentration (10mM)
of buffer inthe mobile phaseisvolatile hence can be
eadly usedtorunthesamplesinLC-MS. Theinforma:
tion presented herein could bevery useful for quality
monitoring of bulk samplesand aswell employed to
check thequdity of drug during stability studies.
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