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ABSTRACT KEYWORDS
A validated specific stability indicating reversed-phase HPL C method was High performanceLiquid
developed for the quantitative determination of Amsacrine as well as its chromatography (HPLC);
related substances determination in bulk samples, in presence of degrada- Forced degradation;
tion products and its process related impurities. Forced degradation stud- RSD and validation;
ies were performed on bulk sample of Amsacrine as per ICH prescribed Stability-indicating;
stress conditions using acid, base, oxidative, thermal stress and photolytic Amsacrine.

degradation to show the stability indicating power of the method. Signifi-
cant degradation was observed during basic hydrolysis, dight degradation
was observed in oxidative and thermal stress and no degradation was ob-
served in other stress conditions. The chromatographic method was opti-
mized using the samples generated from forced degradation studies and the
impurity spiked solution. Good resolution between the peaks corresponds
to process related impurities and degradation products from the analyte
were achieved on Inertsil ODS column using the mobile phase consists a
mixture of 1.0% Triethyl aminein 20 mM Potassium dihydrogen Orthophos-
phate pH adjusted to 6.5 with ortho phosphoric acid in water and Acetoni-
trile using asimple linear gradient. The detection was carried out at wave-
length 248 nm. The mass balance in each case was in between 99.4% to
99.9% indicating that the developed LC method was stability-indicating.
Validation of the developed L C method was carried out as per |CH require-
ments. The devel oped method was found to be suitable to check the quality
of bulk samples of Amsacrine at the time of batch release and also duringits
stability studies. © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION fonamide. Thedrugisan antineoplasticagent whichin-

hibitsand combatsthe devel opment of tumors. Itspla

Amsacrine is described chemically as: N-(4- nar fused ring system canintercalateinto the DNA of
(acridin-9-ylamino)-3-methoxyphenyl)methanesul-  tumor cdlls, thereby dtering themg or and minor groove


mailto:mullapudilalitha@yahoo.co.in;
mailto:mullapudilalitha@yahoo.co.in

110

A validated stability-indicating RP-HPLC assay method for amsacrine

ACAIJ, 10(2) 2011

Full Peaper ==

proportions. Amsacrine alsoinhibitstopoisomerasel|
activity leadto Sphase and G2 arrest!? and may exert
an effect on call membranes®. Thisdrug also possesses
immunosuppressiveand antiviral properties” andisa
chemotherapy drug used to treat some types of can-
cersincluding acuteadult leukaemid®.

According to current good manufacturing practices
al drugsmust betested with astability indicating assay
method beforerel ease. Stresstesting of the drug sub-
stancecan help toidentify thelikely degradation prod-
ucts, which caninturn hel p establish the degradation
pathwaysand theintrinsc stability of themoleculeand
vdidatethe stability-indicating power of theana ytical
procedures used. An LC method has been devel oped
for the determination of amsacrine (AMSA in human
nucleated hematopoietic cellswasavailablein litera
ture>8, To our knowledge, therewas no stability indi-
cating HPL.C methodsfor quantification of Amsacrine
isavailableintheliterature. Thepresent research work
wasto devel op asuitable stability indicating LC method
for the determination of Amsacrineand the devel oped
method wasvalidated with respect to specificity, LOD,
LOQ, linearity, precision, accuracy and robustnessto
show thestability indicating power of the method and
a so to ensurethe compliancein accordancewith ICH
Guidelines™. The devel oped method was applied for
analysisof drug stored at long term and accel erated
stability studiesto show gtability indicating of themethod.

EXPERIMENTAL

Chemicalsand reagents

Samplesof Amsacrine and itsthree processimpu-
rities (Figure 1) were received from Bulk Actives,
Aurbind pharmaceuticalsLtd, Hyderabad, India

HPLC grade Acetonitrile was purchased from
Rankem, Mumbai, India

Potassium dihydrogen orthophosphate was pur-
chased from Qualigens Fine Chemicals, Mumbai,
India.

Triethylaminewas purchased from Loba Chemie
Mumbai, India

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

Chemical names

i)  Amsacrine: N-(4-(acridin-9-ylamino)-3-metho-
xyphenyl) methanesulfonamide(Mol.Wt.: 393.12)
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i) 1mp-1: N-(4-amino-3-methoxyphenyl) methane
sulfonamide (Mal. Wt.: 216.22)
iii) 1mp-2: Acridin-9(8aH)-one(Mol. Wt.: 195.11)
Iv) 1mp-3: 9-chloroacridine(Mol. Wt.: 213.03)
I
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Figurel: Chemical structuresof amsacrineand itsprocess
related impurities.

Equipment

The L C method devel opment, vaidation and forced
degradation studies were done using Waters HPLC
system with diode array detector. The datawere col-
lected and the peak purity of theAmsacrine pesk was
checked using millennium software. Stability studies
were carried out inahumidity chamber (Thermo Lab,
India) and photo stability studieswerecarried outina
photo stability chamber (Sanyo, Leicestershire, UK).
Thermal stability studieswereperformedinadry air
oven (MACK Pharmatech, Hyderabad, India).

Chromatographicconditions

The chromatographi c separationswere achieved
on Inertsil ODS column 150 mmlength X 4.6 mm 1D
with 5 um particle size using the solvent A as 20 mM
Potass um dihydrogen Orthophosphatewith 1.0 % Tri-
ethyl aminepH adjusted to 6.5 with ortho phosphoric
acid inwater and ACN intheratio of 90:10 %v/v and
solvent B asAcetonitrilewith agradient programme:
Time (min)/% solvent B, 0/15, 15/30, 30/80, 35/80
with apost runtimeof 5 minutes. Thecolumntempera-
ture was maintained at 25°C and the detection was
carried out at 248 nm. Thetest concentration wasabout
300 ug mL* and theinjection volumewas 20 uL for
related substancesand 10 uL for assay determination.
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A degassed mixtureof water and acetonitrileinthera-
tio of 50:50 %v/v was used as diluent during the stan-
dard and test samples preparations.

Prepar ation of sstandard solutions

Standard and sampl e solutions of Amsacrinewere
prepared separately at about 300 pg mLtindiluent
for the determination of assay and rel ated substances
analysis. A stock solution of impurities(imp-1, imp-2
and imp-3) at 300 ug mL* concentration was pre-
paredindiluent.

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 the method to measurethe analyteresponseinthe
presence of itspotential impurities/degradation prod-
uctdd. All stressdegradation studieswere performed
at aninitial drug concentration of 300 ug mL™. Acidic
stresswasperformedin 0.5N HCI a 60°C for 5 days.

—— Fyll Peper

Thestudy inbasic solution was carried outin 0.001 N
NaOH at ambient temperaturefor 10 hours. Oxidation
studieswerecarried out at ambient temperaturein 3%
hydrogen peroxidefor 3 days. Photo degradation stud-
ieswere carried out according to Option 2 of Q1B in
ICH guiddines¥.Thedrug samplewasexposedtolight
for and overdl illumination of 1.2 millionlux hoursand
anintegrated near ultraviolet energy of 200W hmz2.
Thedrug samplewas exposed to dry heat at 80 °C for
10days. Sampleswerewithdrawn at appropriatetimes
and subjected to L C andysisafter suitabledilution (300
ug mL?) to eva uatethe ability of the proposed method
to separate Amsacrinefrom its degradation products.
Photodiode array detector was employed to check, to
ensurethe homogeneity and purity of Amsacrine peak
indl the stressed sampl e sol utions. Assessment of mass
balance in the degraded samples was carried out to
confirm theamount of impurities detected in stressed
samples matcheswith the amount present beforethe
stress was applied. Quantitative determination of
Amsacrinewascarried out in al the stressed samples
againgt qualified working standard and the mass bal -
ance (%Y assay + % sumof all impurities+ % sumof al
degradation products) wastabulated in TABLE 1.

TABLE 1: Resultsof stressstudies

Stress condition

Period of Percentageassay Massbalance (% assay+%

Remarks

Study Amsacrine mpurities +%degradnats)
0.5 N HCI (acidic) 5days 99.8 99.7 No degradation products formed
. One Mgjor degradation

0.001 N NaOH (Basic) 10 hours 76.4 99.4 product formed at 1.22 RRT*

_— Two Major degradation
3% H202 (Oxidative) 3days 97.4 99.8 Products formed at 0.42, 0.74 RRT
;hggggl degradation 10 days 99.1 99.5 Mild degradation was observed
Photolytic Degradation 11 days 99.8 99.9 No degradation products formed

*RRT-relative retention time

Limit of detection (LOD) and limit of quantitation
(LOQ)

TheLOD and LOQ for imp-1, imp-2 and imp-3
wereestimated at asigna-to-noiseratioof 3:1and 10:1,
respectively,[*>1 by injecting aseries of diluted solu-
tionswith known concentration. Precision study was
dsocarieda theLOQleve byinjectingsix individua
preparationsof imp-1, imp-2 and imp-3 and calcul at-
ing the RSD percentage of thearea.

Linearity

Thelinearity of anandytica procedureisitsability

(within agivenrange) to obtaintest results, which are

directly proportional to the concentration of theanayte
inthesample?2. Linearity test solutionsfor the assay
method were prepared from 50 to 150% of with re-
spect to analyte concentration 300 ug mL* (i.e. 150,
225, 300, 375 and 450 ug mL1) respectively. The pesk
areaversusconcentration datawas performed by least-
squareslinear regression analysis. Linearity test solu-
tionsfor related substance method were prepared by
diluting theimpurity stock solution to the required con-
centrations. The solutionswere prepared at six con-
centration levelsfrom LOQ to 200% with respect to
theimpuritiesspecification level of 0.10% (i.e. LOQ,
0.05, 0.075, 0.10, 0.125, 0.15 and 0.2%). The cali-
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bration curve was drawn by plotting the peak areas of
imp-1, imp-2 and imp-3 versusits corresponding con-
centration. Linearity test was performed for two con-
secutivedaysin the same concentration rangefor both
assay and related substance method. The correlation
coefficient of the calibration curvewas ca cul ated.
Precision

Assay method precisionwasevaluated by carrying
out six independent assays of test sampleof Amsacrine
against quaified working standard and cal cul ated the
percentage of RSD.The precision of therelated sub-
stance method was checked by injecting six individual
preparations of Amsacrine spiked with 0.10% level of
imp- 1, imp-2 and imp-3 with respect to target ana yte
concentration (i.e. 300 ug mL?). RSD percentage of
areafor eachimp-1, imp-2 and imp-3 was cal cul ated.
Theintermediate precision of themethod wasd so veri-
fiedusngdifferent anay4t, different day and different
makeinstrument inthe samelaboratory.

Accuracy

Theaccuracy of an anaytica procedure expresses
the closeness of agreement betweenthevaue, whichis
accepted either asaconventional truevaueor anac-
cepted referenceva ue and theva uefound™. Theac-
curacy of theassay method waseva uated intriplicate
at three concentration levelsi.e. 150, 300 and 450 pg
mL-tinbulk drug samples. The percentagerecoveries
were cal culated from the s ope and Y-intercept of the
calibration curve. Thebulk samplesavailablefor de-
vel opment work, does not show the presence of imp-
1, imp-2 and imp-3. Standard addition and recovery
experimentswere conducted to determine accuracy of
therel ated substance method for the quantification of
al threeimpuritiesin bulk drug samples. Thestudy was
carried out intriplicate by spiking eachimpurity at 0.05,
0.10and 0.15% in bulk drug samplesolution (300 pg
mL1). Thepercentage recoveriesforimp-1,imp-2and
imp-3 wereca culated from the dlope and Y-intercept
of thecdibration curve

Selectivity

Thesdectivity of themethod wasestablished from
the resol ution of the A msacrinefrom the nearest peak
and also among all the other peaks. All the degradants
andimpuritieswere separated amongst aswell asfrom

analytewith aresolution greater than 12 show the se-
lectivity of themethod.

Hnalytical CHEMISTRY o

Solution stability and mobile phase stability

The solution stability of Amsacrinewas carried out
by leaving thetest solution in atightly capped volumet-
ric flask at room temperature for 48 h. The solution
was assayed at 6 h intervals to the end of the study
period, using afreshly prepared standard sol ution of
Amsacrinefor comparison eachtime. Themobilephase
stability wasa so investigated by assaying thefreshly
prepared samplesolutionsagaing freshly prepared stan-
dard solutionsat 6 hinterva supto 24 h. Mobile phase
composition and preparation was kept constant during
thestudy period. The% RSD of theassay of Amsacrine
was cal cul ated during the duration of themobile phase
and sol ution stability experiments.

Robustness

To evduatetherobustness of thedeve oped method,
the chromatographi c conditionswere deliberately a -
tered and the resol ution between closdly el uting impu-
rity i.e; imp-2 and Amsacrinewas eval uated.

To study the effect of flow rate on the resol ution,
theflow ratewas altered by 0.2 unitsi.e. 0.8and 1.2
mL min*fromtheactud flow 1.0 mL min* Theeffect of
column temperature on resol ution was studied at 20°C
and 30°C instead of 25°C. All the other mobile phase
componentswere held constant as described above.
The effect of pH was studied by changing pH by 0.5
unitsfromtheva ue 6.5 keeping remaining method con-
ditionswere constant.

RESULTSAND DISCUSSION

Development and optimization of HPL C method

Themaintarget of the chromatographic methodis
to get the separation of imp-1, imp-2, imp-3 and the
degradation products generated during stress studies
from and yte peak. Asthe pKava ue of Amsacrinewas
7.4, Potass um dihydrogen Orthophosphate buffer with
pH 6.5 adjusted with KOH as solvent A and Acetoni-
trileassolvent B a 1.0 mL min* waschosenfor initial
trail witha150 mmlength X 4.6 mmID columnand 5
um particle size C18 stationary phase. When impurity
spiked sampl e solution wasinjected theresol ution be-
tween impuritiesand anayte was poor and the reten-
tion of Amsacrinewasvery less. To get the good reso-
lution of impuritiesfrom anayteand toincreasethere-
tention, inthe phosphatebuffer 1.0 mL of Triethyl amine
added and pH adjusted to 6.5 using phosphoric acid.
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At these conditionstheimpurities were separated and
stressed solutionswereinjected . The degradation prod-
uct formed at 0.74 RRT in oxidative hydrolysiswasnot
well separated fromimp-2 at RRT 0.70 athoughit was
separated from main anayte. Separation of imp-2(0.70
RRT) and degradation product (0.74 RRT) was
achieved when solvent A was mixed with Acetonitrilein
theratio of 90:10 v/v with some change in gradient
programme. At these chromatographic conditionsall
the impurities and degradants were well separated
amongst and a so fromAmsacrine. Theeffect of buffer
pH was a so studied under the above conditionsand it
wasfound that at higher and lower pH thetailing of the
Amsacrine pesk wasmoreand al so resol ution was poor
between impurities and degradantsand also from the
andyte Theresultsclearly indicated that on Inertsi| ODS
150 mm length X 4.6 mm ID with 5 um particle size
and solvent A as20 mM Potassium dihydrogen Ortho-
phosphate with 1.0 % Triethyl amine pH adjusted to
6.5 with phosphoric acid in water and Acetonitrilein
theratio of 90:10 %v/v and solvent B asAcetonitrile
withagradient programme: Time (min)/%solvent B, 0/
15, 15/30, 30/80, 35/80 with apost runtimeof 5min-
utesat detection wavel ength 248 nm was successful in
separation of Amsacrinefrom itsimpuritiesand degra
dation products. Under the above conditions, results
wereasfollows, retention timeof Amsacrinewasaround
16.9 minwith atailing factor of 1.02, number of theo-
retical plates(N) for the Amsacrine peak was 45256,
% RSD for 5replicateinjectionswas0.2.and all the
impuritieswerewell separated with aresol ution greater
then 14 from theAmsacrine peak (Figure 2, 11). Peak
purity of stressed samples of Amsacrinewas checked
by using aphotodiode array detector of waterswith
millennium software, the purity thresholdisgreater than
purity anglein dl thestresssamples, demongtrating the
homogeneity of andytepeak. Accd erated andlongterm
stability study results as per ICH Q1A (R2) for
Amsacrineweregenerated for 6 months by using the
developed LC method and theresultswerewel | within
thelimitsthisfurther confirmsthestability indicating of
the developed LC method.

Resultsof forced degradation

Amsacrinewas stable under stressconditionssuch
asphotolytic stress, acid stressconditionsWhilesignifi-
cant degradation of the drug substancewas observed
under basic hydrolysisleadsto formation of onemgjor

—= Fyll Paper

degradation product a 1.22 RRT and oxidative hydroly-
ssleadstotheformation of two mgor unknown degra-
dation pesksat 0.42 RRT, at 0.74 RRT dongwith some
small degradation products(Fgure2111,1V). Sight deg-
radation was observed in thermal stress conditions.
From the peak purity test results obtained in the test
samples, thepurity thresholdisgrester than purity angle;
confirmsthat theAmsacrine peak ishomogeneousand
purein al the stress samplesanayzed. Themassbal-
anceisaprocess of adding together the assay value
andtheleve sof degradation productsto seehow closely
theseadd upto 100% of initid vauewith due consider-
ation of themargin of andytica error’*, Themassbad-
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amsacrine spiked with impurities (11), amsacrine in basic
sress(l11), oxidativestress(IV) and thermal stress(V).
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anceof stressed sampleswasin between closeto 99.4%
t0 99.9% (TABLE 1). The assay of Amsacrine was
unaffected by the presence of imp-1, imp-2 andimp-3
and degradation productsthus confirmsthe stability-
indicating power of the developed LC method.

Resultsof method validation

Limit of detection (LOD) and limit of quantitation
(LOQ)

TheLOD of imp-1, imp-2 and imp-3 were 0.05,
0.06 and 0.04 ug mL* respectively (of ana yte concen-
trationi.e300 ug mL™t) for 20 uL injection volume. The
LOQ of imp-1, imp-2 and imp-3 were0.15, 0.19 and
0.12 pg mL* respectively (of anayte concentration. 300
pug mL?) for 20 uL injection volume.

Linearity

Linearity was established by least squaresregres-
sonandysisof thecalibration curve .Calibration curve
for theassay method was obtained over thecaibration
rangestested, i.e. 150 ug mL*t0 450 pg mL* of assay
anal yte concentration and the correl ation coefficient(r)
obtained was greater than 0.9998. Linearity was
checked for the assay method over the same concen-
tration rangefor two consecutivedays. Theresultsshow
that an excellent correl ation existed between the peak
areaand concentration of theandyte.Linear caibration
plot for therel ated substance method was obtained over
the calibrationrangestested, i.e. LOQt0 0.6 pg mL*
for imp-1, imp-2 and imp-3. The correlation
coefficient(r) obtained was greater than 0.9988. Lin-
earity was checked for the rel ated substance method
over the same concentration rangefor two consecutive
days. Theresultsdemonstrate that an excellent corre-
|ation existed between the peak areaand concentration
of imp-1, imp-2 and imp-3.Theregression equations
wereasfollows
y =188117x+80.146, r = 0.9998 for Amsacrine
y =68457x+30.675, r = 0.9997 for imp-1
y =134757x-127.68, r = 0.9988 for imp-2
y = 687561x-246.84, r = 0.9989 for imp-3

Precision

The RSD percentage of assay of Amsacrine dur-
ing assay method precision study waswel | within 1.0%
and the RSD percentage of areaof imp-1, imp-2 and

imp-3in related substance method precision study was
within 11%. The RSD percentage of assay results

Hnalytical CHEMISTRY o

obtained intheintermediate precison study waswithin
1.0% and the RSD percentage of areaof imp-1, imp-
2 and imp-3 were within 8%, confirming the good
precision of the devel oped method. The method pre-
cisonforimp-1,imp-2andimp-3a LOQ level was
below 12% RSD.

Accuracy

Thepercentagerecovery of Amsacrinein bulk drug
samplesranged from 99.4 to 100.5%. The percentage
recovery of imp-1, imp-2 and imp-3 in bulk drugs
TABLE 2: Resultsof accuracy for related substancesand
assay

Spiked Recovered

Compound % quantit_;l/ quantit_)ll % Recovery
(ngmL™) (pgmL™)

50 155 154 99.4
Amsacrine 100 306 308 100.7
150 459 458 99.8
005 0.149 0.147 98.7
Imp-1 010 0.305 0.307 100.7
015 0454 0.435 95.8
005 0151 0.153 101.3
Imp-2 0.10 0.301 0.295 98.0
0.15  0.447 0.427 95.5
0.05 0.152 0.144 94.7
Imp-2 0.10 0.304 0.299 98.4
0.15  0.468 0.458 97.9

samplesranged from 93.7 to 102.9% and the results
aretabulatedin TABLE 2.
Robustness

Indl thedeliberate varied chromatographic condi-
tions (flow rate, column temperature, pH variation) the

TABLE 3: Reaultsof robustnessof the method

Resolution usP %
Parameter Modification Ir?]%ge:r? d f;gl;n]% " Recf(())\r/ery
Amsacrine Amsacrine Amsacrine
6.3 135 121 99.6
pH 6.5 14.2 1.02 99.8
6.7 125 1.13 100.1
15 115 13 99.8
Buffer 20 14.9 1.01 100.6
25 13.3 11 100.2
0.9 15.3 125 99.2
Flow 1.0 14.7 1.03 100.3
11 12.8 0.98 99.5
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resol ution between Amsacrineand imp-2 aswel aswith
other impuritieswasnot significantly affected hencethe
devel oped L C method wasrobust for the determina-
tion of Amsacrinein bulk samples. Theresultstabu-
latedinTABLE 3.

APPLICATION OFTHEDEVELOPEDHPLC
METHODTO STABILITY SAMPLESAND
QUALITY MONITORING OFAMSACRINE

Accelerated and Long term stability studies are
carried out to establish retest period or ashelf life of
drug product’®™. Amsacrinesamplesstored a Long term
condition (Temperature:30°C+2°C,Relative humidity
60+5%) Accelerated condition (Temperature:
40°C+2°C, Relative humidity 75+5%) were analyzed
by using the developed LC method for period of 6
monthsat different intervasi.g; Initia, 1, 2, 3, and 6
months. And a so by using the devel oped LC method
quality of theAmsacrine was monitored during pro-
duction of threebatches. The Resultsof formal stability
studiesclearly indicatesthat the drug was stable under
Longtermand Accelerated conditionsand therewere
no interference of theimpuritiesfor Amsacrinewhich
demongtratesthat devel oped LC method was stability
indicating and well applied for drug stability study as
well asto quality monitoring of Amsacrine.

CONCLUSIONS

Inthispaper asmplevalidated and well-defined
specific stability indicating HPL C method for the de-
termination of Amsacrine aswell asitsrelated sub-
stanceswas described and the behavior of Amsacrine
under various stress conditionswas studied and pre-
sented. All the degradation products and processim-
puritieswerewell separated from thedrug Amsacrine
demongtratesthestability indicating of themethod. The
information presented herein could bevery useful for
quality monitoringof bulk samplesand aswell employed
to check the qudity of drug during stability studies.
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