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ABSTRACT

KEYWORDS

A simple highly sensitive spectrophotometric method was developed for
the quantification of efl ornithine hydrochloride (2-difluoromethyl-DL -orni-
thineg; DFMO). The method involves the reaction of the target compound
with sodium 1,2-naphthoquinone-4-sulfonate (NQS) reagent at specific pH
5.6 to produce a wine red color chromogen. The derivative chromogen
exhibits absorption maxima at 498nm. At the specific pH of the reaction
where no degradation may occur with that medium the proposed method
can be utilized as a stability indicating assay. The different experimental
parameters affecting the derivatization reaction were carefully studied and
incorporated into the procedure. Under the described conditions the pro-
posed method is linear over the concentration range of 10-70mcg/ml and
the coefficient of determination were >0.999(n=6) with arelative standard
deviation of 1.98% (n=6). The average recovery of the target compound is
99.28% with alimit of quantification (LOQ) of 0.52mcg/ml and the limit of
detection (LOD) 0.172mcg/ml. The mechanism of the derivatization reaction

Eflornithine hydrochloride
(DFMO);
Sodium 1, 2-naphthoquinone
-4-sulfonate.

is proposed and advantages of the proposed method are discussed.
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1.INTRODUCTION

Thequadlity control of active pharmaceutica ingre-
dients(API’s) in the formulation is always a thrust area
for the pharmaceutica industrieswhich hasawideim-
pact on the public health. So the development of re-
producible, sengtive, Smpleand extremey inexpensive
methodsfor the determination of API’s in the formula-
tionisawayschdlenging and new methodsaredways
wel comed.

Eflornithine (2-fluoromethyl-Dt-ornithine; MDL
71782A; DFMO) isasedlective, irreversibleinhibitor
of ornithine decarboxylase enzyme, oneof thekey en-
zymesin the polyamine biosynthetic pathway!*2. The

drug wasoriginally devel oped for the usein cancer,
andisinphaselll clinicd trialsfor itsusein preventing
recurrence of superficial bladder cancer. It has been
used as antiprotozoan agent in the treatment of the
meningoencephdic stage of trypanosomiasiscaused by
Trypanosoma brucei gambienze (African trypano-
somiasis)®9. Itisnow licensed for theusein degping
sicknessinthe USA, Europeand twel veAfrican coun-
tried®. In African trypanosomiasis, DFMO hasbeen
approved by the FDA, USA for the treatment of the
meningoencephaic stage”®. DFMO currently isin de-
velopment and testing for itsanti inflammatory activ-
ity®. DFMO 13.9% cream isused to inhibit growth
and reducethe amount of facial hairinwomen®. The
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drug devel opment processof DFM O inthese diseases
iscurrently at arelatively early stage, and therefore the
full pharmacokinetic characterizationin patients, in con-
junctionwith pharmacodynamics(dinicd efficacy/sdfety)
isessentid for optimization of drug therapy.

DFMOisfinding new dimensionsof clinical impor-
tance. To support itsinvestigation an appropriate ana-
Iytical method (sensitive, selective, reproducibleand
smple) for quantification of DFMOisessentid.

A number of andytica methodshavebeen reported
for measuring DFMOinbiologicd fluidsand tissueex-
tracts. Thesemethodsinvol ved HPL C techniques®*Y.
TheHPLC techniquescurrently availablefor the quan-
tification of DFMOin biological fluidsinvolveeither
preor post column derivatization with UV or fluores-
cence detection*®*? and LC carried out by evapora-
tivelight scattering detection.

A reverse HPLC method utilizing pre-column
dansylation wasdescribed for theanayssof DFMOin
serumi*¥, Derivatizationfor at least 04hrswas neces-
sary for maximum derivativeformation. All theabove
mentioned methods are either long proceduresor re-
quire sophisticated sample preparation or chromato-
graphic procedures®2,

For the drugs that obey the beer Lambert’s law,
spectrophometric methods of analysis of single com-
ponent insolution areusudly rapid, sensitiveand eco-
nomical*?,

Theam of thiswork wasto develop asensitive
and s mpl e spectrophotometric method for the quanti-
fication of DFM O using aspecific derivativechromoge-
nicreagent (NQS) that constitute an dternativeto other
analytica methods previoudly proposed for theanaly-
sisof thetarget compound in pharmaceutica prepara
tionswithout any further separation required.

2.EXPERIMENTAL

2.1Apparatus

A model Shimadzu UV-1601 double beam spec-
trophotometer with afixed dit width of 2nmusinga
pair of 1.cm matched quartz cellswasused for spectro-
photometric anaysisof derivative chromogen.

All pH measurementsweremadewith Digisun D1-
707 digital pH meter.

2.2 Materials

—= Fyll Paper

All the chemica swereof andytical reagent grade,
and the solvents were of spectroscopic grades. A
1000mcg/ml eflornithinehydrochl oride (2-difluorome-
thyl-DL-ornithine; DFM O) (Wintac Limited, Banga-
lore, Karnataka State, India) was prepared by dissolv-
ing2.0gindidtilled water and diluted it to 200ml.A stock
solution of 1%w/v sodium 1,2-ngphthoquinone-4-sul -
fonate (NQS) (s. d. fine-chem. Limited, Mumbai, In-
dia) wasprepared by dissolving 2.5gin distilled water
and dilutingitto 250ml. Acid phthalate buffer pH 5.6
was prepared by mixing 50ml of 0.2M potassium hy-
drogen phthalate and 38.8ml of 0.2M NaOH solution
and diluted to 200ml.

2.3 Spectrophometric method

2.3.1. Effect of pH and volume of buffer solution
ontheDFM O and NQSreaction

DFMO sampleswere prepared in the buffer solu-
tions (pH 2.6-6.0) at concentration of 40, 60 and
80meg/ml. Assay sampleswere mixed withfreshly pre-
pared 1%w/v NQSand heated on aboiling water bath
at100°C for 1hr. The solutionswerethen cooled toroom
temperature. TheUV visiblespectraover awavel ength
range of 400 to 800nm were measured (Figure 1.)
using themixture of 1%w/v NQS reagent and respec-
tivebuffer solution of the appropriate concentration as
theblank.

2.3.2 Effect of theNQSconcentration on theNQS-
DFM O reaction

Theoptimum NQS-DFM O ratio for the DFMO-
NQS reaction was determined by adding varying vol-
umes of NQS solutionsto aknown constant concen-
tration of DFMO.

A DFMO solution of 500mecg/ml was preparedin
acid phthalate buffer of pH 5.6. Aliquotsof thisDFMO
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Figure1: Effect of pH on absorbance of DFM O-NQSde-
rivative chromogen. DFM O 40mcg/ml: NQS 1% w/v:
3.5ml; reaction time 60 min
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Figure2: Effect of amount of sodium 1,2-naphthoquinone-
4-sulfonate. DFM O 500 mecg/ml: 1.2 ml; NQS 1% wiv;
acid phthalatebuffer pH 5.6; Reaction time: 60 min
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Figure3: Calibration curve. Acid phthalate buffer solu-
tion (pH 5.6): 10.0 ml; NQS (1%): 3.5.00 ml; reaction time:

60 min

solution weremixed with different volumeof theNQS
reagent and different volume of pH 5.6 acid phthal ate
buffer to obtainasamplefinad volume (40 60 mcg/ml).
Theblankswere obtained in asimilar manner except
that pH 5.6 acid phthalate bufferswere added in the
placeof thediquotsof the DFM O solution. Thesamples
were heated and cooled as described above and the
UV visibleabsorption spectrawas measure over the
wave ength range of 200-800nm (Figure2).

2.3.3. Effect of heating time on the DFMO-NQS
reaction

A DFM O solution of 500mecg/ml waspreparedin
thepH 5.6 acid phthaate buffer. Aliquot of thisDFMO
solution was mixed with 10ml acid phthal ate buffer of
pH 5.6 and 3.5ml of NQS reagent 1%w/v and heated
on aboiling water bath at 100°C for different times
(15,30,45,60 and 75min). The samples were then
cooled to room temperature and different volume of
buffer of pH 5.6 were added to obtain afinal volume
(40and50meg/ml). The UV visibleabsorption spectra
were measured over the wavelength range of 200-
800nm and absorbance were measured at 498nm

Hnalytical CHEMISTRY o

TABLE 1: Theabsorbance of solutionismeasured under dif-
ferent temperature. DFM O 50mcg/ml: NQS 1% wi/v; acid
phthalatebuffer pH 5.6; Reaction time60 min.

A T (°C)
1.305 40
1.695 60
1.931 80
2.306 100

(TABLEY)
2.4. Calibration graph of DFMO

Under the selected conditions, alinear relationship
between the absorbanceA of DFMO-NQS derivative
chromogen and the concentration C of DFMOisob-
tained intherangeof 10-70 mcg/ml. The linear regres-
sion equation obtained from the calibration graphis
A =0.8691 +0.0316 C (mg I'Y) withacorrelation co-
efficient of 0.9995 and amolar absorption coefficient
of 6.377x10? I mol* cm™. The absorbance has been
plotted asafunction of the concentration of DFMO (Fig-
ure3). Thelinear rangeof DFMOis10-70 mcg/ml.

3. RESULT AND DISCUSSIONS

Theanayticd applicationsof NQSin the quantifi-
cation, assay and characterization of primary amines
have been established by Sullivan™. Thereagent had
been used to quantitate primary aiphatic and aromatic
amines. The NQS derivative chromogenic reagent re-
actswith primary aliphatic or aromatic aminesin me-
dium to form wine red colored product. The use of
NQSfor thedetection of primary diphatic or aromatic
aminesinitiated the present study.

Experimental conditionsfor thederivatizationre-
action

Theexperimenta conditionsaffecting thedeve op-
ment and stability of the colored chromogens produced
werecarefully studied. It wasfound that stable colored
chromogen wasobtained at adefinitepH (TABLE 1).
The colored chromogensare stablefor at least 15min
which permitsthe convenient application of the pro-
posed method.

Different experimenta conditions, specidly pH and
NQS concentration should be carefully sd ected asthey
could greetly affect the quantification of thetarget com-
pound.
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TABLE 2: Evaluation of theaccuracy and precision of the
proposed method

Added® Found+SD® RSD% SA.ES Coﬂ‘;‘;’ﬁm
04 40410034 0027 14x10° 00313
06 53340041 0030 15<10°  0.0156
08 74340019 0013 087x10°  0.0625

aconcentration in mcg/ml, "Mean + S.D. for six determinations,
°S.A.E., standard analytical error, ‘Confidence limits at P=0.05

and five degrees of freedom.
TABLE 3: optical characteristicsof proposed method

Sl. no. Parameter Results
1  Aborption maxima (nm) 498
2  Beer’s law limits (mcg/ml) 10-70
3 Molar 1exti n(ition coefficient 6.377 x 10
(mole-"~ cm-7) ,
Sandell’s sensitivity (mcg/cm®/
4 0.001 absorbance units) 0.0173857
Regression equation (y) 0.9995
5  Slope(b) 0.8691
Intercept (@) 0.0316
6  Coefficient of variance 1.9819429
7  Standard deviation 0.0454420
8  Limit of detection (mcg/ml) 0.1723852
9  Limit of quantitation (mcg/ml) 0.5223795

Sinceit wasindicated by Silvaand Strojny!*®lthe
reactivity of compound possessing aprimary amino
group is pH specific. So attempts were made to im-
prove pH control inthetarget reaction. It hasbeen car-
ried out by severd assays of solution containing 40, 60
and 80 mcg/ml of DFM O and 10ml of different buffer
solutionsthat covered awide pH range

2.6106.0. Figure 1, illustratesthe absorbance of
derivative chromogenVspH. Asit can beobservedin
thisfig., whenthe pH of thefind solutionisadjusted to
5.6, maximum absorbancewasachieved. At pH6.0.the
wine red color disappears and solution changes to
browni sh-black indicating thedegradation of the Chro-
mogen and exhibitsthe absorbance of 1.434 at 449 nm
()

As aresult of thisexperience, it is necessary to
maintainapH of 5.6 as optimum to obtain thederiva
tive chromogen. Severa buffersof different composi-
tion could be used but the best resultswere obtained
with an acid phthal ate buffer solution of 0.2M of pH
5.6. Thevolumeof buffer necessary to obtainthehigh-
est and most stable absorbance was determined and
established as10ml.

Theeffect of NQS concentration onthederivative

—— Fyll Peper

chromogen formation was observed by measuring the
absorbance at different NQS-DFMO concentration
ratios, whiledl other experimenta conditionswerekept
constant at the optimum values. Figure 2 showsthat
maximum response was obtained when the NQS-
DFM O concentration ratio waswithin 160-650 fold
concentration excess in subsequent work, aratio of
600: 1 wasemployed asthe minimum for the determi-
nation of DFM O throughout the rest of the experimen-
tal work. The order of mixing of the analyte, buffer,
NQS and water to obtain the derivative chromogen
wasexamined. No gppreci ative changeswere observed,
so the sequences analyte, buffer, NQSwas chosen for
the present study.

In order to obtain optimum derivative chromogen
with highest and most stabl e absorbance, the effect of
the reaction time and heating temperature on the ab-
sorbance of thereaction product wasstudied. There-
actionwas carried out at different temperature (60°,
80° and 100°C) using athermostated water bath for
periodsranging from 10 to 90min. Maximum and con-
stant absorbance was obtained at 100°C after 60min.
the colored product was stablefor at least 15min.

3.1. Calibration, sensitivity and precision

From theresultsobtained in the experimenta sec-
tion, the absorbance of the eflornithine hydrochloride
derivatized with NQS was proportiond to the concen-
tration of theDFM O over therange 10-70 meg/ml (Fig.
2) andthetotal concentration of DFM O can be calcu-
lated using the corresponding correlation equationwith
acorrelation coefficient (r) = 0.999 for n=6 with the
detection limit of 0.172mcg/ml.

The precision of the proposed method was studied
by determination of thedrugin six replicates, individu-
aly derivatized with NQS at concentration of 40 mecg/
ml obtaining relative standard deviations of 1.98%
(TABLE?2).

3.20ptical Characteristics

Theoptica characteristicsof the proposed method
havebeen cdculaed. Thevduesaregivenin TABLE 3.

4. Discussion of reaction mechanism

It was reported™ that sodium 1, 2-naphtho-
quinone-4-sulfonate could react with the amino group
of primary amino derivative. Alphaamino group of
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CHF,
DFM O-NQS derivative chromogen.
Figure4: Reaction mechanism

DFMO displaysnucleophilicity dueto thefact that its
lone pairs of electron of nitrogen can attack the el ec-
tron deficiency center. The4-C of sodium 1, 2-naph-
thoquinone-4-sulfonate becomesan e ectron deficiency
center. Three 4-C=C conjugate with 2-C=0. So,
DFMO can react with NQS in acondensation reac-
tioni®. Accordingto theliterature’®, thereaction equa-
tionisasfollows(Figure4.)

5.CONCLUSIONS

In contrast with previous methods, the described
method hasmany advantages. it doesnot need expen-
svegppaaus, itissmpleand quick; itslinear rangeis
relaively wide; it hasgood selectivity. Furthermore, the
proposed method can be successfully used to deter-
mine DFM O in pharmaceutical formulations. Accord-
ingly, themethodispractica and valuable.

REFERENCES

[1] C.J.Bacchi, B.Goldberg, J.Carofalo-Hannan, D.
Rattendi, PLyte, N.Yarlett; Biochem.J., 309, 737
(1995).

[2] A.JBitonti, C.J.Bacchi, PPMcCann, A.Sipertsma;
Biochem.Pharmacal., 34, 1773 (1985).

[3] PPMcCann, C.J.Bbacchi, A.B.Clarkson; Med.
Biol., 59, 434 (1981).

[4] A.Soerdsma; Clin.Pharmacol.Ther., 30, 3 (1981).

[5] A.Soerdsma, P.Schechter; Clin.Pharmacol.Ther.,
35, 287 (1984).

[6] Pepinetal.; WHO Bulletin, 78, 1284-1295 (2000).

[7] PPMcCann, A.E.Pegg; Pharmacol.Ther., 54, 195
(1992).

[8] J.Pepin, C.Guerin, F.Milord, PJ.Schecter, Lancet,
1431 (1987).

[9] JL.Cohen, RJKo, A.T.L.L0o, M.D.Shields, T.M.
Gilman; J.Pharm.Sci., 78, 114 (1989).

[10] H.D.Huebert, J.J.Schwartz, K.D.Haegele;
J.Chromatogr., 762, 293 (1997).

[11] M.L.Kilkenny, M.Slavik, C.M.Riley, J.F.
Stobaugh.J.Pharm.Biomed.Anal.,17, 1205 (1998).

[12] EMilford, L.Loko, L.Ethier, B.Mpia, J.Pepin; Trans.
R.Soc.Trop.Med.Hyg., 87, 473 (1993).

[13] W.Hanpitakpong et a.; Journa of Chromatogra-
phy B., 788, 221-231 (2003).

[14] sullivan, M. X., W.C.Hess, H.W.Howard; J.Biol.
Chem., 145, 621 (1942).

[15] J.A.F.de Silva, N.Stronjay; Anal.Chem., 47, 714-
718 (1975).

Hnalytical CHEMISTRY o
A Tndéan W



