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ABSTRACT

A senditive, smple, specific, precise, accurate and rugged method for deter-
mination of enantiomeric impurity of I-Ephedrine Sulfate (I-EPS) a drugs
substance has been developed. The separation of enantiomer isby molecu-
larly imprinted polymer (MIP) column. In this study molecular imprinting
technology was employed to prepare a specific affinity sorbent for the
resolution of Ephedrine Sulfate (commonly used as a decongestant). The
separation of isomer is by molecularly imprinted polymer (MIP) column
250mm x 4.6mmwith 10u particle size. Column was maintained at 10°C. The
UV/Visdetector was operated at 254nm. Flow rate of the mobile phase was
0.8ml/min. The method offers excellent separation of two enentiomerswith
resolution (R) is not less than 2 and tailing factor not more than 3.5. The
method was validated for the quantification of d-Ephedrine enantiomer im-
purity (d-EPS) inthe bulk drug I-Ephedrine Sulfate (I-EPS), was performed
according to the International Conference on Harmonization (ICH) guide-
lined*4. Calibration curves showed excellent linearity over the concentra-
tion range 0.025mg/ml to 0.1mg/ml (50% to 200 %) for d-EPS 0.05mg/ml
(0.5% with respect to test concentration 10mg/ml). Precision of the method
therelative standard deviation was 0.99% limit of detection (LOD) and limit
of quantification (LOQ) of the method for d-EPS were 0.2% and 0.5% re-
spectively. Average recovery of the d-EPS was between 87.3% to 107.8%.
This method was employed in determining enantiomeric impurity of bulk
drugI-EPS. © 2010 Trade Sciencelnc. - INDIA
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INTRODUCTION

Ephedrineisasympathomimetic amine commonly
used as astimulant, appetite suppressant, concentra-
tionaid, decongestant, and to treat hypotension asso-
ciated with anaesthesia. Ephedrineissimilar in struc-
turetothesynthetic derivativesamphetamineand meth-

amphetamine. Chemicaly, itisan adkaloid derived from
various plants in the genus Ephedra (family
Ephedracese). Itismost usudly marketedin thel-Ephe-
drinehydrochl orideand sulfateforms, Active pharma
ceutical ingredient (AP,

A gimulant usedin thetreatment of asthmaand res-
piratory ailments. Ephedra sinica, aherb containing
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ephedring, isincluded in someherba supplementsused
by athletes and others to accelerate fat loss and en-
hancefedingsof physical well-being. Thesesupplements
are sometimespromoted as ‘fat burners’. There is no
conclusive scientific evidencethat ephedra-containing
supplementsimprovesathletic performance.

CHEMISTRY

Ephedrine exhibitsoptical isomerism and hastwo
chird centres. By convention theenantiomerswith op-
posite stereochemistry around the chiral centresare
designated ephedrine, while pseudoephedrine has
same stereochemistry around the chiral carbons. That
is, (1R, 2R)- and (1S, 2S)-enantiomers are desig-
nated pseudoephedrine; while (1R, 25)- and (1S, 2R)-
enantiomers are designated ephedrine. Theisomer
whichismarketedis(-)-(1R, 2S)-ephedrine. Aswith
other phenylethylamines, itisa so somewhat chemi-
cally similar to methamphetamine, although the am-
phetamines are more potent and have additional bio-
logical effectd”1819,

Ephedrine may also be referred to as: (aR)-a-
[(19)-1-(methylamino) ethyl] benzenemethanol, o-[1-
(methylamino)ethyl]benzyl alcohoal, or L-erythro-2-
(methylamino)-1-phenyl propan-1-o0l*, Ephedrinesul-
fate hasamelting point of 248°C-252°C, (C H .N,)..
H,SO, (2:1 sdt) CAS No. [134-72-5], Molecular
weight 428.54/810.12],

Manufacture

Although Ephedrineoccursnaturdly asandkaoid
in certain plant species (for example, asacongtituent of
extractsfrom the ephedra species, also knownasMa
Huang, inwhichit occurstogether with other isomers
of ephedrine)*"1819 the mgjority of Ephedrine pro-
duced for commercial useisderived from yeast fer-
mentation of dextrosein the presenceof benza dehyde.
Inthisprocess, speciaized strainsof yeast (typicaly a
variety of Candidautilisor Saccharomyces cerevisiae)
areadded to large vats containing water, dextroseand
the enzyme pyruvate decarboxylase (such asfoundin
beetsand other plants, inter alia). After theyeast has
begun fermenting the dextrose, the benzaldehydeis
added to thevatsand in thisenvironment the yeast con-
vert the precursor ingredientsto I-Phenyl acetyl carbinol
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(I-PAC). I-PACisthen chemically converted to ephe-
drineviareductiveamination. Thebulk of Ephedrineis
produced by commercial pharmaceutical manufactur-
ersinIndiaand China, whereeconomic andindustria
conditionsfavor the mass production of Ephedrinefor
export.

Thisarticledescribesdevel opmentsand vaidations
of anew anaytical method, which can detect quantify
tracelevelsof d-EPSin|-EPS.

EXPERIMENTAL

Materials

Methacrylic acid (99%), ethylene glycol
dimethacrylate (EGDMA, 98%) and 2,2’-Azo-
bisisobutyronitrile (AIBN) wereobtained from Merck
(Germany). Acetone, Methanol, Chloroform and Ace-
tic acid chromatography gradewerefrom Merck In-
dia. I-Ephedrine Sulfateand d-Ephedrine Sulfatewere
synthesized by Medicinal Chemistry group. Both the
compoundswere characterized® for their identity and
purity, their enantiomeric purity wasmonitored by spe-
cific opticd rotation using polarimeter and were puri-
fiedtill equal oppositeva uesfor specific optica rota-
tion were obtained.

Synthesisof molecular imprinting stationary phase

The MIP stationary phase was prepared by bulk
polymerization at alow temperatureX®. Briefly, |-Ephe-
drine Sulfate 100mg, methacrylic acid (0.25ml),
EGDMA (2.5ml), and AIBN (25mg) weredissolvedin
5ml of chloroforminaglassvid. After degassingand
nitrogen purging for 5 minutesthevia wassealed and
alowedto polymerizeat 5°Cfor 6 hunder UV (365nm,
100 W lamp) irradiation. For each preparation of MIP,
ether (+)-Ephedrinesulfateor (-)-Ephedrinesulfatewas
used asthetemplate. Methacrylic acid was used here
asthefunctiona monomer, EGDMA asthecrossinking
monomer andAIBN asthefreeradical initiator. After
polymerization, thechloroformwasremoved. Theprod-
uct intheform of awhitesolid wasdried in avacuum
ovenfor 7 hoursat room temperature. The resultant
bulk polymer wasfindly ground and seved. Thefrac-
tion of particleshaving size of 10u was collected for
packing in chromatographic columns.
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Figurel: Chemical structuresof (-)-Ephedrineand (+)- Ephe-
drine

Liquid chromatography

HPL C system used was Shimadzu 2010AHT and
Agilent 1200 series. Shimadzu system comprised of
degasser, quaternary pump, auto injector, column oven
and UV /Visdetector. Thesigna wasacquired and pro-
cessed using L C-sol ution softwareand Agilent-1200
seriessystem comprised of degasser, quaternary pump,
auto injector, and column compartment and variable
waved ength detector. Thesystern was controlled through
EZ ChromeEliteverson 3.2.1.

MIP particleswere suspended in methanol by soni-
cation and then durry packed into 25cmx0.46¢cm ID.
stainlesssted columnsusing anair-driven fluid pump
with acetone as the solvent. The back- pressure for
packing was 350 bar. Template molecules were re-
moved from the columnsby continuoudy washing with
methanol-acetic acid (8:2, v/v) until astablebasdine
was reached. For theHPLC analysis, a20uL sample
solution wasinjected and € uted isocratically at afl ow-
rateof 0.8ml/min, usingamixtureof water, aceticacid
and methanal (2:7:91v/v) asthemobilephase. Thetem-
perature waskept at 10°C. The effluent solution was
constantly monitored by measuring the absorbance at
254nm.

Prepar ation of solutionsand chromatogr aphic con-
ditions

Preparation of solutions

System suitability solution (SS)

Accuratdy weigh about 100mg each of |-Ephedrine
Sulfateand d-Ephedrine Sulfateinto a10ml volumetric
flask, dissolveand diluteto volumewith mobile phase.

Reference solution
Sock impurity solution

Accurately weigh 50mg of d-Ephedrine Sulfatein
to a100ml volumetricflask, dissolveand dilutetovol-

—— Fyll Peper
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Figure2: HPLC Chromatogram of I-Ephedrine (I-EPS) and
d-Ephedrine(d-EPS). Chromatogramswith peak of I-EPS, Re-
tention time 2.8 minutesand d-EPS, Retention time of 3.8
minutes

umewith mobilephase.
Reference solution R

Accurately weigh about 100mg of I-EPSina10ml
volumetricflask, add 1ml of the Stock impurity solution
dissolve and dilute to volumewith mobile phaseand
shakewell.

Test solution

Accurately weigh about 100mg of thetest (I-EPS)
inal0ml volumetricflask, dissolveand diluteto vol-
umewith mobile phaseandinject.

System suitability

Performance of the method was determined by in-
jecting System suitability solution (SS) resolution mix-
ture(10mg/ml of I-EPSand 10mg/ml of I-PSE). Method
performance criteriawereresol ution (R) betweentwo
entiomer peaks should be not lessthan 2.0, tailing fac-
tor (TF) not morethan 3.5.19111315,

Linearity

Linearity of responsefor d-EPSwasdeterminedin
therange of 0.025to 0.1mg/ml (50% to 200% of the
limit concentration (0.05mg/ml), 0.5% with respect to
test concentration 10mg/ml. The% RSD for linearity
solutionisnot morethan 15.0% (L1—L5).There should
be no non-linear trend at the ends of the plotted fitted
line. Correlation coefficient (R?) isNLT 0.991-3191,

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

LOD and LOQ of d-EPSwasdetermined by Sig-
na -to-Noise method. Solutionsof enantiomer waspre-
pared in the range of 0.2% and 0.5% with respect to
test respectively andinjected in six times. The% RSD
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for LOQ solution must not be higher than 15.0%. The
signal-to-noiseratio (S/N) in LOQ solution should be
about 10:1 for d-EPS. Thesigna-to-noiseratio (SN)
in LOD solution should be about 3:1 for d-EPS*319,

Precision and accur acy and ruggedness

Precision of the method was determined by inject-
ing six different test preparations and determining %
RSD of impurity (d-EPS) vaues. Accuracy of the
method was determined by recovery studies. d-EPS
was spiked in pre-analyzed test of I-EPS and its per-
cent recovery was determined. Ruggedness of the
method was determined by performing quantification
of d-EPSontwo different HPLC systems (HPLC sys-
tem used was Shimadzu 2010 AHT and Agilent 1200
series) and columns by two analystg*-39,

RESULTSAND DISCUSSION

The objective of thiswork wasto develop apre-
cise and accurate method to determine enantiomeric
purity of I-EPS. Various options were attempted to
develop such method. Resolution of 2.7 was obtained
by using M obile phase consist of amixture of water,
aceticacidand methanal (2:7:91v/v) asthemobile phase
with molecularly imprinted polymer (MIP) column
250mm x 4.6mmwith 10u particle size!®. Columnwas
maintained at 10°C. The UV/Visdetector was oper-
ated & 254nm. How rate of themobilephasewas0.8ml/
min. Thismethod wasfurther validated for estimation
of d-EPS (enantiomericimpurity) inl-EPS bulk drug,
gives acceptabl e resol ution required to quantify pres-
enceof d-EPSin|-EPS.

A representative chromatogram showing resolution
of enantiomersisshowninfigure2. An excellent reso-
Iution (R =2.5) between thetwo peaksa ong with tail-
ingfactor (TF) for I-EPSand d-EPSwas 2.7 and 3.3
respectively.

The described method was found to belinear for
d-EPSintherangeof 0.025t0 0.1mg/ml (50%to 200%
of thelimit concentrationi.e. 0.05mg/ml (0.5%). The
% RSD for linearity solution isbetween 10%t0 13.5%
respectively. Thereisno non-linear trend at the ends of
theplottedfitted line, Corrdation coefficients(R2) was
0.99. LOD and LOQ for d-EPS was determined by
Signal-to-Noise method. LOD and LOQ for d-EPS
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TABLE 1: Recovery of d-EPS

Amount added Amount found RecoveryMean D RSD
(%) (%) (%) (%)

0.204 0.178 873 904 669 74
0.408 0.44 1078 97.2 9.9 10.19
0.51 0.45 88.2 928 6.87 7.40
0.816 0.73 895 919 65 7.1
1.02 11 1078 948 11.3 11.9

SD: Sandard deviation, RSD: Relative standard deviation

wasfound to be 0.2 % (S/N = 3:1) with respect to |-
EPS drug matrix and 0.5% (S/N = 11:1) with respect
tol-EPSdrug matrix respectively. The% RSD for LOQ
solution is 13.6%. Themethod found to be Precisefor
theimpurity d-EPS detected %RSD = 10.45%, accu-
ratefor theamount spiked and amount found of d-EPS
are shown in TABLE 1 and rugged as content of d-
EPSwasdid not deviate significantly on two systems
with overd| relative standard deviation 8.5%.

CONCLUSION

Thedemandsof the pharmaceuticd industry require
to develop asuitable chira separation because most of
the active pharmaceutica ingredients (API) arechiral
innature. Enantiomerically puredrug compoundswill
be one of the criteriafor APIsto be accepted by the
USFood and DrugAdminigtration (FDA).

Theincreasingdemand for opticaly puredrugshas
resulted inaninterest in developing toolsfor efficient
chira separation. Inthe present study weusedasimple
molecule, ephedrine sulfate as the template for the
preparation of M 1P chromatographic column packed
with MIP particleswereeffectivefor theresol ution of
ephedrine enantiomers. Therecognition and binding of
templ ate mol eculeswas based oninteractions between
amino and hydroxyl groupsof thetemplateand the car-
boxyl group of methacrylic acid, ahost moleculeinthe
MIP. An excellent resol ution obtained in the present
work suggest that molecular imprintingisapromising
method for the separation and quantification of chiral
compounds, and support the application of pharma-
ceutica analyss.
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