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enantiomers in transgenic Chinese hamster CHL cells
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ABSTRACT: An enantioselective assay §)- andR(—)-propafenone in transgenic Chinese hamster CHL cells expressing human
cytochrome P450 was developed. The method involved extraction of propafenone from the S9s incubates, and formation of
propafenone diastereomeric derivatives with the chiral reagent 2,3,4,82¢t@a-glucopranosyl isothiocyanate. Separation and
quantitation of diastereomeric propafenone derivatives were carried out in a reverse-phase-HPLC system with UV detection. The
assay was linear from 2 to 2@/mL for each enantiomer. The analytical method gave average recoveries of 97.5% and 97.0% for
S+)- andR(-)-propafenone, respectively. The limits of detection and quantitation for the method are 0.1 ag¢hi.Gor both

S(+)- andR(—)-propafenone, respectively. The reproducibility of the assay was good £R9B%). The method allowed study of the
depletion of S(+)- and R(—)-propafenone in transgenic Chinese hamster CHL cells expressing human cytochrome P450. The
stereoselectivity of propafenone phase | metabolism via cDNA-expressed CYP3A4 was observed. Cap26agbtJohn Wiley &

Sons, Ltd.

INTRODUCTION and R(-)-propafenone in transgenic Chinese hamster
CHL cells expressing human cytochrome P450 was

Propafenone,  1-[2-[2-hydroxy-3-(propylamino)-prop- developed by using reverse-phase (RP)-HPLC \@th

oxy]phenyl]-3-phenyl-1-propanone, is a widely used propranolol as internal standard. The method reported in

antiarrhythmic agent administrated as the racemic form. this paper has been applied to study the stereoselectivity

The two enantiomersy(+)- and R(—)-propafenone, are  of phase | metabolism of propafenone enantioniars

equipotent in terms of sodium channel-blocking activity, vitro.

but the main side effect, ig-adrenoreceptor-blocking

action, resides in th&+)-isomer. The stereoselective

disposition of racemic propafenone has been reported in

humans (Kroemeet al., 1989). However, so far the phase  EXPERIMENTAL

| metabolism of racemic propafenorie vitro has not

been studied using chiral chromatography. Several Materials. Racemic propafenone hydrochloride (99.5%) was

analytical methods for determining the enantiomers of obtained from Yiatai Pharmaceutical Company (Zhejiang, China).

propafenone in biological fluids have been reported, NAPPH (98%), S¢)-propranolol, S¢)-propafenone, Rf)-pro-

including the isotopic label method (Kroemet al, pafenone and 2’ﬁ’4’6c'jte@7g'DTg|”C°pra”°S¥| 'SOth'OCyanate”

1990), or the chiral stationary phase (Boktral., 1995), (GITC) were purchased from Sigma (St Louis, MO, USA). A

. . L . other chemicals and solvents were of analytical or chromato-
chiral mobile phase addictive (Kern, 1994), or chiral graphic grade. Transgenic Chinese hamster CHL cells expressing

derivatization method withR)-1-(2-nathylethyl isothio-  gpecific human live cytochrome P450 were provided by the
cyanate (Mehvar, 1990). In this article a reliable pepartment of Pathology and Physiology (College of Medicinal
enantioselective analytical method for assaySof)- Sciences, Zhejiang University, China).
S9s were prepared according to the following procedure. Cells
grown confluence in 25 ctissue culture flasks were washed

*Correspondence to: S. Zeng, College of Pharmaceutical Sciences, o \with phosphate-buffered saline (PBS, pH 7.4), and harvested

Zhejiang University, Hangzhou, Zhejiang 310006, People’s Republic

of China. by scraping. Subsequently the cells were sonicated fox 5&
E-mail: zengsu@yahoo.com with 10 s interval in 0.15 mol/L KCl at4C. The mixture solution
Contract/grant sponsor: National Natural Science Foundation of Were centrifugated at 90@for 20 min at #C. The supernatant, ie
China; contract/grant number: C39770868. S9s, was stored at70°C.

Copyrightd) 2000 John Wiley & Sons, Ltd.



Stereoselectiveleterminatiorof propafenonenantiomer

22.932
27.265
>

18.732

A VL

0 5 10 15 20 25 30 35 40
Time(min)

IR

W

4M\AV SHORTCOMMUNICATION 499

22.965

I

15 20 25

Time{min)

30 35 40

27.023

0 5 10 15 20 25 30 35 40
Time({min)

o 5 10 15 20 25 30 35 40
Time(min)

Figure 1. Chromatogramef propafenonandinternalstandardhfterpre-columdervatization.
(A) Blank S9sincubatesspikedwith propafenoneand internal standardtgr = 18.7min for
S(—)-propranolol,22.9min for +)-propafenoneand27.2min for R(—)-propafenone](B)
Blank S9sincubate.(C, D) Blank S9sincubatesspikedwith S(+)-propafenoneand R(—)-

propafenonetespectively.

Instrumentation. The modular HPLC equipmentwas an LC-

10AT VP pumpwith aSPD-10AVP detectoSimadzu,Japaniand
upper data system(Zhejiang University, China). The analytical
columnwasa ShimpackCLC ODS(150 x 4.6mmi.d., 5um). The
mobile phasevasa mixture of methanol-water—glaciaceticacid

(67:33:0.05y/v/v) with aflow rateof 0.8 mL/min. Thewavelength
of UV detectorwassetat 220 nm.

Assay procedure. The pH of 250uL of incubation media
(0.6 mg/mL protein and cofactors)was adjustedto 10 by adding
200pL of 25% ammoniasolution. (—)-propranolol (30puL of

250pug/mL in methanol) was added as an internal standard.

Propafenonevasextractedwith 1.0mL chloroformby vortex for
3 min. The chloroform layer was separatecy centrifugationat
4000 rpm for 10min, then evaporatedo drynessundera gentle
streanmof air at45°C. Theresiduewasdissolvedn 100uL of GITC

Copyrightd 2000JohnWiley & Sons,Ltd.

solution(4 mg/mLin acetonitrile) andallowedto standat 35°C for
30min. The reactionmixture was evaporatedo drynessundera
gentle air stream. The residue was reconstitutedwith 200uL
mobile phaseand aliquot of 20uL of the resultingsolution was
injectedinto the HPLC system.

Incubation of propafenone with S9s prepared from
transgenic Chinese hamster CHL cells expressing cyto-
chrome P450 3A4 (CYP3A4). The time-dependenstudy was
performedwith a 250uL incubationmixture containing5 pg/mL
S+)- or R(—)-propafenonavith 0.15mg proteinequivaleniof S9s
preparedfrom transgenicChinesehamsterCHL cells expressing
CYP3A4. The incubationmixture was bubbledwith oxygenfor
1 min beforeuse. After preincubationin water bath at 37°C for
5min, 30puL NADPH solution (50mg/mL in pH 7.4 buffer) was
addedto initiate the reaction.The reactionwasstoppedby adding

Biomed.Chromatogr.14: 498-501(2000)
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Table 1. Metabolic depletion of S(+)- and R(—)-propafenone(x & s, n=3)

Incubation Amountremaining(ug/mL) V (ug/min)
time (min) S(+)-propafenone R(—)-propafenone S/Rratio S+)-propafenone R(—)-propafenone
0 5.000 5.000 1.00
1 3.978+ 0.05 3.879+ 0.06 1.03 0.256 0.280
2 3.499+ 0.05 3.053+ 0.05 1.15 0.188 0.243
5 3.026+ 0.06 2.640+ 0.03 1.15 0.099 0.118
15 2.924+0.21 2.522+0.17 1.16 0.035 0.041

1.0mL chloroformat the incubationtime of 0, 1, 2, 5 and15min.
The internal standardwas added and the enantiomersin the
samplesveremeasuredccordingto the Assayproceduresection,
above.

RESULTS

Chromatographic specificity

The chromatogranof S9sincubate spikedwith racemic
propafenoneand S(—)-propranolol, showed a good
separationand high column efficiency for the three
compoundgFig. 1). The o andresolutionbetweenS(—)-
propranololand S+ )-propafenonewvere 1.25 and 1.60,
respectively.The o« and resolution betweenS(+)- and
R(—)-propafenoneverel.21and1.56,respectivelyThe
peaksof §—)-propranololand §(+)-, R(—)-propafenone
were verified with pure enantiomerstandardsA blank
S9s incubate was carried out accordingto the Assay
proceduresection above No interferenceappearectthe
peak positions of S§(—)-propranolol and S(+)-, R(-)-
propafenone.

Calibration curves and sensitivity of the assay

Calibrationcurvesfor §+)- andR(—)-propafenonavere
contructedby analyzinga serialsof blank S9sincubates
spiked with racemic propafenonein the enantiomeric
concentratiomangefrom 2 to 200ug/mL. Extractionand
derivatization of the samples were carried out as
describledin the Assay procedureaction. Peak area
ratios(y) of the§(+)- or R(—)-enantiomerso theinternal
standardvere measuredand plotted againstthe concen-
trations (x) of each enantiomer.The linearity of the
calibrationcurvesfor §+)- and R(—)-propafenonevas
in the rangefrom 2.0 to 200.0pg/mL. The regression
equations of the calibration curves were y=
0.0161% — 0.02565 (r =0.9994) for §+)-propafenone
andy =0.0165& — 0.02432r = 0.9994)for R(—)-propa-
fenone.

TheLOD (limit of detection)or eachenantiomemwas
100ng/mL and the LOQ (limit of quantitation) was
2.0pg/mL (RSD< 10%,n=5).

Copyrightd 2000JohnWiley & Sons,Ltd.

Recovery studies

A serialsof blank S9sincubates spikedwith different
concentrationg5 and 200ug/mL) of §+)- or R(-)-

propafenonewere processeds describedunder Assay
procedure The peakarearatiosof enantiometo internal
standardvere comparedwith thoseobtainedby analyz-
ing aqueous samples containing equal amounts of

propafenone.The averagerecovery of this analytical
method was 97.5+ 1.5% and 97.0+ 1.8% (n=5) for

S+)- andR(-)-propafenonetespectively.

Reproducibility studies

The drug-freeincubation media, spiked with different
concentrationg5 and 200ug/mL) of §+)- or R(-)-
propafenonewere usedfor reproducibility studies.The
intra-assay variability was determined by analyzing
samplesin quintuplicate,and inter-assayvariability by
analyzingsamplesn quintuplicateon five separatelays,
according to the procedure described under Assay
procedure.The relative standarddeviationswere calcu-
lated.

The within-day and between-dayrelative standard
deviations(RSD) for the assayof enantiomersn S9s
incubatesverebothlessthan10%. This showedthatthe
reproducibility and repeatabilityof the enantioselective
HPLC methodfor §+)- and R(—)-propafenonen S9s
incubatesvassatisfactory.

Phase I: metabolism of propafenone
enantiomers

The metabolicdepletionof §+)- andR(—)-propafenone
at various incubationtimes and the metabolic rate of
S+)- andR(—)-propafenonere shownin Table 1. The
rate of R(—)-propafenonemetabolismis fasterthanthat
of the §(+)-antipode.The S/Rpropafenoneatio is from
1.03to 1.16 when the time of metabolicreactionwas
from 1 to 15min. Sofar aswe areaware thatthisis the
first reporton the stereoselectivenetabolismof racemic
propafenonevia CYP3A4. The results show that the
phasel metabolismof propafenonenantiomerst 5 pg/
mL via CYP3A4is enantioselective.

Biomed.Chromatogr.14: 498-501(2000)
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Figure 2. Structuref propafenoneinternalstandardandtheir
GITC derivatives.

R2=CH (CHs),

DISCUSSION

In chiral drug metabolism study, many factors are
involved, such as extraction or derivatization,so it is
necessaryo useinternal standard.In this assay,§—)-
propranolol was really a boon (Fig. 2). Racemic
propranololand metoprolol were also testedas candi-
datesfor internal standard but the derivative of R(+)-
propranololoverlappedwith that of R(—)-propafenone,
and metoprolol enantiomerswvere elutedtoo early at 9
and13 min.

The absoluterecoveryof S+)- or R(—)-propafenone
from the samplesalkalizedwith ammoniasolution was
almostthe sameaswith thosewithout alkalinization,but
the recoveryof §—)-propranololwasvery low without
alkalinization. When NaOH was usedas alkalizer, the
diastereomersn the mobile phasewere unstable.Five
interferingpeakswhichdecreasethecolumnefficiency,
with retentiontimesfrom 9.9to 15.0min wereobserved
in HPLC chromatogramdMiorever,the GITC derivatives
were unstable.The peakareaof diastereomenf §—)-
propranololdecreasedy 38%, +)-propafenone39%
andR(—)-propafenone 7%in 35min, which resultedin
decreasingthe S/R ratio of propafenonesignificantly.

Copyrightd 2000JohnWiley & Sons,Ltd.
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Where ammoniasolution was usedas an alkalizer, the
derivativeswere stablefor at least1 week.

Chloroform can form an azeotropic mixture with
water, so the sampleextractedwith chloroform did not
need extra drynessin this assay.Methylene chloride
should not be usedbecausetrace impurities in it can
easilyreactwith GITC andcauséanterferenceskthercan
also be usedas an extractionsolvent, with a recovery
slightly lessthanchloroform.In addition,chloroformwas
able to precipitate protein in incubatesand stop the
enzymic reaction. Triethylaminewas observedto have
the capability to catalyzethe derivatizationof propa-
fenone.The amountof GITC addedto eachsamplewas
sufficientto assurehe completionof derivatization.The
large excessof GITC did not spoil the chromatogram.
Good reproductibility was achieved if derivatization
occurredat 35°C for 30 min.

CONCLUSION

A specificstereoselectivanalyticalmethodwas devel-
opedfor theassayof S+)- andR(—)-propafenonén S9s
incubatesThe methodwasappliedto the studyof +)-
and R(—)-propafenonedepletionin vitro. The results
showthatpropafenoneindergoegnantioselectivenetab-
olism at 5ug/mL concentrationvia cDNA-expressed
CYP3AA4.
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