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SUMMARY

A reversed-phase, high-performance ligquid chromatographic method employing fluores-
cence detection is described for the rapid quantification of plasma levels of quinidine,
dihydroquinidine and 3-hydroxyquinidine. It involves protein precipitstion with acetonitrile
followed by direct injection of the supernatant into the chromatograph. For the preparation
of plasma standards, pure 3-hydroxyquinidine was isolated from human urine by a simplified
-thinlayer chromatographic procedure. The mobile phase for the chromatography was a mix-
ture of 1.5 mM aqueous phasphoric acid and acetonitrile (90:10) at a flow-rate of 2 ml/min.
The intra-assay caefficient of variation for the assay of quinidine and 3-hydroxyquinidine
over the concentration range 2.5—20 umolefl was < 1% for both. Interassay coefficients of
variation for quinidine (10 gzmole/l) and 3-hydroxyquinidine (5 umole/l) were 3.5% and
4.0% with detection limits of 50 and 25 uzmole/l respectively. The meihcd correlated well
(r* = 0.96) with an independently developed gas—liquid chromatographlc—mtrogen detec-
tion assay for quinidine which also pessessed a high degree of precision. (Intra-assay coeffi-
cient of variation 3.6% at 20 pmole/l). As expected, comparison f the high-performance
liquid chromatographic assay with a2 published protein precipitation—fluorescence sssay
showed poor correlation (r* = 0.78).

INTRODUCTIONR

Quinidine remains an impertant agent for the treatment of arrhythmias. A
relationship between guinidine plasma levels and efficacy has been demon-
strated [1] and hence the monitoring of plasma levels has become an important
adjunct in the management of patients administered the drug. There are a num-
ber of published methods available for measuring quinidine levels with varying
degrees of specificity. The original protein precipitation—fluorescence method
27 is still widely used but both :that method and extraction—fluorescence
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methods have been demonstrated to measure a nuimnber of metahohtes in add'
tion to quinidine {3, 4].

Recently, a summary of the available quinidine assay methods and thelr limi-
tations together with a normal-phase bhigh-performance liguid chromatographic
(HPLC) assay were reported [4] Although the reported method possessed high
selectivity it lacked the convenience required for rapid emergency assays. A
published reversed-phase HPLC assay [5] involving protein precipitation, direct
injection and ultraviolet detection offered the advantage of considerably
shorter assay time but had limited sensitivity. A recently reported HPLC assay
employing extraction and post-column acidification with fluorescence detec-
tior [6] did not use internal standardization.

In the present report, a simple reversed-phase HPLC assay for quinidine,
3-hydroxyquinidine and dihydroquinidine employing protein precipitation
with direct injection and fluorescence detection is described. Comparisons with
a gas chromatographic—ritrogen detection method and a published protein pre-
cipitation—fluorescence method are also described.

MATERIALS AND METHODS

Reagants

All reagents were analytical grade and aqueous solutions were prepared using
glass distilled water. Specially purified acetonitrile (Unichrom, Ajax Chemicals,
Svdney, Australia) was used for high-performance liquid chromatography.
The chlcroform was nanograde from Mallinckradt (St. Louis, Mo., U.S_A.) and
the methano!. spectrofiuorescence grade (Uvasol, Merck, Darmstadt, G.F.R.).
Quinidine suipiate was obtained from Burroughs Wellcome (Detroit, Mich.,
U.S.A)) and contained 9% dihydroguinidine. Commercially available cinchoni-
dine from Koch-Light (Colnbrook, Great Britain) contained traces of quinidine
and was recrystallized four times from methanol—water (1 : 1) before use. The
cinchonidine also contained traces of dihydrocinchonidine in unknown quan-
tity. Dihvdroquinidine was obtained from ICN, Irvine, Calif., US.A.

Standards

Stock solutions of quinidine sulphate and 3-hydroxyquinidine were prepared
in glass distilled water at concentrations of 200 and 100 umole/l, respectively.
These solutions were stable for at least 2 months at 4°. For the HPLC assa’ a
solution of recrystallized cinchonidine (internal standard) was prepared ip dce-
tonitrile (170 gumole/l). For the gas—liquid chromatographic (GLC) ass.y the
cinchonidine solution (68 umole/l) was prepared in water. These soluti-.os were
also stable for at least 2 months at 4°. Plasma standards containing tb : required
amounts of quinidine and 3-hydroxyquinidine were prepared and s ored at 4°
for no longer than 2 weeks. Peak area ratios of the drug and metabalites to the
internal standard were determined for plasma standards and unk.aowns and
quantification performed by reading unknown values from a plooted standard
curve.

Isolatior: of 3-hydroxyquinidine from urine
Urine (20 ml) was collected from a patient taking oral quinidine at steady-
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state. It was basified (pH 14) with 1 N aqueous sodium hydroxide and ex-
tracted twice with chloroform (20 ml). The phases were separated by centrifu-
gation and the aqueous layer discarded. The chloroform extracts were pooled
and evaporated under nitrogen (45°) and the residue reconstituted in methanol
(1 ml). A 250-z1 amount of the methanol solution was chromatographed on
each of 4 preparative thin-layer plates (silica gel 60 (20 X 20 cm), Merck) using
methanol as the solvent. The fluorescent bands were identified under ultra-
violet light and those for quinidine and dihydroquinidine selected by com-
parison of the Rp values with those of suthentic samples of the compounds.
Two other bands with larger Ry values (0.8, 0.65) were scraped from each of
the plates, separately pooled and extracted with methanol (three times). The ex-
tracts were evaporated and the residue treated with diethyl ether (0.5 ml twice)
and separated by centrifugation. The diethyl ether was evaporated and a small
portion of each residue reconstituted in mobile phase and injected into the
high-performance liquid chromatograph. In this way each band was assigned to
a peak in the HPLC chromatogram.

The major metabolite isolated (210 ug) (BRr = 0.65) was recrystallized once
from methanol—diethyl ether by adding diethyl ether dropwise to seed crystal-
lization. If had a melting point (210—211°) and mass spectrum (m/e 340, 267,
189, 173, 152; determined at 20 eV, probe temperature 170° using a Model
AEI MS-30 mass spectrometer) identical with that published for 3-hydroxyqui-
nidine [7] aad different from that of the recently identified N-oxide metab- -
olite of quinidine [8! which in contrast showed the characteristic fragmenta-
tion of an N-oxide. There was insufficient material to obtzin a2 meaningful
proton magnetic resonance spectrum. The isolated 3-hydroxyquinidine was
used o prepare plasma standards for the estimation of plasma levels in patient
samples. Insufficient quantities of the second metabolite were obtained to al-
low satisfactory recrystallization.

High-performance liguid chromatographic essay

An aliquot of the internal standard solution (cinchonidine in acetonitrile,
170 gmole/l) was added to an equal volume of patient plasma or plasma stan-
dard (20—200 ul) and vortexed at high speed for 30 scc. After standing at room
temperature for 15 min the mixture was centrifuged and 19 gl of the super-
natant injected into the high-performance liquid chromatograph using a 10-ul
injector loop.

The chromatograph used was a Spectra-Physics Model SP8000 equipped with
a ternary solvent system, heliuimn degassing and automatic data reductiocn facili-
ties. A 10-yum alkyl pheny! reversed-phase column (uBondapak/Phenyl from
Waters Assoc., Milford, Mass., U.S.A.) was used at 2 column temperature of
50°. The mokbile phase was a mixzture of 1.5 mM agueous phosphoric acid and
acetonitrile (90 : 10) at a flow-rate of 2 ml/min and all solvent lines from the
column to the detector were carefully thermally insulated. The effluent was
monitored using a fluorescence detector (Schoeffel Model 970) at an excitation
wavelength of 320 nm with an emission cut-off filter allowing 90% transmission
at 418 nm. The fluorimeter sensitivity setting was 3.5, range 0.4 pA full-scale
and time constant 5.0 sec. On completion of an assay run, the column was
automatically washed with water for 30 min at a flow-rate of 2 ml/min, fol-
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lowed by a 5-h acetonitrile wash at a flow-rate of 0.2 ml/min.

“The levels of quinidine and 3-hydroxyquinidine in unkowns were determined
from plotted standard curves. Dihydroquinidine had identical fluorescence to
guinidine and was determined using the guinidine standard curve. For compar-
ison with the published precipitation fluorescence method [2], other fluores-
cent quinidine metabolites eluted were assumed to have fluorescence equivalent
to quinidine and quantitated as such. This provided a guinidine plus metab-
olites level which included 3-hydroxyquinidine and dihydroquinidine.

Gas—iiquid chromatographic assay

500 ul of the internal standard solution (cinchonidine 68 pgmole/l) was
added to 1 ml of patient plasma and plasma standards; 2 ml of 0.2 N agueous
sodium hydroxide were added followed by 5 ml of chloroform and the mixture
was shaken for 10 min at 100 r_p.m. After separation of the phases by centrifu-
gation the agueous layer was removed by vacuum aspiration and the organic
layer transferred to a conical centrifuge tube. The solvent was evaporated under
a flow of nitrogen at 45° and the residue reconstituted in 100 gl of methanol.
A 2-ul aliquot of the methanol solution was injected into the gas chromato-
graph (Packard Model 419) equipped with 2 1 m X Z mm I.D. column contain-
ing 3% OV-17 on Gaschrom Q (Supelco, Bellefonte, Pa., U.S.A.). Injector, col-
umn and detector temperatures were 280°, 270° and 300°, respectively. An
alkali-flame detector (Packard Model 713) was used with the following flow-
rates: nitrogen, 30 mi/min; hydrogen, 40 ml/min; air, 260 ml/min. Peak area
raties of quinidine to the internal standard were determined using an integrator
(Spectra-Physics, Autolab System IVB).

Spectrefluorometric assay

The method of Bredie and Udenfriend was used [2) with 0.1 ml of plasma.
Plasma proteins were precipitated with a solution of metaphosphoric acid and
the fluorescence of the supernatant determined using an Aminco-Bowman
Ratio Photometer Spectrofluorimeter. The excitation wavelength used was
320 nm and emission monitored at 418 nm. Quantification was performed by
comparison of the relative fluorescence with that of plasma standards contain-
ing added amounts of quinidine.

Reproducibility and recovery

The intra-assay reproducibility for the HPLC method was determined by as-
saying five plasma samples containing added amounts of quinidine and 3-hy-
droxyquinidine (2.5, 5.0, 10 and 20 pmole/l) at each concentration. The inter-
assay reproducibility was determined by assaying a previously prepared plasma
sample containing guinidine (10 pmole/l1) and 3-hydroxyquinidine (5 gmole 1)
in each daily run (20 deferminations). The intra-assay reproducibility of the
GLC method was deiermined by assaying five plasma samples containing added
quinidine (20 umole/l). The recovery of the two methods was determined by
injecting known amounts of quinidine and 3-hydroxyquinidine into the
chromatograph and comparing the peak areas with those obtained for an ex-
tracted plasma standaru.
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Compaerison of HPLC and GLC assays
Eighteen plasma samples taken from patients on oral quinidine were assayed
for quinidine by both the HPLC and GLC assay methods.

Comparison of HPLC and precipitation—fluorescence assays

Twenty patient plasma samples were assayed by HPLC and by the precipita-
tion method. Two scattergrams were piotted: (1) the HPLC quinidine level
against the quinidine level obtained by the precipitation method; (2) quinidine
plus metabolite levels determined by assuming that unknown metabolite peaks
had fluorescence equivalent to quinidine, that is, quinidine + 3-hydroxyquini-
dine + dihydroquinidine + unknown metabolites plotted against the quinidine
level obtained by the precipitation method.

RESULTS AND DISCCUSION

The HPLC assay for quinidine, 3-hydroxyquinidine and dihydroquinidine
was sensitive and selective and sufficiently rapid for use in emergency situa-
tions. Preparation time for standards and patient samples was approximately
20—30 min and the chromatcgraphic run time 18 min for each sample. If re-
quired, as little as 20 ul of plasma could be used for the assay and by injecting
10 pl of the resuitant supernatant levels of 50 and 25 nmole/l (16 and 8.5 ng/
ml) of quinidine and 3-hydroxyauinidine were defectable at peak height twice
noise. The sensitivity could be enhanced by injecting a larger volume onto the
column. Improved peak resolution and reproducibility of retention times was
obtained using a column oven temperature of 50° rather than ambient tempera-
ture. By washing the column carefully with water and acetonitrile after each as-
say run several hundred injections have been made without any noticeable loss
in performance.

Dihydroquinidine had fluorescence equivalent to quinidine and the ratio of
the fluorescence intensity of 3-hydroxyquinidine to quinidine was 1.1. The
internal standard, cinchonidine, had considerably less intense fluorescence at
the excitation wavelength used for the assay (320 nm), hence a relatively high
concentration was required to obtain a peak of suitable area. Under these con-
ditions the traces of quinidine in the commercial preparation became an inter-
ference and the material required recrystallization four times before use.

Attempts to obtain samples of the metabolites from all sources was unsuc-
cessful. However, a simplified thin-layer chromatographic procedure for the iso-
lation of 3-hydroxyquinidine from human urine in sufficient quantities for the
preparation of plasma standards was developed. The isolated material had a
melting point and mass spectrum identical with those published for 3-hydroxy-
quinidine. Since there were no extraction losses in the HPLC assay method re-
ported (linear recovery of 100% over the concentration 2.5—20 gmole/l), it is
valid to use the fluorescence ratio of 1.1 (3-hydroxyquinidine:quinidine) to
estimate plasma levels of this metabolite.

The chromatograms obtained for the assay of blank plasma, a plasma stan-
dard containing 10 gmole/l (3.2 ugfml) of quinidine and 5 umole/1 (1.7 ug/ml)
of 3-hydroxyquinidine and a patient sample are shown in Fig. 1. Three im-
portant metabolite peaks were found in all patient samples, that is, peak 1
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Fig. 1. Chromatograms obtained for the HPLC quinidine assay of (a) blank plasma, (b) plas-
ma standard cortaining 10 gmole/l quinidine and 5.0 zmole/l 3-hydroxyqainidine and (c)
plisma from a patient on chronic oral quinidine therapy containing 0.6 zmole/l 3-hydroxy-
quinidine, 5.2 gpmole/l quinidine and 0.3 gmole/l dihydroquinidine. Deproteinated plasma
{13 ul) was injected cato column. Peaks: 1 = polar metabolites; 2 = 3-hydroxyquinidine; 8 =
incernal standard: (cinchonidine); 4 = unidentified metaholite; 5 = quinidine; 8 = dibhydroqui-
nidine.

(polar metabolites}, peak 2 which was assigned to 3-hydroxyquinidine on the
basis of the mass spectrum and melting point of the isolated metaboiite and
peak 4 which was tentatively assigned to the recently identified N-oxide metab-
olite [4}. Plasma levels of O-desmethylquinidine and 2’-oxoquinidine have been
reported to be very low [9] and their relative fluorescence intensity under the
ccnditions used presently has been reported to be only O and 15% of that
quinidine [10]. Hence these metabolites will not be detected in the present
mz2thod and both the major metabolites have been separated from quinidine
aliowing selective quantification of quinidine plasma levels.

The intra-assay coefficient of variation for the HPLC assay of quinidine and
3-aydroxyquinidine over the concentration range 2.5—20 umolefi was < 1% in
each case. Inter-assay coefficients of variation for quinidine (10 umole/l) and
3-hydroxyquinidine (5 pgmole/l} were 3.5% and 4.5%, respectively. No inter-
ference was observed from hydralazine and its metabolifes, and propranolol,
4-hydroxypropranolol, imipramine, desipramine, procainamide, N-acetylpro-
cainamide, disopyramide and tocainide in the assays for quinidine, dihydro-
quinidine and 3-hydroxyquinidine. However, N-dessopropylpropranolol and
quinine had retention times identical to that of quinidine.

Chromatograms obtained for the GLC assay of quinidine are shown in Fig. 2.
There was a greater detector response to dihydroquinidine than quinidine in
this assay. Excess internal standard was used to improve the precision of quan-
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{ Fig. 2. Chromatagrams aobtzained for the GLC quinidine assay of {(a) blank plasma, (b) plasma

" stendard containing 20 umolefl quinidine and (c) plasma from a patient on chronic oral quin-
idine therepy. Peaks: 1 = dihydroquinidine; 2 = quinidine; 3 = dithydrocinchonidine; peak
4 = internal standard (cinchonidine). Peak areas were determined by integration.

titation. The GLC assay possessed a high degree of precision with an intra-assay
coefficient of variation of 3.6% al a quinidine plasma concentration of 20
umole/l. Recovery was 92% over the concenfration range 5—20 ymole/l. Ex-
cellent correlation (2 = 0.96) was found between the HPLC and GLC assay
(Fig. 3). The retention times of other drugs injected into the chromatograph
are indicated in Table I. Since the HPLC and GLC methods rely on inde-
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Fig. 3. Comparison of HPLC and GLC assays for plasma quinidine (m = slope, a2 = intercept).
Samples were taken from patiepts an chronic oral quinidine therapy.
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' TAB“EI

- RETENTION TIMES FOR GLC ASSAY OF QUINIDINE
Compnound - Retention time (sec)
Quinidine 368
Dihgdroquinidine 444
Cinchonidine ) 222
Dizopyramide - 274
Pracainamide 79
N-Acetylprocainamide 227

pendent means of extraction, chromatography and detection, this correlation is
supportive evidence of their specificity for quinidine. The disadvantages of the
GILC assay were that it did not provide an estimate of the 3-hydroxyquinidine
level and required a considerably longer sample preparation fime. =

As expected, there was good correlation (©* = 0.98) between the quinidine
phis metabolites level determined by the HPLC method and quinidine plus
metabolites level determined by the precipiiation method (Fig. 4). However,
the correlations between the quinidine level measured by HPLC and quinidine
plus metabolites level (HPLC) (& = 0.81) (Fig. 5) and between quinidine
{HPLC) and quinidine plus metabolites measured by the precipitation method
(r* = 0.78) (Fig. 6) were relatively poor. This is consistent with published work
{11, 12} and supports the observation thzf quinidine levels measured by the
precipitation method contain a variable and significant contribufion from polar
me: taboht&s which may be pharmacolomca.lly inactive.
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Fig. 4. Comparison of quinidine plus metabolites level deterrmned by HPLC and levels deter-
mined by precnpltatlon—ﬂuo:eccenee assay for the same- p!asma samples (m = s!ope, as
intersept). : S - o
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Fig. 6. Compan‘sén of HPLC and precipitation—fluorescence assay methods for plasma quin-
idine (m = slope, a = intercept). Samples were taken from patients on chronic oral quini-
dine therapy. - : )
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TABLE 11

QUINIDINE, 3-HYDROXYQUINI‘DINE DH—IYDRGQU!NEDINE AND QUENIDINE PLUS
FLUQRESCENT METABOLITE LEVELS" (nmo;ell) IN PLASMA SAMPLES FR.OB& PA—
TIENTS ON ORAL THERAPY

Quinidine 3~Hydmxyqu1mdme Dihyqummdme Quinidine + metabohtes*
74 . . 1.5 0.3 108 ' s
114 24 D4 ' 16.1
22.2 38 10 29.4
30.6 5.2 1.2 : 420
5.8 1.4 04 10.7.
15.2 2.5 0.7 21.5
2.2 0.5 01 - - 33
9.7 0.6 0.2 ’ 119
100 1.7 2 13.3
102 1.7 0.3 13.6
126 19 05 19.2
3.3 0.6 01 4.6
6.8 0.5 0.2 8.3
16.6 19 - 06 22.5
80 03 03 9.4
4.6 1.5 0.2 - 99
180 286 0.7 24.3
6.0 ' 2.7 : 03 148
0.6 0.5 < 01 - 34
6.6 09 0.2 8.6
Mean:
104 1.72 .40 149
(3.35 ugfml) (0.58 pg/ml) (0.13 pg/ml)

*Quinidine + 3-hydroxyquinidine + dihydroquinidine + other metaholites assumed to have
identica® fluorescence to quinidine. ;

The levels of quinidine, 3-hydroxyquinidine, dihydroquinidine and quinidine
plus metabolites obtained for the HPLC assay of plasma samples drawn from
different patients on varying oral quinidine therapy and not necessarily at
steady-state are shown in Table II. The levels of 3-hydroxyquinidine and dihy-
droquinidine found in this mixed patient population showed similar variations
to those published {3, 4, 9]. Peak 1 accounted for the ma]onty of the addi-
tionai metabolites indicated in the last column of Table II.
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