
514 

. 

Jou.rn& of Chromofogmphy. 183 (1980) 514-518 
Biomedical Applications 
Ekevier Scientific Publishing Company, Amsterdam -Printed in The Netberiands 

CEiROItiB10.629 

An integrated approach to measurements of quinidine and metaholites in 
bioIogicaI fIui& 

THEODOR W_ GUENTERTf**. ASHOK RAKHIT, ROBERT A. UPTON and SIDNEY 
RIEGELMXN- 

Department of Pharmacy. School of Pharmacy, Uniuersity of California Medical Center, 
San Fmncisco. CA 94143 (U.S_A.) 

(First received February lltb, 1980; revised manuscript received April 24th. 1980) 

Several procedures to quantitate quinidine in plasma by isocratic reversed- 
phase high-performance liquid chromatography (HPLC) have been described 
in the literature [l+] , but only a few of them allow simultaneous, separate 
quantitation of some of the known major metabolites [4-f5] - We recently 
reported a method for determination of quinidine and its metabolikes in urine 

by reversed-phase HPLC [‘i J _ This analytical technique has now been modified 
and expanded so that one procedure allows determination in plasma or urine 
of quinidine, dihydroquinidine and the met&oh& 3_hydroxyquinidine, an N- 
oxide of quinidine and 2’quinidinone. 

EXPERIMENTAL 

Materials 
The solvents used (acetonitrile and tetrahydrofuran, UV grade; ah others, 

analytical grade) were obtained from Burdick and Jackson Labs. (Muskegon, 
MI, U.S.A.) except dichloromethane and isopropanol, which were supplied by 
Malhnckrodt (St. Louis, MO, U.S.A.)_ 

Dihydroquinidine-free qumidine was prepared from commercially available 
quirridine (J-T. Baker, Phillipsburg, NJ, U.S.A.) according to the method de- 
scribed by Thron and Dirscherl [8] . The quinidine metabolites 2’quinidinone 
and 3hydroxyquinidine were kindly supplied by Dr. Irwin Carroil, Triangle 
Research Institute, Oclesmethylquinidine by Syva Labs. (Palo Alto, CA, 

*Present address: Pbzmazeutisches Institut, UniversitZt Easel, TokngZsslein 3, CH-4051 
Basel, Switzerland. 
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U.S.A.) and the N+xide V&ES prepared as described elsewhere [9]. Pronethalol 
was obtained from ICI: (Macclesfield, Great Britain). 

A Varian Model 8500 high-performance liquid chromatograph (Varian, PaJo 
Alto, CA, USA.) was used, equipped with either a Varian ultraviolet detector 
set at 230 nm or fluorescence detector (Schoeffel Instrument Corp., We&wood, 
NJ, U.S.A_), excitation at 245 nm, emission at 340 nm (cutoff filter) and an 
alkyl phenyl @ondapak column (particle size, 10 r.tm) of 30 cm X 3.9 nm.1.D. 
(Waters Assoc., Milford, MA, U.S.A.). The mobile phase was 0.05 M phosphate 
buffer pH 4_75acetonitrile-tetydrofuran (80:15:5, v/v) with a flow-~& 
of 1.5 mi/min. 

Procedure 
Plasma or urine (200 ~1) is mixed with 200 ~1 or 400 ~1 respectively of an 

aqueous solution containing 200 pg/ml of pronethalol (internal standard). A 
2001rl aliquot of 0.6 M borate buffer pH 9.0 is added foilowed by 10 ml of 
dichloromethane-isopropanol (4:L, v/v)_ After 1 min vortexing and centrifuga- 
tion for 5 min at 540-1200 g, the organic’ layer is transferred to a separate 
test-tube .and evaporated to dryness. The residue is reconstituted in 200 ~1 of 
eluent and a 50+1 aliquot injected onto the high-performance liquid chromato- 
graphy column. Detection was achieved using the fluoFcence..det.ector for 
plasma extracts and the ultraviolet detector for urine extracts. 

For low plasma levels of quit&line and metabolites the vohune of plasma 
taken- for assay and of buffer added can be increased Qom 200 ~1 to J-0 ml. 

RESULTS 

Fig. 1 shows a chromatogmm from a plasma sample spiked with quinidine 
and metabolites. The retention times of B’quini&none, 3-hydroxyquinidine, 
Odesmethylquinidine, pronethalol, quinidine, dihyequinidine and an N- 
oxide-of quinidine 193 are 5.7,8.8,10.7,12.P, 18.1,22.0 and 28.4 min respec- 

TABLE I 

PRECISION AND ACCURACY OF REVERSED-PETASE ASSAY OF SPIKED URINE SAMPLES 

Al-mlaliquotofurine~~astakenfora+ray. 

spikedconcn. Meanrredconcn. Precision Bias 
@g/ml) (cltz/mQ <C-V.. %) cm 

1 2 3 4 Mean 

Quinidine 0.570 0.565 0.557 0.567 0.596 0.571 3.0 +0.2 
380 3.80 3.61 4-09 3.59 3.77 6.1 4.8 

11.40 12.50 11.07 11.75 12.17 11.87 5.2 t4.1 

3-Hydroryquinidine 0.374 0.388 0.394 0.389 0.398 0.392 1.2 t4.s 
0.934 OQ21 0.942 0.938 0.902 0.926 2.0 -0.9 
2.24 2.31 2.27 223 2_29 2.28 1.5 Cl.8 

Quinidine-N~xide 0.337 0.339 0.337 0.303 0.345 0.331 5.7 -X.8 
0.984 1.03 1.03 1.01 0.991 1.02 1.8 c3.7 
1.69 1.71 1.61 1.62 1.64 1.65 2.7 -2.4 

2'-Quinidiaone 0.302 0.303 0.301 0.303 0.309 0.304 1.1 x-o.7 
0.503 0.494 0.511 0.497 0.489 0.498 1.9 -r*o 
1.21 1.20 1.18 I.?_7 1.19 1.19 1.1 -1.7 
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A-k 
Fig. 1. Chromatogram of plasma spiked with quinidine and metabolites. Peaks: 1,2’-quinid- 
inone; 2, 3-hydroxyquinidine; 3, Qdesmethylquinidine; 4, pronethalol (internal standard); 
5, quinidine; 6, dihydroquinidine; 7, N-oxide of quinidine. 

Fig. 2. Chromatogram of plasma sample from a patient after multiple doses of quinidine. 
Peaks: 2. 3hydroxyquinidine; 4, pronethaloi (interual standard); 5, quinidine; 6, dihydro- 
qbinidine; 7, Naxide of quinidine. 

tively. Fig. 2 shows a chromatogram of a piasma sampie from a cardiac patient 
after multiple doses of quimdine. No interfering endogenous compounds could 
be deLtited in the blank plasma taken before the start of quinidine therapy in 
this patient. Not ah metabolites are found in samples from each individual. 

Results from accuracy studies with urine samples spiked at three different 
concentration levels unknown to the analyst are shown in Table I, where the 
precision of the assay for each of the compounds is expressed as a coefficient 
of variation (C-V.) after repeated measurement (n = 4) of the sample. The 
precision and accuracy are simiiar to that reported before for this assay using 
a different internal standard. 

Plasma standard curves (Fig. 3) covering the concentration range of the 
samples to be analyzed were prepared by spiking blank plasma. They were 
Iinear for ah the compounds, the coefficients of variation for concentration- 
normalized peak height ratios being 3.4, 7.8, 2.9 and 2.7% for quinidine, 2’- 
quinidinone, 3hydroxyquinidine and the N-oxide respectively. Reproducibil- 
ity and bias specifications for the pIasma assay using fluorescence detection are 
given in Table II. 

When taking 1 ml of sample the limit of detection in the assay described is 
10 ng/mi for quinidine and 3hydroxyquinidine, 15 ng/ml for the Noxide and 
20 ng/mI for 2’quinidinone. The recently identified metaholite Odesmethyl- 
quinidine {lo] could be detected in spiked plasma at levels exceeding 200 ng/ 
ml_ 



517 

0 1260 1600 zoo0 2400 2800 
AaLRumNE 
.- 

I. , I , # I 
0 mOaO600 &JO la00 1200 1400 

oz'wIMo(NoM 
ON0XUX 

COMZNTRATlON (NG/Ml) 

Fig. 3. Standard curves for quinidine and rnetabolites in plasma. 

Quinidine 

Spikedconcn. Measuredconcn. Precision 

0uam <ng/=W <c-v. %I :g . 

1 2 3 4 Mean 

285 285 284 281 278 282 1.1 -11 
980 981 994 970 968 978 1.2 -0.2 
1960 1870 1883 1851 1847 1863 (i-9 -4.9 

1220 

93 94 
469 467 

1212 1218 

QuinkIine-Noxide 105 101 110 
295 284 290 
699 707 712 

2'4uinidinoae 74 73 74 
147 156 152 
189 186 194 

93 
459 

1201 

101 
280 
701 

71 
144 
191 

92 93 
462 464 

1156 1197 

0.9 

ki 
108 105 4.5 
301 289 3.2 
663 696 3.2 

76 74 2.8 
146 150 3.7 
186 189 2.1 

0.0 
i-l.3 
-1.9 

O-0 
-2.0 
-0-4 

0.0 
+-2-o 
0.0 

DESCUSSION 

The procedure described above enables assay of both urine and plasma sam- 
ples using the same extraction procedlrre and chromatographic system. Differ- 
ent detection methods are, however, required. Interfering endogenous com- 
pounds do not allow fluorescence detection of urine extracts tithout extensive 
work-up, but fortunately drug and metabolite levels in urine are high enough to 
be measured conveniently with ultraviolet detection. Plasma samples, in con- 
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traSt, are often available in only limited volume or may contain levels in only 
the lower nanogram range. Fluorescence detection, with its greater sensitivity, 
fan, however, be used for plasma e&rack 

Several charges had to be made to our previously reported method to ahow 
assag in both plasma and urine. The internal standard pronethalol has been 
adopted because it can be traced with botb ultraviolet and fluorescence deli- 
tars. To achieve better separation between the compounds the pH of the eluent 
was adjusted to 4.75. 

Adjustment of the plasma or urine pH to a value of 9 by addition of borate 
buffer is important to avoid the reduced extraction of Odesmethylquinidine at 
higher pH_ Below pH 9 polar endogenous compounds are extracted and inter- 
ferewitb theB'quinidinonepeak_ - 

The above modifications to the preexisting urine assay [7] thus allow anal- 
ysis of either plasma or urine with a coefficient of variation of less than 6%. No 
appreciable bias is introduced (Tables I and II). All known quinidine metab- 
elites can be separated (Fig. 1) and the assay is sufficiently sensitive for use in 
pharmacokinetic or clinical studies if quantitation of any of the metabolites 
other than Odesmethylquinidine is important_ 0-Desmethylq~uinidine appears 
in much lower concentration in plasma or urine than tbe other metabolites 
WI - 

The superiority of assay procedures, where metabolites are separated from 
parent drug, over still widely used fluorescence techniques has been previously 
discussed [ 5,7,X& 133 _ A lower but more accurate estimate of quinidine levels 
results. To gain frill advantage of these more accurate levels, reassessment of 
the therapeutic range of qumidine plasma concentrations is necessary_ 
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