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SUMMARY

A rapid, sensitive, and specific high-performance liquid chromatographic method is de-
scribed for the guantitative analysis of sulfinpyrazone and its sulfone and p-hydroxy metab-
olites in plasma and urine. The method uses two different procedures for sample prepara-
tion: (1) a rapid and convenient procedure using a single extraction with 1-chlorobutane and
subsequent back-extraction into sodium hydreoxide solution for the analysis of sulfinpyra-
zone and its sulfone metaholite, and (2) a more time consuming procedure using triple ex-
traction with ethylene dichloride, a buffer wash, and back extraction into the base for the
additional analysis of the p-hydroxy metahbolite. The lower limit of sensitivity for sulfin-
pyrazone is 50 ng/ml. Concentrations of sulfinpyrazone between 0.05 to 0.1 and 50 ug/ml
were measured with an average coeificient of variation of 3.9%, ranging from 1.5 to 6.1%

INTRODUCTION

Several methods have been reported for the analysis of the antiplatelet and
uricosuric agent sulfinpyrazone in biological fluids (Tabie I). The original spec-
trophotometric assay [1, 2] involves solvent extraction from acidified plasma
or urine with ethylene dichloride, a buffer wash, back extraction into socdium
hydroxide solution, and subsequent measurement of the ultraviolet absorbance
at 260 nm. This method has been found to suffer from both the lack of sensi-
tivity and specificity inherent in spectrophotometric assays [3].

Three high-performance liquid chromatographic (HPLC) methods and one
gas—liquid chromatographic (GLC) method have been described. Two HPLC
methods have obvious disadvantages, one using radiolabelled sulfinpyrazone as
an internal standard requiring the collection of the effluent solvent mixture and
subsequent liquid scintillation counting {4}, the other not having any internal

*To whom correspondence should be addressed.
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TABLE I

COMPARISON OF METHODS FOR ANALYSISOF SULFINPYRAZONE IN BIOLOGICAL
FLUIDS -

References Analytical Sample Semnsitivity = Reproducibility =~  Comments

method (ug/ml) {coefficient of
variation)

1,2,3 Spectro- Plasma, Noct given Not given Lacks specificity-

photometric urine and sensitivity

4 HPLC Serum 3 ug/ml Not given Uses radiolzbelled

s ) - internal standard-
5 HPLC .~ Plasma, 0.2 zg/ml  3.8% (replicates of No internal standard.
urine 0.2—80 zg/ml from Separate metabolites
plasma and urine)
6 HPLC Plasma, 2 ug/ml 4.3% (calibration Simple two-step
urine curves of 2—100 extractmn
ugf/ml! from plasma)

T GLC Plasma Not given Not given (correlation Several transfer or
coefficient 0.99 for extraction steps.
calibration curve) Derivatization.

Time consuming

This vaper HPLC Plasma, 0.05 ug/ml 3.9% (calibration Simple two-step

urine curves of 0.1—50 extraction (or triple
ug/sample from extraction). Measures
plasma and urine) simultanecusly sulfin-
pyrazone and metab-
alites

standard {5]. The third HPLC method uses warfarin as an intemal standard and
is simple and specific but lacks sensitivity [6]. These methods have used 1-chlo-
robutane [4, 6] or a mixture of 1-chlorobutane and ethylene dichloride [5] as
the extraction solvent, and an evaporation step [4], direct injection of the or-
ganic solvent [5], or back-extraction into sodium hydroxide solution [6]. The
absorbance has been measured at 254 nm [4, 5] or 275 nm [6]. The GLC
method is time consuming and involves several transfer or extraction steps, the
use of benzene as the extraction solvent, evaporstion, and derizatization before
chromatography [7].

Sulrumyrazone is both metabolized in the liver and excreted unchanged in
the urine. The metabolites are p-hydrozy-sulfinpyrazone, 4-hydroxy-sulfinpyra-
zone, a sulfone metabolite of suifinpyrazone, and glucuronides of sulfinpyra-
zone and the sulfone metabolite {8, 9]. Although one of the HPLC methaods
has demonstrated that the non-giucuronated metabolites are separated from
sulfinpyrazone [5], no attempt has been made to develop an HPLC assay
which measures sulfinpyrazone and its metabolites. This is an important con-
sideration, however, for clinical pharmacological studies on sulfinpyrazone,
since it has been suggested that its antiplatelet effect may involve a metabolite
[10]}. This paper describes a simple, specific, sensitive, and accurate HPLC
assay for the simultaneous analysis of sulfinpyrazone and two of its metabolites
in plasma and urine. _



EXPERMEN‘PAL

Reagents and matenalls .

Sulfinpyrazone - {1, 2-d.tphenyl—4—[Z(phenylsu}ﬁnyl)ethyl} -3,5-pyrazolidine-
dione) and .its metabolites, p-hydroxy-sulfinpyrazone {G 32642}, 4-hydroxy-
sulfinpyrazone (GP 52087), -and sulfone metabolite of sulfinnyrazone (G
31442), were a gift from Ciba-Geigy (Basle, Switzerland). The internal stan-
dard, clofibrinic acid {2-(4-chlorophenoxy)-2-methylpropionic acid}, was ob-
tained from Sigma (St. Louis, Mo., U.S.A.). The acetonitrile was of “‘distilled in
glass” quality and was purchased from Burdick & Jackson Labs. (Muskegon,
Mich., US.A.). All glassware used during sample preparation was silanized. The
silanizing agent, Prosil-28, was obtained from PCR Research Chemicals (Gaines-
ville, Fla., U.S.A.). All other solvents and reagents were of analytical grade.

Semple preparation

A schematic representation of the procedure for the analysis of sulfinpyra-
zone and its sulfone metabolite is shown in Fig. 1. Plasma (1 mi) or urine
(1 ml) is placed in a PTFE-lined screw-capped culture tube, and 60 gl of inter-

PLASMA , URINE

Add: interngal stgndard
nydrochloric acid
chlorobutane

Shake, centrifuge ., and freeze

AQUEOQUS PHASE ORGANIC PHASE

Discard Add: sodium hydroxide
Mix and centrifuge

SODIUM
HYDROXIDE
PHASE

Sample through chiorobutane
Inject

CHROMA—
- TOGRAPHY

Fig. 1. Flow diagram of the sample preparation for the HPLC analysis of sulﬁnpyrazone and
its sulfone metabolite.
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nal standard solution (containing 60 ug of clofibrinic acid), 2 ml of 1 N HC}
and 1 ml of l-chlorobutane are added. The samples are extracted by mixing
(usinz a Labquake automatic shaker) for 10 min, followed by centrifugation at
1000 g for 10 min to separate the agueous and organic phases. The lower aque-
“cus phase is frozen by immersing the tube in a dry ice—acetone bath, and the
organic phase is poured into another tube, which has an elongated cone (capac-
ity spproximately 100 zl). Then 200 gl of 0.1 N NaOH are added, and the
mixture is agitated in a Vortex mixzer for 30 see. Affer brief cenfrifugation,
100 pl of the agueous phase are sampled from the elongated cone and injected
into the chromatograph. When smaller volumes of plasma are used (0.1 and 0.5
ml), the same procedure is followed with two minor modifications, i.e., the
volume of 1 N HCI added is reduced such that it remains twice that of the plas-
ma sample, and the amount of internal stendard added is reduced to 40 ug for
0.5 ml sample and to 20 ug for 0.1 ml sample.

For the additional analysis of p-hydroxy-sulfinpyrazone, 1 ml of plasma or
urine is extracted three times with 1 ml of ethylene dichloride following the
addition of the intermal standard and hydrochloric acid solutions. The com-
bined organic phase is washed by mixing with 1 ml Mcllvaine’s citric acid—
phosphate buffer (citric acid 0.1 M, disodium phosphate 0.2 M; pH 5.0) for
5 min prior to back-extraction into the sodium hydroxide solution.

Chromatography
The high-performance liquid chromatograph consisted of a Waters Assoc.

(Milford, Mass., U.S.A.) Model 6000A high-pressure solvent delivery system
which was equipped with a Model UBK injector and fitted with a Waters
uBondapak C;, reversed-phase column (30 X 0.39 cm L.D.; particle size 10 um).
The absorbance was measured at 270 nm, with a 0.1 a.u.f.s. deflection, using a
Waters Model 450 variable-wavelength detector. The mobile phase was the same
as used in a recently published method [6], i.e., 0.1 M ammonium acetate in
acetonitrile—water (30:70), adjusted to pH 5.0 with acetic acid. The flow-rate
of the solvent mixture was 1 ml/min with a column input pressure of 55 atm
(800 p.s.i.). Chromatograms were recorded on a Linear Instruments (Irvine,
Calif., U.S.A.) Model 585 dual-pen recorder.

Calibration and accuracy

Calibration curves were constructed by adding known amounts of sulfinpyra-
zone and internal standard to contro! plasma or urine, and plotting the peak
height ratio of sulfinpyrazone to internal standard against the amount of sulfin-
pyrazone added. In order to calibrate the method and determine its accuracy
for each series of unknown samples, standards of 0.1, 0.5, 5, 10, 25, and 50 ug
of sulfinpyrazone (in 100 gl of distilled water) were added to the control sam-
ples, which were assayed concurrently with the unknown samples. The mean
normalized peak height ratios were used to calculate the amount of sulfinpyra-
zone in unknown samples, and the standard deviation of the normalized peak
height ratios was used to determine the accuracy of the method over the range
of sulfinpyrazone standards employed. The reproducibility cof the method was
also studied by submitting five replicate plasma samples containing 0.5, 5, 10,
25, and 50 pg of sulfinpyrazone to the entire procedure. Likewise, calibration
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curves were -constructed for the sulfone metabolite by adding standards of
0.05, 0.1, 0.5, 1.0, 2.5, and 5.0 ug to the same control samples. Replicate sam-
ples were also analyzed for the sulfone metabolifte at these same concentra-
tions. Calibration curves were also constructed for p-hydroxy-sulfinpyrazone
by adding standards of 0.05, 0.1, 0.5, 1.0, 2.5, and 5.0 ug to control samples
and using the ethylene dichloride extraction. The effect of sample size on the
method was investigated by consfructing additional calibration curves using 0.1
and 0.5 ml of plasma.

To estimate the recoveries for the method the peak heights of analyzed sam-
ples containing known amounts of suifinpyrazone, its metabolites, and the
internal standard were compared to the respective peak heights ebtained by in-
jecting equal amounts directly into the chromatograph.

Application of the method to measure plasma concentrations

A healthy male volunteer received a single oral dose of 200 mg of sulfinpyra-
zone (one capsule, Anturane®, Ciba-Geigy). Samples of venous blood were ccl-
lected at 0.25, 0.5,0.75,1,1.5, 2, 3, 4, 5, 6, 7, 8 and 24 h affer administration.
The blocod was collected in silanized culture tubes and anticoagulated with
heparin (10 units of sodium heparin per ml of blood). After centrifugation, the
plasma was transferred to glass vials and stored at —40° until analyzed.

RESULTS AND DISCUSSION

Since sulfinpyrazone is metabolized in the liver to three known metabolites,
i.e., sulfone, p-hydroxy, and 4-hydroxy metabolites (and glucuronated prod-
ucts of sulfinpyrazone and its sulfone metabolite) {8, 9], and a metabolite
may be involved in its antiplatelet effect {10], we were inferested in developing
an HPLC assay which would simultaneously measure sulfinpyrazone and its
metabolites in biological fluids for subsequent clinical pharmacological studies.
Preliminary experiments showed that sulfinpyrazone, and the sulfone and p-
hydroxy metabolites all had absorption peaks between 255 and 270 nm. The
4-hydroxy metabolite, however, does not appreciably absorb ultraviolet light in
this range. Since the latter is found in minimal concentrations in plasma, ac-
counts for only less than 1% of the eliminated drug in man, and is therefore
clearly the least important of the metabolites, its analysis was not pursued.

Although sulfinpyrazone has an absorption peak at 260 nm [1], the ab-
sorbance is measured at 270 nm in this method. This is because the internal
standard, clofibrinic acid, has an absorption peak at about 280 nm (its major
absorption peak, however, is at 226 nm). A compromise is therefore made be-
tween these two absorption peaks.

The reported methods for the quantitative analysis of sulfinpyrazone in bio-
logical fluids have used as the extraction solvent either ethylene dichloride |1,
2], 1-chlorobutane [4, 6], or a mixture of these two solvents {5], while one
methaod uses benzene [7]. Preliminary experiments demonstrated two signif-
icant differences between ethylene dichloride and 1-chlorobutane as extraction
solvents, ie., 1-chlorobutane does not appreciably extract p-hydroxy-sulfin-
pyrazone from acidified plasma while ethylene dichloride does, and ethylene
dichloride has to be washed with buffer befor~ subsequent back-extraction into
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the base, which l-chlorobutane does not, to eliminate interfering peaks. This
therefore resulted in the development of two different procedures for sample
preperation: (1) a rapid and convenient procedure using z single extraction
with l-chlorobutane and subsequent back-extraction into sodium hydroxide so-
lution for the analysis of sulfinpyrazone and its sulfone metabolite, and (2) a
more time consuming procedure using triple extraction with ethylene dichlo-
ride and a buffer wash, when it is also desired to determine the concentrations
of the p-hydroxy metabolite. The total recoveries of the three compounds
using the former procedure range between 50 and 65%, while the total recov-
eries of the four compounds using the latier procedure range between 70 and
80%. It should be noted that the injection of the small volume of base (ie.,
100 ul) onto the column did not result in premature delerioration of the
column.

Figs. 2 and 3 show chromatograms for blank plasma and plasma containing
added amounts of the four compounds of interest using the two different pro-
cecdures for sample preparation; Fig. 2 shows chromatograms following the
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Fig. 2. Chromatograms of (a) control plasina and (b) plasma containing added amounts of
(1) p-hydroxy-sulfinpyrazone, (2) the internal standard (clofibrinic acid), (3) sulfinpyrazone,
and (4) the sulfone metaholite of sulfinpyrazone following the sample preparation using the
- siugle extraction with l-chiorobuta.ne For visual clarity, only one tracing of the dual pen re-
cording is shown.

Fig. 3. Chromatograms of (a) control plasma and (5) plasma containing the same added com-

pounds and in the same amounts as in Fig. 2 following the sample p'epasatzon usmg the
triple extraction with ethyleae dichloride. . )
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single extraction with 1-chlorobufane, Fig. 3 shows chromatograms following
the triple extraction with ethylene dichloride and the buffer wash. Note the
markedly increased: recovery of p-hydroxy-sulfmpyrazone, as well as of the
other compounds on the latfer figure. -

. Estimates of accuracy for the method are shown in Table II. The average
normalized peak height ratio for sulfinpyrazone obtained  from calibration
curves from plasma (different volumes) and wrine had a mean coefficient of
variation of 3.9% for a total of 14 such calibration curves using different
volumes of plasma. This estimate of accuracy covers the entire range of the
assay procedure, from 50 ng to 50 pg of sulfinpyrazone per sample. Calibration
curves for the sulfone metabolite (=12} and the p-hydroxy metabolite (n=2)
from plasma and urine had mean cgefficients of variation of 5.9% and 7.1%, re-
spectively. These estimates for the metabolites cover the concenfration range of
0.05 or 0.1 to 5.0 ug/ml. Reproducibility studies on replicates of sulfinpyra-
zone and its sulfone metabolite provided similar estimates of accuracy of the
method (Table II). It should be noted that both procedures of sample prepara-
tion yield similar estimates of accuracy. As it may be necessary to use variable
volumes of plasma for sulfinpyrazone measurement, the effects of plasma
volume on the method (see Experimental) were examined as judged by the

TABLE II

ESTIMATES OF ACCURACY OF THE METHOD FOR DETERMINING SULFINPYRA-
ZONE AND TWO OF ITS METABOLITES IN BIOLOGICAL FLUIDS

Biological fluid Concentration range, Average mean Average caefficient

{volume) uglrml normalized peak of variation, %
height ratio (range)
(number of studies)

Sulfinpyrazone

Calibration curve data

Plasma (1.0 mli) 0.1—50 0.270 (7) 4.3 (1.5—6.1)

Plasma (0.5 ml) 0.1—50 0.174 (2) 3.9 (3.8—4.0)

Plasma (0.1 ml) 0.5—50 0.092 (2) 3.7 (3.4—4.0)

Plasma* (1.0 ml) . 0.1—50 - 0.250 (1) 1.9

Urine (1.0 ml) 0.1—50 0.221 (2) 3.3 (2.1—4.5)

Reproducibility at a given concentration

Plasma (1.0 ml) 0.5—50 0.265 (5) 3.8 (1.8—5.9)

Sulfone metabolite
Calibration curve data

Plasma (1.0 ml) 0.05—5.0 0.235 (7) 6.6 (5.1—9.4)
Plasma (0.5 ml) 0.05—5.0 0.152 (2) 5.3 (4.8—5.8)
Plasma® (1.0 ml) 0.1 50 €.160 (1) 4.8

Urine (1.0 ml) 0.05—5.0 6.181 (2) 4.8 (3.8—5.8)
Reproducibility at a given concentration

Plasma (1.0 ml) . 0.1—5.0 0.225 (5) 5.0 (1.2—7.2)
p-Hydroxysulfinpyrazone

Calibration curve data : .

Plasma* (1.0 ml) . 0.15.0 0.273 (2) 7.1 (5.6—8.6)

*U_'s_ihg the grégl_e _e_xt;gcﬁon _with_ ethyle:_z_e ._(_i_if:hwloﬁde and a buffer wash.
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peak height ratio,  which has to be cofrected for the different amounts of infer-
nal standard added, and the coefficient of variation; these estrmatec are mde—‘
pendent of the volume of plasma used between 0.1 and 1.0 mt.

Application of the method to the determination of sulﬁnpymzane and lts
sulfone metabaolite in plasma from a healthy male volunteer is demonstrated in
Fig. 4. It can be seen that the concentrations of the sulfone metabolite areap-
proximately one-tenth of those of sulfinpyrazone and that they appear to fall
parallel to those of the parent drug. It should be noted that no detectable con-
centrations of p-hydroxy-sulfinpyrazone were observed (fo!lowmg the tnple
extraction with ethylenn dmhlonde) '
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Fig. 4. Semi-logarithmic plot of plasma concentrations of sulfinpyrazone () and its sulfone
metabolite (2) in a healthy male subject after a single oral dose of 200 mg of sulfinpyrazone.

The method described here for the quantitative determination of sulfinpyra-
zone and its sulfone metabolite, using the single extraction with 1-chlorobu-
tane, is simple and rapid. By using the techniques described, 20—30 samples
can easily be assayed in a dayv. When it is also desired to determine the concen-
trations of p-hydroxy-sulfinpyrazone, the method using the triple extraction
with eihylene dichloride and the buffer wash is used. Such sample preparation,
although more time consuming, allows the simultaneous dete.rmmatlon of sul-
finpyrazone, and its sulfone and p-hydroxy metabolifes.
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