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Abstract O A specific and sensitive liquid chromatographic method is
reported for the assay of sulfinpyrazone in plasma utilizing ion pairing
between the tetrabutylammonium cation and the sulfinpyrazone anion.
The method is rapid in that conventional extraction procedures are
avoided in favor of using disposable cartridges packed with an octade-
cylsilane bonded phase as a means of separating the drug from plasma.
The samples were chromatographed on a Cig reversed-phase column
using a mobile phase consisting of 0.005 M tetrabutylammonium phos-
phate in methanol-water (56:44). The coefficient of variation obtained
was 4.5% and the response was linear over a range of 0.2-80 ug/ml.

Keyphrases O High-performance liquid chromatography—paired ion,
assay for sulfinpyrazone in plasma O Sulfinpyrazone—paired-ion
high-performance liquid chromatographic assay in plasma

Sulfinyprazone has been used as a uricosuric agent for
over 20 years. Recently, new interest in this drug has been
generated by reports indicating that it may protect pa-
tients from sudden death after myocardial infarction (1,
2).

Several methods have been reported in the literature
that can be used for the quantitative determination of
sulfinpyrazone in biological fluids. A spectrophotometric
method reported previously (3) involves a tedious double
extraction and lacks sensitivity, since it is based on UV
absorption. A high-performance liquid chromatographic
(HPLC) method was described (4) using radiolabeled
sulfinpyrazone as an internal standard which complicates
the routine application of this method. An HPLC method
using a microparticulate silica column also was published
(5). This method requires that the sample be injected 2 mm
inside the column, thus, making it necessary to periodically
refill that portion of the column with fresh silica. Another
method (6) involves a two-step extraction and lacks ade-
quate sensitivity.

It was considered desirable to develop a simple, rapid,
and sensitive method for sulfinpyrazone determination in
biological fluids. The reversed-phase HPLC method de-
scribed here is based on the formation of ion pairs between
sulfinpyrazone anions and tetrabutylammonium cations.
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The reported method has the advantage of not involving
any extraction step. The drug is isolated from plasma using
disposable cartridges filled with octadecylsilane bonded
phase packing (Cyg cartridgel).

EXPERIMENTAL

Materials—All reagents were analytical grade. All solutions were
prepared using glass distilled water.

The high-performance liquid chromatographic system included a
solvent pump? equipped with an injector3, a fixed wavelength UV de-
tector? set at 254 nm (Agne was 260 nm), a recorder®, and in inte-
gratorS.

The analytical column was 30 ¢m long with 4-mm i.d. It was packed
with octadecylsilane-bonded silica (particle size 10 um)”.

Mobile Phase—The mobile phase consisted of 0.005 M tetrabutyl-
ammonium phosphate® (I) in methanol-water {56:44). It was prepared
by adding sufficient glass-distilled water to a vial of I to make 440 ml. An
aliquot of 560 ml of absolute methanol was added, the solution was stirred
for 10 min, and the volume was adjusted to 1 liter with a 56% (v/v)
methanol-water solution, The solution was then filtered using a 0.5-um
pore, inert filter®. The mobile phase was deoxygenated using a vacuum
flask attached to a water aspirator. The flow rate of the mobile phase was
1 ml/min at ambient temperature.

Preparation of Standards—A stock solution of sulfinpyrazone!® was
prepared by dissolving 100 mg of the drug in 100 ml of 50% (v/v) metha-
nol-water. Solutions of varying concentration were prepared by serial
dilutions of the stock solution in 50% (v/v) methanol-water. The plasma
samples for use in the preparation of calibration curves were prepared
by adding 200 ul of the appropriate drug solution to 1.8 ml of rat plasma
in a 15-ml conical centrifuge tube. The plasma samples were mixed by
agitating for 30 sec on a vortex-type mixer!l, and a 1.0-ml aliquot was
taken for analysis.

1C,5 Sep-pak, Waters Associates, Milford, Mass.

2 Model 6000 A, Waters Associates, Milford, Mass.

3 Model U6K, Waters Associates, Milford, Mass.

4 Model 440, Waters Associates, Milford, Mass.

5 Qmniscribe, Houston Instruments, Austin, Tex.

6 Shimadzu Chromatopac-E1A, Shimadzu Seisakusho Ltd., Kyoto, Japan.
7 Bondapak C,s, Waters Associates, Milford, Mass.

8 PIC Reagent-A, Waters Associates, Milford, Mass.

9 Type FH, Millipore Corp., Bedford, Mass.
10 Ciba-Geigy Corp., Summit, N.J.
1 Maxi Mix Mixer, No. M-16715, Thermolyne Corp., Dubugque, Iowa.
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Sample Preparation—Sulfinpyrazone was isolated from plasma using
disposable C,g cartridges. Plasma samples (1.0 ml) with concentrations
ranging from 0.2 to 80 ug/ml were used. The cartridges were conditioned
by initially passing 3 ml of absolute methanol and 3 ml of a 0.01 M
aqueous (I) solution through the cartridge. All solvents and solutions were
introduced into the cartridge using disposable 5-ml hypodermic syringes.
An equal volume of 0.02 M I in 50% (v/v) methanol-water was added to
the plasma samples, which were then agitated for 30 sec. Each plasma
sample was then passed quantitatively through a cartridge, and the eluate
was discarded. The cartridges were washed with 1 ml of a solution con-
taining 0.01 M I in methanol-acetonitrile-water (15:15:70). The drug
retained on the cartridge was then eluted with 1 ml of absolute methanol.
A new cartridge was used for each sample.

Assay—A 20-ul aliquot of the methanol from the last step in the pre-
vious section was precisely measured and injected into the chromatograph
using a microliter syringe!2,

Reproducibility Study—To study the reproducibility of the proce-
dure, 0.6 ml of a 100-ug/ml solution of sulfinpyrazone was added to 5.4
ml of rat plasma to produce a drug dilution containing 10 ug/ml. Five 1-ml
aliquots of this solution were then processed using the procedure de-
scribed above.

Retention Time and Peak Height Correlation Study—The peak
height values obtained from 1-ug/ml plasma samples were used to in-
vestigate the correlation between peak heights and retention times. The
peak height and retention time values generated during the development
and optimization of the assay procedure were used. The latter involved
changes in the methanol-water ratio, pH, and concentration of L.

RESULTS AND DISCUSSION

Utilizing disposable Cyg cartridges adds great flexibility to any assay
procedure. It must be kept in mind, however, that these cartridges are
in essence miniature reversed-phase columns and must be treated ac-
cordingly. In the cartridge-conditioning step, methanol was passed
through the cartridge as a cleaning solvent, but it served the dual purpose
of also allowing drug diffusion from the serum to the packing material
itself. An aqueous solution of I was used to condition the cartridge with
the ion-pairing reagent. The tetrabutylammonium cations complex with
sulfinpyrazone anions; the ion pair then has a greater affinity for the C;g
packing material than the sulfinpyrazone anion. This increased affinity
allows the ion to be retained in the cartridge while the plasma water and
its polar constituents pass through the cartridge.

Not all interfering substances in plasma or other biological fluids will
be separated in the first step. Therefore, it is necessary to utilize a washing
step to rid the cartridge of additional plasma constituents. This step is
critical in that it represents a possible source of sample loss. An optimum
recovery of 80% of the sulfinpyrazone with minimal plasma extraneous
peaks was obtained by washing the cartridge with 1 ml of a solvent con-
sisting of 0.01 M I in methanol-acetonitrile-water (15:15:70). After this
washing step, sulfinpyrazone was eluted from the cartridge with 1 ml of
absolute methanol. The methanol from this last step was then chroma-
tographed.

The mobile phase used in this procedure also contained I. Sulfinpy-
razone is too strong an organic acid (pKa 2.8) to be maintained in an
undissociated state, as is desirable when using reversed-phase HPLC.
If a mobile phase with a neutral pH is used, sulfinpyrazone will be com-
pletely ionized, and its retention volume on the column will rarely exceed
the void volume. Therefore, it was advantageous to utilize a mobile phase
which contained the tetrabutylammonium cation that could ion pair with
sulfinpyrazone and increase its retention time. A typical chromatograph
of blank plasma and plasma containing 20 ug/ml of the drug are depicted
in Fig. 1. While the blank rat plasma contained a number of peaks which
could not be removed by the disposable cartridge, none of these peaks
had retention times that would interfere with sulfinpyrazone.

Calibration curves were prepared, and Table I summarizes the results
obtained after chromatographing samples from plasma with different
concentrations of sulfinpyrazone. Calibration curves could be prepared
using either peak heights or areas under the peaks. The data for the
10-ug/ml point represents the mean of five determinations using five
different cartridges. The coefficient of variation for this point was 4.5%.
The reproducibility between cartridges was satisfactory, and the coeffi-
cient of variation could be further improved by utilizing the same car-
tridge, which is possible by washing the cartridge with three or four 1-ml

12 Pressure-Lock Series B-110, Precision Sampling, Baton Rouge, La.
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Figure 1—Recorder tracings of representative chromatograms after

20-ul injections. Key: (A) plasma blank; (B) plasma spiked with sul-
finpyrazone (20 ug/ml). Peak I is sulfinpyrazone.
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aliquots of absolute methanol between samples. While in certain appli-
cations repeated use of a cartridge may not be desirable, it was found that
used cartridges stored in methanol gave reproducible results for several
separate assays. This feature greatly diminishes the cost of an assay.
Since the drug is retained on the C;5 cartridge as an ion pair, it is con-
ceivable that at high drug concentrations there could be insufficient
tetrabutylammonium cations to interact quantitatively with the sulfin-
pyrazone anions. This would result in a deviation from linearity at the
higher concentrations of a standard curve. This was found to be the case
if plasma concentrations >89 ug/ml were processed undiluted through
the procedure. The linearity, however, was good from 1 to 80 ug/ml re-
sulting in a correlation coefficient of 0.9992 when peak heights were used
and 0.9990 for peak areas. The sulfinpyrazone-tetrabutylammonium
complex appeared to be very sensitive to methanol concentrations in the

Table I—Values of Plasma Calibration Curve Points

Concentration, Peak Heighte, Peak Area?®,
pg/ml mm wV sec X 10—4
0.2 4.0 143
0.6 8.5 2.84
1.0 14.0 5.18
6.0 67.7 27.21
10.0 112.0 45.70
20.0 199.0 82.60
40.0 440.0 188.06
80.0 844.0 362.30

@ Peak heights are normalized for 0.05 aufs. ® Units of area are expressed as mi-
crovolts per sec.



Table II—Observed and Predicted Values of Slopes

Retention Time, min Observed Slope Predicted Slope
5.2 91.81 90.27
7.8 70.47 68.58
8.0 61.69 59.68

mobile phase, such that changes in retention times occurred with slight
changes in methanol concentration. Such changes in retention time would
influence the peak heights, thus, peak areas were found to be preferable
in the preparation of standard curves.

Peak heights can be used without constantly repeating standard curves,
if a correction is made for changes in peak height due to changes in re-
tention time. It is well established that an inverse relationship exists
between peak heights and retention time. Different retention times were
produced by varying pH, methanol concentration, and I concentration
to study this relationship. The flow rate of the mobile phase, however,
was always the same. There is a good correlation between the peak heights
and the reciprocal of the retention time (r = 0.9954), and it is independent
of the reason for the change in retention time. Because of the linearity
of the response, it should be possible to predict a slope for a new standard
curve from a single concentration point. This would preclude the necessity
of repeating an entire standard curve when the retention time of sulfin-
pyrazone changes, although a three-point standard curve would reinforce
that reliability. Slopes were predicted from peak heights obtained from
a 1-ug/ml drug solution run at different retention times. These values
are listed in Table II. Entire standard curves were then run at different
retention times and slopes were calculated by linear regression analysis.
The latter values are also listed in Table II. The maximum difference

between the observed and predicted values of the slope was 2.7%.

It is evident from the results that paired-ion reversed-phase HPLC
is a good method for assaying sulfinpyrazone in plasma. Using disposable
Cy3 cartridges further simplifies the analysis, since the entire separation
of drug from plasma can be accomplished in 2 min. This isolation method
also has the advantage of not requiring large volumes of expensive organic
solvents as do conventional extraction procedures. While the reported
calibration curve used 0.2 ug/ml as the lowest concentration, the sensi-
tivity could easily be increased by increasing the injection volume. This
sensitivity is adequate for pharmacokinetic studies or therapeutic drug
level monitoring.
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Abstract O The plasma protein binding of caffeine in young and elderly
males was evaluated using an ultrafiltration technique. In spite of a sig-
nificantly lower plasma albumin concentration in the elderly subjects
the observed percent bound (~35%) was essentially identical in both
subject groups. The binding of caffeine to human plasma albumin (4.5%
w/v) in vitro was also examined using ultracentrifugation and it was
observed to be bound to the extent of 37.8%. In both the plasma and al-
bumin binding studies the free fraction remained constant over the range
of concentrations examined. Although there was no apparent correlation
between the percent bound and the albumin concentration in the plasma
of either subject group the close agreement between the degree of binding
of caffeine to albumin and human plasma indicates that albumin is likely
the major plasma binding protein for caffeine.

Keyphrases O Caffeine—protein binding in young and elderly males,
ultrafiltration O Protein binding—caffeine in young and elderly males,
ultrafiltration O Ultrafiltration—protein binding of caffeine in young
and elderly males

It is well known that drug—protein interactions can in-
fluence drug pharmacokinetics (1). Since plasma albumin
concentration decreases and globulin concentration in-
creases with aging (2, 3), and because a great many drugs
are bound reversibly to plasma albumin, the potential
importance of age-related changes in protein binding is
clear. Of the relatively few studies that have examined the
effect of age on protein binding, significant reductions in
binding with aging have been reported for meperidine,
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phenylbutazone, phenytoin, and warfarin, while for phe-
nobarbital, benzylpenicillin, diazepam, desmethyldia-
zepam, salicylate and sulfadiazine, no alterations in the
extent of binding were observed (4). While some studies
of caffeine binding in vitro (5) and in vivo (6, 7) have been
reported, no specific examination of possible alterations
in its binding characteristics with aging has been made.
Since the pharmacological effect of caffeine is probably
best related to its unbound fraction (as is true for most
drugs), knowledge of any age-related binding differences
could prove valuable in helping to interpret the pharma-
cokinetics of this widely consumed agent, which has re-
ceived increased attention recently due to its possible role
in the treatment of premature apnea (8). The goal of this
study was, therefore, to compare the plasma protein
binding of caffeine in young and elderly subjects.

EXPERIMENTAL

Subject Selection—Ten healthy, young adult male volunteers ranging
in age from 18.8 to 30.0 years and eight healthy, active elderly male vol-
unteers aged 66.0-78.2 years were studied. All subjects were given a
physical examination, electrocardiogram, and the following laboratory
tests: plasma urea, electrolytes, creatinine, bilirubin, aspartate amino-
transferase, alkaline phosphatase, total protein, albumin, creatinine
clearance, and complete blood count. In addition, all subjects had a
normal health history and were not taking any medication at the time
of the study.
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