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Recent studies have indicated that some metabolites of probenecid possess
uricosuric activity!. Studies of the metabolic fate of the drug in humans have thus far
been conducted using *C-labelled probenecid®—. Specific assays for non-radioactive
probenecid in biological fluids have been reported but none permits measurcment
of metabolitesS9. Separation of the methyl esters of probenecid and its metabolites
bv GLC on 3% OV-17 has been reported®®, but our recent attempts to develop a
qusatitative procedure using this liquid phase gave insufficient separation of the
methy! esters of the drug metabolites from impurities present in extracts of biological
material. A satisfactory resolution of both metabolites and impurities was obtained by
chromatography of the propy! esters on 10 %, OV-1 as described in this paper. Briefly,
the method invoives direct extraction of the free acids from acidified urine by methy-
len= dichloride or acid hydrolysis of conjugated metabolites prior to extraction, ad-
dition of N,N-dibenzyl-(2.3-dimethylbenzenesulfonamide) as an internal standard,
followed by gas chromatography using flame ionization detection.

EXPERIMENTAL

Apgparatius

A Perkin-Elmer Mk II gas chromatograph fitted with a flame ionization de-
tecior znd a stainless-steel column (0.125 in. O.D. x 6 f1.) packed with 10%; OV-i
on 80-100 mesh Chromosorb W-HP was used. Operating conditions were: column
temperature, 230°; injection port temperature. 280°: nitrogen carrier-gas flow-rate,
23 mi/min.; ard sensitivity 2.5- 107! A full scale. Opiimum column performance was
mainiained by occasional injection of approximately 40-ui aliquots of Silyl-8 (Pierce
Chemical Co., Raockford, Iil., U.S.A.)\.

Tompounds
Probenscid was supplied by Merck, Sharp and Dohme (West Point, Pa.,
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U.S.A.). Metabolites were synthesized as reported eisew here'®!!, Structures of the
metabolites are given in Table I. -

. N,N—Dxpenzyl-(l5-dimetbylbenzenesulfonamide) was the maost suitable of a
series of substitured _beuzenesulfonamides tested for use as an internal standard. It
was prepared by adding 2,5-dimethylbenzenesulfony! chloride to two molecular equi-
valents of dibenzylamine dissolved in pyridine. After 30 min at room temperature
excess I N hydrochloric acid was added and the precipitated sulfonamide was Eemovec;
by filtration, washed with water and crysrallizad from 95 S¢ethanol. Its purity was veri-
fied by observation of c¢nly a single symmetrical pcak when subjected to gas chro-
matography under the conditions utilized for the assay. )

N-Propylnitroguanidine was preparad and converted to N-nitroso-MN-propyl-
N-nitroguanidine (m.p. 116°)'>Y which was used without further puriiication to
prepare diazopropane.

Diazopropane was prepared by adding dropwise a solution of 0.9 gof N-nitroso-
N-propyl-N-nitroguaridiae in [5 ml of diethyl ether to a 50 ml distilling flask contain-
ing 5 ml of 507 potassium hydroxide heated at 65° in a water-bath and collecting
the distillate in a receiving vessel cocled in ice. When addition of the nitrosoguanidine
solution was complete, 10 ml of diethyl ether were added to the distilling flask and
distilfed to complete the transfer of diazopropane. The distillate contains approxim-
ately 0.15 mmoles diazopropane per milliliter of ether. Solvents and other chemicals
used were reagent grade.

Calibration plots

Quantities of probenecid and its metabolites, ranging from 235 to 700 ug, were
obtained by transferring 25-700-1l aliquots of methanol soluiions containing I mg/ml
of the compounds to small vials and evaporating them to dryness at 50° under a stream
of air. Two ml of an ethereal solution containing about 0.3 mmoles of diazopropane
was added to the residue. The vials were capped and allowed to stand overnight. after
which excess diazopropane and ether were removed under a stream of air at 50°. A
340-ug quantity of internal standard was introduvced by adding 200 ui of a solution,
prepared by dissolving 17 mg of N.N-dibznzyl-(2.5-dimethylbenzenesulfonamide) in
10 m! of methanol, and removing the solvent in an air siream at 30°; The residuc was
dissolved in approximately 2 ml of methylene dichloride and approximately I ul was
‘ntroduced into the gas chromatograph. Injections were made with a 10-gl syringe.
which was first loaded with [ gl of diethy| ether adjacent to the plunger and szparated
rom the slug of sample by about 2 gl of air.

Only a single peak was observed for each compound. Plots of amount ratio
amount of sample/amount of internal standard} versis peak height ratio (height of
ample peak/height of internal standard peak) were linear over the range studied fox-'
il compounds except the primary alcohol metzbolite. Some tailing was observ_ea
or this compound but a linear plot was obtained by using thecorresponding area ratios

s determined by a planimeter.

Ixtraction of biological samples L _

Unconjugated merabolites. A 2-ml aliquot of human urine in a2 5¢-mli cenan‘uge
ube with a PTEFE-lined screw cap was acidified with 2 mif of 5 ¥ hydrc;chlonc acid
.nd mechanically shaken with 20 mi of methylene dichloride for 30 min. The tube
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was centrifuged at 170 g for 20 min and the aqueous layer removed by aspiration.
A 10-mf aliquot of the methylene dichloride phase was evaporated tc dryness in a
small vial under an air stream at 30°. The residue was esterified with diazopropa.ne
internal staadard was added. and chromatography conducted as described for cali-
bration plots.

When the instrument response to metabolite peaks was greater than £ull scale
and could not be accommodated by a slight change in instrument attenuation, the
fina!l volume of methylene dichloride was increased appropriately and an additional
quantity of internal standard solution was added to maintain the concentration of
internal standard at approximately 170 ug/ml.

When the instrument response fefl below about 105, of scale, a second urine
samplz was srocessed but a smaller quantity of internal standard {typically 34 ig in
20 ul of methanol) was introduced. The residue after esterificaticn was then taken up
in 2 smalle: volume of methylene dichioride (0.2 m! for 34 ug of internal standard},
so as to inaintain the concentration of internal standard at about 170 gg/ml.

Ceniugated metabolites. After addition of the 5 & hydrochleric acid as describ-
ed above, conjugated metabolites were hydrolyzed by heating the samples at [G0°
for 4 h. Extraction and assay of the hydrolyzed samples as described above provided
a measurement of conjugated plus uaoconjugated metabolites. Conjugated meiabolites
were then determinad by difference.

Recovery experiments

Aliguots of scolutions of probenecid and its metabolites in 0.1 N sodium hy-
droxide were added tc samples of urine which were then assayed before and after acid
hydrolysis of the samples in order to measure the recovery of the cecmpounds as welil
as their stability under the hvdrolytic conditions.

RESULTS AND DISCUSSION

The structures of probenecid and its metabolites and the retention times of
their propyi esters ca 109 OV-1 are summarized in Table [. A typical chromatogram
of the propy! esters of metzbolites found in human urine is shown in Fig. [. Only
iraces of the primary alcokol metabolite are found in human urine.

A summary of the constants for straight lines fitted to calibhr==izn plots by least-
square regression analysis are given in Table Ii. Calibration piots based on peak
height ratios were linear for all compounds except the primary alcoboi. Better linearity
was obtained using area ratios for the primary alcohol, which exhibits some tailing.
In .:ach instarce, the line intercepts within a negligible distance of the origin and the
correlation coefficient is essentially unity.

Recoveries of probenecid and its mono-N-propyl, carboxy and secondary
alcohol metabolites from human urine are very satisfacrory over the range of 10 tc
#0G peg per 2 ml of urine (Tabie I1). The recovery of the primary alcohol from humar
urine was not ¢xamined because it is not excreted in significant amounts by humans
[ts recovery from rat urine, in which appreciable amounts are found, is essentially
quantitative.

Statistical am!yszs of the data in Table I{ by a one-way analysis of varianc
for unequa!l group sizes (F-test) indicated that the observed recov ery was independens
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TARLE L

STRUCTURES FOR THE INTERNAL STANDARD AND METAROLITES OF PROBENECID
AND RETENTION TIMES ON 109 OV-l FOR THE INTERNAL STANDARD AND PROPYL
ESTERS OF PROBENECID AND THE METABOLITES

sen L
For GLC condiuons. see text. Structure: i R
=3
s
.:f_:
Abbreriation Structure T T T tion
— time (nelie)
Probenecid R:, R: = CiH:; Ry, Rs = H: R = COO_E_T-- T T “E: ‘‘‘‘‘‘
1° Alcohol R; = C:H:; R; = CH.CH,CH.,OH; R;,R: = H: R. = COOH 8.0
2% Alcohol R, = C;H-: R. = CH.CHOHCH;: R;, R: = H; R; == COOH 5.7
Carboxy Ry = GiHz; Ry = CH:.CH.COOH: Rs. Ry = H; R. = COOH  1L.1
Mono-N-propyl R; = GH-; R;, R;. R = H; R, = COOH 31
Iaternal standard Ri, R; = CH+CsHs: R-.Re = CH;: R, = H 128

of the quantity of metabolite extracted over the range of concentration tested (£ >
0.05} and also that the recoveries remain unchanged afier acid treatment (/-test}.
Since there were no statistically significant differences in recoveries resulting from
hydrolytic treatment or from the quantity extracted, an estimate of the overall vari-
ation of the analytical technique was obtained by pooling all recoveries for each me-

tabolite (29 individual samples). These values, which range from 3.6 to 6.5°%;. are
summarized in the last line of Table IIL.
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: ~ont ] esta £ pr i stabolites excreted in human
2. L. A typisal chromatogram of the prop:l esters of probenecid meta f
i e iy 1 P = secendary alcohol mewabolite; D =

. ine: A = mono-N-propyl metabolite: B = probenecid: C = a2 0 D -
. whoxyiic acid metabolite: E = internal standard. N,N-dibenzy 1-¢2,5-dimeths Ibenzengsulfonamides.
Y9, GV-I column atr 2507, nitrogen carrier £2s 23 mi min.
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TAEBLEII

REGRESSIGN {m) AND CORRELATION () COEFFICIENTS AND Y INTERCEPT () FOR
CALIBRATION PLOTS OF AMOUNT RATIC (¥) FERSUS PEAK -HEIGHT RATIO (X)
FOR PROPYL ESTERS OF PROBENECID AND ITS METABGLITES )

Y=mX + b

Comipourd m b r

Brobenecid G.35 003 1.CGC
1° Alcohel™ 2.84 004 0.997
27 Alcohot Q.79 (.01 1.0
Carboxy 141 6.02 1.000

Mono-N-propvl 045 0.05 0998

" Coefiicicnts for peak area ratios.

TABLE [IL

RECOVERY (%4} CF PROBENECID AND ITS METABGOLITES FROM 2 mi HUMAN URINE
Maeazan of tv.o ar thres determinations: E, scluticn not heated: H. acidified sofution heated for 4 h
at 10G°,

ug added  Prokeneceid AMono-N-propyl Carbox; 22 Alzohol £° dlcohol”
E 24 E H°H E H E 74 E H
10 97.0 — 78.8 — 75.7 — 948 —
25 8973 — 823 — 26.3 — 958 —
3G L5 98.1 83.c 84.8 87.6 844 822 866
G0 7.8 14 §£.8 86.5 8§7.9 88.1 93.5 98.0 9a.5 102
260 i00.7 999 2.1 85.9 §2.3 837 021 943
300 - 106 981 82.5 78.7 849 T8¢ 87.0 940
400G 98.&8 — 85.3 — 88.2 — 89
Mezn 98.1 991 821 845 85.1 8§43 83.1 96.1
Pooled 984 L 36 8§31 =45 248 148 94.1 =65
mean -
S.Ix.

© Determined using rat urine: only tracss of this metabolite are found in human urine.

Essentialiy the same recoveries of metabolites have been obtained in analyses
of rat bile and rat urine.

This procedure has been utilized in a study of the disposition of probenecid
in man. which will be published separately™. The method is capable of monitoring
concentrations of the drug and its metabolites in urine for at least three days after
oral ingestion of an oral dose of 0.5 g of probenecid.
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