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sults with MT and nMT. The antifibromato- 
genic activity of 15 pg/day of nMT ap- 
proaches that of 255 pg/day of MT (Fig. 2 ) .  
With 11 &day of MT no antifibromatogenic 
action was obtained; 15 pg/day of nMT were 
sufficient to produce a very pronounced ac- 
tion, with a significant difference of 4.0 com- 
pared to 11 &day of MT. The antihystero- 
trophic activity of nMT, compared to that of 
MT, is even more remarkable; the small quan- 
tities of nMT used were more effective than 
the large quantity of MT. The antifibro- 
matogenic activity of nMT is about 10 times 
that of MT. 

Table I summarizes also the comparative 
results with the two A'-cpds. The antifibro- 
matogenic activity of the 2 cpds. decreases 
considerably in comparison to T and A (sig- 
nificant difference between h1-T and T: 2.7). 
A decrease of the antihysterotrophic activity 
also is very probable. 

Summary. The antifibromatogenic and an- 
tihysterotrophic activities of 19-nor-testo- 
sterone phenylpropionate and 1 9-nor-methyl- 
testosterone are 6 to 10 times greater than 
those of testosterone propionate and methyl- 
testosterone respectively. The activity of tes- 

tosterone is decreased by A1. No activity is 
obtained even with very considerable quanti- 
ties of Al-testosterone or Al-androstenedione. 
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Although the use of the tranquilizing agent 
2-methyl-2-n-propyl- 1,3-propanedioI dicarba- 
mate (meprobamate) has become widespread, 
relatively little is known about its physiologic 
disposition and metabolic fate. This report 
includes a specific method for determination 
of meprobamate in urine and the results of 
metabolic studies in vivo and in vitro. 

Methods. Estimation of Meprobamate. 
Meprobamate is isolated from biological ma- 
terial by extraction into ether a t  an alkaline 

* A preliminary report was presented at  Am. Chem. 
SOC., Miami, April, 1957. 

pH. After evaporation of the ether the 
amount of drug is determined spectrophoto- 
metrically a t  450 mp, a t  which wavelength the 
drug exhibits a pronounced peak when heated 
with sulfuric acid (Fig. 1). Procedure. To 
3 ml of urine in a 15 ml glass-stoppered cen- 
trifuge tube are added 0.2 ml 1 N sodium hy- 
droxide and 5 ml of ether.+ Shake 5 minutes 
and centrifuge the tube. Two ml of the ether 
phase are evaporated to dryness under a 
stream of air in a heavy-walled test tube, and 

t Ether was Mallinckrodt an'hydrous analytical re- 
agent . 
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FIG. 1. Absorption spoctriini of nicp~obuiiintc~ 
after livatiiig with sulfuric acid. 

1 ml of concentrated sulfuric acid is added. 
The tube is heated at  100°C 30 minutes. 
After the solution is cooled, 2 ml of water are 
cautiously added to intensify the color. The 
mixture is allowed to stand for 1 5  minutes 
and the optical densities are measured in a 
Beckman DC' spectrophotometer a t  450 and 
500 mp. Since the ether extraction results in 
the recovery of only 85 -+ 5% of the mepro- 
bamate, a standard solution containing 60 pg 
of meprobamate,/ml is run at  the same time 
as the unknown. The difference between the 
optical densities at  450 mp and 500 mp is 
used for meprobamate estimation in biological 
materials rather than the 450 mp absorption 
alone in order to eliminate the interference of 
non-specific absorption by naturally occurring 
substances. The linearity of the color reaction 
is shown in Fig. 2.  The sensitivity of the 

TABLE 1. Molar Extinction Coefficient of Mepro- 
bamate and Related Compounds. 

Compound E M *  
_ -  
. '-JIcth~l-2-n-p~op~l-1,3-propanediol di- 9.2 X lo' 

~-~lct l i~l-2-~i-propp1-l73-propane~iol  1.1 X 10't 

2-~~cth;vl-2-a-propyl-3-hydroxppropyl 5.0 X lo' 

carbaniate 

Jl~thpl-n-propyl nialoriic acid 0 

a-JTctlipl-a-n-propll hydracrylic acid 0 
~-Jlcthpl-a-n-propyl-p-carbarnoxy pro- 0 

c :I rba 111 :1 t e  

1)ioriic acid 

; 3Iol:Lr c~t inc t ion  coefficient based on differ- 
('IICC betwecin optical densities at 450 and 500 nip 
for 1 Clll path length. 

t This niatcrinl was not of high purity. 

method can be increased by using smaller 
amounts of sulfuric acid and water and read- 
ing the optical density in a 1 ml cuvette. AS 
little as 2 pg of meprobamate can be detected 
by this procedure. 

Results. Few compounds related to mepro- 
bamate reacted: with sulfuric acid (Table I). 
However, alcohols having 4 or more carbon 
atoms and no carboxyl groups showed the 450 
mp maximum when heated with sulfuric acid. 
For example, n-butyl and sec-butyl alcohols 
gave the reaction, but U, p, or y hydroxybuty- 
ric acid did not. 

Identification of meprobamate in urine. A 
test for meprobamate in the ether extract of 
urine of subjects who took the drug was posi- 
tive. To establish the identity of the urinary 
product as meprobamate, an aliquot of the 
dried ether extract was subjected to the tech- 
nic of comparative distribution ratios between 
a number of organic solvents and an equal 
volume of 0.1 N sodium hydroxide. It can 
be seen (Table 11) that the apparent mepro- 
bamate isolated from urine and measured 
spectrophotometrically after sulfuric acid 
treatment had the same distribution ratios as 
the authentic compound, and was therefore 
presumably the same. 

Urinary excretion. Four human subjects 
were each given a single dose of 1600 mg of 
meprobamate orally. Urine samples were 
collected from 0 to 24 hours and 24 to 48 

" 30 90 150 210 270 
MEPROBAMATE CONCENTRATION ( p  9) 

FIG. 2. Linearity of color developed in sulfuric 
acid reaction. 

SThe aut,hors are indebted to Dr. B.  Ludwig, 
Wallace Laboratories for samples of meprobamate 
and analogues. 
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TABLE 11. Distribution Ratios of Apparent and 
Authentic Memobamate. 

~~~ 

Apparent 
meprobamate 

Solvent meprobamate from urine 
Authentic isolated 

Ether .94 .88 
Ethylene dichloride .82 .79 
Benzene .56 .58 
n-Rep tane .31 .34 

hours and examined for free meprobamate 
(Table 111). It can be seen that meproba- 
mate is excreted relatively slowly for a t  least 
2 days following a single dose. About 12 to 
20% of the administered meprobamate was 
excreted unchanged in the urine. The cumu- 
lative urinary excretion in one of the subjects 
is shown in Fig. 3. 

Metabolites of meprobamate. Berger (1) 
reported an increase in urinary glucuronides 
following ingestion of meprobamate. In or- 
der to obtain more direct evidence of glucu- 
ronide formation, urine from a subject given 
meprobamate was extracted with ether to re- 
move free meprobamate and then incubated 
at  3 7 "C with p-g1ucuronidase.O Under these 
conditions, an ether-soluble substance was re- 
leased that gave the characteristic meproba- 
mate reaction with sulfuric acid. The urine 
incubated without glucuronidase or with 
boiled P-glucuronidase did not liberate any 
meprobamate-like material. The nature of 
the glucuronide formed has not been estab- 
lished, but the formation of an N-glucuronide 
appears unlikely, since this class of substances 
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TABLE 111. Urinary Excretion of Meprobamate 
in 4 Adult Human Subjects.* 

Meprobamate excreted, 
mg Total meprobamate 

0-24 hr 24-48 hr excreted, 70 of dose 

159 33 12.0 
148 43 11.9 
234 96 20.6 
145 49 12.1 

*Each subject received 1600 mg of meproba- 
mate orally. 

is more unstable than the urinary product ob- 
tained and is not hydrolyzed by P-glucuroni- 
dase ( 2 ) .  It is possible that P-hydroxylation 
occurs and that an 0-glucuronide is formed. 
There is no evidence as yet that the carba- 
mate linkage is altered metabolically. After 
treatment with p-glucuronidase, the meproba- 
mate-like material was removed from the urine 
by ether extraction. Heating the residual 
urine with hydrochloric acid or sodium hy- 
droxide resulted in the liberation of additional 
ether-soluble material that gave the charac- 
teristic meprobamate spectrum with sulfuric 
acid. The total amount of meprobamate-like 
material recovered, including substances re- 
leased by the action of the p-glucuronidase 
and acid hydrolysis, account for about one- 
half of the administered dose, assuming that 
these products, if not identical with meproba- 
mate, possess extinction coefficients in the 
color reaction of the same order of magnitude 
as meprobamate. 

Metabolic studies with radioactive mepro- 
bamate. Meprobamate was tritiated by the 
technic of Wilzbach (3 ) .  The resultant prod- 
uct was diluted with nonisotopic meproba- 
mate and recrystallized to constant radioac- 
tivity. The site of metabolic alteration of 
meprobamate was studied by incubating ra- 
dioactive meprobamate with rat tissue slices 
as follows: 250 mg of tissue slice were incu- 
bated in an atmosphere of 95% 0 2  - 5% COa 

TABLE IV. Disappearance of Ha-Meprobamate 
after Incubation with Tissue Slices. 

~~~ ~ ~~ ~ ~ 

Meprobamate disappeared, 
Tissue LLM/g/hr 

.- 

Brain .205 
Kidney .302 FIG. 3. Cumulative urinary excretion of meproba- 
Liver .906 mate following oral administration of 1600 mg. 

$ Ketodase, Warner-Chilcott Laboratories, N. Y. Hemidiaphragm ,330 

HOURS 
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in 2.5 ml Krebs-Ringer bicarbonate buffer 
containing 10 pM of glucose and 1.38 p M  of 
radioactive meprobamate. At the end of 2 
hours. the incubation mixture was homoge- 
nized, made alkaline, and the meprobamate 
was extracted with ether and counted in a 
liquid scintillation counter. The results shown 
in Table I\' indicate that liver metabolizes the 
drug to a greater extent than do the other tis- 
sues examined. Following intravenous injec- 
tion of 4 mgikg of H:: meprobamate signifi- 
cant levels of radioactivity were found in all 
tissue examined (liver. kidney, spleen, brain. 
testes? muscle, fat, spinal fluid. and blood). 

Szriiznzarj1. ( 1 )  A specific method for the 
determination of meprobamate in urine is 

URATE CLEARANCE 

described. ( 2 )  Metabolic studies indicate 
that about 12 to 20 percent of the unchanged 
drug is slowly excreted in the urine in 48 
hours and that additional products are formed, 
including several conjugates a t  least one of 
which is a glucuronide. (3) Radioactive me- 
probamate has been prepared and metabolic 
studies have been performed. The liver is the 
principal site of metabolic alteration. 

1 .  Berger, F. M., J .  Pharm. and Exp.  Therap., 

2 .  .'\xelrod, J . ,  Inscoe, J .  K., and Tomkins, G .  M., 

3 .  Wilzbach, K.  E., J. Am. Chenz. SOC.,  1957, v79, 

1054, v112, 413. 

S i z t i ~ r e ,  1957, v179, 538. 

1013. 

Rcceived Jul!. 2 5 ,  19.57. P.S.E.B.M., 1957, v96. 

Effect of Pyrazinaniide and Pyrazinoic Acid on Urate Clearance and 
Other Discrete Renal Functions.*t (23450) 

T'SAI F A N  ye, LAWREKCE BERGEK, DANIEL J .  STONE, JULIUS WOLF AND 

Dt'purf i i ients  of Mrdiciiw, Moirn t  Sinai Hospi ta l ,  CollPge of Physicians and Surgeons, Columbia 
Cnivrrsi ty ,  atid Bronx I'rieran\ .-Idnii)r. Hospital, New York Ci t y  

ALEXANDER B.  GUTMAN 

Cullen et ad.( 1) and Gleason et aZ.( 2 )  re- 
cently reported the occurrence of marked hy- 
peruricemia. associated with decreased urin- 
ary urate excretion. after administration of 
the antituberculous agent pyrazinamide (py- 
razinoic acid amide) . The present report sum- 
marizes the results of clearance studies in- 
tended to determine more precisely the effect 
of the drug on the renal mechanisms regu- 
lating urate excretion. When it became ap- 
parent in the course of the study that the 
free acid (pyrazinoic acid) might be the ac- 
tive agent, appropriate studies with this com- 
pound also were initiated. 

Methods. Fifteen male adults were avail- 
able for study. Ten of these were gouty, in 
the intercritical phase of the disorder, and 

.- 

*This work was supported by grant-in-aid from 
National Institutes of Arthritis and Metabolic Dis- 
eases, S.I.H., U. S. Public Health Service. 

t We are indebted to Dr. C. E. Lyght, Merck Sharp 
& Dohme Research Laboratories, for generous supply 
of pyrazinamide and pyrazinoic acid. 

afforded opportunity to determine whether 
the drug could exert its effects in the face of 
already established hyperuricemia and, in 
some instances, excessive urinary urate ex- 
cretion. To ascertain whether the renal ef- 
fects occurred soon enough after oral admin- 
istration of the drug to permit application of 
conventional renal clearance technics, prelim- 
inary experiments were performed in 5 sub- 
jects who received single oral doses of 3 g or 
1 g. Determinations of the urate excreted in 
urine specimens spontaneously voided at 
hourly or 2-hourly intervals indicated a suf- 
ficiently prompt response, even with 1.0 g 
dosage. Standard renal clearance technics 
( 3 )  were then employed in 10 subjects. After 
appropriate control periods, in which clear- 
ances of inulin, p-aminohippurate and urate 
were measured, the drug in 1 g or 3 g dosage 
was given by mouth; pyrazinamide in 4 ex- 
periments, pyrazinoic acid in 6 including 2 
with 50 and 100 mg dosage. Post-medication 
urine collections, in 15-20 minute periods, 


