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vascular damage from a single injection of 
these drugs, which are normally rapidly 
metabolized and excreted( 14,15), and to the 
possibility of a localized neurotoxicity of the 
drugs which indirectly affect the endocrine 
system(l6,17). 
Summary. Two amines, serotonin and his- 

tamine, when administered either separately 
or in combination, caused weight increase in 
prostate glands and histological changes in- 
dicative of edema or vascular defect. Patho- 
logical changes in testes of treated mice in- 
cluded degenerating seminiferous tubules that 
contained spermatogonial cells with pyknotic 
nuclei and giant multinucleate cells. Absence 
of all spermatogenic cells from tubules was 
characteristic of advanced degeneration. It 
is suggested that histological changes in the 
testes were not necessarily the result of 
pharmacologic effects of the two amines on 
vascular structures. 
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9-ethyl-6-mercaptopurine (9-E-6-MP) and 
9-butyl-6-MP (9-B-6-MP) inhibit growth of 
the 6-mercaptopurine (6-MP) sensitive ro- 
dent tumor, adenocarcinoma-755 ( 1). A 6-MP 
resistant strain of this tumor is cross-resist- 
ant to the 9-alkylated derivatives. 9-E-6-MP 
has also been demonstrated to produce re- 
mission when administered orally to chronic 
granulocytic leukemia patients (2 ) .  The 9- 
alkylated derivatives of 6-MP have been dem- 
onstrated to inhibit reproduction of cells in 
tissue culture (3), but cross-resistance be- 
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tween 6-MP and 9-alkylated derivatives was 
not observed when the number of carbons 
in the alkyl group was less than 5 .  

Evidence has been presented that 6-MP is 
converted to 6-MP-ribotide by cells sensitive 
to this drug(4,5,6). The ribotide of 6-MP 
has been postulated to be the “lethal” in- 
hibitor of 6-MP sensitive neoplastic cells. We 
have found that the rat is not capable of de- 
alkylating the 9-alkylated derivatives of 6- 
MP, a prerequisite step to formation of a 
ribotide from these compounds( 7 ) .  It would, 
therefore, appear that free thiopurine might 
possess carcinostatic activity as has been 
suggested by Mandel(8). This report deals 
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TABLE I. Urinary Excretion of 5% by Patients 
Given 9-Butyl-6-MP-S% or 9-Ethyl-6-MP-Ss.* 

% of dose 

P;itieiit (kg)  labeled drug 24 hr urine 
Wt Mg of Ss Ss in 

9-butyl-6-MP 
1. Noriiial 50 310 91.4 
2. " 50 305 84.5 
3. " 18 157 72.0 
4. Acute 16 157 60.0 

leukemia 
9-ethyl-6-MP 

5. Normal 59 200 81.6 
6. Chronic 51 200 80.0 

graiiulocytic 
leukemia 

7. Polycythemia 70 20u 70.1 
WlX 

-- 
* One pg = 100 - 200 c.p.m. 

with further studies of the metabolism of the 
9-alkylated derivatives of 6-mercaptopurine 
by humans. 

Methods. 9-E-6-MP-S35 snd 9-B-6-MP-S35 
were synthesized by published methods( 8). 
Glucuronidase was obtained from Worthing- 
ton Biochemical Corp. Spectra were run using 
a Beckman DU spectrophotometer and en- 
zyme reactions were carried out using the 
same instrument with attached thermospacers 
through which 375°C water was pumped. 
Ion-exchange chromatography on Dowex 1 - 
X8 columns was carried out as previously 
described(7). Assay of S35 was performed 
using a Pilckard Tri-Carb liquid scintillation 

counter. The patients were maintained on a 
metabolic ward and given the labelled drugs 
orally before breakfast. All urine voidings 
were collected separately, assayed for radio- 
activity, frozen and stored at minus 20°C. 

Results. From 60 to 91.4% of the radio- 
activity was found in the urine within 24 
hours after administration of labeled drug 
(Table I). A representative time excretion 
curve for 9-B-6-MP is shown in Fig. 1. 
Similar excretion curves for 9-E-6-MP were 
obtained. Fifty to 70% of the radioactivity 
was eluted from Dowex 1-X8 columns when 
the pH was approximately one. The radio- 
active material in the acid eluent was fur- 
ther purified by chromatographing on Dowex 
5O-X8, and the spectrum of this purified 
material is shown in Fig. 2. This compound 
exhibits a UV absorption maximum at 282 
mp. When it is heated in a boiling water 
bath for 15 minutes in 0.1 M HCl a com- 
pound is liberated with an absorption spec- 
trum similar to that of the original drug. 
Incubation with glucuronidase at pH 4 and 
375°C results in liberation of free 9-alkyl- 
ated drug. The identity of the liberated 9- 
E-6-MP or 9-B-6-MP was confirmed by re- 
chromatographing the acid or enzyme digest 
on Dowex 1-X8. The data indicate that the 
urinary metabolite is the S-glucuronide of 
the 9-alkylated drug. This compound ac- 
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FIG. 1. Percciit of radioactivity in urine after orally administeroil 9-butyl-6-iiiercaptopurine. 
FIG.  2. Spectrum of S-glucuroiiide-9-butyl-(j-mercaptopuriiie. 
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counts for 50 to 70% of the radioactivity 
recovered in the urine. In patients 3, 5, 6 
and 7, (Table I )  part of the glucuronide was 
eluted from the Dowex 1-X8 column a t  pH 
8, and in these instances a metal, which is 
removed by treatment with versene, was 
chelated with the glucuronide. 

The amount of glucuronide present in a 
given urine sample may be estimated by 1 
to 25 dilution of the urine with 0.1 N HCl, 
heating in a boiling water bath for 15 min- 
utes, and measuring the increase of absorb- 
ance at  325 mp. 

The only other metabolite identified in 
urine of patients given 9-B-6-MP-S35 was 
the unaltered drug which accounted for about 
10 to 20% of the total radioactivity. Other 
radioactive compounds (10 to 20%) have 
not been identified, but do not appear to 
have spectra characteristic of thiopurines 
(310 mp-360 mp). The urine of patients 5, 
6 and 7, who were given 9-E-6-MP-S35, not 
only contained glucuronide and unaltered 
drug but also contained other radioactive 
metabolites of interest. One of these com- 
pounds which was eluted from the column 
along with uric acid had a spectrum similar 
to thioxanthine and accounted for about 1% 
of the radioactivity in the urine. About 15% 
of the total urinary radioactivity eluted from 
the column was associated with a compound 
having a spectrum similar to thiouric acid. 
Experiments are now being carried out to 
determine whether this compound and the 
substance with a spectrum similar to thio- 
xanthine are the 9-alkylated analogs of these 
compounds. 

Discussion. In a previous study(7) we re- 
ported that rats given 9-E-6-’;1.1P-S35 ex- 
creted 70% of the drug in the urine within 
24 hours. The other labeled catabolites were 
not identified, but were eluted from Dowex 
1-X8 columns with 0.1 N HCl. Most of this 
unidentified radioactivity has been found to 
be associated with the S-glucuronide dis- 
cussed above. We have also isolated a la- 
beled compound with chromatographic prop- 
erties similar to the glucuronide compound 
from S-180 ascites tumor cells harvested from 
mice which were given the radioactive drug 

intraperi toneally. 
From the above, it appears that 70% of 

the 9-E-6-MP is not de-alkylated and may 
be recovered as the S-glucuronide in the 
urine. Fifteen per cent of the remaining 
radioactivity is associated with a compound 
which is either 9-ethyl-thiouric acid or thio- 
uric acid. If the compound is thiouric acid 
this would afford evidence of de-alkylation 
of the 9-E-6-MP. 9-E-6-MP-C14 is now be- 
ing synthesized from Eth~1-Amine-C~~ and 
in vivo experiments with this compound 
should resolve this question. There is no 
evidence that the butyl derivative is de- 
alkylated since the urinary radioactivity can 
be accounted for as the glucuronide and un- 
altered drug. 

Summary. Radioactive 9-B-6-MP-S35 and 
9-E-6-MP-S35 were synthesized and admin- 
istered to patients. The radioactive metabo- 
lites in the urine were separated on Dowex 
1-X8 columns and identified by spectropho- 
tometric and chemical analysis. 50 to 7(;76 
of the drugs was excreted as the S-glucuro- 
nide. About 15% of each drug was excreted 
in unaltered form. While no other major 
metabolite was found in urine of patients 
given the 9-butyl derivative, urine from pa- 
tients given 9-E-6-MP-S35 contained small 
amounts of radioactive substance having a 
spectrum similar to thioxanthine, and a larger 
amount having a spectrum characteristic of 
thiouric acid. The significance of these ob- 
servations is discussed. 
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