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phorylation, or by altering the local avail- 
ability of ions that are rate-limiting factors. 

9. Gey, K. F., Burkard, W. P., Pletscher, A., Bio- 
them. Pharm., 1961, v8, 383. 

The relevance of this attractive hypothesis to 
biological systems has not yet been ade- 
qua tely demonstrated. 

Summary. Chlorpromazine, injected into 
the yolk sac of fertile hens' eggs, is lethal to 
a high percentage of embryos. At  dosage 
levels of 0.9 and 1.8 mg the compound is 
destructive if it is administered within the 
first 48 hours of incubation; it shows little 
effect at 7 2  hours, and none at  96 hours. 

We are indebted to Dr. Bernard D. Davis fcr his 
generous provision of laboratory facilities. 

~~~ 

1. Courvoisier, S., Fournel, J., Ducrot, R., Kolsky, 
M., Koetschet, P., Arch. Znt. Pharmacodyn, 1953, 
v92, 305. 

2. Yagi, K., Nagatsu, T., Sawa, T. 0.) Nature, 
1956, vl77, 891. 

3. Yagi, K., Ozawa, T., Nagatsu, T., ibid., 1959, 
v184, 982. 

4. - , Biochem. Biophys. Acta, 1960, v43, 310. 
5. Yamamoto, L. N., Adachi, Y., Kurogochi, K., 

Tsujimoto, A., Jap. J .  Pharm., 1960, v10, 38. 
6. Grossi, E., Paoletti, P., Paoletti, R., J .  Neuro- 

chem., 1960, v6, 73. 
7. Masurat, T., Greenberg, S. M., Rice, E., Her- 

noon, J., Van Loon, E. J., Biochem. Pharm., 1960, 
vs, 20. 

8. Schellenberg, H., Med.  Exp., 1961, v5, 467. 

10. 
1961, 

11. 
2 74. 

12. 
13. 
14. 

v135, 
15. 
16. 
17. 
18. 
19. 

Gey, K. F., Pletscher, A., J .  Pharm. Exp. Ther., 
v133, 18. 
Spirtes, M. A., Guth, P. S., Nature, 1961, v190, 

Nathan, H. A., ibid., 1961, v192, 471. 
Gey, K. F., Pletscher, A., ibid., 1962, v194, 387. 
Nathan, H. A., Friedman, W., Science, 1962, 
793. 
Judah, J. D., Fed. Proc., 1962, v21, 1097. 
Carver, M. J., Biochem. Pharm., 1963, v12, 19. 
Aghajanian, G., ibid., 1963, v12, 7. 
Spirtes, M. A., Fed. Proc., 1963, v22, 450. 
Goldenbaum, E. G., Fukui, G. M., Kessel, 

R. W. I., ibid., 1963, v22, 618. 

ibid., 1963, v22, 626. 

Biol., 1963, 63. 

20. Guth, P. S., Sellinger, O., Amaro, J., Elmer, L., 

21. Guttman, H. N., Friedman, W., Proc. SOC. Cell. 

22. Hancock, R., Miller, Z. B., in press. 
23. Wilhelmi, G., Chemotherapia, 1961, v2, 210. 
24. Chambon, Y., Ann. Endocrinologie, 1955, v16, 

25. - , ibid., 1957, v18, 80. 
26. Courrier, R., Marois, M., Compt.  rend. SOC. 

27. ROUX, C. H., Arch. Franc. Ped., 1959, v16, 968. 
28. Miller, Z. B., unpublished. 
29. Borg, D. C., Cotzias, G. C., Proc. Nut. Acad. 

912. 

Biol., 1953, v147, 1922. 

Sci., 1962, v48, 617, 623, 643. 

Received September 3, 1963. P.S.E.B.M., 1963, v114. 

Urinary Excretion Pattern of Injected H3-Testosterone." (28690) 

RICHARD HORTON~, JORGE M. ROSNER~ AND PETER H. FORSHAM 
(With technical assistance of Jeanette Shinsako) 

Metabolic Research Unit and Department of Medicine, University of  California School of Medicine, 
Sun Francisco 

The 17-ketosteroids in urine reflect pri- 
marily the production of weak androgenic 
steroids from the adrenal cortex. I t  is not 
surprising that levels of 1 7-ketosteroids may 
be quite normal in the presence of various 
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virilizing disorders. Because of this lack of 
correlation, greater interest has recently been 
focused on the metabolism of the potent 
androgen, testosterone. Hollander ( 1 ) identi- 
fied testosterone in the spermatic vein of 
adult males and Finkelstein et aZ(2) were 
able to measure free testosterone in the plas- 
ma of normal subjects. Camacho and Migeon 
( 3 )  and Rosner et aZ(4) have found small 
but measurable amounts of testosterone glu- 
curonide in normal male urine. 



EXCRETION O F  H3-TESTOSTERONE 401 

The use of tritiated testosterone of high 
specific activity, combined with chromato- 
graphic and derivative techniques for separa- 
tion and identification of testosterone and the 
C1902 ketosteroids, made possible a study 
of the urinary metabolites of testosterone. 

Methods. 1,2-H3-testosterone (3 pc/pg) 
from New England Nuclear Corp. was puri- 
fied in 2 Bush paper chromatography systems 
described below. After purification, a trace 
amount with carrier produced a single radio- 
active peak in a strip scanner with a mobility 
identical to the UV absorbing area of stand- 
ard testosterone. 

Testosterone and the CIBO2 ketosteroids 
were separated in 3 chromatographic sys- 
tems: 

( 1) Hexane-benzene 1 : 1, formamide im- 
pregnation 

(2) Cyclohexane 100, methanol 100, water 
10 parts 

(3) Cyclohexane 100, methanol 1001, di- 
oxane 25, water 10 parts 

In these studies 5 pg tritiated testosterone 
(6 X lo6 cpm) was injected into 6 normal 
male and 4 normal female subjects between 
20 and 30 years of age. Urine was collected 
in 24-hour periods and stored at  pH 5 in the 
cold. 

Testosterone ghcuronide. One-fifth of a 
24-hour urine collection in males (two-fifths 
in females) was adjusted to pH 4.8, 1/10 
vol acetate buffer added and the samples in- 
cubated with P-glucuronidase (KetodaseG.9) , 
500 UJml at 40°C for 48 hours. Approxi- 
mately 1,000 cpm 4-1C~~-testosterone was 
added and the hydrolyzed steroid extracted 
twice into 1 vol ether, which was washed 
twice with 1 N NaOH and H20, 1/10 vol. 
The extract was dried, dissolved in 70% 
methanol and partitioned with 1/5 vol n- 
hexane, then chromatographed successively 
in systems 1 and 3. The steroid was located 
by scanning in a Nuclear Chicago strip 
scanner for C14 activity. The extract was 
oxidized with chromic trioxide 0.5% in 95% 
acetic acid for 2 hours, extracted with meth- 
ylene dichloride, washed with water and run 
in system 2 or 3 for 18 hours. A 1 1 5  aliquot 
of the C14 area was counted in a Packard 
Tri-Carb liquid scintillation spectrometer and 

the remainder quantitated both in UV a t  240 
m p  and as a 17-ketosteroid against standards 
(5) .  The isolated steroid was identified by 
its mobility in 3 chromatographic systems, by 
the IJV absorbancy at 240 mp, which agreed 
within 10% of its quantitation as a 17-keto- 
steroid in the micro-Zimmermann reaction, 
and by its sulfuric acid spectrum. 

Free testosterone. The free fraction before 
enzymic or solvolytic treatment was extracted 
twice with 2 vol ether. 

Testosterone sulfate. The urine was brought 
to a 20% NaCl concentration and the steroid 
sulfate fraction extracted into ethyl acetate 
and solvolyzed with 2 X M H2S04 at 
37°C by the method of Segal and Nes (6 ) .  

pH 1 hydrolyzable testosterone. To analyze 
the pH 1 hydrolyzable fraction, a urine ali- 
quot, after removal of the free fraction by 
repeated ether extraction, was acidified with 
50% H2S04 to pH 1, incubated at room tem- 
perature for 24 hours and extracted twice 
with 1 vol ether. 

Either 4-C14-testosterone or 4-C14-dehydro- 
isoandrosterone was added to the sample and 
parallel-running cold dehydroisoandrosterone, 
androsterone, and etiocholanolone were used 
as standards for location and to calculate 
total recovery. The H3 and C14 were counted 
simultaneously in the liquid scintillation spec- 
trometer. Efficiency for tritium was 18%. 

Results. The excretion of tritium after in- 
jection of tritiated testosterone was rapid; 
90% or more was recovered in each urine 
sample within the first 24 hours. 

Only a minute amount of free testosterone 
was detected after ether extraction and chro- 
matographic separation, correcting for losses 
with added 4-C14-testosterone. Recovery in 
this fraction ranged from undetectable levels 
(less than 500 cpmJ24 hour sample) to 0.2% 
of the injected dose (12,800 cpm). Since the 
specific activity of testosterone glucuronide 
was measured in each subject, assuming an 
identical specific activity for the free testo- 
sterone,§ the excretion of free testosterone 
was from < 1-8 pg/24 hours in males and 
< 1 pg in females. 

Small but measurable amounts of tritium 

$ Personal communication from Dr. Bryan Hud- 
son, Univ. of Melbourne, Australia. 
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were located in areas having mobility identi- 
cal with free androsterone and etiocholano- 
lone in 2 systems. Based on the specific ac- 
tivities of their glucuronides, the mean ex- 
cretions of free androsterone and etiochol- 
anolone are 20 and 25 pg/24 hours. 

The mean excretion of testosterone glucu- 
ronide in males was 1% of administered dose 
or 75 pg (range 50-93) ; in females it was 
4 pg (range 2-8). 

The glucuronides and sulfates of andro- 
sterone, etiocholanolone, and isoandrosterone- 
dehydroisoandrosterone were separated by 
chromatography. The specific activities of 
the glucuronide and sulfate conjugates of 
androsterone and etiocholanolone were iden- 
tical. The total recovery of tritium in this 
Cl0O2 ketosteroid fraction was 40 t 5% of 
the total injected dose. 

0.1% of the administered dose or 3-15 pg 
of testosterone was present as a pH 1 hydro- 
lyzable fraction. In 4 normal male subjects 
0.03% of the dose was isolated in a solvo- 
lyzable fraction having mobility identical 
with testosterone in 2 systems. I t  is not pos- 
sible to state whether this very small amount 
of radioactivity actually arises from a sulfate 
conjugate of testosterone or is the result of 
acid hydrolysis of testosterone glucuronide in 
the sample. 

Discussion. These studies support the work 
of Schubert and Wehrberger(7) and Cama- 
cho and Migeon(3) who observed that a sig- 
nificant amount of testosterone glucuronide 
is excreted by normal subjects. Sandberg and 
Slaunwhite (8) performed similar studies in 
1956; however, the specific activity of the 
testosterone they injected was low, necessitat- 
ing administration of larger quantities. They 
noted 50% excretion of the dose within 4 
hours and trace amounts in the stools. In our 
studies, 90% or more of the tritium injected 
was excreted in the urine within 24 hours. 

Most of the radioactivity from injected 
testosterone recovered in urine is in the form 
of the ketosteroid glucuronides and sulfates. 
We found about 0.1% of the injected dose in 
free form, 1% as the glucuronide of testo- 
sterone, and 0.03% in a solvolyzable fraction, 
presumably as a sulfate conjugate. 

Forty per cent of a tracer dose of testo- 

sterone is excreted in the urine as a C1902 
ketosteroid. Using the normal production 
rate calculation of Hudson et a1(9) ,  about 
2-3 mg of the ketosteroid is derived from 
testosterone. 

The relatively small amount of ketosteroid 
derived from testosterone in comparison to 
the large contribution of ketosteroids from 
the adrenal cortex explains why a significant 
increase in testosterone secretion resulting in 
various androgenic syndromes will not usual- 
ly lead directly to elevation of the total 17- 
ketosteroids above the normal range. 

Since testosterone is excreted as both pH 1 
hydrolyzable and glucuronide conjugates, it 
will be of interest to determine which conju- 
gate most accurately reflects secretion rate 
and blood levels of testosterone( 10). 

Summary. A tracer dose of tritiated testo- 
sterone was injected into 6 normal male and 
4 normal female subjects and the excretion 
pattern studied. Ninety per cent or more of 
the radioactivity appeared in the first 24 
hours. Minute but detectable amounts of 
free testosterone, androsterone and etiochol- 
anolone were found. Testosterone glucuronide 
averaged 75 pg and 4 pg respectively in this 
group of male and female subjects, about 1% 
of the injected dose, and 0.176 of the dose 
was present as a pH 1 hydrolyzable fraction. 
Most of the radioactivity recovered was 
found in the C1902 glucuronide and sulfate 
fractions. Comparison of specific activities 
suggested that a third of the androsterone 
and etiocholanolone (totaling about 2.5 mg) 
was derived from testosterone. 
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Secretion of 17-Hydroxycorticosteroids in Conscious and Anesthetized Dogs 
Exposed to Simulated Altitude." (286%) 
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Armstrong and Heim were the first to ob- 
serve adrenal hypertrophy in rabbits exposed 
daily to a pressure equivalent to 18,008 feet 
( 1). Metabolic and histologic extensions of 
these studies (2,3) revealed that maximal ac- 
tivation of the adrenal cortex occurred in 
rats, rabbits and dogs within 2-3 days. Others 
have demonstrated that, although urinary 17- 
ketosteroids ( 17-KS) and 17-hydroxycortico- 
steroids (17-OHCS) of men living at  alti- 
tudes of 15,00~0-21,000 feet for over 2 weeks 
were not significantly different from those 
observed in subjects living at  sea leve1(4,5), 
urinary and peripheral plasma 17-OHCS 
markedly increase during the first 3 days at  
high altitude before returning to sea level 
values (6). Hale et a1 ( 7) , however, reported 
that plasma 17-OHCS were not significantly 
elevated in humans breathing ambient air for 
45 minutes a t  14,000 feet simulated altitude. 

Increased urinary excretion of 17-KS in 
humans (8-10) and accelerated adrenocortical 
secretion of 17-OHCS in anesthetized dogs 
(1 1) have been observed during hypoxia in- 
duced at  ground level by breathing gas mix- 
tures low in oxygen. Under similar condi- 
tions Biddulph et a1 reported that peripheral 
plasma 17-OHCS and corticosterone-like ste- 
roids of dogs remained essentially unaltered 
I( 1 2  ) . Since concentrations of peripheral plas- 
ma and urinary adrenocortical steroids are 
dependent on their secretion by the adrenal 

*These studies were aided by contract between 
Office of Naval Research, Dept. of Navy, and Univ. 
c f Illinois. 

t Visiting scientist from Dept. of Physiology, Univ. 
of Nagasaki, Japan. 

gland, metabolism and excretion, the present 
study was undertaken to determine the effect 
of hypoxia induced by simulated altitude on 
the secretion of 17-OHCS of conscious and 
anesthetized dogs. 

Materials and methods. Eight male dogs, 
weighing 11 to 16 kg, were prepared 1 to 2 
months prior to collection of adrenal venous 
blood in anesthetized and conscious dogs by 
a modification(l3) of the method of Satake 
et aZ( 14). Essentially the procedure con- 
sisted of bilaterally sectioning the dorsal spi- 
nal roots (Tll-L3) through which the sensory 
nerve fibers from the lumbar region run. Ap- 
proximately 24 hours prior to collection of 
blood samples, the accessory branches of the 
lumbo-adrenal vein were doubly ligated and 
a glass cannula fitted with a small length of 
rubber tubing was inserted into the vessel 
lateral to the adrenal gland. The cannula and 
tubing were filled with a heparin-saline solu- 
tion and then clamped. A silk ligature was 
placed loosely around the central vein which 
drains adrenal secretions into the inferior 
vena cava. The skin was sutured and the 
animal allowed to recover. 

Eighteen experiments (both right and left 
lumbo-adrenal veins were used in 5 dogs) 
were conducted in a continuously ventilated 
decompression chamber at 23°C for 2 hours. 
The dogs respired ambient air which resulted 
in oxygen tensions of 150 mm Hg in 10 
ground level experiments (4 conscious; 6 an- 
esthetized; sodium pentobarbital, 30 mg/kg) , 
and 78 mm Hg in 8 experiments (4 con- 
scious; 4 anesthetized) a t  17,000 feet simu- 
lated altitude (395 mm Hg).  Ascents and 


