
thereafter, and subsequently diminished. The 
appearance of the leucine label in colloid of 
all follicles examined between hour and 
35 hours could be accounted for by simul- 
taneous loss of label from the epithelial cells. 
Since leucine is the most prominent amino- 
acid in thyrcglobulin(3), the results are in- 
terpreted to represent the synthesis of this 
protein in the epithelium and itc secretion into 
the colloid. 
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6-Beta-Hydroxy-Cortisol : High Levels in Hunian Urine in Pregnancy and 
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6-beta-hydroxy-cortisol ( 6P-OH-F ) has 
been shown by Rurstein to exist as a major 
metabolite of cortisol in guinea pig urine( 1).  
He also detected its presence in minute 
amounts in normal human urine and in larger 
amounts in urine excreted during late preg- 
nancy and after cortisol administration to nor- 
mal males(2,3). Colle and Ulstrom have re- 
cently found significant quantities of 6P-OH- 
F in urine of the human newborn(4). The 
high degree of polarity conferred by the extra 
hydroxyl group renders 6P-OH-I; difficult to 
extract from aqueous media with many con- 
ventional organic solvents and greatly hin- 
ders its chromatographic separation in sys- 
tems designed for less polar cor ticosteroids. 
To overcome these dificulties, new methods of 
extraction and chromatcgraphy have been de- 
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vised and the following experiments were per- 
formed using such technics. 

Methods and incteriaLs. Fresh unhydro- 
lyzed urine is extracted with ethyl acetate 
after prior addition to the urine olf 20% by 
weight of sodium sulfate; this salt is also 
added in similar concentrations to the alkali 
and aqueous washes which follow. Recovery 
experiments and determination of partition 
coefficients validated the efficiency of extrac- 
tion of 6fl-OH-F by this method. Chroma- 
tography is carried out in 2 successive highly 
polar solvent systems, the first using chloro- 
form: ethyl acetate:methanol:water ; and the 
second! benzene: tert .-butan01 :water. After 
elution from the second paper, quantitation 
is accomplished by the Porter-Silber reaction. 
Hydrolysis of the urine with P-glucuronidase 
before extraction did not increase the yield in 
several experiments. Identity and homo- 
geneity of the 6,&OH-F recovered were con- 
firmed by a number of technics in which an 
authentic sample was ccmpared : these include 
chrori1atogray)hic mobilities and color reac- 
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TABTJE 1. Vriiiary Steroitlk i i i  Third Trimester of Pregnaiicy. 

Tot:\l P-S C ~ ~ ~ O I ~ I O -  SO.  of A411~-T€€F, THE, XO. of 
gens, pg/'74 111- pxt ients  p g / 3 4  11r pat ien ts  

?tIenn aiicl raiigc. 

tions of the isolated substance and its chemi- 
cal derivatives. sulfuric acid absorption spec- 
tra, and infrared spectroscopy in some cases. 

Determinations of winary 6P-OH-F were 
made in 3 groups of subjects: normal men and 
women between the ages of 23 and 45. normal 
women in the third trimester of pregnancy. 
and pregnant women in the third trimester 
with pre-clampsia or toxemia of pregnancy. 
In addition to the 6,8-OH-F determination. 
total corticoids were measured by the I'orter- 
Silber reaction on another aliquot of urine 
f cllowi ng and 
ethyl acetate extraction. These latter ex- 
tracts in some cases were chromatographed on 
a Bush B; system. and combined tetrahydro- 
cortisol ( T H F )  5 ,  allotetrahydrocortisol (allo- 
THF) , / I  and tetrahydrocortisone (THE)' ~ 

were measured by methods previously de- 
scribed ( 5 ) . 

Reszclfs. 6/3-OH-F values are shown graph- 
ically in Fig. 1. Mean values and ranges i n  
pg, 24 hours were: normal males, 436 (309- 
510) : normal females, 373 (181-760) : nor- 
mal pregnancy. 845 (563-1.320) : to.temic 
pregnancy, 1970 ( 1490-2390). 

L'alues for total Porter-Silber corticoict e\- 
cretion and combined metabolites after chro- 
matography are listed in Table I together with 
mean values for non-pregnant subjects ob- 
tained in this laboratory. 

Other steroidal substances having similar 
polarities but occurring in lesser concentra- 
tions were also noted on the chromatograms. 
One of these was tentatively identified as a n  
isomer of 6p-QH-F, 60-hydroxycortisol. 

Discussion. Several interesting findings 
emerged from these experiments. First, level5 
of 6P-OH-I: in normal adults were consider- 

p -g 1 u cu r o n i da s e h y d r 01 y si s 

0 THF, 3a, l  lp,17a,2 1-tetrah).di-c sy-pregnan-20-one. 
/ I  allo-THF. .?all lp,l*la,2 l-tetrah~droxp-allcprea- 

11 THE, .{all 7 4  1 - I l . i h ? . d i . o s 4 - i ) ~ ~ ~ i ~ a i i ~ I  1 l ,?O-clionc. .  
nan-20-onc. 

ably greater than those of any other unconju- 
gated hormone we observed, including cortisol 
itself. which, as reported by others, averages 
about 40 p g  per day(6,7). 

Second, a definite rise in 6p-OH-F excre- 
tion occurs in the third trimester of normal 
pregnancy which is not related to any general 
rise in corticoid excretion, resulting in an  in- 
creased ratio of 6P-OH-F to the other metabo- 
lites measured. This suggests that there is an 
increased conversion of endogenous colrtisol to 
6/3-OH-F in normal pregnancy rather than an 
increased total production of cortisol. 

Third. the increased concentrations of 6p- 
OH-F seen in normal pregnancy become fur- 
ther intensified in toxemia. A slight rise in 
overall Porter-Silber steroid excretion in the 
toxemic groupt too small here to be signifi- 
cant, might be accounted for, if further con- 
firmed, by increased AC'TH production under 
conditions of stress. Both this factor and al- 
tered steroid degradation may be operating to 
increase the 6B-OH-F excretion in toxemia. 

An alternative possibility is that 6p-OH-F 
arises not as a degradation product of cortisol 
but as an independent secretion of the adrenal 
gland, since incubation studies by Touchstone 
( 8 )  indicate that the human adrenal gland is 
capable of producing this hormone in vitro. 
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Some preliminary experiments have been 
carried out in feeding large doses of exogenous 
cortisol to subjects in each of the 3 groups 
studied and measuring % of dose recovered as 
6P-OH-F. There was 13.5 and 16% conver- 
sion to 6P-OH-F in 2 toxemics and 13.5 and 
22% in 2 non-toxemic pregnant women, while 
2 non-pregnant women excreted 3.8 and 676 
as 6P-OH-F. These observations indicate 
that there is an increased conversion of corti- 
sol to the 6-beta derivative in both toxemia 
and normal pregnancy. 

The biological effects of 6P-OH-F have not 
been fully studied, but a t  present there is no 
evidence which would assign tot i t  a causative 
role in toxemia. The likelihood is that 6P- 
hydroxylation represents an available path- 
way for cortisol degradation, rendering the 
steroid more water soluble and suitable for 
excretion without the necessity for A-ring re- 
duction and glucuronide conjugation. If the 
enzymatic steps concerned with either of these 
2 reactiolns are interfered with, as might oc- 
cur in some conditions, then 6-beta-hydroxy- 
lation could function as an important alter- 
nate pathway of cortisol metabolism. 

Summary. 6p-OH-cortisol has been found 
to be the most abundant unconjugated corti- 
coid in human urine. Normal pregnancy is 

accompanied by elevated levels which are fur- 
ther increased in toxemia. The evidence to 
date suggests that in these conditions an al- 
tered metabolism of cortisol takes place in 
which 6p-hydroxylation becomes of greater 
quantitative significance. 

We acknowledge with thanks Ur. Seymour Bern- 
stein's generous gift of the 6P-OH-F staindard. Infra- 
red spectroscopy was performed through the kindness 
of Dr. Samuel Solomon and Dr. Seymour Lieberman. 
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The seminal plasma and spermatozoa of 
man have powerfully antigenic material in 
common( 1 ) .  These antigens are highly olr- 
gan and species specific. The same is true for 
rabbit ( 2 ) ,  guinea pig ( 3 ) ,  bull ( 4 ) ,  and buf- 
falo(5). The fact that similar antigens are 
found in aqueous extracts of prostate and 
seminal vesicles, but not in those of testicle 
or epididymis, and that the ejaculate of azoo- 
spermic man contains these antigens, sug- 

* Suppcrted by grant of  Naf. Inst. Health, 
1T.S P.H.S. 

gested that they are the product of the ad- 
nexal glands of the genital tract and that sper- 
matozoa take up the antigens during their 
passage through these organs( 1 , 2 ) .  Recently, 
direct evidence was obtained that spermatozoa 
from the rabbit's epididymis lack these anti- 
gens (6) .  

For men, similar evidence is dificult to ob- 
tain, because spermatozoa from testes or epi- 
didymis cannot be easily obtained in adequate 
numbers. An alternative source for spermato- 
zoa, howewr, i s  occasionally available in 


