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on the age incidence of kernicterus. These 
subjects need more attention than they have 
been so far accorded. 

S u m m ~ r y  and conclusions. Bilirubin added 
to the ambient fluid in concentrations ahove 
20 to 25 mg 7i depresses the respiration of 
chopped rat brain by approximately 2jC;b. 
This inhibition can be counteracted by osida- 
tion of the bilirubin and by the action of 
methylene blue on the bilirubin. Cytochrome 
C also reverses the inhibition. The mechan- 
isms of these reversals appear to be difiercnt. 
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OLIVE WATKINS SMITH AND KENDALL EMERSON, JR. (Introduced by G. I-. Smith.) 
From the Fearing Research Laboratory, Free Hospital for Women, Brookline, the P d r r  Ben? 

Brighunt Hosfital, Boston, and the Departments uf Medicine and Gynecofog?, 
Harvard Medical School. 

This paper presents data on the quantifica- 
tion of estrogens and related compounds in the 
urines of 1 5  postmenopausal women. Eight 
were normal and 7 had cancer of the breast. 
The effect of cortisone therapy upon urinary 
estrogens was investigated at  various times in 
4 of the 7 cancer patients. Observations were 
also made concerning the influence of advanc- 
ing disease and of the surgical removal of 
X-rayed ovaries. 

Methods. From the 8 normal women 72- to 
96-hour specimens were analyzed while only 
24- to 48-hour collections were available on 
the cancer patients. The accuracy of each 
collection was checked by creatinine determi- 
nation and the volume corrected when ‘neces- 
sary. One aliquot of each specimen was sub- 
jected to the usual HCl hydrolysis( 1) ;md a 
second to Zn-HCl hydrolysis(2) prior to 
continuous benzene extraction ( 1 ) for bio- 
assay. The total estrogenic activity released 
by these 2 procedures is designated To and 

T Z n  respectively. The residual urines after 
benzene extraction of the HC1 hydrolyzed 
aliquots were further studied by methods 
previously described ( 3 )  in order to determine 
how much of the difference between To and 
T , n  values might be accountable to more com- 
plete hydrolysis of conjugated estrogens. The 
results of these latter studies are not included 
in this report since in no instance could the 
difference observed between To and T,n values 
be explained on this basis. I t  would appear 
to be safe to assume that the very high T,, 
values found in many of the cancer urines 
represent unknown constituents, possibly 
estrogen oxidation products or precursors (3) ,  
related to the estrogens but exhibiting estro- 
genic activity only after Zn-HCl treatment. 
To values, on the other hand, represent estro- 
gens excreted as such. 

Bio-assay was performed by a standardized 
procedure (3)  on spayed mature female rats. 
Unless more than 50 LU. of To or more than 
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T O L E  I. Estrogens in Urine of Women without Ovarian Function. Effect of mammary can- 
cer and cortisone therapy. 

v--lJrinary estrogens (I.U./24O)-, 
No. of No. of -HCl h y d . 7  I Zn-HCl hyd. -, 

Group cases urines Range Avg” Range Avg* 

Kormal! postmenopausal 4 10 25- 50 37 50- 100 75 
” , ornriecitomized 4 10 12- 50 30 25- 100 75 

Cancer? X-ray castrated 
Not receiving cortisone 5 6 <50-3&5 138 <loo-1960 640 
During cortisone therapy 4 6 <50- 80 13 <loo-  575 158 

Cancer? ovariectomized 
Xot receiving cortimne 4 5 <50-125 25 <loo-4700 1370 
During cortisone therapy 2 3 <50 <50 <loo  < l o o  

*Because of the wide range of observed values in urinea of cancer patients, the average 
figures presented in this table merely show &he trends of excretion rates in these 4 groups. Indi- 
vidual value for each “cancer” urine is given in Table II. When the activity of a specimen 
was esbabkhed at less than 50 I.U./24 hr volume, that value waa considered as zero when cal- 
culating the avg. This, of course, lower8 the avg figures, but does not detract from lthe signifi- 
cance of the trends demonstrated in this table, eapecially when one considers the range of values 
in each group and the very large differences observed between the groups being compared. 

100 1.V. of T,,, are present per 24-hour volume 
of urine. the end-point criteria of this method 
cannot be met in analyses of less than 72- 
hour collections. Negative values a t  these 
levels can be established, however, and are 
so expressed in Tables I and 11. 

Results. In the urines of normal women 
whose ovaries have been removed or who 
have passed the menopause we have never 
found more than 50 I.U. of estrogenic ac- 
tivity per 2 4-hour volume after HC1 hydroly- 
sis (To) or more than 100 I.U. after Zn-HCl 
hydrolysis (TZn). This was true of the 20 
specimens collected from the 8 control women 
of this study. The findings in these and in 
20 specimens from the 7 women with mam- 
mary cancer are summarized in Table I. 
When not receiving cortisone, the average out- 
put of estrogens excreted as such (To) by 
cancer patients with X-rayed ovaries was 
about 4 times as high as the average output 
by normal postmenopausal women. This was 
not true in the cancer patients whose ovaries 
had been surgically removed. Only one of 
these had an abnormally high level of To. 
The pretreatment output of the unknown 
compounds ( Tzn) that may represent estrogen 
oxidation products or precursors, however, 
averaged 9 times the normal in the cancer 
patients with X-rayed ovaries and 18 times 
the normal in the cancer patients who had 
been oophorectomized. In both types of 

cancer patients these very high levels of 
excretion, both of the estrogens excreted as 
such and of related compounds, were marked- 
ly lowered by cortisone therapy. They were 
brought to within the normal range or below 
in all but 2 of 9 experiments (Table 11). 

In  Table I1 the findings on the 7 cancer 
patients are presented in sufficient detail to 
demonstrate in the individual cases not only 
the effect of cortisone therapy but also the 
influence of advancing disease and of the 
surgical removal of X-rayed ovaries. Higher 
excretion rates with advancing disease were 
apparent in studies on all three of the pa- 
tients who were followed over long periods 
of time. Mrs. E., whose output of To and 
T,, were well above normal 2 years after 
X-radiation, was found to have an even 
higher level of excretion in both fractions 17 
months later when her disease had become 
more advanced. In Mrs. C. and Mrs. B. 
the effect of surgical removal of X-rayed 
ovaries as well as of advancing disease was 
observed. After oophorectomy the high levels 
of estrogens excreted as such (To) disap- 
peared from the urines of both of these 
women, while the T, values on both rose with 
advancing disease despite the absence of any 
ovarian tissue. This was especially striking in 
the case of Mrs. C. By April, 1953, 7 months 
after oophorectomy, she had very wide- 
spread cancer with pain. Her urinary output 
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TABLE 11. Estrogens in Urine of Postmenopausal Women with Mammary Cancer. 

Not receiving cortisone -During or just after cortisone treatment--, 
Urinary Urinary 
estrogen rCortisone given- estrogen 

Coiicli tioii Date (I.U./24O) Date Daily Duration (I.U./24O) 
1% ti  cii t of ovaries of urine To T,, of uriiie dose, mg of dose To T,, 

pl S h .  E., 
ngrd 43-46 

X-ray cast. 
iii 194i 

3/20/49 
8/10/51 

100 
165 

425 
665 

8/18/51 
10/18/51 

25 7 dlays 
25 2 nio 

50 7 days 
25 9 mo 
25 10 ” 

200 to 

<50 
<50 

<loo 
<loo 

82  Sfrs. c., 
aged 42 

#3 Mrs.B., 
a,ged 3.7-38 

#4 Mrs.V., 
aged 50 

#5 Mrs. L., 
aged 48 

X-ray cast. 
in 1948 

X-ray cast., 
Oct. 1951 

1950 
X-ray cast., 

May 1952 

S-1.3:- cast.! 

375 
<loo 
<loo 

7/ 2 / 5 2  125 665 i/lO/52 
9/11/52 

10/  G/52 12/  9/51 60 125 

11/16/53 75 5wk 80 575 9/29/33 385 1960 

10/30/52 <SO < 100 

150 to 
25 3 mo 
75 3wk 
75 2 ’’ 

#2 Mrs. C. 
(eont.;) 

#3 SIrs. 13. 
(cont.) 

#cj Nrs. M., 
aged52 

#7 Nrs. s., 
aged 33 

Oophorect., 

Oophorec-t., 

Oophorect., 

Oopl1orec t., 

Sept. 1952% 

April 1953*- 

Peb. 1953” 

Feb. 1953 

10/18/52 
4/24/53 
6/22/53 

< 50 
<50 
< 50 

750 
4700 

250 

10/ 5/52 
5/14/53 
7/ 3/53 

<50 
<50 
<50 

<loo 
<loo. 
<I00 

4/28/33 125 1150 

5/ i/53 < 50 < l o o  

* Sections of these ovaries xere exanlined by Dr. George I-. Smith and found t o  exhibit typica1 
stromal hyperplasia as first described by him(l0) in  the ovaries of postmenopausal women with cancer 
of the endometrium. 

of estrogens excreted as such was not elevated 
as it had been on July 2nd, 1952, before 
oophorectomy. Her urinary Tzn, on the other 
hand, was 7 times as high as it had been then 
and 60 times as high as the average level in 
normal surgical castrates. Cortisone therapy 
was particularly effective in relieving the 
pain in this patient. After 3 weeks on cortis- 
one her TZn value was within or below the 
normal range. In  only one patient of this 
study did cortisone therapy for 2 weeks or 
more fail to eliminate excessive excretion of 
estrogens and related compounds. Mrs. V., 
an X-ray castrate? had received the same 
dosage of cortisone as Mrs. C. and for an 
even longer period of time by 11/16/53. Her 
urine still contained excessive amounts of 
estrogens excreted as such and of urinary 
products rendered estrogenic by Zn-HC1 treat- 
ment, although the levels of both were con- 
siderably lower than they had been before 
treatment. It is perhaps worthy of note that 
this patient was the only one of the 4 treated 
cases who derived no definite relief of pain 

from cortisone, as well as the only one whose 
urinary output of To and T,, was not lowered 
to within or below normal limits by this form 
of therapy. 

Discussion. That postmenopausal women 
with cancer frequently excrete more estrogen 
than normal postmenopausal women was re- 
ported by Pincus and Graubard(4) and has 
recently been confirmed by Dao( 5 )  in patients 
with widespread mammary cancer. In  12 
ovariectomized women who had been adrenal- 
ectomized for the treatment of breast cancer, 
however, Dao found no urinary estrogen, 
Since these patients were being maintained on 
cortisone, this treatment rather than adrenal- 
ectomy might have accounted for the absence 
of demonstrable estrogen in their postopera- 
tive urines. The adrenals, however, are logi- 
cally assumed to be the source of urinary 
estrogen in males and in women without 
ovarian function. High titres have been ob- 
served in ovariectomized women following 
major surgery( 6) and in the urines of males 
after severe burns(7), the inference being 
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that any condition of stress, with resultant 
hyperactivity of the adrenal cortex, may be 
accompanied by increased secretion of adrenal 
estrogen. The finding herein reported that 
cortisone suppresses estrogen excretion further 
implicates the adrenals since cortisone inhibits 
secretory activity in the human adrenal cortex 
(8).  The findings herein presented also sug- 
gest, however, that X-rayed ovaries as well 
as the adrenals may be a source of estrogen 
in women with mammary cancer. Here again 
.a condition of stress may be involved since 
pituitary release of gonadotropic as well as 
adrenotropic hormones has been demonstrated 
in animals in response to noxious stimuli (9). 
'The stromal hyperplasia observed by Dr. 
George V. Smith in the ovaries of these pa- 
tients (Table 11) is of particular interest in 
this connection, especially since it is known 
to occur very much more frequently in the 
postmenopausal ovaries of women with cancer 
than in those of normal postmenopausal 
women( 10, l l ) .  It has yet to be demonstrated, 
however, that stromal hyperplasia represents 
estrogen secretion. Another possibility is that 
it may influence the metabolism of adrenal 
,estrogen or related compounds so that more 
is excreted in estrogenically active forms. It 
is tempting to postulate that high T,, titres in 
these patients reflect adrenal secretion of 
estrogen precursors, but in our present state 
of knowledge any interpretation of these data 
must be purely speculative. The rising titres 
with advancing disease are in keeping with the 
hypothesis, however, that, whatever the source 
of the urinary estrogens and related com- 
pounds, metastatic cancer is in some way 
responsible for the excessive amounts ob- 
served. 

Summary. In 7 postmenopausal women 
with mammary cancer the urinary output of 

estrogens and related compounds has been 
studied under various conditions and com- 
pared with that of 8 normal postmenopausal 
women. Five of the 7 cancer patients were 
found to excrete excessive amounts. In these 
5, when not receiving cortisone, the output of 
estrogens excreted as such averaged nearly 
5 times the mean normal, and that of com- 
pounds estrogenic after Zn-HCl hydrolysis 
averaged 16 times the mean normal. Cortisone 
therapy markedly lowered these titres and 
reduced them to normal levels in 3 of 4 pa- 
tients so treated. Except when under cortis- 
one treatment the titres of estrogen and re- 
lated compounds rose with advancing disease, 
The surgical removal of X-rayed ovaries 
lowered the titres of estrogens excreted as 
such but not of the unknown compounds 
rendered estrogenic by Zn-HC1 treatment. 
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