
A more plausible explanation for the increase in cyclopropane- 
adrenalin tachycardia in the hyperthyroid state and the decrease in 
the hypothyroid state stfenis to be that the thyroid hormone sensi- 
tizes the heart to adrenalin. A cardiac accelerator response to 
adrenalin greater than the control has been denionstrated when cats,' 
rabbits,7 and terrapins' are in the hyperthyroid state. Thyrotoxic 
rabbit and dog hearts were reported as more susceptible to irregu- 
lar i ties than nornial con t 1-01s.~ An increased cardiovascular reaction to 
adrenalin is the basis for a clinical test for hyperthyroidism.'" 

14uniann and Younians' recently demonstrated that the thyroid 
hormone sensitizes the excitatory adrenergic hut not the inhibitory 
adrenergic neuro-effector division of the autonomic nervous system. 
The present work on cy-clopropane-adrenalin tachycardia also seems to 
indicate that the thyroid sensitizes the excitatory adrenergic neuro- 
effector system. 

Sai.n.2nznry. Following thyroidectomy the duration of cyclopro- 
pane-adrenalin tachycardia was decreased in the dog. In the hyper- 
thyroid state the period of tachycardia was longer than in the control. 

We wish to thank Dru. C. R. Allen and 0. 8. Orth for assistance with some of 
thc cxperirnents. 
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Excretion of Estrogen in Bile. 

;1. CANTAROW, ,A. E. RAKOFF, K. E. PASCHKIS* .\ND L. P. HANSEN. 
Fronb the Dcpn:rtmeiits of Aletiliciae, Obstetrics, Physiology and Biochemistr j ,  

Jefferson Nadicnl College. 

There is considerable evidence that the liver plays an important 
part in the metabolism of estrogens. This evidence may be sum- 
marized as follows : ( a )  incubation of liver slices with estrogens in 
zdra results in1 marked diminution in estrogenic activity ;1-7 (b )  ex- 

Sawyer, M. E., and Brown, M. G., Am. J. Playsiol., 1935, 110, 620. 
7 McDonald, C!. XI., Shepenrd, W. I,., Gree, M. F., and DeGroat, A. F., Am. J. 
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9 Rosenblum, I<., IIJin, R. G.: and Levine, 8. A., Arcla. Int. Mcd., 1933, 51, 279. 

Physiol., 1935, 112 ,  227. 

IQ Goetscli, E., Penn. Med. ,T., 1920, 23, 431. 
11 Aumann, K. W., and Youmans, W. E., Am. J. Physiol., 1940, 131, 394. 
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traction of minced tissues after iiijectioii of estrogens results in re- 
covery of only a small proportion of the quantity injected;'* ' (c )  lit- 
tle or no estrogenic effect can be detected when ovarian tissue or 
estrogen pellets are implanted in the portal field ( d )  high levels 
of urinary excretion of free estrogen have been reported in patients 
with cirrhosis of the liver :I4 (e )  the hypothesis of inactivation of 
estrogens by the liver has hecn supported by studies of the effects 
o f  endogenous and csogttiious estrogens in normal animals and in 
an i nial s w it 11 liver damage i n duce d by hepa to toxic agents . 6* 15-' 

The chemical similarity hetween natural estrogens and bile acids 
and the fact that the latter, lilcc the former, disappear rapidly from the 
blood and urine following intravenous injection in normal animals, 
hut less rapidly in the presence cf liver damage, suggested the possi- 
1)ility that cstrogeiis, like bile x i d s ,  may lx removed from the blood 
hy the liver and subsequently uiidergo an enterohepatic circulation. 
The presence of estrogen in the bile after atlniiiiistration of estrone, 
estr-adiol and tliethylstilhest 1-01 has heen reported by Stanilerl' and 
Dingeniatise and T>-sIoIj-itz.*'' 

Loiigv-ell wid 1lcKee.'" ciii~)lo>-iiig hile-fistula dogs, found a 
iiiaxiiiiuiii 7.2-hour exretioil of 8% of the estrogenic activity of 
1 nig of subcutaneously injected estrone, practically all of this being 
in the form of non-ketone estrogen, presumably estradiol. The 
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marked discrepancy between their findings and those reported here 
may be due to the relatively small dose employed by them and to the 
relatively slow absorption following subcutaneous injection of 
estrone in oil. 

Studies were made of the excretion 
of estrogen in the bile of 2 cholecystectomized, bile-fistula female 
dogs, the bile draining externally into a balloon. Estrogen activity was 
determined by the biological assay method of F1uhmann,21 against 
estroiie as a standard. Conjugated estrogen was determined by pre- 
liniinary boiling with HC1 in a water bath at pH 1.0. 

No estrogen activity was present in 24-hour specimens of bile 
obtained from untreated animals. The following findings were ob- 
tained followiiig a single intravenous in jection of 250,000 I.U. of 
estrone in 1 cc of absolute alcohol, none of the bile being refed: 
first 23 hours, free estrogen IO0,OOO I.U., total estrogen 120,000 
I.U. : second 24 hours, free estrogen 88,000 I.U. ; total estrogen 120,- 
000 1.C. In another animal, following a single intravenous injection 
of 250,000 I.TJ. of estrone, aliquots of bile were taken for analysis 
daily for 3 days, about 90% being refed by stomach tube. The fol- 
lowing results were obtained : first 23 hours, free estrogen 100,000 
1.U.; sccoiicl 24 hours, free estrogen 66,000 I.U.;  third 24 hours, 
free estrogen 66,000 I. U. W e  have found, as have other observers, 
that the level of estrogenic activity in the blood after 3-4 hours is 
oiily about 10% of that at 10 minutes after intravenous injection, 
practically iiotie being present after 24 hours. -4bout 10% of the 
injected estrogen can be recovered from the urine during the first 
24 hours, the quantity diminishing during the next 3 days. 

The data presented here suggest that there is an enterohepatic cir- 
culation of estrogcns, similar to that of bile acids. The fact that 
31-48% of the quantity of estrogen administered can he recovered 
from thc bile during the second 24 hours, a similar amount having 
been removed in the hile during the first 21 hours, indicates that the 
liver can store relatively large quantities of estrogen for at least this 
period of time. 

Summclry. Studies of the excretion of estrogen in the bile of 
bile-fistula dogs indicate that extremely large quantities are ex- 
creted by this route for at least 3 days following a single intravenous 
injection of estrone, Viewed in the light of the rapid disappearance 
of estrogen from the 1hod  and its minimal excretion in the urine 
under such circumstances, this observation suggests the existence 
of  an enterohepatic circulation of estrogens, similar to that of bile 

Experimtwtnl 0 bservatiom. 

21 Fluhmann, 'C. F., Endocrinology, 1934, 18, 705. 
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acids. It throws some doubt upon the hypothesis of rapid destruc- 
tion or inactivation of estrogens by the liver in the intact animal. 
The liver appears to be capable of storing relatively large quantities 
of estrogen for at least 24 hours after administration of a single 
dose of estrone intravenously. 
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Influence of Estrone upon Formation of Heterophil Antibodies. 

111 a previous cominuiiicatiori' ivc reported on the effect of the 
female sex hormone upon the formation of antibodies in rabbits 
ininiuiiizecl against Type 1 1)iic'iiiiiococcus. Administration of estrone 
totaling 23 and 38 iiig given k f o r e  arid during the process of im- 
munization, produced a reniai-kabIe increase in specific agglutinating 
and protecting aritilioclies. The horiiione alone did not elicit any 
specific antibod~-response. Since it is known that Type I pneumo- 
coccus contains Forssiiian antigen (Powell and Jamieson'), it seemed 
of interest to investigate the effect of hormone-administration upon 
the production of heterophil antibodies, following the work of Levine, 
Bullowa, and Katzin." 

AIItrtrritrl ( r 1 1 d  J lc thods .  ( )iir al)ovc-inci7tioiie~l sera were tested 
against 2% suspensions of washed human blood cells of groups AB, 
A, B, and 0, and sheep erythrocytes. Serial dilutjoiis of each serum 
were made in amounts of 0.15 cc beginning with a dilution of 1:Z.S. 
To each diluted serum 0.1 cc o f  a 2% suspension of erythrocytes 
was added. The mixtures were shaken for 1 minute, incubated at 
37°C for 2 hours and read riiaci-oscopically. 

Xestt2f.s. 1'2gglutini~is for group A erythrocytes were denionstrahle 
in the sera of the control animals up to a dilution of 1 2.5 ; for group 
AB, in 3 out of 6 animals up to a dilution of 1 :5 ; for group 13 in the 
serum of only 1 rabbit to a dilution of 1 2 . 5 .  No agglutinins for  group 
0 and sheep erythrocytes could he denionstrated in any of the 6 ani- 
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