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could also explain the present results with 
sudden loss of mucosal serotonin causing in- 
traintestinal loss of water. Cause of death in 
adrenalectomized animals receiving reserpine 
therefore is not as simple as that of normal 
rats receiving dicumarol and reserpine, or 
adrenalectomized rats receiving dicumarol, 
where there is a clear interference with 2 
mechanisms of hemostasis simultaneously. 
However, it  seems reasonable to accept that 
part of the situations which are common- 
increased capillary fragility and serotonin dis- 
placement, contribute to the hemorrhage. The 
marked gastrointestinal activity of reserpine 
in the adrenalectoinized animal will mean this 
must be main site of hemorrhage, and the fact 
that platelet phjrsiology has been disturbed 
may possibly mean that when intraintestinal 
hemorrhage occurs, the platelet plugging re- 
quired for hemostasis cannot follow. 

Sumizary.  Reserpine given to adrenalec- 
tomized rats produced diarrhea and gastroin- 
testinal hemorrhage with high mortality. This 
was not observed in sham-operated animals. 
3Iaintenance on desoxycorticosterone pro- 

tected the animals from this action of reser- 
pine. 
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To find a superior estrogen for chemo- 
therapy, we have studied a large list of ster- 
oidal estrogens for their cytostatic effects oa 
the egg of the zebra-fish (Rrachydunio Y P Y ~ O ,  

Hamil ton) .  Of the 14 steroidal estrogens 
studied, we have also tested the 3-methy1 and 
3-ethyl ethers of each. Some of these ethers 
are r ep r t ed  here for the first time. 

Muterials and methods.  The method was 
a modification oif one previously described ( 1 ) . 
Our present practice is to use 10 embryos (X- 
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64 cell stages) in 50 ml of culture solution ex- 
posed a t  26°C for 24 hrs. Each test culture 
is replicated and a t  least 3 replicated tests are 
used to determine minimum concentration (in 
parts per million) of the steroid which affects 
5074 of the embryos (ED,/50/24). Thus, a 
minimum of 50-60 embryos was used in test- 
ing each concentration. 

Results. The results are summarized in 
Table I. 

Discussion. As measured in the restraint 
of cell division in the freshly-fertilized zebra- 
fish egg, 17-ketosteroids are in general less 
cytostatic than 17-hydroxysteroids. The one 
exception is equilenin, which produced a curi- 
ous type of cytostasis. The equine estrogens 
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TABLE I. Comparative Cytostatic Activities of Steroidal Estrogens on the Zebra-Fish Embryo. 

r ED/50/24 3 

Free phenol, 3-Mcthyl ether, 3-Ethyl ether, 
Estrogen PP". PP"1. PP". 

13 -func tioiial Estrone-17 (U.X.P.) 
Estradiol-17p (U.X.P.) 

Estrone-1 G 
Estradiol-16p 

)) -16a 
Equilin 
17-Dih~ciroequiliii- 1 7 p  
Equilenin 
17-~ih;c-droc~uilenin-l7p 

1 G - Ke t o - e s t r one 
16-Keto-estr~cliol-17p 
16-Epiestriol 
E s trio1 

)) -17a 

Tri-function a1 

Inactive 
2-3 

2 
lnactive 

2 
1 

Tnactivc 
1-2 (U} 
.5-1 (D} 
.5-1 (U) 

1n: i  (3 tive 
1 9  

11 

1 9  

2 4  
1-2 
2-3 (D) 
2-4 

.5-1 
1-2 
1-3 (D) 
1-2 

Iiiactive 
.5-1 ( U )  

Inac tivc 
5 >  

11 

1 9  

1-2 
.5-1 
.5-1 (D) 

Inactive 
91 

1 9  

" (>20)  
.5 

Inactive 
1-2 (D) 

2-3 
Inactive 

11 

1 1  

E!D/50/24 means coneeiitratiori in which 50% of embryos show effccts of drug after 24 hr of 
exposure. Unless indicated otherwise, eff w t s  are coiisidered to be cytostatic. This is  usually in- 
dicated by death of embryo or abnomi:nl development. In cases indicated by  (D) cffect is re- 
tardation of development. I n a c l  ive means that ED/50/24 was clearly greater than 2 ppni. 
Often partial insolubility of steroid results a t  coriceritratioiis greater than 2 ppni. 

often caused only retardation of development 
with no' lethality. 

Bi-functional estrogens are considerably 
more active than tri-functional estrogens. This 
is in curious contrast to the situation which 
obtains in measurement of the anti-mitotic 
activity against the chick-embryol fibroblast 
in tissue culture. We have reported(2) the 
extremely powerful effects of certain tri-func- 
tional estrogens. Estriol, however, had very 
weak anti-mitotic effects against the fibro- 
blast . 

16-Oxygenated estrogens were found to be 
more cytostatic than 17-oxygenated estrogens 
when the steroidal Ca pssition is hydroxyl or 
methoxyl; this situation, however, is reversed 
in the case of 3-etholxyl substitution. 

In  agreement with the findings of Druckrey, 
Danneberg and Schmahl(3), who used the sea 
urchin egg, we have found no relationship 

whatever between estrogenic hormone po- 
tency and cytostatic potency. As an illustra- 
tion, the 3-methyl ether of estradiol-16P is 3 
to 4 times more cytostatic than natural estra- 
diol, but the latter is a t  least one thousand 
tirn.es the more potent by the Allen-Doisy as- 
say. 

Summayy. The cytostatic effects of 14 
steroidal estrogens and their 3-methyl and 3- 
ethyl ethers have been studied using the em- 
bryo of zebra-fish (Brachydanio yerio) as test 
object. Of estrogens tested, 3-ethyl ether of 
17-dihydroequilin-17p was the most active. 
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