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Synergisms and antagonisms between pro- 
gesterone and other naturally occurring 
steroid hormones have been demonstrated by 
the application of the Hooker-Forbes bioas- 
say for progestin activity (1-3). The assay is 
based on a particular biologic reaction, that 
of the stromal nuclei in the uterus of the 
ovariectomized mouse (4, 5 ) .  The experi- 
ments to be reported were undertaken to de- 
termine the minimal effective dose (MED) 
of each of several steroid hormones when 
individually assayed and then to explore and 
quantify possible synergisms and antago- 
nisms between progesterone and the other 
steroid hormones. 

Materials and methods. Separate stock so- 
lutions of progesterone, 16~-hydroxy- 
progesterone, 20~-hydroxyprogesterone, and 
20P-hydroxyprogesterone were prepared by 
dissolving weighed amounts of each substance 
in ether, adding the quantity of sesame oil 
necessary to supply the desired concentration 
of the steroid, and removing the ether by 
distillation. 

The MED of progesterone and of 16~-hy- 
droxyprogesterone in the CHI mouse are 
known (4, 6). Bioassays of these compounds 
and of 20a-hydroxyprogesterone and 20P-hy- 
droxyprogesterone were carried out in young 
adult, ovariectomized B6D2F1 mice ac- 
cording to our usual procedure (4). All ani- 
mals received food and water at  will. The 
MED of a compound was determined by 

1 This research was supported by Grant 5-ROI-HD- 
00456, National Institute of Child Health and Human 
Development, USPHS. Trivial names used in this 
article are progesterone = pregn-4-ene-3 ,2O-dione, 
16a-hydroxyprogesterone = 16a-hydroxypregn-4- 
en-3,20-dione, 20a-hydroxyprogesterone = 20a-hy- 
droxypregn-4-en-3-one, and 20p-hydroxyprogesterone 
= 20ip-hydroxypregn-4-en-3-one. 

injecting each of a series of progressive dilu- 
tions into at least 5 uterine horns. The 
greatest dilution that would evoke a positive 
response of the stromal nuclei according to 
the criteria of the assay (elongated oval out- 
line, conspicuous nucleolus, and fine, evenly 
scattered chromatin particles) in a majority 
of the horns in which it was placed was 
considered to represent the MED for that 
compound in that strain of mouse. 

Mixtures of two compounds were made by 
combining appropriate dilutions so as to give 
the desired proportions by weight of the 
steroids. I n  the bioassay of such mixtures 
both the absolute and the relative amount of 
each hormonal component are important. A 
series of relative amounts, or proportions, was 
therefore selected, and a progression of abso- 
lute amounts at  each proportion was assayed. 
As in the assay of a single compound, the 
end point for mixtures of progesterone and 
another steroid was regarded as the greatest 
dilution that would evoke a positive response 
in a majority of at least 5 uterine horns 
injected with that dilution. I n  the early 
stages of an assay the absolute amount of pro- 
gesterone injected into each horn was several 
times the MED of that hormone. Thus the 
ability, if any, of the second steroid to antago- 
nize progestin activity was fully challenged. 
The assay of one mixture of two steroids in 
CHI mice is outlined in Table I as an exam- 
ple of the general assay procedure. In  the 
CHI mouse the MED of progesterone alone 
is 0.2 ng (4), while that of 16~hydroxypro- 
gesterone alone is 6.0 ng (6) .  In  this assay of 
a mixture of the two substances, from 10 to 
2OX the MED of progesterone was always 
injected. At least 14X the MED was re- 
quired to overcome the antagonistic effect of 
the 16~-hydroxyprogesterone present. Thus 
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TABLE I. Dilutions of 2 ng of Progesterone ( P )  : 
0.002 ng of 16~-Hydroxyprogesterone ( 1 6 ~ ) ,  a 
1 O O O : l  Mixture, and Response in Uterine Horns 

Injected (CHI mice). 

Dilution P (ng) 1 6 ~  (ng) Assay results 

1:lOOO 2.0 0.0020 ++--- 
1:900 2.2 0.0022 
1:800 2.5 0.0025 
1 : 750 2.7 0.0027 
1 : 700 2.8 0.0028 + + + + -  
1:500 4.0 0.0040 +++--  

----- 
----- 
----- 

the progesterone appeared to be exerting only 
about 7% of its theoretical activity. 

If during the course of an assay it became 
apparent that a steroid was acting synergisti- 
cally with the progesterone, increasing dilu- 
tions of the mixture were injected until the 
degree of synergism was determined. 

In  all cases, calculation of the total theore- 
tical number of MED’s present in a mixture 
included those supplied not only by proges- 
terone but also the MED’s, if any, supplied 
by the second steroid. Finally, the theoretical 
total of MED’s divided by the actual total 
indicated the degree of synergism or antago- 
nism. 

A total of 175 uterine horns was injected to 
establish the MED of the various individual 
compounds. The assay of 37 mixtures re- 
quired the injection of an additional 700 
uterine horns. 

Resdts.  In  the B6D2F1 mouse the MED 
of progesterone was 0.0005 pg; of 16~-hy-  
droxyprogesterone, 2 .O pg ; of 20~-hydroxy- 
progesterone, 0.0004 pg ; of 20P-hydroxy- 
progesterone, 0.00006 pg. 

Assays in CHI mice showed no activity in 
progesterone: 1 6a-hyd,roxyprogesterone mix- 
tures in proportions of 500: 1, 2000: 1, 10,- 
000:1, and 50,OOO:l. A 1OOO:l mixture when 
assayed had 0.07 of its theoretical activity 
(Table I) ; a 100,000: 1 mixture, 0.1; a 500,- 
000: 1 mixture, 0.01. 

Progesterone : 20a-hydroxyprogesterone mix- 
tures in proportions of 0.51:1, 1: 1, 2 :1 ,  
3:1,4:1, 5:1, 6:1, 7:1, 8:1, 9:1, l O : l ,  100:1, 
1000: 1, 10,000: 1, 100,000: 1, and 500,000: 1 
in B6D2F1 mice showed no activity on as- 
say, indicating complete antagonism at  these 
moportions. 

Assay results in B6D2F1 mice for mixtures 
of progesterone with 2Op-hydroxyproges- 
terone are shown in Fig. 1. Adjacent points 
on the graph are connected with straight lines 
only to assist in visualization; i t  is not in- 
tended to imply that values intermediate be- 
tween two points necessarily would fall on 
the line. 

Discussion. If the MED of various steroids 
bioassayed by the Hooker-Forbes method 
are combined from earlier (4, 6-8) and 
present results (Table 11), it is clear that the 
CHI and B6D2F1 strains of mice differ 
somewhat in their sensitivity to a given com- 
pound and that the activity of the various 
hormones relative to each other is not always 
the same when the two strains are compared. 
I n  a third strain of mice, the MED of proges- 
terone was 0.00005 pg ( 5 )  ; in two additionaI 
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TABLE 11. MED (pg) of Various Steroids in  Hooker-Forbes Bioassay in Two Strains of Mice. 

Mouse strain Progesterone 16a-OH-prog. 20a-OH-prog. 20pOH-prog. 
~ ~ ~ _ _ _ _ _ _ _ _ _  ~~ 

CHI 0.0002 0.006 0.0005 0.00010 
B6D2F1 0.0005 2.0 0.0004 0.00006 

strains the MED was similar to that for the 
CHI mouse (9,lO).  

A limited earlier series of bioassays of pro- 
gesterone: 16~-hydroxyprogesterone mixtures 
at proportions of 99:1, 9:1, 1:1, and 1:9 had 
no activity in CHI mice (1). The present 
assays of this combination give nearly similar 
results. The earlier assays also showed little 
activity of progesterone: 20~-hydroxyproges- 
terone and progesterone : 20P-hydroxyproges- 
terone in proportions of 1 : 1 and 1 : 9, findings 
that approximate present findings. 

In  present and earlier (1-3) studies pro- 
gesterone: 16~-hydroxyprogesterone and pro- 
gesterone: 2 Oa-hydroxyprogesterone showed 
complete or almost complete antagonism at 
all proportions that were assayed. Proges- 
terone: estriol mixtures were slightly to com- 
pletely antagonistic. Mixtures of progesterone 
with estrone, with estradiol-l7p, with tes- 
tosterone, with 1 7~-hydroxyprogesterone, and 
with 20P-hydroxyprogesterone, and proges- 
terone: estrone: estradiol-17P mixtures, al- 
though antagonistic a t  some proportions were 
also clearly synergistic at other proportions. 
When synergistic peaks occurred, they were 
at  progesterone:steroid proportions of 1 :9 to 
99:l except in the case of estrogens. Proges- 
terone: estrogen mixtures showed peaks of ac- 
tivity at  proportions of 50: 1 to 33,333: 1. 

The ability of natural and synthetic estro- 
gens, sometimes in minute proportions, to 
block a progesterone effect has been noted in 
other types of bioassay ( 11-14). 

I t  is tempting to speculate about compara- 
ble interactions among endogenous steroids in 
the intact organism (1-3, 15-17) Antagon- 
ism and synergism, whatever their nature, 
may help to regulate the action of steroid 
hormones in untreated animals. But it remains 
to be demonstrated that the transport and 
perhaps the action of hormones injected for 
bioassay are the same as for endogenous 
steroid hormones. 

Summary. In the B6D2F1 mouse the 
MED by Hooker-Forbes bioassay of proges- 
terone was 0.0005 pg ; of 20~-hydroxyproges- 
terone, 0.0004 pg ; of 20P-hydroxyproges- 
terone, 0.00006 pg ; of 16~-hydroxyproges- 
terone, 2.0 pg. Progestin activity of mixtures 
of progesterone with 16~-hydroxyproges- 
terone, 2 O~-hydroxypr~ges terone , and 2 OP-h y- 
droxyprogesterone was measured by the same 
assay in CHI and B6D2Fl mice. Syner- 
gisms, partial antagonisms, and complete an- 
tagonisms were exhibited and were shown to 
depend on the components of the mixtures 
and their amounts and proportions. 
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