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1. Introduction.

Recent years have seen the discovery of a number of 
chemically well-delined oestrogenic compounds (see e. g.

Dodds, 1935; Dodds and Lawson, 1936). The vaginal smear 
method has made this possible; but, on the other hand, it 
seems to have been the object of scanty interest, if any, to 
what extent these compounds are capable of inducing the 
essential oestrous phenomena, the mating instincts; let alone 
the rise in spontaneous muscular activity characteristic of 
oestrus. Both these groups of oestrous phenomena can be 
induced with more crude follicular extracts (see Hemmingsen, 
1933, p. 164—183, and p. 203—-214). One cause of the omis
sion has been the nocturnal occurrence of the heat symptoms 
in the laboratory species employed for these studies. In the 
previous communication (Hemmingsen and Krarup, 1937) we 
have shown how to shift the occurrence of heat in the rat to 
the natural day-time by exposing the animals to light in the 
night and to dark in the day.

On spayed rats under such “reversed” conditions we 
have tested three of the compounds in point for ability to in
duce mating instincts and enhanced spontaneous muscular 
activity, viz. the crystalline preparations theelin (ketohy- 
droxyoestrin, or estrione) and theelol (trihydroxyoestrin, 
or estriol) of Parke, Davis & Co., and the synthetic oestro
genic compound 9 : 10-dihydroxy-9 : 10-di-n-propyl-9 : 10-dL 
hydro-1 : 2 : 5 : 6 dibenzanthracene of Cook, Dodds, Hewett, 
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and Lawson (1934), which was kindly placed at our dis
posal through Professor Dodds and Dr. Hagedorn. According 
to Wolfe (1936) the latter substance prevents the struc
tural changes which occur in the anterior hypophysis of 
the female rat following castration.

2. Technique.
The technique of reversing the illumination and of re

cording the vaginal smears, the mating instincts, and the 
spontaneous muscular activity, was exactly as in the previous 
communication, to which the reader is referred. Vaginal 
smears and mating tests were made daily every 3 hours 
from 9 to 21 o’clock (dark period from 6—18) both before 
the injections from the day of ovariectomy, and after the 
injections.

3. Description of experiments.
4 of the normal female rats used in the previous in

vestigation were spayed. After ovariectomy 10 days were 
allowed to pass in order to obtain assurance that all the 
oestrous phenomena were abolished.

Two of the rats were then injected one day every hour 
from 9—22 o’clock with 0.4 c. c. of a solution of theelol 
containing 50 rat units per c. c. It was prepared by dissol
ving commercial theelol Parke, Davis & Co., into 0.9 p. c. 
NaCl, containing 0.025 n NaOH (according to Melchiona, 
1931, p. 653). Each of these two rats thus received 20 rat 
units of theelol per injection, i. e. 280 rat units in total.

These large amounts were given because in earlier experi
ments (see Hemmingsen, 1933, p. 181) 100—200 times the 
dose giving vaginal effect in some insensitive rats only give 
mating responses of type 3.
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Both rats reacted normally as regards the vaginal smear, 
but only one of them showed mating reactions above No. 2 
(responses of types 5, 6, and 7, were observed on the day 
after the injection).

The two others were injected in the same way with the 
same number of theelin units. Theelin was available in 
commercial vials containing 50 rat units per c. c. The result 
was similar. Both rats showed vaginal response, but only 
the one showed mating reactions above 2 (types 5 and 6 
were observed on the two days following the injections). 
3 days afterwards when the vaginal effects had vanished in 
all 4 animals, those two which had not shown mating 
responses, were again injected with the same total dose of 
280 rat units with the modification that double the amount 
was injected every two hours from 10—-22 o’clock. The 
result was still negative, a vaginal response being obtained 
without any mating reactions. Obviously these two animals 
were less sensitive than the two others. The positive 
mating responses in the other two rats showed 
that both theelin and thee 1 o 1 are capable of pro
ducing mating instincts.

We wished to confine ourselves to the sole object of 
deciding this, and therefore no further experiments were 
made with theelin and theelol.

On the same day as these two insensitive animals were 
injected the second time with theelin and theelol, those two 
which had shown positive mating responses, were now in
jected with the synthetic oestrogenic compound obtained 
through Prof. Dodds, and at the same hours, i. e. every se
cond hour from 10—22 o’clock; each lime with 0.5 c. c. of a 
sesame oil solution containing 4.3 mg per c. c., i. e. 30 mg 
in total. A rest, which would not readily dissolve, was 



6 Nr. 8. Axel M. Hemmingsen and Niels B. Krarup:

mixed thoroughly with the oil in a mortar. According to 
Professor Dodds oil is the only medium in which the sub
stance can be taken up. The sites of injection of these oily 
injections were closed with collodium.

It is impossible to state in any exact way the strength 
of the oily solution in terms of rat units. We can only say 
that in a preliminary assay experiment a total amount of 
0.1 mg in one spayed rat and 0.05 mg in two spayed rats 
injected over 48 hours at 9, 18, 9, 15, 22 and 9 o’clock 
(method of Allan, Dickens, and Dodds, 1930) gave a posi
tive vaginal response, whereas 0.025 mg injected in the same 
way in one spayed rat, was negative.

Smears were taken in these preliminary tests at frequent 
intervals (every four hours) on the day when an effect was 
to be expected. By the same method Dodds and his coworkers 
have seen full vaginal cornification in 50 p. c. of the injected 
rats with 0.025 mg (personal communication).

The total dose injected in the two rats which received 
0.5 c. c. every two hours from 10—22 o’clock, thus was 
approximately 600 times as large as the lowest dose observed 
in the preliminary tests to give vaginal response. The pre
vious experience quoted above and the negative results with 
280 rat units of theelin and theelol in two of the 4 injected 
rats, dictated these large doses.

These two rats came into constant heat varying from 
types No. 6 to 11. After some days when heat had been 
observed to be continuous, the inspections were confined to 
noon, i. e. in the middle of the dark periods. When it had 
lasted one month, the two animals were killed. Their uteri 
were not distended.

The two other rats which had shown negative mating 
responses to the injections of theelin and theelol, were in
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jected 10 days after the last of these injections, when the 
vaginal smear had been I) for about a week, with a total 
amount of 15 mg of the synthetic compound, given in 
three injections at 10, 13 and 16 o’clock. The one came 
into constant heat varying between types 4 and 11, until it 
was killed after this condition had lasted for 3 weeks (in
spections daily at noon). Its uteri were enormously distended. 
The other one, however, only reached mating response of 
type 3, but not until on the fifth day after the injection. 
It was, therefore, 8 days after the injection, again injected 
with about double this amount, i. e. 30 mg, in three injec
tions at 10, 13 and 16 o’clock. Thereafter it exhibited heat 
of type 4 every day (inspections at noon) until it was killed 
11 days after the last injection. Its uteri were moderately 
distended. This animal obviously was less sensitive than the 
others.

No doubt the protracted effect of the synthetic product 
must be attributed to its slow absorption from the oily 
medium in which it is dispersed, and which in itself remains 
for long periods under the skin.

About the capability of the synthetic product 
to produce mating instincts there can be no doubt.

In all four animals the vaginal smear during the con
tinuous heat was often invaded by numerous leucocytes.

In conformity with previous observations (e. g. Hemming
sen, 1933, p. 200—203) the spontaneous muscular activity 
was considerably reduced by ovariectomy, and its normal 
oestrous periodicity vanished. The injections of theelin and 
theelol affected the muscular activity only in the two posi
tive cases, where small peaks in the activity curves were 
observed. The injections of the synthetic product, however, 
caused a considerable rise in all four animals as the foil
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owing table shows. There was no regular periodicity in 
this enhanced activity, which showed a gradual rise during 
the continuous heat lasting until the animals were killed.

Table 1.
Spontaneous muscular activity.

(Average daily number of revolutions of activity wheel).

Bit From ovariectomy to From injection of synthetic
injection of synthetic compound until killed

compound. (i. e. during constant heat).

3947 1090 3620
3949 497 5060
3950 1190 6400
3951 1230 3870

Discussion.
The existence of a great number of chemically well-de

fined compounds known to influence the genital tract of 
females, has raised the question of the specificity of the 
female sex hormones (see for instance Dodds, 1934—35).

It is natural to ask whether this relative lack of speci
ficity extends beyond the mere anatomical effects.

The work involved in testing all the compounds known 
to produce the vaginal effect, also for mating instincts and 
enhanced spontaneous muscular activity would be large, but 
the present successful induction of mating instincts and en
hanced spontaneous muscular activity with three rather 
widely differing compounds shows that actually the relative 
lack of specificity in regard to the vaginal effect, applies 
also to phenomena of primary biological significance in 
regard to oestrus and mating. In our opinion this should 
be the object of as much attention, or still more, than the 
lack of specificity of the mere vaginal reaction.
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Summary.
Not only the vaginal smear changes, hut also reliable 

mating instincts of high degree, and enhanced spontaneous 
muscular activity, are produced by injections into spayed 
female rats of theelin and lheelol, and the synthetic oestro
genic compound 9 : 10-dihydroxy-9 : 10-di-n-propyl-9 : 10-di- 
hydro-1 : 2 : 5 : 6-dibenzanthracene of Cook, Dodds, Hewett, 
and Lawson (1934).

Beside Dr. H. C. Hagedorn, Mr. Børge Clausen, Mr. 
Anker Nielsen, and Miss I. L. Bisgaard, who have helped 
us in the same respects as mentioned in the preceding paper, 
we wish to thank Professor E. C. Dodds for providing samples 
of the synthetic di-n-propyl-benzanthracene compound.

(From Nordisk Insulinlaboratorium, Gentofte, Denmark.)
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