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A considerable amount of Indirect evidence has been published to the effect that insemination Is a powerful 
stimulu~ to the female sexual system. Sperm has been shown to have an effect on isolated organs and ~lssue [7, 
9], biologically active substances such as the enzymes hyaluronidase and muclnase [5] have been found In it, and 
the effect of Insemination on female sexual function has been demonsuated [4, 8]. It must, however, be pointed 
out that there Is no direct evidence of the response of the female genital tract to insemination. Tile dlfflcvslty 
Is that in the uterus and vagina during estrus, 1. e., at the time when ln~emlnatton normally occurs, destzucilve 
changes occur in the mucous membrane and these alternate with periods of proliferative repair in the postestrus 
periods. For mice and rats [6, 10. 3], these histological changes have been described broadly as follows. D~ring 
the proliferative phase, there is an Increased rate Of cell division of the cptd'~elium of the genital tract. T~e 
epithelium of the vagina becomes reduced from two layers to one, and its outer part becomes cutlcularlzed. 
There 1$ a hypertrophy of the mucous membrane of h'~e uterus, and the epithelt,I cells become regularly arranged 
side by side. The mucous membrane secretes actively, the sutton is loose, and the ute,ine gland~ have a large 
lumen. During the destructive phase there is a m~ss infiltration of leuko,-ytes into the wall of the ~act, and 
many enter the lumen. The superficial layer of the vaginal epithelium comes away. The uterine epithelium 
becomes uneven, the outlines of the cells and the basement membrane become ~c,s distinct, v~euoles, granules, 
etc. appear In the lumen, and villus-like outgrowths are formed from which cell: break off, often ~ogether with 
the leukc,:ytes which have peneuated Into them. Until now,the biological significance of these changes has not 
been sufficiently well understood, We supFose that ~hey constitute file morphological ba,ls of L~le processes 
occurring at the same rime In the lumen of the genital tract. The occ~rence of the prol:ferattv~ phase faclii- 
t~tes t~, reception of the ejaculate, the activation of the slxrm [1], and its movemcr, t along the t~acL After 
fertilization, an active destruction of the co,'ttents of the Lract occurs, and the vaginal plug and ejaculate ~re 
voided to (he outside [~]. These processes are brought about by de,~uctfve lnfilt~atlon of the vaginal and uterine 
wa~llL This destruction Is a preparation for the reformation of the mucous membrane and its subsequent prolifera- 
tion. The latter comes to constitute a new proliferative phav~ In cases whet~ the cycle is not completed by 
fertilization; when this doe~ occur, the proliferative changes represent an adaption to implantation. Thus, all 
these changes In the wall of the genital tract, which we have described by the term "estrus complex' ,  constitute 
an essential part of the sexual cycle of the temale and play an Important part In the reprcdacdve process. On 
account of these changes, ,liid in particular on account of the destructive infileat!on, it Is not posglble to el!eli 
/r162 changes fn the uterus and vagina In response to insemination, or to find the nature of any such changes. 

In order to overcome this difficulty, we used females which were ~rvlccd outside esLrus and a fret ovarlectomy, 
The mucous membrane of the genital tract of these animals was in the resting condition, and reactive changes It1 
it could be easily demonstrated. Five experiments were carried out. The animals were killed %10 hours after 
being sr the ovarleh vagina, and uteru~ were fixed in Bouln't fluid or Ln Zenker-fotmol, and embedded 

1007 



p~tMRn, Cross sections and longitudinal sections of the organs were stained in hemahuncosin, The sexual orgaal 
of 28 vlrgta females were taken as controls, of which 20 were normal (in dlffereat qagcs of the sexual cycle), 
and 6 were ovadectomized. 

In the Ist experiment, 8 females were serviced at an early stage of proes~us. In one case, histologlcal exam/- 
nation showea a massive iafil~ation of the uterine stroma and epithelium with poly~orphonuclcar leukocytes, 
many of which were found in the lumen; there was an uneven dlsr of the nuclei of the epithelium, a 
formation of villi which shed cells from their apices Into the lumen. A disappearance of the basement raernbranc 
ere. h e. there was a desuuctive infileation such as normally occurs in the second half of es~us after ovulation 
(ovulation did not occur in any animals in the Ist experiment). In 6 animals all the~e phenomena were weakly 
shown, and in one case were not shown at all (1. e. the uterine mucosa of this female was not in any way different 
from thatofan tmserviced female at the proesttm stage). 

In u,e second experiment 11 fema!r were serviced in the resting stage, Copulation caused destructive in.. 
filt~attonal changes in the uterine mucosa; these changes resembled those in the first experiment, but were very 
clearly shown in 8 out of the 11 animals. 

In this experiment the forma~on of epithelial villi and the shedding of ceils into the lumen was not well 
shown. 

In the 3rd experiment, in 7 females ser~Jced after estrus, destrucuve infiltration in the uterus was well shown 
in all anin~,als. This may be partly due to the fact that after estzus the normal destructive pha~ Is ~rminating. 
We may note, however, that copulation delay s its completion. 

In the 4th experiment, in femalcsserviced 7-I0 days after ova.riec~my, the ute~tne reaction to insemina- 
tion was very ~!milar to that of experimental animals (Fig. 1). 

The principle uterine reaction wa~ shown In experiment 5,in females serviced !8 or more days after ovartec~ 
tomy. In all the previous experiments, the changes in the mt:cosa were approximately uniform over the w.hole 
organ, but In this series the picrare was very varied. Some parts remained intact, while others were more like 
t~he mucosa of females in the 2rid or 4th experiments, in which the reaction was very marked, in these places 
there had been a desquamatton of the epithelium over a considerable expanse, the sperm had p~qe~ated In a 
broad stream into the st~oma and had infiltrated it right up to the muscle layer, the place where penetration had 
occurred being surrounded by a thick band of leukocytes, i. e., there had been a typical Inflammatory reaction. 

Fig. I. Changes in the genital tract of the rat: a) Uterine wall of ovarloc- 
~omlzed female. Even layer of short epithelium; b) the same 10 hours 
after copulation. Disorderly arrangement of the epithelia| Cells. desquamat,- 
Ing in parts into the lumen. Leukocyte Inflluation of the mucosa. Large 
n , - ~ r  of leukocytes in uterine canal 
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Investigation of the ,,agina in ovarlectomlzed animals showed that here the stimulation of natural insemi- 
nation, 1. e., chiefly that of the vaginal plug, results In a considerable destructive infiltration (Fig. 2). It must 
be noted that all the above changei in th, female genital tract do not occur if copulation Is not completed, I. r 
if there is no ejaculation and entry of sperm into the uterus. In order to find the effect of chronic stimulation, 
we also carried out experiments on 3 mice with copulation repeated at Intervals of 4-5 days. Histological 
examination of the sexual organs of these females showed that the uterine wall had hypertrophied as compazed 
with "..hat of the control animals, the mucosa was thicker, and the epithelium better developed and richer in ceils. 
The destructive infiltration following repeated insemination was more reminiscent of the reaction of ovadectom- 
lzed females (absence of pathological signs and occurrence of the normal destructive phase of estrus, as for 
example the formation ^f epithelial villi, etc.). 

Fig. 2. a) Vaginal wail of ovarlectomized female; b) the same, 
a few hours after copulation. Marked lnfiluational and destrucdve 
chap.ges. 

Thus, o ~  experiments show that natural insemination is a powerful physiological stimuIm, which elicits 
destructive infiltrational changes in the genital ~act of the female similar to those of the corresponding estrus 
phase. "I'nis phase, as had already been said. occurs in the second half of estrus and in the pcstestrus period, i.e., 
it occurs a few hours after natural insemination (which usually takes place in proes_rrus or at the beginning of 
estrus) and directly after ovulation, and therefore after fertilization. 

The phy,iolo~ical basis of the normal estrus cycle is the complex ne,trohumoral mechanism of the ~exual 
cycle. However, the results of the experiments here show thdt a very important and, biologically speaking, 
decisive part in elicidng the destructive phase in particular, is that of the powerful external stimulus of the act  
of insemination. Finally, the destructive changes obtained on inseminating nonestrus and ovariectomized females 
are not completely analogous to those of the destructive phase of normal estrus, ~ough the differences are ex- 
plicable in terms of the specific condition of the animals and of their reproductive organs. These d!fferencei 
are proportional to the degree of involu'don of the female genital system, and In animals which have been 
ovartectomized for a considerable time the reaction shows no qualitative differences. The act of insemination 
is no less important for the realization of the phase of proliferative repair. This is shown by the experiments 
with repeated copulation. It is generally accepted that the processes of destructive infiltration and proliferative 
repair are Intimately associated. 

Thus, natural lnsemin~0og: considered as a biological stimulus, piays an important part in the realization 
of that complex cycle of changes In the uterus and vagina included In the term "est~u~ complex." We may 
suppose fttrther that this complex arose originally as a reaction to insemination. In the course of phylogene~ls, 
this reactioa became separated from the original external stimultis through the formation of associated reflex 
pathways. Consequently, a self-contained neurohumoral estrus mechanism evolved, as a result of which the 
cyclic change which co:~..posed it can now take place without insemination occurring. 
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$ U M M A R Y 

The reaction of the genital trac,, of female =trice in varlou~ ~tages of the e~trus cycle and of ovaflectomlz~cd 
females to coittt~ wa.~ investigated. Discharge of ~,..men caused de~trnctlve- Infi ltrative changes In dze uterus =sad 
vagina. ~'htch resembled the physiological dc.~rructfon of the mucon~ membrane of Olesr ~gans which was oh* 
served In the second half of cstxus, 

~ml lar i ty  was the greatest In females lu ca~s of copulation at d=e sta~e of test ot ~oon after ovarlectomy 
(1- t0 days). 

Coitus plays an iinpo~tar.t part In the process of formation and u=aintenance of the cyclic de.~trucdve and 
prolt ferative chans of the ~.l~ucous n~embtane of the genital tract of fen=ale mammal~ 
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