


ORGANOTYPIC CULTURES OF RODENT UTERUS: 
HORMONAL AND IMPLANTATION RESPONSES

BY
CAROLEE MARGARET GERKEN

A THESIS

Submitted to the Faculty of the Graduate School 
of the Creighton University in Partial 
Fulfillment of the Requirements for the 
Degree of Master of Science in Radiation 

Biology in the Department of Biology

Omaha, 1965



146G61 ALUMNI MEMORIAL LIBRARY
Creighton University 

Omaha, Nebraska 38131



iii

Acknowledgement s

The author gratefully acknowledges the guidance and 
help of Dr. Richard V. Andrews and Dr. Allen B. 
Schlesinger, as well as Dr. Richard E. Ogborn, 
Radioisotope Service, Veterans Administration Hospital, 
Omaha, Nebraska, in whose laboratory the following work 
was performed. Appreciation is also extended to Mrs.
U. A. Martin for assistance with the histological pre
paration of the tissue.



iv

Table of Contents

I. Introduction
A. Historical Resume of Organ Culture

Methods» . . . . . . . .  ................ 1
B. Background of Implant Problem, . . . .  »10
C. Statement of Problem............  .25

II. Methods and Materials ...................... ».26
III. Results » .................. » ...............37
IV. Discussion and Conclusions, . » » . » ........ 55
V. Summary . . . . . . . . . . o » . . . . » » . . 61
VI. Bibliography, . . . » .........................64
VII. Appendxces. .. . . . . . . . . . . . . . . .  .70





vi

Table 1 

Table 2

Table of Tables

Hormonal Supplement to the
Mediuin* o o o * o * * * < * * * « « * a *  32
Statistical Analysis of High 
Points of Each Graph 45



vii

Table of Appendices

A. Solutions used for Culture. ...................72
B. Papanicolaou Staining Method................ .. 75
C. Summary Table of Hormonal Combinations

and Endometrial Responses........ ............77
D. Graphic Representation of Endometrial 

Response to Varying Concentrations of 
Hormones in vitro 79



1

I. INTRODUCTION
Culturing cells, tissues and organs outside the 

body has afforded the researcher the opportunity to 
study cellular behavior in greater detailo One area in 
which organ culture techniques are particularly valua
ble is the study of implantation» No biological event 
in animals is more protected, shielded and hidden by 
nature than the development of the fertilized ovum and 
its penetration of the maternal uterus. Organ culture 
offers the opportunity to study this series of events 
in progress, as well as to manipulate the environment 
and observe variations in behavior.

The technique of culturing organs or organ explants 
is a relatively new one, and its approaches are as di
verse as are the tissues to be cultured. The entire 
field is young, itself being an outbranching of the 
broader area of culturing cells, commonly termed tissue 
culture. A survey of the work done demonstrates the 
development of organ culture as a tool.

A a Historical Resume of Organ Culture Methods.
In 1914 Thomson (1914a, 1914b) observed that



isolated parts of a chick embryo enlarged as a whole 
when cultured in vitro. The technique he used was de
vised by Carrel (1911) and involved the use of the now 
famous "hanging drop" preparation. The medium ( a mix
ture of blood plasma. Ringers solution, and tissue ex
tract) and the tissue are placed on a cover glass which 
is inverted on a depression slide and sealed into place. 
Thomson called this enlargement "controlled“ growth and 
the more familiar outwanderings of cells from the cut 
surface "uncontrolled" growth. Aside from this observa
tion, little was done until Fischer (1922) pursued chick 
embryo explants a little further. Using a plasma medium 
he kept the tissue alive and growing for up to one 
month.

Maximow (1925) confirmed the previous work and at
tempted to analyze the type of growth observed in vitro. 
Using fragments of rabbit embryos containing primordia 
of many different organs, he described "organotypic" 
behavior. Such fragments seemed to round off, cover 
themselves with epithelium, rearrange their constituent 
parts, and behave to a certain extent as independent
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organs, he reported.
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In 1926 Strangeways and Pell showed that undiffer
entiated mesoderm from the limb bud of a three day em
bryonic chick would form cartilage in culture; they 
further demonstrated that the isolated eye rudiment 
from an embryo of the same age would form lens and all 
the characteristic layers of retina when explanted 
under the same conditions (Fell, 1963)• Gaillard in 
Holland began this research in 1928; this investigator 
is now concerned with the morphogenesis of organ ex
plants in culture, (Gaillard, 1957) and cell interrela
tionships, as is McGloughlin (1961)o

Techniques became diversified as different tissues 
and conditions were encountered. The Strangeways Labo
ratory cultured embryonic organs in air on a clot made 
from cock plasma and chick embryo extract (Fell & 
Robison, 1929)„ These clots were placed in a watch 
glass on moist cotton wool in a sterile petri dish and 
the medium was changed every three days. This "watch 
glass" procedure was favorable for growth and differen
tiation but had a disadvantage for mature organs in 
which cultures were seen outgrowths of fibroblasts and 
a liquifying of the medium under the digestive action



4

of the culture.
Parker (1936) (who was the first to use a fluid 

medium) cultured pieces of adult spleen 0.75 mg. in 
size in a serum-saline medium supplemented with glucose 
contained in a flask filled with O2 0 Previous to this 
work, no attempt had been made to alter the atmosphere; 
all tissues were cultured in air.

Trowell (1952a) began to attempt methods to main
tain larger pieces of tissue on the surface of the 
admittedly more satisfactory and convenient liquid 
medium. He cultured adult organs on the surface of 
cotton wool soaked in serum-saline with 0.4% glucose in 
a 20% O2  gas phase. He then placed the tissue on lens 
paper supported on the surface of the medium by means 
of a tantalum gauze (Trowell, 1952b). Tissues from 1 
to 2 ram3 could thus be maintained. Chen (1954) found a 
certain type of lens paper which would float, thus elim
inating the necessity for the gauze support.

Then Shaffer (1956) proposed the use of cellulose 
acetate fabric instead of the lens paper. The advantage 
of this technique is that the epithelial outgrowth so 
characteristic of organ cultures (which may cause
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adherence of the tissue to its support) need not be 
destroyed. The tissue can be transferred and handled 
more easily on the fabric, which can be readily dis
solved away from the cellular material by immersion in 
acetone.

The final major variation in technique was intro
duced by Trowell (1959) in which he proposed an intri
cate grid set over a reservoir of medium. He further 
developed a chemically defined medium and suggested a 
95% 02, 5% C02 atmosphere instead of air. Other syn
thetic media were also in use by this time (Wolff et 
all, 1953, Biggers et al, 1961). Alterations in the 
above procedures are limited only by the ingenuity of 
the researcher. Roller tubes, glass rods, flasks, and 
a myriad of other devices have been employed by various 
researchers for a variety of purposes (Fell, 1963).

Organ culture has found, in a scant half century, 
a definite niche for itself. There are several reasons 
for the utility of this technique. Cell cultures are 
unsuitable for many types of research which definitely 
require a tissue culture situation. In cell culture 
unorganized cells, especially those from long
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established strains differ from their prototypes repre
sented by in vivo differentiated tissue. The study of 
cellular interactions in vitro (Moscona* 1961af 1961b) 
is another factor which insures the future of organ 
culture as a tool. Moscona's discovery of the formation 
of recognizable tissues from embryonic cells and the 
specific reaggregation of cell types is now a widely 
recognized phenomenon and one on which much work is 
currently being done.

The field is not without its technical problems 
and limitations* however. Organ cultures are essential
ly short-term experiments* because explants usually react 
in a few days or weeks to such chemical agents as hor
mones* vitamins* and carcinogens (Fell, 1963). There 
must be established after finding suitable medium, the 
optimal volume relationship between the explant and the 
medium. There must be sufficient medium to nourish the 
tissue* but excessive amounts will result in the rapid 
diffusion of essential metabolic products away from the 
tissue. L. M. Franks (1963) points out that the tissue 
must be of appropriate size, (usually no thicker than 
9.8 mm. and of no greater diameter than 0.2 mm.). The



7

center mass of tissue maintains its histological integ
rity but will always be accompanied by sheet-like out
growth of cells.

One major area of interest within the organ cul
ture field seems to be the study of embryonic tissue. 
Much of this has been concerned with various mesodermal 
and primordial regions and their subsequent in vitro 
development. Study on earlier embryos has also been 
done using the in vitro environment afforded by organ 
culture.

John Hammond, Jr. (1949) described a technique for 
flushing the uteri and Fallopian tubes of mice and the 
recovery and subsequent successful culture of the eight- 
celled eggs in albumin and saline. Whitten (1956) 
followed Hammond's experiment and watched the develop
ment of normally appearing blastulae which exhibited 
characteristic growth patterns when inserted under the 
kidney capsule of mice. Whitten later cultured the 
Fallopian tubes of mice in synthetic medium for three 
to four days (Whitten, 1962). He recovered developing 
embryos ranging in stages from uncleaved zygote through 
advanced blastocyst. (Blastocysts develop on the fourth
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day in vitro as well as in vivo,) Whitten added no hor
mone to the medium and concluded from his success that 
if any were necessary, it was apparently produced by 
the Fallopian tubes,

McLaren and Biggers (1958) extended the work of 
Whitten and cultured mouse embryos for two days in 
synthetic medium. Embryos which developed into blasto
cysts were transplanted back into foster mothers and 
subsequently developed into normal mice,

Andrej Tarkowski experimented with developing mouse 
blastomeres by manipulation. He destroyed some blasto- 
meres and replaced "halfeggs" in the uteri of donor 
mice, where they were allowed to develop (Tarkowski, 
1959), Normal offspring resulted from the half embryos. 
Fusion of two eight-celled stage eggs of mouse embryos 
was accomplished by an ingenious culture method employ
ing a paraffin base to hold the two eggs in juxtaposi
tion (Tarkowski, 1961, 1963). This manipulation re
sulted in successful fusion of the two eggs; upon reim
plantation into pseudopregnant mice, offspring were ob
tained from these chimaeras which confirmed the complete 
union seen in vitro. This was evidenced by the
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presence of intersexes in the offspring.
Popp (1958) achieved success in culturing mouse 

blastocysts in sealed capillary tubes. He concluded 
that some of the difficulties encountered with blasto
cysts may be due to their specificity. The work of 
Briones and Beatty (1954) indicates that there is an 
interspecificity of transfer capability among mamma
lian embryos and mammalian hosts. Popp suggests that 
young embryos are highly dependent upon the unique 
characteristics of the "milieu in utero" of their own 
species.

Among the researchers working in various out- 
branching areas of embryological organ cultures is Gwat- 
kin. He has studied the effect of Mengo Encephalitis 
virus on mouse ova cultivated in vitro (Gwatkin, 1963). 
Recently a new technique was devised for obtaining eggs 
at various stages from the mammalian ovary by timed 
incubation with the proteolytic enzyme, "pronase".
The ease of availability of tissue “subject material" 
promises to enrich the research and further the inves
tigation of early development.

Thus far the discussion of embryological culture



technique, while mammalian, has limited itself to ro
dents and rabbits primarily. However, work on human 
embry°ni.c tissue has been done. Thiede (1960) studied 
human trophoblast in culture, although his study was 
done more at the cellular level. He cultured mono- 
layers of cells from immature chorionic villus and made 
some progress in defining cell types. He was definitely 
able to recover chorionic gonadotropin from the medium, 
indicating functional integrity even in the monolayer 
condition.

B. Background of Implant Problem.
Organ culture endeavors to approximate in vivo 

conditions. It follows that the study of blastula 
stages is somewhat limited simply by the brief span for 
which a free blastula exists in vivo. Therefore the 
study of the phenomenon of implantation in vitro was 
undertaken. Although the general process of implanta
tion has been recognized for a century, there is still 
not complete agreement on the mechanism. Perhaps before 
surveying the work that has been done, a summary of 
proposed mechanisms of nidation or implantation should
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be presented.
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Shelesnyák (1960-61) points out the yet unanswered 
points and concludes that implantation can be considered 
a very specialized relationship in which ovum and 
endometrium are involved as well as environmental fac
tors. The mechanism postulated is that following fer
tilization and progesterone secretion by the corpus 
luteum, there is a rise in estrogen secretion. This, he 
proposes, releases histamine which initiates active 
decidualization of the uterus (proliferation of endo
metrial cells) and at the same time activates the 
blastocyst for implantation when the uterus is receptive.

One recognized authority on implantation is Bóving 
(1959a). He points out that the trophoblast exhibits 
characteristics of all three primary germ layers. It 
is a nutritive tissue of conceptus, hence exhibits 
endodermal character; it gives rise to extraembryonic 
mesoderm in primates, hence mesodermal properties; its 
ability to secrete gonadotropin as well as its periph
eral location exhibit ectodermal properties. In 
Maximow's earlier work (1925) one of the tissues he 
cultured was trophoblast. He noted that trophoblast 
destroyed or at least persisted longer than and
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utilized the breakdown products of the embryonic ele
ments of its own conceptus. He attributed this des
tructive behavior to the abnormal culture environment, 
and the lack of maternal control, which he considered 
pertinent since ovariectomy can prevent implantation,, 
Boving's interpretation of Maximow's work consists in 
the suggestion that implantation is not due to phagocy
tosis, but rather to cellular disaggregation due to the 
physicochemical mechanism of high pH. The trophoblast 
is protected from this disaggregation, he contends, by 
a bicarbonate build-up and subsequent release in the 
trophoblast. Since the transfer of bicarbonate is re
stricted to cells with a vessel at their base, the 
apparent trophism of â blastocyst for a vessel is ex
plained. The high alkalinity caused by the bicarbonate 
also makes the blastocyst sticky. Establishment of 
contact with the maternal circulation is sufficient to 
relieve the deficiency of gas exchange and may be the 
"turning-off" of the invasion mechanism.

Boving further draws a comparison between the in
vasive trophoblast and cancer. Similarities exist in 
the dissociation of cells and the high metabolic rates.



The respiratory insufficiency produced in cancer, due 
to low aerobic metabolism is permanent, intrinsic, and 
not subject to extrinsic control. In the trophoblast, 
on the other hand, the respiratory insufficiency is a 
temporary characteristic, extrinsic, and relieved by 
the maternal circulation. In later papers, Boving 
(1959b, 1963) outlines the entire process of implanta
tion a little more completely. He divides the process 
into a) muscular mechanisms which transport, space, 
and immobilize the blastocysts, b) adhesive mechanisms 
which attach the trophoblast to the endometrium, and 
c) the invasive mechanisms. The experimental work he 
did was on rabbits, a popular subject for such experi
ments. He therefore does not consider his theory 
completely universal, although it would not be expected 
to vary too greatly.

To support the theory that a bicarbonate buffer 
build-up was responsible for implantation, Boving began 
using AgNOg and noting precipitates in uterine epithe
lial cells overlying a vessel. He concluded from the 
duration of the diffuse precipitates of silver that
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trophoblast attachment depends on a chemical transfer
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between blastocyst and maternal circulation. He had 
always felt that this transfer was from maternal cir
culation to blastocyst, but later, after finding silver 
deposits in the adherent blastocyst, concluded that the 
transfer might very well be from epithelium to maternal 
circulation.

This invasion stimulator, Boving concluded, is 
probably a metabolic product, since a dead blastocyst 
gives rise to no silver precipitate. Chemical analysis 
led Boving to theorize that CaC0 3  is the substance in 
question, and that mammals, like birds, use it to pro
tect their eggs, but form a placenta with it instead of 
a shell. The rabbit blastocyst has a high concentra
tion of bicarbonate before implantation and endometrium 
becomes rich in the carbonic anhydrase during early 
pregnancy, especially near the time of implantation.
His theory can be clearly outlined. (See fig. 1)
Boving explains the phenomenon as follows: "Progester
one promotes antimesometrial rabbit blastocyst implan
tation by augmenting the carbonic anhydrase concentra
tion of the uterine epithelium. Alkalinity renders the 
blastocyst sticky and favors dissociation of the
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PROGESTERONE

Carbonic anhydrase 
forming system --

\ 1/ Increased Carbonic 
anhydrase concentration 
in uterine epithelium

Adhesion.

Bicarbonate transfers 
from blastocyst to 
maternal circulation, 
increases pH

Summary of Boving's theory of implantation (Boving, 1959b)
fig. 1
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cellular uterine epithelium thus promoting first adhesion, 
and then penetration»" The end result, then, is a fusion 
of syncitial and symplastic masses (Boving, 1959b, 1963)» 

Boving points out (1952b) that adhesion to epithe
lium with a vessel beneath it explains only the apparent 
direction, not the mechanism for implantation» Uterine 
epithelium becomes dissociated, not ingested or digested» 

In a recent paper Allen Enders (1964) reports on 
electron-microscopic study of armadillo implantation.
He proposes that initial attachment is due to inter
weaving of microvilli of trophoblast and endometrium» 
Following this attachment, there is a mechanical disrup
tion of uterine epithelium especially by growth of the 
trophoblast and this causes penetration.

It can be seen that there are many theories for 
implantation (Falck Larsen, 1961, Lutwak-Mann, 1963)» 
Several workers point out that there may indeed be not 
a single cause but a series of causal mechanical steps, 
possibly differing among species. It is reasonable to 
believe, however, that so universal a phenomenon should 
have a basic behavior pattern, as yet undetermined.
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Smithberg and Runner (1960) noted the retention of 
free blastulae in mouse uteri under certain conditions. 
In the laboratory, they point out that nidation will 
be delayed if conception occurs during the appropriate 
implantation period. Bryson (1964) studied in vitro 
implantation in abnormal circumstances. He noted 
development of mouse eggs and subsequent attachment to 
the Millipore surface of the diffusion chamber in 
which they were suspended in the peritoneal cavity of 
mice. He also noted that frequently trophoblastic 
giant cells did not implant, but surrounded the inner 
cell mass causing its subsequent destruction. This 
observation would correspond to Maximow's earlier re
port.

Kirby (1962) made use of the destructive capability 
of trophoblast and directed it against cancer. This 
destructive capability normally subsides after implan
tation, but Kirby showed that in abnormal circumstances 
destruction continues. He transplanted mouse eggs to 
the anterior eye and noted development of a trophoblast 
which infiltrates and destroys the tissue of the eye.
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Eggs placed under the kidney capsule invade the cortex« 
He then directed this trophoblastic invasion toward 
mouse mammary tumor tissue and achieved digestion of 
the tumor tissue. In these abnormal host regions, the 
trophoblast encountered circulatory networks of varying 
complexities, but none seemed to have any effect in check 
ing the "invasion".

The "turn off" of trophoblastic invasion and pro
liferation remains a puzzle. Apparent failure of this 
"turn off" is demonstrated in Bryson's, Maximow's, and 
Kirby's works. Is the abnormal environment of in vitro 
culture sufficient to cause such a failure? If so, why 
does it not always occur in culture?

Perhaps the work of Hertwig, Rock, and Adams (1956) 
although not manipulative, laid the groundwork for 
future studies of early embryonic development. They 
examined surgically removed uteri and Fallopian tubes 
of humans and collected zygotes during the first seven
teen days of development. Their descriptions of free- 
floating and implanted blastulae helped confirm the 
implantation phenomenon heretofore observed only in
lower mammals
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The actual manipulative study of implantation in 
vitro is a very young field® Briones and Beatty (1954) 
studied the specificity of mammalian eggs and pointed 
out that successful transfers previously of mammalian 
embryonic tissue to adult mammalian hosts ha>d been few. 
They used mouse, rat, guinea pig, and hamster and con
cluded that rabbit eggs could be transferred with the 
greatest viability, no matter which other species were 
the host. Their technique of placing the blastocysts 
was "inovulation" (Beatty, 1951), injection of the 
eggs into the host through the cervix.

T. W. Glenister (1956) began the actual study of 
implantation in vitro using rabbit blastocysts and 
uterus. His intent was the study of trophoblastic in
vasion and possible clarification of this phenomenon as 
related or contrasted to cancer. Glenister took thin 
strips of pregnant rabbit uterine endometrium and 
stretched them out on cellulose acetate strips in solid 
medium via Shaffer's technique (1956). He manually dis
sected the zona pellucida off the blastocysts collected 
six to seven days post coitum, and pipetted them onto 
the cultured endometrial tissue. When sacrificed and
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fixed, histological preparations showed definite im
plants» The trophoblastic elements penetrating the 
endometrium were cellular in nature and showed marked 
irregularity in size. He also noted signs of 
"devitalization" of endometrium at the sight of implan
tation.

Mintz (1956) developed a technique for removing the 
zona pellucida from mouse blastocysts. (Glenister had 
done this by hand.) Removal is achieved by means of 
incubation with "pronase", the proteolytic enzyme men
tioned previously. Apparently removal is essential for 
rabbit blastulae but is somewhat optional for the mouse 
tissue.

Glenister concludes from his success (Glenister, 
1961) that successful implantation is a product of a 
balance of interactions between systemic, uterine, and 
blastocyst factors. His blastocysts frequently col
lapsed after three or four days; this seemed to be the 
limit of implantation studies in vitro. More recently, 
however, he has been able to maintain blastocysts up to 
six days (Glenister, 1963).

Glenister's work refutes some of Boving's theories-
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especially that of circulatory influence since only the 
endometrium was present» Kirby's use of the trophoblast 
on tumor tissue agrees with this finding, for the troph
oblast cells certainly made contact with blood vessels 
as they invaded the mammary tumor. This did not seem 
to be sufficient to “turn off” the invasion. Glenister 
also refuted the high alkalinity postulate. He found 
that he obtained fewer, not more implants if he raised 
the pH of the medium from 7.4 to 7.8. Boving (1959b) 
had found blastocyst pH readings up to 9, but concluded 
that in vivo conditions were probably between 7.3 and 8. 
Later he removed blastocysts from the uterus and noted 
increased stickiness when he placed them in environments 
with pH as high as 9 to 10 (Boving, 1963).

There are definitely unanswered questions concern
ing implantation mechanism. One of the big ones, now 
that implants have been achieved .in vitro is the effect 
of hormones. Glenister admits this uncontrolled vari
able in his early work, since the medium consisted in 
part of maternal serum, which does indeed contain perti
nent hormones, but in unknown quantities. He has recent
ly attempted hormonal supplement to synthetic medium but
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notes no significant difference in implant behavior 
(Glenister, 1963).

The main hormones involved in implantation itself 
in vivo are estrogen and progesterone. With regard to 
endometrial preparation to receive the blastula, estro
gen is responsible for the thickening of the endometrium 
as well as its tone, while both estrogen and progester
one are necessary for mucification of implantation 
(Pincus, 1950). As was mentioned previously, proges
terone played an important role in Boving's (1959b) 
theory of implantation since it triggered carbonic 
anhydrase production which was responsible for the sub
sequent bicarbonate conversion and attachment. He also 
states (Boving, 1958) that progesterone causes a rapid 
increase in the rabbit blastocyst diameter. Csapo and 
Corner (1951) showed that progesterone causes uterine 
tissue in vitro to have high irritability. Progester
one is also necessary for the maintenance of the blasto
cyst prior to and during nidation (Shelesnyak, 1960-61). 
As was previously mentioned, this author attributes im
plantation to an activated blastocyst triggered by an 
estrogen surge. Greenwald (1957) showed that the
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administration of estrogen may terminate the pregnancy 
of a rat, mouse, guinea pig, or rabbit; he attributes 
this to an estrogen interference with otherwise proges
terone-dominated mechanisms.

Epithelial cell layers, especially those covering 
the outer surface of the body are subject to constant 
trauma. The degeneration resulting from this is termed 
cornification and results in desquamatization and re
placement by cells from underlying layers. A condition 
similar to this occurs in the uterine epithelium prior 
to the onset of menstruation. Blood supply to surface 
epithelium is cut off, secretion and interstitial fluid 
decrease, and there occurs a cornification and shedding 
of the superficial epithelium (Bloom and Fawcett, 1962). 
Kahn (1954) added estrone (1.3 ug/ml.) to the medium of 
vaginal expiants and reported hastened stratification 
and cornification of prepuberal epithelium. Lasnitzki 
(1958) also reports a hastened keratinization of ex- 
planted vaginal epithelium. It should be pointed out 
that the keratinization does occur in nonsupplemented 
medium in culture, and is simply hastened by the effect
of the hormone
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Everett (1962) tested the effect of hormones on 
endometrium in culture and concluded that the presence 
of both progesterone and estrogen resulted in a syner
gism: well preserved epithelium and secreting glands, 
as well as an antagonism: fewer stromal cells of 
smaller size than with either hormone alone.

These results agree with Biggers (1956) who also 
concluded that contrary to previous theory that the 
estrogenic effect occurs only after passage of the 
hormone through the body, the action in the culture 
situation on the uterus can indeed be direct.
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C. Statement of Problem.
Organ culture of intact rodent uterus has been 

undertaken to establish optimal hormonal background for 
in vitro preparations. Such cultures provide a means 
for study of implantation. Immunofluorescent markers, 
radio-labelled blastulae, and histological integrity 
afford adequate means for experimentally establishing 
whether actual interspecies implantations can be achiev
ed. A further benefit of the culture preparation is 
the experimental test for direct tissue effects of 
both the hormonal and embryonic environments.

146661 ALUMNI MEMORIAL LIBRARY 
Crtifbton Uaivmity
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II* Methods and Materials
Procedure for obtaining and preparing tissue.-----

Mature female Syrian golden hamsters were anesthetized 
with ether and the bicornuate uterus and associated 
oviducts and ovaries surgically removed* Originally 
the animals were sacrificed at random, with no attempt 
made to determine the stage of the estrus cycle* Follow
ing the initial experiments and first implantations, 
however, the remainder of the animals were all sacri
ficed in early estrus. Determination of this stage was 
made by vaginal smears taken each day for eight days 
(two complete cycles).

The animals were restrained by light etherization 
and a moistened cotton swab inserted into the vagina. 
(Since standard swabs are too large, special ones were 
prepared using toothpicks and a few shreds of cotton.)
The swab was then smeared onto a clean slide* Wet 
mounts were made for immediate study, using one drop 
methylene blue (0.1% in methyl cellulose) and one drop 
of water.

Three stages are clearly apparent on histological
examination:
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Anestrus: few cornified cells, many blood cells.
Estruss many plump nucleated epithelial cells.
Late estrus: many non-nucleated cornified epithelial 

cells.
(See fig. 2)

Following surgical removal, the tissue was immed
iately placed in a sterile petri dish containing 15-20 
ml. of Hank's base (CulturSTAT Dilutant). (See Appendix 
A) The tissue was then transferred to a sterile room 
where the remainder of the procedure was performed.

This procedure consisted of the following: 
stripping the uterus of fat and blood vessels; removing 
the ovaries and oviducts; cutting pieces of the uterine 
tube into 8.0 mm. lengths. Each piece of the tube was 
cut open using blunt-tipped scissors which are easily 
inserted into the lumen of the tube. The opened tube 
was then laid in the culture dish on the grid and 
gently flattened into the open position so the endomet
rial surface was exposed.

Culture procedure. --------  Culture dishes used
were disposable plastic pre-sterilized organ culture 
dishes (5.5 cm. in diameter), having a depressed center
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fig«, 2a Hamster vaginal smear in Anestrus. Note the 
few cornified cells and the numerous blood 

- cells.,

fig. 2b Hamster vaginal smear in Estrus. Note the 
plump nucleated epithelial cells.

fig. 2c Hamster vaginal smear in Late Estrus. Note 
the cornified epithelial cells.
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well 2.0 cm. in diameter holding 1.0 ml. of medium, 
over which was supported a triangular grid, made of 
silicone-treated stainless steel, measuring 2.3 cm. 
on each side. This center well was surrounded by a 
ring of absorbent paper to maintain high humidity in 
the dish (Falcon Plastic Organ Culture Dishes). One 
piece of uterine tissue was placed in each dish on the 
grid. Tissue was incubated at 37° C. in a humid en
vironment (saturated) and in an atmosphere of 95% 02#
5% C02.

Procedure for studying tissue.--------  Following
experimentation,, (seven days of culturing), the tissue 
was fixed in 10% neutral formalin for from 24 to 48 
hours after which dehydration, clearing, and infiltra
tion procedures were undertaken. An autotechnicon auto 
matically processed the tissues through one liter beak
ers containing the following solutions and for the
indicated times:
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10% neutral formalin. . . . . . . .  .6-8 hours
Distilled water * o . . o . . . . . o l  hour
80% ethyl alcohol . . . . . . . . . . l  hour
95% ethyl alcohol . . o . . . . . . . l  hour
95% ethyl alcohol . . . o . . . . o o l  hour
Absolute alcohol. ........  . . . . . 1  hour
Absolute alcohol. . . . . • • • • . . I  hour
Toluene . . . . .  ........  . . . . . 1  hour
Toluene . 0 . 0 0 0 0 . 0 0 0 . .  . ol hour 
Paraffin. 0 0 0 0 0 0 . 0 . . . . 0 .I hour 
Paraffin. . . . . . . . . . o . . . . !  hour

Tissues were then embedded in paraffin, cut into sections 
7 p thick, and stained according to the procedure of 
Papanicolaou for cervical smears (Humason, 1962). (See 
appendix B)

Procedure for medium preparation. Medium
used for the hormone effect phase of the experiment was 
Puck*s N—16 supplemented with 15% Fetal Calf Serum and 
100 units each of Penicillin and Streptomycin/ml. 
(CulturSTAT). (See Appendix A) Dose response incuba
tions were carried out with various concentrations of 
crystalline progesterone and (17j3)estradiol-acetate.
(See Table 1)

The hormone or hormones were weighed out in the 
correct dose level, dissolved in one to two drops of 
absolute ethyl alcohol and added to the medium. Res
ponses of the tissues incubated in these media, in terms
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Table 1

Hormones added to the Medium
Medium # pg/ml. Estrogen pg/mb Progesterone *drops Alcohol
Q 1 0 0
R 2 0 0
S 4 0 0
T 6 0 0
U 0 1 0
V 0 2 0
W 0 4 0
X 0 6 0

Combinations of Hormones added to the Medium
Medium # pg/ml. Estrogen pg/ml. Progesterone *drops Alcohol
A 1 1 0B 2 1 0
C 4 1 0
D 6 1 0
E 1 2 0
F 2 2 0G 4 2 0
H 6 2 0I 1 4 0J 2 4 0
K 4 4 0L 6 4 0
M 1 6 0N 2 6 0
O 4 6 0
P 6 6 0

^Controls 0 0 0z 0 0 1

* 1 drop of alcohol was added to half the controls to 
counteract any possible effect caused by the one drop 
of alcohol used to dissolve the hormone (s) in the ex
perimentáis«



33

of endometrium mucosal epithelial cell height and gen
eral histology, were compared to those of tissues in
cubated in medium without the hormonal supplement. On 
these two criteria mentioned, one medium was selected, 
(See Result section) and used in all subsequent portions 
of the experiment.

Procedure for implantation.--------  The technique
employed to obtain implantation was as follows. Mature 
Webster Swiss female white mice were mated with males 
of the same species and the subsequent presence of a 
vaginal plug served as an indicator of successful mating. 
Pregnant mice were separated, dated, and sacrificed 
three or four days after mating at which time blastulae 
are free in the uterus. The uteri were surgically re
moved intact and transferred to Hank's base. Following 
gentle washing with Hank's base and removal of the 
ovaries and oviducts, the Y-shaped tubes were transferred 
to an empty petri dish, and a tubercular syringe (20 g. 
.needle) containing Hank's base was inserted into the 
cervical end and the entire uterus was flushed. Origi
nally, about 0.4 to 0.8 cm. of the wash solution was 
used and the flushings were then pipetted via a sterile
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glass pipette onto the endometrial surface of the pre
pared uterus. It was later found, however, that the 
technique was more successful if the flushing were a 
little more vigorous and if more wash solution were 
used. The flushing was then done directly into a 15 ml. 
sterile capped centrifuge tube and the contents gently 
centrifuged (500 rpm) for 5 - 1 0  minutes. The super
natant was then poured off and the remaining 0.5 to 1.0 
cc. contained a high concentration of blastulae which 
could then be pipetted onto the endometrial surface.

Medium was changed every second day. Successful 
implantation is usually grossly visible within 48 hours 
after the attempt. A mass of whitish cells appears 
bn the uterine endometrium and can be recognized with
out disturbing the culture by use of a dissecting 
microscope, as viewed through the top of the culture 
dish.

Procedure for determining successful implantation. 
Following fixation, processing, and sectioning, certain 
slides, (every third out of serially sectioned slides), 
were not histologically stained, but rather deparaffin- 
ized, hydrated, and stained by iramunofluorescent
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technique (Karngold, 1962), Fluorescein-conjugated 
rabbit antiserun globulin vs. mouse serum globulin 
(Microbiological Associates, Inc,) was pipetted onto 
the wet slides and allowed to stand for 30 minutes. 
Following a 30 minute rinse in running tap water, the 
slides were coverslipped with glycerin. Ultraviolet 
microscopic examination of the slides indicated a 
bright yellow glow for the mass of cells on the uterus 
comprising the "suspect" implant. This fluorescence 
indicates the definite presence of mouse tissue since 
the hamster uterine tissue does not give this glow; 
this was verified by similar treatment of hamster tissue 
on which no implant had ever been attempted. Not only 
can mouse tissue be distinguished from hamster, but 
penetration sites of the implant as well as mere adhe
sion can be visualized.

As an additional study of the implantation phenom
enon, later groups of pregnant mice were injected intra- 
peritoneally with 10 pc, 3H-thymidine twelve hours be
fore they were sacrificed to obtain the blastulae. Dur
ing that time, the thymidine is incorporated into the 
developing blastulae and therefore it acts as a good
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marker. Implants were performed in the usual manner, 
and stained with the innumofluoréscent technique. 
Following the 30 minute rinse in running tap water, the 
slides were transferred to the dark room, where a strip 
of autoradiographic film was placed on each slide. The 
slides were left in the darkroom for three weeks to be 
exposed to the tritium, and then the slides were devel
oped (Boyd, 1955).

Following development, the slides were either 
stained with hematoxylin-eosin, or methylene blue.
(The latter is a water soluble stain, allowing a mini
mum amount of processing.) A double marker was then pre 
sent to indicate the mouse cells: The fluorescent dye, 
and the silver grains in the autoradiographic film.
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IIIo Results 

a. Medium Selection.
I

To determine optimal hormonal supplement to the 
basic medium, various concentrations and combinations 
of estrogen ( (17p) estradiol - acetate) and progester
one were added. (See Table 1) Following routine cul
ture and sacrifice of the tissue, sections were studied 
for selection of the best medium on two criteria. 
Histology of the tissues was observed as well as the 
cell height of endometrial mucosa.

Determination of endometrial epithelial cell height 
was done by means of micrometer measurements. The cal
ibrated micrometer grid was inserted into the ocular 
lens of the microscope, and this was superimposed on 
the visible tissue. Measurements were made of endo
metrium using slides prepared from tissues cultured in 
all twenty-six types of medium, and then the measure
ments, recorded in grid divisions, were converted to 
microns. (See appendix C)

Studies of these tissues indicated Medium K to be 
the best for the maintenance of tissue as well as endo
metrial thickness. Medium K, (4 pg/ml* each of
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progesterone and estrogen) gave a mean endometrial cell 
height of 0.380 micrometer divisions (11.300p) as con
trasted to the control without hormone (Medium Y) in 
which the measurement was 0.128 micrometer divisions, 
(4.480p). (See figs. 3a and 3b)

Histological appearance of the tissue was also 
taken into consideration in selection of the medium, 
although this could not be as strict a measurement gen
eral appearance was easily observed, and Medium K pro
vided the best histological integrity. (See figs-3a,
3b, and 3c)

Cell heights were plotted against hormonal concen
trations (See Appendix D) and the high point on each 
four-point graph was compared to Medium K on the basis 
of the Student "t" test. Analysis of these graphs 
shows a significant difference between the values for 
endometrial proliferation with Medium K and other media. 
(See Table 2)

B. Implantation.
Implantationsof fertilized mouse blastulae on ham

ster uterus were attempted in culture. Following pre
paration of the hamster tissue so that the endometrial



Section of tissue incubated on Medium K indicated
healthy endometrial mucosal cells.

Graph of cell height of Medium K and other similar 
media indicating its superiority.
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Section of tissue incubated on Medium Y indicating poor
endometrial proliferation®

Graph of cell height of Medium Y and another similar 
medium to allow comparison.
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Section of tissue incubated on Medium U. Although the 
cell height is considerable, note the ruptured cell 
membranes and the loss of nuclei.

Graph of cell height of Medium U and other similar media 
to allow comparison.
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Table 2
Statistical Analysis of High Points of Each Graph 

(for complete graphs, see Appendix D)
Medium # Composition

pg/ml. pg/ml
Est» Pro.

c 4 1
H 6 2
N 2 6
Z 0 0
u 0 1
s 4 0
K 4 4

Mean Endometrial 
Thickness (in p)

P Value

7.14 < .0005
10.01 <.0005
9.625 <.0005
6.615 <.0005
11.1302 0.402
7.105
11.300

<.0005

1P Value computed by comparison of Medium K to the high' 
valued medium of each of the other graphs.
oAlthough endometrial thickness did not significantly 
differ from that of tissue incubated on Medium K, 
the cytology of the tissue was poor. (See fig. 3c, 
p. 44)
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surface was exposed, the mouse blastulae were pipetted 
onto the surface. These blastulae were obtained by 
mating the mice, injecting them intraperitoneally with 
3H-thymidine, sacrificing four days post-coitum, and 
flushing the uterine contents. Recovered fluid from 
such flushings was centrifuged gently and the excess 
fluid discarded. Remaining fluid containing blastulae 
was gently pipetted onto the endometrial surface.

Following sacrifice of the culture, processing of 
the tissue, and sectioning, an immunofluorescent marker 
or autoradiographic film could be applied to the slide 
to allow two measures for determination of mouse cells. 
Described implantations of mouse ova on hamster have 
been achieved in vitro. The degree of invasion is not 
extensive, however definite adherence and in some cases 
penetration can be observed. (See figs. 4 and 5)

Immunofluorescent techniques (Karngold, 1962) and 
autoradiographic labels allowed determination of mouse 
cells in and on the hamster tissue. (See figs, 6 and 7)



Mouse implant on Hamster tissue» (X 100)
(Papanicolaou stain)

Mouse implant on Hamster tissue. (X 430)





Mouse implant on Hamster tissue»
(Decolorized for fluorescein)

(X 100)

Mouse implant on Hamster tissue. (X 430)





Mouse implant on Hamster tissue. (X 100) 
(Routine Hematoxylin-Eosin stain)

Mouse implant on Hamster tissue (X 430)





Mouse implant on Hamster tissue. (X 100) 
(Papanicolaou stain and autoradiographic emulsion)

Mouse implant in Hamster tissue. (X 430)
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fig. 7
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IV. Discussion and Conclusions.

For purposes of continuity, results shall be dis
cussed in the order in which they were presented. In 
this way a more accurate interpretation cam be made of 
the work herein presented.

A. Hormonal Supplement to the Medium.
A controlled series of experimental runs to deter

mine optimal in vitro hormonal concentration for uterine 
cultures confirmed the spectulations and observations 
of previous workers (Kahn, 1958, Zander, 1954, and 
Everett, 1962)• It was concluded in this experiment 
that concentrations of 4 pg. each of progesterone and 
estrogen per milliliter of medium afforded the best 
histological maintenance of tissue and endometrial 
mucosal cell height. This represents a moderate dosage, 
since concentrations of from one to six pg/ml. were 
used in the study. Lower doses were not adequate to 
give the desired effect; higher doses seemed to provide 
a toxicity. Everett (1962) concluded that both hormones 
need be present in optimal conditions, but she did not 
vary concentrations; she compared medium with and
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without arbitrary hormonal concentrations (2pg/ml pro
gesterone, 1 yig/ml. estrogen) . This concentration was 
tried in this experiment also. (See appendix C) Miss 
Everett's basic medium was not the same; although this 
should not have any relationship to hormonal effect, it 
is nonetheless a variable.

Furthermore, Miss Everett's work was done on 
guinea pig endometrium which, prior to culture, was 
manually stripped from the underlying stroma. The pos
sibility of trauma is recognized by the author. In this 
work, entire hamster uterine sections were used. While 
this type of approach is limited to small animals where 
entire uterine thickness is minimal, allowing endomet
rial nutrition by diffusion, it does offer minimal 
trauma to the tissue. It is possible that the addition
al cell layers necessarily transversed before endomet
rial contact with the medium is achieved necessitates 
higher hormone concentrations. The available endometrial 
surface area was much greater with Everett's guinea pig 
endometrium.

It is felt however, that for tissue such as was 
used in this experiment, hormonal supplement as indi-
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cated enhances maintenance and manipulation of tissue 
as dictated by the needs of the uterine experimentation„

B. Implantation.
That trophoblastic invasion is a relatively un

specific response is well evidenced by ectopic preg
nancy as well as by experimental implantation in atypic 
body locations (Kirby, 1962, Glenister, 1963). It is 
therefore assumed that interspecies implantation should 
progress in a manner similar to the normal pattern for 
either species. Whether, however, this system is limit
ed in the scope of the implantation by the "foreign" 
nature of the host tissue, by the "foreign" environment 
of the culture, or both is a question that remains un
answered.

Culture of implantation is a new study and is thus 
far limited in successful culture time. Blastocysts 
frequently implant, collapse, and die. Glenister (1961) 
has encountered such collapse in rabbit implants.

The degree of commensalism achieved is difficult 
to evaluate even when definite proximity and adhesion 
of blastocyst to endometrium is evident. Histological



appearance must be tempered with the knowledge of the 
behavior of ova of the particular species. Deanesly 
(1960) points out that guinea pig ova do not require 
hormonal influence. However they are also character
ized by a time limit to viability, ie., they either im
plant or die. On the contrary, mouse ova, such as were 
used in this experiment, sure capable of "dormancy" - 
remaining viable but resting for considerable periods 
of time. Certain of the "implants" in this experiment 
demonstrated proximity, but no active invasion. These 
could be interpreted as evidence of this dormancy of 
the ova.

Another apparently species-dependent problem is 
the presence of the zona pellucida. Glenister always 
manually removes this layer in rabbit blastocysts 
(Glenister, 1963) but most authors agree that the pre
sence of the zona does not seem to interfere with im
plantation of mice ova.

An implantation technique for interspecies im
plantations has been herein described. It indicates 
that although description of "normal" interspecies im
plantation is virtually impossible, the trophoblast is

58
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innately invasive, that the host tissue is made more 
receptive by hormonal supplement to the medium and that 
the initial events of implantation can take place in 
vitro without maternal circulatory influence. Further 
manipulative study will doubtless achieve interspecies 
implantations of longer duration, and the use of the 
species-specific markers described promises to afford 
more detailed determination of the implantation 
phenomenon.

Future experiments of implantation which present 
themselves are the culture of fetal development follow
ing in vivo implantation. Can sections of uterine 
tissue containing an implant be successfully cultured? 
The use of guinea pig eggs for future in vitro implan
tation attempts as mentioned previously might provide a 
more accurate evaluation of what has occurred in culture, 
since they will, of necessity, either implant immediate
ly or die.

For the present it is prudent to recognize the 
limitations of organ culture techniques for studying 
implantation. Initial adhesion and penetration are 
events that can be studied in this manner and should be
exhaustively pursued
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At the same time, the time limitation of organ 
culture must he removed or effectively extended to per
mit continued investigation. For what plagues many 
researchers in this area is the mechanism by which im- 
plantational invasion is terminated while the invasive 
tissue is maintained. This is a curious paradox to the 
behavior of malignant tissue.
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V. Summary1
Organ culture of hamster uterus was undertaken to 

test maternal tissue response to hormonal and implanta
tion stimuli. Graded doses of progesterone and estrodiol 
supplements to standard liquid medium permitted the 
choice of optimal hormonal conditions for maintaining 
the endometrium. The choice of medium for later ex
periments was based on measurements of endometrial cell 
heights and histological appearance of tissue sections; 
this selected medium, containing 4 pg/ml. each of pro
gesterone and estradiol, permitted maintenance of 8.0 
ram. lengths of uterine tube (longitudinally opened) for 
seven days without necrosis. Implantationsof mouse 
blastulae were attempted following the development of 
the appropriate maintenance medium for hamster uterine 
cultures. Mouse blastulae labelled with 3H-thymidine 
were pipetted onto the endometrial surfaces of the 
cultured (potential) maternal tissue. Implantation was

Presented at the Seventy-Fifth Annual Meeting of 
the Nebraska Academy of Sciences.
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determined by histological evaluation added by immuno- 
fluorescein antiserum treatment and autoradiographic 
studies of the slides of protective implantation sites. 
Successful implantations scored by this method are 
interpreted as evidence for direct tissue control in 
the implantation response.
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Appendix A

Solutions used for Culture

A—1 - Hank's Base
- Puck's N-16 MediumA-2



Appendix A

A—1 - Hank's Base

Salt q/liter
Naci...................... Oo•000t
KC1 . o . . . » ........ ..
CaCl2 ........ » .......... • • O • H

MgS04*7 H20 . o . . . . .  . OOJ•o•0

Nâ2HPO^# 12 o • o • • • CMH0O••

k h2po4....................
NaHC03.................. ..
Glucose . „ ..............
Phenol red 0.20
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A-2 - Puck's N-16 Medium 
Chemical q/liter

Argenine. . . . ...........................  0.0375
Histidine ................................  0.0375
Lysine HCl..................................0.080
Tryptophane................................0.020
p phenyl-H-alanine..........................0.025
Methionine.................................. 0.025
Threonine ................................  0.0375
Leucine....................................0.025
Iso leucine................  0.025
Valine.............. . ....................0.050
Glutamic acid..............................0.075
Aspartic acid..............................0.030
Proline.................................... 0.025
Glycine.................................... 0.100
Glutamine.................................. 0.200
Tyrosine.................................... 0.040
Cysteine..................................  0.0075
Glucose....................  1.100
Hypoxanthine................................ 0.025
Thiamine HCl................................ 0.005
Riboflavin. .............................  0.0005
Pyriloxin HCl ............................  0.0005
Folic acid................................  0.0001
Biotin...................................... 0.003
Choline .................................... 0.003
Ca Pantothenate ............................ 0,003
Niacin amide................................ 0.003
i-Inositol............  0.001
NaCl......................................   7.400
K C 1 ........................................ 0.285
MgS04° 7H20............................   0.154
CaCl2* 2 H20 ................................ 0.016
Na2HP04*7 H 2 O .............................. 0.290
KH2P04....................  .0.083
NaHC03...................................... 0.120
Phenol red. ................................ 0.200
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Papanicolaou Staining Method 
Solution

Appendix B

Time*
xylene................................
Absolute Alcohol. ....................
95% alcohol .. ......................
80% alcohol . .........................
80% alcohol . . . . . . . . . . . . . .
tap water . . . . . . .  ..............
distilled water ......................
Hematoxylin, orthol ................  .
Tap water . . . . . . . . . . . . . . .
Acid alcohol. . . . . . . . .  ........
Tap water ..........  . . . . . . . . .
Distilled water . . . . . . . . . . . .
80% alcohol . . . . .  ..........  . . .
80% alcohol . . . . .  ................
95% alcohol . . . . .  ..........  . . .
OG-62 . . . . .  .........  . . . . . . .
95% alcohol . . . . . . . . . . . . . .
95% alcohol . . . . . . . . . . . . . .
1% acetic acid in 95% alcohol . . . . . 
1% phosphotungstic acid in 95% alcohol. 
95% alcohol . .
E.A. 503. . 0 .

2
2
2
2
2
2
3

95% alcohol . . 
95% alcohol . . 
Absolute alcohol 
Absolute alcohol
Xylene........xylene......
Xylene. . . . .xylene, 0 *  0 0 0 0

minute s 
minutes 
minutes 
minutes 
minutes 
minutes 
minutes 

8 minutes 
rinse
1 dip
5 minutes 
rinse 5X 
rinse 5X 
rinse 5X 
rinse 5X 
3 minutes 
rinse 5X 
rinse 5X 
rinse 5X 
rinse 5X 
rinse 5X
2 minutes 
rinse 9X 
rinse 9X 
rinse 9X 
rinse 9X 
rinse 9X 
rinse 9X 
rinse 9X 
rinse 9X

Harris Hematoxylin diluted 1:1 with distilled water 
^Single Orange G stain 
3Multiple polychrome stain
*Times were modified from the standard procedure to fit 
the requirements of this experiment.

1L
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Summary Table of Hormonal Combinations 
and Endometrial Responses
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Appendix C
Medium # pg/mlo 

Progest.
pg/ml. 
Est.

drops*
Alcohol

Endometrial 
Height of 

micrometer
Mucosal 
Cells 
in p

A 1 1 0 .149 5.215
B 2 1 0 .170 5.950
C 4 1 0 .204 7.140
D 6 1 0 .196 6.860
E 1 2 0 .170 5.950
F 2 2 0 .225 7.875
G 4 2 0 .272 9.520
H 6 2 0 .286 10.010
I 1 4 0 .230 8.050
J 2 4 0 .188 6.580
K 4 4 0 .380 11.300
L 6 4 0 .181 6.335
M 1 6 0 .200 7.000
N 2 6 0 .275 9.625
O 4 6 0 .186 6.510
P 6 6 0 .183 6.405
Q 1 0 0 .170 5.950
R 2 0 0 .196 6.860
S 4 0 0 .203 7.105
T 6 0 0 .170 5.950
U 0 1 0 .318 11.130
V 0 2 0 .243 8.505
W 0 4 0 .162 5.670
X 0 6 0 .150 5.250
Y 0 0 0 .128 4.480
Z 0 0 1 .189 6.615

*Alcohol was added to half the controls to counteract 
the possible effect of the one drop of alcohol used to 
dissolve the hormone(s) in the experimentáis.





Appendix D
Graphic Representation of Endometrial Response 
to Varying Concentrations of Hormones in vitro

D—l Variations in Estrogen Concentration 
with 1 pg/mlo Progesterone

D-2 Variations in Estrogen Concentration 
with 2 pg/ml. Progesterone

D—3 Variations in Estrogen Concentration 
with 4 pg/ml. Progesterone

D-4 Variations in Estrogen Concentration 
with 6 pg/mlo Progesterone

D—5 Variations in Progesterone Concentration 
with Unsupplemented Medium

D-6 Variations in Estrogen Concentration 
with Unsupplemented Medium

D-7 Variations in Alcohol Concentration 
with Unsupplemented Medium
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Medium: Puck's N-16 with 1 ¿ig/ml Progesterone added

Estradiol added to Medium (ug/ml.)
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Appendix D-2

• Medium: Puck's N-16 with 2 pg/ml Progesterone added
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Appendix D-3

Medium: Pack's N-l6 with It pg/ml Progesterone added

Estradiol added to Medium (pg/ml.)



E s t r a d i o l  added  t o  Medium (jig/m l. )
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E s t r a d i o l  a dded  t o Medium (u g/ m l.)

Medium : P u ck ’s  N - 1 6
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Appendix D-7

Medium: Puck's N-16

Alcohol added to Medium (drops)
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