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SUMMARY 

The addition of diethylstilbestrol to cultured rabbit endometrial cells increased the number of DNA- 
replicating cells; progesterone had an opposite effect. However, both hormones induced a significant 
increase in the incorporation of labeled uridine and aminoacids into TCA precipitates. These ho~onal 
effects were rapidly reversed upon removal of the hormones from the culture medium and were also 
inhibited by actinomycin D and cycloheximide. Hydrocortisone did not change the effect produced 
by diethylstilbestrol on DNA replication but inhibited the progesterone action. Dibutyril 3’,5’-cyclic 
AMP did not alter the effect of the same hormones on DNA replication. However it was surprisingly 
found to inhibit the hormonal effects on the incorporation of labeled uridine and amino acids. Neither 
sex hormone altered the specific activity of alkaline, acid phosphatase, or lactic dehydrogenase, or 
the uptake of 3-O-methyl-D-glucose or ~-amino~sobutyri~ acid. 

It is suggested on the basis of our findings. (a) that progesterone induces these endometrial epithelial 
ceils to differentiate in vitro into non-dividing, secretory cells and (b) that there is no need for hyperemic 
andior cell membrane transport changes for the expression of these estrogenic effects. 

INTRODUCTION 

A technique to culture rabbit endometrial cells in 
chemically defined medium, for a limited period of 
time, has been described. The growth of the primary 
explanted cells was found to be increased by the addi- 
tion of diethylstilbestrol and decreased by the pres- 
ence of progesterone in the culture medium. These 
hormones were determined to have concentration-de- 
pendent and antagonistic effects upon the DNA repli- 
cation of the cuhured cells as determined by radioau- 
tography after a 3H-Tdr pulse [l]. 

One of the earliest and most dramatic estrogenic 
effects described in rat uterus is an inflammatory-like 
reaction [2]. Some authors [2,3] have proposed that 
this phenomenon, with the subsequent increased 
availability of nutrients plays a primary role in the 
estrogenic effect on uterus. The liberation of endo- 
genous histamine [3], increase in cyclic 3’,5’-AMP [4] 
and lysosomal migration and labilization [S] have 
been linked to the above mentioned hyperemia and 
the mechanism of action of estrogens in uterus. In 
addition. increased cell membrane-mediated transport 
of amino acids [6] and glucose [7] has also been 
shown in uterus after administration of estrogens to 
ovariectomized animals. 

The development of a endometrial culture system, 
which is growth-responsive to ovarian hormones, 
therefore provides a unique opportunity for the inves- 
tigation of possible causal relationships between the 
above mentioned early estrogenic phenomena. cell 
membrane transport changes and the regulation of 
growth by sex steroids on endometrium. The object 

of the present investigation was to determine the 
effects elicited in cultured rabbit endometrial cells by 
diethylstiibestrol or progesterone on; (a) the incorpor- 
ation of labeled uridine and amino acids in TCA pre- 
cipitates as a genera1 estimate of RNA and protein 
synthesis; (b) the uptake of 3-O-methyl-n glucose and 
a-aminoisobutyric acid; (c) the specific activity of acid 
and alkaline phosphatases and lactic dehydrogenase; 
and (d) the effect of hydrocortisone, DBCAMP, 
actino~~cin D and cycloheximide on the hormonal 
effects. 

MATERIALS AND METHODS 

General techniques. Six- to ei~t-month-old virgin 
female New Zealand rabbits were used in the exper- 
iments. The techniques to isolate and culture cells, 
as well as the autoradiography procedures have been 
described previously [l]. Protein was determined in 
all the experiments by the method of Lowry et ul. 
Ea. 

Chemicats were purchased from Sigma or Calbio- 
them, tissue culture plastic containers and pipettes 
from Falcon Plastics. 

Radiochemicals. Thymidine [G-3H]-(specific radio- 
activity 982 Ci/mmol) [6,7-3H (N)] estradiol-17fl 
(specific radioactivity 466 Ci/mmol), [5,6-3H] uridine 
(specific radioactivity 400-4 Ci/mmol), l-amino acid 
mixture [G-3H] (specific radioactivity 1 mCi/mi), 3-O- 
methyl-D-glucose (methyl-‘4C) (specific radioactivity 
40 mCi/mmol) and a-aminoisobutyric acid [1-‘4C] 
(specific radioactivity 8 mCi/mmol) were obtained from 
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New England Nuclear, Boston. Mass. and diethyl- 
strilhestrol [G-“H] (specific radioactivity 46.6 Ci/ 
mmol) was purchased from Amersham & Searle 
Corp., Arlington Heights. 111. 

~~JJ~~o~~~~J~~~JJ,~ ~~.sJ~~~~~(‘JJ,\ irJ ~IJ~~J{~(,,s. Animals were in- 

jected in the ear vein with 250 ~rCi of labeled estradiol 
or DES soluhilized in I ml of ahsolutc ethanol. Two 
hours later the animals were kill& by a lethal i.v. 
dose of Dia hutal. The endomctriol cells were then iso- 
latod and cultured as mentioned above in dishes of 
IO cm. dia. The culture tn~diLirn \+as poured off at 
indicated times. the ceils ACI’C rinsed 5 times with 
cold saline and then scraped with a rubber policeman 

in I ml of cold 0. I M Tris huffcr pH 7.4 and son&ted 
for IO s using a Biosonik III sonicator. equipped with 
a microprobe, at a setting of 20. A 0.5 ml aliquot of 
the homogenate was th placed in 10 ml of Aquas01 

(New England Nuclear. Boston. Mass.) and counted 
in a Beckman Scintillation Counter with a ho”,, cffi- 
ciency. Proteins were determined in the rest of the 

llomogcllatc. 

Z~ritlOw CIIJ~ trriJirro trciri irJccrrporario~J. incorporation 
of [“HI-labeled amino acids or [3H1-uridine into 
total soluble protein or RNA was monitored by the 
retention of radioactivity on Millipore filters after 
several cold trichloroacctic washes [9. IQ]. The actual 
counts measured wcrc always aho\,c 500 c.p.m. 

.;-O-:Llcth!'/-l,-y/JJ('o,~i' cJlJt/ z-trrJJirJoisohut~,rj~ Ld 

r~pf~tlh. Cells WI-C plated in 5 cm. dia. dishes. At indi- 

cated times of culture 1 _ j&Ii per dish of ‘“C-~-amino- 
isohutyrio acid or ‘“C-3-0-1n~th~i-1~-glucose diluted in 

3 ml fresh culture medium WI-C added to the cells. 
The final concentrations of the amino acid and the 
glucose analogue were X mmol and 0.5 mtnol respec- 
tivcly. 1;nlabclcd compounds \vcrc used to dilute the 
isotopes. The culture medium used WAS a modifica- 
tion of Ham’s F-12 dcaa-ibcd in a previous publica- 
tion [l]. but devoid of glucose for the 3-O-methyl- 

I>-glucose experiments or without amino acids for 
the stud! of r-alninoisohut~ric acid uptake. The stan- 
dard technique for both dctcrminations was as fol- 
lows: C‘cIIs Hcrc incubated at 25 f’ for 30 min with 
?-0-methyl-It-glucose and for 2 h with ~-~~rninoisobL]- 
lyric acid. the reaction was then stopped at indicated 
times within 20 s by pouring off the culture medium 
and rinsing the cultures live times with 3 ml cold 
saline. One ml 0.5 M NaOH was then added to each 
dish and they wcrc kept at 3 C for I ti h. A 500 ~1 
aliquot of this extract was placed in IO ml of Aquasol, 
neutralized with I N HCl and counted in a scintilla- 
tion counter with an eticiency of 750,). Proteins were 
determined in the rest of the extract by the method 
mentioned ahovc. 

Eu~w~, ilc~fc,r.rJJir?cJfior~s. The cells were hnrvested at 

diffrrent times by scraping and ~~ntrifllg~~tion. After 
washing ~ifh cold saline once. the cells wcrc resus- 

pended in 1 2 ml of 0.1 M Tris buffer. pH 7.4 and 
sonicated for 10s at setting IO with a Biosonik III 
furnished Mith a microprobe. The homogenates were 
then centrifuged at lO.OOOg for 20 min and the super- 

natant fractions wcrc u\cd to dctcrmmc the cn/~me 

activities. 
Alkaline and acid phosphatahcs Ltcre measured 

using kits 1WtS and IO4-AS rcspcctiye&. ohtaincd 
from Sigma, Saint Louis. Mo.. Lactic d~h~drog~i~~ts~ 
was determined using kit LDH-P Stat-Pack obtained 
from Calhiochem, La Jolla. 

D~ff~rJ?ZjfZUf~~)lJ (f’“~frff~-ot’c,i-” (~J?f~O~~~~JJUl~.S ~~Orf?iOJl~.S. 
The cultured cells used in these experiments were iso- 
lated from rabbits in cstrus. Therefore. they could 
have carried over estrogens. which might complicate 
the interpretation of the results. A simple experiment 

was designed to investigate this problem. La&led 
estrogens were injected iv. in rabbits and after a 
period of time the rabbits were killed, the endome- 

trium was isolated and the cells wt‘rc cultured. 
Figure I, A and B, shows that tho cellular radioacti- 

vity. originated in the labeled estradiol or DES in- 
jected in the animals, could be detcctcd in freshly iso- 
lated celis. However. it was found to decrease with 
time in culture. reaching ininirn~ll icvels at the third 
or fourth day of cuiturc. 

Fig. 1. Abscissa. Days in culture: ordinate. c.p.m. per Petri 
dish. Deterrnin~iti~~ll of renl~iinill~ endogenous estrogens in 
cultured cells. (A) Dieth~l~tilbestroi: (B) Estradiol-I 7/L 
Rabbits were injected i.v. with 250~63 of labeled dicthyl- 
stilbestrol or estradiol-17/j and after 2 h the rabbits were 
killed and the endometrial cells isolated, and evenly plated. 
An aliquot of the freshly isolated cells was used for a zero 
point. This aliquot, containing the same cell number plated 
in one Petri dish. was ccntrifuzed at SOOy for IOmin at 
4C. the pellet was then resuspended in 10ml cold saline 
and the procedure repeated five times. The final pellet was 
sonicated and radioactivity determined BS described in 
Materials and Methods. The radioactivity of the cultured 
cells was determined after various times in culture. 
0 = c.p.m. per Petri dish. x = average c.p.m. per Petri 

dish. 
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Fig. 2. Abscissa, days in culture; ordinate, Percentage of 
(3H-Tdr)-labeled epithelial cells per total number of cells. 
Sensitivity t-and reversibility of-hormonal influences at 
different times of culture. (A) Progesterone effect and rever- 
sibility by hormone removal. (B) Diethylstilbestrol effect 
and reversibility by its removal. Endometr~~l cells were 
plated at 0 time in medium without additions (0) or con- 
taining IO-’ M diethylstilbestrol (x ) or lo-’ M progester- 
one (A). In some cultures the hormones were removed by 
rinsing them gently 5 times with 5 ml of culture medium 
minus hormones at 37°C and then culturing the cells in 
the same medium. When progesterone was used to reverse 
the effect of diethylstilbestrol, the cells were rinsed as de- 
scribed above and medium plus I’O-’ M progesterone was 
added to the cultures. The addition of hormones to control 
cultures was made after rinsing the cells as above and then 
medium plus hormone was added. Changes from one cul- 
ture medium to another are indicated by broken lines and 
the medium to which they are changed is indicated by 
the symbol at the end of the line. Incubation with 3H-Tdr 
followed by radioautography and scoring was performed 
as described previously [I]. Total Tdr concentration was 
1O-4 M and 4 #Ci of ‘H-Tdr was added to each Petri dish 
(dia., 2cm.) in a 2ml vol. Each point is the average of 

5 Petri dish scorings. 

Cell responsiveness and reversibility of kor~~on~l 
effects. Figure 2, A and B, presents evidence that the 
cultured endometrial cells respond to the DES-stimu- 
lating effect and the P-inhibitory effect on DNA repli- 
cation during the first 4 days in culture, and effects 
can be seen as early as 24 h. The same effects were 
easily reversible after removal of the hormones and 
addition of medium devoid of steroid hormones. 

Time study of DES efSrct and Actinomycin ~nk~bition. 
A more detailed study of DES effects is illustrated 
in Fig. 3. The addition of the synthetic estrogen in- 

duced an increase in the percentage of (3HTdr.)- 
labeled cells after a lag period of 12 h. The effect could 
be seen after 18 h and is fully expressed after 24 h. 
Simultaneous addition of Actinomycin D inhibited 
the estrogenic action. 

Hydrocortisone and DBCAMP effects. Figure 4 
shows that the addition of hydrocortisone did not 
have any effect on the cell labeling by itself or on 

the stimulation by DES. However, it was found to 
decrease the P-inhibitory effect DBCAMP was not 
found to influence the same parameters. 

Hormonal &xts on general RNA synthesis. DES 
or P were found to increase the inco~oration of 
labeled uridine in TCA insoluble precipitates. A pre- 
liminary time course study (Gerschenson, L. E., un- 
published results) showed that this increase could not 
be observed after 2 h of incubation with either hor- 
mone, but it was detectable and maximal after 6 h. 

Figure 5 shows the result of two experiments after 
a 6 h incubation with DES. A~inomycin D and cyclo- 
heximide inhibited these effects while DBCAMP obli- 
terated the hormonal effects, depressing slightly uri- 
dine incorporation. 

Hormonal effects on general protein synthesis. In the 
experiments illustrated in Fig. 6 it was found that 
addition of DES or P for 24 h, induced an increase 
in the incorporation of labeled amino acids in TCA 
precipitates. Preliminary experiments (Gerschenson, 
L. E. unpublished results) showed no detectable in- 
crease after 2 or 6 h. However, it was possible to see 
an increase after 18 h, which became maximal after 
24 h of incubation. Simultaneous addition of actino- 
mycin D or cycloheximide inhibited the hormonal 
effects. DBCAMP had the paradoxical effect of in- 
creasing the values of the control group, therefore the 
differences between this group and the hormone- 
treated ones became statistically insignificant. 

Hor~~lon~~ eflects on glucose and Gino acid trans- 
port. Figure 7. A and B, illustrates two experiments 
showing that the addition of DES or P did not 

& 
/ , I 1 , , j , 

0 12 24 36 48 

Fig. 3. Abscissa, Hours in culture; ordinate, Percentage 
of [3H-Tdr]-labeled epithelial cells per total number of 
cells. Endometrial cells were obtained from a rabbit as 
described before [l] and then placed in Petri dishes in 
culture medium minus hormones (0) or with lo-’ diethyi- 
stilbestrol ( x ). Therefore at 0 time the cells were already 
preincubated with ( x ) or without (0) diethylstilbestrol for 
3 days. After 3 or 4 days in culture the medium was 
removed and medium plus diethylstilbestrol was added to 
some control cultures. 2 x 10e7 actinomycin D was added 
to some control (0) or diethylstil~strol-treated (0) cul- 
tures for 24 h. The arrows indicate the addition of hormone 
and/or actinomycin D to cultures. incubation with 3H-Tdr 
followed by radioautography and scoring was performed 
as described in the legend of Fig. (2) and the isotope was 
added to the cultures in 25 ~1 vol., 6 h before each deter- 
mination. Each point is the average of five Petri dish 

scorings. 
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Fig. 4. Abscissa, CO = Control. DES = IO _ M dicthyl- 
stilbestrol. P = IO ‘M progcstcrone, HC‘ = 5 x IO- 7 M 
hydrocortisone. DBCAMP = 10Y5 M dibutyril 3’.5’-cyclic 
AMP: ordinate. Percentage of (‘H-Tdr)-labeled epithelial 
cells per total number of cells. Influence of hydrocortisonc 
and dihutyril 3’3.cyclic AMP on the WY hormones-in- 
duced changes in DNA synthesis. Cells scre cultured for 
3 days without sex hormones. Tlley were then incubated 
for 24 hours with medium contammg ‘H-Tdr and other 
additions indicated above. Radioautograpll~ was employed 
to detcrminc the pcrccntagc of labeled cells. Each bar 
represents the average of 5 Pc1ri dish scorings +S.E.M. 

change the uptake of labeled 3-0-meth?il-n-glucose or 

r-aminoisobutyric acid by cultured endometrial cells. 

DES urn! P c;fl>c’t.s rug ~VI-_JWW uc’tiriticx The addition 

of the two sex hormones used in this paper was detcr- 

mined to have no c&t at different time intervals 

(5 min to 48 h) upon the specific activities of acid and 

alkaline l~hosph~~t~se. and lactic deh~dr(~~en~lsc. The 
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Fig. 5. Abscissa; See legend of Fig. 4; ordinate. c.p.m. per 
pg. protein. Hormonal effects on RNA synthesis. After 3 
days of culture without hormones, hormones were added 
to the cultures as indicated for 6 h. Two experiments 
(striped and empty bars) are depicted to illustrate that 
there are quantitative differences in hormonal responses 
between different experiments. In the first bar grouping 
(striped), no other additions was made during the 6 h 
period. In the last bar groupings (empty) 2 x IO-> M 
Actinomycin D or IO-” M Cycloheximide IO-’ M dibu- 
tyril 3’.5’-cyclic AMP were also present during the 6 h incu- 
bation with hormones. After this period of time the cells 
were pulsed for I 11 with 2&i of ‘H-uridrnc, added in 
25 ~1 vol. to each Petri dish (diameter 5 cm) contaimng 
5fnl medium and incorporation into TCA-insoluble pre- 
cipitates was determined as referred to in Material and 

Fig. 6. Determination rtf hormonal cikcts on lab&d 
atnino aciiis jnc(~rt~or~~ti~~n in TC‘A precipitates. Sea Legend 
of Fig. 5 for general experimental design. ahcissa and 
ordinate. The culrurc.s wet-e incubated with hormones for 
24 h and pulsed for I II \vith 2 /K’i of :I mixture of amino 
acids universally I;~helad Lcith “C‘ in ‘S/d vol.. added to 
each Petri dish (dia. 5~11.) containing 5ml of culture 

Methods. medium. 

IflX’l SSIOY 

The prcscnt and p’.c\i<~t~s rswlts [I] show that the 

DNA replication of’ cultured endometrial cells can be 

regulntcd h! ~hc ;rdclition to the culture medium of 

DES or t’. It w5 obscrvcd. in the previous paper. 

that cells culturcci \+ithout ~~~~~~i~i~)n of hormones 

showed :I considerable il~c~)rp[)r~lti~~l~ of “H-Tdr. This 

was thought to be Jut to the lkt t1lat the cells. iso- 

lated from normal adult rabbits. might have carried 

over cndogcnous steroid hormows. which could com- 

plicate the results m well x dccrcase the expression 

of the hormonal &kts. 1-r) increasing the “back- 

ground.” The cxperimcnt~ described abow dcmon- 

stratc that after .3 3 da!5 in culture only ii very small 

l’raction (I I?,,) ol’ cstrogcnic hormones is rctaincd by 

thr: cultured cell<. Ii~iss~ll and Thomas [I I] have pub- 

lished similar txpcrimcnls using organ cultures of 

rabbit uterus. Ho\+wcr. their rcsuhs show as much 

as h(t”,, ol’ the Iradioxt ix,it! still prcscnt in the tissue 

;\ftcr three dais of culture. The difference between 

their results vnd ours ma! Ix &IC to the USC of differ- 

cnt cxpcrimcntal systems. organ3 vi cell culture or 

diffcrcnt thoroughncs: ~n~niihcr and volutnc of 

w;tshes) in rinsing thz C~I~~~IIU during the medium 

J-l d- 
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Fig. 7. Abscissa, hours after addition of hormones; 
ordinate, c.p.m. per pg protein, Uptake of I‘%-a-aminoiso- 
butyric acid or ‘%Z-3-O-methyl-D-glucose. The cells were 
isolated and cultured as described in the legend of Fig. 
3 with control medium for 3 days. Then the cells were 
incubated with IO-’ M d~ethylstil~stro1 (x ) or lo-” M 
progesterone (A) or with both hormones at the same con- 
oentration (0) or with medium minus hormones (0). At 
the indicated times after hormonal addition the uptake of 
the isotopes was determined after incubating the cells with 
them and radioactivity was measured using techniques de- 
scribed in Materials and Methods. (A) Uptake of a-amino- 
isobutyric acid, (B) uptake of 3-0-methyl-gluco~. Each 
point is the average of six individual determinations in 

5 cm. dia. Petri dishes. 

DES was found to induce a significant increase in 
the percentage of (3H-Tdr)-labeled ceils. This effect 
could be detected as early as 18 h after ho~onal 
addition and it was rapidly reversed after DES remo- 
val. The need for RNA synthesis in the expression 
of this phenomenon was demonstrated by its Actino- 
mycin D inhibition shown in Fig. 3. The P effect in 
decreasing the percentage of (3H-Tdr)-labeled cells 
was also detectable after 24 h of this ovarian steroid 
addition and it was found to be reversible in the same 
period of time, after hormonal removal. 

The results described above show that DES rapidly 
increased proliferation in cultured endometrial cells. 
This increase could be due either to the entrance of 
a “dormant” cell popu~tion, such as stem cells, into 
the cell cycle or a shortening of the cycle duration. 
It is generally accepted that increased uterine epithe- 
lial cell division results from a shortening of the cell 
cycle, mostly at the expense of G1 and S, and possibly 
at the expense of Go (non-dividing) phase [12]. On 
the other hand it has been suggested that progester- 
one may suppress cell division, in uterine or chick 
oviduct epithelium, by inducing cells to go to a Go 
stage [13,14, 1). With these suggestions in mind it 
was thought that DES removal or P addition might 
cause a decrease in the number of DNA-replicating 
cells by separate mechanisms which could operate at 
different velocities, but removal of DES or its anta- 
gonism by P addition inhibited within the same 
extent and time the DES-induced increase in number 
of labeled cells. Hsueh et al. [lS] proposed that pro- 
gestogens may block estrogen action by reducing the 
amount of available estrogen receptors. Current ex- 

periments performed in our laboratory on hormonal 
regulation of the cell cycle and hormonal receptors 
using our experimental system may help to further 
the understanding of these phenomena. 

The increase in in~o~oration of labeled uridine 
and amino acids into TCA precipitates, induced by 
DES and P, suggests increased RNA and protein syn- 
thesis. These changes may very well not be evidence 
for RNA or protein synthesis but express changes in 
pool sizes. However. qualitative and quantitative sex 
ho~one-indu~d changes have been described in 
uterus during in u&o experiments [16] and exper- 
imental work using chick oviduct has also provided 
strong evidence for sex steroid induction of mRNA 
and specific protein synthesis [17,18]. The inhibition 
by cycloheximide of the hormone-mediated increase 
in uridine incorporation, is similar to the one de- 
scribed by Gorski et al. [19] using animals and sug- 
gests that the hormonal effects in general RNA syn- 
thesis may be mediated through synthesis of one or 
more proteins. It is noteworthy that P was also found 
to bring about significant increases in RNA and pro- 
tein synthesis since the same hormone was found in 
a previous paper [I] and here to inhibit DNA replica- 
tion. In view of the known progestogenic effects on 
rabbit uterus [20] and chick oviduct [lS] where this 
hormone induces the secretion of specific proteins, 
blastokynin and avidin respectively, it is proposed 
that P causes the cultured rabbit endometrial cells 
to differentiate into non-dividing, secretory cells. This 
process may be also related to the decidualization 
phenomenon [21]. Furthermore, preliminary exper- 
iments performed in our laboratory (Gerschenson, L. 
E., in preparation) have demonstrated that in the cul- 
ture medium of P-treated cells, a still unidentified 
protein appears and this phenomenon is inhibited by 
protein synthesis inhibitors. 

Ultrastructural studies on the hormonal effects on 
nuclear structures of cultured rabbit endometrial cells 
suggest transcriptional effects [22] and support the 
interpretations described above of sex steroid effects 
on RNA and protein synthesis. The same authors 
demonstrate an increase in the amount of rough en- 
doplasmic reticulum in P-treated cultured cells, which 
also adds weight to our contention that these cells 
may be involved secretory activity, regulated by pro- 
gestins. 

The administration of estradiol to ovariectomized 
animals is known to rapidly induce infl~atory 
changes in uterus [2,7]. These hormonal manifes- 
tations have been considered to be related to growth 
as causative factors [2,23] and to result, among other 
things, from 3’,5’-cyclic AMP increases which may 
have lysosomal labilization effects. The anti-estro- 
genie effects of giu~ocorticoids were then related to 
their lysosomal stabilizing or anti-inflammatory 
effects [23]. 

The present study demonstrates that neither the 
addition of DBCAMP or hydrocortisone had any 
effect on the DES-mediated stimulation of DNA rep- 
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Tahlc I. Hormonal ell’ccts on enqme activities 

The cells were isolated and cultured as described in the legend of Fig. 3 with control medium for three days. Then 
the cells wcrc incubated with IO-‘M diethylstilbestrol (DES) or 10-‘M progesterone (P) or with medium minus 
hormones (Co). At the indicated times after hormonal additions, the enzyme activities were determined as described 
in Material and Methods. Freshly isolated cells were isolated as described previously [l], centrifuged at 500~ for 
1Omin. resuspended in cold saline and the same procedure used for the cultured cells was then followed. The results 
arc expressed as Mean + Standard Error of triplicate determinations in five different Petri dishes (5 cm. dia). Phosphatase 
Unit is the amount of enzyme contained in I mg protein which liberates I mmole of p-nitrophenol/hour at 37’C. 
Lactic dchvdrogcnase Unit is the amount of enzyme contained in I mg protein which converts I /lrnol of substrate/‘min 
at 2s c. - - 

lication of cultured endomctrial cells. The cyclic nu- 
clcotide however. inhibited unexpectedly both the 
hormone-induced increases in labeled uridine and 
amino acid incorporation. It should be pointed out 

that sex steroids have been shown to exert their effects 
on chick oviduct [24] or prostate [2S] without chang- 

ing the adenyl cyclase activity and that Kaye et crl. 
1261 were unable to mimic estrogen effects by inject- 
ing DBCAMP into immature rats. 

The levels of acid phosphatase. a lysosomal 
cnzymc. were also found to be unchanged by hor- 
monal additions to our cultures. The lack of inflam- 
matory reaction in our irl citro system is also sup- 
ported by the findings of Berliner and Gerschenson 
[22] demonstrating a lack of ultrastructural quantita- 
tive or qualitative changes in primary lysosomes in 

steroid hormone-treated cultured endometrial cells. 
At present the reasons for these differences between 
the i/l vitro vs i/r riw responses are not known. The 
following possibilities should be considered: (a) a 
need for tissue-level organization: (b) the hyperemic 
effects may occur mainly in the endomctrial stroma 
or myometrial cells which are not present in our ex- 
perimental system [I]: (c) the lack “in culture” of 
vascular structures. which may be the real indirect 

or direct target for the inflammatory effects; and (d) 
the inflammatory estrogenic eflects may not be at all 
;I primar) cause for the hormonal manifestations. We 
favour this last hypothesis and believe that the inflam- 
matory reaction is secondary and has possibly been 
acquired during evolution as an advantageous change 
to amplify estrogenic effects. by increasing the avail- 
ability of nutrients. 

It is interesting to note the hydrocortisone inhibi- 
tion of the progesterone effect in decreasing the per- 
centage of labeled cells, since it has been shown in 
other systems that progesterone is a competitive in- 
hibitor for glucocorticoids 1273. 

Alkaline phosphatase and lactic dehydrogenase 

specific activities have been shown to increase in 
uterus of ovariectomized animals injected with 
estrogens 128,291 and the transport of amino acids 
and carbohydrates was also found to increase under 
the same experimental conditions 16.71. The present 
findings demonstrate that such changes could not be 

detected in cultured endometrial cells. which other- 
wise were responsive to ovarian hormones. This lack 
of response may also be. as mentioned above. the 
result of the loss of absence in culture, of a specific 

cell population or may indicate that the estrogenic 
stimulation of enzyme activities and cell membrane 
transport observed in the animal is indirect and is 
not due to an action of the hormone directly on the 
endometrial cells. Further experiments are required 
to answer these important questions. 

The presence of estrogenic and progestogenic 
effects apparently dissociated from metabolic and cell 

membrane transport changes. in epithelial endome- 
trial cells cultured in chemically defined medium 
should prove useful in further studies on the hor- 
monal control of growth. and the mechanism of ster- 
oid hormone actions and interactions. 
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