
1001 
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Estrogens can markedly influence ovarian 
growth as well as its functional activities, viz., 
ovulation and steroidogenesis. These effects 
of estrogen are exerted in two ways: indirectly 
by altering pituit;try gonadotrophin secretion 
(1,2), and directly by acting upon the cells 
of the ovary( 3,4). The latter action results 
in either stimulating growth mechanisms per 
se and/or increasing ovarian responsiven*ess 
to gonadotrophins(5). Thus, i t  is clear that 
estrogen, which is produced by the ovary, is 
also fundamental to the function of this organ. 
Moreover, any agent capable of antagonizing 
the action of estrogen might be expected to 
exert part of its influence at the level of the 
ovary. 

Several types of compounds have been 
shown to antagonize one or more actions of 
various estrogens. Notable among these are 
both natural and synthetic steroids including 
progestogens, androgens, corticoids, and other 
estrogens ( 6 ) .  Since progesterone is known to 
synergize with estrogen in some cases and to 
inhibit the action of estrogen in others(7), 
i t  was of interest to study this steroid and 
“2&-01”* in terms of their effect on estrogen- 
induced growth a t  the level of the ovary. In  
addition, we investigated under similar condi- 
tions the action of 5 synthetic progestogens 
which are structurally related to 19-nortestos- 
terone or 17a-hydroxyprogesterone. The re- 
sults of this study suggest that the synthetic 
progestogens behave rather specifically, and 
that their biological activity is not necessarily 
associated with their structural similarity to 
either of the latter steroids. 

Materials and methods. Holtzman female 
rats (22 days old) were received from Hor- 
mone Assay Laboratories (Chicago, Ill.) 
where they had been hypophysectomized 6-24 
hours earlier. The animals were housed in 
an air-conditioned room (22OC) in which 
the lights were automatically controlled to 

* 2Oa-hydroxy-pregn-4-en-3-one. 

provide a 12-hr photoperiod (lights on 7 
A.M.-7 P.M.). Rockland rat pellets and tap 
water containing 5% glucose were supplied 
ad libitum. 

Growth studies. Our initial experimmts 
were carried out according to the following 
treatment regimen. Animals, 26 days of age 
(60 I+ 2 g), were randomized and injected 
subcutaneously once daily with 0.1 ml pea- 
nut oil containing diethylstilbestrol (DES, l 
mg/rat/day) or the peanut oil vehicle alone 
for 14 days. DES was administerd simi- 
larly to a third group of animals which in 
addition received a given steroid (1 mg/rat/ 
day) in )peanut oil subcutaneously during the 
last 7 days of the treatment period. The 
animals were weighed and then sacrificed with 
carbon dioxide 24 hours following the last 
injection. At  this time, their ovaries were 
rapidly removed and freed from the fallopian 
tubes and surrounding tissues. They were 
then weighed, and frozen by dropping -them 
into a collecting vial immersed in an acetone- 
dry ice mixture. Subsequently, the ovaries 
were analyzed for their nucleic acid (RNAj 
DNA) content as previously described( 8). 

Uptake of diethylstilbestrol. A secund type 
of experiment was conducted to determine 
the effect of norethindrone on uptake of 
14C-DES by the ovary. The animals em- 
ployed in this experiment were identical with 
respect to age and endlocrine state to those 
utilized in the a h v e  experiments. Huwever, 
the length of the treatment regimen was dif- 
ferent in that the DES (1 mg/rat/day; 1.8 
pc/mg) was injected subcutaneously in pea- 
nut oil once daily for only 4 days. Likewise, 
norethindrone (1 mg/rat/day) was also ad- 
ministered for 4 days in peanut oil. Twenty- 
four hours following the last injection the 
animals were sacrificed and their ovaries re- 
moved as described above. The organs were 
weighed fresh and then dried by placing them 
in a vacuum oven (45OC) for 48 hr. Subse- 
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quently, they were allowed to cool for 1 hour 
at room temperature and then weighed on a 
Mettler (Model M-5) microbalance. Diethyl- 
stilbestrol uptake (ovarian 14C content) was 
determined by the oxygen flask combustion 
method as described below. 

Combustion anaZysi.7. The method used in 
this study was similar to that originally de- 
scribed by Schoniger(9) in which the sample 
is placed in a cellophane bag and combusted 
in an oxygen atmosphere. The 14C02 is col- 
lected in a trapping medium and counted 
directly by liquid scintillation. Various modi- 
fications of this method as well as its advan- 
tages have been discussed elsewhere ( 1 0- 13 ) . 
In  this study, each pair of dried ovaries was 
placed in a cellophane ladle prepared from 
dialysis tubing (size 20, Food Casing Divi- 
sion, Union Carbide). The ladle, to which 
a paper wick with a black end was attached 
for ignition purposes, was in turn positioned 
in a nichrome basket attached to the glass 
head of a 1 liter round heavy-walled combus- 
tion flask having a trap at  the bottom. Eight 
combustion flasks were mounted upright in a 
metal rotation rack with the trap of each 
flask immersed in an acetone-dry ice bath. 
A solution (11.9 ml) of phenethylamine: 
methanol (l : l /v:v) was pipetted into the 
trap of each flask and allowed to cool for 3 
minutes. Each combustion flask was then 
flushed with 100% 0 2  for 1 minute prior to 
placing the combustion head, to which the 
nichrome basket containing the sample was 
attached, on the flask. Vacuum grease was 
used to seal the joint and the combustion 
head was then secured with a metal clamp. 
An infra-red lamp was used to ignite the 
sample by focusing the light on the black 
spot of the paper wick attached to the ladle. 
Following combustion of each sample, the 
metal rack containing the flasks wits rotated 
continuously for 5 minutes by an air motor. 
Next, the rotation was stopped, the flasks 
turned in the rack 90'. and rotation con- 
tinued for another 5 minutes. Subsequently, 
a 10 ml aliquot was pipetted from the com- 
bustion flask into a liquid scintillation count- 
ing vial to which 10 ml toluene liquid scin- 
tillation solution [ 5 g PPO (2,s-diphenyl- 
Oxazdele) and 100 rng POPOP [ (2,Z-p-phenyl- 

enebis) ( 5-phenyloxazole) ] in 1 liter of tolu- 
ene] was added. The vials were then shaken 
for 30 seconds and counted in a Packard Tri- 
carb Liquid Scintillation Spectrometer (Model 
3003). Internal standard (0.1 ml benzoic 
acid-14C) (1 .7  X lo5 DPM) was added to 
each vial after the initial counting and the 
vials recounted under the same conditions 
to correct for quenching. The counting ef- 
ficiently and final data were processed by a 
computer. A study on ovarian tissue to which 
a known amount of 14C-diethylstilbestml 
was added showed a recovery of 100%. 
Radiochemical purity of the 14Cdiethylstil- 
bestrol utilized in the study was confirmed 
prior to carrying out any of the experiments 
by means of thin-layer chromatography and 
liquid scintillation counting. 

Results. The data concerning the effect 
of DES on ovarian growth when administered 
with and without various progestogens are 
shown in Table I. DES treatment alone 
(Group 11) caused a marked increase in 
ovarian weight and nucleic acid (total RNA, 
total DNA) content. In addition, the ratio 
of RNA to DNA in the ovaries was also 
significantly (P<Q.Ql) increased in rats re- 
ceiving DES (Group 11) as compared to 
those injected with peanut oil vehicle 
(Group I ) .  

The effect of various steroids administered 
concomitantly with DES during the last 7 
days of treatment is also shown in Table I. 
Norethindrone (Group VI) , norethindrone 
acetate (Group VII) and medroxyprogesterone 
acetate (Group I X )  were found to inhibit 
the stimulatory action of DES on ovarian 
growth in the immature hypophysectomized 
rat. That is, the ovaries obtained from ani- 
mals which received one of these 3 steroids 
weighed significantly (P<O.Ol) less and con- 
tained less RNA and DNA than those of the 
DES-treated animals (Group 11). However, 
the ratio of RNA/DNA in ovaries obtained 
from animals treated with norethindrone, nor- 
ethindrone actate, or medroxyprogesterme 
acetate was not significantly different from 
that observed in the DES-treated controls. 
Conversely, when norethynodrel was superim- 
posed on DES treatment there was a signi- 
ficant increase in the weight, total RNA, and 
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TABLE I. Action of Progestogens on Diethylstilbestrol (DES) -Induced Ovarian Growth in  Immature 
Hypophysectomized Rats. 

No. of Ovarian wet Total nucleic acids (pgJovary) * 
Group Treatment animals wt (mg) * RNA DNA RNA/DNA 

I Peanut oil controls 
I1 DES + peanut oil 

I11 DES + progesterone 
I V  DES + 20a-hydroxy-pregn-4- 

en-3 -one 
Related to 19-nortestosterone : 

V DES + norethynodrel 
V I  DES + norethindrone 

VII DES + norethindrone a e t a t e  
Related to 17~-hydroxyprogesterone: 

V I I I  DES + 17a-hydroxyprogesterone 

116 6.31 2 .11 
52 24.39 2 -55 

8 25.59 -t. 2.33 
8 24.45 lr 1.76 

8 29.17 & 1.19 
10 15.85 & .70 
8 13.45 2 1.10 

S 23.32 t .S8 

28 f 1 19-52  4 J4 - t .  .003 
124+  3t  5 7 8 2 1 0 t  .21*.004t 
131 & 9 617 2 34 .21 2 .006 
121 2 10 569 2 37 .22 .006 

136 f 5 t  649 2 2 7 t  . 2 1 2  .004 
71 4t  339 2 14t .21 & .005 
60 2 5 t  283 i- 23t .21 2 .006  

126 & 5 579 2 20 .22 2 .003 
caproate 

acetate 
I X  DES + medroxyprogesterone 12 14.61 2 1.01t 6 6 &  5t 3 2 0 2  19t .21rfr.005 

* Mean & SEM. 

total DNA content of the ovaries (Group V)  . 
The ovarian RNA to DNA ratio was not sig- 
nificantly different ,from that observed in 
DES-treated rats. Progesterone (Group 111) 
20~t-hydroxy-pregn-4-en-3-one (Group IV) , 
and 1 7~hydroxyprogesterone caproate (Group 
VIII) had no significant effect on DES- 
induced growth in terms of the weight or 
nucleic acid content of the ovary. 

Table I1 shows the data obtained when 
norethindrone was administered concolmitantly 
with 14C-DES to immature hypophysecto- 
mized rats. This steroid caused tt significant 
(P<O.Ol) decrease in ovarian dry weight 
and the total content of 14C radioactivity. 
However, norethindrone treatment did not 
significantly (P>O.O5) alter 14C-uptake 
(DES) per unit weight of ovarian tissue. 

Discussion. It is generally agreed that 
neither progesterone nor various synthetic 
progestogens affect ovarian responsiveness to 
gonadotrophins ( 14-1 7) .  However, since es- 
trogen has been shown in this study and 
others(3,4) to exert direct stimulatory ac- 
tion on ovarian growth, the possibility existed 
that progestogens might influence this re- 

t P < . O l ,  Rx vs control. 

sponse by antagonizing or synergizing with 
estrogen at  the level of the ovary. Our pres- 
ent findings, although not entirely conclusive 
from a physiologic p i n t  of view since a syn- 
thetic estrogen was employed, lend support 
to this hypothesis. 

Diethylstilbestrol (DES) was found to 
stimulate ovarian growth in terms of its 
weight and nucleic acid content (Table I ) .  
The marked increase in total RNA, which 
is intimately associated with protein synthe- 
sis, can partially be explained on the basis 
of hyperplasia since total DNA (a measure 
of cell number) also increased significantly. 
Increased synthesis by the existing cells ap- 
parently also contributed to the increase in 
total RNA as indicated by a significantly 
(P < 0.01 ) higher RNA/DNA ratio. 

Three of the pragestogens studied, viz., 
norethindrone (Group VI) , nolrethindrone 
acetate (Group VII), and medroxyprogeste- 
rone acetate (Group IX), antagonized the 
stimulatory effect of DES on ovarian growth 
(Table I) .  In  each case, DES-induced hyper- 
plasia (total DNA) was significantly 
(P<O.Ol) decreased. This action resulted 

TABLE 11. Effect of Norethindrone on Uptake of 14C-Diethylstilbestrol (DES) by the Ovary 
in  Immature Hypophysectomized Rats. 

No. of Ovarian dry DPM/single DFM/100 mg 
Treatment animals wt (me) " ovary" dry wt* 

14C-DES + peanut oil 10  3.97 2 .15 29.2 f 3.8 1478 f 201 
14C-DES + norethindrone 1 0  2.76 t .22t 15.6 2 2.lt  1250 273 

* Mean SEM. t P <.Ol .  
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in a marked drop in total ovarian RNA con- 
tent. However, it is important to note that 
the RNA level in the cells (RNA/DNA 
ratio) of ovaries obtained from rats treated 
with the above steroids was not significantly 
(P>O.OS) different from that observed in 
ovaries of DES-treated rats. Such an inhibi- 
tory effect of norethindrone acetate on DES- 
induced ovarian growth in the immature hypo- 
physectomized rat was not observed by Smith 
and Bradsbury(l7). It is possible that the 
gonadotrophin (PergonalB) which they ad- 
ministered to their animals masked the an- 
tagonistic action of this progestogen. 

The specificity of action of the progesto- 
gens studied is further emphasized by the 
results olbtained with norethyndrel (Group 
V) and 17a-hydroxyprogesterone caproate 
(Group VIII, Table I ) .  Norethynodrel sig- 
nificantly increased the degree of ovarian 
growth observed with DES by virtue of its 
stimulatory effect on cell division (total 
DNA). Although this action resulted in an 
increased ovarian RNA content, the ratio of 
RNA to DNA remained the same. These ob- 
servations may reflect the greater estrogen- 
icity of norethynodrel as compared to the 
other progestogens studied. On the other 
hand, 1 7a-hydroxyprogesterone caproate, like 
progesterone (Group 111) and “2Oa-01” 
(Group IV, Table I ) ,  did not influence DES- 
induced ovarian growth either in terms of 
stimulating or inhibiting cell division or RNA 
synthesis. In general, the changes observed 
in ovarian nucleic acid (RNA, DNA) content 
were paralleled by similar changes in ovarian 
weight. Moreover, i t  is obvious from the data 
shown in Table I that although some pro- 
gestogens antagonize DES-induced ovarian 
growth, others may have no effect or evoke 
a totally opposite (stimulatory) response. 
No consistent effect was exhibited by those 
progestogens related to either 19-nor testoste- 
rone or 17a-hydroxyprogesterone. Thus, i t  ap- 
pears that their action under these conditions 
is rather specific and cannot be correlated with 
their structural similarity to either of the 
latter steroids. 

Several non-steroidal estrogen antagonists 
are known to block the uptake of estrogen 
by various target organs including the pitui- 

tary, uterus and vagina(l8-21). The data 
presented in Table I1 indicate that norethin- 
drone does not inhibit 14C-DES uptake per 
unit weight of ovarian tissue. However, since 
the ovaries of the norethindrone-treated ani- 
mals weighed less, they contained a signifi- 
cantly (P<O:O1) lower total content of 14C 
radioactivity (DES) even though the uptake 
of DES was the same in both groups on a 
concentration basis. Thus, these data, coupled 
with those in Table I, suggest that norethin- 
drone acts to inhibit DES-induced hyper- 
plasia rather than by preventing binding of 
this estrogen by the ovary. Whether or not 
norethindrone acetate and medroxyprogeste- 
rone acetate exert their inhibitory effect on 
estrogen-induced ovarian growth in a similar 
manner is as yet open to question. 

Summary. Five synthetic progestogens 
along with progesterone and 20a-hydroxy- 
pregn-4-en-3-one were compared for their 
ability to influence diethylstilbestrol (DES) - 
induced ovarian growth in the immature hypo- 
physectomized rat. Ovaries of DES-treated 
rats showed a marked increase in ovarian 
weight, total RNA, total DNA and the RNA/ 
DNA ratio. Norethindrone, norethindrone 
acetate, and medroxyprogesterone acetate in- 
hibited DES-induced ovarian growth by pre- 
venting cell division as indicated by signifi- 
cant decreases in total DNA and RNA with 
no change in the ratio of RNA to DNA. 
Conversely, norethynodrel enhanced ovarian 
hyperplasia in DES-treated rats since total 
DNA and RNA were increased and the RNA/ 
DNA ratio remained unchanged. Progeste- 
rone, 2&-hydroxy-pregn-4-en-3-one7 or 1 7~ 
hydroxyprogesterone caproate did not alter 
DES-induced ovarian growth. Norethindrone 
was observed to have no effect on the uptake 
of W - D E S  by the ovary and therefore ap- 
pears to antagonize the action of DES on 
ovarian growth rather than by blocking the 
incorporation of this estrogen by the ovary. 

We are indebted to Dr. Gordon W. Duncan, Dr. 
Leonard J. Lernm and Dr. Ehard F. Nutting for 
providing the medroxyprogwteroae aicetrute, 1 ’la-hy- 
droxyprogestwone caproate, and norethynodrel, re- 
specbivdy. 
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Cytotoxicity of Dichlorodiphenylacetic Acid (DDA) Upon Cultured 
KB and HeLa Cells, and its Reversal by Mevalonic Acid. (319109) 

W. J. JOHNSON AND S. A. WEISS* 
Food and Drug Research Laboratories, Department of National Health and Welfare, 

Ottawa, Canada. 

DDA [ 2,2-bis (p-chlorophenyl) acetic 
acid], constantly present in the tissues of 
most humans and other mammals, is the prin- 
cipal urinary metabolite of DDT [ l,l,l-tri- 
chloro- 2,2 - bis (p- chlorophenyl) ethane] ( 1 ) . 
Structurally, it falls into the pattern of a 
large series of substituted arylacetic acids 
which have been shown to inhibit the incor- 
poration of acetate and mevalolnate into cho- 
lesterol ( 2 ) . A typical example is diphenyl- 
ylethylacetic acid, which has been extensively 
studied in this regard(3,4). DDA, like di- 
phenylylethylacetic acid, has been shown to 
inhibit the acetylation of choline(5) and sul- 
fanilamide( 6 )  by interfering with the forma- 
tion of acetyl-coenzyme A. The present stud- 
ies are concerned with the cytotoxicity of 
DDA, and its reversal by mevalonic acid, 
in cultured KB and HeLa cells. 

Materials and methods. Stock cultures of 
* Presemt addrm: Bristoll Llaib,ocratordes, Symuse, 

N. Y. 

KB and HeLa cells were grown as monolayers 
in Roux and Brockway bottles in Mixture 
199 ( 7 )  as modified by Salk et aZ( 8), supple- 
mented by 5% calf serum. For rapid growth 
the medium was supplemented with 101% 
serum, and for maintenance the amount of 
calf serum was reduced to 3%. A cell sus- 
pension was obtained 'from a 5 day culture 
by trypsinizing (0.05-0.1 "/o trypsin) the mon- 
olayer from the glass surf ace and dispersing 
the cells with gentle, repeated pipetting. Cell 
populations were determined by counting in 
Neubauer hemocytometer chambers. 

Cytotoxic effects produced by the test com- 
pounds were graded according to the rating 
scale described by Toplin(9) in which the 
cytotoxic end-pint (CE) is that concentra- 
tion of test substance causing significant cel- 
lular degeneration, and the lethal end-point 
(L.E.) , that concentration causing complete 
disintegration. 

The DDA used in this work was prepared 




