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INTRODUCTION 

Animals and plants possessing organs are distinguished from other 

cellular forms of life in having their biochemical nrocesses regulated 

by hormonal control mechanisms, in addition to the fundamental principles 

of regulation within the cell itself.  Hormones of animals, often called 

distance activators, are chemical substances made by the endocrine glands 

and secreted into the blood stream.  These compounds are then carried by 

the blood and lymph to all parts of the body, where they modify the ac- 

tivity of specific genetically conditioned target organs by an intricate 

feedback mechanism, as illustrated below (Nalbandov, 1964). 

GLAND A  stimulates  END 0RGAN j 

f- 
CI.ANI) B 

secretes 
modifies the rate of HORMONI; B 

secretion 

I-NIl OROAN  2     .    stimulates 
<r- 

One important group of hormones is the estrogens, which are pro- 

duced primarily by the ovary but which have also been isolated from 

the placenta, adrenals, and testes (Karlson, 1962).  The ovarian fol- 

licles secrete cstradiol, which is interconvertible to estrone, as 

designated by the following scheme: 

Lstradiol-3,17 B      N Ostrone ^Estriol 

Hstradiol-3,17^- 

The natural estrogens differ from the other steroid hormones in that the 

A ring of the nucleus is aromatic and phenolic, and the methyl group at 
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FIGURE  1.      STRUCTURE    of   the  NATURAL    ESTROGENS. 
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FIGURE   2.   DIETHYLSTILBESTROL" A Synthetic  Estrogen   Compound 
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FIGURE   3. THE    FEMALE    SEX   ENDOCRINE     CYCLE 

(modified   from Cantarow & Schepartz, 1962) 



c10 is absent (Figure 1).  Synthetic estrogens, such as dicthylstilbestrol 

(Figure 2), have also been demonstrated to possess estrogenic properties, 

such as the steric configuration of the A and B rings, the steric config- 

uration of the hydroxyl group at Cj7, and the presence of the character- 

istic hydroxyl group at C3.  The following relative activities of the 

natural estrogens have been observed: 

Ostradiol-3, 17 B \  l-strone ^  F.stradiol-3,17 \      F.striol. 

The estrogens are probably secreted into the blood in the form of free 

steroid, after which they are immediately bound by conjugation with glu- 

curonate or sulfate and protein  in the liver.  This binding mechanism could 

possibly explain why estrogens are effective in smaller concentrations than 

the other steroid hormones and are able to antagonize the biological action 

of large amounts of these compounds (Nalbandov, 1964). 

Evidence from many types of experiments, especially those focusing on 

the rat and mouse genitalia and accessory organs, has demonstrated that the 

estrogens increase the growth and metabolism of the following receptive 

tissues:  the uterus, vagina, mammary plands, secondary sexual structures, 

thyroid and thymns glands, hypophysis, and long bones (Zarrow et al., 1964). 

It .s generally known that estrogen induces proliferation of uterine tissue 

in tue human female during the menstural cycle, as ascertained by the amounts 

of es'rogen obtained in urine samples on consecutive days (Figure 3).  The 

peak or" the estrogen effect has been shown to be the fourteenth through 

the sixteenth days of the cycle (Matin, 1964).  In addition, various inves- 

tigators (Crosso, 1963; Spaziani, 1963; and Nilsson and Norberg, 1963) have 

d.-sc^ibe'' the in vivo effects of estradiol-3,17 B on the uterine epithelial 

tissue of ovariectomized rats and mice.  Their results have demonstrated that 



estradiol-3,17 B also stimulated the growth of the uterine tissue, 

resulting in increased uterine weight.  Several attempts (Astwood, 1938; 

Nilsson and Norberg, 1963; and Spaziani, 1963) have indicated that cel- 

lular growth, occuring in interphase and resulting in the increased 

height of the uterine epithelium, is caused by an initial uptake of 

water.  Of related interest are two attempts that have been made in 

order to study the effects of estrogen in vitro. Hardy (1953) has de- 

scribed the keratinizing effects of estradiol in tissue culture, and 

Algard (1961) has reported the cellular growth produced by estrogen in 

the organ culture of hamster tissue.  In addition women treated for long 

periods with estrogen have been noted to develop uterine epithcliomas 

more readily than was observed with the controls.  From these findings 

Jensen and Ostergaard (1954) concluded that continuous exogenous and en- 

dogenous estrogen stimulation is a factor in cancer of the endometrium. 

Finally, other investigations have shown that estrogen stimulates ductal 

and alveolar growth of the mammary gland in immature ovariectomized rats 

(Smith, 1955). 

From the evidence previously cited it appears that estrogen adminis- 

tration to the intact animal evokes a growth response in only a limited 

number of different tissues.  The question of what distinguishes these 

responsive tissues from the unresponsive tissues is an important feature 

of the general problem of the genetic and biochemical basis of cell dif- 

ferentiation. The hormones are thought to be more than mere stimulators 

of differentiation hecause often they specifically determine which of the 

existing developmental potentialities shall become evident.  An interesting 

example of this phenomenon is the response of uterine epithelial cells 



in  vitro to  an  injection  of estracliol.     Wilson  (1963)   found  that  cuboidal 

epithelial  cells,  which  are predominant  when  the hornone concentration 

is   lowest   (Nalvandov,   1964),   become morphologically columnar  four hours 

after the  injection.     In  the  case of insects   it  is  only through  snecific 

hormones,   such as  ecdysone or  the  juvenile hormone  of  the  corpora allata, 

that  the existence of specific cell  competence is  revealed   (Willier et  al., 

1955;   and Wigglesworth,   1961).     Exactly what  endows a  target  organ with the 

inherent  capacity to respond  to one hormone  and not  to  another,   is a pro- 

blem  which  remains unsolved.     The dilemma  is   further complicated  not only 

by  the   fact   that  almost   all  hormones  reach the target  organs  via  the blood 

stream   (Robson and Adler,   1940),  but  also because  each  cell   in a  multicel- 

lular organism possesses  the  same genetic complement  as  every other nucleus. 

A  few  investigators,  however,   have  described  the mitotic-stimulating 

effects  of estrogen on  tissue  that   is not ordinarily  responsive  to the 

hormone   (Pettersson,   1962).     Meir  (1963)   has  noted  that  when  diethylstil- 

bestrol  pellets  are  imolanted   in male Holden  hamsters,   renal  tumors develop 

in the  cortex.     Feagans   and his co-workers   (1963)   also described  renal   cell 

growth with  the  synthetic estropens,  ethinylestradiol   and  stilbestrol.     Con- 

flicitng  reports  arose  from the experiments  on mouse kidney  tissue.     Shimkin 

(1963)   reported  a decrease  in  the weight  of  intact  kidneys  treated with 

estrogen;  whereas  Kochakian  (1947)   demonstrated a  small   increase  in kidney 

tissue  growth. 

The above evidence   indicates  that  several  workers  have  studied  the ef- 

fects  of estradiol   in  vivo on  uterine and  renal  epithelial  tissue,  but  few 

have  considered  the possibility of similar effects  in vitro.     In addition, 

reading  for  the present   investigation has not  revealed  a single paper on the 



effect of estrogen on renal tissue in vitro.  With this fact in mind, the 

present pilot study was attempted in order to determine the effects of 

estradiol-3,17 B on hamster kidney cells in tissue culture. 

1 



MATERIALS AND METHODS 

Two prepnant Golden hamsters   (Mesocricctus auratus)  weighinp   approx- 

imately  150 prams were  obtained  from Dublin Laboratory Animals,  Dublin, 

Virginia,   and placed  in  separate  capes where they had  free  access   to 

water and hamster food.    The prepnant hamster,  desipnated  as 116,  was sac- 

rificed  twelve days after mating.    Each of the embryos obtained  from a 

pross dissection of the mother was  removed  from  its amniotic  sac  and 

placed   in a sterile Stendor dish containing  10 ml.  of Hank's  balanced 

salt  solution   (Microbiolopical  Associates).    The next  operation,  nerformed 

entirely under a dissectinp microscope,   entailed  removinp  the tissue an- 

terior to  the  liver of the embryonic hamster.     Kidneys were  removed  from 

the  remaining  tissue  immersed  in the salt  solution.     The  kidney cells were 

separated  by alternately drawinp  and cxnellinp  the tissue with a  fine- 

needled  5 ml.   sterile disposable  syringe containing Medium  "199  (Microbio- 

logical   Associates).     After this mincing  technique was performed  several 

times,   the contents of the  syringe were  expelled under asentic conditions 

into a  Petri  disli containing  a carefully cleaned  slide and  coverplass.    The 

aseptic  conditions  used  throughout  this  experiment   included  autoclaving 

the Petri  dishes and  other  glassware at  121°C.  for  fifteen minutes,   and 

inoculating the  Petri  dishes  in  a separate transfer  room which had  been 

surface  sterilized with ultraviolet  light  for a period of twelve hours. 

Modifications of various  tissue  culture media  (f.refer and Spencc,   1963;  Hsu 

and Zenzes,   1964;  Moorhead et  al.,   1960;   and  Zakharov,   1964)   resulted in 

the following  combinations of media,  each  of which was  tested  in prelim- 

inary  tissue cultures:     (1)     Hank's balanced salt   solution   (Microbiolopical 

Associates),  Medium  #199,   and  Calf serum   (Microbiolopical  Associates); 
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(2)  the media in #1 and Chick Embryo Extract (Difco); and (3) Medium 

#199 and Calf serum.  The third combination was selected for the greater 

concentration of nutrient Medium #199. The complete culture media included 

antibiotics and nutrient media in the following proportions: 

9 ml. Medium #199  (Microbiological Associates) 

1 ml. Calf scrum   (Microbiological Associates) 

.2 ml. Penicillin-G (200 u./ml.) 

.2 ml. Streptomycin (lOOu/ml.) 

The pll was maintained at approximately 7.0, as observed from the color of 

the phenol red indicator in the media.  After these cells were cultured for 

24 hours at 37*^., a modification of the technique used by Kahn (1954) was 

attempted.  Under sterile conditions 0.2 ml. of a 6ugm/ml solution of 

estradiol- 3,17 B (Nutritional Biochemicals Corporation) in Tyrode's solu- 

tion were injected into each of the cultures. At the end of the 72-hour 

incubation period (Hardy, 1953), the slides and coverglasses covered with 

proliferated cells were removed from the culture media, dipped quickly in 

distilled water to rinse off the media, and fixed in acetic alcohol (3 meth- 

anol:  1 acetic acid).  The cells were then stained with periodic Schiff's 

reagent, using a slight modification of the Feulgen technique (McManus and 

Mowry, 1963) and mounted in balsam. A period of four days was selected for 

the incubation period from results of preliminary tissue cultures, in which 

kidney cells were cultured successfully for this period of time without 

changing the culture medium. 

The second pregnant hamster, designated as H7, was weighed and injec- 

ted intraperitoneally with 1.0 ml. of Velban. The concentration of Velban 

(Eli Lilly 5 Company) used was 2 mgm/kgm body weight. Three hours after the 



11 

injection, the female hamster was sacrificed.  Bach of the thirteen-day 

old embryos obtained from the dissection was also removed from its amniotic 

membrane and immersed in Hank's balanced salt solution.  After the kidneys 

were dissected from these hamsters, smears of this tissue from each of the 

embryos were made to serve as controls for the estrogen-injected tissue 

cultures.  These cells were also fixed in acetic alcohol and stained, using 

the same modification of the Peulgen technique as previously mentioned. 

Cell division was quantified by counting (at 600 and 1500 magnifica- 

tions) the percentage of 200 cuboidal enithelial kidney cells in pronhase, 

telophase, and intcrohase on each slide.  Counts were made on four different 

tissue cultures and three different kidney smears. The results are expressed 

as the average percentage observed + average deviation, (Table la and lb). 
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TABLI- la.  The Effects of 3,17 B Lstradiol on Mitosis in Hamster 

Kidney Cells in vitro. 

Slide %Interphase %Prophase %Telophase Sumrcarv 

H6-3b 

H6-4 

3.0  +   .7% 

4.3  +  3.0% 

93.0 ♦   .7% 

78.3 +  2.4% 

4.0  ♦ 0% 

17.3  ♦  3.1% 

Range of Cell 
Division: 

H6-5a 3.9  +   .6% 95.1  +   .1% 1.0  +  .6% 78.3  +  2.4%  to 

H6-5b 5.7  +  2.9% 89.0  ♦  2.0% 5.3  +  .9% 95.1  +   .1% 

II6-6a 4.3  +  2.0% 92.7  +   1.6% 4.5  ♦   .3% 

ll(>-6b 5.7  +   1.1% 91.7  ♦   1.6% 2.7  ♦   .4% 

TABLil lb.  Percentages of cells in mitosis of normal hamster kidney cell smears 

Slide %Interphase 

H7-5a 98.7  +   .4% 

H7-5b 99.3  +   .4% 

H7-7a 99.3  +   .4% 

II7-7b 99.8  +   .2% 

II7-8a 99.8  +   .2% 

I17-8b 98.0  +    0% 

%Prophase 

1.3 + .4% 

.5 + .2% 

.7 ♦ .2% 

.2 + .1% 

.2 + .1% 

2.0 + 0% 

%Telonhase 

0 

0 

0 

0 

0 

0 

Summary 

Range of Cell 
Division: 

.2 ♦ .1% to 
2.0 + 0% 

Key:    M6-3b  refers  to  embryo  3,  slide b,  of pregnant  hamster 116. 



13 

RESULTS 

^ 

In this investigation the culture conditions and media used were 

adequate for growing embryonic hamster kidney cells in vitro for a period 

of four days.  Quantified results from the tissue cultures injected with 

estrogen indicate that estradiol-3,17 B activated epithelial cell divi- 

sion within the range of 78.3% to 95.1% over the basal level of 1.3% to 

2.0% observed in the control smears (Table la and lb).  In addition the 

amount of cytoplasm in the cultured cells was reduced, partly because of 

the rounding up in preparation for mitosis. 



1U 

DISCUSSION AND CONCLUSION 

The results of this preliminary study of the effects of estradiol on 

hamster kidney epithelial cells in vitro indicate that the hormone elicited 

a mitotic-stimulating effect similar to that obtained with uterine eipthelial 

cells.  According to Nalbandov (196-1), the epithelium of the uterus is cycli- 

cally broken down and rebuilt, fluctuating between the stratified-squamous 

and low-cuboidal type of epithelial cells.  In this study the hamster cells 

grown in vitro are also cuboidal, and have also been stimulated by estradiol 

to "dedifferentiate" to the extent of undergoing mitosis. Thus, it may be 

concluded that estradiol is capable of stimulating cell growth in renal tissue 

in vitro, even though the kidneys are not considered as target organs for the 

hormone.  In consideration of the evidence cited in the introduction, revealing 

only a slight effect of estradiol on the intact kidney, the reason for the 

striking response of renal tissue to estradiol in this study might be attrib- 

uted to the fact that chemical and physical restraints existing in the control 

condition may have been alleviated.  It appears that the renal tissue does 

possess the competence to respond to estrogen but this competence is not fully 

realized in vivo.  Since it is known that dispersed cells behave differently 

from those in close communication in the intact tissue, the response demonstra- 

ted by cells in this study could be attributed to their physical dispersal in 

tissue culture.  However, the fact that some effect was noted previously in_ 

vivo seems to indicate the plausibility of an alternate explanation.  The Jacob 

and Monod model of gene action is useful in this consideration (Figure 4). 

According to this theory, enzyme induction and repression operate by similar 

mechanisms in a hypothetical control system, consisting of a structural gene, 

a regulator gene, and an operator gene. The structural gene produces messenger 
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FIGURE 4.     JACOB-MONOD MODEL FOR THE REGULATION    OF  PROTEIN   SYNTHESIS. 
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RNA that serves as a template for the synthesis of nroteins; whereas the 

regulator gene makes a repressor substance that can interact with the op- 

erator gene located either as part of the structural gene or in an adjacent 

position.  Combination of the repressor molecule with the operator gene 

blocks the synthesis of messenger RNA. Metabolites, such as the hormones, 

can act by either of two mechanisms:  In enzyme induction, the inducing 

metabolite or hormone is believed to combine with the renressor molecule to 

prohibit its action on the operator gene; in enzyme repression, the complex 

of the repressing metabolite and the repressor RNA is thought to increase 

interaction with the operator gene (Bonncr and Ts'o, 1964).  Using this 

theory to explain hormone action on cell differentiation and "dedifferen- 

tiation," estradiol could be interpreted as inducing protein synthesis by 

interacting with the repressor RNA to allow RNA synthesis by the structural 

gene. 

A slightly different theory to be considered is the role of histone 

in DNA synthesis.  Bonner and Ts'o (1964) have noted that insofar as nu- 

cleohistones are presumably deposited along the surface of the DNA molecule 

and must be subsequently removed before DNA can serve as a RNA temnlate, 

histone can regarded as a repressor.  In terms of this particular theory, 

hormonal action may possibly remove the histones from DNA and allow mes- 

senger RNA to be synthesized, again resulting in cell differentiation or 

"dedifferentiation." Both of the previous hypotheses have been substan- 

tiated by various effects of estrogen on the RNA content of experimental 

tissues,  fiorski and Nicollctte (1963) reported an increase in RNA content 

of subcellular fractions of the uteri in ovariectomized rats one hour after 

injection with estradiol-3,17 B.  Of related interest are the experiments of 
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Wilson (1963) in which chromosomal RNA synthesis is enhanced by estro- 

gen, as result of which the activities of transfer RNA and template RNA 

arc also increased.  Because of this enhanced RNA activity, it has seemed 

likely to some investigators that the hormones are primarily some type 

of enzyme regulators (Nalbandov, 1964).  It is worth noting at this point 

that a slight increase in DNA content of estrogen-treated cells has also 

been observed (Tremblay and Thayer, 1964). 

Increased cell permeability is a third theory of hormonal action. 

Although this idea is not as readily acceptable to most investigators as 

the other two theories (Karlson, 1962), the increased water uptake as a 

result of estrogen administration might tend to partially substantiate 

this hypothesis.  In addition Bui lough (1950) believes that estrogens 

facilitate the entrance of glucose into the cells, thereby supplying energy 

for mitotic cell division. 

Another slightly different hypothesis has been suggested by Villee 

(1962). lie believes that estrogens increase the ATP available for lipids 

and nucleic acids by diverting some of the NADP ordinarily wasted by NADP 

cytochrome c reductase system (Figure 5) so that the hydrogen ions are 

used to produce useful energy in the electron transmitter system.  This 

idea would help to explain the growth in vivo when the hormones act nor- 

mally or when a small concentration of estradiol is injected into a tissue 

culture. 

Since hormones do act in trace amounts and since a direct relation- 

ship exists between inhibition of cell growth and the external concentra- 

tion of estradiol (flrauer, 1962), it may be concluded that the concentration 

used in this experiment is not sufficient to inhibit DNA synthesis and cell 
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division. The results obtained with this dilution are different from those 

noted by Kahn (1954) using a 1 ugm/ml solution. He observed keratinized 

rat uterine epithelial cells but made no mention of cell division.  The 

difference might possibly be attributed to the fact that his cultures were 

of tissue cxplants, not dispersed cells. 

Furthermore, since the hamster kidney cells proliferated in the tissue 

culture, the amount of media and combination of nutrients used in each 

Petri dish was satisfactory for the maintenance of cell growth.  There- 

fore, inhibition of cell proliferation, as described by Biesele (1956) did 

not occur.  In addition it may be concluded that the growing cells occuring 

in the tissue cultures were kidney cells since they were proliferating by 

the process of mitosis. 

Velban was injected into the pregnant hamster in order to collect mi- 

totic figures in the dividing embryonic tissue.  Colchicine was not used 

because of the high resistivity of the hamster to this compound (Billingham, 

1963). Since Cutts (1961) has found that a period of twelve to sixteen hours 

is required for the action of Velban in the intact animal, the fact that 

no metaphase plates were observed in the present study could be attributed 

to the time factor involved. 

Although the hamster smears used do not provide conclusive controls, 

they are, nevertheless, indicators of the control condition and were uti- 

lized due to a limiting time factor. In conclusion, when this experiment 

is repeated, more acceptable controls for the tissue cultures will be uti- 

lized and a study will be made of the in vivo effects of estradiol on the 

kidneys of the pregnant females as well as the kidneys of the embryos. 
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SUMMARY 

This preliminary study was attempted in order to determine the 

effects of estradiol-3,17 B on hamster kidney cells in tissue culture. 

The embryos of one pregnant hamster were dissected and the kidneys were 

removed and minced. After this tissue was incubated in vitro for 24 

hours, estradiol was injected into the cultures. Three days later the 

slides, covered with proliferating cells, were histologically prepared 

using the Feulgen technique.  The embryos of a second female hamster in- 

jected with Velban were dissected and smears were made of the embryonic 

kidneys.  These cells were also stained by the Feulgcn method. Calcula- 

tions of the percentages of interphases, late prophases, and telophases 

determined from each slide indicate that estradiol-3,17 B activated cell 

division within the range of 78.3% to 95.1% over the basal level of 1.3% 

to 2.0% observed in the control smears.  From these results it may be 

concluded that in this investigation the hormone elicited a mitotic-stim- 

ulating effect similar to that obtained with uterine epithelial cells in 

other experiments.  From this fact it follows that the concentration used 

in this study was not too great to inhibit cell division as has been noted 

by other investigators.  Additional experiments will include a strict con- 

trol in vitro and a study of the in vivo effects of estradiol on the kid- 

neys of the pregnant female as well as the kidneys of the embryos. 
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