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The aim of this investigation is to determine the hormonal and/or nutritional 
factors responsible for the histological differentiation of epithelial tissues. The 
rodent vaginal epithelium is of special interest as a target organ for the study 
of Such interrelationships becauce of its extreme sensitivity, both to vitamin-A 
deficiency and to estrogen administration. The process of vaginal keratiniza- 
tion produces a similar histological picture, whether caused by a deficiency of 
vitamin A or by estrogen administration. Vaginal keratinization may repre- 
sent, however, a common end point for different histogenetic processes.' 
His t~logical~-~ and histochemica16 studies on the role of vitamin A in vaginal 
keratinization lend support to the contention that vitamin A antagonizes the 
effect of estrogen in zivo. Furthermore, observations on integument in v i~o ' - '~  
and in vitro15-18 emphasize the role of vitamin A in epithelial differentiation. 

In an attempt to determine specific hormone and vitamin actions, the 
technique of organ culture has been used. Organ culture1$ involves the cultiva- 
tion of fragments of organs or entire embryonic organs in a tissue-culture 
situation. Ultimately, one attempts to deal in vilro with normal tissue rela- 
tionships as these exist in the body, divorced from the complexities of organ 
interaction. 

Method and Materials 
A modification of the watch-glass method20 a5 devised by Chen?' and Shaf- 

ferZ2 was utilized so that cultures were grown on a synthetic (chemically defined) 
medium, namely, CMRL 1066.t The method entails the use of a closed 
candle chamber to produce a carbon dioxide atmosphere sufficient (approx- 
imately 5 per cent) to maintain the pH of the medium a t  7.2 to 7.4 (FIGURE 
1). The cultures, derived from 3- to 4-week-old Sprague-Dawley rats, were 
explanted on either rayon acetate1 or tantalum gauzes and incubated a t  37" C .  
from 1 to 6 days, having been subcultured every second day. Estradiol-17flI1 
and crystalline vitamin-A alcohol7 were dissolved in absolute ethyl alcohol 
and serially diluted in the medium. The final concentration per watch glass 
was approximately 0.08 pg. of estradiol-17p (0.02 mg./100 ml. medium), ap- 
proximately 0.3 pg. of crystalline vitamin-A alcohol (0.09 mg./100 ml. medium), 
and a 0.1 per cent ethanol concentration. The same amount of ethanol was 
added to control cultures. Samples were fixed a t  daily intervals in formol- 
acetic-alcohol and stained by the Regaud's iron hematoxylin Masson stain. 
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Resulfs 

Prior to cultivation, the rodent vaginal epithelium appear5 a i  a itratified 
cuboidal epithelium varying in height from 5 to 10 cells. On occasion, the 
epithelium demonstrates evidence of an underlying squamoui layer, pos4bly 
due to endogenous estrogens (FIGURE 2). Upon cultivation in the synthetic 
medium alone, the vaginal epithelium appears after 24 hours as a typical 
slrdtified squamous epithelium (FIGURE 3 ) .  After 48 hours in C Z ~ Y O ,  however, 
the epithelium begins to demonstrate keratinization of the underlying cells with 
progressive sloughing of the superficial cells (FIGURE 4). The addition of 0.08 
p g .  of estradiol-17p per watch glass to the medium induces the precocious 

FIGURE 1. 

development of keratinization after only 24 hours in i i /vo  (EIGURE 5 )  Con- 
tinued cultivation results in a greater degree of kerdtinization with concomitant 
loss of the thi~kness of the epithelium (FIGURE 6). The addition of vitamin-A 
alcohol to the medium (0.3 fig. per watch glasi) results in a somewhat different 
cituation. After 24 hours the epithelium continues to demonstrate the cukoidal 
nature of the superficial layer (FIGUKE 7) seen in the controls, and remains ko 
after 48 hours (FIGURE 8), but by the third day (72 hour\) the epithelium again 
demonstrates the presence of keratinization (FIGURE 9). 

Disru r r in iz  

\Thereas Emmens and L ~ d f o r d ' ~  were un~uccessful in their attempt to grow 
rodent vagina in z~zfro, Hardy el aZ.24 reported their success in growing fetal 
mouse vagina by the hanging-drop method, using a natural medium; they 
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FIGURE 2. Section of vaginal mucosa of 3-week-old rat, prior to cultivation. Note the 
squamous cells that are seen on occasion beneath the superficial cuboidal layer. X6.50. 

FIGURE 3. Section of vaginal mucosa of 3-week-old rat, cultured for 1 day in synthetic 
medium 1066. The epithelium is not keratinized. X650. 
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FIGURE 4. Section of vaginal mucosa of 3-week-old rat, cultured for 2 days in synthetic 
medium 1066. Keratinization present. X650. 

FIGURE 5 .  Section of vaginal rnucosa of 3-week-old rat, cultured for 1 clay in synthctic 
medium 1066 plus 0.08 pg. of estradiolL17p. Note precocious keratinization. X 650. 
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FIGURE 6. Section of vaginal mucosa of 3-wcek-old rat, cultured for 2 days in synthetic 
medium 1066 plus 0.08 pg. of estradiol-170. X650. 

FIGURE 7. Section of vaginal rnucosa of 3-week-old rat, cultured for 1 day in synthetic 
medium 1066 plus 0.03 pg. of crystalline vitamin-A alcohol. X650. 



3.52 Annals New York Academy of Sciences 

FIGURE 8. Scction of vaginal mucosa of 3 week old rat, cultured lor 2 days in synthetic 
medium 1066 plus 0.03 pg. of crystalline vitamin A alrohol. X650. 

FIGURE 9. Section of vaginal mucosa of 3-week-old rat, cultured for 3 days in synthetic 
X 650. medium 1066 plus 0.03 fig. of crystalline vitamin--4 alcohol. Keratinization present. 
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demonstrated that direct application of estrogens to the isolated vagina re- 
sulted in its keratinization, inferring therefrom that estrogens can act directly 
and are not metabolized systemically, as suggested by Szego and R0berts.2~ 
We were similarly successful in the cultivation of the prepuberal rat vaginal 
epithelium, using the watch-glass method and a purely synthetic medium. 
Keratinization has been produced precociously by small amounts of estradiol- 
17@ added to the medium. Nevertheless, the local response to a steroid under 
the simplified conditions of organ culture may not be evoked in the same way 
as a systemically distributed folliculoid. Thus, these in vitro results in them- 
selves do not exclude the possibility of metabolic activation of the steroid, as 
suggested by Szego and Roberts.?" It should be pointed out. that the vaginal 
explants grown on the synthetic medium alone, used as controls, also under- 
went keratinizat.ion, although not as rapidly as those treated with the steroid. 
This keratinization of the controls can not be attributed, as previously sug- 
gested when natural media (embryonic extract and plasma) were used,4 to the 
presence of a factor(s) in the synthetic medium that specifically induces the 
phenomenon. It  would appear that either the ability to keratinize is inherent 
in this tissue, as inferred by Moore,26 or the medium and conditions used in this 
investigation lack some specific requirement(s). Moore points out that the 
vaginal epithelium in an unstimulated state in cizio undergoes a type of cornifica- 
tion. The fact that. vitamin A delays the onset of keratinization of the vaginal 
epithelium in liitro is indicative, although not conclusive, of its direct action to 
inhibit. this phenomenon. Possibly other physical factors, such as oxygen 
tension,n may be required to act synergjstically with the vitamin on this tissue 
in vitro in order to corroborate the previous in vivo findings.2-6 

Fell and klellanby15 demonstrated that the addition of vitamin A to organ 
cultures of embryonic chick ectoderm not only inhibited keratinization but 
caused its differentiation into a mucus-secreting type. 
reported that only a brief exposure to the vitamin was necessary to inhibit 
keratinization of the embryonic chick ectoderm for a period of a t  least five 
days in zfitro. They concluded that the vitamin was acting as a reversible 
inductor. Topically applying extremely small amounts of vitamin A to the 
skin of young adult mice, Lawrence and were able to induce epidermal 
hypertrophy but could not establish any inhibition of keratinization. 

I t  can be concluded only that the role of vitamin A in epithelial differentia- 
tion still remains obscure. However, the technique of organ culture as re- 
cently improved by TroweP7 provides a model system for further investigation 
of hormonal and nutritional actions. 

Weiss and 

Simw.nary 
A technique for the maintenance of the rodent vagina as an  organized entity 

on a completely defined medium is described. Vaginal explants from pre- 
puberal rats have been cultivated for from 1 to 6 days on a chemically defined 
synthetic medium (Connaught Medical Kesearch Laboratories Medium 
B 1066) using the watch-glass technique. Vaginal epithelium in the medium 
alone keratinizes after 2 days in ziilro. Addition of approximately 0.08 p g .  of 
estradiol-17p per watch glass induced the precocious development of a cornified 
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epithelium in 1 day. 
inhibits, but does not prevent, keratinization in vitro. 
these findings are discussed briefly. 

The addition of vitamin A (0.3 f ig. per watch glass) 
The implications of 
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