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ABSTRACT 

The effect of testosterone, progesterone and 17-3 

estradiol on the occurrence of male and female sex chromatin 

using tissue cultures of five different tissues is reported 

in this study. The tissues utilized were male and female 

amniotic fluid cells, endometrium, foreskin and male 

umbilical cord blood lymphocytes from randomly selected 

human subjects. The tissues were given single hormone 

treatments, combinations of two hormones and time lag 

hormone treatments, 

Male lymphocyte and male amniotic cell cultures were 

unresponsive to individual hormone treatments, and their 

study was terminated without combination or time lag sex 

hormone studies. Female amniotic fluid cell cultures showed 

a significant decrease in Barr body frequencies with 17-3 

estradiol, progesterone, 17-3 estradiol plus progesterone, 

and testosterone followed by 17-3 estradiol treatments. The 

endometrial cultures showed a significant increase in Barr 

body counts with 17-3 estradiol followed by progesterone 

treatment. Combination of testosterone and progesterone 

caused a decrease in Barr body frequencies of endometrial 

cultures. Foreskin cultures showed a significant increase 

in "Y" body counts with testosterone treatment. The 17-3 

estradiol plus testosterone, progesterone plus 17-3 

xi 
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estradiol, testosterone plus progesterone, testosterone 

followed by progesterone, 17-3 estradiol followed by 

progesterone, and progesterone followed by 17-3 estradiol 

treatments also caused a significant increase in "Y" body 

frequency of foreskin cultures. 

Possible mechanisms for the action of sex hormones 

on the occurrence of "Y" body and Barr body are hypothesized. 

It is concluded that the hormones might act as inducers or 

derepressors for a certain gene or genes. Also the hormones 

might cause metabolic changes within the cell or might 

indirectly affect cell density. Another possibility might 

be that the cell cycle is altered by the hormones. 

Multiple Barr bodies, indicating endopolyploidy, 

were observed in a number of endometrial cultures. The 

effect of sex hormones on endopolyploidy of endometrial 

cultures is yet to be determined. An unusually high sex 

ratio was observed among amniotic cultures. The exact 

reason for this observation is not known. 



INTRODUCTION 

Hormones have been demonstrated to have an effect on 

the genomes of eucaryotic organisms. For example, the 

insect molting hormone, ecdysone, is well known to cause 

chromosome puffs (Clever and Karlson, 1960), RNA synthesis 

and gene amplification (Ashburner, 1970; Berendes, 1973). 

Recently, Nagl, Hendon and Rucker (1972) have reported that 

plant hormones (indole acetic acid and 2-4-D etc.) are 

capable of stimulating DNA amplification (endopolyploidy), 

DNA replication, and an increase in mitotic index in tissue 

cultures of orchid protocorms. 

The literature on the effects of sex steroid 

hormones on target tissues and organs is vast. For example, 

estrogen is known to control genetic transcription and 

translation (Hamilton, 1968), The mechanism of such 

control has been postulated by O'Malley and Means (1974). 

According to these authors the pattern of steroid hormone 

action includes the uptake of the hormone by the target 

cells, and binding to a specific cytoplasmic protein. This 

steroid-receptor complex is then transported to the nucleus, 

in which it actively binds to specific sites on the genome, 

within a few minutes of the administration of hormone in 

vivo. The binding of the hormone-receptor complex to the 

genome causes specific transcriptional and translational 

1 
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activity, thus producing new cell proteins. Similar 

receptors have been demonstrated for androgens in rat 

ventral prostate (Green, 1974). 

Dokumov and Spasov (19 67) have reported a relation

ship between the concentration of some sex hormones and Barr 

body frequencies in human female subjects. They concluded 

that testosterone and progesterone both caused decreases in 

Barr body frequency, while the synthetic estrogen 

(diethylstilbesterol), caused a significant increase. 

Similarly, women using oral contraceptives have an increased 

Barr body count, apparently due to the elevated level of 

estrogen in their body (Chafouleas, 1973). However, Becker, 

Martin and Boukhris (1971) have noted a decreased Barr body 

frequency with both progesterone and estrogen. 

The discovery of the Barr body (originally termed 

"the nucleolar satellite") was made accidentally in 1949 by 

Barr and Bertram who noted the presence of a distinctive 

chromocenter in the nucleus of neurons of female cats and 

its absence in the males. Now it is known that Barr bodies 

can be found in some interphase nuclei from various types 

of tissue in all female mammals. The Barr body is of 

chromosomal origin and represents either a part or the whole 

of one heterochromatic X chromosome, 

Lyon (1961, 1962a, 1962b, 1963) has developed the 

single active X chromosome hypothesis of dosage compensation 

in mammals, known as the "Lyon Hypothesis," This 



hypothesis states that the method of dosage compensation 

in female mammals is dependent on the genetic inactivation 

of one of the two X chromosomes which appears as a Barr 

body in interphase nuclei. The original "decision" of 

inactivation of one of the X chromosomes is random in most 

mammals and occurs early in embryonic development. Once 

this "decision" is made the descendants of each X 

chromosome will behave like the parental X with regard to 

X chromosome inactivation. 

A fluctuation of Barr body frequencies in buccal 

smears has been reported during the menstrual cycle (Hagy 

and Broderick, 197 2) and during pregnancy (Townsend, Case 

and Lucas, 1970). There are also studies which contradict 

the report of fluctuations during the menstrual cycle 

(Dolan, 1968; Curtis, 1969). Townsend et al. (1970) have 

demonstrated a correlation between the decrease in Barr 

body counts and increased levels of estrogen. The decrease 

in Barr body counts is reported to have less correlation 

with changes in the levels of progesterone and gonadotropins. 

Low Barr body counts occur in newborn female infants 

(Taylor, 1963), which could be the result of a high 

transplacental steroid hormone carryover from the mother, 

However, Robinson (197 5) criticizes such explanations and 

states that low Barr body counts in newborns should be 

considered artifactual due to the condition of the cells 

which makes Barr body counts difficult. 
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Significantly lower Barr body frequencies have been 

observed among females who received prednisone therapy 

(Shetty, Sharma, and Wahal, 1966), treatment for breast 

cancer (James, 19 66), and treatment for severe burns 

(Weste et al., 1967). Schizophrenic females also have a 

reduced Barr body frequency (Piatt and Kailin, 1964), 

In contrast to the numerous studies which have been 

done on the subject of Barr body fluctuations and fre

quencies, the subject of "Y" body fluctuations and related 

topics remains almost totally unexplored. This is 

partially due to the fact that the demonstration of 

fluorescent "Y" bodies in the interphase nuclei of human 

males, with proper staining, is a relatively new subject. 

Zech (1969) originally reported that the distal portion of 

the human "Y" chromosome fluoresced brightly when stained 

with quinacrine mustard. In the nuclei of cells of a 

normal male the "Y" body which is the distal portion of 

the Y chromosome, appears as a small luminous dot 

(Caspersson et al,, 1970; Pearson, Bobrow, and Vosa, 1970; 

George, 1970), The "Y" body, like the female sex chromatin, 

is observable only in certain percentages of cells, and the 

reason for its absence in some cells is not known. 

The correlation between sex hormones and the 

fluctuation of the Barr body frequency in women has been 

demonstrated in many in vivo studies. Such studies, 

although very valuable, lack total control over the number 
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of the variables actually involved. There are also limita

tions in the source of tissue which can be obtained without 

difficulty from subjects for Barr body counts. The majority 

of the previously mentioned studies involved the use of 

buccal or vaginal smears, It would be of tremendous 

interest to ascertain the responses of well controlled, in 

vitro systems of various tissue types of both males and 

females to the actions of sex hormones. 

The purpose of the present study is to determine the 

in vitro effect of progesterone, 17-3 estradiol, and 

testosterone on frequencies of Y-body and Barr body, using 

tissue cultures of human amniotic fluid cells, lymphocytes 

from umbilical cord, foreskin tissue, and endometrial cells. 



MATERIALS 

The various materials used in this study are listed 

individually. The catalog numbers and other specifications 

of the manufacturing or distributing companies are also 

given. 

Glassware 

1. Leighton Tubes: With screw caps 16 x 95 mm tube size. 

Bellco cat. No. 1962, 

2. Petri dishes: Disposable 35 x 10 mm Falcon cat. 

No. 1008. 

3. Centrifuge Tubes: Disposable, 15 ml, with screw 

tops V.W. & R. 210,08-930, 

4. Cover Glasses: 22 x 22, Scientific Products 

M 6047-2, 

Culture Media 

1, 199 Medium: IX (Unmodified) with Earle's salts 

contains 2.2 g NaHCO^ with Glutamine GIBCO cat. No. 

115 EE. 

2, MEM: (Eagle) with Earle's salts GIBCO cat. No. 138G, 

3, Fetal Calf Serum: Serum inactivated, virus screened 

GIBCO cat. No. 614 HI. 

6 
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4. Foreskin Medium; 199 Medium with 20% fetal calf 

serum and penicillin-streptomycin 100 units/ml. 

5. Amniotic Fluid Cell Medium: 199 Medium with 30% 

fetal calf serum and penicillin-streptomycin 100 

units/ml. 

6. Endometrial Cell Medium: 199 Medium with 20% fetal 

calf serum, 100 units/ml penicillin-streptomycin, 

and 40 yg/ml insulin, 

7. Blood Culture Medium: MEM medium with 20% fetal 

calf serum, 5% phytohaemagglutinin, and penicillin-

streptomycin 100 units/ml. 

Hormones and Reagents 

4 1, Testosterone: (A -Androsten-17 3T-ol-3-one) , Sxgma 

Chemical Co. product No. T 1500. One mg of 

testosterone was dissolved in absolute ethanol and 

serially diluted. However, the final hormone 

concentration of 4 x 10 6 g/ml was in isotonic 

saline, 

4 2, Progesterone: (A -pregnen-3,20-dxone), Sigma 

Chemical Co. product No. P0130. A final solution 

— 7 of 4 x 10 g/ml was prepared using the same pro

cedure as for testosterone, 

3, 17-3 Estradiol: (17-3 estradiol; ' 5 (.10) _ 

estratrien-3 , 173-diol; 3 ,17-dihydroxy-A'*'' ̂ -

estratriene) Sigma Chemical Co, product No, E 8875. 



-7 A final solution of 2 x 10 g/ml was prepared 

using the same procedure as for testosterone. 

4. Atabrine: (quinacrine hydrochloride) - Winthrop, 

one ampule (200 mg) was dissolved in 40 ml of 

Mcllvaine Buffer, pH 5.5. 

5. Mcllvaine Buffer: 9.62 ml of 0.1 M citric acid 

mixed with 11.37 5 ml 0.2 M disodium phosphate 

yields pH 5.5. 

6. Saline Citrate Buffer: 6.0 g NaCl and 3.0 g sodium 

citrate were dissolved in 1000 cc of distilled 

water. 

7. Isotonic Saline: 8.7 g NaCl dissolved in one liter 

of distilled water. 

8. Hypotonic Solution: 0,07 M KC1. 

9. Blood Culture Fixative: 3 parts methanol; 1 part 

glacial acetic acid. 

10. Trypsin—EDTA: IX, GIBCO Cat, No. 630, 

11, Carbol Fuchsin: Stock Solution: 3,0 g basic fuchsin 

(CF-41, Coleman and Bell) was dissolved in 100 ml of 

70% ethyl alcohol. This solution keeps indefinitely. 

Working Solution: 10 ml of stock solution, 90 ml 5% 

carbolic acid in distilled water, 10 ml of glacial 

acetic acid, and 10 ml of 37% formaldehyde were 

mixed together. The solution was allowed to stand 

24 hrs before using. This solution was prepared 



fresh monthly, or more frequently if many slides 

were being stained. 



METHODS 

The tissues utilized in this study were amniotic 

fluid cells, foreskin, endometrium, and umbilical cord blood 

lymphocytes from randomly selected human subjects. These 

tissues were originally collected for other studies in the 

University Hospital and were not obtained specifically for 

this project. The various tissue culture techniques and 

treatments required by each tissue type are discussed below. 

Tissue Cultures 

The tissue culture method for each tissue type is 

discussed separately in detail. Sterile techniques were 

observed at all times in every case. 

Amniotic Fluid Cells 

Samples of amniotic fluid from various stages of 

gestation (usually 15-19 weeks) were collected in sterile 

jars and delivered to our laboratory. Ten ml of fluid was 

placed in two centrifuge tubes and spun for 15 minutes at 

1200 rpm. The supernatant was discarded and the cell button 

from each tube was resuspended in 2 ml of prewarmed (37°C) 

medium. The cell suspensions were then transferred to two 

Leighton tubes and placed in a water jacketed, CO 2 

incubator (37°C). The medium was changed after five days 

of incubation and twice a week thereafter, A good monolayer 

10 
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of cells was obtained, usually in two to three weeks. These 

cells were mainly fibroblastic in morphology. Since these 

were fetal cells of unknown sex, at this time two test 

strips for the presence of Barr or "Y" body were run to 

determine the sex of the original fetuses. 

Foreskin 

Foreskins were obtained from circumcised infants in 

the nursery of the University of Arizona Hospital. The 

tissue was placed in a jar containing 4 ml MEM with 200 

units of penicillin-streptomycin per ml. The samples were 

kept at room temperature and were cultured within 24 hrs. 

The tissue was removed from the jar and was placed in a 

glass petri dish which contained one ml of medium, and was 

2 cut with a scalpel to very small pieces (1-2 mm ), With a 

Pasteur pipet the pieces were placed one at a time in the 

bottom of a Leighton tube. An average of six pieces was 

placed in each tube. The tissues at this point were given 

very little medium to prevent floating of pieces. After 

four days the tissue adhered to the bottom of the Leighton 

tube and more medium was added. The medium was changed 

twice a week thereafter. A period of 6 to 8 weeks was 

required for the growing cells to cover the culture tube. 

Endometrium 

Endometrial tissues were usually obtained fresh 

from hysterectomy specimens. The uterine lining was scraped 
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with a scalpel, and the tissue was collected in a jar 

containing MEM and penicillin-streptomycin. Endometrium is 

a very soft tissue, and it was teased with forceps to small 

pieces. The endometrial pieces were placed in a Leighton 

tube with very little medium. More medium was added in a 

few days and the medium was changed twice a week thereafter. 

The required time to grow a monolayer varied greatly between 

samples. A period of 2 to 10 weeks was required to obtain 

ample numbers of cells. 

Cord Blood Lymphocytes 

Cord blood was obtained in sterile heparinized 

vacutainers from male newborns. Three drops of blood were 

placed in a sterile centrifuge tube with 2.5 ml of medium. 

The number of the centrifuge tubes set up always equaled the 

number of the treatments planned, plus one control. The 

tubes were then capped loosely and placed at a 4 5° angle in 

the incubator (3 7°C) for 4 8 hours to obtain ample growth. 

Harvest Procedures 

The procedure for the harvesting of endometrial 

cells, foreskins and amniotic cell cultures was the same, 

A different harvesting method was used for the lymphocytes. 

Sterile techniques were observed at all times except for 

the lymphocyte cultures, 
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Foreskin, Amniotic Cells and Endometrial 
Cells 

When a monolayer of cells was formed at the bottom 

of the Leighton tubes, the cultures were ready to be 

harvested. The medium in the tubes was discarded and the 

cells which were adherent to the bottom of the tubes were 

washed thoroughly with prewarmed saline citrate buffer. 

Then, 0.5 ml of prewarmed trypsin EDTA (IX concentration) 

solution was added to each tube. The tubes were placed in 

the incubator for five minutes or until the cells came off 

the bottom. At this point three drops of the cell suspen

sion were placed in small petri dishes, with a square 

coverglass in the bottom and 2 ml of medium. The petri 

dishes were placed in the incubator for about 18 hrs. The 

cells adhered directly to the coverglass and were ready for 

hormone treatment followed by staining and microscopy. The 

number of the small petri dishes used depended on the number 

of different hormone treatments planned plus one control. 

Lymphocytes 

Harvesting of the lymphocytes, unlike the other 

tissues in this study, followed the hormone treatment. The 

tubes were placed in the centrifuge and spun five minutes at 

1200 rpm. The supernatant was discarded and 4 ml of pre

warmed (37°C) hypotonic solution was added to each tube. 

The tubes were placed back in the incubator for ten minutes. 

The cells were again spun down for five minutes and the 
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supernatant was discarded. At this point 3 ml of fresh cold 

fixative was slowly added to each tube and the cell button 

was resuspended, A few minutes later the tubes were 

centrifuged and the procedure of adding the fixative was 

repeated at least two more times. After the last spin, 

most of the fixative was discarded leaving about 0.5 ml in 

the tube. Cells were mixed well and two drops of this cell 

suspension were added to a cold slide, followed by blowing 

air through the mouth on it while the slide was held at a 

45° angle. 

Hormone Treatment of Cultures 

This study consisted of three separate parts. For 

each part a random sample of tissues was used. 

Administration of a Single Hormone to the 
Tissues 

The four separate samples of the same tissue were 

given the following treatments: 

Tissue Cultures from 
the Same Subject and 

Same Tissues Treatment 

Control 2 ml medium + 0.5 ml saline 

1 2 ml medium + 0.5 ml 17-(3 
estradiol for 3 hours. 

2 2 ml medium + 0.5 ml 
progesterone for 3 hours 

3 2 ml medium + 0.5 ml 
testosterone for 3 hours 
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Administration of a Combination of Two Hormones 
at a Time to the Tissue 

The following combinations of hormones were used on 

the separate samples of the same tissue: 

Tissue Cultures from 
the Same Subject and 

Same Tissue 

Control 

1 

Treatment 

2 ml medium + 1 ml saline, 

2 ml medium + 0,5 ml 17-3 
estradiol + 0.5 ml 
testosterone for 3 hours. 

2 ml medium + 0.5 ml 17-3 
estradiol + 0.5 ml 
progesterone for 3 hours. 

2 ml medium + 0.5 ml 
testosterone + 0.5 ml 
progesterone for 3 hours. 

Administration of One Hormone to the Tissue 
Followed by a Time Lag Before Administration 
of a Second Hormone 

The treatments given were as follows: 

Tissue Cultures from 
the Same Subject and 

Same Tissue 

Control 

Treatment 

2 ml medium + 0.5 ml saline 
for 2 hours, followed by a 
second addition of 0.5 ml 
saline treatment for 2 hours. 

2 ml medium + 0.5 ml 
testosterone for 2 hours 
followed by addition of 0.5 ml 
17-3 estradiol for 2 hours, 

2 ml medium + 0.5 ml 
testosterone for 2 hours, 
followed by addition of 0.5 ml 
progesterone for 2 hours. 
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Tissue Cultures from 
the Same Subject and 

Same Tissue Treatment 

3 2 ml medium + 0.5 ml 17-3 
estradiol for 2 hours, 
followed by addition of 0.5 ml 
testosterone for 2 hours. 

2 ml medium + 0.5 ml 17-3 
estradiol for 2 hours, 
followed by addition of 0,5 ml 
progesterone for 2 hours. 

2 ml medium + 0.5 ml 
progesterone for 2 hours, 
followed by addition of 0,5 ml 
17-3 estradiol for 2 hours. 

2 ml medium + 0.5 ml 
progesterone for 2 hours, 
followed by addition of 0.5 ml 
testosterone for 2 hours. 

Slide Preparation 

All male cultures were stained with Atabrine which 

enables the "Y" body to be seen and counted under the 

fluorescence microscope. The staining procedure used in 

this study was that of Pearson et al. (1970), with some 

Hiodif ications, 

Cover glasses or slides were immersed in: 

1. 10 0% ethanol for 3 0 minutes. 

2. Tap water for 30 seconds. 

3. 5 N HCl for 7 minutes. 

4. Tap water for 3 0 seconds. 

5. Atabrine for 5 minutes, 

6. Tap water for 30 seconds. 

5 
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7. Tap water for 3 0 seconds. 

8. Mcllvaine buffer pH 5.5 for 10 seconds. 

The slides were mounted in buffer and sealed with 

clear nail polish. Slides were examined immediately under 

a Leitz fluorescence microscope. The light source was an 

"HBO 200" mercury vapor lamp with a 1.5 mm "BG 12" excitor 

filter and a 530 nm barrier filter. All observations were 

made using a 40 X objective and a dark field condenser. 

"Y" bodies showed up as very bright fluorescent 

particles in the nuclei. Two hundred well defined nuclei 

with smooth membranes were scored as to the presence or 

absence of the "Y" body. All slides were scored blindly 

as to the type of hormone treatment given to the tissue. 

It was only after the scoring that the slides were turned 

over and the labels were read. 

The first four steps of the staining procedure were 

omitted when slides of lymphocyte cultures were processed. 

For evaluation of Barr bodies the cover glasses of 

the female cultures were stained with carbol fuchsin. The 

staining procedure was that of Barr (1965), with some 

modifications, 

Cover glasses were immersed in: 

1. 100% ethanol for 30 minutes. 

2. 7 0% ethanol for 10 seconds. 

3. 50% ethanol for 10 seconds. 
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4. Tap water for 2 minutes. 

5. 5 N HC1 for 5 minutes. 

6. Tap water for one minute. 

7. 70% ethanol for 5 minutes. 

8. 95% ethanol for 5 minutes. 

9. Working solution of carbol fuchsin for 10 minutes, 

10. 95% ethanol for a few quick dips. 

11. 100! % ethanol for one minute. 

12. Xylene until ready to mount, 

All slides were mounted in Permount and allowed to 

dry for twenty-four hours. 

Two hundred well-defined nuclei with smooth nuclear 

membranes were scored as to the presence or the absence of 

Barr bodies. The scoring was done under 100 X oil immersion 

objective. Only those nuclei which contained a deeply 

stained Barr body adjacent to the nuclear membrane were scored 

positive. All slides were scored blindly as to the type of 

hormone treatment given to the tissue. It was only after 

the scoring that the slides were turned over and the labels 

were read. 



RESULTS AND DISCUSSION 

The effects of various hormone treatments on differ

ent tissues are discussed separately. Two-way analysis of 

variance and Dunett's Multiple Range test was done on all 

calculated data. The probability for all the tests was set 

at 0.95. There was a significant difference between the 

responses of individual tissues in every case. 

Male Lymphocytes 

Lymphocyte cultures were the least time consuming 

of all attempted cultures. The 48 hour cultures yielded 

ample numbers of cells in every case. The actual cells 

selected for "Y" body counts were transformed lymphocytes 

(phytohemagglutinin activated cells), which were much 

larger and more suitable for fluorescent "Y" studies. When 

stained with quinacrine dihydrochloride, these cells showed 

a faint background with a distinctly pronounced "Y" body 

(Fig, 1). The percentages of cells showing the fluorescent 

"Y" varied from 32 to 86 per cent. The position of the "Y" 

body within the nucleus followed no specific pattern. Often 

the "Y" body was located adjacent to the nuclear membrane. 

However, other positions seemed to occur with the same 

frequency, 

19 
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Fig. 1. Quinacrine fluorescence of a male lymphocyte 
interphase nucleus — The "Y" body (arrow) is seen 
as a brightly fluorescent "dot." 
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Lymphocytes are not suitable for nonfluorescent 

Barr body studies due to their very condensed nuclei. This 

was the main reason for not utilizing female lymphocyte 

cultures in this study. 

The effects of individual hormone treatments are 

shown in Table 1. Table 2 represents the same data in 

percentages. Analysis of variance has shown that there is 

no significant difference between the treatments. However, 

there is a significant heterogeneity between the responses 

of individual cultures. Since the lymphocytes seemed to be 

unresponsive to the individual hormone treatments, this 

study was terminated at this point, 

Male Amniotic Cells 

The amniotic fluids which were delivered to our 

laboratory were usually collected and handled under 

sterile conditions. However, on one occasion, the fluid 

was contaminated with yeast and the culture had to be 

discarded immediately. At times amniotic fluid con

taminated with blood was received. The presence of some 

blood in the fluid did not affect the cultures in any way, 

and good growth was obtained. The cells that grew in the 

original Leighton tubes were of many morphological types. 

The majority of cells were spindle-shaped fibroblasts 

(Fig, 2), These were the cells that transferred the best 

and finally dominated the entire culture. There were also 



Sub 
jec 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

22 

1. Effects of individual hormone treatments on 
lymphocytes, expressed as the number of cells 
scored positive for "Y" body out of two hundred 
cells counted. 

Number of cells positive for "Y" body 

Testosterone 17-g Estradiol Progesterone 
Control Treated Treated Treated 

88 119 88 81 

108 100 115 118 

77 105 108 91 

98 64 69 79 

63 73 78 76 

81 83 66 90 

99 90 109 99 

128 172 123 122 

116 125 109 92 

87 69 82 85 

78 82 81 76 

104 113 96 111 

91 80 94 100 

80 74 76 70 

122 124 117 124 

94.66 98.20 94.06 94.26 
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Table 2. Effects of individual hormone treatments on 
lymphocytes, expressed as percentages of cells 
showing "Y" bodies, 

% "Y" Bodies 

Testosterone .17-3 Estradiol Progesterone 
Subject Control Treated Treated Treated 

1 44 59.5 44 40.5 

2 54 50 57.5 59 

3 38,5 52. 5 54 45.5 

4 49 32 34.5 39 . 5 

5 31. 5 36.5 39 38 

6 40.5 41, 5 33 45 

7 49.5 45 54.5 49.5 

8 64 86 61.5 61 

9 58 62.5 54.5 46 

10 43. 5 34.5 41 42.5 

11 39 41 40.5 38 

12 52 56. 5 48 55.5 

13 45.5 40 47 50 

14 40 37 38 35 

15 61 62 58.5 62 

Mean 47.33 49,10 47.03 47.13 
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Fig. 2. Fibroblast-like cells from an amniotic fluid cell 
culture — The dark spots are out of focus masses 
of cells. 
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some epithelial-like cells (Fig. 3), and some cells that 

were intermediate between the two morphologically. 

Since the sex of the fetuses was not known, all 

cultures were tested for the presence of Barr body and "Y" 

chromatin body after a monolayer of cells was obtained. 

It was noted that out of 57 samples received, 7 6% were males. 

This high sex ratio (male to female) is unusual. 

The results of individual hormone treatments on male 

amniotic cell cultures, expressed as the number of cells 

scored positive for "Y" body out of two hundred cells 

counted is shown in Table 3. Table 4 depicts the same data 

expressed in percentages. 

There is no significant difference between the 

various hormone treatments. However, the analysis of 

variance shows a significant difference between the 

response of individual cultures. Since male amniotic 

cultures, like lymphocytes, were not responsive to indi

vidual hormone treatments, their study was not carried on 

any further. 

Female Amniotic Cells 

Cultured female amniotic cells often showed 

bipartite Barr bodies (Fig, 4), Other morphological 

variations in appearance of Barr bodies such as triangular 

(Fig, 5), disc^shape, circular, and U-shaped were also 

observed, 
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Fig. 3. Epithelial-like cells from an amniotic fluid cell 
culture — A few fibroblast-like cells can be seen 
on the right side of the figure. 
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3. Effects of individual hormone treatments on 
male amniotic fluid cell cultures, expressed as 
the number of cells scored positive for "Y" 
body out of two hundred cells counted. 

Number of cells positive for "Y" Body 

Testosterone 17-3 Estradiol Progesterone 
Control Treated Treated Treated 

106 77 94 105 

59 54 57 51 

66 93 108 90 

86 81 81 77 

41 44 46 38 

71 50 53 57 

60 67 67 65 

91 84 96 89 

72 76 70 74 

58 55 48 56 

h-'
 

• o
 
o
 

68.10 72.00 70 
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Table 4. Effects of individual hormone treatments on male 
amniotic fluid cell cultures, expressed as per
centages of cells showing "Y" bodies. 

% "Y" Bodies 

Testosterone 17-3 Estradiol Progesterone 
Subject Control Treated Treated Treated 

1 53 38.5 47 52.5 

2 29, 5 27 28.5 25.5 

3 33 46.5 54 45 

4 43 40,5 40.5 38.5 

5 20.5 22 23 19 

6 35,5 25 26,5 28.5 

7 30 33,5 33,5 32,5 

8 45,5 42 48 44. 5 

9 36 38 35 37 

10 29 27. 5 24 28 

Mean 35.50 34,05 36.00 35.10 
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Pig. 4. Fibroblast nucleus with bipartite Barr body from a 
female amniotic fluid cell culture — Arrow points 
to the Barr body. 
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Fig. 5. Fibroblast nucleus with triangular Barr body from a 
female amniotic fluid cell culture — Arrow points 
to the dark mass which is the Barr body. 
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The effects of individual hormone treatments on 

cultured female amniotic cells is expressed as the number of 

cells scored positive for Barr body out of two hundred cells 

counted (Table 5). The same data presented as percentages 

are shown in Table 6. Both progesterone and 17-3 estradiol 

caused a significant decrease in the percentages of Barr 

bodies. There is also a significant heterogeneity between 

individual subjects. 

The results of treatments using combinations of two 

hormones at a time are presented in Table 7. The same data 

transformed to percentages are shown in Table 8. The only 

hormone combination which had a significant effect was 

progesterone plus 17-3 estradiol. This combination 

decreased the per cent Barr body count almost one per cent 

more than the decrease caused by either progesterone or 

17-3 estradiol alone. There is also a significant differ

ence between the responses of individual subjects. 

The effects of time lag hormone treatments are 

presented in Table 9. Table 10 shows the same data 

calculated as percentages. The only time lag hormone 

treatment which has produced a significant effect is 

testosterone followed by addition of 17-3 estradiol. This 

time lag hormone treatment caused a decrease in Barr body 

count of almost the same magnitude as the combination of 

progesterone and 17-3 estradiol given simultaneously. 
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5. Effects of individual hormone treatments on 
female amniotic fluid cell cultures, expressed 
as the number of cells scored positive for Barr 
body out of two hundred cells counted. 

Number of cells positive for Barr Body 

Testosterone 17-0 Estradiol Progesterone 
Control Treated Treated Treated 

73 56 55 67 

76 87 70 73 

64 77 64 50 

41 40 49 60 

75 63 47 51 

88 43 53 46 

70 48 56 47 

57 54 66 46 

56 51 44 42 

42 29 19 29 

58 48 49 39 

50 42 38 37 

99 97 76 70 

86 92 94 72 

50 46 52 40 

65. 66 58. 20 55.46 51 
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Table 6. Effects of individual hormone treatments on 
female amniotic fluid cell cultures, expressed as 
percentages of cells showing Barr bodies 

% Barr Bodies 

Subject Control 
Testosterone 
Treated 

17-3 Estradiol 
Treated 

Progesterone 
Treated 

1 36,5 28 27, 5 33.5 

2 38 43,5 35 36.5 

3 32 38.5 32 25 

4 20. 5 20 24.5 30 

5 37 . 5 31,5 23.5 25,5 

6 44 21.5 26.5 23 

7 35 24 28 23.5 

8 28,5 27 33 23 

9 28 25.5 22 21 

10 21 14.5 9.5 14. 5 

11 29 24 24.5 19. 5 

12 25 21 19 18.5 

13 49,5 48,5 38 35 

14 43 46 47 36 

15 25 23 26 20 

Mean 32. 83 29.10 27.73* 25.63* 

*Significant at P = .95. 
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7 . Effects of treatments using combinations of two 
hormones at a time on female amniotic fluid 
cell cultures, expressed as the number of cells 
scored positive for Barr body out of two hundred 
cells counted. 

Number of cells positive for Barr Body 

17-3 Estradiol 17-3 Estradiol Testosterone 
+ + + 

Control Testosterone Progesterone Progesterone 

86 54 75 92 

42 44 46 50 

58 57 37 60 

80 97 82 87 

50 58 35 60 

50 66 50 65 

99 88 70 88 

89 123 64 82 

38 72 40 44 

70 66 60 60 

86 58 65 60 

76 61 58 72 

68.66 70.33 56.82 68 
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Table 8. Effects of treatments using combinations of two 
hormones at a time on female amniotic fluid cell 
cultures, expressed as percentages of cells 
showing Barr bodies. 

% Barr Bodies 

Subj ect 
Con
trol 

17-3 Estradiol 
+ 

Testosterone 

17^3 Estradiol 
+ 

Progesterone 

Testosterone 
+ 

Progesterone 

1 43 27 37. 5 46 

2 21 22 23 25 

3 29 28. 5 18. 5 30 

4 40 48,5 41 43. 5 

5 25 29 17, 5 30 

6 25 33 25 32,5 

1 49, 5 44 35 44 

8 44,5 61. 5 32 41 

9 19 36 20 22 

10 35 33 30 30 

11 43 29 32, 5 30 

12 38 30.1 29 36 

Mean 34.33 35,16 28.41* 34.16 

*Significant at P = .95. 
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Table 9. Effects of time lag hormone treatments on female 
amniotic cell cultures, expressed as the number 
of cells scored positive for Barr body out of 
two hundred cells counted. 

Number of cells positive for Barr Body 

Subjects Control T.--E . T.--P . E. --T. E .-P . P.--E . P .—T. 

1 86 76 78 70 90 68 88 

2 42 34 48 36 62 68 50 

3 58 50 55 57 32 52 38 

4 80 69 99 95 90 92 64 

5 50 51 53 60 35 54 40 

6 50 56 42 56 62 46 63 

7 99 66 91 96 112 94 98 

8 89 70 102 88 92 82 76 

9 38 40 42 44 50 52 48 

10 70 38 46 74 76 76 74 

11 86 51 68 60 46 56 66 

12 76 78 75 80 78 90 95 

13 
Mean 68. 66 56. 58 66. 58 68. 00 68.75 69 .16 66.66 

Legend: T. = Testosterone 
E. = 17-3 Estradiol 
P. = Progesterone 
— = followed by 
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Table 10, Effects of time lag hormone treatments on female 
amniotic fluid cell cultures, expressed as per
centages of cells showing Barr bodies. 

% Barr Bodies 

Subject Control T.-•E. T.-P . E.-T. E.-P, P.--E. P.-T. 

1 43 38 39 35 45 34 44 

2 21 17 24 18 31 34 25 

3 29 25 27,5 28,5 16 26 19 

4 40 34. 5 49 , 5 47 . 5 45 46 32 

5 25 25. 5 26,5 30 17, 5 27 20 

6 25 28 21 28 31 23 31,5 

7 49.5 33 45.5 48 56 47 49 

8 44, 5 35 51 44 46 41 38 

9 19 20 21 22 25 26 24 

10 35 19 23 37 38 38 37 

11 43 25. 5 34 30 23 28 33 

12 38 39 37.5 40 39 45 47 , 5 

Mean 34. 33 28. 29* 33.26 34 34.37 34. 58 33.33 

Legend: Tt = Testosterone 
E. = 17-3 Estradiol 
P. = Progesterone 
— = followed by 

^Significant at P = .95. 
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Foreskin 

The type of cells that grew from pieces of foreskin 

in culture dishes was almost entirely fibroblast-like. 

Cells could be viewed under an inverted microscope after 

one week. A monolayer was usually obtained in 3 to 4 

weeks. The "Y" body in most cases was very easily 

recognized. The faintly fluorescent background of the 

fibroblast nucleus was ideal for the detection of the "Y" 

body which fluoresces a brilliant green (Fig. 6). However, 

at times the whole slide was covered with unusual cells 

which had brightly fluorescent chromatin masses all over 

the nucleus (Fig. 7). In such cases it was impossible to 

score the cell as positive or negative. Thus, there were 

a few experiments in which I had to discard a whole series 

of hormone-treated and stained slides and start all over 

again with a fresh transfer. The second attempts were 

always successful. 

Results of the individual hormone treatments are 

shown in Table 11. Table 12 represents the same data 

expressed as percentages. Testosterone caused a significant 

increase in the percentage of cells showing "Y" bodies. 

Progesterone and 17-3 estradiol had no significant effects. 

Significant heterogeneity was observed between the subjects. 

The effects of treatments using combinations of two 

hormones is summarized in Table 13. Table 14 represents the 

same data in percentages. All combinations of hormones 
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Fig. 6. Quinacrine fluorescence of a male fibroblast 
nucleus — The "Y" body (arrow) is seen as a 
brightly fluorescent "dot." 
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Fig. 7. Quinacrine fluorescence of a fibroblast nucleus 
from a foreskin culture, with chromatin masses — 
The "Y" body can not be recognized in this nucleus 
due to many 11Y" body-like fluorescent "dots." 
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11. Effects of individual hormone treatments on 
foreskin tissue cultures, expressed as the 
number of cells scored positive for "Y" 
body out of two hundred cells counted. 

Number of cells positive for "Y" body 

Testosterone 17-3 Estradiol Progesterone 
Control Treated Treated Treated 

118 133 106 128 

104 124 118 113 

107 116 94 104 

82 81 83 79 

80 109 92 96 

74 92 82 60 

49 58 51 69 

64 80 76 75 

71 96 74 62 

66 88 75 78 

84 97 82 93 

74 86 70 76 

85 100 91 91 

67 70 62 60 

64 77 50 48 

79.26 93.80 80.40 82.12 
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Table 12. Effects of individual hormone treatments on 
foreskin tissue cultures, expressed as per
centages of cells showing "Y" bodies. 

% "Y" Bodies 

Subject 
\ 

Control 
Testosterone 
Treated 

17-3 Estradiol 
Treated 

Progesterone 
Treated 

1 59 66.5 53 64 

2 52 62 59 56,5 

3 53,5 58 47 52 

4 41 40,5 41.5 39,5 

5 40 54 , 5 46 48 

6 37 46 41 30 

7 24,5 29 25,5 34, 5 

8 32 40 38 37,5 

9 35,5 48 37 31 

10 33 44 37.5 39 

11 42 48. 5 41 46.5 

12 37 43 35 38 

13 42.5 50 45.5 45.5 

14 33. 5 35 31 30 

15 32 38,5 25 24 

Mean 39,63 46.90* 40. 20 41.06 

*Significant at P = .95. 
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Table 13. Effects of treatments using combinations of two 
hormones at a time on foreskin tissue cultures, 
expressed as the number of cells scored positive 
for "Y" body out of two hundred cells counted. 

Number of cells positive for "Y" body 

17-13 Estradiol 17-3 Estradiol Testosterone 
Sub- + + + 
jects Control Testosterone Progesterone Progesterone 

1 80 94 70 90 

2 82 108 96 116 

3 52 109 80 52 

4 64 100 66 75 

5 96 98 128 97 

6 87 88 106 92 

7 101 131 107 104 

8 94 116 96 109 

9 72 89 102 70 

10 86 96 84 96 

11 95 126 114 100 

12 78 90 94 75 

13 90 88 101 124 

14 102 138 116 108 

15 72 96 90 81 

lean 83.40 104.46 96. 66 92 
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Table 14. Effects of treatments using combinations of two 
hormones at a time on foreskin tissue cultures, 
expressed as percentages of cells showing "Y" 
bodies. 

% "Y" Bodies 

Subject 
Con
trol 

17-6 Estradiol 
+ 

Testosterone 

17-3 Estradiol 
+ 

Progesterone 

Testosterone 
+ 

Progesterone 

1 40 47 35 45 

2 41 54 48 58 

3 26 54. 5 40 26 

4 32 50 33 37.5 

5 48 49 64 48.5 

6 43, 5 44 53 46 

7 50. 5 65. 5 53. 5 52 

8 47 58 48 54. 5 

9 36 44. 5 51 35 

10 43 48 42 48 

11 47. 5 63 57 50 

12 39 45 47 37.5 

13 45 44 50.5 62 

14 51 69 58 54 

15 36 48 45 40.5 

Mean 41.7 52.23* 48.33* 46.3* 

*Significant at P = .95. 
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caused a significant increase in the percentages of cells 

positive for 11Y" body. The treatment which caused the 

greatest increase was 17-3 estradiol and testosterone given 

together. There was also a significant difference between 

the responses of different subjects. 

Table 15 shows the results of time lag hormone 

treatments. The calculated percentages of these data are 

illustrated in Table 16, Out of six different time lag 

hormone treatments tried, three caused a significant 

increase in "Y" body percentages. These effective treat

ments were testosterone followed by progesterone, 17-3 

estradiol followed by progesterone, and progesterone 

followed by 17-3 estradiol. The other two combinations also 

caused an increase in "Y" body percentages, but these 

increases were not significant at P =0.95. Again, there was 

significant heterogeneity between different subjects. 

Endometrial Cells 

Tissue culture of the endometrial cells was a little 

more intricate. For the most part cultures took a long time 

to establish themselves. Addition of a few drops of yeast 

extract and sucrose solutions often seemed to help. Also, 

other factors, such as the age of the woman and the phase 

of the menstrual cycle, seemed to influence the time 

required for obtaining a monolayer of cells. 
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Table 15. Effects of time lag hormone treatments on 
foreskin tissue cultures, expressed as the 
number of cells scored positive for "Y" body 
out of two hundred cells counted. 

Subjects 

Number of cells positive ! for " Y" body 

Subjects Control T.--E. T.-P. E.--T. E.-P . P .--E . P .-T. 

1 80 88 75 83 80 82 78 

2 82 92 108 116 108 123 92 

3 52 68 96 56 79 74 82 

4 64 78 67 92 51 88 66 

5 96 92 90 76 114 121 102 

6 87 86 98 95 100 64 75 

7 101 96 116 110 102 120 107 

8 94 114 98 112 116 89 92 

9 72 84 96 68 85 114 91 

10 86 93 100 104 99 108 84 

11 95 90 88 102 107 118 90 

12 78 106 109 88 90 100 98 

13 90 99 102 90 88 102 96 

14 102 94 114 100 116 98 109 

15 72 88 82 87 92 97 76 

Mean 83. 40 91 . 20 95. 93 91. 93 95.13 99 .86 89.20 

Legend: T, = Testosterone 
E. = 17-3 Estradiol 
P. = Progesterone 
— = followed by 
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Table 16. Effects of time lag hormone treatments on 
foreskin tissue cultures, expressed as per
centages of cells showing "Y" bodies. 

% "Y" Bodies 

Subj ect Control T.-E, T, — -P. E . —T . E, — •P. P.-•E. P.-T. 

1 40 44 37, 5 41. 5 40 41 39 

2 41 46 54 58 54 61. 5 46 

3 26 34 48 28 39. 5 37 41 

4 32 39 33. 5 46 25. 5 44 33 

5 48 46 45 38 57 60, 5 51 

6 43,5 43 49 47. 5 50 32 37,5 

7 50, 5 48 58 55 51 60 53,5 

8 47 57 49 56 58 44. 5 46 

9 36 42 48 34 42, 5 57 45.5 

10 43 46,5 50 52 49. 5 54 42 

11 47.5 45 44 51 53. 5 59 45 

12 39 53 54. 5 44 45 50 49 

13 45 49,5 51 45 44 51 48 

14 51 47 57 50 58 49 54 . 5 

15 36 44 41 43. 5 46 48. 5 38 

Mean 41.7 45,6 47. 9 6* 45, 96 47. 56* 49. 93* 44.6 

Legend: T. = Testosterone 
E, = 17-3 Estradiol 
P. = Progesterone 
— = followed by 

*Significant at P - .95. 
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Multiple Barr bodies were observed in cells of some 

cultures (Fig. 8), which most likely indicated endo-

polyploidy. Also, in two cultures which were rapidly 

growing, unusual cells were observed. These cells had 

chromatin masses all over the nuclei (Fig. 9) which made 

them unsuitable for Barr body counts. In these cases the 

cultures were allowed to grow for a week, and second 

transfers were made which yielded enough cells suitable for 

counting. 

Effects of individual hormone treatments on 

cultured endometrial cells are shown in Table 17. Table 18 

presents the same data as percentages. None of the indi

vidual hormone treatments showed a significant effect. 

However, since endometrium is a target tissue for 

progesterone and 17-3 estradiol, the experiments were 

continued. 

The results of treatments using combinations of two 

hormones at a time are illustrated in Table 19. The same 

data are presented as percentages in Table 20, 

Testosterone plus progesterone was the only combination 

treatment that had a significant effect. The percentages 

of Barr bodies decreased almost 9 per cent. There was also 

a significant difference between the responses of indi

vidual cultures. 

Time lag hormone treatments and their effects are 

shown in Table 21, Table 22 presents the same data as 
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Fig. 8. Fibroblast nucleus with multiple Barr bodies from 
an endometrial culture. 
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Fig. 9. Fibroblast nuclei from an endometrial culture, with 
chromatin masses — The Barr body can not be 
recognized in these nuclei. There is a size 
difference among the three nuclei shown in this 
figure. 
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17, Effects of individual hormone treatments on 
endometrial tissues, expressed as the number of 
cells scored positive for Barr body out of two 
hundred cells counted. 

Number of cells positive for Barr Body 

Testosterone 17-3 Estradiol Progesterone 
Control Treated Treated Treated 

86 92 78 72 

66 66 87 86 

66 96 68 76 

94 80 68 90 

66 55 80 60 

40 30 40 50 

72 62 58 77 

52 46 46 47 

90 76 86 80 

76 73 80 84 

58 48 54 60 

64 62 60 58 

71 56 63 66 

56 60 56 72 

96 81 85 92 

70.30 65. 53 67.26 71 
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Table 18, Effects of individual hormone treatments on 
endometrial tissues, expressed as percentages 
of cells showing Barr bodies. 

% Barr Bodies 

Testosterone 17-3 Estradiol Progesterone 
Subject Control Treated Treated Treated 

1 43 46 39 36 

2 33 33 43.5 43 

3 33 48 34 38 

4 47 40 34 45 

5 33 27. 5 40 30 

6 20 15 20 25 

7 36 31 29 38.5 

8 26 23 23 23,5 

9 45 38 43 40 

10 38 36,5 40 42 

11 29 24 27 30 

12 32 31 30 29 

13 35,5 28 31.5 33 

14 28 30 28 36 

15 48 40. 5 42. 5 46 

Mean 35,1 31,9 33.63 35.66 
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19. Effects of treatments using combinations of two 
hormones at a time on endometrial tissues, 
expressed as the number of cells scored positive 
for Barr body out of two hundred cells counted. 

Number of cells positive for Barr Body 

17-g Estradiol 17-3 Estradiol Testosterone 
+ + + 

Control Testosterone Progesterone Progesterone 

86 86 87 67 

66 60 44 60 

66 63 68 36 

94 84 86 76 

66 60 63 52 

40 50 68 40 

72 66 50 44 

52 46 30 48 

90 78 80 76 

76 74 78 60 

58 62 51 56 

64 57 50 42 

71 70 65 36 

56 59 60 44 

96 86 85 63 

70. 20 66.73 64.33 53 
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Table 20. Effects of treatments using combinations of two 
hormones at a time on endometrial tissues, 
expressed as percentages of cells showing Barr 
bodies. 

% Barr Bodies 

Subject 
Con
trol 

17-3 Estradiol 

Testosterone 

17-3 Estradiol 
+ 

Progesterone 

Testosterone 
"J-

Progesterone 

1 43 43 43.5 33.5 

2 33 30 22 30 

3 33 31, 5 34 18 

4 47 42 43 38 

5 33 30 31.5 26 

6 20 25 34 20 

7 36 33 25 22 

8 26 23 15 24 

9 45 39 40 38 

10 38 37 39 30 

11 29 31 25.5 28 

12 32 28. 5 25 21 

13 35,5 35 32,5 18 

14 28 29.5 30 22 

15 48 43 42.5 31. 5 

Mean 35,10 32,76 32.16 26.66* 

*Significant at P = .95. 
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Table 21. Effects of time lag hormone treatments on 
endometrial cell cultures, expressed as the 
number of cells scored positive for Barr body 
out of two hundred cells counted. 

Subjects 

Number of cells positive for Barr Body 

Subjects Control T.--E. T.-P. E.--T. E.-P . P.--E. P.-T. 

1 86 94 66 80 80 83 66 

2 66 56 94 73 62 66 6 6 

3 66 70 68 80 66 72 83 

4 94 90 63 94 100 98 98 

5 66 76 66 66 83 74 74 

6 40 66 40 50 58 61 56 

7 72 65 68 78 88 46 88 

8 52 70 56 34 60 40 39 

9 90 105 88 93 116 89 112 

10 76 92 74 82 74 62 91 

11 58 54 61 68 84 53 63 

12 64 78 68 62 77 70 60 

13 71 90 72 83 94 60 92 

14 56 77 54 64 86 52 68 

15 96 98 90 100 116 79 108 

Mean 70. 20 78 .73 68. 53 73. 80 82. 93 67 . 00 77.60 

Legend: T, = Testosterone 
E, = 17-6 Estradiol 
P. = Progesterone 
— = followed by 
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Table 22, Effects of time lag hormone treatments on 
endometrial cell cultures, expressed as per
centages of cells showing Barr bodies. 

% Barr Bodies 

Subj ect Control T.-•E. T,-P, E.-T, E.--P. P.-E. P.-T. 

1 43 47 33 40 40 41.5 33 

2 33 28 47 36. 5 31 33 33 

3 33 35 34 40 33 36 41.5 

4 47 45 31,5 47 50 49 49 

5 33 38 33 33 41. 5 37 37 

6 20 33 20 25 29 30.5 28 

7 36 32, 5 34 39 44 23 44 

8 26 35 28 17 30 20 19. 5 

9 45 52, 5 44 46, 5 58 44,5 56 

10 38 46 37 41 37 31 45,5 

11 29 27 30,5 34 42 26,5 31.5 

12 32 39 34 31 38, 5 35 30 

13 35.5 45 36 41. 5 47 30 46 

14 28 38. 5 27 32 43 26 34 

15 48 49 45 50 58 39,5 54 

Mean 35,1 39. 36 34.26 36, 90 41. 46* 33. 50 38.80 

Legend: T, = Testosterone 
E, = 17-3 Estradiol 
P. = Progesterone 
— = followed by 

*Significant at P = .95. 



percentages. The only treatment with significant results 

was the addition of 17-3 estradiol followed by progesterone. 

This treatment increased the percentage of cells positive 

for Barr body significantly. There was also a significant 

heterogeneity between different subjects. 



CONCLUSIONS 

The effects of testosterone, progesterone and 17-3 

estradiol treatments on the occurrence of "Y" body and Barr 

body using different tissue cultures are summarized in 

Table 23. A significant fluctuation of Barr body fre

quencies has been established when cultured endometrial and 

female amniotic fluid cells were treated with testosterone, 

progesterone and 17-3 estradiol. Female amniotic fluid 

cultures showed a decrease in Barr body count both with 

progesterone and 17-3 estradiol. The decrease in Barr body 

counts observed with 17-3 estradiol treatment contradicts 

most in vivo studies (Hagy and Broderick, 197 2; Dokumov and 

Spasov, 1967) which show an increase in Barr body counts 

with estrogen. This discrepancy could be due to many 

factors such as methodology, increased chance of error in 

Barr body counts when uncultured cells are used, and 

complexity of the in vivo systems. There are many 

variables that fluctuate simultaneously in an in vivo 

system. For example, during the menstrual cycle, 

gonadotropin levels fluctuate as well as the levels of 

estrogen and progesterone. Also, one must keep in mind 

that the in vivo studies were done on buccal or vaginal 

smears, and thus, their observations were made on tissues 

other than those used in this study. In most cases when 
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Table 23. Summary of the in vitro effects of sex hormone treatments on the 
occurrence of "Y" body and Barr body in interphase nuclei of various 
tissue cultures. 

Hormone Treatments 

Male Female Male 
Amniotic Amniotic Foreskin Lymphocyte Endometrial 

Response Cultures Cultures Cultures Cultures Cultures 

% Barr Bodies 
Increased E-P 

% Barr Bodies 
Decreased 

E, P 
E+P 
T-E 

T+P 

No Response E, P, T T 
E+T, 
T-P, 
P-E, 

T+P 
E-T, E-P 
P-T 

E, P 

T-E, E-T, 
P-T 

E, P, T E, P 
E+T, 
T-E, 
P-E, 

, T 
E+P 
T-P 
P-T 

b "Y" Bodies T 
Increased E+T, E+P, 

T+P 
T-P, E-P, 
P-^ 

I  " Y "  Bodies 
Decreased 

Legend: T = testosterone; E = 17-3 estradiol; P = progesterone; - = followed by; 
+ = plus. 
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time lag treatments were given to female amniotic and 

endometrial cultures, the two hormones had an effect on 

each other's action as far as Barr body frequency fluctua

tions were concerned. 

Endometrial cell cultures were included in this 

study because endometrium is a target tissue for estrogen 

and progesterone. Estrogens stimulate growth, and 

progesterone stimulates the secretory development of glands 

in endometrium (Macey, 1975) . It was of interest to compare 

the response of target tissue with that of non-target tissue 

in this study. However, the cultured endometrial cells 

proved to be unresponsive to most of the hormone treatments 

given, at least as far as female sex chromatin fluctuations 

were concerned. Although endometrial tissue is a target 

tissue for estrogens and progesterone regarding growth and 

secretion, it is not necessary that endometrial cells be 

target cells as far as fluctuations in Barr body counts are 

concerned. Administration of one hormone at a time did not 

yield significant responses at P = 0.95 level, and yet the 

response was large enough to require the second and third 

parts of the experiment to be carried out on this tissue. 

Since 17-3 estradiol stimulates growth of endometrial 

tissue, and there is a decrease in Barr body frequency 

during the log phase of growth in cultures (Therkelsen and 

Petersen, 1962), it is logical to expect a decrease in Barr 

body counts due to 17-(3 estradiol treatment. However, such 
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a decrease in Barr body counts was not observed. This 

could be due to the short (3 hour) treatment time. Longer 

treatment times might show a significant decrease in Barr 

body frequencies and would be of interest in future studies. 

Testosterone plus progesterone caused a significant decrease 

in Barr body frequency, while 17-3 estradiol followed by 

progesterone caused a significant increase in Barr body 

counts. 

An increase in "Y" body percentages was obtained 

when cultured fibroblasts from foreskin were treated with 

testosterone. Progesterone and 17-3 estradiol had no 

effect. However, when they were given in combination a 

significant increase in "Y" body counts was obtained. The 

reason for this synergistic effect requires further study. 

It is possible that one hormone could act as an activator 

or a derepressor allowing the formation of a protein 

necessary for the effect of the second hormone, Another 

possibility might be that the combination of sex hormones 

changes the metabolic state of the cells. 

Cultured male amniotic cells did not show any 

fluctuations in percentage of "Y" bodies when single hormone 

treatments were given, and their study was not pursued 

further, It may be that these cells cannot convert 

testosterone to dihydrotestosterone, a more active form. 

Perhaps the enzyme necessary for this conversion is not 

available to the cells. It is also possible that the 
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dosage levels of hormones given were not the optimum ones 

necessary to produce a response. 

Cultured lymphocytes, like the male amniotic cells, 

were also unresponsive to hormone treatments, at least as 

far as "Y" body counts were concerned. There were no 

combination or time lag sex hormone studies done on 

lymphocyte cultures. 

The next question of interest is how sex hormones 

cause fluctuations in Barr body or "Y" body frequencies. 

At this point and without further studies I cannot 

definitely answer this question. However, possible 

mechanisms can be hypothesized. For example, the hormones 

may be acting as inducers or derepressors for a certain 

gene or genes, The product of these genes might cause 

changes in heterochromatic coiling. It is also possible 

that the sex hormones cause metabolic changes within a 

cell. Sex chromosome inactivation may not necessarily be a 

permanent event in cells, and it might be directly related 

to the metabolic state of the cell. Therkelsen and Petersen 

(1962) have shown a decrease in Barr body frequency during 

the log phase of growth in cultures. Also, an increase in 

Barr body frequency in monolayer cultures as the cell 

density increases has been reported by Klinger (1966). The 

frequency of Barr bodies is shown to be higher in G2 cells 

by Klinger, Schwarzacher, and Weiss (1967), The sex 

hormones might indirectly affect cell density or the cell 
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cycle, and thus could cause a change in Barr body or "Y" 

body frequency. However, in the case of the "Y" body, 

there appears to be no change in frequency during the cell 

cycle (Cramer and Hansen, 1972). 

Another interesting finding made during this study 

was the unusually high sex ratio found in amniotic fluid 

cell cultures. The precise reason for this observation is 

not known. The sex ratio has been shown to diminish with 

an increase in the age of the mothers (Takahashi, 1954), 

and to increase during wars (MacMahon and Pugh, 1954). 

There is a reported association between the time of 

insemination within the menstrual cycle and the sex ratio in 

man (Guerrero, 1974). 

While this study has answered a number of questions, 

it has also created a number of new ones, particularly con

cerning endopolyploidy in endometrial tissue cultures and 

the effect of various hormones on this phenomenon, Another 

newly arisen question could be answered by further studies 

using different doses of various steroid hormones and 

measuring the response of the tissue in terms of fluctua

tions in sex chromatin. Steroid hormones might produce 

quite different and perhaps opposite effects depending on 

the dosage levels used. Attempting different treatment 

times might also be useful. The despirilization of the 

inactive X chromosome or the distal portion of the Y 

chromosome might occur at a specific time during hormone 
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treatment and could be easily missed if the treatment times 

are not optimum. 
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