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INTRODUCTION 

The terms "anti-androgen" and ''anti-gonadotropin" are often 

, incorrectly used interchangeably. Dorfman (1965) gives the working 

definition of an anti-androgen as follows: " ... compound which 

prevents androgens from exerting their full biological effect on an 

androgen-sensitive endpoint". An anti-androgen, then, does not 

block the production of androgens, but simply inhibits their effect. 

Substances possessing anti-androgenic activity are of 'interest 

to the clinician as well as the researcher o. Materials absorhed 

through the skin or when injected subcutaneously may be of con

siderable benefit for women with hirsutism and men suffering from 

androgen-dependent prostatic tumors. An anti-androgenic compound 

which could be applied locally as. a cream would also be of use to 

women with hypertrichosis. Topical treatment with anti-androgenic 

substances might also be useful in the prevention of certain typ~s 

of male baldness, for the inhibition of facial ·hair growth ·in 

women, and for the prevention and/or treatment of acne in boys 

and girls during adolescence. 

Many studies have been made to find substances which inhibit 

the effects of androgens. Progesterone has been reported, by at 

least two researchers, to be androgenic when injected into male 

rats. (Greene et al., 1939, and. Owrnan, 1970). Others have c·oncluded 

that it has a mild androgenic effect, but for the most part acts as 

an .anti-androgenic agent (Dorfman and Ungar·,· 1965). It has also 

been listed as a mild anti-gonadotropic ~gent (Dorfman and Kincl, 
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1966). They define an anti-gonadotropic substance as one which 

suppresses t;he release and/or biosynthesis of gonadotropins. 

One of the experiments mentioned above used proges.terone 

(empirical formula: 4-pregnene- 3, · 20-:-dione). In, other cases, 

discussed in this paper, a progestin other than progesterone was 

used. Some wer~·natural progestins while others were synthetic 

products. There have been a few experiments reported which 

made use of other·anti-androgenic products. 

In all studies r.~ported, except one (Mahesh ·et _al., 1966), · 

the experimental animals were castrated. The Mahesh group · 

investigated results from intact rats, castrated rats and hemi

castrated rats. 

Hall and Ko;renchevsky (1938) did a study to determine the 

resul t_s of castration on the adrenal gland of male rats. They 

observed tha.t two months after 80-day old rats' were castrated, 

the adrenal cortex widened and the adrenal glands weighed more. 

They further state that the increase in weight and size is due to 

hypertrophy of the zona fasciculata.artd reticularis, especially 

the latter, resulting from a considerable increase in size of 

the cells composing these layers. Vacuolation of the cortical 

cells also. increases slightly after castration. 

Addison_ (1.917} compared cell changes in the hypophysi_s of 

the male rat one, two, three, five and seven months after castra

tion ·with cells of controls. After one month he found- significant

ly ~ncrease~ size of basophils. Stein.(l933) performed a similar 

experiment. He found that the weight of the hypophysis of 
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castrated animals was significantly greater than that·of the controls 

(the increase being limited to the anterior lobe). The mean weight 

and body length of control animals were significantly greater than 

those of the castrated animals. Histologically he found large 

atypical basophils with various -interm~diate stages of development 

tb the signet-ring or vacuolated castration ~ells in the test glands. 

He. also found that eosinophils appear in considerably greater numbers 

than in the controls and outnumber the basophils. 
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The present study was proposed to determine whether progesterone 

has an androgenic, anti-androgenic or anti-?onadotropic e~fect on the 

reproductive organs of the male rat. ·Since some of the previous work, 

reported above, included only castrated animals,. it was decided to use 

both castrated and intac·t rats in this experiment. ·In addition, the 

pituitary glands and adrenals were included in the study. 



R~VIEW OF RELATED LITERATURE 

For·additional information regarding basic,facts of endocrinology 

herein discussed,: the reader is referred to Turner's "General .. Endocrin-

ology", 1966, and to "The Hormones" edited by·Pincus,. 1955 . 

. Progesterone (4-pregnene-3, 20-dione), .the chemical structure of 

which is 

0 

was first extracted by Corner and Allen ,(1928). ·It ·is .present and· 

biosynthesized in the ovary, testis, adrenal ~ortex and'placenta. 

However, it is produced in significant a~ount~ only in the corpus 

luteum and the place~ta. Progesterone is biosynthesized from 

cholesterol. In addition·to being intermediate in the biosynthesis 

of other steroid hormones, it.is. an important hormone in its own 

right because: a) it acts synergistically with estrogen to prepare 

the uterus for implantation; b) it regulates the access~ry organs; 

and c) it assists in maintaining pregnancy. 

During the normal menstrual cycle when the pituitary output of 

follicle stimulating hormone (FSH) is diminished and the pr,oduction 

; .of lu'teinizing hormone (LH) ·is increased, ovulation occurs .. Immed-

iately following ovulation, the corpus luteum begins to form in the 
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ruptured follicle, under the inf~uence.of LH. Progesterone thus pro

duced maintains the endometrium of the uterus during the latter part 

(luteal phase) of the ·cycle. If fertilization of the egg takes ·place, 

the pituitary continues the release of the luteinizing hormone which in~ 

creases the size of the corpus luteum and th~ production of progester

one .. As the placenta.develops and begins p~odriction of·p~og~sterone;'~'i 

the secretory function of the corpus luteum diminishes. The placenta, 

then, is the principal source of progesterone (and estrogen) during 

the latter half of· pregnancy. 

R. R. Greene·~ al., 1939, injected castrated male rats with 

various doses of progesterone and for different periods of time. He 

found enlarged ventral prostates in all rats. Greene concluded that 

progesterone is an androg.enic agent. In 1970·, Owman injected castrat

ed male rats with progesterone. He was studying the hormone's effect 

on the noradrenaline content of the short adrenergic neurons inner

vating the male genital tract. It·was incidentally observed that 

there was an:.':. increase in siz,e of. the genital tract. Owman felt 

this confirmed Greene's findings that progesterone is, androgenic. 

Androgens are produced primarily in the male gonads, but some 

are also' produced by the ovary as well as by the adrenal cortex 

(Dorfman, 1968). . The. adrenal cortex sec·retes three main categories 

of steroid hormones: glucocorticoid-a (mainly corti.sol and corti

costerqne); mineralocortocoids (mainly aldosterone); and androgens 

(mainly dehydroepiandrosterone) (Dorfman, 1968). Cort·isol is pro

duced almost entirely from the fasciculata-reticularis of the cortex; 

aldosterone is secreted from cells in the glomerulosa; and cortico-



sterone from both areas (Dorfman, 1968). Adnrogens are produced by 

cells in the zona reticularis ·(Dorfman, 1956). 

Testosterone is the main androgen produced by the testis. The 

interstitial cells of Leydig are the ptimary source 6f testicular 

androgens. However, it is difficult ~o prove that the other .cells 

of the siminiferous tubules play no role in the biosynthesis of 

steroid hormones (Dorfman et al., 1963). Electron microscopic 

6 

studies on several mammalian species have shown·that the cells of 

Leydig ar~ characterized ·.by a h;i·S'hly:;;.:developed agranular endoplasmic 

reticulum (Christensen and Mason·, 1965). There are strong indications 

that this organelle is the site of at least part of the steroid bio

synthesis occurring in these cells~ Smooth or agranular endoplasmic 

reticula are also found in Sertoli'-'.cell s ·and germinal. cells. This 

suggests that these other tubular elements may have some capacity 

to participate in steroid biosynthesis. 

The normal ovary produces small amounts of androgens. This is 

· not. surprising since androgens are intermediat~ in the biosynth~sis 

of estrogen. 

The seminal vesicle is a sensitive indicator of the level of 

androgen. Cytological changes become apparent in the·seminal vesicle 

epithelium approximately two days after castration. Though the 

seminal-vesicle is sensitive, the ventral ·prostate is a more specific_ 

indicator. After four day.s, the epitheiial cells of the ventral 

prostate decrease: in height from tall columnar, in the ·normal animal, 

to low cuboidal. in the castrate (Turner, 1966). 

Studies on inhibition of androgens have been reviewed (Dorfman 
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and Shipley, 1956) and summarized in nMethods in Hormone Research". 

In this publication, progesterone ranks high among the compounds 

reported as possessing anti-androgenic activity. Dorfman (1962) 

reported results iri castrated r·ats which ·were injected daily with 

testosterone and, at a separate site, with the test compound. ·He 

states that this method of controlling the androgens is n·ecessary ·to 

determine the anti-androgenic effect of the test compound. In a 

later volume of "Methods in Hor-mone Researchu, Dorfma·n and Kinc:l 

(1966) conclude that progestero~e is also ~ffective as an anti

gonadotropic steroid. Howev_er, compared t·o estrogens and androgens 

as anti-gonadotropic agents, progesterone is considered weakly 

active. 

In a study of female patients with hirsutism it was found 

they were secreting high levels·of androgens (Mahesh et al., 1964)~ 

One group of patients had high ~_evels of 11-oxygenated and 11-deoxy-

17-ketosteroids. Suppre.ssion was brought about by administration of 

dexamethasone. This suggests. adrenal origin, and, in fact some of 

the patients were_ found to hav~ virilizing adrenal tumors. Another 

group of hirsute patients had elevated leve~s of 11-oxygenated-17-

ketost·e_roids only. Suppression in this group by Stilbesterol 

-suggests ovarian origin. 

In 1966, Zarate ~-al.,found that 17-alpha-methyl-B-nor~

testosterone, the chemical structure of which is 
OH 
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brought. about significant reduction in acne as well as hirsutism in 

humans. Because of these clinical results, more extensive studies 
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.. were carried out, us:i.ng laboratory rats, to confirm the anti-androgenic 

activity of 17-alpha-methyl-B-noretestosterone previously reported 

by Saunders et·al .. in 1964. 

In all studies, to date, regarding anti-androgenic substances, 

the end organs studied (in the laboratory rat) were the ventral pros

tates and seminal ·ve~icles. One study (Mahesh et al.·, 1966) reported 

"no histological changes" in organs of treated and untreated castrated 

rats, but for the most part, only gross descriptions and weights of 

tissues were reported. It was suggested by.oneauthor (Turner, 1966) 

that the function of 'the tissues should also be considered. He 

stated that ejeculation can be elicited by electrical stimulus, and, 

that animals with atrophic seminal ·vesicles and prostates lose the 

ability to ejeculate. Also, since the semen of the rat has properties 

which cause it to coagulate readily, the semen expell-ed can be weighed 

and compared. · 



MATERIALS AND METF!ODS 

Animals 

Seventeen (17) maleirats of the Sprague-Dawley strain and 

fnit'ially weighing .150-180 g. were used. · They ·were housed in 

separate cages, and give_n .tap water and Purina rat chow ad libitum. 

Procedure 

Nine· (9) rats were anesthetized with ether and castrated. This 

was accomplished by making a one em. incision in the posteroventral 

wall of the scrotum through· which the tes.ticle was extruded. A single 

ligature.was placed around the internal spermatic vessels, the artery 

and vein ·and ductus deferens. The testis and the epididymis were 

excised. The incision was closed with one or two·s.utures. This 

procedure was carried out, bilaterally, on each of nine (9) animals. 

Sham operations were carried out in the remaining eight (8) rats. 

In each case· the rat was .anesthetized with ether; one em. incisions 

were made bilaterally into the scrotal sac; pressure was applied to 

the. testis (but it was not completely extruded); and the incision · 

was closed with one or two sutures. The animals were then -divided 

into four groups as follows: 

Group I (CASTRATED - PROGESTERONE TREATED) Five (5) rats. 

Each rat.was injected (subcutaneously) .with 5.0 

mg. of progesterone (Up john) ln 0.1 ml. of C'btton

seed oil every day for 21 days 
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Group II (CASTRATED - OIL TREATED) Four (4) rats~ Each 

rat was injected (subcutaneously) with 0.1 ml. 

of cottonseed oil (Wesson) every day for 21 

days. 

Group III (SHAM -·PROGESTERONE TREATED) Four (4) rats. 

Each rat was injecte_d with 5. 0 mg. of pro

gesterone in 0.1 ml. of cottonseed· oil every 

day for·21. days. 

Group IV. (SHAM~ OIL TREATED) Four (4)·rats. Each rat 

was injected (subcutaneously) with ·o.t ml. of· 

cottonseed oil every day for 21 day~. 

Each rat was weighed daily. 

Progesterone in cotton,seed oil, prepared b)1 Upjohn~ was in

jected into the experimental animals, and Wesson oil was used for 

the control animals. Injections were begun the day after castra

tion. Rats in groups I and II were killed the day following the 

last injection. Rats in groups III and IV were killed the second 

day after the last injection. · To kill the rais, they were first 

lightly anesthet·ized with ether. The thoracic cavity was opened 

and 10 percent formalin was injected"into the left ventricle of 

the heart. The formalin was used in an effort to perfuse the 

pituitary gland ·to aid in dissection. Each rat· was "dissected 

quickly to avoid desiccation. 

10 

No description of the methods of dissection was made in those 

papers dealing with similar studies with rats. After consulting 

Farris (1949), I decided to remove the ventral prostate and seminal 
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vesicles by cautery. The· testes, adrenals ·and pituitary glands were 

removed by blunt and sharp dissection. Organs were stored in a water 

vapor saturated_ humidor until they were weighed. 

Most reports pertinent to this study described gross examination. 

of the ventral prostate and seminal vesicles with only a mention·:of 

histological studies (in which the hematoxylin and eosin staining 

method was used exclusively). But, I haven't found a ref~rence to 

histological studies of the pituitary .. I had to consult~bistological 

.technic manuals to find a suitable method for staining the cells of 

the pituitary. The Monroe-Frommer method for staining the pituitary 

(Luna, 1968) was chosen because it was the only method available 

which is specific for delta basophils. 

Followfng disiection, the organs. removed were weighed as soon 

as possible (within 10 minutes) on an analytical balance (Mettler, 

Type H6). Tissues were placed in fixative. immediately after weigh

ing and processed as follows: 

_Testes, seminal vesicles and adrenal glands - were fixed in 

Bouin's fluid for 24 hours. They were dehydrated, infiltrated 

with paraffin (at 60~ C.), embedded, cut seven (7) micra 

thick and stained with Harris' hematoxylin and eosin. 

Pituitary - was fixed in Zenker-f-ormol for 24 hours. It 

was dehydrated, infiltrated with par-affin (at 60° C.), 

embedded, cut- six (6) micra thick and s.tained using the 

Monroe-Frommer method. 



RESULTS 

Gross Changes 

All animals remained apparently healthy and g+adually gained 

weight during the entire experiment. 

The sham-operated rats receiving oil injections (group IV) had 

the greatest overall weight gain (Table II). The sham-operated rats 

receiving progesterone (group III) had-the next highest weight gain 

(Table II) .. The castrated rats receiving progesterone (group I) 

ranked third, and the castrated rats receiving oil (group II) ·had 

the lowest overall weight gain (Table I). Using Duncan's multi-

range analysis for comparison of ·total body weights by groups, I 

found a .significant difference between the castrated rats treated 

with oil (group II) and the sham-operated rats treated with oil 

(group IV). However, Table IV shows no significant difference 

between body weights of castrated-progesterone treated and sham-

operated-progesterone treated rats (groups I and III); Castration 

involves an :Lnnnediate loss of about four (4) grams. The subsequent 

weight gain is not as rapid as in sham-operated rats. If, however, 

sham-operated rats are treated with progesterone, the treatment 

inhibits weight gain to almost the same extent as castration. 

Results of organ·s weights. relative to body weights indicated 

that organ-weights of all castrated animals were considerably lower 

than organ weights in sham-operated animals. In addition, those 

animals which· received injections of progesterone had lower organ 

weights than·those injected with oil (Tables I and II)~ 
. . . 

Student's t ·test wa_s .. employed in comparing weights of testes 

l.Z 
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(groups III and IV). Comparison of the other organ weights by groups 

was done using Duncan's multi-range analysis (Steel and Torrie, 1960). 

On the basis of the statistical tests, there was no significant diff

erence found. in comparing organ weights in groups I and II (Tables 

III and IV). . This suggests that whatever effect the progesterone 

had on the tissues was overwhelmed by the effect·of castration. In 

comparing groups I and III (castrated - prog~sterone treated and_ 

sham-operated - progesterone treated) there was a significant diff

erence in weights of the ventral prostates and seminal vesicles, but 

not in the adrenals or pituitary glands (Tables III and_ IV). Since 

castration alone produces a signi{icant difference, it is difficult. 

to ascertain the effect of progesterone treatment. in· this case 

(groups I and III). There was·a significant decrease in weights of 

ventral prostates and seminal vesicles of the sham-operated rats 

which received progesterone (group III) ·when compared to· the sham

operated rats which received oil (group IV). However, the test 

indicates, no significant difference between groups. III and IV 

when comparing weight·s of adrenal glands or pituitary glands.· 

Histological Changes 

Testis: Microscopic examination of the testes from sham

operated rats which received oil injections re

vealed normal tissue {Figure 1), while that of the sham-operated rats 

receiving progesterone showed a general atrophy of c~lls in the semi

niferous tubules and a slight thickening of the tunica albuginea 

{Figure 2). This result is similar to, but not·as marked as that 
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brought on by hypophysectomy. 

Ventral prostate: The ventral prostate of the "control"(sham-. 

O].Jerated rat receiving oil) showed high colum

nar epithelial cells, in the secretory.phase, lining the acini 

(Figure 3). The prostate of the sham-operated rat·receiving pro

gesterone showed slightly smaller lumina of the acini ·and diminish

ed height of the epithelial cells. (Figure 4). The ventral prostates 

·of the castrated animals injected with oil were markedly reduced in 

size with very small lumina in·the acini; the epithelial cells were 

·almost flattened (Figure 5). The prostatic tissue of the castrated 

rat given progesterone was similar in appearance to the castrated 

rat injected with oil, with more atrophy o.f cells (Figure 6). 

Seminal v~sicles: .The control rat (sham-operated-treated with oil) 

showed tall colu~nar epithelial cells lining the 

acini (Figure 7). The sham-operated rc9:t which was given progesterone 

showed low columnar· epithelial cells (Figure 8). The castrated rat 

(given oil injections) seminal vesicles showed cells resembling 

squa~ous epithelium (Figure 9) while those·of the castrated rats 

given progesterone were more atrophic in ~ppearance (Figure 10). 

Adr~nal glands: The adrenal glands of the sham-operated rats 

which received oil treatment (control) have 

the appearance of normal tissue, with a thin capsule and uniformity 

of cells in the cortex (Figure 11). The· adrenals of the sham

operated rats which were treated wj.th progesterone have thickened 

capsules, widening of the zona glomerulosa and a vacuolated 
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appearance of the·zona reticularis {Figure 12). The adrenals of the 

castrated rats·were similar in appearance, with a thickening of the 

capsules, widened zona glomerulosa and general hypertrophy of the cor

tex· (Figures 13 and 14). 

Pituitary glands: The pituitary gland of the sham-operated rat 

which received oil injections was normal in 

appearance {Figure 15), While the pituitary of the sham-operated rat 

treated with progesterone showed a·marked increase in' the·size of 

delta basophils and an increase in the number of secretory granules 

{Figure 16). The pituitary gland of the castrated animal injected 

with oil showed a slight increase in the number of delta basophils 

{Figure 17) .. The pituitary of the castrated rat treated with pro-· 

gesterone not only showed an increase in the number of delta cells, 

but also had an increase in the number of secretory granules (Fig

ure 18) .. 



Treatment Body, ·wt. 
in g.·. 

· (i~itial) 

Group I 
{Castrate 
. Proge·s·t. ) 

A . · -'152· .. ; .... · 

B ;_143 · ' . c .·.152.· 
D 151 
E . 158 

Mean.+- s.d .. 151.~ ±:5.4 

· Group II· 
· (Castrate 

Oil) 
·A 
B 
c 
D 

. 155 
151' 
168-
i42-

,. . ~ 

,_ 

··Body. wt .. 
·in· g. 

.. (final) 

'· 

'262'·~· 
'235 
259 
.262_ 
'258 

I<. ~ 

'255. 2 ± lT .. 4 

276 
245· 
244. 

.·. 235. 

Mean·.-t·s.d. 154±10.7: _250·±).7.9~ 

TABLE · I 

Relative· Organ.Weight (mg./100 g~ body wt~) 

Tes.tes 

-

Ventral . 
·Prost~te 

18·. 2 
20.8. 

9 .,3 
19.7 
'24~~ 

18 ~ 6 ·.± 5. 7 

24~ 6' . 
·16.6 
. 27.5 
16.0 

' ' ~ . -· 

21.2 +:5· .. 7 

·Seminal 
Vesicles.·. 

10. ~ . 
7 .. 9 

13.·6 
-;~19-~19 

20~ g., 

. 12·. 5 + 5·.-1 

13.0 
18~4-
18.8 
16. a· 

. ·16:6. + 2 •. 6 

Adrenals 

10.·2 
12.5 
11.9 

. 11.8 
10.0 

11.3-±·1.1 

12.4. 
16.9 

. 10.1 
11.3 

'12. 7· ·+ 2. 9 

Pituitary 

·-s.l 
4.6'. 

:6.1 
4. 7 
6.6 

5.4 + 0.8 

6.·2 
. 5. 8 

' . 6 .. 5 
-4.0 

.5.6 + 1.1 

t-' 
0"\ 



Treatment 

Group ;III 
:.(Sham·, 

Progest.). 
·.A 

B .. 
c,· 
n· 

Jxleari ± s . d • 

Group·.·. IV 
(Sham 
·Oil}··: 

.A 
B . 
c,·· 
b 

Body wt. 
. i'n g. 
(initial) 

154 
155 
.155· 
.!56' 

- -~ .,. -

155 .+· a·~ ·g · ·· · 

161 
.:161 
:·151 t6o. . " .... 

Body ·wt. 
-~n g. 

.(final)_ 

·258. 
28a 

. 255 ... 
2·is 

........ TABLE ,II 

Relative-Organ Weight (mg./J.qa g. body ·wt.) 
Seminal -=~J . __ -:Ventral 

. Prostate -~Vesicles · Adrerials :Teste's 

. 564.9 57.6- 65.a 7.8 
57-3.3 61. 7. 134.5 9.a 
617.1 83.6' 85.9 . 14.2 

.. 5.4!'~'3 · · · -- .. · ··• .·64.·5 · .. '134. 6 ;" . . 12.·8. 

· 2 6 7 + 12 . j · - - s 7 4. 2· -t: 31 . · 6 ·· 6 6 . s ± _:t 1 . 5 1 a 5 .. a ± 35 . 1 . 1 a • 9 : ± . 3 • a 

279 
3aa 

. 250 
.'363 

:592.5 
·. 588. i 
. 588 .-s . 
'4 ~-a· ~-;7'. 

141.1 
. 94."6· 
123.7 

· -- -T5·7~'3 

·232. 7 
.2a5. 9 .. 
234.2 
·zas·.·s···· 

-la.s 
. _8. 9 
'' 9. 6 
lo-:.]) 

Mean ±··_s. d. 158 ·± -4. a· .... . .. -za·3· ± -24.-4 · · :-565·'~ t>'± 49·. 2· 12·9·~·-z±·. j·o·~--4. 22d.~4 ± 15 .l .. 9. 9 _±. a~ 8 

' Pituitary 

5.5 
. 3.a 

.3. 7 
4.i 

·. 4.1 ± l. a 

4.-4. 
3'~ 8 
4.5 
,3. 8 

4.1 + a.4 

-~-
-..... 



.TABLE 'III 
~ •,' . 

COMPARISON OF ·~TESTES BY STUDENT'S T. 'TEST 
. •' . 

COMPARISON OF :VENTRAL PROSTATES AND .SEMINAL VESICLES BY 'DUNcAN'S MULTI~RANGE 'Al'TA:LYSIS 

·o:t:'gan .··. 

. Testes · 

Or.gan .. 

.. Ventral 
··Pr6sbit·e 

. Seminal 
.Vesicles 

Groups 
· c?ffip.ared 

··Theoretical 
tiiff~r·e-rice~ · 

. Observed 
Difference · ·Level Conclusion 

III:-·. :IV·· -~- /1.·440 · . - .. 0.359·· .0;2 . :Nd significant difference 

Least ·observed 
Groups Significant· Differ.e~·ce Level Conclusion 

. 'Comp.ared. · · · ... Rang-e- · · · .. .. ·o:( Means. · 

. ; ·.I~~;- ·II-.· ··21 . .7 2.6 .05 No signiticant dtfferenc~ 
;I - III 31:8 48.2: · .·ot Significant diffe~ence . 
li - IV 31.8 . 108.0 .01 . Significant. difference 

. . .. . . . III - .IV. ..... 3'0~ 2 · .. '62. 3' .. .01 'Significant difference 

I - II 27.5 . 4.1. . .o5· · No significant diff~renc~ 
I - III 40.-3 92.5 .01 Significant· difference 

II - IV ... 40.3 .203.8 .01 Significant difference 
Itt ·..;. IV .. · · · · · · '38 • ·-3 · .. .. . ·. Tl5.4 .· .. ::01" Signific'ant .. di.fference 

1-' 
00 



TABLE IV 

COMPARISON OF ADRENALS,. PITUITARY 'GLANDS.,-· AND. BODY WEIGHTS. BY :PUNCAN' s MULTJ;.-,RANGE- ANALYSIS 
. ··-

Or gal?-

.Ad.renal 
· Glands 

Pituitary 
Glands 

_Body 
'Weights· 

! I 

'. 

. Groups _ 
"compiired · · 

I - II
I - III 

. _II - IV 
III -·-.IV . 

I ~ . ·II. 
I - Ill 

-II - :·.IV 
III.- · IV 

. I ;.., _ 'II 
I-~ ·III· 

rr ·-- ·rv · 

III- ·rv 

Least 
Significant_· 
Range · · 

~3. 06. 
3~ 06 .. 
3-.30 

.·3. 06' 

•.M- 0 

1·. 5~ 
·1. 65. 
-1-~ 61 

-.... 

'f. 53 

25.-4 ·· .. 
25~4 

:27.4 
38~_4. 

i 25-.4 

. Observe~ ·
Difference · 
of Means .. ; Level 

1.4' : -.·. '._. 05 
0.3 .05 

' 2. 8 . ·:. 05 
1.1 ' .05

1 

.0 .• _2. .-05 
1 ~ 3-·. .05 

:'-_. ·:·l~5:- .. .-05 
o •. o·. ·· ..• -o5. 

.5. 0 -:.:'_._ o·s_ 
-12.0. : _.05 
33.0 . ·. 05 
33-.0. .01 
16 .. 0 :~ 05 

.-< 

Conclusfon 

No significi~nt differen~~ -
No signif~cant_ difference. 
No sign~ficaht differ~nce 
No significani differen~e 

No ~igriificant difference 
No significant difference 
·No · signi_f:i.cant difference 
No -significant diff~rehce 

No significant differ~n~e
No significant d{ff~renc~ 
Signifi_cant ·difference 
No significant differ.ence 

·. No . s:i.gn1ficant _d(f:ference 

1-' 
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Figure 1 Testis of sham-operated rat which received oil 

injections. lOOX. The testis was fixed in 

Bouin's fluid and-stained wi-th hematoxylin 

and eosin. 

Figure 2 Testis of sham-operated ~-which ~_injected 

_with progesterone. Note_ the ·atrophy- of semi-

niferous tubules. lOOX. The testis was fixed --- ------
in Bouin's fluid and_stained with hematoxylin 

and eosin. 



Figure 1 

Figure 2 
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Figure 3 Ventral prostate of sham-operated rat·which re

ceived oil. Note the high columnar epithelial 

.cells, in secretory phase, lining the acini. 

lOOX. . The prostate ~ fixed_ in Bouirt r s fluid 

and stained with hematoxylin and eosin. 

Figure 4 Ventral prostate of sham-operated rat which 

received _progesterone. Note smaller ·lumina of 

the acini with diminished height of epithelial 

cells. lOOX.· The,_.prostate ~ fixed in Bouinr s 

fluid, and stained with hematoxylin and eosin. · 

,/ 



Figure 3 

Figure 4 
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Figure 5 Ventral.prostate_of _castrated!!!!. which received 

oil injections. Note very_small lumina of acini 

and cuboidal -epithelia12Eells~~,~~ lOOX. ~The 

_prostate ~ fixed in __ Bouin r s fluid_ and stained 

·with-hematoxylin and eosin. 

l. 

Figure 6 Ventral prostate of castrated rat which received 

progesterone. Note general atrophy of cells and 

flattened epithelial c~lls lining the acini. 

lOOX .. The prostate~ fixed in Bouin's.fluid 

and stained with hematoxylin_and eosin. 



• 

Figure 5 

Figure 6 
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Figure 7 Seminal ·vesicle· _of sham-operated· rat ·_which re- . 

. ceived _ o:Ll .. Note tall .. columnar epithelial· cells~ 

lOOX .. S~minal vesicles ~ere fixed in Boui~'s 
------~ ~~~~------ --'~----~ 

fluid and_ stained .with hematoxylin and· eosin. 
:•. ·, 

Figure 8 Seminal _vesicle of sham-operated. rat; which 

received progesterone. . ~diminished -height 

of_ columnar ·epithe-lial cells. lOOX. Seminal 

I 

_.ed with hematoxylin· an~ .~osin. . -



Figure 7 

Figure 8 
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Ffgure 9 Seminal_ vesicle of _castrated _.!:.§!!. which ___ received 

oil~ No.te the flattened appearance of epithel

ial cells. lOOX. Seminal vesicles _w~re fixed 

in Bouin' s ,fluid and . stained with hematoxylin 

and eosin. 

Figure 10 Seminal vesicle of .castrated ~ which received 

progesterone. -~ the _marked atrophy of epithel

ial lining. lOOX. Seminal vesicles ~fixed in 

Bouin's fluid and _stained with hematoxylin and 

eosin. 

.. 



Figure 9 

-
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Figure 10 
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Figure 11 Adrenal gland of sham-operated ~ which received 

oil. ~ the thin capsule and uniformity of size 

and shape _2K cells in the cortex. 63X. Adrenals 

~fixed ·in Bouin's fluid and stained with 

hematoxylin and eosin. 

Figure 12 .Adrenal gland of sham-operated rat·which received 

progesterone. Note the vacuolated appearance·of 

the ~ ret{c.ularis. Also note the_ thickening 

of the zona glomerulosa. 63X. Adrenals ~ 

fixed in Bouin's fluid and stained with hematoxy-

lin and eosin. ----



Figure 11 

Figure 12 
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Figure 13 Adrenal gland of castrat-ed rat which received 

oil. Note the increased thickness of the 

capsule ~ the hypertrophy of _the ~ 

reticularis. ~· Adrenals ~ fixed in 

-Bouin r s flufd ~ stained with hematoxylin 

. and eosin. 

Figure 14 Adrenal gland of castrated rat_which received 

progesterone. ~- the in-creased thickness of 

the· capsule and the~ glomerulosa. 63X.· 

Adrenals.~ fixed inBouin's fluid and stain

ed with hematoxylin ~ eosin. 



• 

' j 

Figure 13 

Figure 14 
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Figure 15 Pituitary .. ,gland of sham-operated ~ which 

received oil. Note that the tissue is ·normal· ---- -· ---·--- -- ------
in appearance. 250X. The pituitary was· fixed 

in Zenkero;;,fonnol·and stained ~ the Monroe-

·Frommer method. 

Figure 16 Pituitary gland of sham-operated rat treated 

with progesterone. . Note the marked increase 

in number. of secretory granules (dark red).-

Also ~ ~ marked increase in size of delta 

basophils (pink !£ yellow nucleus ·with blue 

cytoplasm).. 250X. .The pituitary ~fixed in 

Zenker-formol and stained ~ the _Monroe-

Frommer method. 



Figure 15 

Figure 16 
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Figure ·17 -Pituitary gland of castrated· :rat ·treat-ed ·with 

:oiL. - Not·e ·the increased number· of delta 

·basophifs {blue <t~ gre_en nucleus with .blue . 

·to orang·e cytopla.sm). · -250X. The ·pituitary 

was fixed in .Zenker-fortnol and stained . .£!· 

·the Monroe-Frommer ·method~. 

·Figure ·18. Pituitary gland of cast~ated ·rat treated 

With·progesteron~. Note :the increase in 

~~·and. number of delta bas·~phils' _(blue' :to 
' - ' 

·gree~· nucleus with blue to orange ·cytoplasm). 

' ( 

,r 

Also _note ·the_ increase· i:n ~·number of ·secretory 

·granules Jred) ... ·250X. 'i'he pituita-r:y -~ 

fixed in Zenker-formol .and stained-~ the 

Monr·oe-Frommer method. 

'' 



Figure 17 

Figure 18 
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DISCUSSION 

It is well known that androgens are· anabolic substanceso Castra-

tion of growing animals results inc:.an inunediate weight loss followed 
; 

by a decrease in the slope of the growth curve. 

The data gathered from this experiment indicate that progesterone 

treatment. also has an adverse affect ·on the rate of growth. There was 

little difference in the rates ·of growth of castrated {whether treated 

with progesterone or oil) and· sham-operated, prbgestero~~.treated ·rats. 

Although there were·no significant differences in comparison of 

organ weights of pituitary glands and comparison of weights of adrenal 

glands, there were definite histol9gical changes. 

Eldridge and Mahesh {1970) found that injection· of 10 mg. /Kg. of 

body weight, in castrated rats, of progesterone does not.modify ·the · 

serum level of FSH or LH. However, McCann and Ramirez {1964) injected 

ovariectomized rats with 25 mg .. of progesterone and reported a slight 

decrease in gonadotropin. Progesterone as a weakly active anti-ganado-

tropin was also reported by Dorfman and Kincl, 1966. McCann's group 

also injected ovariectomized rats with four. (4) mg. of progesterone, 

and a third group with four (4) mg. of progesterone and four (4) mg. 

of estrogen. The rats receiving four (4) mg. of progesterone alone 

showed no effect:. There was a dramatic ·decrease in FSH and LH .levels 

for the rats receiving both·progesterone and estrogen. 

My rats were treated with .a greater dose.of progesterone than 

those described by Eldridge and Mahesh or McCann and Ramirez .. Although 

there was no significant difference in weights of pituitary glands, 

the histological finding of increased secretion granules in the 

29 
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pituitary of. the sham-operated animal treated with p·rogesterone 

suggests a.s~ppression of release of gonadotropin as found by McCann 

and Ramirez. 

The effects on seminal vesicles of intact rats (as well as the 

effect on ventral prostates) found in this experiment may be due to 

one of three ac~~_ons of the progesterone: 

a) it may be due, at least in part, to the anti-gonacl.otropic 

effect of progesterone; 

b) the anti-androgenic properties of progesterone alone may 

be responsible for the atrophy of tissues; or, 

c) it is possible that progesterone·a~ted synergistically 
. . 

with the androgens to suppress serum gonadotropins which 

in turn caused a decrease in the level of testosterone. 

Further work would have to be done-and chemical analysis of serum 

made to determine the exact action in this case. It was the purpose 

of this project to det·ermine the anatomical results of treatment 

· with progesterone rather than the chemical action whereby the changes 

took place. 



SUMMARY 

Male rats of the Sprague-Dawley strain were divided into four 

groups and treated with progesterone in_cottonseed oil, or oil in

jections only, as .follows: 

1) Castrated - treated with progesterone 

2) Castrated - injected with·oil 

3) Sham-operated - treated with progesterone 

4) Sham-operated.- injected with oil 

The most significant anatomical results were the differences in organ 

weights and histology of compared seminal vesicles and compared ventral 

prostates between sham-operated rats receivtng progesterone and sham

operated rats receiving oil injections. No significant weight· changes 

were found in adrenal glands, pituitary glands or testes. Only slight 

histologi~al changes were seen in these tissues. 

The results suggest that progesterone does act as an anti~androgen. 

However, there are two other factors which may have contributed to this 

anatomical end result. The mild anti-gonadotropic properties of pro

gesterone may have contributed to the decrease in size of the seminal 

vesicles and ventral prostates. The.third possibility is that pro

gesterone ·acted synergisticall~, tn sham~operated rats,.with the 

androgens to supress release of gonadotropins from the pituitary and 

thus lowered the level ·of· androgen production. ·To determine· the 

exact action (among the three 'mentioned above) responsible for the 

observed results, a serum analysis and pituitary analysis. of gonado

tropin -level would have to be done. 
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