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INTRODUCTION 



PURPOSE 

It is ironie tbat the organ which w.s instrumental in the 

birth of the science of endocrinology (Berthold, 1849) should 

i tself remain the subject of continual controversy as to the precise 

role hormones play in its functioning. The testis unlike the other 

endocrine organe, does not lend i tself readily to the classieal 

procedure of extirpation, for with ablation of the endocrine 

function one bas of necessity also removed the prtmary target in 

the form of the seminiferous tubules. Consequently, indirect 

methods of negating the secretion of hormones by the testis, auch 

as removal of trophic hormones of the pi tui tary by hypopbysectoDzy", 

must be adopted with the resultant lack of precision in the inter

pretation of the observable resulta of sucb a procedure. 

Despite these difficulties, certain facts bave emerged 

concerning the effects of hormones on the process of spermato

genesis. Testosterone, produced by the interstitial cella of the 

testis, appears to be the primary hormone invo~ved in the maintenance 

of the seminiferous epithelium. The interstitial cell stimul.ating 

hormone (ICSH) of the anterior pituitary, in turn, is responsibl.e 

for stimuJ.ation of the production of testosterone. The role of the 

other pituitary hormones, the gonadotropins, fol.licle stimulating 

hormone (FSH) and prolactin (LTH) and non-gonadotropins such as 

growth hormone (GH), is not so clear. The contribution, if any, of 

the other endocrine glands, auch as the tbyroid and the adrenal 



• 

2. 

cortex, to the normal functioning of the testis is even less under

stood. 

Among the enormous amount of literature on the subject of 

endocrine control of the testis, one finds few a.ttem,pts made to 

a.ssess the effects of hormones on the number of the va.rious types 

of germ cells in the testis. The exceptions are the investigations 

on the eypophysectomized rat by Mess (1952) and Clermont and 

MOrgenta.ler (1955) and on the ram during the non-breeding sea.son 

by Ortavant (1958). Orta.va.nt's study wa.s com,pa.rable to those on 

the hypophysectomized rats from the point of view tha.t it constituted 

an evaluation of the effect of a la.ck of pituita.ry hormones on germ 

cell number. 

The work of Bocca.bella and Materazzi (1964) is unique in that 

it is the only investigation in which the effects of administration 

of various hormones on sperma.togenesis were assessed by careful 

counting of the germ cells of the epithelium. Specificaliy,these 

authors examined the effect of thyroxin and growth hormone, admin

istered in conJunction with testosterone propionate, on the number of 

germ cells in the testis of the hypophysectomized rat. In these 

animal s the seminiferous epithellum was allowed to regress and then 

sperma.togenesis reinitiated by hormone therapy. 

The present investigation was undertaken by study of the effective

ness of various gonadotropic and non-gonadot:ropic hormones with or 

wi thout testosterone propionate in mainta.ining the normal number of 

germ cells in the adult rat. In all experimenta reported, hormone 
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therapy was instituted shortly after pituitary ablation before 

post-operative regression had occurred. Thus, an attempt has been 

made to evaluate the role of hormones in the maintenance of spermato

genesis rather than in the restoration of the process. 

SUMMARY OF PREVIOUS Lri'ERATURE 

Bistolog;y of the Seminiferous Epithelium. of the Normal Rat 

Spermatogenesis is defined as the process by which undiffer

entiated cella, the spermatogonia, present in the seminiferous 

epithelium. of the adult male animal produce the male gametes, the 

spermatozoa. 

Figure 1 representa schematically the morphologie and topo

graphie characteristics of the various cell types encountered in 

histolotical preparations of the rat teatis. The most primitive 

spermatogonia or ~e A, presenting a finely granulated chromatin 

pattern and at least one nucleolus, are observed along the basement 

membrane of the seminiferous tub-u.J.es. The se cella undergo several 

mitotic divisions (described below) and produce the intermediate 

spermatogonia, (Figure 1, second row, left) simultaneously prop

agating themselves. The ~e A spermatogonia, therefore, constitute 

the stem cella of the seminiferous epithelium.. The intermediate 

spermatogonia, having a slightly more granular chromatin pattern than 

the Type A, divide by mitosis and produce the ~ B spermatogonia. 

The latter cells in turn, undergo mitosis to produce the resting or 

pre-leptotene, primary spermatocytes. 
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The appearance of the resting primary spermatocytes initiates 

the onset of the long meiotic prophase. During this so-called 

resting phase the DNA of the sperma.tocytes is duplicated in 

preparation for meiosis. Gradually increasing in nuclear volume 

the spermatocytes pass through leptotene (L), zygotene (Z), pachy

tene (P) and diakenesis (Di) phases of the meiotic prophase. 

Completion of the first maturation division produces the transient 

secondary spermatocytes (II, Figure 1, third row, right). 

The secondary spermatocytes immediately undergo the second 

maturation division of meiosis and produce the spermatids seen in 

the fourth and fifth rows of Figure 1. These spermatids gradually 

evolve, shedding their excess cytoplasm and transforming into 

spermatozoa which are released into the lumen of the seminiferous 

tubule. This process of evolution is referred to as spermiogenesis. 

The process of spermiogenesis, beat visualized in PA-Schiff

hematoxylin stained preparations, can be divided into four consecutive 

phases; the Golgi, the cap, the acrosome and the maturation phase, 

Lebl.ond and Cl.ermont (1.952) have further divided these phases into 

1.9 steps. 

The Golgi phase persista for three steps (step 1 - step 3). 

Step 1, the Golgi zone of the young spermatid becomes weakl.y PA-Schiff 

positive. Step 2, one to four tiny intensely stained granules called 

the pro-acrosomic granules appear in the Golgi zone. Step 3, these 

granules fuse into a single, large acrosomic granule. During the 

Golgi phase, iron hematoxylin staining has, in addition, revealed two 



centrioles and the formation of a fine filament which will become 

the flagellum of the future spermatozoon. 

During the cap phase the acrosome granule flattens against 

the nuclear membrane and the head cap grows out over the .a~.~.c~c-Y.S. 

In this phase, Leblond and Clermont identified four steps (step 4 -

step 7). Step 4 is characterized by a flattening of the acrosome 

granule aga.inst the nuclear membrane. During step 5 the membrane 

of the head cap is seen first to protrude beyond the acrosomic 

granule covering one quarter of the nuclear surface. Step 6, the 

head cap expands until i t covers one third of the nuclear surface, 

reaching i ts maximum development in step 7 when i t covers one half. 

Iron hematoxylin staining of the cap phase reveals the two centrioles 

and flagellum moving toward the nucleus. One centriole cames into 

contact with the nuclear membrane at the pole opposite the acrosome; 

the other centriole, to which is attached the developing flagellum, 

becomes orientated perpendicular to the first. 

The acrosome phase consista of seven steps (step 8 - step 14). 

Step 8, the spermatid nucleus rotates so that the head cap becomes 

orientated toward the basement membrane. Step 91 the nucleus begins 

to elongate and to flatten. Step 10, the elongated spermatid nucleus 

develops a sharp angle (the ventral angle) at i ts flagellar end. 

Step ll, a second angle (the dorsal angle) appears opposite the 

ventral one. step 12, the acrosome granule moves along the nuclear 

membrane and reaches the tip of the spermatid nucleus. At this 

point the sperma.tid nucleus has the appearance of a blunt ended rod. 



Step 13, the nucleus shortens and displays increased basophillia. 

The tip of the nucleus pulls free of the acrosome and head cap, 

creating a space between itself and the head cap. Step 14, the 

spermatid begins to resemble the spermatozoon. The tip of the 

nucleus is now free of the head cap and the acrosomic granule 

forma a crest along one edge. 

The last phase, the maturation phase, consista of 5 steps, 

6. 

(step 15 - step 19). Steps 15, 16 and 17 are characterized by 

displacement and rearrangement of the acrosome and head cap in 

relation to the nucleus. During step 18 the excess cytoplasm maves 

along the flagellum and accumulates in the concavity of the cresentric 

nucleus. This excess cytoplasm is shed as the residual body in step 

19. The resulting spermatozoon is released from the epithelium into 

the lumen of the seminiferous tubule. Thus, the process of spermato

genesis, including spermiogenesis is completed. 

Early histologists when examining the seminiferous epithelium 

of the mammalian testis were struck by the high degree of organiz

ation of this complex tissue. The various germ cells encountered 

in cross sections of seminiferous tubules were always arranged into 

distinct groups (von Ebner, 1871; 1888; Brown, 1885; Regaud, 1901). 

Spermatids of a given phase were always found associated with spermato

cytes and spermatogonia of a given stage of development. Secondly, 

they realized that the members of these cell groups evolved in 

synchrony wi th each other. Consequently, wi th time the cella of one 

association would have evolved into another association. In a given 

area of seminiferous epithelium the cella would pass through successive 



associations until the original one would reappear. Thus this 

area of epithelium would have passed through one cycle during 

which time a new crop of stem cells1 the spermatogonia would be 

produced along the basement membrane of the seminiferous tubule 

and a crop of mature spermatozoa shed into the lumen. In fact 

Brown (1885) not only realized the cyclic nature of the epithelium 

but quite accurately stated that for a spermatogonium to evolve 

into a spermatozoon required the area of epithelium which contained 

it to pass through four to five cycles. 

These groupings or cell associtti.ons which appear successively 

àuring the cycle of the seminiferous epithelium could be considered 

as stages of the cycle and could1 thus1 be used to break dawn the 

process of spermatogenesis into various phases. Over the years 

several classifications of cell associations have been proposed 

(Brown, 1885; Benda, 1887; von Ebner 1888; Lehossek1 1898; Regaud, 

1901; Schoenfeld1 1902; Waldeyer, 1906; Hoof1 1912; and Roosen-Runge 

and Giesel, 1950). 

Although all these classifications, even the earlier ones, are 

quite valid1 they present problems in practical application. In 

many cases the stages are either poorly defined or their correct 

identification is dependent on subtle morphological features not always 

easily discernable to the uninitiated worker. The classification 

proposed by Leblond and Clermont (1952) overcomes these difficulties. 

As criteria of identification of the various stages they used only 

the appearance of the spermatids in PA-Schiff-hematoxylin stained 

material. The striking changes of nucleus 1 acrosome and head cap on 



the spermatida as they tra.nsf'orm into spermatozoa are clearly 

discernable and thus definition of the stage is facilitated. It 

8. 

is this classification ( explained in detail below) that was employed 

in all the investigations reported in this work. 

Figure 1 is divided into colum:as indicated by Roman numerals I 

to XIV. T.hese columns depict the cell types found in association 

with each other in different segments of seminiferous tubule, or in 

the same segment if viewed at different times. 

If, for exa.mple, a segment of tubule which contained the cell 

types depicted in column I could be studied over a period of time, 

one would find that the cella would tra:asform until the cell types 

seen in column II would be present. The cell association of II 

would tra:asform into that of III and so on up to XIV. The cell 

types of XIV would then tra:asform into the association of I. The 

segment of tubule under consideration would thus have undergone a 

cyclic series of changes referred to as the cycle of the seminiferous 

epithelium. Each cell association is referred to as a stage of the 

cycle, there being fourteen in all. 

In PA-Schiff-hematoxylin stained sections the appera:ace of 

the spermatids present in each tubule section cac. be used as the sole 

criterion for the identification of the stage of the cycle. Bence 

the first fourteen steps of spermiogenesis are the 11name tags*', so to 

speak, of the fourteen stages of the cycle. 

If a segment of tubule is at stage VII of the cycle, along the 

bottom {Figure 1, column VII, bottom) that is, along the basement 
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membrane of tbe tubule are found tbe Type A spermatogonia. Above the 

Type A spermatogonia is a generation of resting primary spermatocytes 

(R), above these are tbe pacbytene primary spermatocytes (P), above 

the spermatocytes are tbe step 8 spermatids and above tbese are the 

step 19 spermatids which are being released into the lumen of the 

tubule. One cycle later, a new crop of Type A spermatogonia appears. 

The Type A spermatogonia, originally present will have becom.e tbe 

resting primary spermatocytes, tbe originally present resting primary 

spermatocytes will bave become the pacbytene primary spermatocytes, 

the originalJy present pacbytene primary spermatocytes will bave 

undergone m.eiosia and will now have become tbe step 8 spermatids, 

the originally present step 8 spermatids will have become tbe step 

19 sper.matids whicb leave the epithelium. Hence, each cycle moves 

the cell up one row in Figure 1. 

The first mitotic division of the Type A spermatogonia occurs 

in stage IX and tbe release of the spermatozoa occurs in stage VIII. 

T.herefore it is easily seen tbat tbe process of spermatogenesis, that 

is from stem cell to spermatozoon, requires four coçlete cycles. 

Figure 2 is a photomicrograph of a cross section of seminiferous 

tubule containing the cella of stage VII. Figure ; shows the seme 

in longitudinal section. Along the basem.ent membrane are the few 

Type A spermatogonia and with them are the round da.rk pre-leptotene 

or resting prima.ry spermatocytes. Above the resting prima.ry spermato

cytes are the large da.rk pachytene prima.ry spermatocytes. Next are 

the step 7 spermatids and at the lumen the step 19 sper.matids about to 
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be released from the epithelium. In addition to tbese cella of the 

germ line there are the non-germinal Sertoli cells. These cells, not 

sbown in Figure l, are present in all areas of the seminiferous 

epithelium. 

As early as 1901 Regaud bad recognized the various types of 

cella constituting the germinal epithelium and bad realized tbeir 

proper cbronologica1 relations to eacb other. But not un til the vork 

of Roosen-Runge (1951) was a careful stuey made of the number of 

divisions the germ cells underwent. Using colchicine, be found tbat 

in the normal aàult rat the Type A spermatogonia divided in stages IX, 

XIV and I, the intermediate type spermatogonia in stage IV and the 

Type B spermatogonia in stage VI. This last division produced the 

primary spermatocytes. The resultant of tbese five successive 

divisions is an approximate )2 fold increase in the number of cells 

from stem cell to primary spermatocyte. 

Clermont and Leblond {1952) also found five peaks of mitosis in 

the spermatogonia. They reported a division of Type A spermatogonia, 

not noted by Roosen-Runge, in stage XII. On the otber band, they found 

only one division in stage XIV and I combined. 

Huckins (1965) re-examined spermatogonia1 mi tosis and found that 

both previous reports vere partially correct. Sbe found divisions 

of the Type A spermatogonia in stages IX' XII and XIV, of a pre

intermediate cell in stage I, of the intermediates in stage IV and 

of the Type B spermatogonia in stage VI. In addition, in the very 

young prepubera1 rat she a1so found an extra division of Type A 

spermatogonia. This mi tosis disappeared as the animal matured. 



ll. 

Recently, Bustos (M.Sc. Thesis, 1966; persona! communication) 

in an investigation of whole mount preparations of seminiferous 

tubules discovered a class of Type A spermatogonia which does not 

appear to take part in any of the mitotic divisions. Tbese, he 

speculated, may constitute a reserve group of stem cells which can 

function in repair of depopulated areas of the seminiferous epithelium. 

T.hus the work of Huckins and of Bustos appears to invalidate some 

aspects of the renewal scheme of spermatogonia proposed by Clermont 

(1962). Nevertheless, it appears certain that the spermatogonia 

undergo 6 mitotic divisions to become spermatocytes. Possibly the 

spermatogonia have two means of increasing their number; either from 

a reserve stock of cells (Bustos) or by reverting back to prepuberal 

type divisions in stage VI (Huckins). 

All the above workers realized despite the numerous divisions 

of the germ cells the number of spermatozoa produced per stem cell 

was always less than what should have been theoretically possible. 

Many cells degenerate before they complete their development. Tbere 

is a loss of spermatogonia, mainly Type A spermatogonia, at stage XII, 

(10% Clermont, 1962), and a loss of spermatocytes, (2% Roosen-Runge, 

1955; 27.4% Clermont, 1962). The latter number of Clermont is most 

likely correct. Comparison of counts of spermatids versus spermato

cytes invariably gives a 3 to 1 ratio rather than the 4 to 1 meiotic 

ratio ex:pected. T.here is an approxima.te loss of 10% of the spermatids 

as they evolve into sperma.tozoa (Roosen-Runge, 1955); the most affected 

cells appearing to be the step 9 to 11 and 17 to 19 spermatid. 
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When a.ll degenerations are considered i t is found that in the normal 

adult rat only 52~ of the theoretical yield of spermatozoa is realized 

(Clermont, 1962). 'l'hat is to say, only about half as many spermatozoa 

are produced per Type A spermatogonium as is theoretically possible. 

Effects of Hormones on the Testis 

The profound influence of the testis on the rest of the body 

bas been recognized since antiquity. In 1849 Berthold first formulated 

the concept of the testis secreting a substance into the blood as the 

cause of these observed effects. However, it was not until the 

twentieth century that any progress was made in understanding the 

effect of the "testis on the testis". No method of destroying the 

interstitial cells or ablating their function without also destroying 

the seminiferous epithelium was available. 

Houssay (1916) succeeded in removing the pituitary of the dog 

without damage to the adjacent hypothalamus and observed tha.t the 

genital system, including the seminiferous epithelium atrophied. 

Moreover, he demonstrated that removal of the anterior lobe on1y of 

the gland was responsible for this atrophy. Thus, he introduced a 

method of ablation of the endocrine function of the testis. 

Smith and Engle (1927) perfected this technique of hypophysectomy 

:for small animals and demonstrated tha.t these animals, with minimal 

special care could be kept alive for extended periods of time. In the 

same year, McGee succeeded in extracting a lipid soluble androgen from 

the testis. Butenandt (1930) demonstrated that the esterfication of 

steriods with organic acids increased the time of their biologica.l 



activity. Thus, research into the endocrine control of the testis 

was greatly facilitated. 

Testicular Hormones Early investigations on the effects of 

anàrogens on the testis produced ambiguous resulta. Injection of 

male sex hormones into the intact animal frequently casued an in

hibition of spe:rmatogenesis (Moore and Priee, 1932, 1937, 19;8; 

Biddulph, 1939; Selye, 19itl; Selye and Friedman, 1941; Meyer, 1948). 

Small a.mounts appea.red to be more da.m.a.ging than large. In fact, 

a.mounts of testosterone greater than 1 mg appeared to have little 

effect, if any (Selye and Friedman, 1941). In contrast, Rubenstein 

and Kurland (1940), Greene and Burrill (1940) and Freeman and Sma1l 

(1941) reported that androgens appeared to stimula.te the seminiferous 

epithelium. 

On the other hand, injection of and.rogens into the hypophysectomized 

animal has produced consistent resulta. This hormone therapy in

variably prevented post-operative regression of the seminiferous 

epithelium (Walsh et al, 1934; Nelson and Gallagber, 1936; Nelson, 

1937, 1940; Nelson and Merkel, 1938; Cutuly et al, 1937; Cutuly, 1941, 

1952; Wells, 1942; Dv"oskin, 1943; Gearenstroom and de Jongh, 1946). 

Moreover, Nelson (1940) was able to ma.intain the fertility of the 

animals for 169 days after hypophysectoiDJ. 

These incongruous effects of androgens in the intact and in the 

hypophysectomized animal led Ludwig (1950} to re-examine carefully this 

problem. Her detailed investigation demonstrated that in the intact 

rat small a.mounts of testosterone had a damaging effect on the seminiferous 
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epithelium whereas large amounts maintained the epithelium. However, 

the weight of the testes of theee experimental a.n:lmal s was below that 

of the intact controls. Testosterone also maintained spermatogenesis 

in the hypophysectomized animal. Pellets containing this hormone, 

directly implanted into the testis, supported spermatogenesis through

out the entire organ if the concentration of testosterone in the 

pellet was high. If the pellet contained a low concentration of 

hormone spermatogenesis was maintained only in the seminiferous 

tubules in the area of implantation. This local maintenance caused 

by hormone pellet implants had been previously noted by Dvoskin (1944). 

On these observations Ludwig formulated a hypothesis on the effect of 

androgens both in intact and hypophysectomized animals. Briefly, in 

the intact animal small amounts of androgens suppresses the gonad.o

tropic hormone production by the pi tui tary. This lack of gonadotropins 

damages the seminiferous tubules. Administration of large amounts 

of testosterone to the intact an:lmal surpasses a threshold whereby the 

general serum level becomes high enough to stimulate directly the 

seminiferous epithelium. In the hypophysectomized animal the androgen 

effects the epithelium directly. Concerning this last point, it 1s 

noteworthy that Ludwig used an amount of testosterone (1 mg} in hypo

pbysectomized animals which is sufficent to maintain spermatogenesis 

in the intact animal. 

Direct evidence indicates under physiological conditions that 

the local level of testosterone in the testis is indeed very high 

(Linder, 1963). He showed that the level of testosterone in the lymph 



of the testis is 2 to 8 times the 1eve1 in the systemic arteria1 

b1ood. The 1evel in the spermatic vein is also much high.er than 

the systemic arteria1 1eve1. However, the lym.ph is possib1y a 

better ref1ection of conditions of the intercellular fluid of the 

testis tban is venous blood. 

15. 

T.b.us, it is relatively certain that the maintenance of the 

seminiferous epithelium by exogenous androgen necessitates the 

administration of hormone in excess amounts. Consequently the 

general serum 1evel increases unti1 it approaches the level of the 

intercellular fluid of the testis of the intact animal. Further1 

this excess amount must be sufficient to overcome the de-activation 

processes of the 1iver and kidneys. These organs have been sbown 

to destroy certain amounts of injected steroid hormones (Biakind .. 

and Mark, 1939; Samuels, 1949). 

Al though. androgens 1 particularly testosterone 1 maintain spermato

genesis both in the hypopbysectomized and the intact rat, al1 workers 

bave invariably reported tha.t the weigbt of the testis is be1ow that 

of the normal. It bas been postulated that this decrease in weight 

is due to the atrophy of the interstitial cells in tbese animals. 

Also i t bas been noted tbat the seminiferous tubules appear to be 

smaller than those of normal animals (Ludwig, 1950; and others), and 

this decrease in tubular size might account for the 1oss of weigh.t. 

Concerning the ability of androgens to re-initiate spermato

genesis in the hypophysectomized animal, the resulta are not so clear. 

Ne1son (1941) and Smith (1944) found that testosterone propionate 
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restored spermatogenesis after a post hypophysectomy regression had 

occurred. Other reports stated that re-initiation was possible only 

if hormone therapy was commenced with 10 days of pituitarySblation 

(Hamilton and Leonard, 1938; Nelson and Ga.llagher, 1936; Cutuly et al, 

1957; Dvoskin, 1949). Recent workers (Randolph et al, 1959; Woods 

and Simpson, 1961) have also reported testosterone to be relatively 

impotent in restoring the seminiferous epithelium of the hypophy

sectomized rat. However, one could explain the failures to restore 

spermatogenesis as being due to shortness of hormone therapy. It 

is possible that these workers did not allow sufficient time for the 

epithelium to be restored. However, Boccabella (1963) reported an 

investigation in which testosterone propionate was injected for as 

long as llO days. Rats, hypophysectomized for 67 to 70 days, were 

injected daily with hormone for 35 to llO days. He found that with 

this prolonged treatment testosterone propionate restored spermato

genesis in one third of the animals. The response in the other two 

thirds ranged from nil to erratic. The erratic response was character

ized by testes in whiêh seminiferous tubules contained an increase 

in spermatogonia and spermatocytes, as well as tubules in which there 

was no change from the untreated condition. 

Cell counts in the testes of animals in which the testosterone 

propionate therapy had succeeded in restoring~rmatogenesis (Boccabella 

and Ma.terazzi, 1964) revealed the number of Type A and Type B spermato

gonia and pa.~hytene primary spermatocytes was 20- 3o% lower thaH those 

of the normal rat. Thus, it would seem that testosterone propionate 



can restore spermatogenesis in only a very limited manner. The 

seminiferous epithelium may either not respond at all to hormone 

therapy or when there is a response the number of @erm cells is 

much less than normal. 

17. 

In addition to testosterone, the testes also produce andro

stenedione (Dorfman, 1954; Brinck-Johnson, 1957; Savard, 1961). Both 

hormones are in equilibrium with one another (see review of Dorfman, 

1954); the ratio in spermatic blood being 7:1 testosterone:andro

stenedione. Thus the injection of one will cause a proportional 

increase in the other. 

The injection of testosterone propionate has long been known 

to cause an increase in urinary oestrogens (Steinach et al, 1936; 

Steinach and Kein, 1937; Nathanson, 1939; Haskins et al, 1939). This 

finding, however, is likely due to a peripheral metabolism of testosterone 

to oestrogen in that it occurs in the castrate. However it has been 

demonstrated that oestrogens can be extracted from the testis (Beall, 

1940; Haines et al, 1948; Goldzieher, 1952) or from sperm (Schaffenburg, 

1954). T.hus, the testis appears to produce a hormone that can damage 

the seminiferous epithelium (Morrel and Hart, 1941; Mark and Biskind, 

1941; Meyer, 1948; Selye and Friedman, 1941; Gaarenstroom and de Jongh, 

1946). Meyer (1948) showed the damage occurs only when the ratio of 

oestrogen to testosterone exceeds a certain limit. However, the level 

of oestrogen in the normal testis is exceedingly low. 

There is abundant evidence that the Leydig cells produce the 

androgen but what of the oestrogens? Maddock and Nelson (1952) and 
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and Leach et al (1956), both in clinice.l etudies, have shown tha.t 

the injection of chorionic gona.dotrophin increases the output of 

urina.ry oestrogen in men, but only when functione.l Leydig cella are 

present. At the sa.me time the elements of the seminiferous epithelium, 

both germ and Sertoli, remain atrophie. They have e.lso shown the 

urine.ry oestrogens is a better test for testicule.r endocrine function 

than urine.ry 17 ketosteroids. Over 80'{o of the urine.ry oestrogens 

come from the testes, but less tha.n ha.lf of the 17 ketosteroids do. 

Possibly the most direct evidence tha.t the Leydig cells are the 

only source of both testicular androgen and oestrogen is the fact 

tha.t they have been shown to be the only cells of the testis which 

contain 3 fJ -dehydrogene.se: an enzyme funàamente.l to e.ll steroid 

synthesis (Jirasek and Rabock, 1963). 

Discussion of testicule.r hormones would not be complete without 

mention of "Inhibitin11
• This is a hypothetice.l hormone secreted by 

the Sertoli cella which is supposed to inhibit the release of FSH 

from the pi tui te.ry. Its existence has been postula.ted mainly on 

clinice.l studies (del Casletto et al, J.947; McCUllagb. et al, J.948; 

Teilum, 1950; Howard et a.l1 1950). Evidence for its existence in the 

rat has been put forward (Taira and Te.rkhan, 1962). They sh6wed that 

cryptorchidectomy resulted in an increase in FSH relea.se equa.l to that 

observed after castration. However the intra-abdomine.l testis caused 

little change in ICSH relee.se compared to the increase caused by 

castration. Their explanation was tha.t the atropby of all elements 
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of the germinal epithelium in the crytorchid testis including the 

Sertoli cella resulted in no inhibitin being produced. However, they 

have assumed that the Leydig cells of these testes are normal, for 

there was no increase in ICSH output. T.he work of Kormono et al 

(1964) on cryptorchidectomized rats suggests thatthis is not so. 

T.hey report that secretory activity of the Leydig cells in the intra

abdominal testes is greatly reduced. 

Until "Inhibi tin" is isolated, purified and identified little 

pro~ess can be made in i ts study. Suffi ce to say the production 

of oestrogens by the Leydig cells would appear to make the existence 

of inhibitin superfluous. 

Pituitary Hormones Uncertainty as to the purity of pituitary 

hormone preparations has plagued past investigators examining the 

function of the pituitary gland in control of the male reproductive 

system. Being proteins, the pituitary hormones cannet be isolated 

and identified with the specificity accorded the steroid hormones. 

Over the years hormone extraction procedures have improved and 

certain facts regarding the trophic substances of the hypophysis 

effect on the testis established. 

A principal procedure to investigate the role of the pituitary 

gland in spermatogenesis has been the study of the seminiferous 

epithelium of the hypophysectomized rat. Smith {1930) described the 

effects on the testis of the removal of the pituitary gland. Follow

ing hypophysectomy, the seminiferous epithelium was observed to 

atrophy rapidly. Spermatids disappeared from the epithelium within 

a few days of pi tui tary ablation; but the spermatocytes and spermato-
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gonia, although reduced in number, persisted for months. Despite 

morphological changes, the Sertoli cella displayed no signa of' 

degeneration. T.hese observations of' Smith were conf'irmed by Cutuly 

and Cutuly (1940), who postulated that the pituitary hormones were 

required for spermatogenesis during meiosis; but that the process 

of' spermatogenesis proceeded to this point without benef'it of' the 

hypophysis. 

In a quantitative study of' the ef'f'ect of' hypophysectomy in the 

adult rat, Clermont and Morgentaler (1955) reported that advanced 

spermatids (step 17-19) began to degenerate within 3 days post

operative being f'ollowed by the step 9-10 spermatids at 6 days. At 

this latter time there was also degeneration of' the spermatocytes. 

The spermatogonia, however, appeared normal. At subsequent time 

intervals more and more germ cells degenerated; this degenerative 

process af'f'ecting the evolved germinal element to a greater extent 

than the lesser evolv~d. Cell counts in animal.s ··rhich were hypophy

sectomized for 6o days revealed that the population of' the Type A 

spermatogonia was reduced to about 50%, o~ the Type A spermatogonia 

in the intact rat, resting primary spermatocytes to about 20~, 

the pachytene primary spermatocytes to about 4~ and the spermatids 

to lesa than 1~. Al though morphologically changed the Sertoli cella 

were never seen to degenera te. The few spermatids which continued 

to be produced never evolved beyond step 7 of' spermiogenesis. 

T.hough greatly reduced in number the germ cella in the hypophy

sectomized rat have been obsez:ved to undergo mitosis and to differentiate 
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at the same rate as those in the normal. animal (Desclin and Ortavant, 

1963; Clermont and Harvey, 1965). 

Ortavant (1958} investigated the cell populations of the testis 

of the ram, an animal with a breeding cycle. In the testis of 

animals during the non-breeding season he found a loss of cells 

similar to the loss in the hypophysectomized rats. Specifically, 

the reduction in cell populations is more manifest the more evolved 

is the cell,although not as great as in the hypopbysectomized animal. 

Be found that the rate at which the remaining cella in the non

breeding season ram proliferated and differentiated is the same as in 

the ram during the breeding season. Thus, it appears that the rate 

at which germ cells undergo spermatogenesis is independent of hormones. 

Recent work of Lostroh (1963} would indicate that care should 

be taken in assessing the precise effects of hypophysectomy on germ 

cell num.ber. He found in a large group of rats, considerable individual 

variation in the state of the seminiferous epithelium. Meiotic 

divisions with spermatid formation were found in one quarter of the 

animale whereas in the other three quarters only spermatogonia and 

a few spermatocytes were found. Yet by all other criteria, lack of 

weight gain, state of the adrenal cortex, etc., both groups of animals 

were totally hypophysectomized. Thus, what Clermont and Morgentaler 

called the 11 residual spermatogenesis11 in the hypophysectomized rat 

varies considerably from one animal to the next. 

The pituitary gonadotropic hormones commonly associated with the 

male reproductive system are interstitial cell stimulating hormone 
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(ICSH) and follicle stimul.ating hormone (FSH). Despite the dogmatic 

view stated in some textbooks of physiology, that is, ICSH stimulates 

the Leydig cells to proàuce androgen and FSB stimulates the seminiferous 

epithelium (Best and Taylor, 1961) the action of the indiviàual 

hormones in the male is the subject of considerable discussion. The 

dilemma arises from the fact that one hormone preparation is frequently 

contaminated by the other. 

Greep and Fevold (1937) round tbat ei ther ICSH or FSH could 

maintain spermatogenesis in the hypopbysectomized adult rat. ICSH 

caused a stimulation o:f' the Leydig cells whi.ch resulted in maintenance 

o:f' the accessory organs as weil as the semini:f'erous epithelium. 

Althougb spermatogenesis continued the Leydig cella began to atrophy 

after 35 to 4o days o:f' treatment. FSH maintained spermatogenesis 

but did not prevent the atrophy o:f' the accessory organs. This finding 

might indicate that FSH stimulated the seminiferous epithelium directly. 

On the other hand1 it might only indicate that the androgen secretion 

of the Leydig cella in the FSB treated rats was not sufficient to 

stimulate the accessory organs but was sufficient to support spermato

genesis in the seminiferous tubule. 

Simpson et al (1942} investigating the effects of ICSH obtained 

similar resulta to Greep and Fevold. They found tbat this hormone 

maintained both spermatogenesis in mature hypophyseetamized animals 

and the development of spermatogenesis in immature hypophysectomized 

rats. However, the resulta in the immature rats indieated tbat the 

maintenance was variable. If post-operative regression of the seminif

erous epithelium was allowed to occur and then hormone therapy instituted 



ICSH was found to be ineffective. Restoration of spermatogenesis 

did not occur yet the prostatic development indicated a stimulation 

of androgen production by the Leydig cella. 

The maintenance of spermatogenesis in the hypophysectomized rat 

by ICSH bas been effected with dosages of ICSH small enough to produce 

no detectable stimulation of the Leydig cella (Simpson et al, 1944). 

Several multiples of the dose which ma.intained spermatogenesis was 

required to produce detectable amounts of androgen production by the 

Leydig cella. However, the accessory organ weights were below those 

of the normal. 

Simpson et al (1951) examined the effect of FSH on the testis 

of the hypophysectomized rat. As observed by Greep and Fevold (1937), 

they found thatthis hormone could maintain sperma.togenesis. Five 

to 10 times the dosage which stimulated the seminiferous epithelium 

was required to cause a detectable stimulation of the Leydig cells, 

and thus the accessory orga.ns. Human chorionic gonadotropin (HCGT) 

affected both the seminiferous epithelium and the Leydig cells at 

the same dose. This hormone having similar effects to ICSH, is 

immunologically related to ICSH but not identical ( Goss and Lewis, 

1964). FSH and HCGT when injected together were effective at dosages 

well below the effective dosage of either alone. That is, they are 

synergistic. 

Randolph et al (1959) found that in the mouse ICSH could maintain 

spermatogenesis in the hypophysectomized animal and it could restore 

the process if post-operative regression bad taken place. In the 

latter case larger amounts of ICSH were needed than in the former. 
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Woods and Simpson (~961) re-e:xamined the problem of pituitary 

contro~ of the testis by studying the effects bath of gonadotropins 

and non-gonadotropins. ICSH was found to be the principa~ hormone 

invo~ved in the maintenance of spermatogenesis in the hypophysectomized 

rat. An extreme~y s~l amount of this hormone would maintain the 

seminiferous epi the~ium. Larger amounts supported not only spermato

genesis but the accessory organs as well. The weights bath of the 

testes and accessory organs never equalled those of the intact animal. 

FSH effected slight stimulation of the seminiferous epithelium if 

used at ~evels which did not show ICSH contamination. However, ICSH 

and FSH, if administered together, greatly augmented the effects of 

each other. 

If a post-operative regression of the seminiferous epithelium 

was allowed to occur, then FSH or ICSH aaused but slight restoration 

of spermatogenesis. The seminiferous epithe~ium was restored to a 

functional ~evel o~y when the two hormones were injeated together. 

Weights of the testes of these ani~s, however, were less than 

those of the normal. Woods and Simpson aonc~ud.ed that ICSH was the 

prinai~ hormone concerned with spermatogenesis in that no other 

hormone was effeati ve in i ts absence. Al though ineffecti ve alone 

FSH appeared to be neaessary for the restoration of spermatogenesis. 

Lostroh (1963) studied the role of ICSR and FSH in the restoration 

of spermatogenesis in Long-Evans rats which had been hypophyseatomized 

tor a prolonged period of time. :!:CSH alone was found to be ineffeati ve 

in restoration of the seminiferous epithelium. Spermatogonia and 

spermatoaytes were increased in number but meiosis was not completed. 
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When FSB and ICSB were administered together meiosis was comp~eted1 

and sperma.tids were produced. In no instance was spermatogenesis 

comp~etely restored, but treatment ~sted for o~y ~5 days. Interestingly, 

FSH did not enhance the effect of ICSH on androgen secretions in the 

Long-Evans rat. On the other hand in a sim.i~ar study on the Sprague

Daw~ey rat Lostroh et a~ (~963) found that FSB wo~d augment the 

effects of ICSH on androgen secretion. 

Anti-sera to ovine ICSH has been shown to cross react with rat 

ICSJ: (Hayashida, ~963)1 Lostroh et al. empJ.oyed this technique to de

activate any ICSH contaminant of their FSH preparation. When FSH 

and anti-ICSH were administered mitotic divisions of spermatogonia 

increased and the SertoJ.i ceJ.~s appeared to be stim~ated. However, 

no meiotic divisions of the spermatocytes were observed. ICSH alone 

produced an increase in mitotic divisions of the spermatogonia but 

the SertoJ.i ce~ls and spermatocytes were unaffected. When FSH with

out anti-ICSB or when FSH and ICSH were injected the spermatocytes 

completed m.eiosis. However, the response was constant oruy in animal.s 

in which FSH and ICSH were injected. In the Sprague-Daw~ey rat, uruike 

in the Long-Evans rat FSH augmented the effects of ICSH on androgen 

secretion. 

When anti-ICSH al.one was injected into the hypophysectomized 

Sprague-DawJ.ey rat turther damage to the seminiferous epithelium was 

noted. This suggested that there was residual. ICSH production in 

these animals which were supposedly completeJ.y hypophysectomized. 

Lostroh (1963) had al.so noted in the hypophysectomized Long-Evans rat 

considerable variation in the state of atrophy of the seminiferous 
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epithelium.. 

Lostroh and co-workers conclud.ed that ICSH and FSH are both 

required for the restoration of spermatogenesis in the hypophy

sectomized rat. ICSH alone stimulates androgen secretion and mitotic 

division of spermatogonia.. FSH alone stilllUlates mitotic division 

of spermatogonia. and the Sertoli cells. Both hormones must be present 

for meiosis and thus, spermatid formation. 

Other workers have postula.ted the role of FSH in supporting 

mitotic division of spermatogonia in the rat (Gaarenstroom and de Jongh; 

1946) and in the frog (Burgos and Fadman, 1957; Lofts, 1961; van Oordt 

and Lofts, 1964). Compa.rison of effects of FSH in the amphi bian wi th 

those in the rat should however, be ma.d.e wi th reservations. The 

testes of these two anima.ls are dissimila.r both in morphology and 

endocrine response. For example, treatment with testosterone will 

cause complete cessation of spermatogonial division in the frog (van 

Oordt and Basu, 1960), whereas this response is not observed in the 

rat. 

Murphy (1965} made intertesticular injections of FSH into 

hypophysectomized rats and observed an increase in the number of 

Sertoli cells per tubula.r cross section. This was interpreted as 

evidence supporting the action of FSH on Sertoli cells. Yet other 

factors such as change in tubula.r size ma.y cause this apparent increase. 

He himself admitted that no Sertoli cell divisions were seen. Thymidine 

labelling would be expected if these cells divid.ed. This however is 

not observed in the adult rat (Clermont et al, 1959; Nebel and Murphy, 



1960; Clermont and Harvey, 1965). In fact these cells undergo their 

last division before the animal is 20 days old (Clermont and Perey, 

1957; Huckins 1 1965). The experimenta of Murphy are dubious for 

no stimulation of germ cells or Leydig cells was observed. 

Papkoff (1965) assessed the action of ICSH and FSH in the Sprague

Dawley rat. His procedure to purify each hol"'IOne was: 1) ICSH was 

removed from the FSH preparation by incubation with urea, a procedure 

which inactivates ICSH but d.oes not affect FSH (Ellis, 1961); 2) FSH 

was removed from the ICSH preparations by treatment wi th neuraminidase 

which inactivates FSH but d.oes not affect ICSH (Ellis, 1961). When 

these purified preparations were tested each was found to stimulate 

androgen secretion in the Sprague-Dawley rat. 

It is noteworthy however, that germ cells in tissue culture 

appear to require néither ICSH nor FSH (Steinberger et al, 1964). 

Neither hormone was effective in causing embryonic germ cells to 

differentiate into spermatogonia and spermatocytes. However, FSH 

caused differentiation of the primitive supporting elements into 

Sertoli cel.J.s. 

In summary, in the male rat 1 t appears that ICSH alone will 

main tain spermatogenesis. FSH will augment the effects of ICSH. 

FSH alone has a potential effect on the seminiferous epithelium, 

possibly on the Sertoli cells. In the Sprague-Dawley rat, unlike the 

Long-Evans rat, RSH and ICSH both stimulate androgen secretion. Both 

hormones appear to be necessary to bring about restoration of spermato

genesis if atrophy of the seminiferous epithelium bas occurred. 
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From the literature the relationship between testosterone and 

ICSH or FSH appears to be as follows. Testosterone inhibi ts ICSH 

synthesis and ICSH release by the pituitary gland (Purves and 

Griesbach, 1954; Gans, 1959; Pa.esi and van Rees, 1960 a; van Rees and 

Pa.esi, 1960; Davidson et al, 1960). Concerning FSH, testosterone 

appears to stimulate FSH synthesis and to inhibit FSH release (Greep 

and Jones, 1950; Purves and Grièsbach, 1954; Paesi and van Rees, 1960 b; 

Shipley, 1962.; Bogdanove, 1964). In contrast, the work of Davidson 

et al ( 196o) suggests that testosterone may inhibi t not only FSH 

release but its synthesis as well. Concerning the feed-back mechanism 

of testosterone on the two gonadotropins, the work of Pa.esi and van 

Rees (196o a, b} indicates that it is an indirect feed-back mediated 

by the hypothalamus. 

The third gonadotropic hormone of the pi tui tary gland is lactogenic 

hormone (LTH). In 1946 Huggins and Russell noted that hypophysectom;y 

caused a graa.ter atrophy of the prostate gland than did castration. 

This observation indicated that some factor, present in the pituitary, 

affected the prostate. Greyhack et a.1 (1955) a.1so reported a. grea.ter 

a.trophy of the prostate in the hypophysectomized animal as compared to 

the castrated animal. In addition they noted that the rrostate of these 

anima.ls was less responsive to testosterone propionate treatment than 

those of the castrated animals. However, if LT.H was injected with 

testostero~e propionate in the hypophysectomized animal the prostate 

responded like that of a castrated animal treated with testosterone 

propionate alone. LT.H, when administered alone, bad no ef'fect. The 

synergism of LT.H wi th ICSH has been reported by other investigators 



(Segaloff et al, 1956; Lostroh et al, 1958; Woods and Simpson, 1961). 

These authors failed to establish any dose-response relationship for 

LTH. The action of LŒH appeared to be all-or-none without a negative 

feed-back mechanism. Whereas castration bas no effect on the amount 

of LTH present in the male pituitary, large amounts of testosterone 

propionate will increase its secretion (Wolt~eus, 1963). 

Lostroh et al (1958) demonstrated that LTH Wa.s effective only 

in the Sprague-Dawley rat, but ineffective in the Long-Evans rat. 

Woods and Simpson (1961) noted that LTH augmented the effect of ICSH 

not only on the prostate but on the testis as well. It is noteworthy 

that LTH aàministered to birds bas a detrimental effect on the testis, 

inhibiting sperma.togenesis {Lofts and Marshall, 1956). 

Adrenal Hormones It bas long been known that certain steroids 

other than testosterone have a beneficial effect on spermatogenesis 

(Nelson, 1937; Selye and Friedman, 1941; Masson, 1945, 1946). The 

major source of steroids in the body, other than the testis, is the 

adrenal cortex. In the rat it appears that the testis bas a regulatory 

influence on the adrenal and not vice versa. Injection of testosterone 

propionate will partially reverse the changes in the adrenal cortex 

caused by hypophysectomy (Culuty et al, 1938; Ka.lant and Sellera, 1957; 

Roy and Mahesh, 1964). The mitotic activity of the epidermis appears 

to be controlled by a balance of testicular and adrenal hormones 

(Bu.llough, 1952 a, b). The spermatogonia of the testis, like the basal 

cella of the epidermis, constitute a renewal system. However the 

mitotic activity of the sper.matogonia appears to be independent of 
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hormones ( Ortave.nt, 1958; Des elin and Ortave.nt, 1963; Clermont and 

Harvey, 1965 ) • 

Woods and Simpson (1961) found that aàrenoeortieotropic hormone 

(ACTH) bad no ef'f'ect on the testis of' the hypophyseetomized rat. It 

was inef'f'eeti ve alone, or when injected wi th FSH or ICSH. Thus, i t 

appears tbat the adrenal gland does not contribute to the proeess of' 

spermatogenesis. 

Thyr?id Hormone The thyroid gland bas been indirectly implicated 

in the regulation of the testis. In 1939, Smelser reported tbat 

thyroidecto~ caused a reduction in the testis and accessory organ 

weights. Thyroidectomy is also known to re duce the gonadotropic 

content of the pituitary gland (Evans and Simpson, 1930; Stein and 

Lisle, 1911-2; Contapoulus et al, 1958). Contapoulus et al also noted 

a decrease in the weights of the testis and accessory organs. On 

the other hand, Jones et al (1911-6) round the thiourieil-produced 

bypothyroidism eaused a. decrea.se in fertility in the a.dult rat. In 

the mouse, Bruce and Slaviter (1957) reported tba.t thyroidectomy 

ca.used no deerease in fertility. 

Woods and Simpson {1961) found that thyrotropic hormone injected 

into hypophysectomized rats produeed no inerease in weight either in 

the testis or the aceessory organs. This was observed whether the 

TSH was injected alone or wi th FSH and ICSH. 

Thyroxin, with or without GH bas been round to produce a 

stimulation of the testis (Randolph et al, 1959; 'Boecabella., 1963). 

Boecabella. bas shown tha.t if thyroxin is injeeted in conjunction with 

testosterone propiona.te and GH, the response of the a.trophied seminif· 



erous epithelium of a hypophysectamized rat is greater tban when 

testosterone propionate and GH are injected alone. 
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Growth Hormone Growth hormone (GH) has also been im.plicated 

in the hormonal control of the male reproductive system. Like LTH 

it enhances the effect of testosterone propionate or ICSH on the 

prostate of the hypophysectomized rat {Huggins et al, 1955; Lostroh 

et al, 1958.; Lostroh and Li, 1957; Bandolph et al, 1959; Woods and 

Simpson, 1961). Again like LTH, no dose-response relationship can 

be established for GH. Lostroh ·et al. (1958} have shown that GB is 

synergistic to testosterone propionate in the Sprague-Dawley but not 

in the Long-Evans rat. GH has been shown to augment the effect of 

both ICSH (Woods and Simpson, 1961) and testosterone propionate 

(:Boccabel.la, 1963) not only on the prostate but on the testis as well. 

The effectiveness of GH administered with testosterone propionate 

on the testis wa.s assessed by Boccabella and Materazzi (1964) by cell 

counts. As d.escribed above they hypophysectomized rats, alloved 67 

to 70 days of post-operative regression of the epithel.ium and then 

commenced hormone therapy. Testosterone propionate alone restored 

spermatogenesis in one third of the animals. But testosterone pro

pionate aàministered with GH restored the process in two thirds of the 

rats. Cell counts revealed that the number of cella in these latter 

animals was equal to that of the norœ.J., whereas the number wa.s sub

normal in animals treated with testosterone propionate alone. Thus, 

it would seem that GH, althougb ineffective al.one, is necessary to 

restore spermatosenesis in the hypophysectomized rat to its normal 

level. 
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From this brief discussion of hormonal control of spermatogenesis, 

it is clear that one must distinguish between the maintenance and the 

restoration of this process. The maintenance of spermatogenesis a.ppears 

dependent on either ICSH or testosterone, a.lthougb FSH will augment 

the effect of both. In the restora.tion of spermatogenesis either ICSH 

or testosterone a.ppea.rs rela.ti vely impotent. FSH must be a.lso present 

to effect a. constant restoration. Moreover, GH, LTH and thyroxin, 

ea.ch ineffective a.lone, will improve the restora.tion ca.used by both 

ICSH and FSH. Fina.lly, the responsiveness to hormones may vary 

between one strain of rats and another. 



MATERIALS AND METHODS 



For al.l studies reported in this dissertation, adult male 

Sprague-De.wley rats, obtained from Charles River I.e.boratories, 

Boston, Mass., were used. The anima.ls were maintained on a diet 

of Purina Iab Chow and tap water; a 5'1> solution of sucrose and 

0.9'/o solution of sodium chloride being substituted for the water 

in the case of the hypophysectomized and adrenalectomized groups 

respectively. Regul.ar weighings were made and the weights 

recorded. 

Hormone P.re~ations 

33. 

All hormones were purchased from Nutritional Biochemicals, 

Cleveland, O~io. These were testosterone propionate, DL-thyroxin, 

ovine follicle stimulating hormone, ovine interstitial cell 

stimulating hormone, porcine growth hormone, Raben type, and ovine 

lactogenic hormone. With the exception of testosterone propionate 

al.l hormone solutions were made fresh every three days. The con

centration of al1 solutions was ad.Justed so that the total volume 

injected daily was 0.2cc. Storage was at 5°C. 

Surgical Procedures 

&Eophysecto& The pi tui tary gland was removed by the supplier 

using the parapharyngeal approach perfected by Smith (1927). The 

animals arrived on the third post-operative day and experimentation 

commenced on the second day after arrival. 



Comp~eteness of pituitary ablation was judged, where treatment 

permitted, on the basis of a comp~ete lack of any gain in body 

weight during the course of the experiment, by gross inspection of 

the sella turcica for pituitary fragments at the time of sacrifice, 

and histological ex.am.ination of the thyroid and adrenal. In some 

cases, auch as treatment with growth hormone, certain of these 

criteria could not be used. 

Adrenalectomy The removal of the adrenals was performed 

under ether anaesthesia using aseptic technique. An incision was 

made in the skin and muscular wall of the ba.ck just below the rib 

cage thus exposing the dorsal aspect of the kidney. The adrenal 

gland was gently isolated from the renal fat pad by b~unt dissection 

wi th fine curved forceps. The procedure was repeated on the 

opposite side and the skin wound closed with metal clamps. If the 

capsule of the gland was accidentally broken during removal the 

animal was discarded. 

Adrenalectomy was judged as incom.plete if the animale dis

played any marked increase in weight during the course of the 

experiment. At sacrifice the abdominal cavity was emmined for 

accessory adrenal glands. The kidney with fat pad was carefully 

removed, washed and particular~y scrutinized for remaining adrenal 

tissue. 

T.byroidectom;y Removal of the thyroid was ~o performed under 

ether anaesthesia. A midline incision was made in the neck exposing 

the trachea and thy.roid. Using blunt forceps the gland together 

wi th i ts fas cial capsule was gently grasped and s~owly stripped from 



the trachea. 

Completeness of tbyroidectomw was based on a histological 

examination of sections of trachea for remaining fragments of the 

gland. 

SPECIFIC EXPERIMENTS 

Normal Rats 

Before ascertaining the effects of various endocrine conditions 

on the testes it was first necessary to determine the number of 

germ cells in the normal aduJ.t rat. Consequently 6 aduJ.t 28o gram 

rats were sacrificed and the cell number determined. 

Ef'fect of Age 

T.b.e effect of age on germ cell number in adult rats was 

determined by obtaining a group of 30 normal anime.ls. Five were 

sacrificed when the average body weigb.t of the group was 200 grams, 

5 when it was 250 grams, 5 when it was 300 grams and 5 when they 

obtained a weigb.t of 400 grams. 

Testosterone Propionate 

Effect in Normal Rats Five normal 220 gram rats were injected 

daily for 45 days with 3 mgms of testosterone propionate in 0.2cc 

olive oil. Because of the critical importance of the resulta obtained, 

this experiment was later repeated. 

Ef'fect in B;ypophysectomized Rats Twenty bypophysectomized 200 

gram rats were injected daily with 3 mgms of testosterone propionate 



in 0.2cc of olive oil. Hormone therapy commenced on the 5th post-

operative day and continued up to the time of sacrifice of the 

animals in groups 35, 45, 55 and 6o days after pituitary ablation. 

Effects of Adrenalectaœy 

Five 380 gram adrenalectomized rats along wi th 5 sbam-operated, 

pair-fed controls were sacrificed 45 days post-operative. 

Pituitarz GonadotroEins 

Effects of Interstitial Cell stimulating Hormone (ICSH) in 

Hypophysectomized Rats Three groups of 5 hypopbysectomized rats 

were injected respecti vely wi th 10 JlS of ICSH, 15 p.g of ICSH or 20 )lg 

of ICSH in 0.2cc of saline. Hormone therapy cammenced on the 5th 

post-operative day. Sacrifice was on the 35th post-operative day. 

Three addi tional groups were similarly treated and sacrificed 45 

days post-operative. 

Effects of Follicle stimulating Hormone (FSH) in the Jgpopby-
:s 

1 

sectomized Rata Three groups of 5 hypopbysectomized 200 gram 

rats were injected respectively with 100 p.g of FSH, 150 p.g of FSH 

or 200 p.g of FSH in 0•2cc of saline. Hormone therapy commenced 

on the 5th post-operative day. Sacrifice was on the 35th post-

operative day. An additional three groups were similarly trea.ted 

and sacrificed on the 45th post-operative day. 

Collbination of Testosterone Propionate with the Gonadotropins 

Testosterone Propionate and ICSH in Normals Five normal 220 

gram rats were injected with 3 mg of testosterone propionate in 

0.2cc of olive oil and 15 pg of ICSH in 0.2cc of saline. Sacrifice 



was on the 45th day of treatment. 

Testosterone propionate and FSH in Normals Five normal 220 

~ rats vere injected àaily vith both 3 mg of testosterone pro

pionate in 0.2cc of olive oil and 150 ~g of FSH in 0.2cc of saline. 

Sacrifice was on the 45th day of treatment. 

Testosterone P.ropionate in Normals A tbird group of 5 normal 

rats vas injected vith 3 mg of testosterone propionate in 0.2cc of 

olive oil. These animale acted as controls for the above two groups 

and repeated a critical previous experiment. 

Ef'fects of Testosterone Propionate in Bypo;pbysectomized Rats on a 

Short Term Basis 

To test the initial effect of hormone treatment, a group of 20 

bypophysectomized adul.t rats vere treated vith testosterone propionate 

ln the usual mann.er. The anima.ls vere sacrificed in groups 3, 6, 9, 

12 and 26 days post-operatively. Counts of Type A spermatogonia and 

Sertoli cells only vere made. 

Effect of Lactogenic Hormone {LTH) 

Two groups of 5 bypophysectomized 220 gram rats vere injected 

vith 3 mg of testosterone propionate in 0.2cc of olive oil and 3 mgm 

of testosterone propio:nate in oil plus 1 IU of lactogenic hormone in 

0.2cc of saline respectively. Sacrifice was 30 days post-operative. 

Effects of the Non-Gametogenic Hormones 

Ef'fect of rlbyroidectom,y Five 24o gram thyroidectomized rats 

along vith 5 sbam operated controls vere sacrificed 45 days post-
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operatively. 

Effect of *byroxin and Growth Hormone in the HypophySectomized 

Rat Hypophysectomized rats were divided into four groups, al.l were 

injected with 3 mg of testosterone propionate in oil: in addition, 

group 2 received 2 p.g of thyroxin in a.lka.line saline (pH 8), group 

3 received .5 USP of growth hormone (Raben type) in alkal:ine saline 

(pH 10), and group 4, 2 )lg of thyroxin and • 5 USP of growth hormone. 

A group of' normal rats were maintained for growth rate estimation. 

Sacrifice was on the )Oiiu post-operative day. 

Effect of HypoPhysectomy and Growth Hormone Tb check for 

possible gonadotropin contamination of the growth hormone two 

groups of hypopbysectomized rats were used, one was left untreated 

and the other injected daily with .5 USP of growth hormone in 0.2cc 

saline. Sacrifice was on the 30th post-operative day. 

HISTOLOGICAL PROCEDURES 

Fixation 

ihe testes, epidiymedes, prostate and seiirl.nal vesicles were 

removed and fixed in Zenker's formol. After 30 minutes fixation the 

testes were cleared of excessive fat and carefully dissected free. 

SmaJ.l cuts were made in the tunica albuginea at each pole of the 

organ to allow the fixative to penetrate more rapidly. The tissue 

was then fixed for 24 hours. 

After fixation the tissue was washed in running tap water for 

24 hours and then stored in 70% alcohol. 



During storage the testes and male accessory organs were 

trimmed completely free of connective tissue and fat, blotted dry 

and quickly weigb.ed to .001 gram accuracy. 

Sectioning and Staining 

The tissues consisting of two cross sections of each testes 

and representative samples of the prostate, seminal vesicles and 

vas deferens were dehydra.ted in ethanol, paraffin embedded and 

sectioned at 5 Jl ± 1 p.. Staining was with PA-Schiff and Harris 

hematoxylin. This staining is desirable in that the Schiff reagent 

stains the head caps and acrosomes of the developing spermatids 

making identification of the different stages of spermatogenesis 

possible. 

HISTQ.!ETRIC PROCEDURES 

Cella Counted 

In each animal the cells were enumerated in 40 pertect cross 

sections of seminiferous tubules showing the cellular association 

of Stage VII of Leblond and Clermont (1952; see Figures 11 21 3)). 

This stage gives a good,general overall. picture of the process of 

spermatogenesis 1 the cella present being the dormant stem cells 1 the.t 

is the Type A spermatogonia, resting or preleptotene spermatocytes, 

primary spermatocytes in the mid pachytene phase, and step 7 sperma

tids whicb is Just prior to the process of elongation of the nucleus 

of the cell as it transforma into a spermatozoon. Also counted were 

the supporting nurse cells, the.t is, the cella of Sertoli. The Sertoli 
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cells have large irregular nuclei bence only nuclei with the prominent 

single nucleolus in the plane of section were counted. Selection of 

the tubules was completely at random. 

The counts were averaged for each group and ex:pressed as the 

numher of cella per tubular cross section. 

Correction Factors 

In that the various germinal eells have different nuclear 

diameters 1 the larger cella will by chance appear oore frequently 

in cross section than those of small diameter. Thus compa.rison 

between numher of cella in cross section is inaccurate when based 

on the crude counts. Correction for this variation was achieved 

by applying Abercrombie 1 s Formula {Abercrombie 1 1946). 

s 
TC=CC x S+d 

where TC = true counts1 CC = crude counts1 S = section thickness 

and d = nuclear diameter. 

These measurements were obtained by using a Filar micrometer; 

section thickness being determined by measuring the thickness of the 

occasional folds in the tissue (Swift and Rasch1 1956). 

Sertoli Cell Correction Factor 

Before comparison of the cell counts of one group with another 

certain facts bad to be considered. One was that due to treatment 

and/or histological processing there could be shrinkage of the seminif-

erous tubules which could necessarily be different from one group to 

the next. The reduction in diameter is easily determined in histological 
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section but the dimnnition of length is much more difficult to ascertain. 

The shortening is serious in tbat proportionately more cells would 

appear in 5 p cross section of the tubules. However in that the 

Sertoli cella are not seen to either divide or degenerate in the 

adul t animal any change in their number per cross section would be 

indicative of a change in length of seminiferous tubule. Hence, the 

ratio of number of Sertoli cells counted in each experimental group 

to the number per tubular cross section in the normal animal could 

be used as an index of reduction in length of the seminiferous 

tubules in the experimental animals. 

This use of the Sertoli cell number (Clermont and Morgentaler, 

1955; Boccabella and Materazzi, 1964) is referred to as the "Sertoli 

Cell Correction Factor". (See AEpendix for discussion of this feature.) 



RESULTS 
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Germ Cell Number in the Normal Intact Sl?rague-Dawley Rat 

The average weights of the bod;y', testes and accessory organs 

are given in Table 1. Figure 4 shows a typical histological section 

of seminiferous tubules of the normal intact rat. 

Table 2 shows the number of germ and Sertoli cells per tubular 

cross section, corrected and uncorrected by Abercrombie' s Formula. 

Sertoli cell nuclei are irregular and cannot be accurately measured. 

'l'hus, only cella which contained a single prominent nucleolus were 

counted. As nuclear diameters of germ cella in the various 

experimental groups were identical to those of Table 2, only the 

corrected counts are given in the subsequent tables. All the 

following experimental groups and their controls are compared to 

this group of normal intact rats. 

Effects of As! on Germ Cell Number in the Normal Adult Rat 

Table 3 shows the average weights of the testes and accessory 

organs of normal rats of various body weights. The age difference 

between 206 and 255, 255 and 301, 301 and 4oo gra.ms iü 7, 9 and 24 da.ys 

respectively. 'l'hus, the difference in age between the youngest and 

oldest group is 40 days. This interval of time is during the most 

active period o't boey growth in the sexua.lly mature Sprague-Dawley 

rat. 

An increase,corresponding to the increase in bod;y' weight,occurs 

in the accessory organs. Each increment in boey weigbt is mirrored by 

a concomitant increase in weight in the epididymes and seminal vesicles 

and prostate. However, the increase in testis weight is very small 



being only significant between 250 and 300 grams ( .Ol>p :::>- .001). 

The average number of germ. and Sertoli cella per tubul.ar cross 

section in each of the four groups of normal rats is shawn in Table 4. 

The tissues of these groups were shrunken during histological process

ing, rendering the counting of cella difficul.t. This shrinkage 

resul.ted in the number of cella, including the Sertoli cella, being 

increased in number per tubul.ar cross section as compared with those 

of' the previous normal intact group (Table 2). 

Between 2o6 and 400 grams there is no signif'icant change in 

the number of' Type A sperma.togonia (. 3 > p >. 2), in the number of 

resting prima.ry sperma.tocytes (.4 >p > .3) or in the number of 

pachytene prima.ry sperma.tocytes {. 9 > p > .8). In the case of the 

step 7 spermatids there is an increase in the number of' ceLBper 

tubul.ar cross section between 2o6 and 400 gra.ms (p<: .001). 

Ef'fects of Testosterone Propionate on Germ Cell Number in Normal and 

Hypophysectomized Rats 

Table 5 shows the average weights of the body, testes and male 

accessory organs of hypophysectomized and norma1 rats treated with 

testosterone propionate as wel1 as oil-injected1 sugar-fed1 normal 

controle. The body weight of both the control rats and the normal 

rats injected with testosterone propionate are graater than those of' 

the hypophysectomized animale. The testes weights of' both normal rats 

treatedwith testosterone propionate or oil are slightly higher than 

those of the previous intact normal rats (Table 1). The testes of' the 

hypophysectomized testostero~e propionate treated groups are considerably 

smaller than those of the normals. In a11 hormone treated groups the 
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seminal vesicles and prostate are large as compared to the oil-injected 

groups. The epididymes, however, are not greatly changed. 

Histological examination of the testes of hypophysectomized and 

normal rats receiving testosterone propionate reveal (Figures 6, 7) 

a picture qui te similar to the intact untreated normal (Figure 4). 

However, in both the normal and hypophysectomized animals receiving 

the hormone, degenerating cells, usually advanced spermatids1 were 

often encountered. These degenerating cells were seen lying near the 

basement membrane, presumably phagocytosed by the Sertoli cells. 

This phenomenon is also observed in intact animals but appeared more 

common in these experimental hormone treated groups. The seminiferous 

tubules although basically normal,appeared to be of a smaller diameter 

than those of the intact normal rat (Figure 4). The Leydig cella 

were very atrophied with small dark nuclei. 

Table 6 gi ves the average number of germ and Sertoli cella per 

tubular cross section corrected by Abercrombie's Formula. The germinal 

cells in the hypophysectomized rats or normal rats receiving testosterone 

propionate are reduced in num.ber as compared to the intact normal rats 

(Table 2). All germ cell types in hormone treated animals are less 

than in the intact controls (Table 2; p values in ali cases were less 

than .05). T.he TYPe A spermatogonia in the oil-injected, sugar-fed 

controls appears to be higher than those of the intact normal rat of 

Table 2. This difference was not, however, significant (.2.> p > .1). 

T.he variations in the number of cells in hypophysectamized animals 35 

to 6o days post-operative were not greatly different, thus the entire 

lot was averaged (Table 7). 



E:t'f'ects of Adrena.lectomy on Germ Cell Number 

Due to the death of one animal in each group during the course 

of the experiment all values presented below represent the average 

of four anima.ls. 

Table 8 shows the average weights of the body, testes and 

accessory organs in adrenalectomized and sham-operated, pair-fed 

controle, 45 days post-operative. The restriction of food intake 

in the control animals has resulted 1n a lack of gain in body weight 

identical to that caused by adrenalectom;y. The testes and accessory 

or gans of both groups are, however, not different from those of the 

normal (Table 1). The histology of the testis of adrenal.ectomized 

animals {Figure 5) was not noticeably different from that of the 

normal intact rat (Figure 4). 

Table 9 shows the average number of germ and Sertoli cells per 

tubular cross section in adrenalectomized and sham-operated, pair

fed controle. In all cases the counts compare favourably to those 

of the normal intact rat (Table 2). 

Effect of ICSH and FSH on Germ Cell Number in the H:y:p<?EhYsectanized Rat 

Table 10 presents the average weights of the body, testes and 

accessory organsin hypophysectomized rats treatedwith either FSH or 

ICSH and sacrificed 35 days post-operative. 

Considering first the weigbts of the prostate and seminal vesicles 

it is seen that these organs are very small as compared to those of 

the normal intact rat (Table 1). Histologically, however, they did 

not resemble exactly those from an ~treated hypophysectomized rat. 
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For example, the epi tbelium of the prostate displayed ta.ll columnar 

cells indicating a certain degree of stimulation. On the otber 

band there was very 11 ttle seeretory product in the lumen of ei ther 

the prostate or seminal vesicles. This stimulated condition of 

the accessory organs was more apparent in the FSH treated than in 

the ICSH treated hypophysectomized rats. 

The vei~hts of the testes were in all cases qui te low as 

com.pared to the normal intact (Table 1). The dosage of 150 )lg of 

FSH appeared to give the best maintenance on the basis of testis 

size. The dosage of 15 pg of ICSH appeared to give the best main

tenance on the basis of testis size. In the groups of ICSH treated 

hypopbysectomized rats receiving 10 p.g or 20 )lg of the hormone the 

seminiferous epithelium of some of the animal s bad undergone marked 

atrophy (Figure 13) • 

Histologically the testes of FSH treated animale {Figure 8) 

were superficially normal. The same was true for the group receiving 

15 pg of ICSH {Figure 9). However, in both FSH and ICSH treated 

hypopbysectomized rats seminiferous tubules were on occasion observed 

to contain a mass of degenerating cella {Figure 12). 

The Leydig cella in both FSH treated and in ICSH treated animala 

diaplayed signa of active stimulation. The nuclei were large and 

pale, the cytoplasm copious and vacuolated (Figures 14 and 15). This 

stimulated condition of the Leydig cells could be correlated wi tb 

maintenance of the seminiferous epithelium. In animals where there 

was a marked atropby of the aeminiferous tubule (10 pg and 20 jlg of 

ICSH) the Leydig cells were often observed to be smal.l with dark nuclei 



thin strands of cytoplasm. 

In animals treated with FSH or ICSH for 45 days the occurrence 

of atrophie seminiferous tubules increased. So much so that in 

each group only one or two animals had testes in which spermatozoa 

were being prodll.ced. The atrophy made cell counts so variable as 

to be useless. 

Cell counts were made only on the 150 )lg FSH treated and 15 )lg 

ICSH treated hypophysectomized rats, 35 days post-operative. The 

averaged corrected counts of germ and Sertoli cells are shown in 

Table 11. Compared to the normal intact anima.ls (Table 2) it can 

be seen that a reduction in the number of germ cells has occurred 

(p < . 01 to < . 001). However, the number of Sertoli cells has 

increased as compared to the normal intact rat. 

Effects of a Combination of Testosterone Propionate with FSH or ICSH 

on Germ Cell Number in the Normal Rat 

The weights of the body, testes and accessory organs of normal 

rats treated with testosterone propionate alone, and treated with 

testosterone propionate and FSH or ICSH, are given in Table 12. The 

weights are similar to those of the normal intact rat (Table 1) 1 

except those of the seminal vesicle and prostate which due to the 

testosterone propionate are very large. The weights of the testes 

and accessory organs in the two groups receiving a combination of 

hormones are larger than·those receiving testosterone propionate 

alone. The weight of the seminal vesicle and prostate in the testosterone 

propionate FSH treated group aré significant1y larger (.05 >P >·025). 
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However, it must be remembered that these weights a.re of fixed tissue 

and the variation in the amount of secretory material in the seminal 

vesic~es and prostate may result in significant differences. 

Histo~ogically the testes (Figures 10 and ll) appear similar 

to those of the normal intact animal. The Leydig cells of animals 

which received either FSH or ICSH with testosterone propionate were 

stimulated whereas the Leydig cells in those treated with testosterone 

alone were atrophied. 

Table ~3 shows the average number of germ a.nd Sertoli cells 

per tubular cross section in normal rats treated with testosterone 

propionate or testosterone propiona.te with FSH or ICSH. The cell 

counts in the testosterone propionate treated group are simila.r to 

those of the previous expertment on the effects of this hormone in 

the normal rat (Table 6). However, in the case of the Type A spermato

gonia, the number of cells in this experiment (Tab~e 13) are less 

tha.n in the previous one (Table 6; .01 >P >•001). The resting 

primary spermatocytes in the testosterone propionate-ICSH treated 

no:rmal.a are not signif'icantl.y different (.4 :>P > .:;) from those of' 

the normal intact rat (Tab~e 2). The step 7 spermatids are in the 

testosterone propionate-FSH treated rats are also not significant~y 

different (.2>P >•1) from those of the normal. intact rat (Tab~e 2). 

All other germ cells in these three groups of hormone trea.ted normal 

rats are significa.ntly different from those of the normal intact rat 

(p values< .02- ~1)~ The Sertoli cells in these normal. rats 

treated with testosterone-propiona.te and testosterone propionate with 



FSH or ICSH are increased in number per tubular cross section as 

compa.red to normal intact rats. 

Effects of Testosterone Propionate in Hypgp~ectomized Rats on a 

Short Term Ba.sis 

Counts of Type A spermatogonia and Sertoli celle only were made 

in these hypophysectomized rats treated with testosterone propionate, 

and sacrificed 3, 6, 9, 13 and 26 days post-operative. The counts 

of TYPe A spermatogonia were corrected by the Sertoli cell correction 

factor and the results depicted graphica.lly (Figure 23). At 3, 6 

and 9 days post-operative the number of Type A spermatogonia is not 

significantly different from that of the normal intact rat (Table 2) 

the p values being .8 >p >•7, p >•9 and •9>P >•8 respectively. 

At 13 and 26 days post-operative the number of cells is signif'icantly 

lese than that of' the intact rat ( .001 >P). 

Ef'f'ects of Lactogenic Hormone in HypoPbySectomizedRats 

Table 14 presents the average weights of' the body, testes and 

accessory organe in hypophysectomized rats treated with testosterone 

propionate alone or with testosterone propionate and LTH. As in 

other hypophysectomized, hormone treated rats, the testicular weights 

are lower than those of' the normal intact rat (Table 1). Due to the 

testosterone the seminal vesicles and prostate are quite large. 

Histologica.lly the seminiferous epithelium of' the rats receiving 

testosterone propionate a.lone or testosterone propionate and LT.H 

(Figure 16) appea.red simila.r to that of the normal intact rat. 
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Cell counts (Table 15) revealed that the number of germ cells 

in both hormone treated groups is less than that of the normal intact 

rat (Table 2; p values aJ..l less than .05). The Sertoll cells were, 

on the other hand, 1ncreased in number as compared with the normal 

intact rat. There is little difference between the number of germ 

cella in the testosterone propionate treated rats as compared with 

the testosterone propionate-LTH treated rats. The step 7 spermatids 

display the grea test difference but this was not significant ( .l>p 

>-05). 

Effects of the Non-Gametogenic Ror.mones 

Effects of thyr9idectomy Table 16 presents the average wei~~ts 

of the body, testes and accessory organs of thyroidectom.ized and 

sha.m-operated control rats sacrificed 45 days post-operative. The 

weights of the testes and accessory orga.ns are sim.ilar to those of 

the normal intact rat (Table 1), in fact they are slightly greater. 

It should be noted that the sham-operated group appeared to have 

suffered from some type of low grade infection as they did not grow 

throughout the duration of the experiment. 

Histologically the testes of the thyroidectomized rats (Figure 

17) a.ppeared to be normal. 

Counts (Table 17) of germ and Sertoli cells in the thyroidectom.ized 

and sha.m-operated controls revealed that there is a slight reduction 

in the number of the evolved germ celle in the thyroidectom.ized rats. 

The Type A sperma.togonia are present in number equal to that of the 

normal intact rat (Table 2). However, the resting primary spermato-
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cytes and pa.chytene prima.ry spermatocytes are significantJ.y less 

(.Ol>p >.001 and .02>P .>.01, respectiveJ.y). The reduction in 

spermatids is however, not (.2-;>p >•1). 

Effects of Thyroxin and Growth Hormone in ~sectomized Rats 

Table 18 gives the average weights of the body, testes and accessory 

organs of h.ypophysectomized rats treated with testosterone propionate, 

testosterone propionate and thyroxin, testosterone propionate and GH 

and testosterone propionate, thyroxin and GH, sacrificed :;o da.ys post

operative. The weights of the testes, in all groups including those 

receiving GH are below those of the normal intact rat {Table 1). 

The seminal vesicles and prostate, due to the testosterone are much 

larger. 

Completeness of h.ypophysectomy in the two groups receiving GH 

was judged on the oasis of histological examination of the adrenal 

and thyroid glands and gross exa.m.ination of the sella turcica at the 

time of sacrifice. 

HistologicalJ.y the testes of the various groups appeared to be 

similar to that of' the normal. intact re.t; tree.tment with testosterone 

propione.te and thyroxin (Figure 18), with testosterone propionate 

and GH (Figure 19) and wi th testosterone propionate, thyroxin and GH 

(Figure 20) did not cause any apparent change in the histology of' the 

seminiferous epithelium. 

Counts of germ and Sertoli cells (Table 19) revealed that in all 

four experimental groups the n"'llliber of' germ cells waa less tha.n that 

of the normal intact rat (Table 2). P values range from < .01 to 
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<·001. The Sertoli cella are increased in number as com:pa.red with 

the normal rat. 

Effects of Hypop&,sectomy and Growth Hormone This e:x;periment 

was done prima.rily to assay the GH preparation for gonadotropin 

conta.mina.nts. Table 20 shows the average weigbts of the body, testes 

and accessory orga.ns in untreated hypophysectomized rats and hypophy

sectomized rats treated with GH sacrificed 30 days post-operative. 

The GH treatment caused an increase in body weigbt but resulted in 

no change in the testes or accessory orga.ns as co:mpared wi th the un

treated hypophysectomized rat. 

Figure 32 depicts the growth curves of untreated hypophysectomized 

rats, GH treated bypophysectomized rats treated with GH and a group 

of normal intact rats which were ma.intained as controle. At the 

termination of the e:x;periment the intact rats weighed considerably 

more than did the GH treated hypophysectomized rats. However the 

hypophysectomized rats did not respond to the GH therapy until about 

the tenth post-operative day (6 day of hormone therapy), consequently 

they weighed less than the control anima.ls. 

Histologically the testes of the GH treated rats (Figure 22) 

were not different from the untreated hypophysectomized rats {Figure 

21). In both groups many seminiferous tubules were observed to be 

devoid of sperma.tids, other tubules contained a few very young sperm

atids. 

The Leydig cells in the GH treated rats were atrophied indicating 

no gonadotropin contamination of the GH preparation. 

Cell counts {Table 21) revealed a great loss of germ cella in 
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both the untreated and GH treated hypophysectomized groups. The more 

evolved the cell type the greater the loss. There was no significant 

difference between the number of germ cells in the untreated hypophy

sectomied rats as comparedwith the GH treated hypophysectomized 

rats. The Sertoli cella of both groups were greatly increased in 

number per tubular cross section as compared with the normal intact 

rat {Table 2). 

The correction of the germ cell counts by the Sertoli cell 

correction factor involves calculation of the percentage increase 

in the number of Sertoli cells in the experimental groups. The 

average number of Sertoli cella per tubular cross section in each 

group is presented in Table 22. The percentage of cells in the 

experimental groups as compared to the normal intact rat is given 

in the second column of the table. 

The corrected values of germ cell number in each of the experimental 

groups are presented in Table 23. This àata was used in the construction 

of the histiog:rams used in the Discussion. The experimental groups 

represented in the various histiograms are denoted by the corresponding 

figure number of each of the histiograms. 
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THE EFFECTS OF HORMONES ON SPERMATOGENESIS 

The effects of hormones on spermatogenesisare commonly assessed 

by two procedures: 1) by testing the effectiveness of various hormones 

in support or maintenance of spermatogenesis in hypophysectomized 

animals, in which hormone therapy is commenced immediately after 

pituitary ablation; 2) by testing the effectiveness of various 

hormones in re-initiation or restoration of spermatogenesis in 

animals which are hypophysectomized, regression of the seminiferous 

epithelium is allowed to occur and then hormone therapy is commenced. 

The second procedure is generally considered a more rigorous test of 

hormonal requirements of spermatogenesis. Hormones, for example LTH 

and GH, which do not appear to be essential in maintenance of spermato

genesis,on the other band appear to be beneficial in restoration of 

the process (Woods and Simpson, 1961). However, the interpretation 

of data from restoration experimenta is complicated by extreme vari

ability of response between individual animals. Specifie hormone 

therapy has been observed to restore spermatogenesis in some animals 

while having little effect in other animals of the same experimental 

group, (Boccabella, 1963). The work of this author suggests that long

term hypophysectomy may cause irreparable damage to the seminiferous 

epithelium of some animals. Consequently hormone therapy will be 

ineffective. 

Hormonal maintenance of spermatogenesis likely constitutes a 

condition closer to the physiological one than does hormonal restoration 
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of spermatogenesis. Long-term. hypophysectomy possibly results in 

damage such as loss of enzymatic systems which must be re-activated 

before spermatogenesis can be re-established. Hormones, not normally 

required for spermatogenesis may be necessary to re-activate these 

enzyme systems and thus restore spermatogenesis. For example the 

extreme atrophy of the Sertoli cella may have to be repaired before 

the germ cella can be stimulated. Thus, restoration experimenta may 

not be determining just the hormones which physiologically are 

required by spermatogenesis. Furthermore, hormones which have been 

shown to be necessary for restoration of spermatogenesis may have 

subtle effect on the maintenance. These subtle effects should, 

however, be detectable by counting germ cells, a procedure which has 

been used in this investigation. 

In discussion of the effect of hormones on the seminiferous 

epithelium three aspects of the process of spermatogenesis must be 

clearly distinguished and defined. 1) The rate of spermatogenesis 

is the ttme taken by the germ. cells to evolve through the various 

phases of' sper.matogenesis vhereby Type A sper.matogonia. evolve into 

spermatozoa. The word rate in this case denotes only dura.tion, and 

does not imply qu.antity per unit time. Thus, rate of spermatogenesis 

is the time taken for a spermatogonium to evolve into a spermatozoon, 

but does not imply the number of spermatozoa produced per unit time. 

2) The zield of spermatogenesis is the number of evolved germ cells 

produced per lesser evolved cell. Thus, one may speak of the yield 

of spermatocytes per sperma.togonium, of spermatids per spermatocyte 
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and of spermatozoa per young sperma.tid. The total yield of spermato

genesis is therefore, the yield of spermatozoa per Type A spermato

gonium. In the present investigation the most evolved germ cel.l counted 

was the step 1 spermatid. Thus in the discussion, the yield of spermato

genesis will refer to the number of step 7 spermatids produced per 

Type A spermatogoniu.m. 3} The stem cell population or Type A spermato

gonia, are the cells which give rise to the differentiating spermato

cytes and renew their own num.ber. Discussion of stem cella includes 

their absolute number as well as their renewal. 

Effect of Hormone on the Rate of §permatogenesis 

Histiograms (Figures 24, 26, 27, 28 and 30} reveals that therapy 

with various hormones produces a reduction in the num.ber of germ cella 

per tubular cross section in comparison with the normal, intact rat. 

A 20-30$ reduction in all germ cella occurred in normal or hypophy

sectomized rats in which spermatogenesis had been maintained by exogenous 

hormones. Thus, the testes of these animale appear to be producing 

fewer spermatocytes, spermatids and sperma.tozoa than the testes of 

normal intact rats. However, if hormone therapy has resulted in an 

acceleration of the rate of sperma.togenesis the testes of these hormone 

treated rats may still be producing the same number of spermatogonia, 

spermatocy:tes and spermatids per unit time as is the normal. The 

observation of fewer germ cells in histological section may be but an 

indication of this accelerated rate. Thus, the possibility of hormones 

accelerating the rate of spermatogenesis must be examined. 

The work of Ortava.nt (1958} in the ram, Desclin and Ortavant (1963} 
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in the rat, Clermont and Harvey (1965) in the rat and Heller and 

Clermont (1964) in man suggest that hormones have no effect on the 

rate of spermatogenesis. Study of the effects of a lack of hormones, 

stimulating hormones and depressant hormones on spermatogenesis 

revealed no change in the rate of spermatogenesis. T.bese findings 

have led the above investigators to postulate that the rate of spermato

genesis is a hormone independent, species-specific, biological constant. 

However, Huckins {1965) reported an exception to the constancy 

of the rate of spermatogenesis. She observed that the rate in a very 

young animal was at first more rapid than in the adult. The rate, 

however, became equal to that of the adult before sexual maturation. 

Boccabella and Materazzi (1964) reported that testosterone pro

pionate treatment in hypophysectomized rats resulted in the alternation 

of the rate at which the germ cells evolved. However, their determination 

of the rate was merely an estimate. Desclin and Ortavant (1963} and 

Clermont and Harvey (1965) found that testosterone propionate caused 

no change in the rate of spermatogenesis in the hypophysectomized rats. 

In both these latter studies the exact phase of evolution of labelled 

germ cells was ascertained and consequently the rates of evolution 

precisely determined. However, the work of Boccabella and Materazzi 

was a study in restoration, whereas those of Desclin and Ortavant and 

Clermont and Harvey were etudies on maintenance. This difference in 

experimental procedures may possibly account for the discrepency in 

resulta. 

Desclin and Ortavant (1963) and Clermont and Harvey (1965) found 
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that complete hypophysectomy (i.e. lack of all the pituitary hormones) 

resulted in no change in the rate of spermatogenesis. Consequently, 

it bas been assumed that none of the hormones employed in the present 

investigation cause changes in the rate of spermatogenesis. Bence, 

a decrease in number of germ cells per tubular cross section indicates 

an actual loss of germ cella, rather than an acceleration in the rate. 

Effects of Hormones on the Yield of §Eermatogenesis 

The number of spermatocytes, spermatids and spermatozoa produced 

per spermatogoium, or yield of spermatogenesis is the second aspect 

of spermatogenesis possibly affected by hormones. Germ cell degener

ation during division and differentiation resulting in a 10.6% loss 

of the spermatogonia during mitosis, a 27.4% losa of spermatocytes 

during meiosis {Clermont, 1962) and a le% loss of spermatids during 

spermiogenesis {Roosen-Runge, 1955) bas been reported in the normal 

intact rat. These germ cell degenerations in the normal intact rat 

result in the yield of spermatozoa being 52% only of the tbeoretical 

yield (Clermont, 1962). Thus, the administration of exogenous hormones 

into the normal rat could possibly improve the yield of spermatogenesis. 

Concerning the effect of bypopbysectomy on the yield of spermato

genesis, Clermont and Morgentaler (1955) reported that within 10 days 

after bypophysectomy all advanced sperma.tids disappeared from the 

seminiferous epithelium (i.e. the yield of spermatozoa became nil). 

The less evolved spermatocytes and young spermatids, although greatly 

reduced in number, persisted as long as 6o days post-operative. Thus, 

hormones should affect the yield of spermatogenesis in the hypophy-
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In the present investigation the most evolved germ cell enumer

ated ws the step 7 spermatids. Thus, yield of spermatogenesis re fers 

in the discussion below to the number of step 7 spermatids produced 

per Type A spermatogonia. 

Steroid Hormones Injection of testosterone propionate into 

hypophysectom.ized rats (Figure 24} greatly increases the number of 

spermatocytes and spermatids compared to the number of these cells 

in the untreated hypophysectomized rat. Bowever, compared to the 

normal intact rat the number of spermatogonia, sperma.tocytes and 

sperma.tids is reduced in the testosterone propionate treated hypophy

sectomized rat. Calculation of the ratio of step 7 spermatids to Type 

A sperma.togonia {i.e. the yield} from the data of Table 23 reveals 

that the ratio in the normal intact rat is 113:1 and in the hypophy

sectomized testosterone propionate treated rat it is 103:1. Thus, 

although the absolute number of germ cella in hypophysectomized 

testosterone propionate treated rats is below that of the normal, the 

yie1d o:r spermatids per Type A spermatogonia rema.ins simi1ar. This 

simi1arity to the normal of the yie1d in hypophysectomized testosterone 

propionate treated rats is refiected in Figure 24 by the similarity in 

the àegree of reduction of each of the ce:n..types. 

Injection of testosterone propionate into normal rats causes the 

germ cella to be reduced in number in a manner similar to the reduction 

in number in hypophysectomized rats treated with this hormone (Figure 24}. 

From the data of Table 23 the ratio of step 7 sperma.tids to Type A 
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spe:rmtogonia in normal testosterone propionate treated rats is lo6:1. 

Tbus, althougb the number of cella in these normal rats is reduced 

the yield of spe:rmtogenesis remains the same. Bence i t would appear 

that testosterone is the main steroid hormone involved in the maint

tenance of the normal yield of spermatogenesis. However it does not 

cause the normal yield to be exceeded. 

Other than the testis, the main source of steroid hormones in 

the body, sorne of them androgenic, is the adrenal cortex. Figure 25 

shows that the removal of the adrenal gland has little effect either 

on absolute number of germ cella or on the yield. The number of the 

various germ cella is the same as in the normal intact animal. The 

actual yield calculated from Table 23 is 117 spermatids per Type A 

spermatogonia compared to 113 in the normal intact rat. Thus, 

testosterone appears to be not only the main steroid hormone involved 

in the maintenance of the yield of spermatogenesis, but also to be the 

~ steroid hormone involved. 

Pi tui tary Gonadotropins Figure 26 representa the number of germ 

cella found in hypophysectomized rats treated with FSH or ICSH. Aga.in 

as in testosterone propionate treat.e.Cl. l'ats tr~e number of cella is below 

that of the normal intact rat. When the yield of spermatids per Type A 

spermatogonia is calculated from Table 23 it is :f'ound to be lo8:1. in 

ICSH treated rats and 132:1 in FSH treated rats. Tbus, ICSH main tains 

the yield in a manner similar to testosterone propionate. FSH appears 

to greatly improve the yield. However, the reader should be cautioned 

that the number of Type A-spermatogonia in the FSH treated animale 
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is lower than the ICSH treated groups. On the other band the 

number of step 7 spermatids is higher. Calculation of ratios 

results in a summation of these two differences and causes a higher 

value for the yield. Furthermore, a Chi squared test for difference 

in proportion revealed that all germ Type A spermatogonia, resting 

spermatocytes, pachytene spermatocytes and step 7 spermatids in the 

FSH treated group were reduced by the same proportion, thus the 

apparent improvement in yield by FSH is likely only due to variation 

in the data. FSH most likely has no additional effects to that of 

ICSH. 

Figure 27 depicts the relative number of germ cells per tubular 

cross section in normal rats treated with testosterone propionate, 

testosterone propionate and FSH, or testosterone propionate and ICSH. 

As wa.s noted in the Re sul ts, the number of resting prima.ry spermato

cytes in the testosterone propionate ICSH treated group and the number 

of step 7 sperma.tids in the testosterone propionate FSH treated was 

not significantly different from that of the normal intact rat. How

ever, after correction of the counts with the Sertoli cell correction 

factor (Table 23) these values are now significantly below those of 

the normal. 

Calculation of the ratio of step 7 spermatids to Type A spermato

gonia (i.e. the yield) in the normal rats treated with testosterone 

propionate alone, or with testosterone propionate and FSH and testosterone 

propionate and ICSH, produces ratios of 143:1, 154:1 and 151:1 respectively. 

These are considerably in excess of the yield found in normal intact 

rats (113:1). Examination of Figure 27 reveals that the point in spermato-
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gonia and the resting prima.ry spermatocytes. In proportion to the 

number in the normal intact rat the resting primary spermatocytes 

are present in greater number than are the Type A spermatogonia. The 

improvement in the yield occurs in the number of resting primary 

spermatocytes per Type A sperma.togonia. This improved yield is then 

carried through the pachytene primary spermatocytes and step 7 

spermatids. FSH or ICSH do not appear to improve turther the effects 

of testosterone propionate alone in normal rats. 

Before drawing conclusions from the results of this e:xperiment 

(Figure 27) the resulta of the previous e:xperiment (Figure 24) in 

which testosterone propionate was injected into normal rats must be 

reviewed. In this e:xperiment no improvement in yield of spermatids 

ws found. Thus, doubt is cast on the validi ty of one or other 

e:xperiment. Examination of the protocole of both experimenta revealed 

no valid reas on for discarding ei ther. It would thus appear that the 

response of normal rats to injection of testosterone propionate can 

vary conaiderab~y. Comparing Figure 24 and 27 it is seen that the 

variation is in the number of Type A spermatogonia. Thus, the variation 

in yield is not due to an increa.se in the number of spermatids found 

htt to a. decrease in the number of Type A spermatogonia. 

However, if testosterone propionate injected into normal rats 

can in certain instances improve the yield of spermatids per spermato

gonia, then it must be emphasized that the improvement in yield is 

accompanied by a loss in ~bsolute number of a.ll germ cella. Secondly 
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testosterone propionate therapy alone. 

A noteworthy difference between the normal rats receiving FSH or 

ICSH for 45 days and the hypophysectomized animals injected with the 

sa.me hormones and sacrificed 45 days post-operative, was that the 

Ieydig cella in the normal animals were highly stimula.ted. In the 

hypophysectomized rats the Leydig cells were atrophied. Because of 

these resulta in normal animals it was likely not antibody formation 

to the hormones which caused the failure in the hypophysectomized 

rats. It wouJ.d seem that the Ieydig cells of the hypophysectomized 

rats could not wi thstand the prolonged stimulation whereas the Leydig 

cells of the normal rats, due to better nutritiona.l and metabolic 

conditions, were more resistant. 

The role of ICSH, accepted by most modern workers, is tha.t it 

stimulates the Leydig cells to produce androgen (Woods and Simpson, 

1961; Lostroh et al, 1963; Pa.pkoff, 1965}. The similarity of cell 

counts and yield of spermatids per sperma.togonia in testosterone 

propionate treated hypophysectomized rats and ICSH treated hypophy

sectomized rats supports this finding. Although FSH produced an 

improvement in the yield, the significance of the resulta are doubtful. 

It most likely has no effects additional to those of ICSH. Also in 

the normal rats FSH produced no effects additional to those produced 

by testosterone propionate alone or testosterone propiona.te and ICSH. 

The similarity of effects of FSH to those of ICSH or testosterone 

propionate plus the absence of additiona.l effects would suggest that 
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either FSH acts in a manner identical with ICSH, or that the FSH 

preparation was contaminated with ICSH. Consequently the ICSH would 

be the active principal. The difficulty of removal of ICSH from FSH 

preparations has been previously reported (Woods and Simpson, 1961). 

On the other band pure FSH acts like ICSH in respect to androgen 

secretion in the Sprague-Dawley rat (Pa.pkoff, 1965). 

It has been suggested that both FSH or ICSH are required at 

meiosis {Lostroh et al, 1963). However, in the present experiment 

either hormone or testosterone propionate alone would support meiosis 

in the hypophysectomized rat. However the above mentioned investigators 

studied the effects of hormones on restoration of spermatogenesis in 

long-term hypophysectomized rats, whereas the present investigation 

studied the effects of hormones·on maintenance of spermatogenesis. 

The injection of LTH has been shown to have a beneficia! effect 

on the male reproductive systemwhen injected with ICSH (Segaloff et al, 

1956; Lostroh et al, 1956; Woods and Simpson, 1961). It has also been 

shown to augment the effects of testosterone propionate on the prostate 

(Greyhack et a1, 1955). 'l'hus, presumably the effects of LTH With ICSH 

is through the androgen produced by ICSH injection. 

Examination of Figure 28 indicates that LTH administered with 

testosterone propionate produced no additional effects to the adminM 

istration of testosterone propionate alone. The yield of step 7 sperm

atids per Type A spermatogonia in the testosterone treated group in 

this case is 124:1 and in the LTH treated group it is 105:1 {calculated 

from data of Table 23). In fact r.mappears to have a detrimental effect. 

However, due to the relatively large standard errors of the counts (see 
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testosterone propionate and LTH treatment is not significant. Hence, 

LTH does not increase the yield of cella above the yield produced 

by testosterone propionate alone, nor does it make the yield less. 

Non-gam:togenic Hormones Figure 29 depicts the relative number 

of ger.m cells in the thyroidectomized rats. The Type A spermato

gonia are present in the same number as in the normal intact rat. 

The number of resting and pachytene primary spermatocytes is slightly 

decreased. The yield of step 7 spermatids per Type A spermatogonia 

is 103:1, ( calculated from data of Table 23). This is not greatly 

red.uced from the 113:1 ratio found in the normal intact rat. T.hus, 

the contribution of the thyroid in maintenance of the yield of 

spermatogenesis is rather minor. 

Another hormone not normally considered as being gametogenic 

is growth hormone (GH). However, it has been shown to augment the 

effects of other hormones on the testis (Huggins et al, 1955; Lostroh 

et al, 1956; Lostroh and Li, 1957; Randolph et al, 1959; Woods and 

Simpson, 1961; Boccabe1la, 1964). 

Figure ;o depicts the relative number of cells in hypophysectomized 

rats treated with testosterone propionate alone or with thyroxin, or 

with GH or with thyroxin and GH. All ger.m cells, Type A spermatogonia, 

res ting primary spermatocytes, pachytene primary spermatocytes and 

step 7 spermatids are reduced in number as compared to the intact normal 

rat. The yield of step 7 spermatids per Type A spermatogonia in 

testosterone propionate ~~ated, testosterone propionate thyroxin treated, 
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testosterone propionate GH treated and testosterone propionate thyroxin 

GH treated is 100:1, 107:1, 109:1 and lll:l respectively, as compared 

to 113:1 in the intact rat (calculated from data of Table 23). Thus, 

treatment with thyroxin or GH does not improve the yield above that 

resulting from testosterone propionate treatment alone. 

Figure 30 shows the GH had absolutely no effect on germ cell 

number in the hypophysectomized rat. HY,Pophysectomized rats treated 

with GH alone present the same loss of cells as do the untreated 

hypophysectomized animals, but in the GH treated animals somatic 

growth continued (Figure 32). The re fore, GH does not have lillY subtle 

effects on the testis vhich are masked by the i~jection of large 

amou.;:rts of testosterone propionate. 

One il~:-·tance where a slight improvem::nt in the yield of spermato

genesis was observed in the present investigation was in the intact 

animals with increasing age {Table 4). The yield of step 7 spermatids 

per Type A spermatogonia improved from 97:1 in 206 gram rats to 128:1 

in 400 gram rats. Thus, increasing age a.ppears to slightly increa.se 

the yield of spermatogenesis. 

Before concluding this discussion on the effects of hormone on 

yield of spermatogenesis one point is worthy of note. Change in 

testicular weight has frequently been used to assess the effects of 

hormones on spermatogenesis. In the present investigation hormone 

therapy was found to cause a. loss of germ cells. A decrea.se in 

testicular weight was also consistently observed. However, this loss 

of weight was found in some instances to vary from one hormone group 

to the next when the loss of germ cells did not. For example, in Table 5 
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propionate is greater tban in bypophysectomized rats treated with 

the same hormone. But cell cou.nts reveal no difference in loss of' 

germ cella in these two groups {Figure 24). Thus, it would appear 

that testicular weight is a poor criterion of' germ cell content. 

In conclusion, the e:f'fects of' hormones on the yield of' spermato

genesis appears to be as :f'ollows: l) Hypophysectomy produces a 

rapid decrease in the yield. 2) Injection of' testosterone propionate 

into a bypophysectomized rat will maintain the yield at a normal level 

but will not cause the yield to exceed the normal level. The absolute 

number of stem cella or Type A spermatogonia reduced, the number of' 

spermatocytes and spermatids being reduced proportionally. 3) ICSH 

or FSH will produce similar resulta to those of' testosterone propionate. 

The e:f':f'ects of' ICSH or FSH appear to be due to stimulation of' androgen 

production. 4) The injectiolli of' thyroxin, LTH or GH with testosterone 

propionate into the hypophysectomized rat do not result in any augmen

tation of the effects of testosterone on the yield of spermatogenesis. 

5) Removal of the thyroid or adrenal glands have little or no effect 

on either yield of spermatogenesis or on absolute number of' germ cells. 

6) Injection of testosterone propionate into normal rats resulta in a 

losa of germ cells. The yield of spermatids per spermatogonia in 

these animals may vary from a yield similar to the normal to a greatly 

increased yield. Hawever, when the yield is observed to be increased 

the absolute number of stem cella j~ found to be greatly decreased. 

FSH or ICSH injected with testosterone propionate into the intact rat 
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produce no additional effects to those produced by testosterone 

propionate alone. Increasing age appears to be the only condition 

where the number of stem cells remains constant and the yield of 

spermatids increases. 

Thus it appears that testosterone is the principal hormone 

concerned with maintenance of the normal yield of spermatogenesis. 

The only other effective hormones being ICSH or FSH which stimulate 

production of testosterone. 

Effect of Hormones on the Stem Cell Population 

The third aspect of the effect of hormones on spermatogenesis 

is their influence on the stem cell population. Pituitary ablation 

in the rat resulta in a decrease in the number of stem cells, or 

Type A spermatogonia (Clermont and Morgentaler, 1955). This decrease 

is characterized by a marked loss of cells during 10-15 days post

operative, followed by a gradual and continuous loss of cells to 60 

days post-operative. 

The number of spermatogonia in testosterone propionate treated 

hypophysectomized rats remains nearly constant during 1-9 days post

operative (Figure 23). Between 9-13 days there is a sharp decrease 

in number of Type A spermatogonia. Then, the number of these cella 

remains constant to 26 days post-eperati ve. In the first group of 

experimenta it was observed that the number of Type A spermatogonia 

remained unchanged in hypophysectomized rats treated wi th testosterone 

propionate 35-60 days post-operative (see Table 6. Note: the values 

of this table have not been co-rrected by the Sertoli cell correction 

factor and consequently are higher than those of Figure 23). Thus, 

---····--····--··· 



testosterone propionate would appear to prevent the continuous losa 

of Type A spermatogonia observed in the untreated hypophysectomized 

rat (Clermont and Morgentaler, 1955). On the other hand testosterone 

propionate treatment does not prevent the sharp initial fall in stem 

cells, occurring before 15 days post-operative. 

It may be argued that failure of testosterone propionate therapy 

to maintain the spermatogonia is due to the fact that the hormone 

therapy was not begun until the 5th post-operative day. However, this 

fails to explain an identical loss of Type A spermatogonia in normal 

animals treated with this hormone. Furthermore, in a pilot experiment 

bypophysectomized rats were treated daily with testosterone propionate 

beginning 3 hours after pituitary ablation. This treatment likewise 

failed to maintain the Type A spermatogonia. A group of hypophy

sectomized rats were also injected every l2 hours, rather than daily. 

Again, hormne therapy failed to maintain the normal num.ber of spermato

gonia. Hence, testosterone appears to have only minor effccts on the 

maintenance of the stem cell population of the testis. 

The fact that testosterone propionate therapy in normal rats 

resulta in the same dimunition of Type A spermatogonia as testosterone 

propionate therapy in hypophysectomized rats suggests that a pituitary 

factor under the control of testosterone, is involved in the maintenance 

of the stem cell population. In the hypophysectomized rat this factor 

is absent, and in the testosterone propionate treated normal rats 

secretion of this factor is suppressed. However, the administration of 

FSH or ICSH does not improve the effects on stem cell num.ber of testosterone 

propionate therapy alone (Figure 27), nor does LT.H (Figure 28) nor does 

GH (Figure 30). 
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Boccabe~la and Materazzi {~964) reported that injection of both 

testosterone propionate and GH restored the normal number of Type A 

spermatogonia in the hypophysectomized animal, whereas injection of 

testosterone propionate a~one did not. This finding was not confirmed 

in the present investigation. However, the above authors investigated 

the effects of hormones on the restoration of spermatogenesis in the 

~ong-term hypophysectomized rat whereas the present investigation 

studied the effects of hormones in maintenance of spermatogenesis in 

the hypophysectomized rat. Because of this difference of procedure 

the variation in res~t may be attributed to the fo~lowing observations. 

Bustos (personal communication, 1966) in a study of whole-mounts 

of seminiferous tub~es of the normal rat found two classes of' Type 

A spermatogonia: ~ which divide, renew themselves and give rise to 

differentiating intermediate spermatogonia and are thus the stem cells 

of spermatogenesis; and Ao which do not appear to undergo mitosis. 

Bustos spec~ated that the A0 constitute a reserve of stem cells, which 

un der certain conditions, co~d di vide to repop~ate .denuded areas of' 

seminiferous epithe~ium. 

Recently Dym (pereonal communication, 1966) studying the effects 

of ionizing radiation on the seminiferous epithelium, observed that 

af'ter irradiation of the testis, the A1 spermatogonia disappeared 

from the seminiferous epithe~ium, while the A
0 

remained. Thereafter 

the normal number of ~ spermatogonia reappeared, suggesting that the 

Ao spermatogonia repop~ate the damaged seminiferous epithelium. In 

fact, the number of A1 spermatogonia may exceed the original number. 
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This "rebound" phenomenon has been reported in man (Helier et al, 1950; 

Heckel et al, 1951; Heller at al, 1959). Suppression of spermato

genesis in man by androgen or oestrogen treatment is followed by a 

recovery period in which spe:rm counts exceed the original counts. 

The observations of Dym would suggest that the mechanism wbich 

initiates division of the A0 spermatogonia is serious damage to the 

seminiferous epithelium. It is possible that the findings of Boccabella 

and Materazzi (1964) indicate the damage of the seminiferous epithelium 

produced by long-term hypophysectomy will also initiate the A0 spermato

gonia to divide and repopulate the seminiferous epithelium, but they 

require GH to do this. 

The present investigation was a study of the effects of hormones 

on the maintenance of the seminiferous epithelium. The presence of 

numerous spermatocytes and spermatids possibly suppressed the divisions 

of the reserve stem cell, the A0 spermatogonia. Thus, these cells 

did not divide and replace the 20-30i loss of Type A spermatogonia. 

To explain the reduction in the number of Type A spermatogonia 

in hormone treated rats, one is invariably forced to postulate a 

hormonal lack as being the cause. But what is the hormone involved? 

Hypophysectomy causes a loss in number of Type A spermatogonia. Treat

ment wi.th testosterone propiona.te does not appear to curtail this loss. 

Resulta of testosterone propionate treatment in normal rats reveal a 

similar loss, suggesting that a pituitary hormone which is under the 

control of testosterone is involved. However, neither ICSH nor FSH 

produce an increase in the number of Type A spermatogonia when injected 

al one or wi th testosterone. The secretion of LTH may also be un der 
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the control of testosterone (Woltheus, 1963). However, injection 

of LT.H does not improve the number of Type A spermatogonia. It 

has been suggested that GH secretion can be suppressed by very large 

amounts of testosterone propionate (Meyer, 1948). GH also does not 

increase the number of Type A spermatogonia. The adrenal or thyroid 

gland do not appear to have any effect on the number of stem cells 

or Type A spermatogonia. 

Thus, if the maintenance of normal numbers of spermatogonia 

is indeed under hormonal control, then it is either due to an un

known factor possibly of pituitary origin, or it is due to a delicate 

balance of hormones both testicular and pituitary. This possibility 

of an unknown factor is doubtful because of the findings of Woods 

and Simpson (1961). These authors found that injection of fresh 

pituitary homoginates would not ma.intain testicular weights in the 

hypophysectomized animal better than injections of FSH or ICSH. 

Therefore the failure of the number of Type A spermatogonia to be 

maintained in hormone treated rats would appear to be due to hormonal 

imbalances caused by the injection of exogenous hormone. 

The Mode of Germ. Cell Loss in Hormone Treated Rats 

In the experiment on the effects of short term testosterone 

propionate therapy in the hypophysectomized rat (Figure 23), it was 

noted that the number of Type A spermatogonia remains constant until 

9 days post-operati ve. A loss of the spermatogonia occurs between 

9 and 13 days. At 13 days the seminiferous tubules were occasiona.lly 

found to contain masses of degenerating spermatocytes and spermatids. 

P.reliminary counts of the resting and pachytene spermatocytes of these 
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rats revealed that these cella were reduced by about 20'/o. This find

ing would suggest that at about 13 days post-operative in testosterone 

propionate treated hypophysectomized rats the seminiferous epithelium 

non-selectively sloughs a certain percentage of all germ cell types, 

sperma.togonia, sperma.tocytes and sperma.tids. Tbus, the reduction 

in resting and pachytene primary spermatocytes and step 7 spermatids 

is not a reflection of an initial loss of Type A spermatogonia as 

was previously reported (Harvey, 1963, 1965). 

The above conclusion is also supported by indirect evidence. 

The dura ti on of the cycle of the seminiferous epi theJ.ium in the 

Sprague-DawJ.ey rat is 12.9 days (Clermont and Harvey, 1965). The 

reduction in Type A spermatogonia occurs at 13 days post-operative. 

It wiJ.l require one cycle before this reduction is manifest by the 

resting primary spermatocytes, two cycles before it is manifest by 

the pachytene primary sperma.tocytes and three cycJ.es before it is 

mani fest by the step 7 spermatids. Consequently an initial reduction 

in stem ceJ.ls or type A spermatogonia would not be-detected as a 

simdJ.ar reduction in the step 7 spermatids untiJ. 51.7 days after 

pituitary ablation (i.e. the initial 13 days plus the duration of the 

3 cycles). But after 30 days post-operative (Figure 30) there is a 

proportional loss in the step 7 spermatids and the Type A spermato

gonia. Thus, the reduction in number of germ cell in hormone treated 

rats appears to affect aJ.l cell types at approximately the seme time. 

The observation that at approximately 13 days post-operative the 

seminiferous epithelium non-seJ.ectivelysloughs a certain percentage 
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of the germ cella suggests tha.t the seminiferous tubules in these 

hormone treated rats can no longer contain the large number of cella 

found in the normal intact animal. Moreover, the percentage of 

reduction of eaeh germ cell tupe is constant suggesting tha.t the 

target structure of the va.rious hormones may not be the germ cells 

themselves, but sorne other element of the seminiferous tubules. The 

other elements are the myo epithelia.l-like cells of the limiting 

membrane and the Sertoli cella. 

In discussion of the effects of hormones on the seminiferous 

epithelium, one ha.s a. tendency to concentra.te attention on the germ 

cella and dis regard the Sertoli cella. Granted, the Sertoli cella 

compared to the germ cella constitute, in some respects, a. static 

cell population. In the young rat they are not observed to undergo 

mi tosis after 20 àays of age (Clermont and Perey, 1957; Huckins, 1965). 

In the hypophysectomized rat they are not observed to degenerate as 

do the germ cella (Clermont and Morgentaler, 1955). Althougb the 

Sertoli cells are not observed to degenerate in the bypophysectomized 

animal they are 'Observed to undergo morphological changes (Clermont 

and Morgenta.ler, 1955). These cells become greatly reàuced in both 

cytoplasmic and nuclear volume. The cytoplasm becomes vacuolated and 

loses its numerous processes. Injection of certain hormones, specifically 

FSH, bas been reported to result in a ma.rked response in the Sertoli 

éells but little response in the germ cella (Lostroh et al, 1963; Murphy, 

1965). Indeed the Sertoli cells are the only element of the seminiferous 

epithelium which ha.s been observed to. respond to hormones in tissue 
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culture (Steinberger et al, 1964). Since the germinal elements are 

intimately associated with the numerous cytoplasmic processes of 

the Sertoli cells, any change in the shape or size of these supporting 

cells could result in a loss of germ cells due to insufficient support. 

Thus, the effects of hormones on spermatogenesis may not be on 

the germ cells themselves but rather on the Sertoli cells whioh 

support these germ cells. 



SUMMARY AND CONCLUSIONS 
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The effects of hormones on spermatogenesis bas been, over the 

years, the subject of numerous investigations. Despite the amount 

of work published on this topic, very few studies have attempted to 

assess quantitatively,by cell counting, the effects of hormones on 

sperrna.togenesis. Consequently a study wa.s undertaken to evalua. te 

the effectiveness of various hormones in maintaining germ cell numher 

in the rat. Hormone therapy wa.s comm.enced sbortly after pituitary 

ablation. T.hus the investigation examined the effects of hormones 

on the maintenance of spermatogenesis rather than on the restoration 

or re-initiation of spermatogenesis in the hypophysectomized rat. 

In the first part of the investigation hypophysectomized rats 

were treated with testosterone propionate comm.encing on the 5th 

post-operative day and continuing up to the day of sacrifice 35 to 

60 days post-operative. Histological examination of the testes of 

these animals revealed that spermatogenesis was maintained by the 

hormone therapy. Cell counts revealed no change in the numher of 

germ cella between 35 and 60 days post-operative. However, comparison 

of the counts with those of the norma~ intact rat reveeJ.ed that all 

germ cells in the hypophysectomized testosterone propionate treated 

rats were red.uced by 20-30%. This reduction in number affected all 

germ cell types equally. Tbus, the yield of spermatids per spermato

gonia remained the same as in the normal intact rat. 

Testosterone propionate injection into normal rats caused a 

reduction in number of cells similar to that f'ound in the hypophy

sectomized testosterone propionate treated animale. 

------------------·····················--~· 



Injection of FSH or ICSH into hypophysectomized rats was also 

found to maintain spermatogenesis. However, this maintenance failed 

if therapy was continued beyond 35 days post-operative. Cell counts 

in hypophysectomized animals in which spermatogenesis was maintained 

revealed no difference in the maintenance resulting from FSH or ICSH. 

The germ cells of either group, on the other hand, were reduced as 

compared to the number in the normal intact rat. As in the testosterone 

propionate treated hypophysectomized rats, the reduction in number in 

FSH or ICSH treated rats affected all cell types equally. Thus, the 

yield of spermatids to spermatogonia remained unchanged. The 

similari ty of re sul ts in ICSH treated hypophysectomized rats wi th 

the resulta in testosterone propionate treated hypophysectomized rats 

suggests that the ICSH maintained spermatogenesis by the stimulating 

of the Leydig cells to ·produce androgen. The similarity of the 

resulta of FSH therapy with the resulta of either ICSH therapy, or 

testosterone propionate therapy · suggests that the action of FSH is 

due to one of two reasons. Either FSH bas no effect on the maintenance 

of spermatogenesis, but ICSH contamination of the preparation is the 

active principle, or the action of FSH in the Sprague-Dawley rat is 

identical to that of ICSH. That is, FSH stimulates androgen secretion 

which resulta in maintenance of spermatogenesis. 

One qualitative difference between the effects of FSH and ICSH 

was noted. All dosages of FSH used resulted in consistent maintenance 

of spermatogenesis in hypophysectomized rats up to 35 days post-operative. 

On the other hand, only one,dosage of ICSH caused consistent maintenance. 
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T.his suggests that for practical purposes FSH is the pituitary hormone 

of choice in maintaining spermatogenesis. On the other band it may 

indicate a necessity of FSH for spermatogenesis whicb is not readily 

apparent. 

Cell counts of normal rats treatedwith testosterone propionate 

and FSH or testosterone propionate and ICSH revealed tbat the number 

of germ cells was reduced as compared to the number in the normal 

intact animal. However, the number of Type A spermatogonia was 

reduced proportionally more than wa..s the number of spermatocytes 

and spermatids. Thus calculation of the yield of spermatids per 

spermatogonia resulted in an increased value compared to that of the 

normal intact rat, suggesting that ICSH or FSH injected into the normal 

rat will increase the yield of spermatogenesis. However, the control 

group of testosterone propionate treated nor~ rats in this experiment 

di~played the same increased yield, unlike the previous experiment in 

which the yield in testosterone propionate treated rats bad remained 

similar to the yield in normal intact animale. T.his would suggest 

tbat normal rats may vary considerably in their response to exogenous 

hormones. However, there was no marked difference in the increase in 

yield of spermatids per spermatogonia between the normal rats treated 

with testosterone propionate and the normal rats treated with testosterone 

propionate and FSH or ICSH. Thus, neither FSH nor ICSH will augment 

the effects produced in the normal rat by testosterone propionate alone. 

GH or LTH, hormones which have been shawn to augment the effects 

of testosterone propionate or ICSH in the restoration of spermatogenesis 
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were found to have no augmentive effects to testosterone propionate 

in the maintenance of spermatogenesis in the hypophysectomized rat. 

The removal of the adrenal or the thyroid was not found to 

result in any change in germ cell number in the rat. Thus, these 

two glands do not appear to be essential for the maintenance of 

spermatogenesis. 

Bence it is concluded that: 

1) Testosterone appears to be the main hormone responsible for the 

maintenance of spermatogenesis in the normal or hypophysectomized 

rat. 

2) ICSH or FSH will also maintain spermatogenesis. The ir effect 

does not appear to be on the seminiferous epithelium directly 

but rather through the stimulation of androgen production by the 

Leydig cella. 

3) LTH or GH do not appear to have any role in the maintenance of 

spermatogenesis. 

4) The thyroid and adrenal hormones likewise have no role in mainten

ance of spermatogenesis. 

5) E:x.ogenous hormones, testosterone, ICSH or FSH, which maintain 

spermatogenesis, cannot maintain the normal number of germ cells 

found in intact rats. In all groups hormone treated the number of 

cells is reduced. 

6) The hormones which are found to maintain spermatogenesis are found 

to maintain the normal yield of advanced germ cella per stem cell, 

but do not cause the yield to ·exceed the normal one. The one 
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instance where the normal yield wa.s found to be exceeded wa.s in 

hormone trea.ted normal rats. However, in this instance the yield 

appea.red to be improved only beca.use the number of stem cells bad 

been grea.tly reduced. The yield of spermatids per spermatogonia 

a.ppears, however, to improve wi th age wi thout a. concomi tta.nt los s 

of stem cells. 

7) Failure to ma.inta.in the normal number of germ cells wi th hormones 

appears to be due to an upset of balance of the various hormones 

rather tha.n due to a la.ck of a specifie hormone. 

8) The reduction of germ cell number in hormone treated rats wa.s 

observed to be due to a non-selective sloughing of a percentage 

of a.ll germ cells, sperma.togonia., spermatocytes and spermatids. 

This suggests that the seminiferous tubules of hormone treated 

rats can no longer contain the large number of cells found in the 

normal rat. Th us, the target structure of the hormone may not be 

the germ cells themselves, but some other element of the seminiferous 

tubules such as the Sertoli cells • 
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TABLES 

• 



TABLE l 

AVERAGE WEIGHTS IN GRAMS OF BODY AND ORGANS 

OF NORMAL INTACT RATS 

. Bod;y weight 294 

Testes 2.843 

Epidid;ymes 0.884 

Seminal Vesicles 
and Prostate 1.999 
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TABLE 2 

NUMBER OF GERM CELIS PER TUBULAR CROSS SECTION OF THE INTACT NORMAL RAT 

Type A Res ting Pachytene Step 7 Serto1i 
Spermatogonia Spermatocytes -8permatocytes Spermatids Cel.1s 

Crude Counts 2 • .;2 ± .err 73-3 ± 1.57 83.9 ± 1.o6 259.2 ± 4.5 18.1 ± ·3 

(section 
Nucl.ear Diameter thickness) 
in u 7.8o 5.72 8.o8 6.56 5.92 

True Counts 1.09 ± .03 37.0 ± ·1 36.0 ± ·5 1.23.0 ±. 2.1 



TABLE 2 

AVERAGE WEIGHTS IN GRAMS OF BODY AND ORGANS 

.OF NORMAL RATS OF VARIOUS AGES 

Body Weight Testes Epi didymes Seminal Vesicles and 
Prostate 

2o6 2.161 0.3o6 0.690 

255 2.373 0.451 1.121 

301 2.742 0.583 1.662 

400 2.758 0.946 2.457 
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TA.BLE 4 

NUMBER OF GERM CELLS PER TUBOLAR CROSS SECTION OF NORMAL RATS OF VARIOUS AGES 

Body Weight T.YpeA Res ting Pachytene Step 7 Sertoli 
Spermatogonia Spermatocytes Spermatocytes Sp.ermatids Cella 

2o6 1.15 .± .05 42 ± 1.8 40 ± 1.6 112 ± 3.9 19.8 + .4 

255 1.20 ± .o6 41 ± .8 4o.±. .6 121 ± 3.2 19.5 .±. .4 

301 1.19 .± .ar 38± .6 37 ± 1.5 125 ±-4.0 19.4 ±. ·3 

400 1.10 ± .07 40 ± .6 39 ± ·9 132 ± 2.5 20.4 ± .6 

Mean 1.15 4o 39 123 19.8 



TABLE 5 

AVERAGE WEIGHTS IN GRAMS OF BODY AND ORGANS OF RATS 

TREATED WITH TESTOSTERONE PROPIONATE 

Treatment Body Testes Epi didymes Seminal Vesic1es 
Weight and Prostate 

Normal oi1 
injected 483 3·643 1.323 3·394 

Hypophysectomized 
Testosterone 35d. 191 2.233 0.945 4.458 

Hypophysectomized 
Testosterone 45d. 209 2.368 1.053 4.596 

Hypophysectomized 
Testosterone 55d. 207 2.172 o.gr8 4.994 

Hypophysectomized 
Testosterone 6od. 199 2.017 0.845 4.378 

Normal plus 
Testosterone 45d. 384 3.007 1.407 6.055 
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TABLE 6 

NUMBER OF GERM CELLS PER TUBULAR CROSS SECTION OF HYPOPHYSECTOMIZED RATS TREATED WITH TESTOSTERONE PROPIONATE 

Treatment Type A Res ting Pacbytene Step 7 Sertoli 
Spe:r:matogonia Spermatocytes Spermatocytes Spermatids Cells 

Normal oil injected 1.20 ± .05 34 ± ·3 36 ± ·9 124 ± 2.6 17 .l ± .2 

Hypophysectomized 
Testosterone 35d. .96 ± .09 28 ± .6 28 ±. ·9 109 ± 2.7 19.8 ± ·3 

Hypophysectomized 
Testosterone 45d. .94 ± .05 27 ± .5 29 :1: .5 92 ± 5.9 19.6 ± .2 

Hypophysectomized 
Testosterone 55d. 1.00 ± .05 29 ± .4 29 ± .8 89 ± 2.4 20.1 ± .l 

Hypophysectomized 
Testosterone 60d. .94 ± .05 31 ±. .8 31 .± 1.4 109 ± 2.5 19.8 ± .2 

Normal plus 
Testosterone 45d. .92 ± .Ol 26 .± .6 29 ± .8 93 :1: 6.0 19.1 ± ·3 
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~1 

AVERAGE NUMBER OF GERM CELLS PER TUBULAR CROSS SECTION OF RATS 

TREATED WITH TESTOSTERONE PROPION.M.'E 

Trea:tment Type A Res ting Pachytene Step 1 
Spermatogonia Spermatocytes Spermatocytes Spermatids 

Norme+ oil injected 1.20 ± .05 ;4± .; 36 ± ·9 124 + 2.6 

Hypophysectomized 
plus Testosterone 

(35 to 6o àays) .gr ± .o4 29 ± 1.2 29 ±2.4 100 ± 7.3 

Normal plus 
Testosterone .92 ± .01 26 ± .6 29 .± .8 93 ..±. 6.0 
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'FABLE 8 

AVERAGE WEIGBTS IN GRAMB OF BODY AND ORGANS OF ADHENALECTOMIZED RATS 

Boey Weight Seminal Vesic1es 
Treatment Testes Epididymes · and Prostate 

At Operation At Sacrifice 

Normal (sha.m operated, 
pair fed) 390 39l. 2.864 1.237 2.378 

Adrenal.ectomized 379 :;81 2.928 1~135 2.463 
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TABLE 9 

Nl.JMBER OF GERM CELLS PER TUBULAR CROSS SECTION OF ADRENALECTOMIZJID RATS 

Treatment 

Sham Operated 

Adrena1ectomized 

Type A 
Sper:matogonia 

1.10 ± .05 

1.05 ± .05 

Res ting 
Sperma.tocytes 

32.7 ± .6 

35.8 ± .7 

Pachytene 
Spermatocytes 

32.9 ± .6 

35.8 :1: .6 

Step 7 
Spermatids 

115.9 ± 1.8 

122.8 ± 1.9 

Sertoli 
Ce11s 

18.4 ± .; 

17.9 ± ·3 

e 
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TABLE 10 

AVERAGE WEIGHTS IN GRANS OF BODY A:ND ORGANS OF HYPOPHYSiXJTœiZED RATS TREATED WITH FSH OR ICSH 

Treatment Body Weight Testes Epididyme& Seminal Vesicles 
and Prostate 

FSH 200 pg daily 215.6 1.942 .579 .525 

FSH 150 ;ug daily 219.6 2.206 .653 .543 

FSH lOO )lg daily 217.6 1.718 .510 .349 

ICSH 20 }lg daily 211.4 .998 .305 .311 

ICSH 15 p.g daily 212.0 1.652 .409 .329 

ICSH 10 pg daily 205.4 .949 .332 .461 

... 
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TABLE ll 

NUMBER OF GERM CELLS PER TUBULA:R CROSS SECTION OF HYPOPHYSECTOMIZED RATS TREATED WI'BI FSH OR ICSH 

Treatment 

FSH 150 }lg 

ICSH 15 )lS 

Type A 
Sperœ.togonia 

.74 :1:: .03 

.80 :1:: .03 

Res ting 
Spermatocytes 

32 ± o.4 

31 ± 0.4 

Pachytene 
Spermatocytes 

29 ± 0.5 

29 ± 0.5 

Step 7 
Spermatids 

98 ± 1.7 

87 ± 1.5 

Serto1i 
Ce1ls 

21 ± 0.3 

21.5 ± 0.3 
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':CABLE 12 

AVERAGE WEIGHT m GRAMS OF OODY AND ORGANS OF NORMAL RATS TREATED WITH TESTOSTERONE PROPIONATE 

AND FSH OR ICSH 

Treatment Body Weight • Testes EpididymiB Seminal Vesicles 
and Prostate 

Testosterone 365 2.649 1.091 4.910 

Testosterone and 
FSH (150 )lS) 320 2.810 1.209 5.761 

Testosterone and 
ICSH (15 pg) 350 2.918 1.111 5.524 
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~13 

NUMBElLOF GERM CELLS PER 'IDBUIAR CROSS SECTION OF NORviAL RATS TREATED WITH TESTOSTERONE PROPIONATE 

AND FSH OR ICSH 

Treatment Type A Res ting Pachytene step 7 Sertoli 
Spermatogonia Sperma.tocytes Spermatocytes Sperma.tids Cells 

Testosterone 0.72 ± .o4 32.3 ±. .4 30.1 ±. .3 102.3 ±.. .7 20.5 ± ·3 

Testosterone 
plus FSH 0.77 ± .o4 33-7 ±. .4 32.0 ± .3 119.8 ± .8 20.7 ± .8 

Testosterone 
plus ICSH 0.75 ± .o4 38.4 ± .7 33-7 ± .4 113.2 ± 1.6 20.5 ± .2 
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TABLE 14 

AVERAGE WEIGRT IN GRAMS OF BODY .AND ORGANS OF HYFOPHYSECT<.MIZED RM'S TREAT.ED WITH 

TESTOSTERONE PROPIONAm AND LACTOGENIC HORMONE 

Treatment Body Weigbt Testes Epi didymes Seminal Vesicles 
and Prostate 

Hypophysectomized 213 2.355 .769 3·76o 
Testosterone 

Hypophysectomized 2o4 1.837 .689 3.681 
Testosterone plus LTH 
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TABLE 15 

NtHBER OF GERM CELLS PER TUBULAR CROSS SECTION OF HYPOPHYSECTOMIZED RAm TREATED WI'l'H 

TESTOSTERONE PROPIONA!!E AND LACTOGENIC HORMONE 

Treatment Type A Res ting Pachytene step 7 Serto1i 
Spermatogonia Spermatocytes Spermatocytes Spermatiàs Cells 

Hypopbysectomized 
Testosterone .86 ± .o:; 28.5 ± .8 27.9 ± .4 1o6.1 ±. 5.8 21.2 .:!:. .5 

Hypopbysectomized 
Testosterone plus 
LTH .80 ± .03 29.7 ± 1.4 25.6 ± 1.1 83.8 ± 9.1 21.5 ± .8 
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TABLE 16 

AVERAGE WEIGHT IN GRAMS OF BODY AND ORGANS OF T.B.YROIDECTCMIZED RATS 

Treatment Body Weight 

Tbyroidectomized 
45 days 276 

She.m. operated 217 

Testes 

;.;o1 

;.145 

Epid.i~s 

1.156 

.980 

Seminal Vesicles 
and Prostate 

2.795 

2.270 

e 
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TABLE 17 

AVERAGE NUMBER OF GERM CELLS PER TUBULAR CROSS SECTION OF THYROIDECTOMIZED RATS 

Treatment Type A 
Spermatogonia 

'l'hyroidectomized 1.10 ± .05 

Sham operated l.Ol ± .o4 

Res ting 
Spermatocytes 

32.5 ± 1.1 

36.0 ± 1.3 

Pacbytene 
Spermatocytes 

32.8 ± 1.1 

34.9 ± l.I 

Step 7 
Spermatids 

ll3.9 ± 5.8 

123.2 ± 5.3 

Sertoli 
Cella 

18.3 .± .2 

18.8 + .4 

e 
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TABLE 18 

AVERAGE WEIGHT m GRAMS OF BODY AND ORGANS OF HYPOPHYSECTOMIZED RATS TREATED WITH 

TESTOS'JERONE PROPIONATE, THYROXm AND GROWTH HORMONE 

Treatment Body Weight Testes Epidic'cylœ~s Seminal Vesicles 
and Prostate 

Hypopbysectamized 
Testosterone 203 1.728 .625 3.567 

Hypopbysectamized 
Testosterone plus 
T.hyroxin 208 1.794 .674 3·373 

Hypophysectomized 
Testosterone plus 
Growth Hormone 280 2.155 .822 3·773 

Hypopbysectomized 
Testosterone plus 
Thyroxin and Growth 
Hormone 273 1.826 .717 4.036 
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TABLE 19 ,. ' 

NUMBER OF GERM CELLS PER TUBULAR CROSS SECTION OF HYPOPHYSECTOMIZED RATS TREATED WITH TESTOSTERONE PROPIONATE, 

THYROXIN AND GROWTH HORMONE 

Treatment Type A Res ting Pachytene Step 7 Sertoli 
~ermatogonia apermatocytes Spermatocytes ~ermatids Cella 

Hypophysectomized 
Testosterone .85 ± .o:; 25.9 ± 1.6 28.5 ± :;.:; 84.6 ± 5.5 19.2 ± .4 

Hypopbysectomized 
Testosterone plus 
Thyroxin .81 ± .o4 :;o.1 ± 1.4 26.9 ± .6 85.6 ± 5.9 20.4 ± 1.0 

Hypopbysectomized 
Testosterone plus 
Growth Hormone .83 ± .o4 26.9 ± .9 27.8 ± .4 100.7 ± 5.2 19.7 ± .8 

Hypophysectomized 
Testosterone, Thyroxin 
and Growth Hormone .78 ± .œ 27.9 ± .4 26.9 ± .8 87 .o ± 12.4 18.8 ± .2 
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TABLE 20 

AVERAGE WEIGHTS IN GRAMS OF :BODY AND ORGANS OF HYPOPHYSECTOMIZED BA!l'S TREA!l'ED WITH GROW'l'H HORMONE 

Treatment Body Weight Testes ,Epi didymes Seminal Vesicles 
and Prostate 

Hypophysectomized 
30 àays 196 -551 .148 .243 

Hypophysectomized 
plus Growth Hormone 261 .5o4 .156 .277 
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TABLE 21 

NUMBER OF GERM CELI..S PER 'lUBULA.R CROSS SECTION OF HYPOPHYSECT<.MIZED RATS TREATED WITH GROWTH HORMONE 

Tree:tment Type A Res ting Pachytene Step 7 Sertoli 
Spermatogonia Sperma.tocytes Sperma.tocytes Sperma.tids Cella 

Hypophyaectamized 
30 days ·92 ± .06 21.9 ± .6 9·3 ± 2.2 7·3 ± 2.7 28.8 ± 1.8 

Hypophysectomized 
plus Growth Hormone .ff( ± .08 20.5 :t .5 7.0 ± .7 4.8 ± 1.0 29.2 ± .8 



TABLE 22 

N'UMBI!:R OF SERTOLI CELLS PER TUBULAR CROSS SECTION AND TBEIR 

PERCENTAGE OF THE NORMAL VALUE 

Treatment Number of' Percentage 
Sertoli Cella of' Normal 

Untreated Normal 18.1 lOO 

Normal plus 011 17.1 95 

Hypophysectomized plus 
Testosterone 19.8 llO 

Normal plus Testosterone 19.1 106 

Sham Adrenalectomized 
pair fed 18.4 102 

Adrenalectomized 17.9 99 

Hypophysectomized plus FSH 21.0 116 

Hypophysectomized plus ICSH 21.5 119 

Normal plus Testosterone 
114 (2nd ex:perim.ent) 20.:.; 

Normal plus Testosterone 
114 plus FSH 20.7 

Normal plus Testosterone 
plus ICSH 20.5 113 

Hypophysectomized 
Testosterone 21.2 117 

Hypophysectomized 
Testosterone, Lactogenic 
Hormone 21.5 119 

Thyroidectomized 18.3 lOO 

Hypophysectomized 
106 Testosterone ;J.9.g 

Rypophysectomized Testosterone 
plus Tbyroxin 20.4 113 

Hypophysectomized Testosterone 
plus Growth Hormone 19.7 109 

Hypophysectomized Testosterone 
Thyroxin and Growth Hormone 18.8 104 

Hypophysectomized plus 
Growth Hormone 29.2 161 

Hypophysectomized 
30 days 28.8 159 



TABLE 23 

NUMBER OF GERMINAL CELLS PER TUBULA.R CROSS SECTION OF THE VARIOUS EXPERIMENTAL GROUPS CORRECTED 

BY THE SERTOLI FACTOR 

Treatment T;ypeA Res ting Paehytene step 7 
Spermatogonia Spermatocytes Spermatocytes Spermatids 

Untreated Normal 1.09 J7 :;6 123 

Normal plus Oil 1.27 :;6 37 130 

~hyseo~zed 26 26 91 plus Testosterone .88 
4 

89 Normal plus Testosterone .85 25 27 ®-f Adrenaleotomized 
pair f'ed 1.10 33 33 116 

5 
Adrenalectomized 1.05 :;6 :;6 123 

.64 28 25 85 

Hypophysectomized 
26 24 73 plus ICSH .67 

Normal plus Testosterone 
{2nd experiment} .63 28 26 90 

Normal plus Testosterone 
.68 30 28 105 plus FSH 

Normal plus Testosterone 
plus ICSH .66 33 30 lOO 

~Thyroidectomized 1.10 33 33 114 

.83 28 27 103 
@ Hypophysectomized 

Testosterone 
Lactogenic Hormone .76 29 25 80 

~sectomized 
Testosterone .80 24 27 80 

Hypophysectomized 
Testosterone plus 
Thyroxin .78 29 26 8; 

Hypophysectomized 
Testosterone plus 
Growth Hormone .80 26 27 97 

Hypophysectomized 
Testosterone, Thyroxin 
and Growth Hormone .78 28 27 87 

.84 20 7 5 

Hypophysectomized 
30 days .88 21 9 7 
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Figure l The 14 Cell Associations of the Seminiferous 

Epithelium of the Rat 

Each column number I toxrv schematically representa 
the various cell associations found in the seminif
erous epithelium of the rat. The cells of any one 
column synchronously develop into those of the 
adjacent column to the right and thusly up to XIV, 
which evolvea into I. Wben a given area of aeminif
erous epithelium bas passed through all fourteen and 
returns to i ts starting point a cycle bas occurred. 
Each cell association is referred to as a stage of 
the cycle of the seminiferous epithelium. 

Cell Types: 

A = Type A spermatogonium 
In = Intermediate spermatogonium 
B = Type B spermatogonium 
R = Resting primary spermatocyte 
L = Leptotene prima.ry spermatocyte 
Z = Zygotene primary spermatocyte 
P = Pacbytene prima.ry spermatocyte 
Di = Primary sperma.tocyte in diakinesis 
II = Secondary spermatocyte 

l to 19 Spermatids of the nineteen steps of 
spermiogenesis. The appearance of the 
first fourteen steps in PA-Schiff-hema
toxylin stained sections can be used as 
the sole criterion for identification of 
the stages of the cycle of the seminiferous 
epithelium. 

Subscript m indicates mitosis 

(Taken from Clermont et al, 1959) 
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Figure 2 

Figure 3 

Photomicrograph of a cross section of seminiferous 
tubule stained with PA-Schiff-bematoxylin. This 
section depicts the cell association of stage VII 
of the cycle of the seminiferous epithelium. All 
cell counts were made on cross sections of similar 
tubules. (Magnification X 500) 

A = Type A spermatogonium 
R = Resting primary spermatocyte 
P = l?acbytene primary spermatocyte 
7 = step 7 spermatid 
19 = step 19 spermatid 
s = Sertoli cell 
BM = .Basement membrane 
Lu = Lumen of tubule 

Photomicrograph of a longitudinal section of 
seminiferous tubule stained with PA-Schiff
hemato:xylin, showing the cell association of' 
stage VII. It is noteworthy that the epithelium 
appears essentially the same as in cross section 
of' Figure 2. (Magnit'ication X 800) 

See legend, Figure 2 
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Figure 4 

Figure 5 

Photomicrograph of testis of normal adul t rat. 
PA-Schif'f'-hemato:xylin. (Magnification X 240) 

Photomicrograph of testis of adrenalectomized 
rat 1 45 days. Note that the testis appee.rs 
normal as in Figure 4. 
PA-Schiff-hemato:xylin. (Magnification X 240} 
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Figure 6 

Figure 7 

Photomicrograph of section of testis of a 
hypophysectomized rat treated daily with 
3 mgm of testosterone propionate, 45 days 
post-operative. Note that, although similar 
to normal rat of Figure 4, the seminiferous 
tubules are somewhat reduced in dia.meter. 
PA-Schiff-hematoxylin. (Magnification X 240) 

Photomicrograph of section of testis of a 
normal rat treated daily wi th 3 mgm of 
testosterone propionate for 45 days. T.he 
seminiferous tubules, 1ike tho se of the hypo
physectomized rat treated with testosterone 
propionate, are smaller than those of the 
normal rat (Figure 4). 
PA-Schiff-hematoxylin. (Magnification X 240) 





Figure 8_ 

Figure 9 

Photomicrograph of testis of hypophysectomized 
rat treated daily wi th 150 )lg of FSH, 35 days 
post-operative. Spermatogenesis is weil :main
tained. The tubules, however 1 are s:maller than 
those of the normal animal. Although not 
apparent in this area and at this magnification, 

·the interstitia1 ceils display signs of activity. 
See Figure 14. 
PA-Schiff-hematoxy1in. (Magnification X 240) 

Photomicrograph of testis of a hypophysectomized 
rat treated daily with 15 }lg of ICSH, 35 days post
operative. Spermatogenesis is weil maintained, 
but again the seminif'erous tubules are smal1er 
thaD those of the normal animal. See Figure 15 for 
high magnitication of the interstitial ceils. 
~-Schiff-hematoxy1in. (Magnification X 240) 





Figure 10 

Figure ll 

Fhotomicrograph of testis of normal rat treated 
daily with 3 mgm of testosterone propionate and 
150 )lg of FSH for 45 days. Although apparent1y 
normal, the seminiferous tubules, 1ike those of 
the normal rat treatedwith testosterone propionate 
a1one (Figure 7), are smal1er than those of the 
normal animal (Figure 4). Note that the inter
stitia1 cella at this magnification appear 
stimulated. 
PA-Schiff-hemato:xy1in. (Magnification X 240) 

Photomicrograph of testis of a normal rat treated 
daily with 3 mgm of testosterone propionate and 
15 )lg of ICSH. Spermatogenesis is well maintained 
but the seminiferous tubules may be s1ight1y smal1er 
than those of the normal rat. 
PA-Schiff-hemato:xy1in. (Ma.gnification X 240) 





Figure 12 

Figure 13 

Pbotomicrograph of testis of a hormone treated 
rat {hypophysectomized-FSH} showing degenerating 
cell ma.ss in the lumen of a seminiferous tubule. 
These degenerating cella were occasionally 
observed in all hormone treated groups, norma.l 
as well as bypophysectomized. 
PA-Schiff-hematoxylin. (Ma.gnification X 24o) 

Pbotomicrograph of testis of a bypophysectomized 
rat treated daily with 15 pg of ICSH1 45 days 
post-operative 1 revealing the appearance of the 
testis when hormone therapy had failed to maintain 
spermatogenesis. Comparison with the testis of 
untreated hypophysectomized rat {Figure 21) 
indicates that the impairment of the process is 
not so severe, however, in these hormone treated 
animal s. Testes of animale treated with FSH, 
45 days post-operative, revealed a comparable 
condition, the advanced spermatids being no longer 
present and the seminiferous tubule being greatly 
reduced in dia.meter. 
PA-Schiff-hematoxylin. (Magnification X 240) 





Figure 14 

Figure 15 

P.hotomicrograph of interstitial cells of hypo
physectomized rat treated daily wi th 150 p.g of 
FSH, 35 days post-operative. The Leydig cella 
are large and pale w1 th prominent nucleoli, 
presumably indieating a high degree of activity. 
The dark, intensely stained cells are macro
phages. 
PA-Schiff-hematoxylin. (Magnifieation X 940) 

P.hotomierograph of interstitial eells of 
hypophyseetomized rat treated daily wi th 15 )lg 

of ICSH, 35 daya post-operative. The Leydig 
cella, like those of FSH treated animals 
(Figure 14), show aigns of marked aetivity. 
PA-Sehiff-hematoxylin. {Magnification X 940) 

• 
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Figure 16 Photomicrograph of section of testis of 
hypophysectomized rat treated daily with 5 mgm 
of testosterone propionate and 1 IU of lactogenic 
hormone, 50 days post-operative. Spermatogenesis 
is evidently well ma.intained as spermatozoa are 
being released from the epithelium. 
PA-Schiff ... hema.toxylin. (Magnification X 250) 
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Figure 17 

Figure 18 

Photomicrograph of section of testes of adrenal
ectomized rat, 45 days post-operative. The 
seminiferous tubules appear to be completely 
normal. 
PA-Schiff-hema.toxylin. (Magnification X 250) 

P.hotomicrograpb of section of testes of a 
hypophysectomized rat treated daily with 3 mgm 
of testosterone propionate and 2 )lg of DL
thyroxin, 30 daye post-operative. The semin
iferous tubules display no great difference from 
those of the normal. 
PA-Schiff-hematoxylin. (Ma.gnifieation X 250) 
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Figure 19 

Figure 20 

Photomicrograph of section of testis of 
hypophysectomized rat treated daily with 3 mgm 
of testosterone propionate and 0.5 USP of growth 
hormone, 30 days post-operative. The seminiferous 
tubules are not strikingly different from those 
of the normal rat. 
PA-Schiff-hematoxylin. (Ma.gnification X 250) 

Pbotomicrograph of section of testis of 
hypophysectomized rat treated daily with 3 mgm 
of testosterone propionate, 2 pg of DL-thyroxin 
and 0.5 USP of growth hormone, 30 days post
operati ve. Again the seminii'erous tubules 
appear similar to those of the normal rat. 
PA-Schiff-hematoxylin. (Magnification X 250) 
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Figure 21 

Figure 22 

Photomicrogra.ph of' testis of' an untreated 
hypophysectomized rat, 30 days post-operative. 
The semini:f'erous tubules are greatly reduced 
in size with a concurrent 1oss of many of the 
ger.m cella. On1y the occasional spermatid 
remains ( arrow) • 
P~Schif'f'-hematoxylin. (Magnification X 250) 

Photomicrogra.ph of testis of a hy:pophysectomized 
rat, treated with 0.5 USP of growth hor.mone, 30 
days post-opera ti ve. The picture is basical1y 
the same as that of' the untreated hypophysectomized 
animal (Figure 21). Aga.in a :f'ew young spermatids 
are still present (arrow). 
PA-Schi:f'f-hematoxy1in. (Magni:f'ication X 250) 
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Figure 23 This figure graphically representa the number 
of Type A sperm.e.togonia per tubular cross 
section in hypophysectomized testosterone propionate 
treated rats, 3, 6, 9, 12 and 26 days post-operative. 
Animals were treated with 3 mgm of testosterone 
propionate commencing on the 5th post-operative day. 
Cell counts are corrected by Abercrombie 1 s formula 
and the Sertoli cell correction factor. Cell 
number 3, 6, and 9 days post-operative are not 
significantly different from the number in the 
intact rat. Cell number 12 and 26 days :post
operative are not si~ificant1y different f'rnm 
each other but are significantly different from 
the ce11 number in the normal animal (. 01 p • 001) • 
Ft~hermore, the number of T,ype A spermatogonia 
per tubular cross section at 12 days post-operative 
is not s1gnificant1y different from the number 
found in testosterone propionate treated hypophy
sectomized rats 35 to 6o days post-operative. 
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Figure 24 

Figures 24 to 31 inclusive are histiograms 
constructed from the data of Table 23. .Ali. 
counts have been previously corrected by 
Abercrombie • s formula and the Sertoli cell 
correction factor. The number of each cell 
type in the intact aàult rats bas been taken 
as lOO% and the number found in the various 
experimental groups is represented by the 
appropriate percentage of the normal. 

Relative number of germ cella per tubular 
cross section in rats treated with 
testosterone propionate. 

N = intact adult rats 
B+TP = hypophysectomized rats treated daily 

with 3 mgm of testosterone propionate, 
pooled values of animals 35 to 6o days 
post-operative 

N+TP = adult rats treated daily with 3 mgm 
of testosterone propionate for 45 days 

B = untreated hypophysectomized rats 44 days 
post-operative. (Calculated from the 
data of Clermont and Morgentaler, 1955.) 
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Figure 25 Relative number of germ cells per tubular 
cross section in adrenalectomized rats. 

N = intact adult rats 
C = control rats, sham operated, pair-fed 
Aà:x: = a.dult rats adrenalectomized for 45 days 
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Figure 26 Relative num.ber of germ cella per tubular 
cross section in hypophysectomized rats 
treated with FSH or ICSH. 

N = intact adult rats 
FSH = bypophysectomized rats treated dai1y 

with 150 )lS of FSH, 35 days post•operative 
ICSH = hypophysectomized rats treated daily 

with 15 ug of ICSH, 35 days post-operative 
H = untreated bypophysectomized rat 44 days 

post-operative. (Ca1culated from the data 
of Clermont and Morgentaler, 1955) 
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Figure 27 Relative number of germ cella per tubular 
cross section in adult rats treated with 
testosterone propionate and FSH or ICSH. 

N = intact adult rats 
TP = adul t rats treated daily wi th 3 mgm 

of testosterone propionate for 45 days 
TP+FSH = adult rats treated daily with 3 mgm 

of testosterone propionate and 150 Fg 
of FSH for 45 daye 

TPa:CSH= adult rats treated daily with 3 mgm 
of testosterone propionate and 15 pg 
of ICSH for 45 days 
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Figure 28 Relative number of germ cella per tubular 
cross section in bypophysectomized rats 
treated with testosterone propionate and 
lactogenic hormone. 

N = intact adult rats 
TP = hypophysectomized rats treated daily 

vith 3 mgm of testosterone propionate, 
30 days post-operative 

TP+LTH = hypophysectomized rats treated daily 
with 3 mgm of testosterone propionate 
and 1 IU of lactogenic hormone, 30 days 
post-operative. 
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Figure 29 Relative number of germ cells per tubular 
cross section in normal and tbyroidectomized 
rats. 

N = intact adult rats 
T.4x = adult rats tbyroidectomized for 45 days 
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Figure 30 Relative number of germ cells per tubular 
cross section in hypophysectomized rats treated 
daily wi th testosterone propionate 1 thyroxin 
and growth hormone. 

N = intact adult rat 
TP = hypophysectomized rats treated daily 

with 3 mgm of testosterone propionate, 
30 days post-operative 

TP:T4 = hypophysectomized rats treated daily 
with 3 mgm of testosterone propionate 
and 2 p.g of DL-thyroxin, 30 days post
operative 

TP:GH = hypophysectomized rats treated daily 
with 3 mgm of testosterone propionate 
and .5 USP of growth hormone, 30 days 
post-operati ve , 

TP:T4:GH = hypophysectomized rats treated daily 
with 3 mgm of testosterone propionate, 
2 ,.ug of DL-thyroxin and • 5 USP of 
growth hormone, 30 days post-operative 
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Figure 31 Relative number of germ. cells per tubu.la.r 
cross section in untreated hypopbysectomized 
rats and bypopbysectomized rats treated daily 
wi tb growtb boriOOne. 

N = intact adult rats 
H = untreated bypopbysectomized rats, 30 days 

post-operative 
GH = bypopbysectomized rats treated daily wi tb 

• 5 USP of growth homone, 30 days post
operative 
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Figure 32 Growth curves of intact adult rats (N) 1 untreated 
h;ypophysectomized rats {H) and hypophysectomized 
rats treated da.iJ.y with .5 USP of growth hormone 
(H+GH). 
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APPENDIX 



i 

SERTOLI CELL CORRECTION FACTOR 

Clermont and Morgentaler (1955) proposed the use of the 

Sertoli cell correction factor to adjust germ cell counts for 

shrinkage of the seminiferous tubule. In the ir study of germ cell 

number in the hypophysectomized rat, it was found that the seminif

erous tubules became progressively smaller following hypophysectomy. 

The decrease in diameter was readily ascertained from measurements 

in histological sections. However, the reduction in length of the 

tubules was not. The above authors observed that the number of 

Sertoli cells increased per tubular cross-section following hypophy

sectomy. Tubular shrinkage would also re sul t in a larger number 

of the remaining germ cella to appear in cross section. Consequently, 

the percentage increase of Sertoli cella could be used as an index 

of tubular shrinkage, and the counts of germ cell adjusted. The se 

corrected counts of germ cells were felt to present a better indication 

of germ cell content of the testes of hypophysectomized rats. 

In the present investigation the Sertoli cell correction factor 

was also employed. Treatment with hormones in all instances resulted 

in a decrease in germ cell number, but in an increase in Sertoli number 

per tubular cross section. The increase in Sertoli cell number was 

interpreted as indicating shrinkage of the seminiferous tubules. 

Following this shrinka.ge, the number of germ cells would be increased. 

Although the number of germ cella were found to be less than in the 

normal, it was felt that the number was not an accurate index of the 



degree of cell loss in these hormone treated rata. Consequently, 

the Sertoli cell number was uaed to adjust the germ cell counts 

The use of the Sertoli cell correction factor depends on the 

following assumptions; 1) The re are no mi tosis of the Sertoli 

cella; 2) Counts of nucleoli are an ac cura te index of Sertoli 

ii 

cell numher; 3) Increase in number of Sertoli cells is an accurate 

index of shrinkage of the seminiferous tubule. 

Firstly, considering mitosis: the Sertoli cells in the young 

intact rat undergo their last mitotic division before 20 days of 

age (Clermont and Perey, 1957; Huckins, 1965). Radioautography wi th 

thy.midine-H3 may be used as a specifie method of detecting di vi ding 

cella (Amano et al, 1959). Sertoli cella in the adult rats have 

not been observed to be labelled with thy.midine-H3 (Clermont et al, 

1959; Ne bel and Murphy, 1960). Furthermore, Sertoli cells in hormone 

treated rats are not labelled (Desclin and Ortavant, 1963; Clermont 

and Harvey, 1965). T.hus, it appears safe to assume that increase in 

the number of Sertoli cella per tubular cross section is not due to 

mitosis of these eells. 

Secondly, considering the reliability of counts of nucleoli as 

being an index of Sertoli cell number: as stated in Materials and Methods, 

only Sertoli cells in which the large, prominent nucleolus was present 

in the plane of section were enumerated. The nuclei of Sertoli cella 

being large and very irregularly shaped are difficult to measure. 

Therefore, application of Abercrombie • s Formula. is impossible. The 

nucleolus is a relatively small, regularly shaped structure. Counting 
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of only Sertoli cells which contain this structure should give an 

accurate index to cell number. This accuracy is conditional on the 

Sertoli cells conta.ining only one nucleolus. Bustos (1966; personal 

communication) reported tbat 95~ of Sertoli cells contain one 

nucleolus. The remaining 5~ con tain two 1 one large and one very 

small. In his investigations he employed DNAse which removes all 

the chromatin from the nucleus thus making the nucleoli clearly 

visible. In the present investigation cell counts were made on 

ordinary bistological preparations. Tbus, cbromatin would mask the 

small nucleolus in cells containing two of tbese structures and the 

cells would appear to have only one nucleolus. 

One may argue tbat hormone tberapy may ebange nucleolar number. 

However, no reports of this are reported. Furthermore, a survey of 

several bundred Sertoli cells in the hormone treated rats failed to 

reveal any increase in the incidence of two nucleoli. Hence, it is 

concluded tbat enumeration of Sertoli cell nucleoli is an accurate 

index of Sertoli cell number. 

Thirdly, considering the re11ab11ity of Sertoli cell number, 

increase in cross section as an index of shrinkage of the seminiferous 

tubules: in the intact rat, the Sertoli cells are known to change 

considerably in shape during the cycle of the seminiferous epithelium 

(Leblond and Clermont, 1952). However, the number of cells per area 

of basement membrane remains constant regardless of the cycle (Bustos, 

1966; personal communication). This constancy per area of basement 

membrane bas been interpreted to support the premise tbat changes in 
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number of these cells per cross section is an indication of changes 

in length of the seminiferous tubule. 

Table I illustrates the application of the Sertoli cell correction 

factor. The number of germ cells of two groups of normal, intact rats. 

In one group the counts were obtained from standard histological 

sections. In the ether group the counts were obtained from sections 

of testes which had been severely shrunken during histological pro

cessing. In this latter group the number of germ cells and Sertoli 

cells are increased as compared to the former control group. Correction 

of the counts in the shrunken group brings the number of germ cells 

into line with those of the control group. 

Finally, the frequency distribution of Sertoli cells per cross 

section of seminiferous tubule was examined (Figure I). The distribution 

in normal intact animals is slightly skewed. Also shown is the distri

bution in normal animals in which shrinkage due to histological fixation 

occurred. The experimental group depicted is FSH treated hypophy

sectomized rats. This group is pur.posely shown in that it has been 

suggested that FSH affects Sertoli cells (Lostroh et al, 1963; Murphy, 

1965). (Testosterone propionate treated and ICSH treated rats were 

also tested and found to give the same distribution as FSH treated.) 

In Figure I one sees that the shift in distribution of Sertoli cells 

in the hormone treated group is the same as the shift in the distribution 

of these cella in tissue which is known to be merely shrunken. !l'his 

suggests that the increase in number of Sertoli cella in hormone treated 

rats is most likely a result of simple tubular shrinkage rather than a 

change in the Sertoli cells themselves. 



Figure I This figure is a plot of the number of cross 
sections of seminiferous tubules containing 
various number of Sertoli cella. Based on 
5 animals per group. 

Normal = intact adult rats 
Normal shrunken = intact adult rats in which 

tissue shrinkage of the 
testis bad occurred during 
histological processing 

FSH = hypophysectomized rats treated 
da.ily with 150 pg of FSH, 
35 days post-operative 

•· 
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TABLE I 

NlJ.MBER OF GERM CELtS PER TUBULAR CROSS SECTION IN TWO GROUPS OF NORMAL RATS: 

DEMONSTRATION OF SERTOLI CELL CORRECTION FACTOR 

Treatment Type A Resting Pa.chytene Step 7 Sertoli 
Spermatogonia Spermatocytes Sper:matocytes Spermatids Cells 

Normal 1.09 37 ;6 123 18.1 

Normal 
(poorly fixed) 1.15 41 40 125 19.8 

Poorly fixed 
Corrected 1.05 37 36 114 

-
Sertoli Factor ~x lOO = 109']b 
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