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CHAPTER I 

HISTORICAL REVIEW AND INTRODUCTION 

The human testis is an incredibly complex organ. It has both 

endocrine and exocrine functions, producing androgenic hormones as 

well as the haploid male gametes. A diversity of cell types and a 

variety of cellular relationships are required to carry out testi

cular functions. Each cell type present has its own unique func

tion in the production of spermatozoa. To further complicate 

matters, each cell type is dependent on other cell types for sus

tenance and existence. Additionally, the testis is extremely 

sensitive to physical and physiological changes in its environment. 

This sensitivity is manifested as alterations in structure and/or 

function within testicular cells. For these reasons, all cells of 

the seminiferous tubules, as well as extratubular cells, should 

be included in a study of the testis. 

The human testis consists of many coiled seminiferous tubules 

lined by the germinal epithelium. The intratubular elements are 

made up of the germinal or spermatogenic cells and the sustentacular 

cells of Sertoli. The germinal cells undergo a complex process of 

proliferation and differentiation to form spermatozoa, the motile 

male gametes. 

Spermatogenesis can be divided into three major jdiases: a 

premeiotic phase, a reduction division phase, and a postmeiotic 

phase (Heller and Clermont, 196^). In the first phase, the 



germinal cells or spermatogonia proliferate, not only to give rise 

to a generation of more differentiated cells, the primary sperma

tocytes, but also to simultaneously renew themselves. The primary 

spermatocytes undergo meiosis to yield secondary spermatocytes 

that almost immediately undergo mitosis to give rise to young 

spermatids, that differentiate to yield mature spermatozoa. 

Clermont (1963, 1966b) and Heller and Clermont (l96^) reported 

three different types of spermatogonia in paraffin sections. These 

were identified as the dark type A (AD), the pale type A (AP) and 

type B spermatogonia. The dark type A spermatogonia was postulated 

to be the most primitive type while the type B spermatogonia were 

considered the most differentiated type, giving rise to primary 

spermatocytes. Rowley et. al. (l97l)> utilizing electron micro

scopy as well as light microscopy, were able to distinguish four 

types of human spermatogonia. These types were the AD, AP, and B 

as reported above along with a new type of spermatogonium, the 

type A long (AL). It was suggested that the type AL was the most 

primitive spermatogonium. The morphological features used in dis

tinguishing spermatogonial cell types in man include the type, size, 

and placement of the nucleus, chromatin granulation and density of 

the nucleoplasm, nucleolar type and placement, nuclear "blebs" and 

"stripes", cell shape and attachment to the limiting membrane of 

the tubule (basal lamina), mitochondrial relationships with each 

other and with the nuclear envelope, and presence or absence of 

fibrillar bodies, lamellar bodies, and glycogen (Rowley et. al., 

1971). 



In the hiiman testis, the type B spermatogonia undergo mitosis 

to give rise to preleptotene (resting) primary spermatocytes 

(Heller and Clermont, 196^; Clermont and Bustos-Obregon, I968). 

The amount of deoxyribonucleic acid is duplicated in the prelepto

tene primary spermatocyte for the last time during spermatogenesis 

(Heller and Clermont, 196^). Following the resting phase, the 

primary spermatocyte undergoes meiosis, the synaptinemal complex 

persisting from the leptotene through zygotene phases. The second

ary spermatocyte is formed as a result of the first meiotic divi

sion (Clermont, 1963). After a very brief interphase the secondary 

spermatocyte undergoes a second meiotic division to form young 

spermatids (Bloom and Fawcett, I968). 

The fine structure of the mammalian spermatid was initially 

described by Brafield (l956). Each nevrly formed spermatid under

goes a slow, complex metamorphosis termed spermiogenesis. The 

sjjheroid nucleus, becomes conical in shape as the nuclear chromatin 

condenses (Anberg, 1957; de Kretser, I969). Simultaneously, the 

polyhedral cytoplasm elongates as the spermatid matures into a 

spermatozoon (Schultz-Larsen, 1958; Clermont, 1966a). The 

spermatozoon is sloughed off by the germinal epithelium and enters 

the lumen of the seminiferous tubule, moving along to the tail of 

the ductus epididymis (Rowley et. al., 1970). It is within the 

epididymis that the spermatozoon becomes fully mature and actively 

motile (Ham, I969). 

The germinal cells occupy the bulk of the seminiferous 

epithelium. The remaining cellular element within the tubule is 



the Sertoli cell. The Sertoli cell is a tall columnar cell of 

irregular contour, ramified by the germinal cells (Heller and 

Clermont, 196^). The basal portion of the Sertoli cell is at

tached to the basal lamina, the apical portion extending into the 

lumen of the tubule. The organelles of the Sertoli cell are 

usually accumulated in the basal and paranuclear portions of the 

cell. The cell surface of the Sertoli cell is indistinct at the 

light microscopic level. Fawcett and Burgos (1960) and Bawa 

(1963)* utilizing electron microscopy, showed that Sertoli cells 

in man are not a syncitium as had been thought earlier. Although 

the Sertoli cell has been implicated in steroid hormone production 

(Brockelmann, I963) and phagocytosis of gonocytes (Black, 1971)> 

the function generally attributed to the Sertoli cell is that of 

supportive and nutritive element, conducting metabolic inter

change between germinal cells and the blood stream (Nagano, I966; 

Burgos et. al., 1970). 

The interstitial cells of Leydig are found outside the 

seminiferous tubule. The principal function of the Leydig cell 

is that of androgenic steroid hormone secretion. These hormones 

are necessary for the development of secondary male sex charac

ters in man (Fawcett and Burgos, I96O; Christensen and Mason, 

1965; Hall et. al., I969). The Leydig cell fine structure has 

been reported by Christensen and Fawcett (1966), de Kretser 

(1967)> and Yasazumi et. al. (1967)* The abundant smooth endo

plasmic reticulum of these cells has been implicated as the 



biosynthetic site of steroid hormones (Christensen and Fawcett, 

1966). 

Although the function of all mammalian testes is the pro

duction of haploid male gametes, certain structural and functional 

characteristics of the human testis are different from those 

observed in other species. At present, four spermatogonial types 

are known in man (Rowley et. al., 1971)• In contrast, six sperma

togonial types have been described in the morkey (Clermont, I969) 

and seven have been reported in the rat (Clermont and Bustos-

Obregon, 1968). Although human spermatocytes are similar in 

morphology to other species studied, spermatocyte morphology 

varies from species to species, including man (Courot et. al., 

1970). 

Heller and Clermont (l964), in a study of kinetics in the 

human testis, found that five or six generations of germinal cell 

types occur at any given time. The most undifferentiated cells 

are found at or near the basal lamina while more mature cells are 

located in the proximity of the lumen. Definite cellular associa

tions axe found in man (Clermont, I963) and in the other mammals 

(Perey et. al., I961). The cellular associations correspond to 

stages of a cycle in the seminiferous epithelium. In mammals 

other than man, only one cell association is evident per cross 

section of seminiferous tubule (Heller and Clermont, 196^). Waves 

of different cell associations occur throughout the length of the 

tubules (Perey et. al., I961). In man, more than one cell associa

tion usually is present in any tubular cross section, and cell 



associations occur in groups or patches (Heller and Clermcnt, 196^). 

Crystalloids, which occior frequently in human testis, have 

rarely been observed in other species (Burgos et. al., 1970). 

Crystalline structures have been observed in the cytoplasm of 

spermatogonia, Sertoli cells, and Leydig cells of the human 

testes (Sohval et. al., 197l). Crystalline-like arrays of micro

tubules were observed in Leydig cell nuclei of human testes in the 

present study. 

The structure and function of the human testis is highly 

dependent on its hormonal milieu. The testis cannot achieve or 

maintain normal function without the support of the gonadotropins, 

derived from the pituitary gland (Creep et. al., 1936). The two 

principal gonadotropins are follicle stimulating hormone (FSH) 

and interstitial cell stimulating hormone (ICSH). FSH is generally 

thought to act directly on the germinal epithelium, maintaining 

spennatogenesis (Heller and Laidlaw, 1958; Greep, 1961) while ICSH 

acts indirectly by producing the stimulus for the release of andro

gens by the interstitial cells of Leydis: (Creep and Fevold, 1937)* 

The Leydig cells, in turn, stimulate the germinal epithelium 

(Creep et. al., 1936; Heller and Laidlaw, 1958). 

Studies of hormonal control of the mammalian spermatogenic 

process have, in general, followed the classic lines of investi

gation of endocrine organs, utilizing the techniques of ablation 

and replacement therapy (Steinberger, 1971)• With the isolation 

and synthesis of testosterone in 1935 "^Y Butenandt and Harrisch, 

and Ruzicka and Wetlstein (as cited in Hall, 1970), the effects 



of testosterone were extensively studied in the following decade. 

Cutuly and Cutuly (l9^0) concluded that the premeiotic phases of 

spermatogenesis proceed independently of any hormone factors, 

that reduction division requires gonadotropins, and that spermio

genesis is either independent of hormones or may require androgens. 

Several sex hormones have been found effective in suppressing 

spermatogenesis completely. The hormones include testosterone, 

estrogens, and progestins (Heller and Laidlaw, 1958). The observa

tion that small doses of testosterone propionate given daily 

caused atrophy of the seminiferous epithelium in intact rats, 

while larger doses did not (Moore and Price, 1938) presented an 

enigma. Ludwig (l950) later demonstrated that low doses of 

testosterone propionate produced testicular damage by an indirect 

mechanism that involves suppression of pituitary gonadotropins. 

High doses of testosterone, although exerting a suppressive action 

on pituitary gonadotropins as well, are capable of affecting the 

spermatogenic process directly, thereby allowing spermatogenesis 

to proceed in a normal manner despite markedly diminished 

gonadotropin levels. 

Steinberger and Duckett (1965) reported that spermatogenesis 

in intact, testosterone treated rats commenced at the expected 

time. Spermatogenesis preceded normally up to primary spermato

cytes but appearance of spermatids was significantly delayed. 

Maturation beyond the middle stages of spermiogenesis was inter

fered with while complete maturation did not occur in animals up 

to three months of age. 
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Steinberger (l97l) has proposed that testosterone governs the 

process of reduction division in spermatogenesis. In addition, 

testosterone may assume a role in multiplication and growth of 

gonocytes occurring prenatally, as well as the first few days 

after birth, and with the formation of primitive type A sperma

togonia. The early stages of spermatid formation may or may not 

require testosterone. 

Investigations concerned with the effect of testosterone on 

human testes conducted by Hotchkiss (l9^) and Heller et. al. 

(1950) revealed that exogenous testosterone caused atrophy of the 

siminiferous epithelium. Spermatogenesis progressed only to 

spermatogonial stages. A pronounced change occurred in the basal 

lamina of the seminiferous tubules. The severe atrophy apparently 

was not ameliorated when high doses of testosterone were employed. 

It has been firmly established that both of the gonadotropic 

hormones, as well as the androgens, are involved in spermatogenesis. 

However, the degree of involvement of each may vary in different 

species (Courot, 1967; Clermont and Harvey, 1967; Lohstroh, I969). 

Furthermore, markedly different results are obtained, depending on 

the maturity of the animal used for experimentation (Moore and 

Price, 1938). 

Thus far, the published studies concerned with the effect of 

testosterone on the human testis have been conducted largely at 

the level of light microscopy. Little evidence of androgenic 

effects on cellular ultrastructure and enzymic localization has 

been accumulated. 



The testis consists of mar̂ y different, but interrelated cell 

types, each with its own particular structure and function. The 

testicular tissue does not lend itself to cellular isolation 

procedures. For this reason, the various cell types are not 

conducive to biochemical studies. Furthermore, it is not possible 

to secure a sufficient quantity of cells for biochemical studies. 

The testis, therefore, is an ideal tissue for electron micro

scopic cytochemistry, a method of study which has direct access 

to single cells. 

Until the development of electron microscopic cytochemistry, 

no direct method of simultaneous observation of cellular ultra-

structure and enzyme localization existed. The fundamental con

cept of this technique involves an electron-dense metal precipitate 

that is deposited at the site of an enzyme-substrate complex. 

Since the site of the electron dense precipitate is the identical 

site of the enzyme sought, the localization of enzymes, as well as 

the morphology of the cells under study, can be directly observed. 

An important function of enzyme cytochemistry is to demon

strate cellular distributions of enzymes and enzyme alterations 

elicited by various physiological and pathological conditions. 

Many of the phosphatase enzymes are considered "marker" enzymes 

since they generally are localized at specific sites within the 

cell (Novikoff et. al., 1962; Novikoff, 1963; Novikoff and 

Biempica, 1966). Phosphatase enzymes are involved in mar-y cellulsir 

metabolic pathways including digestion, biosynthesis, and transport. 

Since the individual testicular cell types cannot be readily 
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studied by biochemical methods, electron microscopic enzyme 

cytochemistry affords the only means for direct study of various 

pathologic and physiologic agents on the metabolism and structure 

of testicular cells. 

Electron microscopic cytochemical studies on human testicular 

tissue are few in number. Except for steroid synthesis, the 

general enzymology of the testis is incompletely known (Blackshaw, 

1971). Yasazumi et. al. (I967) did report that adenosine 

triphosphatase was localized in the nuclear pores of Leydig cells 

in aged human testes. 

The ultracytochemistry of rodent testes is well documented. 

Acid phosphatase activity was reported by Reddy and Svoboda (l967)> 

Posalaki et. al., (1968), and Frank and Christensen (1968) to be 

present in rodent seminiferous epithelium. Reddy and Svoboda (1967) 

utilized an antispermatogenic agent to induce lysosmal acid phos

phatase activity in Sertoli cells of degenerating rat testes. Frank 

and Christensen (1968) were able to localize acid phosphatase in 

lipofuscin granules and on the inner cisternae of Golgi-elements 

in guinea pig testes, suggesting that these autophagic vacuoles 

are derived from the Golgi complex. Tice and Barnett (1963) 

reported several nucleoside phosphatases to be present in the 

seminiferous epithelium of the rat. Acid phosphatase activity was 

found to be present in the dense bodies of the Sertoli cells as 

well as in the Golgi complex of spermatogenic cells. Adenosine 

triphosphatase activity was found on the plasma membranes of 

spermatogonia, early spermatocytes, and late spermatids and, to 
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a lesser extent, in secondary spermatocytes and young spermatids. 

Nonspecific phosphatase activity was observed in the basement 

membranes of the seminiferous tubules at neutral pH, as well as 

in the pinocytotic vesicles in the connective tissue underlying 

the tubules. Gordon and Barrnett (1967) observed adenosine 

triphosphatase activity in the plasma membranes, outer membrane of 

the acrosome vesicle, axial filament, and mitochondrion of sperma-

tozoons. Elkington and Blackshaw (l970) have determined locali

zation sites of several dehydrogenase enzymes in testosterone 

treated rat testes. However, the localization of nucleoside 

phosphatase enzymes, utilizing electron microscopic cytochemistry, 

in testosterone treated human testes has not been previously re

ported. 

The present study was designed to determine morphological 

and enzyme localization alterations that occur in the human testis 

diiring and after administration of exogenous testosterone propionate. 

Three phosphatase enzymes, acid phosphatase, adenosine triphosphatase, 

and glucose-6-phosphatase, were localized in control and testosterone 

treated testes. Ultrastruetural alterations elicited by exogenous 

testosterone were also determined, and an attempt was made to 

correlate morphological changes with alterations in enzyme locali

zations. 



CHAPTER II 

MATERIALS AND METHODS 

Control and testosterone treated human testes were studied 

utilizing electron microscopic cytochemistry. Biopsied tissues 

were supplied through the courtesy of Dr. Carl G. Heller, Division 

of Reproductive Physiology, Pacific Northwest Research Foundation, 

Seattle, Washington. Five volunteer inmates of the Oregon State 

Prison were subjected to either 25 mg or 50 mg (but not both) 

daily doses of testosterone propionate for six month periods. Two 

control biopsies were taken from each individual before subjection 

to exogenous testosterone treatment. Testosterone treated biopsies 

were taken after four, five, and six months of treatment. Both 

control and testosterone treated biopsies were performed according 

to the procedure of Rowley and Heller (1966). Control biopsies 

were studied in order to determine morphological and cytochemical 

parameters of human testes under normal conditions. Selection of 

subjects was based on reproductive and endocrine normalcy, as 

judged from medical history, physical examination, sperm counts, 

testicular biopsy examinations, and various hormonal assays. 

Subjects ranged in age from 21 to ̂ 1 years. 

Immediately upon excision from the testis, the biopsied 

tissues were fixed in 1 ̂  glutaraldehyde for 55 to 60 minutes. 

The glutaraldehyde was buffered with 0.1 M cacodylate buffer at 

pH '/,2 (Sabatini et. al., I963). After placing tissues into the 

fixative, the samples were diced into 1x2x5-10 mm strips to ensure 

12 
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complete penetration of the fixative. Upon removal from the 

fixative, the samples were rinsed three times in cold 0.1 M 

cacodylate buffer (pH 7.2) containing S% sucrose. The samples 

were packed in ice and stored in the cacodylate buffer wash for 

12 to 2^ hours. The samples were shipped to Texas Tech University 

during this time period. 

Tissues to be studied for morphological purposes only were 

post-fixed in phosphate buffered osmium tetroxide (Millonig, 

1961) at room temperature for one hour. All tissues to be pre

pared for enzyme cytochemical studies were embedded in 7 ̂  agar 

on a plastic stage, following the final rinse in cacodylate buffer. 

The testicular tissues were cut into sections of ̂ 5 micra thickness 

with a Smith-Farquhar tissue sectioner (Smith and Farquhar, I965). 

The sections were subsequently washed in 0.1 M cacodylate buffer 

containing ^% sucrose or in 7*5% sucrose for one to twelve 

hours in order to eliminate, residual fixative. 

The enzymes examined in this investigation included acid 

phosphatase, adenosine triphosphatase, and glucose-6-phosphatase. 

In preparing enzyme substrate media, only boiled, distilled water 

was used in order to remove carbonates as a possible source of 

contamination. 

Two procedures were utilized for localization of acid phosphatase, 

A modified procedure of Gomori (l952) was initially utilized to 

localize acid phosphatase activity in the testis (Vollet, 1970). 

In this medium, sodium betaglycerophosphate was employed as an 

enzyme substrate. The final incubation medium was stored overnight 
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at 37°C, centrifuged at 7,000 g for five minutes, and filtered 

prior to use. 

A modified procedure from Novikoff et. al. (l97l) was also 

employed in an attempt to reduce non-specific localization of acid 

phosphatase, that is, localization that was not substrate dependent. 

In the latter procedure, 5'-cytidylic acid (CMP) was substituted 

for sodium betaglycerophosphate as the enzyme substrate (Table l). 

During each series of incubations, two controls were used. The 

first control lacked the enzyme substrate; the second control con

tained the enzyme substrate as well as a sodium fluoride enzyme 

cofactor inhibitor. The controls were run in order to establish 

that all enzyme localizations were substrate dependent and sodium 

fluoride sensitive. 

The enzyme-substrate reactions were monitored at five minute 

intervals during incubation. Sections were retrieved and placed 

on a glass slide. The excess media was blotted dry with filter 

paper, washed briefly in 2 ^ acetic acid, blotted dry, washed with 

distilled water, blotted dry, and treated for two minutes with 2% 

ammonium sulfide. The tissue was again washed in distilled water, 

blotted dry, coverslipped, and observed under a compound light 

microscope. Black spots (lead sulfide) became apparent when 

incubations were complete (Gomori, 1952). Utilizing the above 

method of monitoring, incubations utilizing the modified medium 

of Novikoff et. al. (l97l) were complete after ̂ 0 minutes, while 

incubations utilizing the modified medium of Gomori (l952) were 

not complete until 90 minutes. Incubations conducted on rat testes 



TABLE I 

MODIFIED ACID PHOSPHATASE 
INCUBATION MEDIUM 

15 

I. Substrate Solution: 

1% Lead Nitrate 

Distilled water (COo free) 

5*-cytidylic acid (Sigma 
Chemical Company) 

Sucrose 

12 ml 

^8 ml 

75 mg 

5 gm 

II. Acetate Buffer: 

Solution A: 

Solution B: 

For pH 5.0: 

0.3 ml acetic acid 
Q.E.D. 100 ml water 

0.675 gm sodium acetate 
Q.E.D. 100 ml water 

30 ml solution A 
70 ml solution B 

III. Incubation Media: 

Bring substrate solution to 100 ml total volume with 
0.05 M acetate buffer, pH 5.0. 
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in this study suggested that rat tissues required only two-thirds 

the incubation time in the respective substrate media as compared 

to human tissues. All incubations were carried out at 37°C with 

continuous agitation in a water bath shaker. Upon completion of 

incubation, the sections were washed three times in 0.05 M acetate 

buffer for 10 to 15 minutes, subsequently treated with 2% acetic 

acid for 20 to 30 minutes, and finally rinsed in 0.05 M acetate 

buffer for five minutes. The tissues were washed briefly in 7.5^ 

sucrose following the final acetate buffer rinse. 

Cytochemical demonstration of adenosine triphosphatase activ

ity was accomplished using a modified procedure from Gomori (l952). 

The medium consisted of: 

1) 20 ml of 0.0125^ adenosine triphosphate (disodium 
salt from Sigma Chemical Company) 

2) 3 ml of 2 ̂  lead nitrate 
3) 5 ml of 0.1 M magnesium sulfate 
4) 20 ml of 0.2 M tris maleate buffer* (pH 7.2) 
5) 2 ml boiled, distilled water 

6) 2.5 gm sucrose, to yield a final concentration of 55^ 

Testicular samples were incubated in 5 ml of the above medium for 

180 minutes (Wachstein and Meisel, 1957) at 37°C with continuous 

shaking. Similar results could be obtained with rat testes with 

only 120 minutes of incubation. 

Glucose-6-phosphatase activity was demonstrated using a modi

fied procedure from Wachstein and Meisel (l956). The incubation 

*Tris maleate buffer was prepared by dissolving 2.̂ 2 gm tris base 
(2 amino-2-(hydroxymethyl)-l, 3-propanediol) and I.6I gm maleic 
acid in 100 ml water. The buffer was titrated to the desired 
pH with carbonate free 1 N sodium hydroxide. 
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medium used consisted of: 

1) 20 ml of 0.0250^ glucose-6-phosphate (disodium salt from 
Sigma Chemical Company) 

2) 3 ml of 2 ^ lead nitrate 
3) 20 ml of tris maleate buffer* (pH 6.7) 
4) 7 ml boiled, distilled water 

5) 2.5 gm sucrose, to yield a final concentration of 5?S 

Tissue samples were incubated in 5 ml of the medium for 30 minutes 

(Wachestein and Meisel, 1956) at 37°C with continuous agitation. 

Enzyme localizations were present in rat tissue after 20 minutes 

of incubation in the enzyme substrate. Controls were run during 

adenosine triphosphate and glucose-6-phosphate incubations to 

determine that localization was both sensitive to 0.2 M sodium 

fluoride and substrate dependent. 

Following incubation in adenosine triphosphate or glucose-6-

phosphate media, the tissues were washed three times for 20 minute 

intervals in chilled (4^0) cacodylate buffer containing ^% sucrose. 

After the final rinses, all tissues prepared for cytochemical 

studies were postfixed in phosphate buffered osmium tetroxide 

(Millonig, 1961) for one hour at room temperature. The tissues 

were then removed from the osmium fixative and dehydrated in 

ethanol. A brief rinse in 70% ethanol followed by five minute 

rinses in 70%, 95%> t and three rinses in 100^ ethanol completed 

dehydration. 

Following dehydration the testis samples were infiltrated and 

embedded in either Epon or a low viscosity medium. The Epon was 

Ibid., p. 16. 
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modified from a procedure of Luft (I961) and was prepared just 

prior to use. Epon 812 (46 ml), was mixed with dodecenyl succinic 

anhydride (28 ml), and methyl nadic anhydride (25 ml), and the 

accelerator, 2,4,6-dimethylamino-methyl phenol (2 ml). 

Infiltration of the tissues with Epon was accomplished using 

propylene oxide as a solvent. After immersing the tissues in three 

changes of propylene oxide for three minutes each, the samples 

were treated with the following propylene oxide:Epon mixtures: 

15 minutes in 3̂ 1 mixture, 30 to 45 minutes in 1:1 mixture, and 

one to three hours in a 1:3 mixture. The tissues were then 

infiltrated for four to six hours in Epon medium alone. To en

hance infiltration, the specimen vials were placed on a rotating 

wheel, tilted at a 45° angle. The wheel was ten inches in diameter 

and was rotated at five revolutions per minute. The tissues were 

embedded in freshly prepared Epon in disposable oven-dried plastic 

molds. The embedding Epon was polymerized in ovens at 35^ for 

12 to 24 hours, 45°C for 12 to 24 hours, and 60°C for three to 

four days. 

A low viscosity epoxy resin (Spurr, I969) was also employed 

as an embedding medium. The epoxy resin was prepared just prior 

to use in the following manner: vinyl cyclohexene dioxide (lO gm) 

was mixed with diglycidyl ether of propylene glycol (6 gm, a 

flexibilizer), nonenyl succinic anhydride (26 gm), and dimethylamino 

ethanol (0.4 gm, an accelerator). Infiltration of the low viscosity 

medium began with the last rinse of 100^ ethanol. A quantity of 

embedding medium equal to the amount of ethanol was added to the 
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specimen vial. The tissue was permitted to infiltrate in this 

mixture for 30 minutes. At this time embedding media was added to 

obtain a 3*1 mixture of epoxy resin:ethanol. After another 30 

minutes of infiltration the tissues were placed in fresh 100^ low 

viscosity medium and permitted to infiltrate overnight. As with 

Epon, infiltration was facilitated by placing the specimen vials 

of a tilted, slowly rotating wheel. The tissues were placed in 

fresh low viscosity medium in oven-dried disposable plastic molds. 

The resin was then polymerized in a 70°C oven overnight. 

After polymerization the tissue samples were trimmed such 

that sectioning produced cross sections of seminiferous tubules. 

Ultrathin sections for electron microscopy were obtained using 

either an LKB Ultratome III or a Reichert Om U-2 ultramicrotomes. 

Sections showing interference colors in the grey-pale gold range 

(30-90 m;i) were picked up on 200 or 300 mesh unsupported copper 

grids. The sections were stained with uranyl acetate and lead 

citrate (Reynolds, I963) containing 0.001^ triton X-100, a 

nonionic surface active agent. Unstained sections were occasionally 

examined to avoid confusing electron dense stain contaminants with 

enzymic localizations. The sections were examined with Hitachi 

HS-8-2 or HU llE-1 model transmission electron microscopes 

operated at 50 Kv. Electron micrographs were taken at 7*600 to 

64,800 diameters on DuPont 711 Cronar Qrtho S Litho graphic arts 

film. All micrographs were printed using a Durst S-45 EM enlarger. 

Sections of one micron thickness were also cut on the ultra-

microtomes for exsunination by light microscopy. Light microscopy 
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was u t i l i z e d ' o r norpholo- :ca l observa t ions , as -•.•ell as a ?:urvey 

a id t o e l e c t r o n microscopy'-. The uhick sec t ions v.-ro s ' a .ned with 

Azure I I and methylene blue (Richardson e t . a l . , 1960). Light 

micrographs were made using an KP-3 Polaroi : L-̂ n:! copy camera 

a t t ached t o a Reicher t compcund l i r h t m'croscope. Light macro

graphs were exposed on Kodak Panatomic-X 35 mm f i l r . or Polaroid 200 

type 42 black and vrhite film a^ 4̂ 1-0 t o ^35 d iameters . 



CHAPTER III 

RESULTS 

I: The Ultrastructure of the Normal Human Testis 

Spermatogenic, Sertoli, and interstitial cells of the hiaman 

testis were similar in morphology to light microscopic descrip

tions of these cells set forth by Heller and Clermont (l964) and 

Hall (1970). The following figures depict control human testi

cular morphology at the light microscopic level: control human 

testis (Figs. 1 and 2) and testis influenced by exogenous testoste

rone (Figs. 3 and 4). The fine structure of human testicular 

cells was found to be identical to that described by Fawcett 

(1958), Bawa (1963), de Kretser (1967, 1969), and Rowley et. al. 

(1971). The ultrastruetural features of both intratubular and 

interstitial cells of normal human testes are shown in the follow

ing figures: spermatogonia, a primary spermatocyte, and Sertoli 

cells (Fig. 5), a young spermatid (Fig. f^), mature spermatids 

(Fig. 7), and an interstitial cell of Leydig (Fig. 8). 

II: The Ultrastructure of Human Testes Obtained from 

Individuals Treated with Exogenous Testosterone 

Several ultrastructural changes were observed in the human 

testis during and after administration of testosterone propionate. 

These changes are described as they occurred in spermatogonia, 

spermatocytes, spermatids, Sertoli cells, and interstitial cells 

of Leydig, respectively. 
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Fig. 1—Light micrograph of control human testis, A cross 
section of a seminiferous tubule is shown. Spermatogonia (SG), 
spermatocytes (SC) and spermatids (ST) are numerous in the normal 
tubule. Glutaraldehyde-osmium fixation. 440X. 

Fig, 2—Light micrograph of control human testis. A cross 
section of a seminiferous tubule is shown. Cell types present 
include spermatogonia (SG), spermatocytes (SC), spermatids (ST), 
and Sertoli cells (S). Glutaraldehyde-osmium fixation. 625^. 

Fig. 3—Light micrograph of human testis taken from an 
individual given 25 mg daily dose of exogenous testosterone for 
six months. A cross section of part of the seminiferous tubule 
is shown. A binucleate spermatogonium (SG), two binucleate 
spermatocytes (SC) and possibly two binucleate mature spermatids 
(ST) are shown. A Sertoli cell (S) is also shown. Glutaraldehyde-
osmium fixation. 440X. 

Fig. 4—Light micrograph of human testis taken from an indi
vidual treated with 50 mg daily dose of exogenous testosterone 
for six months. Several binucleate and trinucleate cells 
(arrows) are seen near the lumen of the tubule. These cells are 
young spermatids. Mature spermatids are absent from this section 
of the tubule. Glutaraldehyde-osmium fixation. 625X. 
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Fig. 5—Electron micrograph of control human testis. Three 
intratubular cell types are shown. Two A dark spermatogonia (AD) 
rest upon the basal lamina (BL). Portions of a primary sperm
atocyte (P) and two Sertoli cells (s) are also present. Lipo
fuscin bodies (LB) are present within the cytoplasm of a Sertoli 
cell. Glutaraldehyde-osmium fixation. 9,100X. 

Fig. 6—Electron micrograph of control human testis. A 
young spermatid (ST) is shown. The Golgi complex (G) is actively 
involved in secretion of products incorporated into the acrosomal 
cap (c). An annulate lamellae (A) is also present, 
Glutaraldehyde-osmium fixation. 20,400X. 
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Fig, 7—Electron micrograph of control human testis. Por
tions of two mature spermatids (ST) containing tail (T), acrosomal 
cap (C), manchette (MC), and a centriole (C) are shown in one of 
the spermatids. Sertoli cell cytoplasm (S) surrounds the sperm
atid. Glutaraldehyde-osmium fixation. 27,800X. 

Fig. 8—Electron micrograph of control human testis. An 
interstitial cell of Leydig with glucose-6-phosphatase locali
zation in the nuclear envelope (arrows) is shown. Note the micro-
tubular filaments (MF) within the Leydig nucleus. Collagen fibers 
(CF) surround the cell. Glutaraldehyde-osmium fixation. Incubated 
for glucose-6-phosphatase. 30,000X. 
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Spermatogonia displayed damage after daily exogenous testoste

rone administration (Figs. 9-11). Four nuclei were observed within 

a common spermatogonial cytoplasm (Fig. 9). Although the maximum 

number of observed nuclei in a single cell was four, several multi

nucleate cells were seen, suggesting that this condition was not 

rare. Mitotic activity and cytoplasmic bridges appeared to be 

absent in these cells. All multinucleate cells appeared to be 

type A dark. Cellular degeneration of spermatogonia was occasion

ally observed in testes of men treated with either 25 mg or 50 mg 

daily doses of testosterone propionate for six months (Fig. lO). 

Often the nuclei, chromatin, nuclear envelopes, and an occasional 

mitochondrion were still recognizable in degenerated spermatogonia. 

Biopsies taken from individuals treated at either dose level also 

contained numerous spermatogonia that appeared morphologically 

normal (Fig. 11). Pockets of glycogen are frequently present in 

A dark spermatogonia in control testes. However, membraneous 

elements in testosterone treated individuals (Fig. 11) were fre

quently observed within some of these pockets. Adjacent Sertoli 

cells contained an abnormally large number of lipofuscin bodies 

(Fig. 11). 

The spermatocyte displayed few morphological alterations in 

response to exogenous testosterone. However, a vacuolate cyto

plasm and occasional altered mitochondria appeared in some primary 

spermatocytes (Fig. 12). Secondary spermatocytes were rarely 

present, but when observed, exhibited normal morphology. Degen

erate spermatocytes were not observed in this study. 
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Fig. 9—Electron micrograph of human testis obtained from 
an individual who had received 50 mg daily dose of exogenous 
testosterone for six months. Four nuclei (N1, N2, N3, N4) with 
regular nuclear envelopes are shown within the cytoplasm of a 
type AD spermatogonium. Note the clumping of mitochondria (M) 
in a paranuclear position opposite the basal lamina (BL). A 
Sertoli cell (s) is shown, Glutaraldehyde-osmium fixation. 
18,600X. 

Fig, 10—Electron micrograph of human testis obtained from 
an individual who had received 25 mg daily dose of exogenous tes
tosterone for six months. A degenerating spermatogonium (SG) is 
shown within Sertoli cell cytoplasm (S). Remnants of chromatin 
(G), the nuclear envelope (arrows), and mitochondria (M) are 
shown within the degenerated cell. Glutaraldehyde-osmium fixa
tion. 22,600X. 
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Fig. 11—Electron micrograph of human testis obtained from 
an individual who had received 25 mg daily dose of exogenous 
testosterone for six months. A type A long (AL) and a type A 
pale (AP) spermatogonia are shown. Note the pockets of glycogen 
(G) and the mitochondria clustered around the nuclear envelope 
in the AL spermatogonium. Membraneous elements are present 
within one of the pockets. Three adjacent Sertoli cells (S) 
containing numerous lipofuscin bodies (LB) are present. 
Glutaraldehyde-osmium fixation. 18,200X. 

Fig, 12—Electron micrograph of human testis obtained from 
an individual who had received 25 mg daily dose of exogenous 
testosterone for six months. Two primary spermatocytes (P) 
with vacuolate cytoplasm and altered mitochondria (M) are shown. 
An intercellular bridge (B) connects the two spermatocytes. 
Glutaraldehyde-osmium fixation. 28,500X. 
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The most striking morphological change induced by testoste

rone propionate occurred in the spermatids. Young spermatids, 

just formed by division of secondary spermatocytes, possessed no 

unusual features other than occasional vacuolate cytoplasm. How

ever, as spermiogenesis progressed, obvious defects in the morpho

logy of most spermatids became apparent. Not all spermatids 

displayed deleterious structural defects in response to exogenous 

testosterone. However, morphologically normal spermatids were 

rarely found. The common abnormalities encountered in spermatid 

ultrastructure are shown in Figures 13 through 22. Two spermatids 

at a similar stage of maturation are shown in Figure 13. One 

spermatid displayed an apparently normal acrosome cap while the 

other possessed a somewhat crenated acrosome. The atypical 

acrosome was not in contact with the nuclear region and doubled 

back on itself as it descended the nucleus. The most commonly 

observed morphological deformation, that of two or more spermatid 

nuclei joined by a common acrosome, is depicted in Figure l4. 

In addition, the spermatid shown contains vesicles in the acrosomal 

cap; similar vesicles not observed in the caps of spermatids in 

biopsies excised from normal individuals. Although spermatids 

were occasionally joined by a common acrosome in control testes, 

joined spermatids did not occur nearly as frequently as in 

testosterone treated tissues. 

The nuclei of spermatids frequently appeared to degenerate 

(Figs. 15 and l6). The chromatin, which is densely granular 

at a similar stage of maturation in the control spermatid (Fig. 7), 
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Fig. 13—Electron micrograph of human testis obtained from 
an individual who had received 25 mg daily dose of exogenous 
testosterone for six months. A spermatid (ST), displaying an 
abnormal acrosome cap (C) is shown. The nucleus of the sperma
tid is in abnormal orientation with the cytoplasm. 
Glutaraldehyde-osmium fixation. 7>600X. 

Fig. 14—Electron micrograph of human testis obtained from 
an individual who had received 25 mg daily dose of exogenous 
testosterone for six months. Two spermatid heads (H) joined by 
a common acrosome cap (C) are shown. Numerous vesicles (v) can 
be observed within the acrosomal cap. Some vesicles contain 
electron dense particulate matter. Glutaraldehyde-osmium fixa
tion. 16,900X. 
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Fig. 15 Electron micrograph of human testis obtained from 
an individual who had received 25 mg daily dose of exogenous 
testosterone for six months. A spermatid containing three heads 
(H) and four sections of tails (T) is shown. A large vacuole (v) 
is present in the cytoplasm. Glutaraldehyde-osmium fixation. 
9,30ox. 

Fig. 16—Electron micrograph of human testis obtained from 
an individual who had received 25 mg daily dose of exogenous 
testosterone for six months. Several spermatid heads (H) are 
shown. One spermatid head contains chromatin which is highly 
filamentous (F), Sertoli cytoplasm containing a lipofuscin body 

{̂' (LB) surrounds the spermatid, Glutaraldehyde-osmium fixation. 
1; 8,300X. 

Fig. 17—Electron micrograph of human testis obtained from 
an individual who had received 25 mg daily dose of exogenous 
testosterone for six months. Shown are remnants of three de
generate spermatids (ST). Only condensed nuclear chromatin (C) 
fragments remain. Sertoli cell cytoplasm (s) surrounds the areas 
occupied by the degenerate spermatids. Glutaraldehyde-osmium 
fixation. 10,300X. 

Fig. 18—Electron micrograph of human testis obtained from 
an individual who had received 25 mg daily dose of exogenous 
testosterone for six months. The remnants of completely de
generate spermatids (R) are shown. Cytoplasmic extensions of 
Sertoli cells (S) surround the spermatid remnants. Numerous 
lysosomes (L) and lipofuscin bodies (LB) lie in adjacent Sertoli 
cell cytoplasm. Glutaraldehyde-osmium fixation. 39,600X, 
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was very sparse and highly filamentous (Figs. 15 and l6). Some 

spermatids even contained multiple tails and heads that were not 

joined by a common acrosome (Fig. 15). Finally, complete disinte

gration of some spermatids was observed in some tubules (Figs. 17 

and 18). The spermatid cytoplasm was completely dispersed, 

Sertoli cytoplasm having completely surrounded the areas formerly 

thought to be occupied by the spermatids. The nuclear envelope 

was not observable and the condensed chromatin of the nucleus was 

scattered (Fig. 17). 

All of the aforementioned spermatid alterations were observed 

to take place within the seminiferous tubules of individuals 

treated exogenously with 25 mg daily doses of testosterone 

propionate for six months. Similar defects in spermatid morphology 

were observed within the testes of individuals treated with 50 mg 

daily dose of testosterone propionate for six months (Figs. 19-22), 

At the higher dose level, crenated acresomes were seen in both 

young (Fig, 19) and mature spermatids. Multiple spermatid nuclei 

sharing a common acrosome arranged in a pinwheel formation were 

frequently observed (Fig. 20). Two tails and four nuclei are 

shown within this spermatid. Spermatids with vacuolated nuclei 

were frequently found (Figs. 21 and 22). The nuclear vacuoles 

occasionally contained multiple membraneous arrays (Fig. 21) of 

unknown origin. Complete degeneration of some spermatids was 

observed at the 50 mg per day dose level (Fig. 22). In some 

cases, only scattered chromatin was found after spermatid digenera-

tion (Fig. 21). 





Fig. 19—Electron micrograph of human testis obtained from an 
individual who had received 50 mg daily dose of exogenous Testos
terone for six months. Shown is a spermatid (ST) displaying a 
crenated acrosome cap (C). Sertoli cell cytoplasm (S; surrounds 
the spermatid. Glutaraldehyde-osmium fixation. 22,300X. 

Fig. 20—Electron micrograph of human testis obtained from 
an individual who had received 50 mg daily dose of exogenous 
testosterone for six months. An acrosome in pinwheel formation 
connects the heads (H) of four spennatids. Adenosine triphos
phatase activity is present along the acrosomal cap (arrows). 
Glutaraldehyde-osmium fixation. Incubated for adenosine 
triphosphatase. 18,300X, 
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Fig. 21—Electron micrograph of human testis obtained from 
an individual who had received 50 mg daily dose of exogenous 
testosterone for six months. A spermatid containing an abnormal 
head is shown. Membraneous elements (M) occupy a large area of 
the head region. Sertoli cytoplasm (S) surrounds the spermatid. 
Glutaraldehyde-osmium fixation. 39>000X. 

Fig. 22—Electron micrograph of human testis obtained from 
an individual who had received 50 mg daily dose of exogenous 
testosterone for six months. Remnants of spermatids (R) surrounded 
by Sertoli cell cytoplasm (s) are shown. A morphologically normal 
spermatid (ST) is embedded in Sertoli cell cytoplasm. 
Glutaraldehyde-osmium fixation. 8,800X. 
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Accumulations of lipids, lysosomes, and lipofuscin bodies 

in the basal regions of Sertoli cells was evident in testosterone 

treated testes (Figs. 11, 23, and 24). In addition, large vacuoles 

appeared in many Sertoli cells (Fig. 23). In some cells the 

vacuoles appeared to occupy up to one-third or more of the cyto

plasmic volume. Many tiny vesicles appeared within lysosome-like 

bodies of some Sertoli cells (Fig. 24). 

Leydig cells displayed only subtle morphological alterations 

when subjected to exogenous testosterone. Occasionally, large 

numbers of vacuoles were observed within the cytoplasm of Leydig 

cells (Fig. 25). In many Leydig cells heavy accumulations of lipids 

occurred within the cytoplasm (Fig. 26). Microtubular filaments 

were seen within Leydig cell nuclei on several occasions (Fig. 27)• 

III. The Cytochemistry of Normal and Exogenous 

Testosterone Influenced Human Testes 

Electron microscopic cytochemical examination of localization 

of adenosine triphosphatase, glucose-6-phosphatase, and acid 

phosphatase was conducted in this study. Several enzymic locali

zations were altered during and after treatment with exogenous 

testosterone. These changes in enzymic patterns in all testicular 

cells studied will be described as they occurred for adenosine 

triphosphatase, glucose-6-phosphatase, and acid phosphatase, 

respectively. 

Electron microscopic cytochemistry of the control human 

testis showed ultrastructural localization of "marker" enzymes. 
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Fig. 23—Electron micrograph of human testis obtained from 
an individual who had received 25 mg daily dose of exogenous 
testosterone for six months. Sections of several Sertoli cells (S) 
are shown. Large vacuoles (v), lipid droplets and lipofuscin 
bodies (LB) are present in large numbers. A crystalloid of 
Chareot-Bottcher (CB) is seen in a Sertoli cell. Glutaraldehyde-
osmium fixation. 11,000X, 

Fig. 24—Electron micrograph of human testis obtained from 
an individual who had received 25 mg daily dose of exogenous 
testosterone for six months. Portions of Sertoli cells (S) are 
shown. A crystalloid of Charcot-Bottcher (CB), lysosomes (L), 
lipofuscin bodies (LB), and multivesiculate bodies (MV) are 
present within the cytoplasm. Glutaraldehyde-osm.ium fixation. 
33,800X. 
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Fig. 25—Electron micrograph of human testis obtained from 
an individual who had received 25 mg daily dose of exogenous 
testosterone for six months. An interstitial cell of Leydig is 
shown. Numerous vacuoles and vesicles (v) are present within the 
cytoplasm. Mitochondria (M) contain tubular cristae. A crystal
loid of Reinke (GR) is shown. Glutaraldehyde-osmium fixation, 
45,900X. 
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Fig. 26—Electron micrograph of human testis obtained from 
an individual who had received 25 mg daily dose of exogenous 
testosterone for six months. An interstitial cell of Leydig is 
present. Lipid droplets (L) are accumulated in the cytoplasm. 
Glutaraldehyde-osmium fixation. 15,000X. 

Fig. 27—Electron micrograph of human testis obtained from 
an individual who had received 50 mg daily dose of exogenous 
testosterone for six months. Shown is an interstitial cell of 
Leydig. Previously unreported microtubular filaments (MF) are 
present within the nucleus (N) of the cell. Smooth endoplasmic 
reticulum (SER) is abundant in the Leydig cell. Collagen fibers 
(F) surround the cell. Glutaraldehyde-osmium fixation. 13,900X, 
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Heavy deposits of lead phosphate, the electron-dense reaction 

product, were found between the plasma membranes of adjacent 

spermatogonia of control testes after incubation in adenosine 

triphosphate substrate for 180 minutes (Fig. 28). Heavy adenosine 

triphosphatase activity was observed between spermatogonia and 

Sertoli cells (Fig. 28), between contiguous spermatocytes, between 

spermatocytes and Sertoli cells (Fig, 29), and between adjacent 

spermatogonia in control human testes. However, little or no 

adenosine triphosphatase localization was ever observed between 

adjacent Sertoli cells (Fig. 28). In addition, adenosine triphos

phatase localization was observed within the axial and peripheral 

filaments of mature spermatid flagella (Fig. 30) and on the plasma 

membranes and acrosomes of mature spermatids (Fig. 31)• Enzymic 

localization of adenosine triphosphatase was also observed at the 

interface between adjacent Leydig cells in control tissue. 

The enzymic parameters of adenosine triphosphatase in the 

testosterone propionate treated testes were similar to that of the 

control testes. Localization of this enzyme was observed between 

the plasma membranes of the identical cell types in the testos

terone treated testis (Figs. 32-36). Adenosine triphosphatase 

activity is shown within Sertoli-spermatogonial interfaces in 

Figures 32 through 36, within Sertoli-spermatocyte abuttments in 

Figure 34, and in the spermatid acrosome in Figure 20. In 

addition, adenosine triphosphatase localization was observed 

within the Golgi cisternae of Sertoli cells (Fig. 32). The 

latter observation was not confirmed in any specimens of control 
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Fig. 28—Adenosine triphosphatase localization in control 
human testis. A type B spermatogonium (B) and segments of Sertoli 
cells (S) are shown. Note that adenosine triphosphatase (arrow) 
is localized between the plasma membranes of the spermatogonium 
and a Sertoli cell but not between adjacent Sertoli cells. 
Glutaraldehyde-osmium fixation. Incubated for adenosine triphos
phatase. 7>600X. 

Fig. 29—Adenosine triphosphatase localization in control 
h-jman testis. Shown is a primary spermatocyte (P), surrounded 
by Sertoli cytoplasm (S). A synaptinemal complex (SC) is evident 
in the spermatocyte. Adenosine triphosphatase activity (arrow) 
is present along the spermatocyte-Sertoli abuttments. 
Glutaraldehyde-osmium fixation. Incubated for adenosine triphos
phatase. 17,400X, 

Fig. 30—Adenosine triphosphatase activity in control human 
testis. Longitudinal, oblique, and cross sections of spermatid 
tails (T) are shown. Adenosine triphosphatase localization is 
present within the confines of the axial filaments (AF) and, to 
a lesser extent, within the peripheral filaments (PF) of the 
spermatid flagella, Glutaraldehyde-osmium fixation. Incubated 
for adenosine triphosphatase. 9,000X. 

Fig. 31—Adenosine triphosphatase activity in control human 
testis. Two m.ature spermatid heads (H) are embedded in Sertoli 
cytoplasm (S). Adenosine triphosphatase activity (arrow) is 
associated with the acrosome caps (C), Glutaraldehyde-osmium 
fixation. Incubated for adenosine triphosphatase. 15,700X. 
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Fig. 32—Adenosine triphosphatase activity in human testis 
taken from an individual who received 25 mg daily dose of exogenous 
testosterone. An A dark spermatogonium (AD) and a Sertoli cell (S) 
are shown in the basal lamina (BL). Adenosine triphosphatase 
localization (arrow) is evident between the two cells. A centriole 
(CT) in the Sertoli cell is ringed by a Golgi complex (G) possessing 
adenosine triphosphatase activity. Glutaraldehyde-osmium fixation. 
Incubated for adenosine triphosphatase. 8,600X. 

Fig. 33—Adenosine triphosphatase activity in human testis 
taken from an individual who received 50 mg daily dose of exogen
ous testosterone. Sertoli cytoplasm (S) is shown sandwiched 
between two B type spermatogonia (B). Adenosine triphosphatase 
activity (arrows; is seen between contiguous cells. 
Glutaraldehyde-osmium fixation. Incubated for adenosine triphos
phatase. l6,100X. 
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Fig. 34—Adenosine triphosphatase activity in human testis 
taken from an individual who received 25 mg daily dose of exogenous 
testosterone. Portions of a type B spermatogonium (B), two pri
mary spermatocytes (P), and Sertoli cells (s) are depicted. 
Adenosine triphosphatase activity is present between spermatocyte-
Sertoli interfaces and spermatocyte-spermatocyte interfaces 
(arrows) but is reduced at the spermatocyte-spermatogonia inter
face. Vacuoles (v) are present in a Sertoli cell. Glutaraldehyde-
oxmium fixation. Incubated for adenosine triphosphatase, 17,400X. 

Fig. 35—Adenosine triphosphatase activity in human testis 
taken from an individual who received 25 mg daily dose of exo
genous testosterone. Sertoli cells (S) and A pale spermatogonium 
(AP) are shown. Heavy adenosine triphosphatase activity occurs 
between the two cells. Paired mitochondria (M) identify the 
spermatogonium and a crystalloid of Charcot-Bottcher (CB) identi
fies the Sertoli cell. Glutaraldehyde-osmium fixation. Incuba
tion for adenosine triphosphatase. 18,900X. 
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Fig. 36—Adenosine triphosphatase activity in human testis 
taken from an individual who received 25 mg daily dose of exo
genous testosterone. A type A pale (AP), a type B (B) spermato
gonia and Sertoli cell (S) are shown. Cytoplasmic vacuoles (v) 
occur in the spermatogonia. Adenosine triphosphatase activity, 
while either absent or extremely reduced between adjacent Sertoli 
cells (s), is evident at spermatogonial-Sertoli interfaces 
(arrows). Glutaraldehyde-osmium fixation. Incubated for 
adenosine triphosphatase. 12,000X, 
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human testes. In both control and testosterone treated tissue, 

localization of adenosine triphosphatase was substrate dependent 

and inhibitor sensitive. 

Control human testes displayed localization of glucose-6-

phosphatase within the endoplasmic reticulum and nuclear envelopes 

of spermatogonia, Sertoli cells (Fig. 37), and Leydig cells 

(Figs. 8 and 38). Glucose-6-phosphatase activity was most pre

dominant in the endoplasmic reticulum located in the paranuclear 

or basal portion of the Sertoli cell (Fig. 37). 

Glucose-6-phosphatase localizations in spermatogonia and 

Sertoli cells of testosterone treated individuals were essentially 

unaltered from localization patterns observed in control tissues 

(Figs. 39 and 4o). In testes influenced by exogenous testosterone, 

glucose-6-phosphatase activity was again found predominantly in 

the paranuclear or basal portions of Sertoli endoplasmic reticulum 

(Fig. 4o). However, glucose-6-phosphatase activity was substan

tially reduced in Leydig cells of individuals treated with testos

terone (Figs. 25 and 27). Glucose-6-phosphatase activity was 

present in the nuclear envelope and endoplasmic reticulum of Leydig 

cells of control tissues (Figs. 8 and 38). 

Acid phosphatase localizations were found to be intimately 

associated with lysosomes, lipofuscin bodies, and Golgi bodies of 

Sertoli cells in the control testis after incubation in either 

sodium betaglycerophosphate (Fig, 41) or 5'-cytidylic acid. Less 

frequently, acid phosphatase was found in association with lyso

somes of spermatogonia, spermatocytes, spermatids, and Leydig 

I 
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Fig. 37—Glucose-6-phosphatase activity in control human 
testis. A Sertoli cell is shown. Glucose-6-phosphatase activity 
is present within the rough endoplasmic reticulum (ER) and the 
nuclear envelope of the cell (arrows). Note the highly irregular 
shape of the nucleus, characteristic of the Sertoli cell. 
Gluccse-6-phosphatase is apparently absent in the Golgi complex, 
Glutaraldehyde-osmium fixation. Incubated for glucose-6-phospha~ 
tase. 8,600X. 

Fig. 38—Glucose-6-phosphatase activity in control human 
testis. A Leydig cell is shown. Glucose-6-phosphatase localiza
tion is present in the nuclear envelope (arrows) and in the 
endoplasmic reticulum (ER). Glutaraldehyde-osmium fixation. 
Incubated for glucose-6-phosphatase. 28,500X. 
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Fig. 39—Glucose-6-phosphatase activity in the testis obtained 
from an'̂ indlvidual who received 50 mg daily dose of exogenous 
testoterone for six months. Segments of an A dark spermatogonium 
(AD) and Sertoli cells (S) are shown. Glucose-6-phosphatase 
activity is evident in the endoplasmic reticulum of the Sertoli 
cells and, to a lesser extent, in that of the spermatogonium 
(arrows). Glutaraldehyde-osmium fixation. Incubated for 
glucose-6-phosphatase activity. l6,800X. 

Fig. 40—Glucose-6-phosphatase activity in the testis ob
tained from an individual who received 50 mg daily dose of exo
genous testoterone for six months. An A dark spermatogonium 
(AD) and a Sertoli cell (s) border the basal lamina (BL). The 
nuclear bleb (E) and region of rarefaction (RR) identify the 
spermatogonium. Glucose-6-phosphatase activity is present in the 
endoplasmic reticulum of the Sertoli and spermatogonial cells 
(arrows). Lipofuscin bodies (LB) are present in the Sertoli cell. 
Glutaraldehyde-osmium fixation. Incubated for glucose-6-phos-
phatase activity, 9,200X. 
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Fig. 4l—Acid phosphatase activity in control human testis. 
Two Sertoli cells are shown. Acid phosphatase localization is 
present within the Golgi cisternae (G), lysosomes (L), and 
lipofuscin bodies (LB) of these cells, Glutaraldehyde-osmium 
fixation. Incubated for acid phosphatase. 18,200X. 

Fig. 42—Acid phosphatase activity in control human testis. 
Acid phosphatase activity is shown within the lysosomes (L) of 
a Leydig cell. Note the abundant smooth endoplasmic reticulum 
(SER; and the mitochondria (M) containing tubular cristae. 
Glutaraldehyde-osmium fixation. Incubated for acid phosphatase 
activity. 28,500X. 
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cells (Fig. 42). 

Acid phosphatase localization patterns were approximately 

the same for spermatogenic cells and Leydig cells of testosterone 

treated testes. However, acid phosphatase activity appeared to 

increase in Sertoli Golgi bodies and Lysosomes (Fig. 43). In

creased Sertoli acid phosphatase activity appeared to be associated 

with adjacent spermatogenic cell degeneration. In areas of the 

seminiferous tubules that contained few degenerate cells, Sertoli 

morphology and cytochemistry appeared essentially identical to that 

found in the control human testis. 

In both control and testosterone treated testes, non-specific 

phosphatase activities were observed within vesicles and spaces 

underlying the basal lamina at pH 7.2, and in some nuclei at pH 

5,0. The non-specific phosphatase localizations were not substrate 

dependent, but were observed to occur after incubation in all of 

the enzyme substrates utilized in this study. In some cases, 

extensive postincubation rinses did not remove the non-specific 

localizations. 
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Fig, 43—Acid phosphatase activity in the Sertoli cell of 
an individual treated with 50 mg daily dose exogenous testosterone 
for six months. A portion of a Sertoli cell is shown. Acid 
phosphatase activity is seen within the Golgi cisternae (G) 
(arrows) and in lipofuscin bodies (LB). A crystalloid of Charcot-
Bottcher (CB) possessing adenosine triphosphatase activity is 
present. Glutaraldehyde-osmium fixation. Incubated for acid 
phosphatase. 64,800X. 
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CHAPTER IV 

DISCUSSION AND CONCLUSIONS 

Is The Ultrastructural Mor-phology and Cytochemistry 

of the Control Human Testis 

Enzymic parameters and ultrastructural details of control 

testicular tissues were first elucidated in order to establish 

a baseline for subsequent studies conducted of testosterone treated 

testes. Spermatogonia in the control human seminiferous epithelium 

were identical in morphological appearance to that described by 

Heller and Clermont (1964) at the light microscopic level and by 

Rowley et. al. (l97l) at the electron microscopic level. At both 

levels of study, four types of spermatogonia were observed, namely, 

the A long (AL), A dark (AD), A pale (AP), and the B spermatogonia. 

The ultrastructural morphology of spermatocytes was found to 

be similar to that described by Fawcett and Burgos (1956a) and 

Nagano (1962), At the light microscopic level, spermatocyte 

morphology coincided with the description by Heller and Clermont 

(1964). Because of their abbreviated existence, secondary sperm

atocytes were rarely observed, 

Ultrastructural features of spermatids were observed in control 

tubules and found to be similar to the description set forth by 

Fawcett (l958), Bawa (1963), Nagano (1966), and de Kretser (1969). 

Light microscopic spermatid morphology was found to be in confor

mity with the description by Heller and Clermont (l964), 
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The remaining constituent inside the seminiferous tubule, the 

supportive cells of Sertoli, were found to be morphologically similar 

in appearance with the Sertoli cells described by Fawcett and Burgos 

(1956b), Bawa (1963), Nagano (1966), and Vilar et. al. (1962). 

At the light microscopic level, Sertoli cell morphology was found 

to be identical to that described by Heller and Clermont (l964). 

The fine structure of the interstitial cells of Leydig in 

control testes was essentially the same as that described by 

Fawcett and Burgos (1960), and de Kretser (1967). The light 

microscopic appearance of Leydig cells was similar to that de

scribed by Hall (l970). 

Electron microscopic cytochemistry was utilized in order to 

establish correlations between cellular ultrastructure and cell

ular function at all stages of spermatogenesis. Cytochemical 

techniques provided a method of determining the presence or absence 

of enzymes in various subcellular locations. The three nucleoside 

phosphatase enzymes employed in this study were "marker" enzymes. 

Their ultrastructural distribution patterns were studied at all 

stages of spermatogenesis. 

Adenosine triphosphatase patterns found in control human 

testis were similar but not identical to adenosine triphosphatase 

patterns found in the control rat testis by Tice and BsLrrnett 

(1963)* However, no adenosine triphosphatase activity was ob

served in the Golgi bodies of Sertoli or spermatogenic cells in 

control human testes as was reported in the rat. In contrast to 

the control rat testis, adenosine triphosphatase activity in control 
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human testis was found to be nonexistent at spermatid-Sertoli 

interfaces. It is quite possible that other nucleoside triphos

phatases replace adenosine triphosphatase at the Sertoli-spermatid 

junctions. This is the case reported in the rat, where cytosine 

triphosphatase and guanosine triphosphatase were the principal 

nucleoside triphosphatases localized in the Sertoli-spermatid 

interfaces (Tice and Barrnett, I963). The fact that adenosine 

triphosphatase activity was present along the acrosomal cap and 

axial filament complex of the spermatid provides evidence that the 

enzyme substrate penetrates the entire radius of the tubule, 

since spermatids are located at or near the lumen of the tubule. 

This also suggests that the absence of adenosine triphosphatase 

at the Sertoli-spermatid interface is real and not the result of 

inadequate penetration of the enzyme substrate. 

Nucleoside triphosphatase activity has been implicated with 

cellular transport (Marchesi and Barrnett, 1963). Adenosine 

triphosphatase, located on plasma membranes, contains energy 

providing capabilities for active transport, and is associated 

with active intercellular and intracellular transport. Marchesi 

and Barrnett (1963) suggest that adenosine triphosphatase activity 

in the testis may be associated with the exchange of material 

between Sertoli cells and developing spermatogonia and primary 

spermatocytes. The lack of any significant enzymic localizations 

between Sertoli cells and secondary spermatocytes and spermatids, 

as determined in the present study, coupled with the decrease in 

direct contact between spermatids and Sertoli cells as spermiogenesis 
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proceeds, suggests that intercellular transport between Sertoli 

cells and spermatogenic cells decreases as spermatogenesis proceeds. 

If, indeed adenosine triphosphatase activity is involved in 

cellular transport, the present investigation suggests that 

intracellular transport may not concomitantly decrease with inter

cellular transport, since adenosine triphosphatase activity is 

still present in the acrosomal cap and axial flagellar filaments 

of the mature spermatid. Another possibility is that adenosine 

triphosphatase is involved in other cellular processes that also 

require energy. 

The intercellular active transport phenomenon was also sug

gested to occur in the extratubular cells of Leydig. Adenosine 

triphosphatase was localized in the plasma membranes of these cells. 

Enzymic profiles for glucose-6-phosphatase in the control 

human testis were established. Glucose-6-phosphatase was localized 

in the endoplasmic reticulum of Sertoli cells, primitive spermato

gonia, and the interstitial cells of Leydig. Localization de

posits for glucose-6-phosphatase were also observed in the nuclear 

envelopes of Sertoli cells, primitive spermatogonia, and Leydig 

cells. In the Sertoli cell, localization products for glucose-6-

phosphatase were much heavier in the paranuclear or basal portion 

of the cell. Little or no glucose-6-phosphatase activity was 

found associated with the apical rough endoplasmic reticulum which 

surrounds the spermatocytes and spermatids. 

Glucose-6-phosphate is an important enzyme in intermediary 

carbohydrate metabolism and is a good indicator of the general 
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metabolic state of the cell (Wachstein and Meisel, 1956). Glucose-

6-phosphate is concerned with the regulation of sugar levels and 

enables the cell to supply glucose either by release frcm glycogen 

or by reversal of glycolysis (Wachstein and Meisel, 1957). A 

significant decrease of glucose-6-phosphatase activity occurs as 

the glycogen content decreases in the cell (Wachstein and Meisel, 

1957). Rowley et. al. (l97l) reported that glycogen was present 

only in the more primitive type spermatogonia, A long (AL), and 

A dark (AD). In the more differentiated spermatogonia, the A pale 

(AP) and B types, glycogen was found to be absent. In the present 

investigation, glycogen was not observed in spermatocytes or 

spermatids. The evidence accumulated in the present study supports 

the concept that the metabolism of carbohydrates, specifically 

glucose-6-phosphate, in germinal cells is greater in the more 

primitive spermatogonial cells, the types AL and AD. The observa

tion that glucose-6-phosphatase localization was observed pre-

dominatly in the basal portions of the supportive cells of 

Sertoli, which are surrounded by spermatogonia, further suggests 

that the Sertoli cell is involved in supporting the spermatogonia, 

Nagano (l966) and Burgos et, al, (l970) stated that the Sertoli 

cell is the supportive element of the testis, containing an active 

transporting system carrying nutrients from outside the tubule to 

the spermatogenic cells. The high enzymatic activity exhibited 

by the Sertoli cell is undoubtedly related to the high metabolic 

activity of these cells. Spermatocytes and spermatids have no 

contact with the basal lamina. Therefore, nutrients required by 
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these cells must be actively transported to these cells by the 

supportive Sertoli cells. As spermatogonial cells mature, a 

decrease in the area of contact with the basal lamina occurs 

(Rowley et. al., 197l). This report, along with evidence that 

glycogen storage and glucose-6-phosphatase activity decrease during 

spermatogonial development, further supports the Sertoli cell 

concept of function postulated by Nagano (l966) and Burgos et. al. 

(1970). 

The interstitial cells of Leydig are metabolically active. 

De Kretser (1967) reported the presence of relatively large 

amounts of smooth endoplasmic reticulum and glycogen in dark 

interstitial cells, that is, those cells corresponding to the 

steroid producing Leydig cells. The high amount of glucose-6-

phosphatase activity observed in these cells may coincide with the 

high metabolic rate of the Leydig cell. 

In the control human testis, acid phosphatase activity was 

confined to the lysosomes of all cell types studied (except mature 

spermatids), the lipofuscin bodies of Sertoli cells, and Golgi 

bodies of Sertoli cells. The enzymic patterns for acid phophatase 

differed slightly from those reported for the rat (Posalaki et. 

al., 1968), Acid phosphatase activity was not observed in the 

germinal cell lysosomes of the rat (Tice and Barrnett, 1963; 

Posalaki et. al., 1968). 

Reddy and Svoboda (1967) reported that the Sertoli cell has 

a phagocytic role in both normal and degenerate testicular states 

in the rat. The Sertoli cell normally contains lysosomes which 
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characteristically possess acid phosphatase activity. Also charac

teristic of the Sertoli cell are lipofuscin bodies (Frank and 

Christensen, 1968). Lipofuscin is a common term used to describe 

several intracellular pigments that vary widely in histochemical 

characteristics and appear in both normal and pathological con

ditions in various tissues. The pigments are thought to result 

from the autooxidation of lipids and are often acid phosphatase 

positive (Frank and Christensen, I968). Lipid droplets are often 

associated with the lipofuscin pigments to form lipofuscin bodies. 

Black (1971) has suggested that Sertoli lipofuscin bodies function 

in the phagocytosis of degenerating germ cells. 

In the normal rodent testis, occasional germ cells degenerate 

and are phagocytosed by Sertoli cells, accompanied by lysosomal 

activity (Reddy and Svoboda, 1967; Frank and Christensen, I968; 

Black, 1971). This is apparently the case in the control human 

testis, from evidence presented in this study. Occasional de

generate spermatogenic cells were observed to be embedded in 

Sertoli cytoplasm containing lysosomes and lipofuscin bodies. 

II: The Ultrastructural Morphology and Cytochemistry 

of the Testosterone Treated Human Testis 

The inhibiting effects of exogenous testosterone on testis 

weight and spermatogenesis in the rat were reported as early as 

1938 (Moore and Price). Ludwig (l950) observed that low doses of 

testosterone propionate (o.l mg injected daily for 30 days into a 

166 gm rat) suppressed the secretion of gonadotropins by the 



7(^ 

pituitary. The low gonadotropin level indirectly injured the 

testis and produced weight loss and inhibition of sperm formation, 

A higher dose of testosterone propionate (0.2 mg injected daily for 

30 days into a l66 gm rat), although inhibiting the pituitary, 

resulted in a level of androgen that directly stimulated the 

seminiferous tubules and maintained spermatogenesis. Heller et. al. 

(1950) performed similar experiments of man. They used a similar 

dosage level based on body weight (25 mg daily/l50 lb man) as 

had earlier been used in rats. Their studies revealed that 

testosterone propionate caused atrophy of the seminiferous epithelium. 

Spermatids and spermatocytes were the cell types most affected by 

testosterone, as assayed by light microscopy. 

Until the present study, only the general effects of testos

terone on the human testis had been observed, as judged by light 

microscopy. The ultrastructural effects of testosterone, as well 

as the enzymic localization alterations elicited by testosterone, 

were investigated. 

Spermatids and spermatogonia were the cell types most suscep

tible to intracellular damage elicited by 25 mg or 50 mg daily 

doses of testosterone propionate for six months. Accumulation of 

lipid droplets and formation of large cytoplasmic vacuoles were 

common morphological alterations of spermatogonia. Clermont (1966) 

has proposed that the most primitive spermatogonial cell type, the 

stem cell, may either give rise to two identical daughter stem 

cells, or it may give rise to two more differentiated cell types 

of spermatogonia, which are committed to the process of 
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spermatogenesis. In this manner, a stem cell population is main

tained and spermatogenic cells are produced as well. Clermont 

(1966) also proposed that each of the two spermatogonia produced 

by the uncommitted stem cells must undergo mitosis to produce two 

further differentiated cell types. At the 50 mg daily dose level 

of testosterone, multinucleate spermatogonia often occurred. All 

multinucleate spermatogonia observed were type A dark (AD). Three 

possibilities concerning the cell cycle of the siminiferous 

epithelium arise from this observation. 

First, four nuclei within one AD spermatogonium suggests this 

cell type is two nuclear divisions away from the most primitive 

stem cell. This implies that at least five spermatogonial cell 

types exist in man, that is, the types AD, AP, and B, and two types 

more primitive than the AD. 

The type AL spermatogonium proposed by Rowley et. al. (l97l) 

is the cell type immediately preceding the multinucleate AD. A 

stem cell of unknown morphology would precede the AL spermatogonium 

if five types of spermatogonia do indeed exist in the human testis. 

A second possibility is that an AL cell underwent mitosis. 

Karyokinesis was completed but cytokinesis was not. The resultant 

binucleate cell then underwent mitosis and differentiation. Again, 

karyokinesis was completed but cytokinesis was not, resulting in a 

tetranucleate AD spermatogonium, 

A final possibility is that an AD spermatogonium underwent 

two cycles of abnormal karyokinesis without cytokinesis. The 

abnormal tetranucleate spermatogonium was formed in this manner. 
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Apparently normal spermatogonia were found within the semini

ferous tubules of testosterone treated men. However, it remains 

questionable how normal the spermatogonia really were. The 

accumulation of lysosomes and lipofuscin bodies in adjacent 

Sertoli cells suggests that unobservable alterations may have 

taken place within spermatogonia normal in appearance. 

Spermatocytes displayed fewer abnormalities when subjected 

to testosterone treatment. The only common subtle damage was the 

occurrence of a vacuolate cytoplasm and an occasional altered 

mitochondrion. 

Subtle damage was manifested in many forms in the spermatids 

of testosterone treated human testes. Abnormal acrosomes, two or 

more nuclei joined by a common acrosome, dispersed nuclei, 

multiple tails, and total cellular degeneration were the most 

common defects elicited by testosterone. Almost all spermatids 

were affected in some manner. 

Accumulation of lysosomes and lipofuscin bodies occurred in 

Sertoli cells of testosterone treated human testis. These events 

are thought to occur as part of the phagocytic function of the 

Sertoli cell. From the observations made in this study, testos

terone appears to be a spermicidal agent at low doses. The altered 

germ cells were found to be incorporated into the Sertoli cell, 

apparently by phagocytosis, with the resultant increase in lyso

somes and lipofuscin bodies. 

In men treated with testosterone, the amount of material 

that appeared to be phagocytosed was much greater, and the quantity 
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of lysosomes and acid phosphatase was correspcr. lin/rly much hlrher 

than that found in control tissues. The increase of Sertoli 

lysosomes was observed to be concomitant with the increase of 

destructive and degenerative alterations of germ cells. It is not 

known whether lysosomal and acid phosphatase activity in Sertoli 

cells precedes or follows the degenerate appearance of the sperm

atogenic cells. The increase in number of lipofuscin bodies in 

testostosterone treated testes could be explained by either the 

activation of existing enzymes or to the synthesis of new acid 

phosphatase. The latter of these alternatives appeared to be the 

case, from observations made in this study. In testosterone 

treated testes, acid phosphatase appeared within the Golgi cisternae 

of Sertoli cells. The Golgi complex is actively involved in the 

packaging and secretion of cell products. From evidence shown in 

this study, the Golgi complex is involved in packaging newly 

synthesized acid phosphatase into lysosomes of Sertoli cells in 

testosterone treated testes. 

In the Sertoli cell, glucose-6-phosphatase activity was 

unaltered by testosterone treatment for six months. The localiza

tion of this enzyme was identical in pattern in the Sertoli endo

plasmic reticulum and nuclear envelope in both experimental and 

control testes. Glucose-6-phosphatase activity was largely 

confined to the basal portions of the Sertoli cell that surrounds 

the spermatogonia, as seen in control tissues. 

Glucose-6-phosphatase activity in spermatogonia did not 

appear to be altered by testosterone. However, localizations of 
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this enzyme were light, particularly in testosterone treated 

tissues, and no conclusions can yet be drawn from spermatogonial 

evidence of glucose-6-phosphatase localizations. Steinberger 

(1971) has proposed that testosterone may control multiplication 

and growth of the more primitive types of spermatogonia. Un

doubtedly, the metabolism of lipids, carbohydrates, and proteins 

in the testis is under the influence of hormones. It is difficult 

to establish whether changes in cellular composition of testicular 

tissue, rather than metabolic changes within a specific cell type, 

reflect the effect of a hormone (Steinberger, 1971 )• Changes in 

the hormonal milieu induce dramatic changes in the cellular 

composition of the testis, as well as in morphology of individual 

cell types. The evidence produced in this study suggests that 

the cellular composition of testicular tissue in man is altered 

by exogenous testosterone, as seen in the large reduction in the 

spermatid population. The metabolic processes of spermatogonia 

may be altered by testosterone, as suggested by subtle alterations 

that occur in morphology in response to exogenous testosterone, 

but evidence derived from enzymic localization alterations is 

inconclusive. The structural integrity of the scanty spermatogonial 

rough endoplasmic reticulum did not appear to be altered by 

testosterone. 

No changes in the localization patterns of adenosine triphos

phatase were noted during and after six months of daily testosterone 

treatment. Even in cells such as spermatids, which drastic 

alterations in cellular morphology resulted from testosterone 
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treatment, adenosine triphosphatase localization remained essen

tially identical to that of the control testis. This evidence 

suggests that active transport in the testis, both intercellular 

and intracellular, is not altered by the effects of exogenous 

testosterone. Adenosine triphosphatase can then be assumed to be 

insensitive to testosterone and would not be expected to promote 

testosterone-induced cellular damage. 

On two occasions, minute amounts of adenosine triphosphatase 

were localized within the Golgi bodies of Sertoli cells. The 

enzyme is thought to be required for membrane coalescence of smooth 

surface vesicles derived from the endoplasmic reticulum, where 

most enzymes are synthesized, with the forming face membranes of 

the Golgi complex (Jamieson and Palade, I968). 

The interstitial cells of Leydig are generally thought to 

be the principal sites of androgen production and secretion in the 

control human testis (Christensen and Mason, I965). These cells 

displayed some structural change in response to exogenous testos

terone treatment. Morphological alterations in testosterone 

treated Leydig cells included (l) the heavy accumulation of 

lipids within the cytoplasm and (2) the occurrence of vacuoles 

within the cytoplasm. No alteration of enzymic localizations of 

acid phosphatase accompanied the morphological alterations ob

served in testosterone treated Leydig cells. Adenosine triphos

phatase activity in Leydig cells was not perceptibly altered. 

Localizations of this enzyme in Leydig cells in both control and 

treated tissues were very li^t. 
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Glucose-6-phosphatase activity was substantially reduced or 

absent in Leydig cells of testosterone treated tissues. Although 

substantial localization of this enzyme was observable in control 

testes, no trace of glucose-6-phosphatase was detected, even after 

prolonged incubation in glucose-6-phosphate substrate, in the 

Leydig cells of testosterone treated testes. Tepperman and 

Tepperman (1960) suggested that a hormone might alter enzymic 

activity by (l) affecting membrane permeability to substrate or 

cofactor entering the cell, (2) releasing or converting bound 

substrate in order that it might be unavailable to the enzyme, 

(3) altering coenzyme availability to the enzyme, (4) acting as 

a coenzyme, (5) altering the energy level available for enzymic 

reactions, (6) unmasking or masking inactive enzymes or converting 

inactive precursors to active enzymes, or (7) affecting the 

nuclear enzyme forming systems of the cell. Ludwig (1950) and 

Heller et. al. (l950) showed that low daily doses of exogenous 

testosterone (25 mg to 50 mg per day in man) depress spermatogenesis 

by inhibiting the pituitary release of gonadotropins. Inter

stitial cell stimulating hormone (ICSH) is thought to be necessary 

to maintain androgen production in man by the interstitial cells 

of Leydig (Heller et. al., 1970), therefore it is reasonable that 

the absence of ICSH would be reflected in the altered metabolic 

activity of the Leydig cell. The absence of glucose-6-phosphatase 

activity in Leydig cells in testosterone treated testes lends 

credence to this concept. 

Human testiculsir biopsies subjected to four to six months of 

\> m^ 
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exogenous testosterone were examined in this investigation. 

Testicular specimens from individuals who had received less than 

four months of daily injections of exogenous testosterone were not 

available. Also, no biopsy studied had more than one month 

recovery from testosterone treatment. Future studies might profit

ably be directed in two directions. First, cytochemical and 

morphological studies could be directed toward testicular biopsies 

taken after very short periods of testosterone treatment, to 

determine the initial effects of this hormone on testicular 

morphology and function, as well as the time period required for 

the manifestation of these effects. Second, the recovery process 

of the testis following cessation of exogenous testosterone 

treatment should be meaningful. Heller et. al. (1968b) described 

a testosterone rebound phenomenon. Oligospermic males treated with 

50 mg daily doses of testosterone propionate for six months showed 

sperm counts far above pretreatment levels within six to eighteen 

months after cessation of treatment. Since biopsies in the present 

investigation were only available up to one month after cessation 

of testosterone injections, further cytochemical and ultrastructural 

studies may reveal information about the functional and morpho

logical aspects of spermatogenic recovery from testosterone treat

ment. 

In man, spermatogenesis consumes approximately 74 days 

(Heller and Clermont, 1964). The beginning of this time interval 

is marked by the differentiation of the most primitive spermatogonial 

stem cell into a cell committed to spermatogenesis. The conclusion 
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of the time interval is marked by the release of spermatozoa into 

the lumen of the tubule. The period of exogenous testosterone 

treatment in this study extended over a six month period, or 

approximately 182 days. The duration of spermatogenesis is 

species-specific and can be considered to be a biological constant. 

It is not thought to be influenced by hormones (Heller and 

Clermont, 1964). Therefore, it is probable that two or more 

complete spermatogenic cycles occurred during the testosterone 

treatment period in this study. All spermatogenic cells observed 

in this study were under the influence of exogenous testosterone 

during their entire spermatogenic cycle. The more mature cells, 

the spermatocytes and spennatids, could therefore have been 

damaged during the time at which they existed as spermatogonia. 

Thus, it is difficult to assess at what stage, or stages, the 

cellular alterations elicited by testosterone propionate occurred 

in the more differentiated cells, that is, the spermatocytes and 

spermatids. The obvious morphological destruction of some sperma

tids seen in this study may have been due to the cumulative effects 

of testosterone exerted on these cells when they existed as 

spermatogonia or spermatocytes. Therefore, only the end result 

of extensive testosterone treatment on each cell type as the cell 

existed at the time of the biopsy, could be observed in this study. 

The data presented in this study indicate that a low dose 

level of testosterone propionate would be a rather poor candidate 

for a male contraceptive. This premise is based upon two observa

tions. First, many spermatogenic cell types were observed to be 
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adversely affected by testosterone. Some mature spermatozoons 

were observed in seminiferous tubules of individuals treated with 

exogenous testosterone. However, many of these cells displayed 

slight or moderate morphological defects. If these cells were 

capable of fertilization, it is possible that abnormal offspring 

could be produced. Second, spermiogenesis requires approximately 

21 days (Heller et. al., 1968a). This is the minimum time re-

quired to restore spermatogenesis upon cessation of treatment with 

exogenous testosterone, since the spermatid population was sub

stantially reduced. If spermatogonia and spermatocyte numbers 

were reduced to a condition subsequently producing oligospermia, 

full recovery of spermatogenesis would require up to 74 days or 

longer. Finally, exogenous testosterone affects the normal pro

duction of needed hormones. Various side effects can occur in 

response to changes in the hormonal milieu of the body, including 

reduced libido and permanent infertility (Heller and Laidlaw, 

1958; Steinberger and Duckett, 1965). 

The Sertoli cell has never been seen to divide in adult 

animals (Clermont and Leblond, 1953). Attal and Courot (1963) 

found that the number of Sertoli cells remains constant throughout 

adult life. Therefore, the Sertoli cell was the only intratubular 

element investigated that was present in the same form throughout 

the period of testosterone treatment. No cytochemical or morpho

logical alterations induced in the Sertoli cell by testosterone 

could be traced to a less differentiated cell type. 

The interstitial cells of Leydig have a relatively long life 
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span when compared to the germinal cell types. Testosterone does 

cause a gradual change in the cytoplasm and nuclei of Leydig cells 

until they can no longer be distinguished from other non-Leydig 

interstitial cells with the light microscope (Heller et. al., 

1950). Several longterm functional and ultrastructural changes 

induced by exogenous testosterone on Leydig cells were elucidated 

in this study. Longer periods of exogenous testosterone treat

ment will be required to determine the full extent of Leydig cell 

regression due to low doses of exogenous testosterone. 

Of the three phosphatase "marker" enzymes studied, only 

adenosine triphosphatase appeared resistant to the effects of 

exogenous testosterone. Glucose-6-phosphatase activity was 

relatively unaltered in Sertoli and spermatogonial cells of men 

treated with testosterone, but was inhibited in Leydig cells. 

Acid phosphatase was perceptibly increased in Sertoli cells, a 

condition thought to be a direct result of increased lysosomal 

and phagocytic activity in the Sertoli cells of testosterone 

affected testes. 

All spermatogenic cell types were affected by exogenous 

testosterone. Although spermatids displayed the most pronounced 

defects in morphology, it is not known if these defects were 

cumulative, i.e., whether the effects were elicited upon the cells 

when the cells were spermatogonia of spermatocytes, or when they 

existed as spermatids. Sertoli cells were relatively testosterone 

resistant. The only change noted was an increase in lysosomes and 

lipofuscin bodies. Interstitial cells of Leydig showed some 
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degeneration upon treatment with exogenous testosterone, however, 

Leydig cells could always be distinguished from other interstitial 

cells. 

The present investigation suggests that future studies could 

profitably be directed toward determining the short term effects 

of exogenous testosterone and the time required for the effects 

to occur, as well as the recovery and rebound mechanisms of sperm

atogenesis after cessation of treatment. The enzymic map of the 

testis is far from complete. The use of other "marker" enzymes, 

as well as enzymes such asA5-3P-hydroxysteroid dehydrogenase, 

involved in Leydig cell androgen synthesis, would also be advan

tageous in determining effects of exogenous testosterone on the 

function of the human testis. 



CHAPTER V 

SUMMARY 

Numerous morphological and functional alterations elicited 

by testosterone propionate in human testis were revealed by 

electron microscopic cytochemistry. Only low dose levels of 

exogenous testosterone were investigated. The morphological and 

functional effects of exogenous testosterone on the human testis 

were elucidated as follows: 

1) the spermatogenic cells and the interstitial cells of 

Leydig were the testicular elements most susceptible to 

the effects of exogenous testosterone; the Sertoli cells 

were largely resistant. 

2) the effects of exogenous testosterone were most pronounced 

in the spermatid, where total cellular degeneration often 

occurred. 

3) adenosine triphosphatase was the only enzyme studied that 

did not appear to be affected by exogenous testosterone. 

4) adenosine triphosphatase activity was observed at the 

plasma membrane interfaces between Sertoli cells and 

adjacent spermatogenic cells. Adenosine triphosphatase 

activity was also observed between contiguous spermatogenic 

cells but was not localized between adjacent Sertoli cells. 

Adenosine triphosphatase activity was present in the acro

some cap and the flagellar filaments of the mature spermatid, 

88 
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5) glucose-^-phosphatase activity, not apparently altered 

in Sertoli cells and spermatogonia, was greatly reduced 

or eliminated in Leydig cells. 

6) glucose-^-phosphatase was found to be an effective marker 

enzyme for the nuclear envelope of the Sertoli and Leydig 

cells and the rough endoplasmic reticulum of spermatogonia, 

Sertoli, and Leydig cells. 

7) acid phosphatase activity was not observably altered in 

spermatogenic or Leydig cells, but increased in Sertoli 

cells. 

8) acid phosphatase was localized within the lysosomes of all 

cell types studied in the testis as well as within the 

lipofuscin bodies and Golgi bodies of Sertoli cells. 

9) Sertoli cell phagocytosis of degenerate spermatogenic 

cells was observed to occur with the concomitant increase 

of acid phosphatase activity in the Sertoli cell. 

Jk 
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