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CHAPTER I 

HISTORICAL REVIEW AND INTRODUCTION 

One of the most elaborate and complex histological 

organizations in the body is exemplified by the arrange

ment and interaction of the cells in the human testis. 

The testis is comprised not only of the coiled seminifer

ous tubules lined with germinal epithelivim and Sertoli 

cells, but also of neural and vascular processes, connec

tive tissue and Leydig cells of the interstitium. In 

addition, the testis has both endocrine and exocrine 

functions and the production of male gametes is dependent 

upon a controlled and specific hormonal melieu. Recently 

studies of the hormonal control of the mammalian spermato-

genic process have received new emphasis (French et al., 

1975). However, relatively little is known concerning 

the spermatogenic process in humans in contrast to the 

voluminous literature published on the histology and bio

chemistry of the testis in a variety of vertebrates 

(Johnson et al., 1970). 

Spermatogenesis can be divided into three distinct 

phases: (1) the mitotic division of spermatogonia to 

produce spermatocytes, (2) the production of spermatids 

as a result of meiosis in spermatocytes and (3) the 
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transformation of spermatids into motile spermatozoa 

(Clermont, 1972). In the first phase, the production of 

spermatozoa continuously from the onset of puberty 

requires that the spermatogonial stem cells not only pro

liferate and yield differentiated spermatogonia but also 

simultaneously renew themselves. Identification of the 

types of spermatogonia in man and their sequential 

development was begun by Roosen-Runge and Barlow (1953) 

studying the variations in spermatogonial size. Clermont 

(1963) first defined the six cellular associations in man 

that corresponded to the stages of a seminiferous epi

thelial cycle. In addition, Clermont (1963) identified 

three spermatogonial types in man, the type A dark (Ad), 

type A pale (Ap), and the type B. The main morphological 

features used in distinguishing these types of spermato

gonia were the shape and staining characteristics of the 

nucleus, the placement of the nucleolus, and the presence 

or absence of glycogen in the cytoplasm. Type Ad spermato

gonia were suggested to be the least differentiated of the 

three types morphologically- The type B spermatogonia 

were suggested to be the most differentiated for two 

reasons: (1) they occurred in only four of the six cell 

associations and (2) daughter cells formed by their divi

sion were identified as spermatocytes. Both type Ad and 



Ap spermatogonia were found in all six cell associations 

and exhibited the most contact with the basement membrane. 

Rowley et al. (1971) encountered a variant of the 

three recognized types of spermatogonia in man, utilizing 

both light and electron microscopy- This fourth type of 

spermatogonium was designated as the A long (Al) and it 

was suggested that the Al was analogous in structure and 

function to the A zero (A„) spermatogonium of other 

species (Clermont and Bustos-Obregon, 1968). The proposal 

that the Al spermatogonium was more primitive than the Ad 

spermatogonium was based on the following morphological 

features: cell shape and attachment to the basement mem

brane , the shape of the nucleus and the degree of chroma

tin granulation, nucleolar type and placement, mitochondrial 

relationships with the nuclear envelope and their occur

rence in groups, the presence or absence of glycogen, and 

the presence or absence of lamellar bodies, crystalloids 

of Lubarsch and nuclear structures described as "stripes" 

and "blebs" (Rowley et al., 1971). The discovery of less 

differentiated spermatogonia was not surprising consider

ing that six types of spermatogonia were found in the 

monkey testis (Clermont, 1969) and seven in the rat testis 

(Clermont and Bustos-Obregon, 196 8). 

The most undifferentiated type of spermatogonial cells 

have been classified as "reserve" and "renewing" stem cells 



(Clermont, 19 72). Although the former did not appear to 

be actively involved in the production of spermatocytes, 

the latter initiated a series of mitoses during which 

they renewed themselves and simultaneously gave rise to 

"differentiating" spermatogonia. Differentiating germ 

cells often undergo an incomplete cytokinesis forming con

nections known as cytoplasmic bridges (Fawcett, 1961; 

Moens and Go, 19 72). Consequently, large groups of germ 

cells mature synchronously. Due to the precise and regu

lar timing of the stages of spermatogenesis, spermatids 

at a particular stage of development are associated with 

specific types of spermatogonia and spermatocytes forming 

cellular associations. In most maimnals, waves of differ

ent cell associations occur throughout the length of the 

tubules (Perey et al., 1961) and only one cell association 

is found in a tubular cross section. In contrast, Cler

mont (1963) observed that the cellular associations of man 

occupied very small areas of the ti±)ule and from 2-5 asso

ciations were evidenced in any cross section. This condi

tion was not unique to man because similar arrangements 

were found in birds (Courot et al., 1970) and in the 

baboon (Chowdhury and Steinberger, 1976). 

Clermont (1963) divided the cycle of the seminifer

ous epithelium in man into six stages. Each of the six 

stages contained specific cellular groupings that are 



summarized below. Morphological studies supporting Cler

mont's (1963) investigation have been reported by Chowd

hury (1971) and Steinberger and Tijioe (1973). 

Stages I and II of the cycle. These stages were 

composed of type Ad, Ap, and B spermatogonia as well as 

pachytene spermatocytes and two generations of spermatids. 

The younger generation of spermatids were designated as 

type Sa and were identified because of their spherical 

nuclei depressed by a small acrosomic granule. The older 

generation of spermatids were characterized by completely 

condensed chromatin in the nuclei and residual cytoplasm 

around the tail. Stage I contained advanced spermatids 

classified as Sd, and Stage II contained Sd- spermatids. 

Stages III and IV of the cycle. Both type Ad and Ap 

spermatogonia were found in these stages. Preleptotene 

(Pi) or "resting" spermatocytes were observed in Stage III 

and leptotene spermatocytes (L) were noted in stage IV. 

In addition, spermatocytes at the mid-pachytene (Pa) stage 

of meiosis existed at both stages. Stage III also pos

sessed spermatids at the Sb, step of maturation distin

guished by their pear-shaped nucleus and acrosomal cap over 

the nucleus. In contrast, Sb2 spermatids, characterized by 

an elongated nucleus and clumped chromatin were found at 

stage IV-



Stages V and VI of the cycle. These stages con

tained type Ad and Ap spermatogonia and maturing sperma

tids (Sc). In Stage V, spermatocytes in transition from 

leptotene (L) to the zygotene (Z) step of prophase were 

seen as well as spermatocytes in late pachytene. In 

Stage VI, spermatocytes in transition from zygotene (Z) 

to early pachytene (Pa) were found. Also, primary and 

secondary spermatocytes undergoing the first and second 

maturation division were seen and some secondary spermato

cytes were observed in interphase. 

Clermont (1963) noted that deviations from these 

typical cellular associations were frequently encountered 

for each stage of the cycle. For example, at Stage VI, 

the younger generation of spermatocytes were found at the 

leptotene stage of prophase instead of at zygotene. 

Similarly, preleptotene spermatocytes were seen at Stages 

IV or V of the cycle in place of leptotene spermatocytes. 

These deviations indicated that the integration of the 

stages of development of the various generations were not 

as precise in man as in other mammals. Examination of the 

cellular associations was further complicated by a mixing 

of the germ cells at the interface of adjacent associa

tions and the absence of one or more generations of germ 

cells in the association in tubular cross sections. 



The six cellular associations (Clermont, 1963) fol

lowed each other in a temporal sequence. Following 

Stage VI, Stage I reappeared and a new cycle began. 

Heller and Clermont (1964) utilizing pulse labeling of 
3 

H-thymidine found that the total duration of the evolu

tion of the spermatogenic series, starting from the origin 

of the stem spermatogonium required approximately 74 days 

in man. In further studies, Clermont (1966a, b) examined 

paraffin embedded tubular cross sections to obtain quanti

tative data of spermatogonial and spermatocyte ratios. 

The data indicated that a ratio of type Ad:Ap:B:Pl sper

matogenic cells was 1:1:2:4. Clermont (1966b) proposed a 

statistical model of "equivalent mitosis" to explain the 

method of the renewal of spermatogonial stem cells in man. 

According to this model, an Ad spermatogonium divided 

mitotically to produce two morphologically identical sper

matogonia. One type Ad cell renewed the stem cell popu

lation and the other type Ad cell divided to produce a 

pair of the more differentiated type Ap cells. The type 

Ap cells divided to produce type B cells and the type B 

cells divided to produce preleptotene spermatocytes. The 

model proposed by Clermont (1966b) was based on the fol

lowing assumptions: 
1. The type Ad cells constituted the most primitive 

spermatogonial elements and a class of renewing 
stem cells; the Ap spermatogonia were differen
tiated cells giving rise to type B cells. 
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2. Once the spermatogonia embarked on their course 
of differentiation into spermatocytes, their 
evolution was unidirectional and irreversible; 
they did not revert back to the stem cell condi
tion. 

3. Spermatogonia of each type divided only once 
during one cycle of the seminiferous epithelium. 

4. The incidence of spermatogonial degeneration was 
not important enough to alter the cell ratios. 

Rowley and Heller (1971) developed two methods for 

the quantitation of the cells in the seminiferous epi

thelium of man employing the Sertoli cell as a constant. 

In addition, other studies utilizing techniques including 

radiation action (Heller et al., 1965), spermatogonial 

mapping in tubules mounted "in toto" (Clermont and Bus-
3 

tos-Obregon, 1968), H-thymidine labeling m tubule whole 

3 

mounts (Huckins, 19 71), and long-term H-thymidine label

ing (Oakberg, 1971) have provided new information on the 

behavior of spermatogonia in man and other mammals. Thus 

the exact mode of spermatogonial renewal in man remained 

to be elucidated (Clermont, 1972). 

Numerous investigators have analyzed the fine struc

ture of the cell types of the human testis in both normal 

and pathological tissues. These reports included studies 

on spermatogenic cells (Fawcett and Burgos, 1956a; Horst-

mann, 1961), spermatogonia (Tres and Solari, 1968; Vilar 

and Paulsen, 1967; Nagano, 1969; Berlin et al., 1970; 



Rowley et al., 1971; Sohval et al., 1971), spermatocytes 

(Nagano, 1962; Solari and Tres, 1967), spermatids (Anberg, 

1957; Bedford, 1967; Fawcett and Burgos, 1956a; Schultz-

Larsen, 1958; Fawcett, 1958; de Kretser, 1969; Pedersen, 

1972), Sertoli cells (Fawcett and Burgos, 1956b; Horstmann, 

1961; Vilar et al., 1962; Bawa, 1963; Schmidt, 1964; 

Nagano, 1966; Sohval et al., 1971; Schulze, 1974), and 

Leydig cells (Fawcett and Burgos, 1960; Yamada, 1965; 

Yasazumi et al., 1967; Berlin, 1968; de Kretser, 1967a, b; 

Nagano and Ohtsuki, 1971). Electron microscopy was also 

employed by Fukuda and Hedinger (19 75) to investigate the 

morphology of testicular gonocytes and fetal spermatogonia 

in hiiman embryos and fetuses between 9 and 30 weeks post 

conception. Although the fetal spermatogonia displayed 

cytoplasmic bridges, glycogen and groups of mitochondria 

connected by an electron dense material, these spermato

gonia differed significantly from human adult spermatogonia. 

More recently, electron microscopic cytochemistry was 

utilized to study the effects of testosterone propionate 

concentrations on the localization of adenosine triphos

phatase, glucose-6-phosphatase, and acid phosphatase in the 

human testis (Barham and Berlin, 1974). Additionally, the 

fine structural localization of glucose-6-phosphatase 

inosine diphosphatase, thiamine pyrophosphatase, acid 
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phosphatase, and adenosine triphosphatase was described in 

control human testis (Barham et al., 1976). 

The present investigation was designed to (1) identify 

the types of spermatogenic cells in the seminiferous cycle 

of man at the ultrastructure level, (2) substantiate the 

presence of four spermatogonial types in control and 

pathological tissues, and (3) document new ultrastructural 

features of the spermatogenic cells. 



CHAPTER II 

MATERIALS AND METHODS 

Light and Electron Microscopy 

Testicular biopsy specimens from ten normal adult 

volunteers ranging in age from 29 to 50 years were 

examined with both light and electron microscopy. Indi

viduals were selected for this study on the basis of a 

series of 18 or more weeks of normal sperm counts and 

normal urinary and plasma levels of gonadotropins and 

testosterone. All individuals had no previous history 

of any diseases of the reproductive system. Testicular 

biopsies were performed according to the procedure of 

Rowley and Heller (1966) and were supplied through the 

courtesy of Dr. Carl G. Heller, Pacific Northwest Research 

Foundation, Seattle, Washington. 

Following excision from the testis, tissues were 

immediately fixed in 3% purified glutaraldehyde in 0.067 M 

phosphate buffer at pH 7.3 or 1% glutaraldehyde in 0.1 M 

cacodylate buffer at pH 7.3. Samples were trimmed to 

blocks of 1 mm during fixation and post-fixed in buf

fered osmium tetroxide (Millonig, 1961). Dehydration was 

carried out in a graded series of ethanols and tissues 

11 
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were embedded in Epon (Luft, 1961) according to standard 

procedures. 

Epon embedded tissues were trimmed and oriented for 

sectioning to produce cross sections of the seminiferous 

tubules. Quantitation of spermatogonia and interpreta

tion of cellular associations were performed on serial 

sections 1-3 microns in thickness cut on a LKB Ultra-

microtome III. Albumin coated glass slides were utilized 

to enhance the adherence of the sections and the sections 

were stained with Azure II and methylene blue (Richard

son et al., 1960) for 2 to 5 hours in glass staining 

trays at room temperature. Serial sections were analyzed 

and only those cell associations that were complete in 

all respects were counted. Care was taken to avoid areas 

of mixed cell associations, tangentially cut tubules, and 

areas of sections with artifact. Light micrographs were 

photographed on either a Reichert "Zetopan" or a Zeiss 

Photomicroscope III and were recorded on Kodak Panatomic-X 

and Kodacolor 35 mm film. 

Gold-silver thin sections of the Epon embedded mate

rial were stained with uranyl acetate and lead citrate 

(Reynolds, 1963) for ultrastructural examination. The 

sections were viewed with a Hitachi HU llE-1 model trans

mission electron microscope operated at 75 Kv and 
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photomicrographs were recorded on Dupont 711 Cronar 

Ortho S Litho graphic arts film. 

For comparison studies, six Epon embedded specimens 

of human pathological testicular tissues were supplied 

through the courtesy of Dr. Bob Stinson and Mr. Robert 

Turner, Departments of Pathology and Electron Microscopy, 

Scott and White Hospital, Temple, Texas. 

Seminiferous Tubules Mounted "In Toto" 

Topographical arrangement of spermatogenic cells were 

observed utilizing a procedure in which short straight 

pieces of seminiferous tubule were mounted "in toto" 

(Roosen-Runge, 1955; Clermont and Bustos-Obregon, 1968) 

Testicular tissues fixed in 10% formalin were supplied 

through the courtesy of Mr. Bob Winnett, Physicians Path

ology Service, Lubbock, Texas. No impairment of testicular 

function was noted in the tubules and numerous spermatozoa 

were observed. The tubules were carefully dissected apart 

using fine sewing needles and as much of the interstitium 

as possible was removed without damaging the tubule. 

Short, straight pieces of tubule, 1-3 cm in length were 

washed in 0.1 M cacodylate buffer, pH 7.2 and immersed 

in distilled water. The tubules were placed in a Petri 

dish containing hematoxylin stain for 15-20 seconds and 

then they were thoroughly washed in distilled water. 
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Following dehydration in a graded series of ethanols for 

15 minutes each, the tubules were cleared in xylol and 

mounted in Histoclad without applying pressure to the 

coverslip. 

Scanning Electron Microscopy of 
Seminiferous Tubules 

Observation of the arrangement of the Sertoli and 

germinal cells in intact tubules was performed using a 

scanning electron microscope. Small pieces of dissected 

tvibules fixed in 10% formalin were dehydrated in a graded 

series of ethanols and critically point dried with liquid 

carbon dioxide according to the procedure of Porter 

et al. (19 72). Dried tubules were oriented on double 

sticky tape with the cut ends of the tvibules parallel to 

the scanning stub. A carbon and gold or gold only coating 
o 

approximately 200 A in thickness was applied by vaporiza

tion under vacuum in a Kinney KSE-2A-M vacuum evaporator. 

Tubules were examined with a Kent Cambridge S4-10 scanning 

electron microscope operated at accelerating voltages 

between 10 and 30 Kv-



CHAPTER III 

RESULTS 

The random arrangement of the cell associations in 

the human seminiferous epithelium and the specific cell 

types present in each association were identified utiliz

ing either light or electron microscopy (Figs. 1-7). 

The stages of the seminiferous cycle occupied discrete 

areas of the tubule and several stages were evident in 

any cross section (Fig. 1). Identification of the indi

vidual stages was based on the specific types of spermato

gonia, spermatocytes, and spermatids present (Fig. 2). 

Spermatogonial cells were located in the basal compartment 

in contact with the basement membrane and spermatocytes 

and spermatids were found in progression toward the 

lumen (Fig. 3). The Al, Ad, Ap, and B spermatogonia were 

distinguished in both light and electron micrographs by 

their shape and staining characteristics as well as by 

unique features particular to some of the spermatogonia. 

The type Al spermatogonium was a long, flat cell with 

a long irregularly shaped nucleus positioned parallel to 

the basal lamina. The cytoplasm contained glycogen and 

mitochondria with tubular cristae. Electron opaque "bars" 

were seen between some mitochondria occurring in pairs or 

15 



Fig. 1. Light micrograph of normal human seminiferous 
tubule. Cellular associations I and IV are 
evident within one cross section. Richard
son's stain. 1,000X. 

Fig. 2. Light micrograph of cellular association I. 
Type Ad, and B spermatogonia, pachytene sper
matocytes (Pa), and two stages of spermatid 
development (Sa, Sd) are identified. Richard
son's stain. 2,100X. 
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Fig. 3. Light micrograph of normal human testis. 
Three generations of spermatogenic cells are 
shown. The spermatogonial layer (Sg) con
tacts the basement membrane (BM) and groups 
of spermatocytes (Sp) and spermatids (St) 
progress toward the lumen. 1,40OX. 

Fig. 4. Light micrograph of cellular association IV. 
Note the long, flat A long (Al) spermato
gonium lying parallel to the tubule wall and 
characteristic pachytene spermatocytes (Pa)-
2,100X. 

Fig. 5. Light micrograph of cellular association VI. 
Type A pale (Ap) spermatogonia display a 
light finely granulated nucleoplasm. The 
characteristic nuclear configuration dis
tinguishes zygotene spermatocytes (Z) next 
to type Sc spermatids. 2,100X. 

Fig. 6. Light micrograph of cellular association IV. 
Type A dark (Ad) spermatogonia, pachytene 
spermatocytes (Pa), and the pear-shaped 
nuclei of Sb„ spermatids are shown. A typical 
Sertoli cell (S) is recognized by its irregu
larly shaped nucleus and large nucleolus. 
2,100X. 
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Fig. 7. Electron micrograph of cellular association 
III. Type A pale (Ap) spermatogonia, pre
leptotene spermatocytes (Pi), and Sb, sper
matids are seen. Note the extensive Sertoli 
cell (S) cytoplasm surrounding the spermato
cytes and spermatids. 10,50OX. 
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groups. A fibrillar diffuse nucleolus was located on the 

nuclear envelope and a crystalloid of Lubarsch was 

observed in some cells (Figs. 4, 8, 9). 

The Ad spermatogonium was also a long, flat cell with 

an ovoid to spherical nucleus containing deeply staining 

chromatin and a distinct area of rarefaction within the 

nucleus (Fig. 10). The mitochondria had tubular cristae 

and were clustered in groups. Some mitochondria were con

nected by electron opaque "bars" or were associated with 

strands of endoplasmic reticulum. The nucleolus was per

ipherally positioned on the nuclear envelope and the cyto

plasm contained glycogen and occasionally crystalloids of 

Lubarsch (Fig. 10). A unique feature of the Ad spermato

gonium was the presence of doubled nuclear membranes 

projecting into the cytoplasm (nuclear blebs). The elec

tron dense material within the membranes was nuclear 

chromatin and a cytoplasmic mitochondrion was seen par

tially enclosed by the redundant nuclear envelope (Figs. 

11, 12). 

The Ap spermatogonium was a rounded cell with an 

ovoid nucleus and a light finely granulated nucleoplasm. 

The nucleolus usually consisted of a fibrillar and granu

lar area positioned along the nuclear envelope. Electron 

dense "bars" were seen between mitochondria and the 

cristae were plate-like or tubular. A reduced number of 



Fig. 8. Light micrograph of cellular association V. 
A type A long (Al) spermatogonium, leptotene 
speirmatocytes (L) , and advanced spermatids 
are observed. 2,100X. 

Fig. 9. Electron micrograph of the A long (Al) sper
matogonium. A long, flat irregularly shaped 
nucleus with a diffuse nucleolus (Nu), groups 
of mitochondria connected by an electron dense 
material (arrow), and cytoplasmic glycogen are 
all characteristics of the Al spermatogonium. 
Note the parallel orientation of the nucleus 
and the basal lamina (Bl). 8,000X. 
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Fig. 10. Electron micrograph of type A dark (Ad) sper
matogonium. Ad spermatogonia contain an 
area of rarefaction (R) in the nucleus, a 
peripherally located nucleous and clumped 
mitochondria apparently connected by an 
electron dense material (arrow). 10,500X. 

Fig. 11. Electron micrograph of type A dark (Ad) sper
matogonium. A nuclear bleb is shown par
tially enclosing a mitochondrion (M). 
14,000X. 

Fig. 12. Electron micrograph of type A dark (Ad) sper
matogonium. A nuclear bleb forms from the 
doubling of the nuclear envelope (NE) back 
upon itself as it projects into the cytoplasm. 
Bleb membranes are continuous with the 
nuclear envelope (arrows) and the electron 
dense material within the bleb membranes is 
interpreted as nuclear chromatin. 38,000X. 

Fig. 13. Electron micrograph of type A pale (Ap) sper
matogonium. Ap spermatogonia have a round 
nucleus with a light granular nucleoplasm. No 
glycogen is seen in the cytoplasm and groups 
of mitochondria are connected by a dense 
material (arrow). 11,000X. 
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mitochondria, Golgi, and endoplasmic reticulum were found 

and the cytoplasm usually did not contain glycogen 

(Figs. 7, 13). 

Type B spermatogonia were round to pear-shaped and 

had the smallest amount of contact with the basal lamina. 

They were frequently connected by cytoplasmic bridges and 

the nucleus was spherical in shape. The nucleoplasm was 

pale with some chromatin lining the nuclear envelope. The 

nucleolus was centrally positioned and usually contained 

a fibrillar and granular area. Plate-like cristae were 

seen in the mitochondria and the Golgi was frequently more 

elaborated than in other types of spermatogonia. 

Following the division of type B spermatogonia, sper

matocytes formed were engulfed by Sertoli cell cytoplasm 

and did not contact the basal lamina (Figs. 15-18). The 

"resting" or preleptotene spermatocytes were very similar 

to the type B spermatogonia, but more chromatin clumps 

were seen along the nuclear periphery and the nucleoplasm 

was more granular in the preleptotene spermatocytes 

(Figs. 7, 15). As chromosomal pairing occurred, fine 

filaments and synaptinemal cores were seen in the nucleus 

of the leptotene spermatocytes (Figs. 8, 16, 18). The 

pachytene spermatocytes were distinguished by dense masses 

of chromatin scattered in the nucleoplasm, a prominent 



Fig. 14. Electron micrograph of type B spermatogonia. 
A cytoplasmic bridge (arrow) connects a pair 
of B spermatogonia. The nucleolus is cen
trally positioned and the cytoplasm contains 
a Golgi complex (G) and a reduced number of 
ribosomes, endoplasmic reticulum and mito
chondria. 6,30ox. 

Fig. 15. Electron micrograph of preleptotene spermato
cytes (Pi). Pi spermatocytes are similar in 
appearance to the B spermatogonia, but the 
Pi spermatocytes do not contact the basal 
lamina and the nucleus contains dense clumps 
of chromatin distributed along the nuclear 
periphery. 2,300X. 

Fig. 16. Electron micrograph of leptotene spermato
cytes (L). Leptotene spermatocytes are 
characterized by an accumulation of fine 
chromatin filaments and synaptinemal cores 
(arrows) in the nucleus. 6,000X. 

Fig. 17. Electron micrograph of pachytene spermato
cytes (Pa). Pa spermatocytes are distin
guished by their well developed synaptinemal 
complexes, prominent nucleolus (Nu), and sex 
vesicle (SV). 12,00OX. 
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nucleolus, a sex vesicle, and fully formed synaptinemal 

complexes (Figs. 4, 17, 18). 

After the second maturation division of spermato

cytes, haploid spermatids were observed (Fig. 19). These 

cells were transformed in a series of morphogenetic 

alterations to form spermatozoa (Fig. 20) in a well docu

mented process known as spermiogenesis. Within the 

germinal epitheliiam, the Sertoli cells formed an intricate 

framework around the spermatogenic cells (Figs. 6, 7, 18, 

21). The Sertoli cells are characterized by their irregu

larly shaped nucleus, tripartite nucleolus, and extensive 

cytoplasm containing smooth and rough endoplasmic reticu-

Ixim, lipofuchsin bodies, annulate lamellae and crystal

loids of Lubarsch (Figs. 18, 21). Sertoli cells in 

contact with each other form specialized tight junctions 

that are a part of the blood-testis barrier in mammals 

(Fawcett and Burgos, 1956b). 

The groupings of specific cellular types into stages 

of the cycle of the seminiferous epithelium were evident 

in both light and electron micrographs. Cellular asso

ciations I, III, IV, V, VI were demonstrated (Figs. 2-8). 

Analysis of the cellular associations in tubular cross-

sections revealed the presence of Al, Ad, and Ap spermato

gonia in all six cellular associations. Type B spermato

gonia were found in stages I-IV, and preleptotene cells 



Fig. 18. Electron micrqgraph of cellular association 
IV. This stage of the seminiferous epithelium 
is identified from the association of lepto
tene (L) and pachytene (Pa) spermatocytes and 
Sb2 spermatids. Note the extensive Sertoli 
cell (S) cytoplasm reaching from the basal 
lamina to the lumen. 4,00OX. 
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Fig. 19. Electron micrograph of an Sa spermatid. 
After meiosis of spermatocytes, haploid 
spermatids at the Sa stage of development 
of produced. 13,000X. 

Fig. 20. Electron micrograph of an Sd spermatid. 
The process of spermiogenesis results in 
the transformation of Sa spermatids into 
mature spermatozoa. X2,000. 

Fig. 21. Electron micrograph of normal human testis. 
Sertoli cells (S) are characterized by their 
highly irregularly shaped nucleus, Sertoli 
cell junctions (arrow), and cytoplasmic 
lipofuchsin bodies (L). A type Ad spermato
gonium and a dividing cell (M) are in con
tact with the Sertoli cells. 8,100X. 
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occurred in stage III. Leptotene spermatocytes were 

generally found in stages IV and V and zygotene cells were 

seen in stage VI. The pachytene spermatocyte was present 

in stages I-V and secondary spermatocytes were seen in 

stage VI. Type Sa spermatids were seen in stages I and II 

and the Sb^ and Sb- spermatids were evident in stages III 

and IV respectively. The Sc spermatid was present in 

stages V and VI and the Sd, and Sd2 spermatids were found 

in stages I and II. The results of these studies are sum

marized in Table I. 

Enumeration of the Ad, Ap, Al, B, and PI cellular 

types in tubular cross sections of ly sections of Epon 

embedded material was performed on each of the cellular 

associations. The Al spermatogonium occurred with less 

frequency than any of the other spermatogonial types and 

existed in a ratio of approximately 1:10 in relation to 

the Ad. Average cell counts from all of the cellular 

associations revealed the ratio of Ad:Ap:B:Pl cellular 

types was approximately 1:1:2:4 respectively. Thus the 

relationship of the Al to the other spermatogenic cells 

enumerated was approximately 1:10:10:20:40 (Al:Ad:Ap:B:PL). 

"In toto" mounts of small pieces of the seminiferous 

tubules were employed in correlation with tubular cross-

sections to elucidate the groupings of spermatogonia and 

spermatocytes along the basal lamina. Using this technique. 
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the deeply stained nuclei of the cells within the tubule 

were evident (Fig. 22). By focusing up and down on the 

tubule wall, specific cellular associations were visualized 

(Fig. 23). The Ad spermatogonia were arranged in clusters 

(Fig. 2 4) and frequent pairing of the cells was seen. In 

addition, type Ap spermatogonia were observed in groups 

as were spermatocytes (Fig. 25). The Al spermatogonia 

were never found in pairs or groups but as single cells 

along the basal lamina. Quantitation of the spermato

gonial cells in the "in toto" mounts was not performed due 

to the increased amount of error introduced by the mixing 

of the cells at the interface between cellular associations. 

Light and electron microscopy of the pathological 

samples of human testis revealed a wide variation of 

anomalies ranging from complete destruction of all sper

matogenic cells to a condition of pronounced degeneration 

of more advanced spermatids. Testicular tissue taken from 

an adult male with an undescended testis revealed a com

plete lack of any spermatogenic cells (Fig. 26) and the 

area between the tubules was filled with collagen and 

hypertrophied Leydig cells. Spermatocyte arrest was seen 

in one sample (Fig. 2 7) and no advanced spermatids were 

observed. Two samples were almost morphologically iden

tical to normal tissue (Figs. 28, 29) except for the 

prominent degeneration of spermatids at the Sc and Sd 



Fig. 22. Light micrograph of an "in toto" mount of a 
seminiferous tubule. The deeply stained 
nuclei of cells in the seminiferous epithelium is 
shown. Hematoxylin stain. 160X. 

Fig. 23. Light micrograph of an "in toto" mount of a 
seminiferous tubule. At a higher magnifica
tion, the nuclei of advanced spermatids 
within a cellular association are shown. 
Hematoxylin stain. 80OX. 

Fig. 24. Light micrograph of an "in toto" mount of a 
seminiferous tubule. A group of type Ad 
spermatogonia are shown (arrows). Note the 
area of rarefaction within the nuclei of the 
Ad spermatogonia. Hematoxylin stain. 800X. 

Fig. 25. Light micrograph of an "in toto" mount of a 
seminiferous tubule. Spermatocytes in iden
tical stages of development (arrows) are seen. 
Hematoxylin stain. 800X. 
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Fig. 26. Light micrograph of pathological human testis, 
SW-1. No germinal elements or Sertoli cells 
are seen within the seminiferous tubules (T). 
Note the hypertrophied Leydig cells (L) filled 
with lipid. 160X. 

Fig. 27- Light micrograph of pathological human testis, 
SW-2. Although spermatogonia and spermato
cytes are found, no advanced spermatids are 
seen. Note the increased layers of collagen 
and fibroblasts surrounding the tubules 
(arrow). 160X. 

Fig. 28. Light micrograph of pathological human testis, 
SW-5. Advanced spermatids are shown (arrow) 
and degenerating cells occlude the lumen. 
160X. 

Fig. 29. Light micrograph of pathological human testis, 
SW-3. Lumen formation is reduced and the 
interstitium (IN) is shown to fill the area 
between the tubules. 16OX. 
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stages of development. In all pathological samples 

examined, multiple layers of peritubular cells surrounded 

the tubules and interstitium filled the area between the 

tubules. Analysis of cellular types found in pathological 

samples revealed characteristic Ad, Ap, B, spermatogonia 

present as well as the Al (Fig. 30). Identification of 

the cellular associations was complicated by the lack of 

advanced spermatids in some samples (Fig. 31). A summary 

of the cellular types observed in these tissues is pre

sented in Table II. 

The greatest alteration of the cells in the pathologi

cal testes was seen in the Leydig cells. These cells were 

frequently hypertrophied and increased amounts of lipid 

and lysosomes were observed (Figs. 32, 33). The spermato

genic cells appeared normal although degeneration of the 

more advanced spermatids was noted in most samples (Figs. 

34, 35). 

In normal human testicular tissue, discrete areas of 

the seminiferous tubule were seen to undergo degeneration 

during the spermatogenic process (Figs. 36-38). This 

phenomena was observed as an increase in the intercellular 

space followed by a subsequent loss in cell to cell con

tact. The Sertoli cells within this area eventually 

engulfed the cells and the cisternae of the smooth endo

plasmic reticulum became distended. The cytoplasm was 
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Fig. 30. Light micrograph of pathological testis, 
SW-4. Type A long spennatogonium (arrow) is 
shown in a testis where spermatogenesis is 
arrested in advanced stages. 2,100X. 

Fig. 31. Light micrograph of pathological testis 
SW-2. Spermatogenesis is arrested at the 
spermatocyte stage and pachytene spermato
cytes (Pa) are seen within the lumen. 
2,100X. 

Fig. 32. Electron micrograph of Leydig cells. Mor
phological alterations of the Leydig cells 
(L) are shown. The cells are hypertrophied 
and filled with lipid (Li) in pathological 
testis. 5,300X. 

Fig. 33. Electron micrograph of Leydig cells. An 
increased number of lysosomes (Ly) are seen 
in the Leydig cells (L) of pathological 
testis. 12,000X. 
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Fig. 34. Electron micrograph of pathological human 
testis, SW-5. Normal development of sperma
tids up to the sd, stage is shown. Most Sd„ 
spermatids undergo degeneration resulting 
in a hypospermic condition. Note the normal 
pachytene spermatocytes (Pa). 12,000X. 

Fig. 35. Electron micrograph of pathological human 
testis, SW-6. Abnormal development and sub
sequent degeneration of cells at the Sb^ and 
Sc stages of spermatid development are 
observed. Note the Sb.. spermatid and the 
large mass of degenerating material (arrow). 
11,000X. 
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Fig. 36. Light micrograph of normal human testis. 
Areas of the seminiferous epithelium are 
seen to undergo degeneration in normal 
development. This is seen in early stages 
as an increase in the intercellular space 
(arrow). 2,100X. 

Fig. 37. Electron micrograph of normal human testis. 
Sertoli cells (S) in the area of degenerating 
cells are morphologically different from Ser
toli cells in adjacent areas. A deeply 
staining cytoplasm and enlarged cisternae of 
the smooth endoplasmic reticulum (arrow) are 
shown. 7,000X. 

Fig. 38. Electron micrograph of normal human testis. 
An area of degeneration is shown. An increase 
in the intercellular space (arrow) followed by 
loss of contact between the germinal cells and 
Sertoli cells is observed. 2,700X. 
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darkly staining and a large amount of lipofuchsin bodies 

were seen (Fig. 37). The Sertoli cell cytoplasm of patho

logical testicular tissues were morphologically similar in 

appearance in areas of cellular degeneration to Sertoli 

cells in normal tissue. 

Electron microscopy of the spermatogonia, spermato

cytes, and spermatids revealed the characteristic mor

phology of these cells, and the presence of cytoplasmic 

annulate lamellae, uncommon in other mammalian species. 

Cytoplasmic annulate lamellae were seen rarely in sper

matogonial cells (Fig. 39) but were observed in spermato

cytes and spermatids. Annulate lamellae appeared in 

primary spermatocytes adjacent and parallel to the nuclear 

envelope as single or multiple lamellar profiles inter

rupted by numerous pore-annular complexes (Figs. 40, 41). 

Pores of the annulate lamellae were similar in appearance 

to the pores in the nuclear envelope and were often 

aligned (Fig. 40). Additionally, the density of the inter-

lamellar space resembled the density of the surrounding 

cytoplasm (Fig. 40) or partially encompassed several 

masses of a fibrillar electron dense material (Fig. 41). 

Primary spermatocytes, displaying distinct nuclear synap

tinemal complexes, contained elements of the rough endo

plasmic reticulum continuous with the outer nuclear 

envelope (Figs. 40, 41). 



Fig. 39. Electron micrograph of normal spermatogonium-
A stack of annulate lamellae (arrow) contain
ing darkly stained annuli are evident within 
the cytoplasm of a spermatogonial cell (Sp). 
10,400X. 

Fig. 40. Electron micrograph of a primary spermato
cyte (PS). Annulate lamellae are shown in 
the perinuclear region. Note the alignment 
of the annuli (arrows) and endoplasmic reti
culum continuous with the outer nuclear 
envelope. 37,500X. 

Fig. 41. Electron micrograph of a primary spermato
cyte (PS). Cytoplasmic annulate lamellae 
(arrow) are shown associated with a fibrillar 
electron dense material. A well developed 
Golgi complex (G) is observed in close prox
imity to the annulate lamellae. 24,000X. 

Fig. 42. Electron micrograph of an Sb, spermatid. 
Annulate lamellae (arrow) contiguous with the 
outer nuclear envelope are shown. Note the 
darkly stained annuli and the density of the 
interlamellar space. 19,000X. 
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Sb2 spermatids, distinguished by the extension of the 

acrosomal cap over the nucleus, possessed multiple layers 

of annulate lamellae in apposition and direct continuity 

with the outer nuclear envelope (Fig. 42). The inter

lamellar region was filled with a homogenous finely granu

lated electron-opaque material which was not evident in 

any area immediately surrounding the annulate lamellae 

(Fig. 42). Layers of annulate lamellae were encountered 

distant to the nucleus and continuous with the endoplasmic 

reticulum. The individual lamellae were characterized by 

terminal dilations and a few ribosomes were present on the 

membranes of the outer lamellae (Fig. 43). Golgi com

plexes were observed in close proximity to these stacks 

and in some cases exhibited a tenuous orientation with 

them (Figs. 43). The octagonal pores of the annulate 
o 

lamellae measured approximately 500-600 A in diameter and 

frequently an electron dense granule was discernable in 

the center of the complex (Fig. 44). 

Throughout nuclear condensation and elongation in 

spermatid differentiation, the nuclear envelope appeared 

to remain highly active as evidenced by the presence of 

numerous nuclear blebs (Fig. 45). The budding of small 

vesicles was followed by the appearance of multiple annu

late lamellae profiles linked with the outer nuclear 

envelope in Sc spermatids (Figs. 46, 47). The annulate 



Fig. 43. Electron micrograph of an Sb, spermatid. 
Annulate lamellae (arrow) are shown separ
ated from the nuclear envelope. Note the 
close proximity of the Golgi complex (G) 
and the electron dense interlamellar region, 
21,000X. 

Fig. 44. Electron micrograph of annulate lamellae. A 
tangential section through an annulate 
lamellae stack reveals pores (arrows) approxi
mately 500-600 A in diameter. An electron 
dense granule is discernable in the center of 
the pore. 59,000X. 

Fig. 45. Electron micrograph of a spermatid nucleus 
(N). Nuclear envelope blebs (arrows) are 
shown in the region of the proximal centriole 
(PC). 78,000X. 

Fig. 46. Electron micrograph of an Sc spermatid. A 
single layer of annulate lamellae (arrow) is 
contiguous with the nuclear envelope at the 
caudal pole of the nucleus. 31,000X. 

Fig. 47- Electron micrograph of an Sc spermatid. Mul
tiple layers of annulate lamellae (arrow) 
continuous with the nuclear envelope are 
seen. 30,000X. 
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lamellae in Sc spermatids, marked by condensed chromatin 

granules, were similar in structure to the annulate 

lamellae observed in Sb2 spermatids (compare Fig. 47 with 

Fig. 42). 

Sd, spermatids, possessing a greater degree of 

nuclear chromatin condensation and excessive cytoplasm 

around the tail, displayed annulate lamellae in the periph

eral cytoplasm (Fig. 48) and continuous with the nuclear 

envelope (Fig. 49). The annuli of the lamellae were 

darkly stained and the peripherally positioned annulate 

lamellae adjoined Golgi complexes (Fig. 48). The inter

lamellar space of the peripheral annulate lamellae 

remained electron dense as was the interlamellar space of 

the jxixtanuclear annulate lamellae. Peripherally posi

tioned annulate lamellae were identified in spermatozoan 

residual bodies (Figs. 50, 51). In many instances, these 

stacks of annulate lamellae showed a reduced number of 

pores (Fig. 50). With the dissolution of pore complexes, 

the interlamellar region became less electron dense and 

the cisternal spaces dilated. These dilations became 

vacuoles filled with a flocculent material of moderate 

electron density (Fig. 51). 

Scanning electron microscopy of the seminiferous 

tubules illustrated the random arrangement of the cellular 

associations within the tubule (Fig. 52). Rounded germinal 



Fig. 48. Electron micrograph of the Sdĵ  spermatid. 
Annulate lamellae (arrow) separated from the 
nucleus (N) are shown. Note the close 
proximity of the Golgi complex (G). 10,500X. 

Fig. 49. Electron micrograph of an Sd^ spermatid. 
Some annulate lamellae (arrow) adjoin the 
nucleus (N). 20,000X. 

Fig. 50. Electron micrograph of a spermatozoan residual 
body. An annulate lamellae stack is observed 
to possess distinct annuli (arrows) and 
enlarged cisternae (C) containing a flocculent 
material. 60,000X. 

Fig. 51. Electron micrograph of a spermatozoan residual 
body (RB). Annulate lamellae remnants are 
lamellar profiles (L) surrounding vacuoles 
(V). 11,500X. 
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cells were seen at the lumenal surface in specific areas 

of the tubule instead of throughout the tubule. The 

interaction between the germinal cells, identified as 

spermatids and the Sertoli cell cytoplasm was evident 

(Fig. 53). Some spermatids were at the lumenal surface 

and other spermatogenetic cells appeared as bulges under 

the Sertoli cytoplasm. Cytoplasmic bridges were observed 

connecting the rounded spermatids which appeared in 

groups or pairs (Fig. 54). In addition, mature spermatozoa 

were seen within the lumen (Fig. 55). Spermatids at a 

later stage of development were seen in groups along the 

lumenal surface (Fig. 56). These spermatids possessed long 

thin flagellar axonemes which were not encompassed with 

mitochondria and appeared analogous with the Sa stage of 

spermatid development (Fig. 57). The Sertoli cell cyto

plasm at the lumenal surface showed extensive cytoplasmic 

overlapping and spermatogenic cells were located in pockets 

surrounded by this cytoplasm (Fig. 56). 



Fig. 52. Scanning electron micrograph of human 
seminiferous tubule. The characteristic 
arrangement of germinal cells from different 
cellular associations occupying discrete 
areas of the tubule is shown (open arrow). 
An enlargement of the area indicated by the 
darkened arrow is presented in Fig. 53. 
700X. 

Fig. 53. Scanning electron micrograph of human semin
iferous tubule. The complex interaction 
between the Sertoli cells (S) and the ger
minal cells is seen. Cells tentatively 
identified as spermatids (Sa) are seen in the 
iTomen and cytoplasmic bulges (arrows) in the 
Sertoli cell cytoplasm may represent maturing 
spermatids progressing toward the lumen. 
2,300X. 

Fig. 54. Scanning electron micrograph of spermatids. 
Rounded cells seen in Fig. 53, are described 
as spermatids because of their size and the 
presence of cytoplasmic bridges (CB) connec
ting the cells. 14,00OX. 

Fig. 55. Scanning electron micrograph of a spermatozoon 
(S). A mature spermatozoon is shown within 
the lumen of a seminiferous tubule. 2,200X. 
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Fig. 56. Scanning electron micrograph of human semin
iferous tubule. Extensive Sertoli cell 
cytoplasm (S) surrounding rounded germinal 
cells is shown. The rounded germinal cells 
possess long thin processes extending from 
the cell surface (arrow), and have been 
tentatively identified as Sa type sperma
tids. 3,200X. 

Fig. 57. Electron micrograph of an Sa spermatid. The 
rounded cells seen in Fig. 56 are shown to be 
Sa spermatids possessing a long flagellar 
axoneme (arrow). Mitochondrial derivatives 
do not surround the axoneme at this stage of 
development. 8,40OX. 
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CHAPTER IV 

DISCUSSION AND CONCLUSIONS 

The normal histology of the seminiferous epithelium 

in man was reinvestigated on well-preserved biopsies of 

normal adult human testis with both light and electron 

microscopy. These investigations revealed several fea

tures not documented in other studies of testicular 

tissue. The association of spermatogenic cells in the 

stages of the seminiferous epithelium previously des

cribed by Clermont (1963) is confirmed. In addition to 

the three recognized spermatogonial types, the A long 

(Al) spermatogoniiam described by Rowley et al. (1971) is 

found in all six cellular associations of control tissue 

and in pathological testis. This study substantiates 

the presence of a fourth spermatogonial type in human 

testis. The Al spermatogonium is felt to represent the 

most primitive stem cell in the testis for the following 

reasons: (1) it occurs in all six cellular associations 

of normal tissue and in pathological tissue, (2) it 

appears as single cells within the stages of the seminif

erous epithelium and represents only a very small portion 

of the spermatogonial population, and (3) it has some 

morphological features of the type Ad cell but has been 
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shown (Rowley et al., 1971) to divide to produce a pair 

of new Al cells. 

Clermont (1966b) proposed a model for the "equivalent 

mitosis" of spermatogonia in man to explain the process of 

spermatogonial renewal. This model was based on the 

assumption that the Ad was the most primitive cell type 

and that average cell counts of spermatogonia did not 

affect cell ratios. 

There are at least two possible explanations for 

the role of the Al spermatogonium in human spermatogenesis 

and the following models are proposed. 

The first model proposes that the Al is analogous in 

function to the AQ or Ad spermatogonia in rats and 

monkeys (Clermont, 1972) as a reserve stem cell. The 

reserve stem cells are judged not to be actively engaged 

in the production of speinnatocytes as evidenced by their 

constant number per unit surface area of the tubular wall 

at various stages of the cycle, the low mitotic activity, 

and the low labeling index at various intervals after 
3 

H-thymidine injection. These reserve cells were postu

lated to divide sporadically to maintain the pool of stem 

cells that could be partially depleted due to cell degen

eration and thus contribute to maintaining the population 

of spermatogonial stem cells in a steady state. Further, 

this process could be accelerated in instances of massive 
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depletion of type A spermatogonial population following 

radiation insult to the testis. 

The second model proposes that the Al is analogous to 

the As spermatogonium described by Huckins (1971). 

Studies by Huckins (1971) and Oakberg (1971) in the rat 

and mouse indicated that the As (analogous to the A_) 

represented a small population of long-cycling cells. 

According to Huckins (1971), the As appeared as isolated 

cells within the epithelium and divided once during each 

cycle of the seminiferous epithelium. Division of the 

As produced either a pair of cells connected by a cyto

plasmic bridge or new As cells. Subsequent divisions of 

the A , spermatogonium produced from the As spermatogonium 
Si J-

would yield the typical A, spermatogonium which are dif

ferentiating cells. 

Recently Chowdhury and Steinberger (19 76) described 

the germ cell morphology and duration of the spermatogenic 

cycle in the Baboon, Papio anubis. Unlike spermatogenesis 

in other monkeys but similar to this process in man, more 

than one cellular association was elucidated in a tubular 

cross section. In studies utilizing pulse-labeling of 
3 
H-thymidine, labeled Ad spermatogonia were found at 35 

days post-injection. This retention of label for such a 

prolonged period of time was unexpected and could not be 

explained by the renewing stem cell theory. 
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3 
Heller and Clermont (1964) employing H-thymidine 

labeling of cells in the human testis found that in addi

tion to labeled cells of the advancing front, earlier 

stages of spermatogenesis were labeled. However, no 

analysis was made of the less differentiated labeled 

cells. 

Without the benefit of further investigation utiliz-
3 

ing techniques including long-term labeling with H-

thymidine and cell survival and repopulation studies after 

irradiation or chemically induced azoospermia, the func

tion of the Al spermatogonium remains enigmatic. The Al 

spermatogonium is more analogous to the long-cycling 

type As spermatogonium described by Huckins (1971) than to 

the Aj., reserve stem cell, described by Clermont (1972). 

The fine structure of pathological testicular samples 

is similar to earlier reports (Leeson, 1966) of cryptor-

chid and scrotal human testes, and all samples demonstrate 

a progressive fibrosis of the peritubular connective 

tissue and abnormal spermatogenic development. 

Cellular degeneration during normal spermatogenesis 

in rats was described by Roosen-Runge (1955). In human 

testis, this phenomena appears to result from a loss of 

cell to cell contact. Also, Sertoli cells in areas of 

normal testicular degeneration have a darkly stained cyto

plasm and enlarged cisternae of endoplasmic reticulum. 
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This particular morphology represents a stage in the 

cycling of Sertoli cells not previously reported 

(Schulze, 1974). 

Ultrastructural observations of specific types of 

spermatogenic cells have revealed some unusual specializa

tions not reported in other mammalian spermatogenic cells. 

The nuclear blebs in Ad spermatogonia first described by 

Rowley et al. (19 71) form from a doubling of redundant 

nuclear envelope although their functional significance is 

unknown. The contents of such blebs is found to be cyto

plasmic in nature containing occasional ribosomes and 

mitochondria within the bleb. This differs from the 

report by Rowley et al. (1971) of the presence of particu

late material similar to the nucleoplasm in the blebs. 

The occurrence of cytoplasmic annulate lamellae in 

human spermatogenesis is treated in depth in a paper cur

rently in press (Smith and Berlin, in press). There have 

been no other descriptions of annulate lamellae in verte

brate primary spermatocytes. It is doubtful that annulate 

lamellae in spermatocytes represents nuclear envelope 

remnants formed during division and retained for reformation 

of the nuclear envelope of daughter cells as reported by 

Szollosi et al. (1972) in human oogonia. The relationship 

of spermatocyte annulate lamellae with a fibrillar elec

tron dense material is unclear although there is previous 
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evidence for the association of annulate lamellae in rat 

spermatids and fish spermatogonia with chromatoid bodies 

(Swift, 1956; Schjeide et al., 1972). 

During spermatid maturation, it appears that the 

annulate lamellae forms from the nuclear envelope and is 

translocated to the distant cytoplasm. The apparent 

blebbing activity of the nuclear envelope is suggestive 

of the mode of annulate lamellae formation originally 

proposed by Kessel (1964) although no alignment and fusion 

of these vesicles is observed. 

Horstmann (1961) reported the presence of cytoplas

mic "lamellar bodies" in human spermatids and Burgos 

et al. (19 70) described an electron dense material in the 

perinuclear cisternae and suggested that these structures 

might be involved in a loss of nuclear contents or chroma

toid material during a period of reduction in nuclear 

volume. This study reinterprets Horstmann's "lamellar 

bodies" as annulate lamellae profiles contiguous with the 

nuclear envelope. The interlamellar material of human 

spermatids (1) entirely fills the region between cisternae 

and does not appear more concentrated near the pores, 

(2) is never apparent in any area immediately adjacent to 

the annulate lamellae stack, (3) remains electron dense 

in annulate lamellae stacks completely separate from the 
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nucleus, and (4) consists of a finely granular matrix 

during all stages of spermatid development. 

Following completion of sperm maturation, the annu

late lamellae in residual cytoplasm appears lamellar as 

a consequence of pore elimination. Wischnitzer (1970) has 

described the transformation of annulate lamellae to 

rough endoplasmic reticulum via a dissolation of pores and 

the acquisition of ribosomes. However, the annulate 

lamellae cisternae in human spermatid residual bodies 

enlarges and eventually appears as vacuoles containing a 

flocculent material. During this process, the electron 

opacity of the interlammelar space decreases. These 

observations do not seem to represent a transition of 

annulate lamellae to another membrane system but instead 

illustrate a process of annulate lamellae breakdown in 

residual cytoplasm that is ultimately phagocytized by 

testicular Sertoli cells. 

Scanning electron microscopy of seminiferous tubules 

in dogs has been employed (Connell, 1975) to demonstrate 

the method of spermatozoal release from the Sertoli cyto

plasm as well as the arrangement of the spermatids in a 

spermatogenic wave. In human seminiferous tubules, a 

highly irregular arrangement of the cellular associations 

is observed with the scanning microscope. Identification 

of the advanced spermatids is possible by comparison with 
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transmission electron micrographs. The Sertoli cell 

cytoplasm is described from the lumenal surface as pos

sessing extensive overlapping cytoplasm and filopodia 

among the germinal cells. In addition, these observa

tions of Sertoli cells in vivo correlate well with similar 

observations of Sertoli cells of rats grown in_ vitro 

(Tung and Fritz, 1975). 



CHAPTER V 

SUMMARY 

The cycle of the seminiferous epithelium in adult 

human testicular tissue was described in Epon embedded 

material utilizing both light microscopy and transmission 

electron microscopy. In addition to the A dark (Ad) and 

A pale (Ap) spermatogonial types, the A long (Al) sper

matogonium occurred in all six cellular associations. 

Analysis of pathological tissues also revealed the pres

ence of Al spermatogonia, although spermatogenesis was 

arrested at different steps of development. "In toto" 

mounts of small pieces of the seminiferous tubule were 

employed to visualize the arrangement of spermatogonial 

types in pairs or clusters along the basal lamina. Quan

tification of the Al: Ad: Ap: B cell types demonstrated 

that the Al occurred with less frequency than any other 

spermatogonial type. The Al was seen primarily as a 

single cell rather than in pairs or groups along the 

basal lamina and was felt to be a precursor to the Ad 

type cell. 

Ultrastructural observations of nuclear blebs in the 

Ad cells demonstrated bleb formation via an evagination 

of the nuclear envelope. Cytoplasmic annulate lamellae 

72 
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were rarely found in spermatogonia but were described in 

spermatocytes and spermatids in association with an 

electron dense material. Annulate lamellae formed on the 

nuclear envelope and appeared as vacuoles in spermatozoal 

residual bodies following a dissolution of pores and an 

enlargement of cisternae. 

Scanning electron microscopy of intact seminiferous 

tubules demonstrated not only the highly irregular arrange

ment of the stages of the cycle within the tubule, but 

also the intricate relationship exhibited between Sertoli 

cells and the germinal elements. 
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