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Summry. Electron microscopic examination of normal human testes has revealed the ul- 
trastructure of four t p s  of spermatogonia. These are the dark t.vpe A (AD), the pale t ? p  A 
(AF’), the type B (B), and a new type A (AL). The subcellular criteria used in distin- 
guishing between these four spermatogonial t p e s  include the shape of the nucleus, the 
density of the nucleoplasm, the type of pucleolus and its placement within the nucleus, the 
structure of the mitochondrial cristae, the association of the endoplasmic reticulum with the 
mitochondria, the amount of glycogen present within the cell, and the presence of previously 
undescribed filamentous structures in the cytoplasm of the BL and 91) spermatogonia. Each 
spermatogonium is incontact with thetubular basal lamina; the amount of contact progressirely 
decreases from the AL. a flat cell lying parallel to the basal lamina, through the AD and 
-4P to the B spermatogonia, the latter being a pear-shaped cell with i t s  long axis perpen- 
dicular to the basal lamina. 

Key-If’ords: Spermatogenesis-Testis-Spermatogonial ultrastructure-Male reproduc- 
tion-Germinal cells. 

Introduction 
The cells inrolred in human spermatogenesis can be conveniently grouped 

into three classes. The first class contains the most primitire cells, spermato- 
gonia, which are in contact with the basal lamina. They divide mitotically to 
replace themselres and eventually give rise to the second class of cells, spermato- 
cytes. Spermatocytes make up the interphase and prophase of meiosis and 
are separated from the tubular basal lamina. They divide to form two secondary 
spermatocytes which, in turn, diride to form the third class of cells, the s p e m a -  
tids. Spermatids reside along the lumenal edge of the tubule and undergo ma- 
turation to become mature spermatozoa. One other type of cell is contained 
within the tubule, the Sertoli cell. This cell extends between most of the 
cells of the germinal series and probably acts as a “nurse” cell. 

The identification of the types of spermatogonia and the kn ta t i r e  outline 
of their sequential derelopment in man was begun in the recent investigations on 
the normal human testes by Clerrnont (1963) and Heller and Clermont (19M). 
These studies, using light microscopy, identified three spermatogonial types in 
man; the A dark (AD), the A pale (AP) and the B spermatogonia. The main 
morphological features used in distinguishing between these three types of sperma- 
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togonia a t  the light microscope lerel were the shape and staining characteristics 
of the nucleus, the placement of the nucleolus and the presence or absence of 
glycogen in the cytoplasm. The AD spermatogonium was suggested to  be the 
least differentiated morphologically. The type B spermatogonium was considered 
to  be the most differentiated of the three cells for two reasons: 1) it occurs in 
only four of the six cell associations and 2) daughter cells formed by its division 
are identified as spermatocytes. Both the AD and the AP spermatogonia are found 
in all six cell associations and are flattened against the basal lamina of the semini- 
f erous tubule. 

Roosen-Runge and Barlow (1953) carefully studied spermatogonial size and 
related their data to that of earlier workers. Although their conclusions were 
based on an erroneous premise (no organization in the human seminiferous 
epithelium) their measurements reflect the true rariation in spermat,ogonial sue. 
Clerrnont (1966), through painstaking mapping of the seminiferous tubules. worked 
out a model of spermatogonial derelopment for the human male. 

Electron microscopy of the human testis has, until recently, been restricted 
to  obserrations from abnormal indiriduais (Smith et al., 1967; Fawcett and 
Burgos, 1936a, b, 1960; De Kretser, 1967a, 196s; Leeson, 1960; Smith e ta l . .  
1967 : Gomez-Acebo et al., 1968), tissue of unspecified origin or uncertain normalcy 
(Bawa, 1963: Sagano, 1962, 1966, 1969: Vilar el a?., 1962; Fan-cett and Burgos, 
1956a, b: Horstmann. 1961) and tissue of normal or aging human testes (De 
Kretser, 196ib,  1969: Vilar and Paulsen, 1967: Yasuzumi e t a l . ,  1967: Tres 
and Solari, 1968). The majority of these inrcstigations describe the fine structure 
of the interstitial cells, Sertoli cells or spermatids and only an  occasional and 
incidental electron micrograph of a human spermatogonium has bcen published. 
W a r  and Paulsen (196i) hare published an abstract on the fine structure of the 
human germinal cells. These workers reported two types of spermatogonia lying 
on the basal lamina and a third type suGounded entirely by Sertoli cell cytoplasm. 

In  contrast to man in whom only three types of spermatogonia have been 
described, sir  have been found in monkey testis (Clerrnont, 1969), s is  in niouse 
testis (Xlonesi, 1962) and seren in rat testis (Clermont and Bustos-Obregon, 196s). 
Very recently a less differentiated spermatogonium lias been discovered and de- 
scribed for the rat (Clerrnont and Bustos-Obregon, 1968) and monkey (C'lermont, 
1969). We hare also encountered a variant of the three recognized types of sperma- 
togonia during this investigation. This spermatogonium, designated in this publica- 
tion as -4 long (XL) has not been described previously in either light or electron 
microscopy studies in man. It may well be the precursor to  the three recognized 
types. 

Two difficulties hare contributed to the paucity of information about the 
ultrastructure of human spermatogonia ; 1) obtaining the appropriate well fixed 
normal biopsy material, and 2) properly identifying the germinal cells. We hare  
orercome the first difficulty by obtaining biopsy specimens from testes of normal 
healthy young adults. The second was orerconie by using three separate morpholo- 
gical approaches to insure accurate identification of the spermatogonial types. 

Firstly, n e  esarnhied paraffin embedded tissues ni th  the light microscope 
in the classical manner to identify the t -bee recognized types of spermatogonia. 
Secondly, we studied Epon embedded tissues sectioned a t  micron or sub-micron 
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thicknesses by light microscopy and ident.ified the spermatogonial types by maliing 
comparisons with paraffin embedded material. Thirdly, electron microscopic exami- 
nation of thin Epon embedded sections adjacent to  sections used for khte micro- 
scopic examination was used to determine the ultrastructural characteristics. In 
this wag we felt assured that the cells n-e designated as -AL, AD, AP and B 
spermatogonia in paraffin sections corresponded to the cells we term AL, AD, AP 
and B spermatogonia in Epon sections studied with either the light or electron 
microscope. The identifying characteristics of human spermatogonia based on these 
comparatire studies are described herein. 

Xaterials and Ucthods 
Biopsy Epecimens from testes of eight normal healthy adult volunteers were available for these 

. studies. The men ranged in age from 29 to joyears. Sone had a h is tov  of disease of the 
reproductive system. Indiriduals were selected for this study on the basis of a series of 18 
or more weekly normal sperm counts and normal ur inav  and/or plasma lerela of gonado- 
tropins and testosterone. Bilateral testicular biopsies were performed as preriously described 
(Rouley and Heller, 1966). One piece of tissue was ilpmediatdy transferred to Cleland's 
fixative for subsequent paraffin embedding and one piece to glutaraldehyde fixative for 
Epon embedding. Tissues embedded in Epon were trimmed to blocks of 1 mma during fina- 
tion. The glutaraldehyde fixative consisted of either 300 purified glutaraldehyde in 0.06i 11 
phosphate buffer a t  pH 5.3 or 10; purified glutaraldehcde in 0.1 JI cacodylate buffer at  
pH 7.3. Tissues fixed in glutaraldehyde were post-filed in OeO, (3lillonig, 1961), dehydrated in 
ethanol, and embedded in Epon (Luft, 1961). Paraffin embedded material was sectioned at 
4 and staineduith iron hematosylin-eosin. Epon embedded niaterial \vas sectioned a t  1 p or 
less and stained with Richardson's stain (Rirherdson cf d., 19GO). For electron microscopy, 
gray-silver sections of the Epon embedded tissues were stained with uranyl acetate and post- 
stained with lead citrate (Reynolds, 1963). Characteristics of the testicular material of the 
eight subjects were similar althou,oh slight yariatidn was found in the depth of staining 
obtained in thin Epon sections. 

@) 

Results ' 
d . General Ducription of Spernidogonial Fllrastructure 

Electron microscopy revealed that each human spermatogonium is in contact 
with the basal lamina. The degree of the contact varies from 30 t~ to 2 p in 
length (Figs. 2 ,5 ,  6 and 9). The cell shapes are cariable; ranging from a flattened 
cell containing a long irregularl~ shaped nucleus to a pear shaped cell containing 
a round nucleus (Figs. 3. 5. 6 and 9). The nuclei of spermatogonia have slightly 
granular nucleoplasm n- l~ch  is usually homogeneous. The more flattened cells. 
howerer, often hare  an area of rarefaction \xithin the nucleus (Fig. 5). The density 
of this raiefied area is much less than the rest of the nucleus and resembles the 
cytoplasmic matris. The rarefied area does not have a limiting membrane. Sucleoli 
are usually found along the nuclear membrane although occasionally (particularly 
in the pear shaped cell) they are in the center of the nucleus. The nucleolus con- 
tains a granular region (nucleolonema). The rounder nuclei also contain an 
amorphous region (Figs. 1 @-I 3) .  

Jlitochondria are found singly, in pairs or in groups. Those occurring in pairs 
or groups appear to be connected by electron-opaque bars or plaques similar t.0 
that described by Andrk (1962) and Sagano (1969), or by strands of rough 
endoplasmic reticulum (Figs. 14 and 15). Where mitochondria occur in groups, they 
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are often closely associated n-ith the nucleus and indented into the nuclear mem- 
brane (Figs. 2 and 5) .  I n  cells haring only single mitochondria they are situated 
well away from the nucleus, Cristae w i t h  the mitochondria are either tubular or 
plate-like. Typical Golgi complexes are found surrounded by resicles of uniform size 
and electron density (Figs. 5 and 9). Jficrotubules, coated vesicles and paired cen- 
trioles are also present in each type of spermatogonia. Glycogen, both as free par- 
ticles and clustered in membrane-limited pockets is observed only in the flattened 
cells (Fig. 20). 
9 filamentous body corresponding to the crystalloid of Lubarsch (Lubarsch, 

1896: Xagano, 1969) is seen only in the flattened cells. The filamentous body 
having dimensions of approximately 0.5 x 2.0 p is composed of parallel filaments 
(or microtubules). Each filament is 10-15 ni;* in diameter and they are separated 
from each other by a distance of 20-3Omp. R o w  of electron opaque spheres 
of 15 mp in diameter are found between the filaments. In cross section each 
tubule has a wall 3-5 mp thick w<th an electron transparent lumen 3-5 mp 
(Fig. 16). The tubules are aligned in linear arrays so that the rows of electron- 
opaque spheres appear to be entrapped by a circle of tubules (Fig. 17). 

Another body found in the cytoplasm of sperinatogonia is a single membrane- 
limited structure hax-ing a diameter of 1-2 u (Fig. 20). The bodies frequently 
possess internal membranes in a granular matrix These structures may be lyso- 
somes; hon-erer, in the absence of acid phosphatase incubations they are re- 
ferred to hereafter as lamellar hodies. 

Two forms of meinbraneous specialization occur on the internal side of the 
nuclear enrelope. The first specialization is a membraneous layer closely appressed 
to the internal face of the nuclear envelope. Because of the appearance of this 
specialization when riewed in cross-section we refer to these structures as  nuclear 
enrelope stripes or simply “stripes .’ (Fig. 1 S). X three dimensional view may 
reveal that  these structures are plaque-like forqlations. The stripes are composed of 
a t  least two membranes and an intermembraneons space. In  some instances another 
layer of the stripe has been obserl-ed and one finds three electron-transparent 
regions, all being membrane-limited. Elcctron-opaque regions occur on the inner 
sides of each membrane-limited space. Thus from the cytoplasmic side of the 
nuclear envelope moving inward (Fig. 16) there is the outer membrane of thc 
nuclear enrelope, the intennembraneous space (perinuclear space), the iiincr mem- 
brane of the nuclear enrelope, an electron-opaque region, the esternal membrane 
of the stripe. an htermembraneous region within the stripes. the inner membrane 
of the stripe, and another electron-opaque region. The different meinbraneous 
components of stripes are apparently continuous with the nuclear envelope. The 
nucleolus is frequently associated nith the stripes. 

The second specialization associated uith the nuclear envelope is a region 
surrounded b -  double membrane (Fig. 19). I t s  appearance suggests a “bleb” and 

Fig. 5 .  Electron micrograph of AL type spermatoponi~uu. The niirleoplasm is homogeneous. 
The mitochondria (Jf) arc linked by rough endoplasmic retiruluni ( R )  nnd electron-opaque 
bars and show a preferential Iociitlon away from the basal lamina (BL). Particularly note 
the lengtli of the cell on the hasal lainina (BL) .  lye are unable to take a photograph of the 

entire cell as it is too long. x I-i.:<(fl 
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we refer to such a structure as such. When closely appressed tQ the nuclear 
envelope the outer membrane of the bleb is separated from the internal membrane 
of the nuclear envelope by an electron-opaque region. The nuclear enrelope 
protrudes into the cfloplasm when associated nith this membrane-limited struc- 
ture. The contents of the blebs are either particulate in nature, averaghg 15 mp 
in diameter, and resemble the fine particulate material found in the nucleoplasm, 
or the contents of the membrane-limited body are electron-transparent ni th  fine 
filaments being present. 

Spermatogonia are often in direct cell-cell contact, with each other, although 
Sertoli cell cytoplasm can extend between them to the basal lamina. Sertoli 
cell-spermatogonia and spermatogonia-spermatogonia contacts were seen about 
equally. 

E. Division of Ce11.s into Types 
The characteristics of spermatogonia described above appear in some sper~na- 

togonia and not in others. Some characteristics seen in one cell t ~pe  may hare  
a somewhat different appearance in another cell type. From the variations 
between cells we believe that spermatogonia can be di\-ided into four tjpes based 
upon their ultrastructural characteristics alone. The cell types are abbreviated 
AL, AD, XP and B and listed below vith specific characteristics belonging to 
each. 

A Long (AL).  The AL is a long, very flat cell attached to the basal lamina 
for as much as 3 0 m p ;  it usually has a long irregularly shaped nucleus; the 
mitochondria often occur in groups of up to ten connected by “bars” or strands 
of rough endoplasmic reticulum ; the mitochondria contain tubular cristae and 
are often associated 151th the nucleus. The nucleolus is of the M u s e  nucleolonema 
type and always located on the nuclear membrane; a filamentous body (crystal- 
loid of Lubarsch) may be present; glycogen is present as is the lamellar body 
(Figs. 1, 2, 10, 17 and 20). 

A Dark (AD). The AD is also a long flat cell, a little less so than the AL: 
its long oral shaped nucleus has a rcgular nuclear membrane and is the only 
spermatogonia to have a region of rarefaction within the nucleus. Suclear “stripes ” 
and nuclear “blebs” are present and it has a nucleolonema type of nucleolus seen 
peripherally on the basal lamina. the mitochondria are found in groups connected 
by electron-opaque bars. many are found attached to the nucleus: cristae are 

0 

Fig. 3. Light microgaph of an AD type spermatogocium and an  XP t p e  spermatogoniuni 
embedded in paraffin. S o t e  the ”vacuole” in the nucleus of the AD. x 1.200 

Fig. 4. Light micrograph of an AD type spermatogonium and an AP type spermatogonium 
embedded in Epon. Sote  the rarcfied ( R R )  area in the AD nucleus and the length of these 

cells on the basal lamina (BL).  x 1.216) 

Fig. 5. Electron micrograph of an 1D type spermatogonium. Contact of the sper~natogoniuii~ 
with the ham1 lamina ( B L )  is evident. The nucleus contains granular nucleoplasm, a region 
of rarefaction (RR), and a peripheral ni~cleolus. Xtochondrio (JI) are shovn in close proximity 
to the nuclear encelope and are also joined to each other. Smooth endoplasmic reticulum is 

shown in the region of the centriole (C) and the Golgi complex (Go). x 9 . 1 0 ~  
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Fig. IO. S i~c leo l~ is  (-Y71) of AL type spermatogoniu~n. The nurleoliis consists 
of only ni~cleolonema. x 10.500 

Fig. 11. Sucleoli~s (-Yu) of -ID sper~nntogonii~m. A niirleolonema is nssocintcd \\it11 the niicienr 
rnveloyc. Y 10.5(0 

Fig. 12. Sucleolus of nn :\I’ type spcrn1ntogoniu111. The amorplioiis zone (-4 ). i n  th i s  micro- 
graph, is associated with  tlir nu(.ledr envelope and the niiclcolonemn (arrow) lies in the 

niicleoplnsrn. .I 1Cl . . 5CYl  

Fig. 13. Sucleolus of B type ~ p r r m ~ 1 o p 1 1 1 1 i n .  The arnorIiI1o11; 7 . 0 1 ~  (.4) i s  riirrniiidccl l)y the 
nucleolonemo (arrow). Tlir nucleiis is n ~ t  nsiociatcd \I i t l i  the niit.lcilr r~ivvlopr. ,. 1(1.5(w 



Fig. 14. E l r c t r o n . o p a q ~  liar.< I I ; )  joining niitocliondria (11) together in an -4L type spwmito- 
goniuni. -4 strand of roiigli c.irdnplar;in~c reticuI11111 (II) is associated u i t h  a niitoc.hondrion. 

I' 35.2(NI 
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Fig. 18. Sucleoliis (-TI() nssociiitrd u i t h  s t r i p  (.</) 011  the nuclear envelolw of -4D spernrato- 
gonium. The niiclcar envelope IS ~ o ~ i t i i i i i o i ~ ~  a i i t l  tile *tripe i s  conipose(1 of il menlbrane- 
liniited cistcriia (Ca) and dcnsa I;iycr> (I),!,) on the internal side of 1)otll the ni!clear envelope 

and the cisterna. Tlre nuclroplns~n (-Y 1 and cytoplas~n (Cy) are indicated. I. 22.WKl 



Fig. 20. Two -\L nuclri (-TI and S,) i n  n ~ O I ~ ~ I I I O I I  cytoplnsni. Both the cytoplasm and rlie 
nuclei possess the c~l inrac~tcr i~t ics  of -1L .cpemiatogonia. Sore lainellar Lady ( L ) .  The cell 

liw 011 tiw i , , i ~ , ~ l  i;iiiiiiia (EL). P . ~ ( K I  
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A P ,  round to slightly ovoid nucleus, nucleoplasm light and finely P n u l a r  ; 
B, round nucleus, nucleoplasm pale 111th chromatin lining the nuclear membrane. 

3. Sucleolus (Figs. 10-13). AL, diffuse nucleolonema on nuclear periphery; 
-4 D, dense nucleolonema on nuclcar periphery : A P, nucleolonema and amorphous 
regions on nuclear periphery : B, nucleolonema and amorphous regions centrally 
positioned within the nucleus. 

4. Mitochondria (Figs.2, 5, 6, 9, 14, 13 and 20). dL, clumped in groups, 
connected by bars or strands of rough endoplasmic reticulum, sometimes in 
apposition to the nucleus. cristae tubular: AD,  clumped in groups, connected by 
bars. strands of rough endoplasmic reticulum sometimes associated with a mito- 
chondria,‘ often associated with the nucleus. cristae tubular and plate-lilie; 
A P ,  clumped in pairs or singly, connected by bars. never associated with nucleus, 
cristae usually plate-lhe ; B,  single scattered away from nucleus, cristae plate-like. 

5.  Glycogen (Fig. 20). CiL, and A D  present scattered throughout cell although 
occasional single membrane-bound. pockets have been seen ; A P ,  not present; 
B, not present. 

6. Fibrillar body (crystalloid of Lubarsch) (Figs. 16 and 17). AL, present; 
AD,  present : -4 P, not usually present (seen only once) : B, not present. 

7.  Lamellar body (Fig. 20). AL, present: .1D; not present; A P ,  not present: 
B, not present. 

S. Suclear “stripes” and “blebs” (Figs. 18 and 19). AL, not present; 
- 4 0 .  present : d P. not prwent. B. not present. 

We have found instances of binucleate AL. AD and AP spermatogonia (E.g., 
see Fig. 20) and we interpret these cells as having completed karyokinesis and of 
partially completing cytokinesis. Fawcett (1961) has shown that  spermatids are 
joined by intercellular bridges This is a condition which we believe exists through- 
out spermatogenesis. These binucleate cells would substantiate Clermont’s 
mapping studies (19GG) where pairs of spermatogonial types were found together 
and tend to confirm the occurrence of “equivalent” mitotic division in spermato- 
gonia. WC have never observed nuclei of different spermatogonial types within a 
common cytoplasm. Our present concept is that  each cell divides mitotically to 
form two of the nest  more mature spermatogonia. If this concept is correct the 
finding of XL spermatogonia joined by a bridge containing spindle fibers, and 
apparently finishing division, n-ould add strength to the concept of the AL as a 
separate and distinct cell type. 

The AL may be analagous in structure and function to the X zero (A,) of 
other species (Clermont and Bustos-Obregon, 1965). However, because of the 
uncertainty of the analogy the cell was termed XL rather than &. Yery little 
study ha5 been done on human spermatogenesis when compared to  that done on 
other species, therefore it is not strange that additional spermatogonia have not 
been preriously described with confidence in the human being. 

:) 
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