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Sumiurry. Two rariaiite of (I method for determining the quantitative structure of the 
human Seminiferous epitheliuni are described. Both versions (counting cells in d io le  tubules 
and in CA's) utilize specific criteria for the identification of wlls, tubules and /or CA's. Both 
methods utilize the Sertoli cell as a constant with the cell t p e s  expressed ES numbers of cells 
per Sertdi cell. One hundred biopsies were quantitated by the tubular method and 100 by the 
CA method. Counts were found to be reproducible and copsistent. Comparisons were made be- 
tween the two methodfi, different individuals doing the quantitation, quantitations of the right 
and left testes of thesanie subject and between biopsies from the same subject taken at  differ- 
ent times. So difference was found between the right and left testes or biopsies from the same 
subject talien at  different times. Quantitation of biopsies from one individual before and after 
testicular X-ray irradiation show how the method can be applied. 

Key- H'ords: Seminiferous Epithelium -Human - Gerniinal cells - Testis-Male repro. 
duction. 

Iiitrodrict ion 
Since \-on Ebner first attempted to classify 'the rat seminiferous epithelium i n  

ISSS, the structure and organization of the testis has been a matter of interest to 
both the investigator as \yell as the clinician. Until recently, human testicular 
histology has been less than definitive in allowing evaluation of normal versus ab- 
normal conditions. Clerrnont (1963) and Heller and Clermont (l9Gi) described the 
cycle of the human seminiferous epithelium and its organization into cell associa- 
tions. Thus a basis was established for the development of a definitive quantitatire 
method for eralusting differences between testes as n-ell as tcsticular changes 
occurring in a single testis. 

IVe herevith report a method bx \vliich one is able t o  quantitate tlie cells of 
the human germinal epithelium using the Sertoli cell as a constant. The inetliod 
may be apphed in t.a.0 ways: (1) counting all identifiable cells in sections of n.hole 
tubules; or (2) counting the cells present in dlstinct cell associations only. I t  can 
be used to  compare testicular function before and after treatment or to coinpare 
normal and abnormal testes. 

9 This inrestigation was supportcd in part by V.S. Xt,omic Energy Commission Contract 
.ST(G-l)l?SO and Grant So.  ~ s ~ L O Y O G  from The Ford Foundation. 

**  The authors wish to express their thanks and appreciation to Dr. Tves Clermont (]Ion. 
treal) and Dr. Eugene Oakberg (Oak Ridge) for their aid in the conception of the prajcct and 
the general outline of the protocol. and again to the latter for personally performing sonic of the 
tubular counts onc- the method had been estnblirhed, to ah. 3lalconl HoLbs for assistance 
with the subjects, to Dr. Daniel DiIawni for performing the biopsy technique and to  Dr. 
Kathleen O'Keefe for the statistical analysis. 
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462 31. J. Rowley and C. G. Heller: Quantit 

Xaterials and Nethods 
The approaches to the quantitation method (tubule and cell association) are identical in 

many respects.The general procedure including tissue methods, cell descriptions and the statis- 
tics of the quantitation is in section A. Section B deals with the cell association (CA) approach 
and section C n-ith the tubular approach. 

A .  Qeneral Procedure 
1. Tigsue ,?fethods. Testicular biopsy specimens were obtained from normal male rolunteers 

(age range 21 to 52 years). Reproductire normalcy was determined from his tov  and physical 
exemination as  ell as by hormonal studies, sperm counts and testicular biopT examination. 
Specimensn-ere fixed in Cleland’s firatire and at least 100 4 p serial sectionsaere stained with 
iron hematoxylin and eosin (Ron-ley and Heller, 19G6). All counting was performed using either 
the x40 dry or x 100 oil immersion objectire lens and the x 12.5 eyepieces. Counting was 
performed on coded slides and by the same person and/or different persons. 

2. Cell Dewriptiom and CA Uescripfions. The follo~ving brief diagnostic descript.ion of the 
individual cells applies to tissue fise‘d in Cleland‘s solution and stained n-ith iron hematosylin 
and eosin. For a description of human germinal cells fised in Zenker‘s solution and stained with 
PAS or Harris hematoxylin and eosin see Heller and Clermont (19M). 

The A dark (Ad) spermatogonium has an oral nucleus a i t h  fine dark almost homogeneous 
chromatin. Often a large racuole is found in the nucleus and one or more nucleoli may occur 
along the nuclear membrane or a t  the edge of the vacuole. The cell adheres closely to the tubular 
wall. The cytoplasm appears clear and unstained. The A pale (Ap) spermatogonium also has 
an oral nucleus and lies along the tubular wall. The nuclear chromatin is fine and pale staining 
with the appenrance of ground glass. The thin nuclear membrane has one or two nucleoli 
attached to i t  and the cytoplasni is clear. The B sperniatogonium has a round nucleus containing 
a rentrally placed nucleolus coated with clumps of chromatin. The membrane of the nucleus 
is also lightly covered with flakes of chromatin although the nuclear material is of the same 
ground glass appearance as the Xp. Although serial sections rereal that. this cell is always 
touching the tubular wall, i t  may sometimes appear to be above the Ad or Ap nnd the ottach- 
ment may not be apparent. 

The preleptotene spermatocyte (resting or ,R) resembles the B spermatogonium and these 
two cells can appear alike. The R has a round nucleus and is usually above the tubular wall. 
The nucleolus is rentrally located and is more heavily covered with chromatin than the nncleo- 
IUS of the B spermatogonium. Large clumps of chromatin resembling small nucleoli may also 
be found either on the nuclear membrane or within the nucleoplasm. Tlie remaining nucleo- 
plasm is darker and filled with chromatin granules. The nucleiis of the leptotene spermatocyte 
(L) is finely filamentous. The fihments may be very short, hardly more than spicules. or they 
may be longer, but are arranged in no definite order. This cell is found abore the spermato- 
gonia and is not attached to the basement membrane. The nucleus of the zygotene sperniato- 
cyte (Z) is distinctire in that thelong thin chroniosome pairs form a “bouquet” arrangement 
apparently “knotted” close to the nuclear membrane. The pachytene spermatocyte (P) 
nucleus enlarges in size and thc chromosomes contract to become short and thick. A large, 
round, well-defined nucleolus appears during the first, half of its 15-day existence. Secondary 
spermatocytes (SS) resemble Sa spermatids, escept for their distinctly larger size. Multiple 
dark chromatin masses are apparent against the light homogeceous chromatin of the nucleo- 
plasm. 

The Sa spermatid nucleus has pale slightly granular chromatin containing a few flakes of 
dark chromatin. Tlie nucleus is always centrally located within the cytoplasm. The Sb spermatid 
is characterized by a denser? smaller nucleus ahich is slightly asymmetrical in shape. During its 
derelopment into an Sb, the nucleus changes becoming “hatchet” shaped with the larger end 
touching the cell membrane on the side facing the tubular wall. It also becomes dark staining 
and homogeneous n-ith some nuclear condensation apparent as small darker areas. Although 
a cnudal tube and flagellum form during this time it is difficult to see them. The Sc spermatid 
has a greatlc condensed nucleus with the tip pointing toward the tubule wall. The long narrow 
channel of cytoplasm, estending from the back of the head toward the tubule lumen, resembles 
the r a k e  of a motorboat. Thc flagellum and caudal rings are risible. The Sd spermatid flattens 
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to resemble the head of an arrow with the base of the head thicker than the point from a side 
view. The early Sd is embedded deeply in Sertoli cytoplasm and the late Sd is situated on the 
lumenal surface of the tubule.The c p p l a s m  is discarded from the flagellar area and is risible as 
the residual bodr (Rb) when the mature cell leaces the Sertoli cell c-mplasm. 

The Sertoli cell nucleus is large and pale staining with a t  least one deep infolding in the 
lumenal side of the nuclear membrane. The large round nucleolus is covered with chromatin nnd 

irregularly shaped. The cytoplasm is extended between the germinal cells but its borders 
ape not visualized in these preparations. 

There are sir  CA’s made up of groupings of these cells. The composition of cellular t>-pes 
characterizing each of the six CA’e is as follows: 

CA Spermatogonia Spermato- Spermatids 
cytes 

I Ad Ap B - P Sa Sd 
I1 Ad -4p B - P Sa Sd 
I11 Ad 9 p  - R P  St - 

v Ad Ap B L P  s c  - 
11’ Ad - 4 ~  - L P Sb - 

VI Ad Ap B Z Die. Sc - 

A tubule cut in cross section may contain more than one cell association (Fig. 1) and the 
cells forming t.he boundaries of two adjoining CA’s are usually mised. 

3. Counfing. During quantitation of the germinal cells testiculnr.sections are scanned in a 
fashion similar to performing blood smear differential counts. The biopsy section is carefully 
observed until a statistically signifirant sanrple is obtained. Approximately every tenth 
section is used for counting if one section is not sufficient to obtain a statistically significnnt 
number of tubules or Cd‘s. The edges of the sertion and any parts of the section showing arti- 
facts such as tissue tearing or great amounts of blood in the  iiiterstitium are avoided. 

Both longitudinnl and cross sections of tubules with clear lumina are used for scoring 
(Fig. 2).  XI1 cells nre connted only when cut through their geonietrical center (center of nucleus 
or nucleolus). Cells are quantitated only in tubular areas where the thickness of the germinnl 
epithelium is minimal and constant. The obviousl~ “tangentially” cut tubules or parts of tii- 
bules nre avoided in quantitation. Therefore areas eliniinated are those with: a. Nore than one 
layer of spermatogonia ( I d  and Ap), b. IVide basement membrane (it appears “smeared” 
away from the tubule and has no distinct outer edge), and c. Increased thickness of the ger- 
niiiinl epithelium (the distance from basement membrane to lumen). 

For both the tubule and C.1 approaches, 30 counted areas are needed to achieve a statistical 
validity of P = 0.05. After 30 areas are counted the numbers of cells are totaled. To obtain 
the Sertoli cell ratio, the total of each cell type is dirided by tlie total number of Sertoli cells. 
For instance, if the total numl>er of Ad’s equals GO and tlie tow1 number of Sertoli cells is 1@0, 
the ratio for Ad’s would be 0.G (G0,’ICKb = 0.G). 

B. Cell Association Approach 
1 .  Each recognizable coniplete CX is counted. 
2. The type of division figures seen (meiotic or mitotic) are noted. 
3. A total of 30 C;i’s completes a normal count. 
4. Care is taken to aroid areas of mixed CX’s. 
The main prerequisite for the use of this approach is complcte ease in identifring the C l ’ s  

b- the person performing the scoring. Emphasis must, be placed on the cellular changes that 
occur during each CA. The cells inirst not br considered as being static in form. Each cell riia- 

tures somewhat during the duration of each C-1. A cell niny appear to be slightly different in 
the late portion of a C-4 as compared to the sanie cell type in the early portion of the same CA. 
For instance, an Sb spermatid changes considerably during CX 111. In order to quantitate 

32. 

e 
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Fig. 1. Photo~nicrograpli of o seminiferous tubiile from n normal Inan. This entire tubule 
would be counted if a tubular coitnt \\-ere being done. In n C.4 count only thc a m  between 
the lines (C'-4 11) would be counted. Open arrmv points to a Srrtoli cell that is easily identifiable 
and yet would not be counted hcraitse no ~iurleolus is visible. Cells free in the Iiimcn would not 

be counted. :.: 3-71) 

correctly, the indiridiial doing thc rounti~ig must know the nature of tlw maturation changes 
that occur for each rrll type in each C-4. In other words, the individual doing the quantitation 
must be able t.0 identify mch cell esartly. whether it is associated with the other cells of the 
correct CA or not. This will preveiit tlie counting of areas containing mised CA'e. Escliiding 
A dark, A pale, and B spcrniatoconia. A C-4 is considcrcd adeqnatefor quantitation only when 
all other cell types are present. The Ad aiid ApspermatogolliR esist in each C-4 and are counted 
when encountered, but are not required for making the C-k identification. 

Cell association \'I pro\-ides an esception because of its very short duration and because 
of the many cells enrounterrd due to the two meiotic divisions. Thus each of the cell types 
that comprise this C-4 arc rarely presrnt concurrently. Cell association VI is counted if most 
of the cell types are present. Esaniples of c e l l  combinations in C.1 1-1 which woiild be counted 
are: 

Ad, B, Diakinesis, Div. fig.. SS. Sc 
+4d, -kp. Z. P. Dir.  fig.. Sc 
Ap. B. Z, Dir. fig., Sc 
-Ad, I p ,  B, Z, SS, Sc 

C'. Tubitlor .-1ppro[ich 
1. Khole tubular cross sections nnd side arras of loi~,oitirdinnlly ciit tiihitlrs are used i f  

2. Tubules with clear lumina arc usctl nhrnever possible. 
they fit tlie general requirenlents. 

Fig. 2. Photomicrograph of a iiornl 
sectioiied tubule and rolllld r111111lc 

suitable CA's in these arras co111tl 

tllblll 

0 

3. Erery-cell that mrrts the p 
cell mixing. 

4. The only areas eliminated fr  
lumen or without sharply dcfitled 11. 

3. Thirty tubules or areas comI-lI 
counted in biopsies lial-i~~y Fc*rnrillat 

Although this method is sitiipte 
must be especially careful in idcnt i 
fragments of cells n-hich ran be c'auli 

t.0 a\-oid counting f r a p e ~ i t s  is to t. 

cells of the same type. L-nlcss it is ai2 

or larger diameter than surrounding 

To determine the constant! 
calc~ilated the average nu1111~cr 0 
for each of 25 biopsiw. Tl~is 11 
number of Sertoli cell< per tuLu 
the counts of 750 tuhnles. It \\a. 
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Table 1. Evaluation of 100 normal biopsies wunted b y  the cell association method and the  
tubule method; averages of Sertoli cell ratios and standard errors for each cell 

A d A p B  R L Z P Sa Sb Sc Sd 

CeU association method 

Are. 0.65 0.M 0.31 0.24 0.57 0.0s 2.46 1.63 1.63 1.59 2.03 
S . E . 5  0.02 0.02 0.02 0.01 0.03 0.01 0.09 0.05 0.09 0.0s 0.09 

Tubule ,Vethod 

Ave. 0.64 0.59 0.24 0.16 0.25 0.04 1.9s 1.60 1.01 1.00 1.03 
8. E . 5  0.02 0.02 0.01 0.01 0.01 0.01 0.06 0.06 0.04 0.04 0.03 

One hundred normal testicular biopsies were counted by the CA method and 
100 normal biopsies were counted by the tubular method. The Sertoli cell ratios 
and standard errors for each method are s1101.r-n in Table 1. 

The Sertoli cell ratios and standard errors found in the CA method reflect the 
remarkable constancy of cell counts between biopsies of different individuals. I t  
can also be Reen t.hat for erery ten Ad's tabulated approximately ten Ap's, five 
B's, four R's. ten L's, one Z, 30 or 40 P's, and 30 or 40 each of Sa, Sb, Sc, and Sd 
spermatids will also be tabulated. For every ten Ad's tallied, about 15 Sertoli 
cells will be found. 

The Sertoli cell ratios and standard errors resulting from the tubular method 
reflect even better consistency between biopsies probably due to the larger num- 
bers of cells counted. Slight differences are apparent, howerer. For erery ten Ad's 
counted, ten Ap's, four or fire B's, four R's. f ire L's, one Z, 30 or 40 P's. and 15 
to  30 each of Sa, Sb, Sc, and Sd spermatids will be tabulated by this method. 
About 15 Sertoli cells will be tabulated for erery ten Ad's. 

I n  each method the .4d and Ap spermatogonia were statistically equal in num- 
bers. The B spermatogonia and the R spermatocyte ratios were lower than the 
Ad and Ap in each method. The pachytene spermatocyte count was the same for 
both methods. I n  two instances. cery marked differences were noted. The ratios of 
the leptotene spermatocytes and the late spermatids were significantly lower using 
the tubular method for counting. In the CA method approxiniatcly the same ratio 
for each of the four spermatid types was maint.ained. In  contrast, the ratios of the 
four spermatid types were lower for the later spermatids using the tubular count 
method, probably due to  sloughinp into the lumen. 

The individual ratio for each cell type was always higher using the C-4 method 
than in the tubular count method. albeit the differences were not statistically 
significant for most cell types (Table 1) .  

Comparison between several indil-iduals quantitating by both methods on the 
same biopsy is shonn in Table 2.  Comparisons were also made bct\.r-een right and 
left tcstis of the saine subject (Table 3) and between biopsy spccimens from the 
same subject obtained at  different times (Table 4). I t  \vas concluded that neither 
counting performed by differcnt indn-iduals nor counting the cells of the same 
subject taken at  diffcrent times or from right Rncl left tcstis Yaried significantly. 

Quantit 

Table 2. Coniparison of results ob. 
single biopsy using first the cell a 

Indi-iiduals Cell type 
performing the -- 
quantitntion Ad - 4 ~  B 

C-4 B 0.65 0.51 0.: 
-4 0.56 0.52 0. 
C 0.53 0.57 0. 
D 0.63 0.45 0. 

T C B  D 0.55 0.59 0.. 
-4 0.61 0.52 0. 

C 0.61 0.51 0.: 

a The sanie individuals are des 

B 0.60 0.5i 0.. 

Table 3. Contprimn of results kr 

Indiriduals Side Cell type 
performing 
the -Ad Ap 
qriaii ti ta tion 

Biopsy Bo.  1 
-1 Riglit 0.56 0.52 
-4 Left 0.57 0.46 

Biopy  -Yo. 2 
B Riglit 0.60 0.45 
B Left 0.51 0.52 

Table 4. The variation in quantitnti 
in counts jrom biopsies tul;e>z 16 nio. 

Individual Cell t.'pe 
performing the 
quantitation -id -AP B 

Biopsy S o .  1 

Biopsy -1-0. 2 
0.53 0.61 0.23 B 

B 0.52 0.X 0.21 

To test the usefulness of the 
cular biopsies were quantitate, 
X-ray irradiation and recordec 
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Table 2. Cbmparism of results obtained by jour inditdualsa performing the qwntitation on a 
aingle biopsy w i n g  first the cell associntiun (CA) method a d  then the tubulnr method (TL'B) 

CA B 0.65 0.71 0.31 0.23 0.65 0.08 2.77 1.75 1.53 1.52 2.33 
A 0.56 0.52 0.16 0.16 0.61 0.19 2.04 1.36 1.iS 1.31 1.66 
C 0.55 0.57 0.17 0.21 0.61 0.12 1.60 1.76 1.40 1.22 1.55 
D 0.63 0.45 0.17 0.24 0.67 0.18 2.78 1.51 1.60 1.18 1.54 

TC'B D 0.55 0.59 0.33 0.12 0.25 0.01 1.91 1.93 1.16 1.05 0.93 
A 0.61 0.62 0.15 0.10 0.23 0.01 1.61 1.31 0.61 0.94 0.82 
B 0.60 0.57 0.21 0.21 0.33 0.02 1.60 1.11 1.07 1.02 0.S3 
C 0.61 0.51 0.21 0.10 0.1s 0.05 2.63 2.07 0.67 0.95 1.16 

a The same indiridunls are designated as A, B, C, and D throughout. 

Table 3. Cornpariaon of results between right and left testis of tm subjects acing the tubular 
ntdhod 

Indiriduals Side Cell type 
performing 
thc Ad Ap B R L Z P Sa Sb Sc Sd 
quantitation 

Biopsy SO. 1 
Eight 0.56 0.52 0.16 0.06 0.31 0.09 2.04 1.26 1.SS 1.21 0.66 e : :  Left 0.57 O.4G 0.23 0.06 0.26 ,0.07 2.56 2.44 1.64 133 1.53 

Biopsy S o .  2 
B Right 0.60 0.4s 0.19 0.70 0.32 0.02 1.56 1.39 1.02 1.16 0.99 
B Left 0.31 0.52 0.27 0.17 0.31 0.05 2.15 1.19 1.50 1.01 1.09 

Table 4. The variation iii quantitnfion t e t u e e n  biopsy specimens from the same subject is shown 
iji cmiils /rom biopsies taken IS months apwt  f rom the same indin'dual on the same testis w i n g  

the tubular method - ~ - ~ ~ ~ ~ ~ - ~~ 

Individual Cell t g e  
performing the 

Ad Xp B R L Z P Sa Sb Sc Sd 

Biopsy S o .  i 

Biopsy S o .  2 
13 0.53 0.61 0.03 0.14 0.35 0.05 2.50 1.Oi 1.78 0.99 1.29 

B 0.52 0.56 0.21 0.23 0.33 0.03 2.46 1.29 1 . iO  1.22 1.27 

P 

r To test the usefulness of the tubular method, the germinal cells in serial testi- 
cular biopsies were quantitated before and after testicular esposure of 900 r of 
X-ray irradiation and recorded in Table 5. This clearly reveals \vhich cells \\ere 

e 
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Table 5. Sertoli dl ratios of biopsies token from one subject before and after 200 r of testicular 
S-ray irradiation. 3 1 1  biopsies were qwrnfitated b y  oile indiv idwl  b y  the tubular ntethod 

S O .  

Ser- 
Ad Ap B R L Z P Sa Sb Sc Sd tali 

Time after Cell t.ype 
irradiation 

cells 

Control 0.60 0.48 0.19 0.20 0.37 0.02 1.76 1.39 1.02 1.17 0.09 244 

22 hours 0.67 0.53 0.08 0.15 0.12 0.07 1.87 1.18 1.06 1.00 1.27 269 
14daya 0.52 0.29 0.07 0.01 0.02 0 1.20 0.89 1.21 0.95 0.74 730 

84days 0.04 0.02 0 0 0 0 0.002 0 0.005 0.10 406 
151 days 0.02 0.01 0.002 0 0 0 0 0 0 0 0 4G4 
232dap  0.07 0.05 0.005 0 0 U 0.005 0 0 0 0 440 

568days 0.63 0.50 0.25 0.13 0.24 0.01 1.4G 1.30 1.26 1.00 1.01 ‘180 

2Odags 0.22 0.17 0.02 0 0.004 0 0.004 0.39 0.41 0.54 0.05 264 

399 days 0.46 0.21 0.10 0.01 0 0 0.27 0.09 0.05 320 

most radio-sensitive and t.0 what degree. ‘In addition, the degree of tubular 
shrinkage was revealed by the increasing number of Sertoli cells per 30 tubules 
from normal of 219 to  464. The rate of cellular recovery can also be followed. 

Discussion 

Attempts hare been made to quantitate the human germinal epithelium using 
C‘halkley’s technique (Roosen-Runge, 1956 ; Roosen-Runge, Marberger and Sel- 
son, 1937), using tubule cross sections as a constant (Jlancini et al., 1965) and 
using “units” of tubular waJl as a constant (Tjioe rt a!., 1967: Steinberger and 
Tjioe, 196s). C‘halkley’s technique is not applicable to the nieasurenient of relative 
numbers of cells since i t  measures only the relatirc area of all cells (Eschenbrenner 
et ul., 1948). The second method (utilizing cross sections of tubules as a constant) 
is not applicable for quantitatix-ely measuring changes because tlie tubules them- 
selves change and therefore, do not represent a constant factor. The third method 
(using unit length of tubule wall as a constant), is inapplicable as well because 
i t  does not compensate for tubular shrinkage. Steinberger and Tjioe (196s) de- 
monstrated the degree of rariability revealed when fixed point counting is not 
used for Sertoli cells. 

Methods for the quaiititation of the germinal epithelium using the Sertoli cell 
as a constant hare been dereloped and used estensi~elg for the mouse (Oakberg, 
1959) and rat (Clermont and Morgentaler, 1955: Clermont and Harvey, 1967; 
Clermont and Perey, 1957). 

The Sertoli Cell a3 Csed in Quantitafion 
It is knonn that the mass of the t.estis (i.e.. tlie interstitial area and the semi- 

niferous tubules) does not always remain constant during alteration of its function. 
Therefore, any method measuring changes in cell numbers must. introduce a factor 
compensating for this change. The quantitative procedures described aboi-e for 
the germinal cells use the Sertoli cell as a reference cell or constant. compensating 

Quantit; 

factor and are expressed as a r 
Sertoli cells. 

The Sertoli cell is used be 
adult animals and its resistai 
stability has been demonstratt 
and Clerniont and Perey (1 957 
treatments as irradiation (Or 
hormones by hypopliysect omy 
and Lofts, 1965) and FSH (He 

The Sertoli cell lends itsel 
does not undergo mitotic dix-i: 
Runge, 1962; ron Ebner, 190 
and Fawcett, 1962). The san- 
division in man by the follo~iir 
tion of several thousand radic 
normal men) containing tritia- 
despite the abundant presence 
submitting to administration 
gonadotropin also failed to rer 
hare studied biopsics obtained 
or having a variety of clinicnl 1 
division of a Sert<oli cell. 

The Sertoli cell is used to  
manner. A11 tissues are cut at 
the total mass of the testis ber 
both in length and ividtll. The] 
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factor and are expressed as a rat.io of the number of the cell type to the number of 
Sert.oli cells. 

The Sertoli cell is used because of its hiown stability of number in normal 
adult animals and it.s resist.ance to change during aheratiom of t,hc testis. I t s  
stabilit,y has been demonstrat.ed by studies of Clermont and Jforgentaler (1955) 
and Clermont and Perey (1Q5i). Its resist,ance to  change has been found aft,er such 
treatments as irradiation (Oakberg, 1959), remoral of influences of pituitary 
hormones by hypophysect,omy (Clermont, and llorgent,aler, 1955), estrogen (Lacy 
and Lofts, 1963) and FSH (Heller ef al., 196s). 

The Sertoli cell lends it.self particularlF- well to use as a constant because it . 
does not undergo mit,otic division following sexual maturity in animals (Roosen- 
Runpe, 1969; ron  Ebner, 1902: Sebel and Murphy, 1960: Greep, 1966: Bloom 
and Fawaett., 1963). The same conclusion was reached for it,s lack of nlitotic 
dirision in mail by the following obserrations in our laboratory. Careful esamina- 
tion of several t,housand radioautographed sections of testicular material (from 
normal men) containing tritiated thymidine revealed no labeling of Sertoli cells 
despite the a.bundant presence of normal labeling of g e h i n a l  cells. Sormal men 
s u b m i t h g  to  administ,ration of X-ray irracliation, Silevar or hunian chorionic 
gonadotropin also failed to rei-ea1 labeled Sertoli cells. Orer a period of years we 
hare studied biopsies obtained from approximately 2000 adult men either normal 
or having a rariety of clinical pi~oblems \vitliout having identified a single mit,otic 
division of a Scrt,oli cell. 

The Sert.oli cell is used t.0 compensate for changc in mass in the following 
inanner. -111 tissues are cut at 4 p thickness. Follo\vin,v a debilitating t.reatnient, 
the total mass of tlie t,estis becomes less and tlic seminiferous tubules may shrink 
both in length and width. Then the same 4 + thickness \vi11 contain a greater pro- 
portion of the total Sertoli cells (and germinal cells and interstitial area) of the 
testis. For example, a control biopsy contained 304'Sertoli cells in the 30 round 
tubules counted. -4 biopsy of the sanic individual after treatment wit.hcloniiphene 
citrate contained 371 Sertoli cells in 30 round tubules. In the same two biopsies, 
216 -1 dark spermatogonia \rere counted in  tlie control and 261 in the treatment 
biopsy for 30 tubules. If interprcted by counts of the -1 dark cell alone the 3 dark 
appears to  hare  increased in number. Howevcr, correcting for shrinkage by 
relating the A dark cell to the Sertoli cells of the same tubules gives ratios of 0.61 
for the control and 0.60 for the trcatmcnt. This reveals that. no change occurred. 
Therefore in biopsies taken where a comparison between a treated and untreated 
(or normal and abnormal) adult male is to be made, we conclude that, the Sertoli 
cells may be used as  a constant when quantitating any cell in the testis. 

The use of the Sertoli cell as a constant may not apply during stimulatory 
treatment, of tlie infantile testes of hypogonadotropic eunnchoids. It. remains 
unhon-n ivhether the therapy would stimulate Sertoli cell division. The Sertoli 
cell cannot be used as a constant in testes that are severely damaged by disease 
or injur)? such as testicular infections or I<lincfelter's syndrome where t,lie Sert.oli 
cells tlieinselves are affected. 

Generul Discwsiou 
Counting cells by the C-1 nietliod as opposed to the tubular method has 

been of particular importance in helping to understand the kinetics of nor- 
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mal human germinal epithelium. The precision and reproducibility of a 
count done 1 1 5 t h  the stringent ,glidelines of this form of method has rerealed 
unenpected information considering the relatirely small number of cells actually 
counted (around 1000 cells per count). The precision is rerealed in gereral \rays. 
For instance, while studying the results of the 100 control counts, it was discorered 
tha t  in any one count of 30 CA’s about seven (2-4 I, five CA 11, fire C-I  111, four 
CA IV, 6eren CXV, and two C-4 TI could be espected. There were ne\-er more C-4 I1 
or CA I11 than CX I or CA V. ,Although. occasionaUy, a count was completed 
without a CA VI, there were never more than three in any one quailtitatire effort. 
I n  further esamination, tlie percentage of the total number of cells in any CA was 
found to  be very uniform. ljpon the assumption that  the duration of each C-1 is 
directly proportional to  the number of cells occupying it a t  any one time, the 
duration of each C-4 and of each cell type was able to  be recalculated (Heller et nl., 
1969) using the greater number of subjects inrolred here. 

Intriguing relationships have heen emphasized by the CA counts. The distribu- 
tion of mitotic figures seen in each CA was found to confirm that shown by Cler- 
mont (1966a) i.e., a peak only in CA 11. This peak probably represents the dirision 
of type B spermatogonia into preleptotene sphrinatocytes. This raises some serious 
questions as to the time of di\-ision of as well as the duration of the Ad or Xp 
spermatogonia. If Clermont’s supposition that Ad and -4p di4de only during CX 
Y is correct. a very large peak should also be found in CX Y. However, each C-4 
appears to contain about equal numbers of mitotic divisions in proportion to its 
duration (escluding CX 11). This suggests in turn that Ad and -4p spermatogonia 
are undergoing division a t  any and all times during the cycle of the germinal epi- 
thelium. In turn t h k  signifies that the d d  or Ap may not hare  a precise beginning 
or end. AS a result their duration cannot be calculated a t  this time. 

The CA method reveals that  “perfect * ’  CA’s are encountered only infrequently 
as compared to the total tubular area. I t  would seein that if all of the germinal 
cells are part of some perfect C-4. more’perfect CA‘s than mixed areas would be 
found. A n  esplanation for the problems of random mitotic figures and large areas 
of mised C-4‘s can be made. If random dirision of a spermatogonium is accepted. 
then a new CA 11-oulc1 be started by that division. For instance. if an  Xd sprrniato- 
gonium divided in CA 111. the C-4 relationship would remain intact until the -411 
began di\-ision into txpe I3 spermatogonia. Immediately the C-1’s would be mised, 
as B’s would be found when the more mature cells are in CA IV (B‘s are not 
acceptable in C-4 IT). As tlie B‘s mature and divide into preleptotene spermato- 
cytes, two C-i’s would be occupying the same tubular area, one above the other. 
Eventually, the lower cycling group would replace the upper one and a “pure’’ 
CX n.ould again be found. Of course the first erratic di\-ision need not begin with 
the -4dspcrinato,ooiiium. In  fact, it would probably start 115th whatever cell is the 
stem cell (A?) .  \Ye already know that at  least one other more primitive spermato- 
gonial type (-41,). does esist in the human (Rowley el al., 1971) from obserrations 
using the electron nlicroscope. Since this cell is not yet easily identified in paraffin 
sections or readily distinguished from Ad, it has probably been included in the 
-id assessment. 

-4s noted, the (2-4 method resulted in slightly liiplier numbers of R ,  L, Z, P. Sa. 
Sb, SC, and Sd cells than the tubular method. Since many CX’s are incomplete 
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they were omitted in the CA method. -1 C-4 by definition, includes each of the 
stated cells, whereas in the t,ubular method incomplete CA's and mised areas are 
included. Thus t ,hs  difference could be predicat,ed beforehand. The incomplete 
CA'S are in all k e U o o d  due to  either attrition by cell death, erratic spermato- 
gonial division or in the case of spermatids, attrition by premature sloughing into 
the tubular lumen. 

The relationship of any one cell type to any other cell type is dependent upon 
whether a dirision occurred between the t.no cell types and the duration of exist- 
ence of each cell. Therefore, we were able t.o determine the ratios of cell types t.0 
each other by dividing t,he Sertoli cell ratio of any cell type bj- its duration for 
each cell and using the resultant figure of the less differentiat,ed cell as 1. Since i t  
is h o r n  that each spermat.ocgt.c forms four spermatids, the theoretically espect,ed 
ratio for R:L:Z:P:Sa:Sb:Sc:Sd sllould be 1:1:1:1:4:4:4:4. The actual ratio 
determined from CA counts was 1 : 1 : 1 : 1 + : 3 : 4 : 4 : 4 and from tubular counts 11-8s 
1: 1 :'/,:2:4:4:3:3. (These figures cannot be directly compared with those ob- 
tained by Clermont (19GGb) for spermatogo+a, as the methods used for count,ing 
were very different.) The slightly lower numbers of spermatids found in the t,ubular 
counts are probably due tQ attrition by premature sloughing. The lrrrgcr numbers 
of pachytenes in the tubular counts are probably due to  the extreme ease with 
which t.his cell is identified. The pachytene is also the largest cell and possibly 
less care was used unconsciously in eliminating fragments of these cells thcreby 
gi\-ing an oT-ercount. This is less likely t.0 happen in a. CX count because of the 
emphasis on counting criteria. 

The relationship of spermatogonia to spermatocytes and spermatids was not 
determined because the duration of these cells has onlF been estimated. The type B 
spcrmat,ogonia by definition divides a t  the end of Cd 11, when it forms preleptotene 
sperniatocyt.es, however. its exzct beginning sonietiuie during CA 1' is not knowi. 
Therefore even the duration of type B is inesact (9.5 d a j - s i ? )  and cannot) be 
used to est,ablisli this ratio. 

The tubular method of quantitation, although perhaps inferior for use in 
deliiieat.ing basic normal testicular cell relationships, is ideal to compare the cells 
Leforc. during and after testicular alteration. This is so because the CX's are usually 
not left intact aft,er a debilitating or traumatic effect has taken place. A decision 
should be made before the quantitation is performed as to a h a t  use is t o  be made 
of the results in order tQ make the appropriate choice of methods which then should 
be continued t,hroughout the esperiniental evaluation. 
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