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Summary. Testicular biopsy spccimens-from filtecn normal adult men
were analysed histologically, using Clermont’s classification for the
germ ceil types. Aflier corrections were made for diierences in nuclear
size and lifc-span, spermatid/primary spemnatocyte ratios ranging from

, 0-67 to 3-82 (average 2:58) were found. This represcats a marked reduc-
tion from the theorctical ratio of 4-0 wiich would be expected. The
significance of this attrition rate, or the point at which loss occurs, is not
known. a

INTRODUCTION

-Ciermont (1963, clearly demonstrated that human spermatogencsis is not a dis-

organized process and provided the basis for a rational understanding of the
human germinal epithelium. e definitively deseribed the various germecell
types and showed that the germinal cpithelium was organized into recogniz-
able ccliviar associations or stages, which related to the process of germ-cell
maturation, Later, Helicr & Cicrmont (1964) dctermined the duration of
spermatogenesis. Their data also defined the kinctics of individual germ-ccll
maturation, as well as of the spermatogenic stages.

With this information as a guide-line, the present study was instituted to
determine whether or not the obscrved yicld of spermatids from primary sperma-
tocytes during normal human spermatogenesis caincided with the theoretical
4:1 ratio that would be expected.

7~

{ MATERIALS AND METHODS

Eighteen testicular biopsy specimens were obtained from fiftcen normal in-
mate volunteers. The means of ten or more control sperm counts for cach
individual ranged from 42 to 239 million spermatozoa/ml’of cjaculate. Urinary
foliicle-stimulating hormonc (Fsu) excretion, determined by the mcthod oi
Steelman & Pohley (1953), ranged from 2:9 to 26-3 i.u./24 hr for twelve indi-
viduals (in our laboratory the normal range is from 1-8 to 26 i.u./2¢ hr). In
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three individuals, general gonadotrophin (#s1i4-1.n) levels varied from -2 to
3-8 mg-cquiv.UPNi=1/24 hr, which is within our normal range. (UPM-1 is the
general gouadotrephin standard supplied by the Endocrine Study Scetion,
Nadional Instituie of Arthritis and Mctabolic Discascs, Bethesda, Marviaud.)
The biopsics were performed using the technique deseribed by Pauisen (1968),
where the specimen is piaced iato cither Ciciand’s or Zenker's formot fixative,
embedded, cut ana stained.

Germinal celis were identified and counted accoiding to the classificition of
Cicrmont (1963). Ali cclis in {from ten to 100 seminiferous tubuies per Hiopsy
specimen were counted. 1i thiose specimens, whcre the smaller nuniber of
tubules was scorcd, ten norinal-sized circular wibules were randomly seiccted
for quantification from low-power photomicrograpas. 1In other specimens, all
circular tubules without artisacts were scored, up 1o a total of 100 per single
cross-section. Seminiferous tubules regarded as exhibiting tecimicai ariidcts
were discarded from furtier consideration.

Only the counis for primary spermatocytes and spermatids ave presented
ncre. Counts of tic various types of spermatogonia are not incinded because
there is not suiicicat information to detail their reiative iire-spans.

Tapre 1 _
ABERCROMBIL CORRECTION FACTORS ¥OR VARIOUS GITRM-CELL TYPES

! Stermatagyies Sprevmotids
Fixative i -
bRL X e Sa Sh b S Sd S

i iU 039 037 1 000 (* 0-h3) 037 071 071

Zenker-formol ¢
Ciciand 047 040 -39 036§ 050 053 O 063 970 70
! e | S J - 2
Combincd groups | 042 0-36 0-51 U-66
1 .

® Under Zenxer-iormoi fixation, 8h, spermatids cannnt be casily distinguitied irom Sb,
spermatids; thercsore these two ciasshications were combined,

To correct for dificrences in nuclear size, at least twenty typical representa-
tives of cach type ol snermatoeyte and spermatid ivom both Gicland- and
Zenker-formol-fixed materiai were measurcd to determine tiwcir average
nucicar diamecter. The Glamcters weresneasurcd in botin axes in most ceils; it
was then assumeG that these nuclei were perfect spheres. In tie instance of
Sc, Sd, and Sd, spermatids, mcasurements werce bascd on their widi only.
This experimentaily determined figure for cach ccil type was then used to
calcuiate the correction factors for relative muclear size using the formuia of
Abercrombie (1946):

S

TC = chs_-i-——ﬁ

where TC = truc count, CC = crude count, S = scction thickness and D =

nuclcar diamcicr perpendicuiar to the plane of secifon of the tissuc. This correc-
tion'factor, when applicd to the various ccll classifications or groups, is shown in

Table 1.
The life-span for primary spermatocytes has been cstimated to be 23:5
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days (Heller & Clermont, 1964) and that for spermatids, 22-2 days; thevefore,
a further cotrection factor of 23:5/22-2, or 1:059 has been inscrted into the .
ratio calculations to adjust for this difference. '

Tubules were scored by three different observers (D.M., M.C. and A.B.).
Observers D.M. and M.C. grouped preleptotenc (R), leptotenc (L) and zygo-
tenc (Z) spermatocytes, while listing pachytenc (P) spermatocytes separately;
likcewisc Sa and Sb spermatids, and Sc, Sd, and Sd; werc grouped in their
scoring. Account was made of the differing nucicar diameters for cach group by
determining an ‘average' correction factor bascd on the mean diamecter of cach
cell type.

Obscrver A.B. expressed his counts as the specific ccll type per Sertoli ccll
nucleolus; D.M. and M.C. expressed their counts as the number 'of a specilic
ccll type per circular tubule. The counts for cach type of spermatocyie,
corrected by Abercrombic’s formula, were then added together for cach speci- -
men; the same was done for the spermatids. The ratio of'spermatids to spermato-
cytes, multiplied by the inversc ratio of their life-spans, was then calculated.

RESULTS
The corrected mean counts for the various ccll types scored in cach specimen
are listed in Tables 2 and 3. Table 2 compares two different fixativesand Table 3
TapLe 3
COUNTS OF PRIMARY SPERMATOCYTES AND SPERMATIDS FROM CLELAND-FINLD MATERIAL

All primary Al Corrected
Specimen no. | spermatocytes | spermatids spermatidspermatocyle

combined combined ralio
A. Counts by Observer A.D. 0+ 0-872 3141 382
expresscd as ‘ceils per Sertoli - 86 1-310 3-266 2:66
celi nucieoius’ © 135 0-031 2:422 310
’ 151 1-553 4:352 2:09
153 1-308 3615 2:92
155 1-G0O 3.776 2:50
. 150 122 2214 2:04
Average ratio 2-87
B. Counts by Observers D.M. 84 19-21 Gl2 3-39
and M.C. expressed as ‘celis per. 86 18-02 42 2-52
tubuie’ 133 18-06 5076 2-98
135 14-13 3158 2:59
151 19-29 47-72 261
155 19-63 49-50 2:67
158 16-08 32.90 2:17
1688 18-31 28-37 1-6+
192 20-58 45-67 2:32
208 12-98 26:25 2:14
217 17:78 677 3-62
246 10-32 1511 087
304 18-26 46-57 270
310 17-99 . uaz { 1-82
372 16-91 ©48-72 2:73
Average ratio . 2:45

Cell counts are corrected by Abercrombic's formula ior relative nuclear size. The ratio is corrected
by the reiative life-span factor, 1-059.
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comparcs two methods for deriving the spermatid/spermatocyte ratio. There
was considerable variability in thc counts of individual ccll types between
specimens, Less variability was noted when total spermatocytes and total
sper matids were compared, but the range was still considerable. These obscrva-
tions reccive further comment later.

A.B. (Tables 2 and 3) uscd Scrtoii cells as his refeience point; D.M. and
M.C. (Table 3) expressed their results as counts per tubule. Thus, whiic the
total counts cannot be directly compared, the derived ratios are comparabic -

“between the two methods.

The most informative data arc the ratios given in the last column of cach
table where, for cach spccimen, total primary spermatocytes are divided by
total spermatids and multiplicd by tiie correction factor for the relative life-
spans of these cell types. A.B. (Table 3) found an average spermatid/fspermaio-
cytc ratio of 2-87 (rangc 2:09 w0 3:82), while D.M. and M.C. obtained an
average ratio of 245 (range 0-87 10 3-62) by the ‘per tubule' technique.

The ratio of spermatids to primary spermatocyics (Sp/I’sp) shouid thco-
'retically be 4+0, as cach ,).xmmy spermatocyte divides twice betore reaching tae
spermatid stage. However, in ali spcc;mcns scorcd, the mean Sp/l’sp ratios
were less than 4. Indced, in the maJomy of obscrvations, cighteen out ol
twenty-two demonstrated Sp/?sp ratios of Jess than 3-0.

These data indicate that there is a variable, but significant, loss of potenuial
spermatds during normal human spermatogencsis.

DISCUSSION

The human testis docs not casily lend itself to statistical analysis; quantification
in other mammals is simple by comparison. This is, in great parg, due to the
‘mixing’ of several stages of the cycle of the seminiferous epitiiciium in any
given tubular cross section (Clermont, 1963). Large standard deviations in thc
avcrage counts of the various types of spermatogonia, spermatocyles anid
spermatids have been obscrved by us and by others (Tjioe, Steinberger &
Paulsen, 1967; Steinberger & Tjioc, 1968), even when relatively large numbers
of tubules were counted in a singic biopsy specimen. The possible reasons for
this variability and the statistical problems involved in the quantification of
human spermatogencsis have recently been discussed by Sicinberger &
Tjioe (1968). Examination of our tables shows that the range of the observed
data [rom specimen to specimen is wide. However, the consistent and important
finding is that, in cach spccimen cxamined, significant numbers of potential
spermatids are lost.

A similar quantification of spcrmatogenesis has been performed in the
mouse (Oakberg, 1956), the rat (Clenmont, 1962) and the bull (Onavany,
1963). In these mammals, significant numbers of spermatocytes and sperma-
tids degencrate, mostly during the veduction divisions. The present data show
that large numbers of human gcrmmal cclls arc simiiarly lost.

Confirmation of these data comes from two other sources. When human
seminiferous tubules are prepared by a special ‘whole-tubular mount’ tecinique,
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degenerating spermatogonia, spermatocytes and spermatids can frcquently be
dircctly observed (Bary, 1967). Sccondly, chromosomal abunormalitics arc secn
in spermatocytes during meiotic metaphase and diakinesis in testicuiar biopsy
specimens {rom males with normal spermatogenesis (Swersic & Paulsen, 1969).
This suggests that some of the germinal cell loss occurs in the human during the
rcduction divisions. Neither the physiological basis nor the biological import-
ancc of this large loss of germinal cells in man and in other mammals is xnown
at the present time.
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