
709963 

4 
b 

I 

I 

Enc iosu re  Zii RLO-1781-14 

J.  Rlpod. F t i ~  ( 197 i ) 25, 75-80 

GERMINAL CELL LGSS DURIXG KUMAX 
S T E W  AT0 G EXESIS 

ARSOLD 3. 13AXR, DOXALDJ. MOORE' AND 
C. ALViS PAULSEX* 

US. Public IicaMi Seritice lZosbital, qafcii hiatid, Jew rod, 
Dtpailmenl of , . I n n l o n ~ ,  McGiLl Uiiiversip, Motitreal, Qilrtcbec, and 

* Drpartmcnt of Mediche,  Univcrsip of lV&i iq io i~ ,  SeaUlt, I Vashingloti . 

(Received 2nd Julie 1970, revised 27111 A u p d  1970) 
. .  

Summary. Testicular biopsy spccimcns from i3tccn normal adult nicn 
\ a r c  andyscd histo:ogically, using Clcrmont's classification for thc 
gcrm cc2 typcs. Aficr corrcctions WCI'C made for diircrcilccs in  n u c h r  
sizc and lifc-span, spcrnl.?ti<i/primary spcnnatocytc ratios r;inging fi*oln 
0.67 to 3.82 (avcragc 2.58; wcrc found. This rcprcsmts a markcd rcduc- 
tion iron; the tiicorctical ratio of 4.0 which would bc cxpcctcd. T h c  
signiiiczince ofthis attrition ratc, oi- thepoint at which loss occurs, is not 
known. 

I STROD U X I O S  
. C;crmoi;t { 1963; clcarly dcmonrtratcd that human'spcrinatogcncsis is not ;I dis- 
organized proccss and providcd thc h i s  for a r a t b i ~ ~ I  i i~ic~rrs t ;~nrl in~ of tllc 
hu mar, gcrini ndl  epi 11 icl ium. I IC dcfiliitivcly dcscribcd tlic v;i rioirs gcrm-ccll 
iypcs and shorvcd that the gcrminal cpilldium was orgaiiizcu into rccogniz- 
ablc cc!: u;ar associario~is or stngcs, which rclatcd to tlic proccss of g c r ~ n - ~ ~ l l  
maturation. Latcr, I-lciicr cit Cicrmont (1963) dctcrmiiml tlic duration of 
s7ermatogencsis. Thcir data also dcfincd thc kinctics or individual gcrm-cell 
matLiration, as wcll as of thc spcrmatogcnic stagcs. 

l l*i t i i  this information as a guidc-linc, thc prcscnt study was institulcd to 
determinc whethcr or not the obscrved yicld ofsacpatids from primary spcrnla- 
tocytes during normal human spermatogenesis coincided with the thcorctical 
4:1 ratio that would bc expcctcd. 

MATERIALS ASD METHODS 

Eighteen tcsticular biopsy sprcimcns were obtaincd from fiflrcn nornial in- 
maw voluntccrs. Thc mcans or tcn or more control spcrm counts for cach 
individual rangirl from 42 to 239 million spcrmatozoa/mI'of cjaculatc. Urinary 
foliicle-stimulating Iiornionc (FSII) cxcrction, dctcrmincJ by tllc inctliod oi 
Stcelman 6; Pohlcy (1953)) rangcd from 2.9 to 26.3 i.u.124 hr  for twclvc indi- 
viduals (in .our laboratory the normal range is from 1.8 to 26 i.u./24 br). Ira 
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TO corrcct h i  tiiiTcrciiC.cs in nuclcar size, at h s t  twi:lity ts;>icitl I T ~ ~ C S W M -  

tivcs of cr\c.il ts;iC o i  S ~ ' J C l ~ l i 1 i l l G l ~ ~ ~ C  a d  S ; > C I * I X U ~ ~  i i 'o l i~ Loth CL*li\iiti- ni~t l  
Zcfikcr-lormol-hcti miitcriai \vzrc qlcitsurcd to cictcriiiiiiz liicir iIvt*r*l/:a: 

nucicar diamctcr. Thc  diainctrrs wcrmcn?surcci in both mcs in 1110s~ wits; ii 
was thcn assumcd ;hat t k s c  iiuclci wcrc pcrfcct splici*cs. Iii tiic iilst;\iicc: oi 
Sc! Sd, anci Sd,  spcrmaticls, nicasurcmcnts \ W ~ C  I>ascd oil thcir \ \Gi i i  ~ d y .  
1 his cxpcrimcritdiy dcicrmincd Ggurc tor cach ccil typc was tiicn tisr:J to 
calcuiatc t h ~  corrcction factors [or dative nuclcar sizc using t ix ioriilth of :. 
Abercrornbie ( j  946) : 

-. 

S 
S - i D  . TC=CCCx- 

wherc TC = truc coiint, CC = crude count, S = scction thickness and 3 = 
nuclcar diamctcr pcrpcndicular to the plane ofseciion of thc tissuc. This corrcc- 
tion' factor, when a2plicd to thc various ccll claqifications or groups, is shown in 
TabIc 1. 

The life-span for primary spcrmatocytcs has h e n  cstimatcd to bc 23.5 
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clays (I-Icllc~ & CIcrnioiit, 19C4) mid tlrat for sp~rinatids, 22.2 days; tllcrcfort!, 
a furthcr cot.cction factor of 23.5/22.2, or 1-Ojg Iias bccii iuscrtcd into t11c 
ratio calculittiolis to ncljust for this diircrciicc. 

Tubulcs \VCI'C scorcd by tlircc diiTcrcnt obscnfcrs (D.M., M.C. and A.B.). 
Ohcrvcrs D.M. and X.C. groupcd prclcptotciic (2)' Icptotciic (I,) aid zygo- 
tcnc (2) sperrnatocytcs, whik listing pacliytcnc (P) sj>crliintocytcs scprntely; 
likcwisc Sa and Sb spcrmatids, and Sc, Sd, and Sd, ivcrc groupcd in tlicir 
scoring. Account was rnadc of thc diKcring nucicnr dininctcrs for each group by 
determining an 'average' corrcction factor bascd on thc nican diamcter of tach 
cell type. 

Obscrver A.R exprcsscd his counts as thc spccific ccll typc ycr Scrtoli ccll 
nucleolus; D.M. and M.C. cxprcsscd tlicir counts as thc iiunibcr 'of a specific 
ccll typc pcr circular tubulc. Thc counts for cacli typc of spcrniatocytc, 
corrected by Abcrcrornbic's formula, wcrc thcn addcri togctlicr for cncii spcci- 
men; the samc was donc for thc spcrrnatids. Thc ratio oispcrinatidt to siXXIIIat+ 
cytcs, multiplied by the invcrsc ratio of their life-spans, was thcn calculatcd. 

RESULTS 
The corrected mean counts for t'nc various ccll typcs scorcd in cacli sprcinrrn 
are listed in Tablcs 2 and 3. TaLlc 2 comparcc twodirl;.rcirt fisativcsar1d?';rblc3 

T A B L E  3 
COUKSS OF PRIMARY SPERIIATOCYTES AKD SPCRIIAIIDS PROM CLELAND-FISCD 3IATElllAL 

AN fiiiiiimy 

04 0.072 
' O t  1.310 

0.03 I 
1.51 1.953 
153 1.300 
155 I-GOO 
15f1 I*IZZ 

A. Coun:r biObierver A.D. 
exprnrca 9 'cch per Sertoli 
ceii nucicorus' ' I35 

Average ratio 
~~ ~~ ~ 

B. Counts by Observcrr D.M. 04 13.21 
and M.C. rxprured as 'cel;r per ni, I u.02 
LUOUid 133 1 O.OG 

135 14.13 
191 19.29 
155 1963 

1G.011 

1 Average ratio 

Cell counts are corrcctcd by Abcrcrombic'r formula lor relalive nuclcor rite. T h e  ratio b corrected 
by the reiative Aifc-s?an factor, 1,059. 
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compares two mctliods Tor dcriviiig tIic s~cr~n;ltid,!rl~cr~~iat~(:ytc ratio. Tllcrc 
was considcrablc variability in tlic counts of individ~ial ccli typcs brtwccll 
spccimcns. LCSS variability wis iiotcd wircn total spcnnatocytcs and total 
spcrmaticis wcrc coniparcd, Ilut thc rangc was still considci*ablc. XICSC o h r v a -  
tioiis reccivc furtlw conimcnt latcr. 

A.D. (Tablcs 2 and 3) uscd Scrtoii cclls as his rcfci*cncc point; D.AL and 
h1.C. (Table 3) cxprcsscd thcir rcsulLs as counts pcr iubulc. Tlius, tvliiic 111c 
total counts cannot bc dircctly coinparcd, tiic dcrivcci ratios arc coliipnrabic .. 
bctwccn thc two mctliods. 

The most informative [lata arc tllc ratios givcii in thc last coluiiin of tach 
tablc \vIicrc, for cacli spcciiiicn, total primary spcrniaiocytcs arc ciivicicd by 
total spcrmatids and ~nultiplicd by tjlc corrcctioii fiicior for ilrc rclativc lift*- 
s p i ~ i i t  or tllcsc ccll typcs. A.U. (Tiihlc 3) foutltl an nvcragc sl>,.’.ili;iti(l/si’~~ri~ia~~- 
CytC ratio of 2.87 (rangc 2-09 to 342) ,  whilc D.XI. aiid h1.C. obti\iiicd a11 
avcrngc ratio of 2.45 (rangc 0.87 io 3-62) by thc ‘pcr tubulc‘ tcciiniquc. 

TIic ratio of spcrmntids to primary spcrmntocytcs (Sp/Psp) siioiiid thco- 
’ r c ~ i c a ~ ~ y  IC 4.0, as rxii ;>i*i~ilaYy s j > ~ j ’ i I l ; t t ~ ~ y ~ ~  divit1c.q iwicc i)cibr*t. rcaci1ii)g t;w 
spcrmntid stagc. Howcvcr, i i i  ai; spccimciis scored, tlic incan S;>/l’sp r.iLios 
wcrc Icss than 4. Indccd, in thc niajority or obsci-vatiuiis, cigiiicci1 o a ~  oi 
twcnty-two demonsmtcd Sp/Tsi> ratios of lcss than 3.0. 

These data indicatc tiiiit thcrc is a variable, but significant, loss of potciaud 
spermatids durjug normal Iiunian spcrmatogcncsis. 

. ‘ 1  

B, I 

DI SCUSSI OS 
Tilc human tcstis docs m t  c;isiiy lrncl itwlf to statistiral aii;iIysis; ~ i l i ~ l l l t i ~ ( ~ i ~ t i , ~ l l  

in otlicr mammals is s i i ~ p l c  by C O j i i l > ~ ~ h i 1 ,  Tliis is, i i i  ~ r t * ; i t  I X I I I ~  tliic. IO t i i t :  

‘mixing’ of scvcral sl;igc.s of tlic cyclc of h c  scminifcrwus cpitirciiuin in  m y  
given tubular cross scction (Clcrmont, 1963). Largc staiitlnrd dcviaiions in thc 
avcragc counts of drc various types of spcrrnnlol;oain, spiirmatocytcs m i t i  

spcrmaticis iiavc bccil o1)scrvctl by tis arid by otlicrs (Tiiota, Sti-iiil)crgcr ti 
I’aulscn, 1967; Stcin1)crgcr & l:jioc, 19Gn), cvcn \vircn rcl;itivc.ly h r p ~  iiiiiiI1xrh 
oi  tubulcs wcrc co\intcd in  a siligic biopsy spccimcn. Tlic 1~ossii)lc ~ c i ~ s o ~ i s  l i ~  
this variability and tlic statistical problems involvcd in tlic quantification of 
liuman spcrmatogciicsis Invc rcccntly bccii discusscd Iiy Striiibcr;;Tcr & 
Tjioe (1968). Examination of our ta1)lcs siiows that tlic raiigc of tlic obscrvcd 
data from spccimcn to spccirneii is wide. Howcvcr, thc corisistciit mid i t~~ i>or t~~ i t  
finding is that, in each spccirneii cxamincd, significant niimbcrs or potential 
spcrmatids are lost. 

A similar quantification of spcrmatogcnesis has bccn pcrformcd in tlic 
mouse (Oakbcrg, l95G), thc rat (Clcnnont, 1962) and tlrc bull (Orla?\vaiii9 
19G3j. In thcsc mammnls, significalrt nunilxrs of spc rn~n~ocy~cs  anti spcrnin- 
tids dcgcncratc, mostly during tiic rcduction divisions. Tiic prcscllt ciatit S ~ O W  

that large numbers of human gcrminal cclls arc siniiiarly lost. 
Confirmation of thcse data corncs from two otlicr sources. \\'hen 1111mnn 

seminiferous tubules are preparcd by a special ‘wliolc-tubular mount’ techniquc, 
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dcgciwahig sl)(,riii;ito~;oiliny spcriiiatocytcs and spiwiiaticis can i i - c r p w l y  i ) ~  
dircctly obscrvcd (Bitrr, 19G7). Scconclly, chromosonid aimori~i~litics arc SCW 

in s;xrinatocytcs dLiring niciotic mcti\l)kasc and diakiiicsis in trsiicuiar b i o j ~ ~ y  
spccimciis Tram malcs with lIori11irI spcrniatogcricsis (Swcrsic fi l’aulscn, 15CS). 
This suggcsts that SOIIIC of thc gcrniiiial ccll loss occurs j i i  tlic human d u r i o ~  thc 
rcci uction divisions. Xcithcr tiic physiological basis nor tlic biological import- 
ancc of this largc loss of gcrmiual cclls in man and in otiicr nianamals is known 
at the present time. 

This study was supprtcd, iii part, by grants A’l’j4.5-1)-2225, Task A~~*C~I11Clit 6.  
US. Atomic Encrgy Commission; R01 A M  05436 and TO1 AX1 05161 hml 
thc S a t i o ~ a l  Institutcs or Xcaltli, IZcdies&, hhrylantl. hpprcciati011 is 
cxprcsscd to Dr Yvcs Clcnnont, I’rohsor of Anatoiny, XcGili U ~ i i ~ c r ~ i i ~ ,  
Xlontrcal, undcr whosc giiidancc much of tlic work \vas c;lrr.icc.i out d ~ ~ r h g  liic 
tcnurc of a post-doctorai fdiowship. JVc also wish to thank Xarprct Coutwc i‘or 
her finc tcchnicai assistaixc. 
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