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Cell Cycle of Spermatogonia in Mouse Testis 

PROFESSOR JACOB I. FABRIKANT, M.D., PH.D. 

Donner Laboratory, Lawrence Berkeley Laboratory 

University of California, Berkeley, California· 94720, USA 

The mammalian cell cycle consists of four phases: G
1

, S, G
2

, and M. The 

duration (T) of these phases and the cell cycle time (TC) can be measured 

accurately by pulse-labeling with tritiated thymidine (~TdR), followed by 

serial killing, preparation of high resolution autoradiographs, and determ-

ination of the percentage of mitoses labeled at frequent intervals between 

injection and death [1,2]. The present communication measures the sper-

matogonial cell cycles and their constituent phases of proliferating type A 

·(taken as a whole, including types AS' A1 , A2, A3, and·A
4
), intermediate 

(In), and type B cells in the testis of the young mouse, and analyzes the 

cell cycle and cell population kinetic parameters, such as growth 

fractions and cell-birth rates from 3HTdR autoradiographic data. 

Young adult (13 weeks) male C57BL/6J mice were used. 3IITdR (20 l-!Ci, sp. 

act. 19.2 Ci/mM) were injected intraperitoneally; animals were killed at in-

tervals from 0. 5 to 60 hr. Autoracliographs were prepared from \vax-embedded 

tissues, prestained with PAS-Schiff solution, dipped in Kodak NTB-·2 liquid 

nuclear emulsion, exposed for 3 months, processed, and counterstained with 

Ehrlich's hematoxylin. At least 100 meta-anaphGJses in each spermatogonial 

cell type were counted; dividing cells with 4 grains or more on slides with 

background counts of 1 ess than 1 grain per nucleus were scored. The.sper-

matogonial cell types were based on tubular stages and the seminiferous 

epithelium described by Oakberg [4], and identified in Stages IX, XI, I-II 

for type /1., IV for In, and VI forB mitotic cel-ls, respectively~ 
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Fig. 1 illustrates percentage of mitoses labeled ·as a ft1nction of the interval 
,... · _ -- 1SL-i:-.-•. '~.,,; C:'?';!•>A'i 

between injection and death. There are two welf--defin'ed waves of labeled 

mitoses. Mitotic cell labeling_ o~ _e_arly PTfp~a~~7 c~ps .pcc,u:rs_.:promptly,-
. ' -

within 1 hr of inj ec_~i,?n ,of. 
3tJT,?~;, bf~ayse, ?f:.<}h~"'~ap,_~}.~~g_t of early propha'~e! 

'V 
cells, the kinetic data for analysis C!f the 1'(G +H/Z) interval are coinpli-

.. ~(. "}r• tr .;··2L ) ':J' :.· •: ;*"_, . £g •; .. · ~ .t' 

cated· by th'e ~rblon.ged. tra'nsi t'i6nal prophase· unique to the spermatogonial cell 
... ~. I , .. ,., .. ,,r:! rr-L. ·L1 .. ~. ., • ·c ·,·· .. '· ~;;.·:,i.J 

population. r This iiiitotic stage is ·unusual, since ·some ·25% of early prophase 

3 (- ' .'+r·--· ',){ '"_,1 i.,.-__ ._•r·.\ .,:--1 vr ....... -:i..J\,".J~l,. 
t ••. • ~ .i "" ' ·· r• ' f . "' ' - ' -~, ·. f" f I f ~ ' 

cells label with-_ HTaR:by ll 'hr;' this indicates that DNA synthesis is occurring 
~ f. ~1 ; t -~ f ' ·:. i l 'j. ~ 

. r ~ -- ~ ~ ,. · ) • , · . · .... , r . n .? ·-"'ll '; ;) .J.. ~ ~ ·t .- • 1 · . •... · · · ~ :· .:. 
immedi'ate·ly''priof.-to- the· onset of mitos-is,- a'nd appears to be confined to 

i ,. . ' r • ' ~ ,. ~ ~ : : ~ ol ") ! n ~ ~ ] 0 _; .b ',l 

toses,: is ap-p'toxi'mat'~'ly :3· hr, but there was grea't variation \vi thin and among 

the ind-ivi'dtrar cell po'pulations. :The spread· in'· the dur:~tion' ·of 't'hts ?p~ri.~~, 1) 

.,_ ·,!~,.t ;).IG ,(n:) ·- ~ • r "' - ~, r t' • ~ j' ~- ~ . ... 

is most n·oti"ceab1e in the type A'population:' In an ideal renewa.l system, all 

cells in DNA.'synthes'i's- at the t:i~e-or· 3~rrdR :irije.ction should be labe~~d·:' a;1~;-_. 
,.. ..... ~·t ..... (1' ; ···-~ ~ ~;' . 7 ~ 'f r r!- ,. ~' ) ~ ,f1!· ?:ttt 7 ~ ... n=; .. (; 

should pass throttgh mitos-is to giv'e'lOO% labeling [2,3] ;_in this study, label-
• • ·- I~ ; ' • , ' " •-- ' I ,._ ' \ r, ~- . - ' I ; •' ; <_] ' fv \ J t \ • :·· ' .'j 'f 

ing readhed 96% i~ ~i~e A mi~o~ei, ·~ndJlOO% in· In a~a B cells. r
5

, determined 
• t lt ~ N [- -- --~ 7 ' I ' t,. '1'.1 \, -l-- ,t ~ .. } J . ; "'_.: ~ 

I ,, ... : · · r- •·• !t:1-+ ·1 _.-.... ,. f .)~). • .11 ~~ ' -

at the' 5096 •poirlts 'on the' 'asceodilig .. and descending 1 imbs' is 22 hr' 23 hr' and 
, • ~ "'t : I ; -.

1 ~ jT: I. \- .. ,. ::: f 

25 h:t'·'in 'type•A, In) and ~B 'cells,'"·respectively:. The v~riability in Ts is 
• , .~. , •. ., ,...,_. I,-·~-~-) .,

1 
•: f.., "\ r ·:·.;.;; :_.~, f ...... :!: :·-~ ... ~r; ,r I 

estimated ·from d-iffer'ences between 's1 opes of 'the ascending and descending 
j ' t· • • ; ; {. ·i'... -~ 60 £ J •. 

limbs;~ :since 'the fall'~i's 'less s:teep· -t'han <th·e!(~i~e, partic~larly in type A 
r , f I . ". t 'i ") ! i . ,~, I • ,., 

· . · .... )(H , .J l.'V 1 

cells, T5 in'·individual··cellsis of,i.mequal fengths. TC is the distance be-
,. -

tween· 'the SO~c; points on the . .rising limb~ 'of the'·f-j'rs-~ and second wa~~~·;:·~hese 
values ate '34 hr-; '32-hr,· and ·34 hr :i_y{' typ'~s'·A:; ~n',L·~~d _B, cells, respcc-~i~~-~-~~::lJ 
'V • • + '' ' ,- ,, ' • : ' { • 

T(G 1 +M/ 2 )·,omeasurcd·-by:subtr~cti~~· i-$··g ,hr,"6 h~·,,~~~r'6 hr, 'respec~i~.~~Y· 
111C distribi.li:ion of TG in'indi\ridual'cclls 1s great in the type A cell 

1 1 l .,,-, • 
li·;·,,_~·: ~f·.... ·~~.·.~.i.l ,!, 

··~ r. ·. 
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population, which accounts for a spread of experimental points in the second 

wave and absence of a well-defined peak for the S_phase of the daughter cells. 

This was not the case in type B cells, and to a much· lesser degree, in In 

spermatogonia. 

Estimate of the growth fraction (G. F.) of the proliferating spermatogonial 

cell populations (type A, In, and B cells) is obtained from 1-hr 3HTdR-

labeling indices.(LI) and labeled mitoses [7]. Labeling index of the G.F., 

LIP= ~(T5/TC),where ~is a constant which depends on the duration and position 

of S in the cell· cycle [3]. In linear growth, ~ is 'V 1.0; LI = 4"6% for type 
p 

A, 72% for In, and 74% for B spermatogonia. Comparison of observed and cal-

culated LI is a measure of the fraction of cel)s dividing; G. F. = LI/LI . p 

For type A spermatogonia, LI = 30%, and G.F. = 0.46_; for In cells, LI = 63%, 

and G.F. = 0.88; for B spermatogonia, LI = 50%, and G.F. = 0.68. 

The cell birth rate, a, is the number of cells added to the population by 

division per unit time; a= ln 2/TC. Thus, approximately 1.9 type Asper­

matogonia/hr/1000 type A cells, 2.2 In cells/hr/1000 In cells, and 1.9 type 

B cells/hr/1000 B cells arc available to flow into each subsequent cell com-

partment along the type A -+ In -+ type B proliferating-differentiating sequence 

of spermatogonial cell renewal. The specific birth rate, B ;· is the proportion 

of cells dividing per unit time; B = LI/T5 . These values are 0.14/-hr. 0.03/hr. 

and 0.02/hr for type A. In. and B spermatogonia. respectively. The data are 
' 

insufficient to calculate extent" of cell loss due to ineffective spermato-

genesis and physiological attrition. 

These observations agree with cell cycle times and phase durations for sper-

matogonial ce.il populations in the Wistar rat [8,9], but not with those re-

ported for the F1 hybrid (101 x C3H) mouse [6]. The data indicate that 

spermatogonial cell cycle times in the mouse are relatively long, and the 

' . 
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greatest variation occurs in. the type A population ta.ken as a whole. This 

would be due to (I) the heterogeneity of the type A population, which con­

sists of at least 5 types: As' and A1_4 subpopulations, (2) variati_on of cell 

kinetic parameters in each of these type A subpopulations, and (3) the pos-

sible existence of at least two type A stem cell populations -- one with a 
s 

relatively short cell cycle time in the range of ~ 42 hr, and one with a 

fairly long cell cycle time, perhaps 13 days or more [9-12]. The results of 

this work demonstrate: (I) .The cell cycle times of spermatogonial renewal 

populations are much longer than the rapidly dividing mammalian tissues of 

the immunohematopoietic system or the intestinal epithelium [1,2]. (2) Spcr-

matogonial cells, as a renewal tissue, are in a dynamic state of cell renewal 

with precise regulatory control for maintenance of cell population structure 

in a steady state. The cell birth rate is almost constant in each cell com-

partment, and this appears to be maintained under homeostatic control through 

variation in the G.F. and in the specific birth rate in each suhcompartment 

along the proliferation-maturation sequence. For example, the G.F. is low in 

the type A subcompartment, but this is compensated for by a relatively high 

specific birth rate; the reverse situation ~ppears to obtain for the In sub-
~ 

(3) The T(S-+G -+M) cell-age sequence is fairly constant in a 
2 

compartment. 
~ 

given renewal tissue in a species, while TG 
1 

varies widely, and is mainly re-

sponsible for differences in cell cycle times, both within and between cell 

populations. (4) The subpopulations of the type A compartment, and particu-

larly the type A stem-cell compartment, require further studies for more · s . 

precise analysis of cell popu~ation and cell cycle kinetic parameters. 1~is 

is presently being done in our laboratory [Work supported by l~DOE (USAEC) 

Contract Cll AT (11-1)-3013 and by USPIIS training grant No. 39896-03-70]. 

I 
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Fig. 1. Percentage of labeled mitoses in mouse spermatogonia [type A, 

3 intermediate (In), and type B] after injection of HTdR; each point 

represents 1 mouse. 

Work perfo~~d under the auspices of the U.S. Department of Energy. 
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