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Table I. Cellular associatlons at each stage of the cycle of the seminiferous epithelium, and

duration of each stage in hours

Stage of Cycle 1 2 3 4 5 6
stem cells (4g) Ag Ag Ag Ag Ag Ag
spermatogonia { proliferating Aprsfal  AprrAal AprsAal AprsAal AprrBal Aprida)
differentiating A Ay Aj Ay In B
1st layer PL-L L-P P P |4 P
spermatocytes
2nd layer )4 P bip,Dia,MI,SII ,M-II
1st layer 7,8,9 10,11 11,12,1 1,2 3,4 5,6
spermatids
2nd layer 16 ' 13 13,14 14,15 15
frequency of stage (percent)¥* 31 16 14 15 11 13
duration in hrs 64 33 29 31 23 27
PL pre-leptotene
P pachytene
Dip diplotene
Dia diakinesis spermatocytes

M-1 First meiotic division
M-I1 Second meiotic division
SII Secondary spermatocyte
1-16 Spermatid stages (from Oakberg, 1956a)

*Based on a sample of 3,200 tubules; 200 from each of 16 mice.

9%



Table 2, Duration of each cell type in hours, time required to develop into mature spermatids, and

time required to reach the ejaculate in the mouse

Interval to release of Interval to appearance
mature spermatids from of mature spermatozoa
Cell Type testis (days) the ejaculate (days)
Spermatogonia Life-span (days)
Ag total reproductive span ~4 2% ~l Ok
Apr’Aal 8,.6% 35-42% 42-49%
A 2.7 33-35 4042
Ay 1.4 32-33 39-40
Aj 1.2 31-32 38-39
Ay 1.3 30-31 37-38
In 1.0 29-28 36-37
B 1.0 28-29 35-36
Spermatocytes*®
preleptotene 1.3 ! 26-28 33-35
leptotene 1.3 25-26 32-33
pachytene ~3.0 16-25 23-32
diplotene 0.9 15-16 22-23
meiotic divisions 0.8 14-15 21-22
spermatids 14 0-14 7-21
Spermatozoa 0-7

*The exact times required for transformation of Ag into spermatogonia A,. and A,y, and for the
A, to form A; spermatogonia, is not known, but it is assumed that at Eeast one cycle of the
sepiniferous epithelium 1is required.

**Zygotene has been omitted from Tables 1 and 2 because recent data indicates that the synaptonemal
complex 1s present at the time of preleptotene DNA synthesis (37,38). Since contraction of the
chromosomes 1is gradual, the division between leptotene and pachytene is arbitrary.

Ly



Table 3. Survival of A; spermatogonia 120 and

207 hrs after exposure to 100-1000 R x-rays

Percentage Survival

Dose - R 120 b 207 h
0 (c) - -
100 70.7
300 22.9 47.6
500 11.1 21.2
600 13.6 13.2
1000 2.6 1.6

500 + 500 5.0 2.1




T

Table 4., Genetic and fert:ilitv effects of chemicals on the male

Mutations 1in Fertility
Cacmicel ~inant Lethals Translocations stem cells effects
Twiethvlienemelamine Yes Yes Yes Traunsient
(TEM) sterility
Nitrogen mustard inconclusive Yes Semi~sterile
Cyclophesphamide Yes Yes No Short sterile
period
Ethyl methanesulfonate Yes Yes No Transient
sterility
Methyl methanesulfonate Yes Yes No Transient
sterility
Mitomycin C Yes Yes Yes Transient
sterility
Ethylnitrosourea (ENU) Yes Yes P Yes Long period
of sterility
n~-Propylmethanesulfonate Inconclusive No
Isopropylmethanesulfonate Yes Only at No Transient
negligible sterilicty
frequencies
H-Mercaptopurine Yes No No
Tris{l-aziridinyl)phosphine Yes Yes No Transient
sulfide (Thio-TEPA) sterility
Tris{l~ariridinyl)phosphine Yes Yes No Transient
uride {THPA) sterility
Watula:n  rocarbazine) Yes Yes Transient

sterll;

-




Mutations in Fertility Spermatogonia
nslocations stem cells effects killing Reference

Yes Transient Yes 21, 33, 47, 97

sterility
Semi-sterile 24

No Short sterile Yes 21, 54, 96
period

No Transient Yes 5, 10, 21, 35, 36
sterility

No Transient 8, 53
sterility

Yes Transient Yes 21, 26, 53
sterility

3 Yes Long period Yes 26, 92

of sterility

No 21, 22

No Transient Yes 21, 22, 31
sterility

No Yes 28, 76

No Transient Yes 28, 53
sterility

No Transient Yes 27, 30, 53
sterility

Transient Yes 21, 23, 27, 95

sterility

6%



Table 5. Survival of Ay spermatcgonia 3-16 days

after 50 and 1 ) wg/kg ethylnitrosourea

Time after
Dose injection Percentage
mg/kg (days) of control
0 - -
50 3 43.5
50 5 36.0
50 8 27.8
50 12 65.6
50 16 102.4
100 3 32.8
100 5 14.5
100 8 8.3
100 12 49.3

100 16 77.8




Table 6. Classification of follicles in the adult mouse ovary

Follicle Stage Characteristics Illustration
1 0 to 3 or 4 follicle cells visible Fig. 26
2 1 complete layer of flattenmed follicle cells Fig. 27
3a single layer of cuboidal cells, no zcna Fig. 28
3Ib single layer of cuboidal or low columnar

cells, zona formation beginning Fig. 29
4a 1 to 1 1/4 layers of follicle cells, zona

complete but thin Fig. 30
4b 1 1/4 to 2 1/4 layers of cells, zona

completely surrounds oocyte but still not

fully developed Fig. 31
5a 2 1/4 to 3 1/4 follicle cell layers Fig. 32
Sb >3 1/4 follicle cell layers, oocyte at

mature size, zona fully developed Fig., 33
6 many layers of follicle cells, antrum

formation initiated Fig. 34
7 large follicle, 1 or 2 small antra Fig. 35
8 mature Graafian follicle with large antrum

and thin wall (normal stage 8 follicles
occur oaly in proestrus) Fig. 36




Table 7. Genetic and fertility effects of chemicals in the female

Presumed Fertility
Chemical Dominant lethal Mutatious effects
effect
Benzola]pyrene No Reduced
fertilicy
Cyclophosphamide Sterility after

prenatal or post:
natal exposure

Azathioprine . Sterility to femal
) if exposed
in utero

6-Mercaptopurine Sterility to femal
if exposed
in utero

‘thyl methaneculfonate Yes, for some Yes Large reduction of
strains ’ litter size;
later onset

Methyl methanesulfonate Yes, for some Yes Slight litter
strains size reduction
Triethylenemelamlne Yes Yes Permanent
steriliziag
effect

Dimethylbenzanthracen: {DMBA)

~methylcholanthrene Yes Sterility

i<opropyl methanesuls nite Yes Yes Later onset
sterility

Mvieran Yes Yes Permanent

(1,4 di-methanesulfo::oxybutane) sterility




.chemicals in the female

Fertility Oocyte
ethal Mutations effects killing Reference
Reduced Yes 28, 57, 58
fertility
Sterility after Yes 56
prenatal or post-—
natal exposure
Sterility to female No 56
if exposed
in utero
Sterility to female No 56
if exposed
in utero
gome Yes Large reduction of No 26, 29, 32
litter size;
later onset
some Yes Slight litter No 26, 29, 32
size reduction
Yes Permanent Yes 29, 32
sterilizing
effect
Yes 50
Yes Sterility Yes 39, 57
Yes Later onset Yes 29, 30, 32
sterility
Yes Permanent Yes 29, 32

sterility

rs
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FIGURE LEGENDS

Fig. 1. Schematic representation of spermatogonial stem cell tenewal

(Oakberg and Huckins, 1976).

Figs. 2-10. Stem aad Apr spermatogonia of the mouse, and labeled
spermatogonia 207 hrs after 3H—TdR injection. Figs. 2-4 from whole
mount, 5-10 from sections. Fig. 2, Ag spermatogonium in stage 7 among
B gonia; Fig.3, Apr spermatogonlum in stage 6 with B gonia; Fig. 4,
one A and two APr spermatogonia in division; Fig. 5, Ag spermato-
gonium in tubule section; Fig. 6, APr spermatogonla; Fig. 7, 2
degenerating spermatogonia; Fig. 8, two labeled spermatogonia,

1 heavy; Fig. 9, labeled metaphase; Fig. 10, labeled Apr spermato—
gonia. Key to symbols for Figs. 2-22. Ay, Ag-spermatogonia; A1-A4,
A)~-A4~spermatogonia; In, In-spermatogonia; B, B-spermatogounia;
PL-preleptotene spermatocyte; EP-early pachytene spermatocyte; P,
pachytene spermatocyte; S- I, secondary spermatocyte; S, Sertoli cell;

Sptd-spermatid.

Figs. 11-16. Differentiating spermatogounla of the mouse as seen 1lun tubule
whole mounts. Al’ A2, A3, A&’ In and B mark respective clagses of
differentiating spermatogonia; PL, preleptotene spermatocytes; P,

pachytene spermatocytes; S, Sertoli cells.

Figs. 17-22. Differeatiating spermatogonia of the mouse as seen in tubule
cross sections. Sptd-2, 5, 6, and 14, steps 2, 5, 6, and 14 of

spermiogenesis. Al’ A2, A3, A&’ In and B mark respective classes of
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differentiating spermatogonla; As’ spermatogonial stem cell; EP, early
pacytene, P, pachytene; Sptd-2, Sptd-5, Sptd-7, Sptd-l4, different

steps of spermiogenesis.

Fig. 23. Survival of Ag spermatogonia 207 hrs after irradiation.

@, Expt. 1; O, Expt. 2 [from Oakberg (72)].

. Fig. 24, Frequency of labeled spermatozoa in the ejaculate 28,5-40.5 days
after 3H-thymidine injection in controls and in experimental mice
given 150 mg/kg 6-mercaptopurine intraperitoneally 1 hr after 3H-TdR

ffrom Oakberg et al. (75)].

Fig. 25. The effect of 25 R x-rays at 10 days of age on decrease in

oocyte number with age in 101 X C3H female mice [froum Oakberg (68)].

Figs. 26-32. Stages l~5a in oocyte development of the mouse (Table 6).
26, stage l; 27, stage 2; 28, stage 3a; 29, stage 3b; 30, stage 4aj;
31, stage 4b; 32, stage 5a. All follicles normal. Figs. 26-29,

X970; Fig. 30, X700; Figs. 31-32, X400.

Figs. 33—-36. Stages 5b-8 in ococyte development of the mouse (Table 6).
Fig. 33, stage 5b; 34, stage 6; 35, stage 7; 36, stage 8. All

follicles normal. Fig. 33, X400; Fig. 34, X300; Figs. 35-36, X200.

Fig. 37. Gamma-ray sensitivity of stage 1 and 2 oocytes in 10-day-old

101 x C3H female mice [from Oakberg (68)].



Fig. 38. Effect of 25 R x-rays at 10 days of age on litter size and

reproductive span of 101 x C3H hybrid mice [from Oakberg (68)].
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