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Evaluation of Radiation-induced Apoptos1s in Seminiferous Tubule of ICR Mouse after Gamma
Irradiation. Jong Sik Jang, Joong Sun Kim', Jong Choon Kim' and Sung Ho Kim'. Department of
Animal Science Kyungpook National University, Sangju 742-711, Kores, ' Animal Medical Center, College of
Veterinary Medicing Chonnam National University, Gwangju 500-757, Korea - The killing of male germ
cells by radiation and other toxicants has recently been attributed to apoptosis, but a critical evalua-
tion of the presence of the different features of apoptosis in each epithelial stage has not been
performed. In this study, mouse testes exposed to radiation were examined by light microscopy and
terminal transferase-mediated end labeling (TUNEL) with periodic acid-Schiff (PAS) stains to de-
termine whether the cells were apoptotic according to several criteria. Apoptosis was easily recog-
nized by the presence of peroxidase-stained, entirely apoptotic bodies. In the TUNEL-positive cells or
bodies, the stained products correlated precisely with the typical morphologic characteristics of apop-
tosis as seen at the light microscopic level. The changes that occurred from 0 to 24 hours after expos-
ing the mice to 2 Gy of gamma-rays (2 Gy/min) were examined. The numbers of apoptotic cells
reached a peak at 12 hours after irradiation and then declined. The mice that received 0-8 Gy of gam-
ma-rays were examined 8 hours after irradiation. Dose-response relationships were generated for each
stage of the epithelial cycle by counting TUNEL-positive cells. The dose-response curves were line-
ar-quadratic [y=(-0.014+0. 009)D*+(0.31%0.697)D+0.3575. Where Jy=the number of apoptotic cells per
seminiferous tubule, and D=the irradiation dose in Gy, r *=0. 9] and there was a significant relationship
between the frequency of apoptotic cells and the radiation dose. Although the maximum response was
produced by 8 Gy, even 0.5 Gy induced marked changes. These changes were most pronounced in
B spermatogonia of stage V and the spermatocyte at the mitotic cells of stage XI.
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Fig. 1. Representative photographs of testis from control and irradiated mice stained with H-E (panel A, C, E) and TUNEL-PAS (panel
B, D, F). (A, B) Stage V seminiferous tubule of control mouse showing normal spermatogenesis. (C, D) Stage V seminiferous

tubule of irradiated mouse showing apoptotic cells (arrow). (E, F) Stage XIl seminiferous tubule of irradiated mouse showing
apoptotic cells (arrow).
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Table 1. The number of spermatogenic cells in seminiferous tubules of male mouse testis 8 hours following irradiation

Epithelialstage

Parameters

Irradiation dose (Gy)

0 0.5 2 8
Spermatogonia 15.0 125 9.7 9.6
Pachytene spermatocytes 46.5 51.5 50.3 55.7
I Round spermatids 123.0 103.0 108.7 89.3
Elongated spermatids 113.3 94.0 1143 102.3
Sertoli cells 12.5 9.0 12.3 15.0
Spermatogonia 21.3 23.7 16.5 19.0
Pachytene spermatocytes 52.0 52.7 49.5 64.0
\ Round spermatids 120.3 117.0 101.0 127.0
Elongated spermatids 95.3 108.3 104.5 121.0
Sertoli cells 158 10.3 115 10.0
Spermatogonia 28 2.0 3.0 2.0
Preleptotene spermatocytes 37.0 40.0 33.0 38.0
VI Pachytene spermatocytes 54.3 48.0 483 45.0
Round spermatids 116.8 114.0 95.7 107.0
Elongated spermatids 89.3 129.5 63.3 38.0
Sertoli cells 11.8 10.0 113 13.0
Spermatogonia 7.7 45 5.0 35
Pachytene spermatocytes 43.3 37.8 40.7 36.5
XI Round spermatids 65.0 63.8 39.3 48.0
Elongated spermatids 137.8 1215 81.0 138.0
Sertoli cells 14.0 12.0 113 105

Results are presented as mean from four mice in each group.
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Table 2. Quantitative analysis of apoptotic cells detected by
the TUNEL-PAS in spermatogenic cells from different
stages of seminiferous tubules

Epithelial Irradiation dose (Gy)

stage 0 05 2 8

I 044+027*  1.00£0.01° 1.17+0.25° 1.33+0.38"
[ 0.28+0.08° 0.67+0.12° 0.88+0.01° 1.59+0.49"
v 0.16+0.11" 0.75+0.35° 1.08+0.25°  2.08+0.46°
\Y 037+0.25° 0.83+024° 1.42+0.12° 3.40+1.16"
VI 0.18+021* 0.25+0.15° 0.89+0.16° 1.58+0.41°
VI 011£0.17° 031:0.09° 0.58+0.12° 2.10+0.55°
VII  0.14+0.09° 023+0.14° 053+0.12° 1.86+0.21°
IX 036+021° 040+0.25° 0.49+0.34"  1.90+0.14"

0.68+0.25% 1.33+047" 1.70+0.28°
XI 031012° 047018 093:0.37° 1.86+0.20°
Xl 120£0.89° 180+1.69° 2.63+0.88° 3.88+0.17°

Results are presented as mean (£SD) from four mice in each

group.

™ Means (+SD) with different superscripts in the same stage

of epithelium are significantly different at p<0.05.

X 0.41+0.27°

Gy &AM A 1.0070.231, 4 GyZRARE oA 1162+ 0.067 L
2)al 8 GyZAhE oA 1.959+0.33870 9] FAAH E7F B2E 9
o 7 2APd el mel 54¥ TUNEL A 29 Bt gto]
linear-quadratic model (Y=aD2+bD+c)°ﬂ Z gk o]d] 283}
W §enks-o] B4 Y=(-0.014£0.009)D+(0.31+ 0.697)
D+0.3575 (=09, Y=L 3 & & /i TUNEL %4 %9
&, D= Gy)ol ot &31 W3}l & A2 apopto-
sis7t &3] F7HstAAM AZFR del| g FAE BEFT]
Hstel] GiFo] 7H¢ AL AR AL 3 8A17Eo] A skt
A H Z2AL RN E HlaE B AT} BEE
A& e A AxAEY FH% LAY T Ae)H
apoptosis®] Zz = B3] YA 3 A

EIAIM ALY 28t D&
apoptosis 2HA His}
bl A{]»}_,] AA A ESF

Oakberg [12]«] 71 wet QA Adule) 7 F7]9A
WA ZAbe] @ TUNEL ¢4 A X9 22e VeA o
XII SA A 52 S7HE Vet th(Table 2). HAHI A &g
g2 M| 39 apoptosis W3} Hasegawa 5[4]9] A2}
FAFH L TUNEL G M EE VA e B AZA oA 7}

N
«

]

[

Number of apoptotic cells
o P
(] ()]

o

0 2 4 8 12 18 24
Times after irradiation (hours)

Fig. 2. Time-course incidence of the number of apoptotic cells
(assessed by TUNEL-PAS) counted in the seminiferous
tubule of male mouse testis up to 24 hours following
2 Gy-irradiation. Results represent as mean (+SD) from
four mice in each group.
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Fig. 3. The effect of radiation dose on the number of apoptotic
cells (assessed by TUNEL-PAS) in the seminiferous tu-
bule of male mouse testis 8 hours following 0-8
Gy-irradiation. Results represent as mean (+SD) from
four mice in each group.
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