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day old animals were similar and will not 
be described separately. 

Histological evidence of increased 
apoptosis was apparent by 3 h after 
irradiation and very prominent at 4, 8 
and 24 h (Figs. 3, 4, and 5). 

The early apoptotic bodies, which 
were evident from 3 h onwards, were 
round, ovoid, or less frequently 
irregular in shape, showed increased 
cytoplasmic staining and contained either 
a nucleus with marginated, condensed 
chromatin in sharply-delineated, 
crescentic configurations or a uniformly 
pyknotic nuclear chromatin mass (Fig. 3). 
Late apoptotic bodies, showing some 
nuclear changes characteristic of 
apoptosis but having intensely stained, 
featureless cytoplasm (Fig. 4) were 
common after 4 h. Dense masses of cell 
debris (Figs. 3 and 4) retaining no 
identifiable characteristics of apoptosis 
became more prominent with time after 
irradiation. By 24 h, the evidence of 
cell death was most obvious as dense, 
relatively amorphous cell remnants (Fig. 
5) which, in some tubules, were 
aggregated within the cytoplasm of a 
single phagocytic cell (Fig. 6). Cells 
showing the features of early apoptosis 
were present in only small numbers at 
this time. 

Gonocytes were not observed to die 
following irradiation. 

Transmission electron microscopy 
Electron microscopy confirmed the 

marked condensation of nuclear chromatin 
in early apoptotic bodies that was 
observed by light microscopy and the 
frequent location of the condensed 
chromatin in discrete peripheral masses 

Figure 4. 8 h post-irradiation, 3 day 
animal. Early apoptosis (thick arrow) . 
Late apoptotic bodies (arrows) retain 
evidence of marginated chromatin. The 
other dense masses of cell debris are 
most probably phagocytosed apoptotic 
bodies in advanced stages of degradation. 
lµm toluidine blue-stained section. 
Bar= 10 µm. 

Figure 5. 24 h post-irradiation, 3 day 
animal. Cell debris in advanced stages 
of degradation either scattered 
throughout the tubule or aggregated into 
large masses. lµm toluidine blue-stained 
section. Bar= 20 µm. 

Figure 6. 24 h post-irradiation, 3 day 
animal. Degraded cell debris accumulated 
within a single phagocyte or evident as 
small masses (arrows) within the 
cytoplasm of a peripheral Sertoli cell. 
g = gonocyte. lµm toluidine blue-stained 
section. Bar= 10 µm. 
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Figure 7. Electron micrograph, 4 day 
animal, 4 h after irradiation. An early 
apoptotic body (1) shows the 
characteristic masses of condensed, 
peripherally located nuclear chromatin. 
Advanced degenerative changes following 
phagocytosis are evident in 2 and 3. 
g = gonocyte. Bar= 5 µm. 

Figure 8. 4 h post-irradiation, 4 day 
animal. Sertoli cells (1,2) showing the 
early nuclear changes of apoptosis with 
condensed, marginated chromatin. The 
nucleus of Sertoli cell 3 has 'budded' 
into smaller membrane-bounded fragments 
(*). Bar= 2 µm. 

Figure 9. 4 h post-irradiation, 4 day 
animal. Two early apoptotic bodies (1, 
2) with marginated nuclear chromatin. 1 
has a thin rim of condensed cytoplasm. 2 
is also almost entirely nuc l ear in 
composition and is surrounded by 

507 

,",,. 
. - ~ . 
~.:.,: ", :. 

' ~, ·,.._ -
,, ~. ~ .. '.. 
,,,;; "S' ~ ~·· 

.. : <'t;~-~ (; . .;;f..:~-
~ $.·1 ·.-. , .• :f):<~~; 
'~ ',. ·. - ': . . ·1. 

. , . >?,": l!-!,-,r,....;z ./ 
-t:' ... or:~ ..... v-·-:. f. 

,.~~ ! ., .. , ,._,_..,.,,,, .' 

cytoplasm 
(S). Bar 

of an 
2 µm. 

engulfing Sertoli cell 

Figure 10. 8 h post-irradiation, 4 day 
animal. Numerous apoptotic bodies in 
various stages of degradation within 
phagolysosomes of viable resident Sertoli 
cells. Bar= 5 µm. 

(Figs. 7, 8 and 9). Fragmentation of the 
nucleus and cytoplasm produced smaller 
membrane-bound apoptotic bodies (Figs. 8 
and 9). Fragmentation of the nucleus, as 
distinct from nuclear folding, was 
confirmed by the ultrastructural finding 
of isolated nuclear remnants within 
small, phagocytosed apoptotic bodies 
(Fig.9). The cytoplasm of apoptotic 
bodies was condensed (Figs. 8 and 9) and, 
in most cases, the organelles were well 
preserved (Fig. 8). The small size of 
the mitochondria in early apoptotic 


