
&p.1:Abstract There have been many reports on the forma-
tion of apoptotic bodies, but little is known about the cel-
lular pathological processes and the morphological
changes involved. We induced apoptotic cell death by
administering nivalenol (NIV), a trichothecene mycotox-
in produced by Fusarium species, and investigated the
ultrastructural process of formation of apoptotic bodies.
The thymus was examined by electron microscopy 6, 12,
and 18 h after administration. Apoptotic cell death was
induced in the thymus of NIV-treated mice. The nuclei
became invaginated and pinched off to give fragments,
and crescent-shaped spaces (CSS) were found around the
nuclear envelopes of these cells at quite an early stage. In
some of these spaces, myelin figures were observed. We
divided the process of formation into four stages and
characterized each of them. These are easily recognized
in morphological stages and are also useful for clarifying
the apoptotic mechanism.
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Introduction

The connection between apoptosis and various phenome-
na such as aging, development, cancer and immunomod-

ulation, is being elucidated by various methods. Apopto-
sis is a morphological pattern of cell death characterized
by cell shrinkage and increased cell density. The chro-
matin becomes pyknotic and is compacted into a half-
moon shape attached to the nuclear membrane. The nu-
cleus breaks up (observed as karyorrhexis by light mi-
croscopy), and the cell appears to bud. The buds often
contain pyknotic nuclear fragments and they pinch off to
give apoptotic bodies, which are phagocytosed by mac-
rophages or neighbouring cells. During this sequence
there is no change in organella [1–4]. Biochemically, in-
ternucleosomal DNA cleavage is an early event of cell
death associated with apoptosis [5].

The trichothecene mycotoxins, including nivalenol
(NIV), which is produced by the Fusariumspecies, are
highly cytotoxic to mammalian cells and act by inhibit-
ing protein and DNA syntheses [6–9]. There has recently
been a report of karyorrhexis observed in actively grow-
ing cells in bone marrow, thymus, and spleen of mice
treated with these toxins [10]. On the basis of these re-
ports, we examined whether NIV induces apoptotic cel-
lular damage in vivo [11]. The morphological process of
formation or apoptotic bodies in vivo has not yet been
described and we induced apoptotic cell death by admin-
istration of NIV in order to investigate the ultrastructural
process of formation of apoptotic bodies.

Materials and methods

Fusarenon-X (=4-acetyl NIV) isolated from culture filtrate of Fu-
sariumspecies Fn 2B [12] was deacylated into NIV. Female ICR
mice purchased from Sankyo Labo Service (Shizuoka, Japan)
were used at 5 weeks of age. NIV, dissolved in 0.9% physiological
saline, was injected i.p. at a dose of 8.2 mg/kg body weight. Con-
trol mice received physiological saline at a dose of 0.1 ml/10 g
body weight. Mice were sacrificed under ether anaesthesia 6, 12,
and 18 h after the administration. The thymus, fixed in 1% glutar-
aldehyde-4% formalin over 6 h at 4°C, was rinsed in 0.1 M caco-
dylate buffer overnight, postfixed in 1% osmium tetraoxide for 1 h
at 4°C, and then dehydrated in sequential ethanol series. The fixed
tissues were embedded in Epon 812 and sectioned using a Ultra-
tome Nova (LKB, Bromma, Sweden). The sections were double
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stained with uranyl acetate and lead citrate, and were examined
under a 1200 EX electron microscope (JEOL, Tokyo). The animal
experiment was performed according to the principles of laborato-
ry animal care.

Results

By 6, 12, and 18 h after NIV administration, apoptosis
was induced in the thymus; the number of apoptotic cells
increased in proportion to the time elapsed after adminis-
tration. Apoptosis was also observed in controls, but the
frequency was strikingly lower than in the test thymuses
at 12 h and 18 h after administration. Furthermore, com-
pared with control thymuses, test thymuses 6 h adminis-
tration of NIV had more abundant invaginations of nu-
clei, although the frequency of apoptotic cells was simi-
lar to that in controls (Fig. 1A–D). In individual thymo-
cytes, when the thymus was examined at 12 h after ad-
ministration the following findings were observed. Chro-
matin was irregularly condensed, nuclei were invagina-

ted, nuclear blebs developed and pinched off to form
fragments (Fig. 2A–E). Perinuclear spaces, which we
call “crescent-shaped spaces” (CSS), were found on
these cells, and myelin figures can be observed in some
of these spaces (Fig. 2B, inset), which were observed at
an early stage of nuclear change (Fig. 2A). Their fre-
quency was much higher in NIV-treated mice than in
controls. The nuclear fragments were gradually con-
densed and compacted into half-moon shapes (Fig. 2F),
and apoptotic bodies were formed (Fig. 2G) and phago-
cytosed by macrophages (Fig. 2H).

Discussion

In Fig. 3 we propose a scheme illustrating the process of
ultrastructural change resulting in apoptotic bodies. We
have divided the process into four stages and consider
that the following findings can be observed at each stage.
In stage I the CSS appear around nuclei, remaining as a
finding common to all stages. Myelin figures can some-
times be observed in these spaces. Chromatin condenses
irregularly. (This stage corresponds to Fig. 2A.) In stage
II nuclei invaginate moderately and blebs then appear.
(This stage corresponds to Fig. 2B, C.) By stage III the
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Fig. 1 Electron micrographs of thymus in A control mouse and in
mice at B 6 h, C 12 h and D 18 h after administration of NIV
(general views). Apoptotic thymocytes (*) are observed. ×3,500&/fig.c:



nuclear blebs are pinching off to form fragments, and
they gradually condense. The cytoplasm also condenses
and shrinks. (This stage corresponds to Fig. 2D, E.) In
stage IV the chromatin of fragments compacts into half-
moon shapes.

Apoptotic bodies are formed and phagocytosed by
other cells (macrophages). (This stage corresponds to
Fig. 2F–H.) The cells corresponding to each stage of the
process were found in all thymuses of NIV-treated mice
6, 12, and 18 h after administration. However, the cells
corresponding to stages I and II were observed pre-
dominantly 6 h after, and those specific to stage IV, 18 h
after.

We consider that the appearance of CSS indicates the
start of formation of apoptotic bodies. In vivo, the con-
nection of cells to the interstitium prevents the cyto-
plasm of apoptotic cells from following the nuclear
change immediately. Thus, it is suggested that the spac-
es that we call CSS appear between nuclei and cyto-
plasm and are observed more frequently in vivo than in
vitro [13]. It is difficult to define the content of CSS by
ultrastructural observation: however, myelin figures
were observed in some of these spaces, and the contens
are considered to have quite a high proportion of lipid to
protein.

Our preliminary experiments showed the formation of
the CSS in other organs, in addition to which a similar
process of formation of apoptotic bodies has been ob-
served with other mycotoxins [14]. We therefore suggest
that the cells of many tissues follow the same morpho-
logical progression to become apoptotic bodies. Howev-
er, CSS were also detected in the control thymuses in
this study, and it is well known that over 95% of thymo-
cytes die by apoptosis. It is highly likely that there is no
great difference between physiological and experimental
apoptosis.

The stages are easily recognized and do not require
expertise in pathology. In all cases of apoptosis, the
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Fig. 2 A Crescent-shaped spaces (CSS) appear around the nucle-
us (arrow), which are caused by irregular condensation of chroma-
tin (*). ×9,500 B Nucleus invaginates with CSS and nuclear blebs
are developing (*). ×9,500 Inset. In CSS, the myelin figure ap-
pears (arrowhead). ×20,000 C A nuclear bleb is ready to pinch off
(*). Arrow indicates CSS. ×9,500 D Some blebs have pinched off
to fragments (*), and another bleb is developing (*). Arrow indi-
cates CSS. ×9,500 E Nucleus is pinched off to fragments (*). Ar-
row indicates CSS. ×9,500 F Chromatin of fragments is compact-
ed into crescent shapes (*). Arrow indicates CSS. ×7,000 G Apo-
ptotic bodies are formed (*). ×7,500 H Apoptotic bodies (*) are
phagocytosed by a macrophage (M). ×6,500&/fig.c:



progression from a cell in which the process of apopto-
sis has been triggered to the formation of apoptotic bod-
ies and phagocytosis by macrophages can be observed
morphologically. We believe this will aid in the study of
the pharmacokinetics and special characteristics of or-
gans.
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