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Summary. A si ng le dose of cyclophosphamide (CY) 
was administered to Sprague-Dawley rats to investigate 
the effects of CY on th ymic co rtica l epithe lial cells 
(TCE) at the ultrastruc tura l leve l. The mos t s triking 
fi nding amon g th e altera ti o ns in the TCE after CY 
treatment was a cytoplasmic vacuolization with an 
increased amount of granular and membranous content. 
The granular content appeared not only as dense bodies 
but also as loosely aggregated forms or finely dispersed 
granules. Th e me mbranou s structures appea red in 
various forms including vesicular, tubular, vacuolar and 
irregul ar membranous s tructures and myel in figures. 
Some of the membranous structures contained granular 
materi al. Several vacuoles were closely associated with 
the endoplasmic re ticulum (ER). The mo rpho logica l 
alterations of the ER were also remarkable. The Golgi 
app arat us , mitoc hondri a and ves icl es in c reased in 
number. The cytoplasm became densely granulated due 
to an increased number of ribosomes and an increased 
amount of granular material. The tonofilaments lost their 
original array and increased in amount. The cell surface 
exhibited many cytoplasmic processes like microvilli. It 
seems that the above features result not only from some 
damage by CY, but are also signs of a hyperfunctional 
s ta te of the TC E, probab ly du e to their import ant 
functions in repopulation and maturation of the cortical 
thymocy tes during recovery afte r CY-induced acute 
thymic involution, includin g the secret io n of so me 
humoral factors. 
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Introduction 

Cyclophosphamide (CY) is a nitrogen mu sta rd
derivative alkylating agent widely used in the treatment 
of various neoplastic diseases (Gershwin et aI. , 1974; 

Offprint requests to: Dr. Sik Yoon , Department of Anatomy, College of 

Medicine, Dong-A University, 3-1 , Dongdaesin-dong , Seo-gu, Pusan , 

602-103, South Korea 

Ahmed and Hombal , 1984). In addition, it has also been 
widely used as a potent immunosuppressive agent in 
organ transplantation (Starzl et aI. , 1973; Huber et aI. , 
1984) as we ll as in the tr~atment of various autoimmune 
diseases (Gershwin et aI. , 1974; Kovarsky, 1983; Ahmed 
and Hombal, 1984). It is well known that CY exhibits a 
se lective suppressive action on various populations and 
subpopul at ions of lymphoid cells (Turk and Poulte r, 
1972; Ozer et aI. , 1982; Zhu et aI. , 1987). 

Thymic epithelial cells constitute a major component 
of the thymus.-It is presently accepted that the thymus is 
the site of origin of some humoral factors regulating the 
pro li fe rat io n , m atur at io n a nd diffe re nti a tion of 
thymocytes and that these humoral factors orig inate in 
thymic epithelial cells (Bach et aI. , 1973; Dardenne et 
aI. , 1974; Trainin, 1974; Monier et aI. , 1980; lambon et 
aI. , 1981; Savino et aI. , 1982; Berrih et aI. , 1984; Savino 
and Dardenne, 1984; Haynes, 1990; Kendall , 1991). It 
has a lso become increasingly obvious in recent years 
th a t MHC (major hi s tocompatibility complex) 
determinants on thymic epithelial cells are involved in 
thymocyte maturation (Rouse et aI. , 1979). 

There is some controversy about the classification of 
th ymic epithe li a l cell types. Traditi o nally, thymic 
epithe li a l cells have been divided into cortica l and 
medullary epithelial cell types. Van de Wijngaert et al. 
(1984) classified human thymic epithelial cells into six 
types accord ing to their ultrastructural characteristics: 
type 1 (subcapsular/pe riv ascul a r); type 2 (cortical); 
ty pe 3 (intermediate); type 4 (dark); ty pe 5 (un
differentiated); and type 6 (large medullary). Moreover, 
Nabarra and Andrianarison (1987b) class ified mouse 
thymic epithelial cells into three types according to their 
ultr as tructural features: type 1 (classical); typ e 2 
(alveolar labyri nth); and type 3 ( intr acy topl as mic 
cavity). In general , however, the thymic epithelium can 
be broadly subdivided into subcapsular, cortical and 
medullary epithe lial cells and Hassa ll 's corpuscles by 
immunocytochemical methods (Haynes, 1984; Rouse et 
aI. , 1988). Among these va rious cell types of thymic 
epithe lial cells, thymic cortical epithe lial cells (TCE) 
were se lected as the subj ec t of this s tudy not only 
because of the heterogeneity of thymic epithelial cells 
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but also because of the important function of TCE in the 
maturation of thymocytes and their possible role as a 
secretory element (Schmitt et al., 1980, 1982; Auger et 
al., 1982; Nabarra and Andrianarison, 1987a; Haynes, 
1990). 

ÁIthough there are severa1 studies about the effects 
of CY on the thymus (Turk and Poulter, 1972; Scheper et 
al., 1975; Sharma and Lee, 1977; Loc et al., 1981; 
Anton, 1987), little is known about the effect of CY on 
the ultrastructure of TCE. Hypothetically: (1) CY may 
produce some cytotoxic effects on TCE which can be 
demonstrated at the ultrastructural level, although 
thymic epitheliai cells have been believed to be resistant 
to the cytotoxic effect of CY at the light microscopic 
level (Turk and Poulter, 1972; Sharma and Lee, 1977); 
and (2) CY may cause TCE to exhibit some features that 
influence the proliferation and maturation of the cortical 
thymocytes during recovery from CY-induced acute 
thymic involution. Thus, the present study has been 
performed to investigate the changes in the ultrastructure 
of the TCE after CY treatment. 

Materlals and rnethods 

Male Sprague-Dawley rats weighing 200-250 g were 
used. They were maintained in standard wire cages at 
room temperature on a 14-hour light to 10 hour dark 
cycle and were provided with food and water ad libitum. 
The animals were given a single oral dose of CY (150 
mg/kg body weight) in distilled water and were 
sacrificed in groups of three at 1, 3, 7 and 14 days 
thereafter. Rats given the same amount of distilled water 
were used as controls. 

For electron microscopic investigation, the animals 
were anesthetized with an intraperitoneal injection of 
sodium pentobarbital (5 mglkg body weight). The 
thymuses were fixed by vascular perfusion at a rate of 5 
mVmin in a peristaltic pump. The ascending aorta was 
cannulated with a 16-gauge polyethylene catheter via the 
left ventricle. The blood vessels were first washed out 
with 0.1M phosphate buffer (pH 7.4) and then fixed for 
about 20 min with 1.6% paraformaldehyde and 1.7% 
glutaraldehyde solution in 0.1M phosphate buffer (pH 
7.4). After perfusion fixation, the thymus was excised, 
cut into slices with a razor blade and further fixed by 
immersion in the same fixative for a total fixation time 
of 2 hr at 4 The tissue blocks were rinsed in 0.1M 
phosphate buffer (pH 7.4), then postfixed with 1% 
osmium tetroxide in 0.1M phosphate buffer (pH 7.4) for 
90 min at 4 *C. Al1 specimens were processed according 
to a standard procedure through upgrade alcohols and 
propylene oxide and then embedded in Epon 812 resin. 
Ultrathin sections were cut with a diamond knife on an 
ultramicrotome (NOVA, LKB). Sections showing gray 
to silver interference colors were mounted on 
unsupported 200-mesh copper grids and were double- 
stained first with uranyl acetate and then with lead 
citrate. The sections were examined in a JEOL-1200 EX 
11 transmission electron microscope. 

The fine structure of thymic cortical epithelium of normal 
rats 

The fine structure of the thymic cortex from control 
groups was similar to that described previously in 
various mammalian species (Clark, 1963; Van Haelst, 
1967; Mandel, 1968; Gorgollon and Ottone-Anaya, 
1978; Van de Wijngaert et al., 1984; Nabarra and 
Andrianarison, 1987b; Kendall, 1991). The epithelial 
cells were easily identified by the presence of 
tonofilaments and desmosomes, which are the two 
specific characteristics of thymic epithelial cells. TCE 
were spidery in shape with long cytoplasmic processes 
extending in various directions and bordering the 
connective septae, the vessels and the thymocytes in a 
more or less sparse and continuous anastomosed 
network. The large nucleus had a clear, dispersed 
chromatin which was more euchromatic than that of 
surrounding thymocytes and also had a thin rim of 
heterochromatin along the nuclear envelope (Figs. 1, 2). 
The nucleolus was prominent and reticulated (Fig. 2). 
The cytoplasm contained vacuoles, dense bundles of 
tonofilaments and relatively sparse cellular organelles 
(Figs. 1,2). The vacuoles were generally electron-lucent, 
but contained granular electron-dense material located 
mainly near their limiting membranes. Sometimes, the 
vacuoles also contained small empty vesicles (Fig. 1). 
As a rule, the Golgi apparatus and rough endoplasmic 
reticulum (RER) were rather poorly developed (Figs. 1, 
2). There were severa1 mitochondria and a few free 
ribosomes scattered throughout the cytoplasm (Figs. 1, 
-\ 

Cyclophosphamide-induced alterations 

The morphological alterations in the thymic cortex 
were prominent during the first week after CY 
administration. In particular, the TCE of the CY-treated 
group showed the characteristics of hypertrophic 
changes, i.e., (1) an increase in the amount of cytoplasm, 
(2) the appearance of well-developed and increased 
number of various cytoplasmic organelles including the 
Golgi apparatus, endoplasmic reticulum (ER), vesicles, 
vacuoles, ribosomes and mitochondria (Figs. 3-12). 
These increased numbers of cellular elements made the 
cell appear more dense. Accordingly, these altered TCE 
will henceforth be referred to as hypertrophic TCE 
(HTCE) in the present study. 

The most striking finding among the alterations was 
an extensive cytoplasmic vacuolization (Figs. 3-12). 
This vacuolization included the increase not only in the 
number and size of vacuoles, but also in the amount of 
their granular and membranous content (Figs. 3-12). 
Some of these vacuoles were fused to form larger 
vacuoles, and sometimes giant vacuoles (Figs. 3-12). 
The granular content of the vacuoles appeared not only 
as dense bodies formed by the clumping of electron- 
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dense granules but also as loosely aggregated forms or granular material. In contrast to the usually empty 
finely dispersed granules (Figs. 3-12). Particularly, the vesicular pattern of membranous structures within the 
dense bodies were the most common form of  the vacuoles of normal TCE (Figs. 1, 2), those of the CY- 

Flgs. 1-2. Normal rat 
thymic corte%. The 
thymic cortical 
epithelial cells are 
characterized by 
tonofilaments (To), a 
prominent nucleus 
(N) and a nucieolus 
(Ncl) as well as large 
electron-luoent 
vacuoles (V) 
containing electron- 
dense granular 
material along their 
inner espect of the 
limiting mernbranes 
(zvrow). 
M: rnitochondria; 
RER: rough 
endoplasmic 
reticulum; Go: Golgi 
apparatus; 
Ly: lymphocytes. 
Bar: 1 pm. 
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Figs. 34. The 
cortical epithelial celk 
one day after CY 
t r s e M .  
ng. 3. Note that the 
number and eiectron- 
dense granular 
content of 
cytoplasmlc vacuoles 
M are Q ~ Y  
inweased. The 
cytoplasm shows an 
extraordinary 
hypertrophy of the 
smooth endopimic 
reticulum (SER). The 
RER (arrow head) is 
ovennhdmed by the 
SER and ten& to be 
short. An itlcreased 
numbw oi the Golgl 
apparatus (Go) is 
aiso noticd. Some oi 
the Golgi stacks are 
closely a?Bociated 
wiai the vacwles 
(arrows). 
M: mitochondria; 
To: tonofilaments; 
Den: degenerating 
wrnwt-. 
Bar: 1 pm. 
Fig. 4. Note the 
various membranws 
strucaires (smail 
arrow heads) within 
the vacuoles. 
Stnicaires 
resembling 
degenerating 
mitodiondria (large 
a m  he&) are 
obw~ed  within some 
vacudes. some 
vawoles are in the 
promss of fusing with 
each other 
(triangles). Bar: 1 pm. 
Fig. 5. The vacuoles 
cantain vwbus 
stnicturessuchas 
ehtrondense 
flocculent material 
(law anow heads), 
empíy vssicuiar 
sbuciures (asterisks) 
and myelinoid 
structum (mal1 
armw heads). A 
phagolysosome-llke 
vacuole (long m) 
contains a large 
elecbwi-dense bady. 
Two a d ' i  

vacuoles are iused (skws). The &Igi apparatus (a) is juxhposed w¡th the vacuole (short arrow). SER: smooth endoplasmic reüculum. &r: 1 pm. 
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treated group appeared in various forms including membranous structures contained granular material, 
vesicular, tubular, vacuolar and irregular membranous while others seemed to be empty (Figs. 6, 7). In some 
structures or myelin figures (Fig. 7). Some of  the areas of  the cytoplasm, the vacuoles were closely 
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associated with the ER, and it was sometimes found that appeared to be in the process of exocytosis since the 
RER was in contact with the vacuoles (Figs. 9, 10). In vacuoles filled with a granular material were often seen 
particular, some vacuoles located near the cell boundary near the cytoplasmic membrane of the TCE in close 

Flgs. 8-1 0. The 
cortical epithelial 
ceils three days after 
CY treatment. 
Rg. 8. DilaEEition of 
the endoplasmic 
reticuium (ER), 
especially of the 
smooth ER (S) and 
Beinsitional ER 
(arrow k d s )  is 
noticeable. The ceil 
boundary has short, 
membrane-bound, 
irregulariy-arrayed 
cytopiasmic 
processes (stars) like 
microvilli. A 
lysosome-like 
stnicture is observed 
(arrow). 
M: mitochondna; 
Ly: lymphocytes; 
V: vacuoles; asterisk: 
tonofílaments. 
Bar: 1 pm. 
Flg. S. Some 
vacuoles show 
several areas of 
communicaüon 
b e e n  them and 
the ER (arrows). 
Some vawoles are 
Rlled with abundant 
electrondeme 
granular material 
(stars). Bar: 1 pm. 
Ftg. 10. Several 
vawoles dispiay 
d i ren t  pattems of 
their content, 
including the vacuole 
containing abundant 
electron-dense 
granular material 
(star). Some 
vacuoles are fwed 
and communicate 
with each other 
( m w  head). RER 
contacts a vacuoie 
(~ITOW). Bar: 1 pm. 
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contact with the cell membrane of adjacent thymocytes, 
and sometimes the vacuoles seemed fused with the cell 
membrane of the TCE (Figs. 12-16). The increased 

vacuolization was first noticed as early as one day after 
CY treatment and reached the highest degree on the third 
day, but the extent of vacuolization gradually decreased 

Figs. 13-1 6. The 
cortical epithelial 
cells and thymocytes 
one week after CY 
treatment. Flg. 13. A 
vaouole is in the 
process of exocytosis 
(arrow). The Oolgi 
apparatus (Go) is in 
close proximity to the 
vacuole. 
Th: thymocyte; 
De: desmosome. 
Bar: 200 nm. 
Fig. 14. Come 
vesicles (arrows) and 
a vacude M are 
located near the cell 
membrane and a 
vacuole shows the 
appearance of 
exocytosis (astdsk). 
Bar: 200 nm. 
Fig. 15. A vacuole 
M, possibly in the 
process of 
exocytosis, seems to 
be íused with the cell 
membrane of a 
thymocyte (Th). 
M: mitochondria. 
Bar: 200 nm. 
Flg. 16. Note a 
vacuole (Va) which is 
located in close 
proximity to the cell 
membrane of a 
thymocyte. Note also 
a vacuole (Vb), which 
seems to be in the 
process of mreting 
its granular content 
into the cell 
membrane of a 
thymocyte (arrow). 
Th: thymocytes. 
Bar: 1 pm. 
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thereafter. configuration, being scattered in the cytoplasm after the 
There were remarkable changes of tonofilaments. administration of CY (Figs. 3-12). Some of them were 

The tonofilaments lost their original array and closely associated with certain cellular components 
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including the vacuoles and cell membrane, and were 
attached at severa1 points on the surface of those cellular 
organelles (Fig. 6). The amount of the tonofilaments 
reached the maximum in the first week after CY 
administration (Figs. 17, 18), and decreased thereafter 
(Fig. 19). 

The morphological aiterations of the ER were also 
remarkable. One day after CY treatment, abundant 
smooth endoplasmic reticulum (SER), rarely seen in the 
normal TCE, filled the cytoplasm (Figs. 3-10). Three 
days after CY treatment, the cisternae of the ER were 
considerably dilated and vesiculated, especiaily in the 
SER and transitionai endoplasmic reticulum (TER) (Fig. 
8). The HTCE had pleniy of vesicular and tubular forms 
of the ER cistemae extensively dispersed throughout the 
entire cytoplasm. The RER also increased in the HTCE 
but tended to be short in length (Figs. 3-12). Two weeks 
after CY administration, these phenomena declined (Fig. 
19). 

Three days after CY administration, the mito- 
chondria seemed to increase to some extent in number 
and size and they contained a dense granular matrix 
(Figs. 8, 11, 12). The Golgi apparatus was well 
developed, and increased in number after the 
administration of CY (Fig. 3). There were many vesicles 
including the Golgi vesicles (Figs. 3, 11). In addition, 
there were a few lysosome-like structures and phago- 
lysosome-like structures (Figs. 8, 18). Occasionally, 
multivesicular bodies were also observed in the TCE 
after the administration of CY (Fig. 18). The cytoplasm 
became densely granulated due to the increased number 
of ribosomes and the increased amount of fine granular 
material (Fig. 10). Numerous short, cylindrical and 
membrane-bound cytoplasmic processes like microvilli 
were often found at the cell surface of the HTCE, 
particularly at three days after CY administration (Fig. 
8). These processes were arranged irregularly (Fig. 8). 

In general, most of the above features began to 
appear from the first day and reached the maximum on 
the third day, but one week after CY administration, 
these phenomena declined. 

Discussion 

The salient features of the morphological alterations 
in the TCE, after administration of CY, were the increase 
in number and size of the vacuoles, and the increase in 
amount of their content, especially of the granular 
content. It is difficult, at present, to know the exact 
nature and role of these vacuoles. However, it is 
considered that at least some of them may be storage 
vacuoles of secretory products, although they do not 
have the ordinary morphology of secretory granules. It 
has been demonstrated that the thymic epithelial ceils 
secrete biologically active factors that regulate the 
proliferation, maturation and differentiation of 
thymocytes, including thymic hormones such as 
thymulin, thymopoietin and thymosins (Bach et al., 
1973; Dardenne et al., 1974; Trainin, 1974; Monier et 

al., 1980; Jambon et al., 1981; Savino et al., 1982; Berrih 
et al., 1984; Savino and Dardenne, 1984; Haynes, 1990; 
Kendall, 1991), multiple types of cytokines such as IL-1, 
IL-6, IL-7, TGF and leukemia inhibitory factor (Haynes, 
1990; Le et al., 1991; Chen et al., 1992), chemotactic 
factors for bone marrow-derived thymocyte progenitors 
(Champion et al., 1986), and granulocyte and macro- 
phage colony stimulating factors (Le et al., 1988; Nanno 
et al., 1991). Strong evidence has been accumulated that 
the vacuole in the normal thymic epithelial cell 
represents the site where thymic hormones are stored 
and where they mature (Savino and Dardenne, 1986; 
Nabarra and Andrianarison, 1987a). Especially, it has 
been demonstrated by immunoelectron microscopy that 
the vacuoles containing electron-dense granules are 
preferentially labeled with an anti-thymulin antibody, 
and it has been suggested that these vacuoles are a form 
of secretory granule (Schmitt et al., 1980, 1982; Auger et 
al., 1982). The presence of zinc in these vacuoles also 
supports this idea because zinc is an integral component 
of thymulin (Bach et al., 1973; Dardenne et al., 1982; 
Nabarra et al., 1984). It was reported that the dense 
granular material observed in the vacuoles of the normal 
thymus is the final form of thymulin binding to zinc, and 
that the immature form is electron-lucent (Nabarra and 
Andrianarison, 1987a). The fact that those vacuoles 
increased in size during the blockage of secretion by 
anti-thymulin antibodies, by colchicine or by monensin 
is also in favor of this hypothesis (Savino and Dardeme, 
1986; Nabarra and Andrianarison, 1987a). There is some 
controversy about the secretory process of the peptidic 
hormone produced in thymic epithelial cells. It has been 
suggested that the intracellular pathways of thymulin 
secretion follow a classical peptide secretion model 
(Savino and Dardenne, 1986). On the other hand, 
Nabarra and Andrianarison (1987a) suggested that TCE 
had a peculiar secretory mechanism. They pointed out 
that the immature form of secretory material might pass 
to the transitional element of the ER, and this secretory 
product would then pass directly from the transitional 
element to the vacuoles (Nabarra and Andrianarison, 
1987a). Although the morphologicai features of the TCE 
after CY treatment in the present study suggested their 
active synthetic and secretory activity, the overall results 
of the present study made it difficult to clarify this 
controversia1 secretory mechanism because on the one 
hand, it was partly in agreement with the classical 
peptide secretion model in that the Golgi apparatus was 
not only well developed and had increased in number 
but was also closely associated with the vacuoles in 
some regions. On the other hand, it was also partly in 
agreement with the Nabarra and Andrianarison's model 
in that the vacuoles were closely associated with the ER, 
especially with the transitional ER, and there were the 
communication sites between the ER and the vacuole in 
some regions. Whichever of the two models is correct, 
the vacuoles seem to be storage vacuoles of secretory 
products since the present study provides some evidence 
suggesting they are secreted by a process of exocytosis; 



Cyclophosphamide effects on thymic epithelium 

i.e., the vacuoles filled with a granular material were 
often seen next to the cell membrane of the TCE in close 
contact with the thymocyte membrane, and sometimes 
the vacuoles seemed fused with the cell membrane of the 
TCE. 

Moreover, there were severa1 additional important 
findings supporting the hypothesis that the vacuoles rnay 
be storage vacuoles of secretory products. (1) There was 
too small a number of lysosomes in comparison with the 
number of vacuoles. If those vacuoles had been 
phagosomes, there should have been more lysosomes, 
(2) There were abundant, well developed components 
for the synthesis, intracellular transport and secretion of 
protein, such as the Golgi apparatus, ER, ribosomes, 
vesicles and mitochondria. (3) The tonofilaments 
increased in amount, and they were closely associated 
with certain cellular components including the vacuoles 
and cell membranes. Although the exact role of tono- 
filaments in the thymic epithelial cells is not well 
understood, our results and those of Kato et al. (1981) 
suggest that the tonofilaments rnay be closely associated 
with intracellular transport of secretory products and of 
cell organelles and that they are possibly associated with 
the exocytosis of the vacuoles in the thymic epithelial 
cells. 

Thus, TCE rnay play a crucial role in the 
regeneration of thymocytes in the thymic cortex after 
CY-induced destruction of thymocytes by secreting 
certain humoral factors. It is believed that the origin of 
the repopulating thymocytes after a depletion of 
thymocytes in the thymus is bone marrow, and these 
bone marrow-derived precursors are continuously 
recruited from the circulation to maintain the thymocyte 
population (Turk and Poulter, 1972; Basch and Kadish, 
1977; Boersma et al., 1981; Lepault and Weissman, 
1981; Ezine et al., 1984). These thymocyte precursors 
are considered to be influenced by thymic epithelial celis 
to become mature thymocytes. 

There are other possible interpretations on the nature 
and role of the vacuoles which are observed to increase 
in number and size after administration of CY. These 
vacuoles rnay be associated with the cytotoxic effect of 
CY or rnay be the autophagic vacuoles of the TCE 
affected by CY, by which damaged cellular components 
are removed from the cytoplasm. Sobhon et al. (1977) 
observed degenerative bodies in the crypt epithelial cells 
of the small intestine in CY-treated mice, and they 
suggested that the degenerative bodies occurred as a 
result of damage to epithelial cells. Stella et al. (1990) 
found microvacuolization of some urothelial cells in 
patients who were treated with CY. Hopkins et al. (1982) 
observed myocytic cytoplasmic vacuolization in the 
inbred ACI rat after CY treatment, although the dose of 
CY was much higher than in the present study. Shirota 
and Tavassoli (1991) reported that a salient feature of 
cellular injury, caused by CY, was membrane instability, 
and they supposed that the subsequent membranous 
sloughing led to the generation of membrane structures 
or myelin figures within the vacuoles. In agreement with 

that study, we could also observe membrane structures 
and myelin figures within the vacuoles. In addition, 
Shirota and Tavassoli (1991) reported that membrane 
instability was also manifested by a dilatation of the 
cistemae of the ER, which was observed in the present 
study. They suggested that the injury by CY could be 
due to the alterations of lipid or protein components of 
the membrane, by which lipid peroxidation could o m ,  
leading to increased fluidity of membranes and 
consequently increased membrane permeability (Shirota 
and Tavassoli, 1991). Therefore, it is plausible that 
at  least some alterations of the TCE after CY 
administration, including the increase in the number of 
cytoplasmic vacuoles, especially those containing 
membranous structures, might be due to damage by the 
cytotoxic effects of CY. The lysosomes present near the 
vacuoles rnay support this idea, although they were only 
few in number. 

The vacuoles might be the phagocytic vacuoles 
which engulf adjacent dead thymocytes and thereby 
participate in the final breakdown and resorption of the 
destroyed cells. Although Pinkel (1968) reported that 
many of the thymic epithelial cells showed an evidence 
of phagocytic activity in that what appeared to be the 
parts of lymphocyte nuclei were present within their 
vacuoles, other investigators have suggested that the 
thymic epithelial cells are not capable of phagocytic 
action (Clark, 1963; Fawcett, 1986). The evidence of 
phagocytosis, such as the presence of phagocytized 
material in the process of degradation, could not be 
found in the present study. In addition, the number of 
lysosomes was too small. 

The vacuoles rnay be the transformed mitochondria 
or transformed ER. In agreement with the observation of 
Nabarra and Andrianarison (1987a), membrane 
fragments which resembled degenerating mitochondria 
were found in these vacuoles, and there were the images 
which could represent an intermediary stage between 
normal mitochondria and certain types of vacuoles. 
There were also structures that could represent an 
intermediate stage between normal ER and certain types 
of vacuoles, especially in the early s tage of this 
experiment. 

Lastly, the vacuoles rnay be composed of a mixed 
form of vacuoles produced by the combined effects of 
severa1 causes including those described above. Some of 
these vacuoles, especially those which contain granular 
material, rnay be storage vacuoles containing secretory 
products. Other vacuoles, especially thoae which contain 
membranous structures, rnay be formed by the cytotoxic 
effects of CY, or they rnay be the autophagic vacuoles 
containing parts of damaged celiular components. 

However, it is too early to draw a final conclusion, 
and additional experiments are required. If the nature 
and origin of the content of the vacuoles are elucidated, 
it will be also possible to determine whether the HTCE 
represent a hyperfunctional state of TCE or a damaged 
state of TCE due to the cytotoxicity of CY. 

Evidence obtained in the present study suggests that 
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the morphological alterations of TCE after CY 
administration may occur due to increased cellular 
activities. The TCE, after CY treatment, exhibited 
hypertrophic changes resulting in an increase in the size 
of the cytoplasm and the presence of well-developed and 
increased numbers of the Golgi apparatus, ER, 
ribosomes, vesicles, vacuoles and tonofilaments. In 
addition, these HTCE showed numerous cytoplasmic 
processes like microviüi on the cell surface. This finding 
suggests that the HTCE can increase the contact with the 
thymocytes through these cytoplasmic processes 
promoting the interceiiular communication between the 
HTCE and thymocytes. Since CY has toxic effects 
mainly on rapidly proliferating cells, it is believed that 
the CY-induced alterations of TCE are not entirely 
attributable to the cytotoxic effects of CY because TCE 
are not rapidly proliferating cells. Chin and Hudson 
(1974) reported that the murine peritoneal macrophage 
following CY administration tended to be stimulated 
instead of being damaged. The features of the HTCE in 
the present study resemble the hypertrophic thymic 
epithelial cells of a study of splenectomized chickens 
showing various signs of secretory activity with large 
and dense cytoplasm containing abundant RER and 
vesicular elements, and a large number of mitochondria 
and ribosomes in the thymus (Rusu et al., 1981). These 
authors strongly suggested that the hypertrophic 
epithelial cells have an intensive metabolic activity and 
that they synthesize protein. Therefore, these facts might 
suggest that the HTCE, during the recovery of thymic 
cortical thymocytes after being destroyed by CY, may 
have a considerable influence on the process of 
proliferation, maturation and differentiation of the 
thymocyte precursors. 

In conclusion, it seems that the morphological 
features of the TCE after CY treatment result from 
hyperfunctional activities of the TCE as well as from 
some damage by CY. It is considered that the TCE after 
CY treatment may play a role in the regeneration of 

. thymocytes probably through the secretion of some 
humoral factors, while the cytotoxic effect of CY on 
TCE may also play a role in the immunosuppressive 
action of CY. Further studies may provide more insights 
into these facts. 
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