
Summary. Cimetidine has caused dysfunction in the
male reproductive system. In the rat testis, intratubular
alterations and loss of peritubular tissue due to
peritubular myoid cell death by apoptosis have been
recently shown. Thus, the aim of this study is to evaluate
which cells of the seminiferous epithelium have been
affected and/or died by apoptosis after the treatment with
cimetidine. 

For this purpose, an experimental group containing
five male albino Wistar rats received intraperitoneal
injections of cimetidine (50 mg/kg body weight) during
52 days. The testes were fixed with 4% buffered
formaldehyde and were embedded in paraffin. For
detection of DNA breaks (apoptosis) in the cells of the
seminiferous epithelium, the testicular sections were
treated by the TUNEL method (Apop-Tag Plus
Peroxidase Kit). 

In the tubules affected by cimetidine, altered
peritubular tissue, including the presence of TUNEL
labeling in the myoid peritubular cells, were usually
found. In these tubules, the seminiferous epithelium
exhibited low density of germ cells and TUNEL-positive
labeling in the germ cells of the basal compartment. The
concomitant staining in both germ cells of the basal
compartment and late spermatids suggest a sensitivity of
these cells in the damaged tubules. Besides germ cells,
TUNEL-positive Sertoli cells were also found in the
injured seminiferous tubules. Thus, a relationship
between dying germ cells and Sertoli cell damage and/or
death must be considered in tubules where peritubular
tissue has been affected by toxicants.
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Introduction

Cimetidine has been widely utilized in human for
treatment of duodenal ulcer (Ippoliti et al., 1978). This
drug competes with dihydrotestosterone (DHT) in
ventral prostate (Winters et al., 1979) and causes male
sexual dysfunction (Peden et al., 1981; Wang et al.,
1982), thus, it has been referred to as a weak non-
steroidal anti-androgen (Winters et al., 1979; Peden et
al., 1981; Wang et al., 1982). 

In the testis, cimetidine has caused significant
reductions of testicular weight (Pereira, 1987; Sasso-
Cerri et al., 2001), tubular diameters (Gill et al., 1991;
França et al., 2000; Sasso-Cerri et al., 2001), and
seminiferous epithelium height (Gill et al., 1991; França
et al., 2000). França et al. (2000) demonstrated a
significant reduction of tunica propria (peritubular
tissue) in the testis of cimetidine-treated rats. In addition,
the presence of apoptotic peritubular cells and
disordered basal lamina around apparently normal
seminiferous tubules suggests that the peritubular cell
was the primary target affected by cimetidine (França et
al., 2000). In the seminiferous epithelium, loss of germ
cells and lack of contact between Sertoli cells and
spermatids have been also described in the cimetidine-
treated rats. Moreover, an increased concentration of
intratubular lipid inclusions and failure of spermatid
release have been related to degradation of late
spermatids which were probably phagocytosed by
Sertoli cells (Sasso-Cerri et al., 2001).

Several factors provide or prevent cell death in the
testis (reviewed in Blanco-Rodríguez, 1998). Testicular
injuries caused by hormonal disturbance (Blanco-
Rodríguez and Martínez-García, 1996, 1998) or
testicular toxicants (Richburg and Boekelheide, 1996;
Richburg et al., 1999) usually lead to germ cell
apoptosis. These experimental models have been widely
utilized for the knowledge of the control mechanisms
involved in cell death during the spermatogenic process.
The treatment with MEHP (Mono-(2-Ethylhexyl)
phthalate), for example, causes Sertoli cell damage and,
consequently, programmed cell death in the germ cells
that cannot be supported by the Sertoli cells (Richburg
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and Boekelheide, 1996; Richburg et al., 1999; Lee et al.,
1999).

Taking into account that peritubular myoid cell is
a ffected by cimetidine in the rat testes (França et al.,
2000) and that these cells seem to stimulate Sertoli cell
activity (Thompson et al., 1995), a consecutive damage
in both Sertoli cells and germ cells is expected in the
a ffected tubules by cimetidine. Thus, we proposed to
evaluate which cells of the seminiferous epithelium are
affected and/or undergo cell death in the tubules affected
by cimetidine. For this purpose, cell death in the
seminiferous epithelium has been detected in the
testicular sections of cimetidine-treated rats by i n - s i t u
3´-end labeling of fragmented DNA (TUNEL method).

Materials and methods

Animals and treatment

Ten male albino Wistar rats - provided by the Center
of Development of Experimental Models of the Federal
U n iversity of São Paulo - aged 90 days and weighing
300g were kept under 25 °C temperature, standard
lighting conditions (12-h light/dark cycle), and water and
food ad libitum. The animals were distributed into two
groups (control and experimental) containing five
animals each. The experimental group receive d
intraperitoneal injections of aqueous solution of 50
mg/kg body weight/day cimetidine (Ta ga m e t ,
SmithKline Beecham) for 52 consecutive days - the
period pertinent to the duration of spermatogenesis in
adult Wistar rats (Huckins, 1965). Principles of
laboratory animal care (NIH publication 85-23, 1985)
and national laws on animal use were observed. 

Tissue preparation and TUNEL labeling

Twenty-four hours after ending the treatment, the
testes of the anaesthetized rats were fi xed with 4%
bu ffered formaldehyde (Sasso-Cerri et al., 2001),
dehydrated and embedded in paraffin. Testicular sections
(5 µm thick) were deparaffinized, hydrated and
pretreated with 20 µg/ml proteinase K (Oncor- P r o t e i n
Digesting Enzyme) for 15 min at 37 °C. The sections
were immersed in 3% hydrogen peroxide for 10 minutes,
and DNA 3’-end labeling of apoptotic cells w a s
performed by the Apop-Tag Plus Peroxidase Kit (Oncor,
Inc. Gaithersburg, MD) as previously described (Cerri et
al., 2000). After washes in PBS and in the
“equilibration” bu ff e r, the sections were incubated in
TdT enzyme (Terminal deoxynucleotidyl Tr a n s f e r a s e )
for 1 hr in a humidified chamber, at 37 °C. Subsequently,
the sections were immersed in "stop wash" buffer for 15
min, washed in PBS and incubated in anti-digoxigenin-
peroxidase for 30 min, at 37 °C. After several washes in
PBS, the reaction was revealed by DAB (3.3’-
diaminobenzidine tetrahydrochloride) and fi n a l l y, the
sections were counterstained with Mayer’s hematoxylin.
N ega t ive controls were processed in the same manner,

except that the TdT enzyme was substituted by distilled
wa t e r. Moreove r, involuting mammary gland sections
( p r ovided by Apop-Tag Kit/Oncor, Inc. Gaithersbu rg )
were also used as positive controls for the TUNEL
method. The testicular sections were examined and
photographed by an OLYMPUS BX-50
photomicroscope.

Results

In the testicular sections of the animals from the
control group, the seminiferous tubules exhibited rare
cells of the germinal lineage labeled by the TUNEL
method. On the other hand, numerous structures
exhibiting TUNEL-positive staining (brow n - y e l l ow )
were usually found in the seminiferous tubules of the
treated rats. The mammary gland sections (positive
controls) also showed a specific staining in seve r a l
structures, but in the negative controls no color reaction
was detected after omitting the TdT. 

The seminiferous tubules from cimetidine-treated
rats showed low density of germ cells and TUNEL-
p o s i t ive staining in the germ cells of the basal
compartment (Fig. 1A-F). In general, these tubu l e s
presented altered peritubular tissue in which the myoid
cells were absent or exhibited TUNEL-positive labeling
(Figs. 1E,F, 2I). At almost all stages of the seminiferous
cycle (II-XIII), the most frequent TUNEL-positive germ
cells were spermatogonia, preleptotene and leptotene
s p e r m a t o cytes (Fig. 1B-F). In tubules e x h i b i t i n g
T U N E L - p o s i t ive pre-leptotene or leptotene
s p e r m a t o cytes, spermatogonia were rarely found.
Spermatids (steps 16-19) were also absent in the III-VII
t u bules showing TUNEL-positive labeling in the germ
cells of the basal compartment (Fig. 1B). On the other
hand, some tubules (IX-XII), in which spermatids were
present, a concomitant TUNEL-positive labeling in both
e l o n gating spermatids and germ cells of the basal
compartment was also observed (Figs. 1C-E). TUNEL-
p o s i t ive labeling in the pachytene to diplotene
s p e r m a t o cytes was not observed in the less injured
tubules (Figs. 1A-F). The highly damaged seminiferous
t u bules containing Sertoli cells and rare cells of the
germinal lineage showed TUNEL-positive staining in
round and elongating spermatids likewise in pachy t e n e
and diplotene spermatocytes (Fig. 2A-E). Some of these
labeled germ cells surrounded by a vacuole-like structure
were adjacent to Sertoli cell nuclei (Fig. 2A-D). 

In tubules at stages IX-X, some TUNEL-positive
spermatids were detached from Sertoli cells (Figs. 1C,
2F); sometimes these tubules also showed TUNEL-
positive Sertoli cell nuclei abnormally positioned in the
lumen (Fig. 2F). In general, these nuclei exhibited an
evident nucleolus associated to a juxtanucleolar portion 
- typical of a Sertoli cell. Either in the apparently normal
or maximally injured tubules, some Sertoli cell nuclei
were dislocated from the tunica propria to the adluminal
compartment (Fig. 1B, 2A,B,D). In the maximally
injured tubules, Sertoli cell nuclei exhibiting TUNEL-

412

Apoptosis in cimetidine-treated rats



p o s i t ive labeling were often observed (Fig. 2G,H).
O c c a s i o n a l l y, these cells were very close to TUNEL-
negative Sertoli cell nucleus (Fig. 2H). In the maximally

damaged tubules showing irregular outline, in which
p e r i t u bular cells were TUNEL-positive, no cell of the
seminiferous epithelium was adjacent to the altered
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Fig. 1.  Photomicrographs of testicular
sections of  c imet id ine-treated rats
exhibiting in-situ labeling of apoptotic cells
by the TUNEL method. A . S e m i n i f e r o u s
tubules show loss of  germ cel ls and
TUNEL-positive labeling in the germ cells
of the basal compartment. x 140. B . A
tubule at stage VI exhibits loss of
elongated spermatids at step 18 (asterisk)
and TUNEL-posi tive labeling in the B
spermatogonia (arrows). A Sertoli cell
nucleus dislocated from the tunica propria
is also observed (arrowhead). x 600. C
and D. TUNEL-posi tive l eptotene
spermatocytes (arrows) and spermatids
(st) are observed in the tubules at stages
I X ( C ) and X ( D ) .  In C , some spaces
among germ cel ls (asterisks) indicate
detachment of germ cells from Sertoli cells.
x 600. E . TUNEL-positive labeling in both
zygotene spermatocytes (thin arrows) and
spermatids (st) are exhibited in a tubule at
stage XII. In addition, spermatogonia are
not found and some Sertoli cells (thick
arrows) as well as peritubular myoid cells
(arrowheads) are also labeled by the
TUNEL method. x 600. F . In a stage XII
tubule, only zygotene spermatocytes are
TUNEL-positive (arrows). The altered
peritubular tissue including absence of
peritubular myoid cells are also observed
(arrowheads). x 600
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Fig. 2. Photomicrographs of testicular sections of cimetidine-treated rats exhibiting in situ labeling of apoptotic cells in several damaged seminiferous
tubules. A and B. TUNEL-positive pachytene spermatocytes (thin arrows), surrounded by a vacuole-like structure, are adjacent to one (A) or several
( B ) Sertoli cell nuclei (thick arrows). Note that the Sertoli cell nuclei are dislocated from the tunica propria. x 1,450. C . In the seminiferous tubule
containing Sertoli cells and rare germ cells, a TUNEL-positive germ cell, probably a preleptotene spermatocyte (thin arrow), is surrounded by a vacuole-
like structure and is adjacent to a Sertoli cell nucleus (thick arrow). x 1,450. D and E. TUNEL-positive round and step 9 spermatids (thin arrows),
respectively. In D, the spermatid is next to Sertoli cell nuclei (thick arrows) in the adluminal compartment. x 1450. F. A disordered seminiferous tubule at
stage X showing TUNEL-positive germ cells (i.e. leptotene spermatocytes and spermatids) and numerous TUNEL-positive Sertoli cell nuclei abnormally
positioned in the tubular lumen (arrows). x 600. G, H and I. Maximally damaged seminiferous tubules containing Sertoli cells and rare cells of the
germinal lineage. In G, TUNEL-positive Sertoli cell nuclei are adjacent to the tunica propria (arrows). In H, a strongly TUNEL-positive Sertoli cell
nucleus dislocated from the tunica propria (thick arrow) is in close contact with a TUNEL-negative Sertoli cell nucleus (thin arrow). x 1,450. I. Tubule
exhibiting irregularly outlined tunica propria and several TUNEL-positive peritubular cells (arrowheads). Note that no cell of the seminiferous epithelium
is adjacent to this portion of the tunica propria (asterisks). Among the dislocated germ cells, some TUNEL-positive Sertoli cells are also observed
(arrows). x 600



portion of the tunica propria. In addition, together with
the germ cells localized in the tubular lumen, some
TUNEL-positive Sertoli cell nuclei were found (Fig. 2I).

Discussion

Cimetidine has been referred to as a weak non-
steroidal antiandrogenic drug (Winters et al., 1979;
Peden et al., 1981; Wang et al., 1982) because it
antagonizes dihydrotestosterone (DHT) and occupies
androgen receptors in the accessory sex organs (Winters
et al., 1979). In the testis, intratubular morphological
changes (Gill et al., 1991; Sasso-Cerri et al., 2001)
together with significant reduction of tubular diameter at
stages VII-IX (Sasso-Cerri et al., 2001) have been
related to a possible interference of cimetidine in the
t u bular androgenization of the treated rats (Gill et al.,
1991; Sasso-Cerri et al., 2001). A significant reduction
of peritubular tissue and the loss of peritubular myoid
cells by apoptosis in tubules exhibiting normal aspect
h ave indicated that these cells are the primary targ e t
affected by cimetidine action in the rat testis (França et
al. ,  2000). In the present study, the presence of
disordered tunica propria (where peritubular myoid cells
were absent or exhibited TUNEL-positive labeling) may
be associated with a concomitant or consecutive loss of
germ cells via apoptosis and Sertoli cell death in the
tubules affected by cimetidine. This is supported by the
occurrence of TUNEL-positive labeling in the germ cells
of the basal compartment (i.e. spermatogonia and
preleptotene/leptotene spermatocytes), in spermatids and
in Sertoli cells. The TUNEL method has been widely
used and has provided valuable information about
apoptosis in situ. After some tests made in diff e r e n t
tissues for detection of apoptosis by TUNEL, no fa l s e -
p o s i t ive reaction has been detected in the testis
(Pulkkanen et al., 2000). Our results are in agreement
with these observations since no labeling was verified in
the testicular sections used as negative controls.

In contrast to other mechanisms of cell death such as
necrosis, apoptotic germ cells are rapidly phagocytosed
by Sertoli cells preventing an inflammatory response
(Allan et al., 1992). Thus, the absence of germ cells in
some tubules could reinforce the fact that these cells died
via apoptosis and were phagocytosed by Sertoli cells. As
p r eviously shown, failure of spermatid release together
with an increased concentration of intratubular lipid
inclusions have been related to phagocytosis of these
germ cells by Sertoli cells (Sasso-Cerri et al., 2001). Our
results showed TUNEL-positive germ cells adjacent to
Sertoli cell nuclei in both basal or adluminal
compartments. In addition, these cells were usually
surrounded by a v a c u o l e - l i ke structure. Thus, a
s u g g e s t ive phagocytosis of apoptotic germ cells by
Sertoli cells may be considered in the cimetidine-treated
rats. Similar ultrastructural features, have also been
associated with phagocytosis of germ cells in vivo (Mori
et al., 1997). 

Considering that cimetidine causes peritubu l a r

myoid cell death as well as morphological alterations in
the basal lamina of the tunica propria (França et al.,
2000), an abnormal activation of cell death may have
occurred in the germ cells that were in direct contact
with the basal lamina. On the other hand, TUNEL-
positive labeling in zygotene to diplotene spermatocytes
as well as in round spermatids (stages II-VIII) was not
observed in the less damaged tubules. This may be due
to the fact that leptotene spermatocytes pass through the
blood-testis barrier which separates the basal from the
adluminal compartments (Russell et al., 1990); in the
l a t t e r,  these cells continue the meiotic prophase
(zygotene to diplotene) being protected from the
immune system (rev i ewed in Heindel and Tr e i n e n ,
1989). It is interesting to note that TUNEL-positive
labeling in the spermatids (steps 9-12) was observed in
tubules where germ cells of the basal compartment were
also dying. Spermatids (step 9-10) are rarely seen dying
during normal spermatogenesis (Blanco-Rodríguez and
Martínez-García, 1996). TUNEL-positive spermatids
were not found in the testicular sections from the control
rats or in the nega t ive controls from cimetidine-treated
rats. It is important to emphasize that in the tubules at
stages III-VII, late spermatids (steps 16-19) were not
found. Thus, the loss of these cells was probably due to
an apoptotic pathway in spermatids at early stages (steps
9-12). Some interference in the survival factors required
by the elongating spermatids might have occurred during
the cimetidine treatment. Considering that several IX-
XII tubules exhibited positive labeling only in the germ
cells of the basal compartment, it might be concluded
that the cells of the basal compartment seem to be the
primary germ cells to undergo cell death in these
t u bules. An indirect influence from the apoptotic germ
cells of the basal compartment mediated by Sertoli cells
might be considered. This is supported by the presence
of a specific control of germ cell death invo l v i n g
extracellular regulatory signals, as previously proposed
( Pa c ker et al., 1995; Blanco-Rodríguez and Martínez-
García, 1997). 

It is known that vimentin filaments may be
responsible for both Sertoli cell-germ cell attachment
and positioning of the Sertoli cell nucleus (Aumuller et
al., 1992). Detachment of spermatids (step 9) from the
Sertoli cells was usually observed in the cimetidine-
treated rats (Sasso-Cerri, 2001). In the present study,
these detached spermatids were also positive to the
TUNEL labeling. After Sertoli cell injury by MEHP
( M o n o - ( 2 - E t hy l h exyl)phthalate), vimentin fi l a m e n t s
collapse around the nucleus and the Sertoli cell-germ
cell physical interaction is disrupted (Richbu rg and
B o e kelheide, 1996). Subsequently, programmed cell
death is induced in the detached germ cells by the Fa s
system (Richbu rg et al., 1999). Our results show e d
Sertoli cell nuclei dislocated from the tunica propria. In
addition, TUNEL-positive Sertoli cell nuclei were also
seen in basal and adluminal compartments as well as in
the tubular lumen. The occurrence of apoptosis in Sertoli
cells is not commonly observed (Billig et al., 1995; Lin
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et al., 1997; Mori et al., 1997). In vitro studies have
demonstrated that FSH and testosterone appear to
protect Sertoli cells against apoptosis, but not in the
absence of the basement membrane (Dirami et al.,
1995). Morphological changes in the basal lamina
adjacent to Sertoli cells have been described in the
cimetidine-treated rats (França et al., 2000). Considering
that the basement membrane seems to be essential for
the maintenance and survival of Sertoli cells (Dirami et
al., 1995), it might be suggested that an interference in
the functional or structural integrity of the Sertoli cells
may have occurred in the tubules affected by cimetidine.
This is supported by the fact that labeled Sertoli cell
nuclei were dislocated from the tunica propria in tubules
where irregular outline as well as dying peritubular cells
were found. Considering the possibility that germ cell
loss takes place when Sertoli cell function is altered (Lee
et al., 1999), the loss of the germ cells ve r i fied in the
present study can be directly related to the Sertoli cell
damage and/or death.

Increased FSH and reduced testosterone levels have
been associated with the increase of germ cell apoptosis
in damaged testis with MEHP (Brinkworth et al., 1995).
Although significant changes in the levels of plasma
testosterone have not been ve r i fied after treatment with
cimetidine (Winters et al., 1979; França et al., 2000;
Sasso-Cerri et al., 2001), a significant increase of the
FSH levels has been observed (Wang et al., 1982; França
et al., 2000). It is known that peritubular myoid cells
present androgen receptors (Vornberger et al., 1994). In
addition, these cells, together with the ex t r a c e l l u l a r
matrix components (i.e. basement membrane), are able
to stimulate the production of Androgen Binding Protein
(ABP) by Sertoli cell (Thompson et al., 1995). Besides
this, considering that: 1) ABP bind to testosterone as
well as to DHT with high affinity (reviewed in Heindel
and Treinen, 1989); 2) DHT has shown to be
indispensable for the restoration of spermiogenesis
(O’Donnell et al., 1996) and for Sertoli cell activ i t y
(Lamb et al., 1981); 3) cimetidine competes for DHT
( Winters et al., 1979), and 4) high FSH levels are
associated with intratesticular decreases of inhibin,
testosterone (Weinbauer et al., 1989) and ABP (Kerr et
al., 1979); it seems to be reasonable to suggest that the
s u r v ival factors required for the maintenance of the
seminiferous epithelium, mainly for Sertoli cells, might
be affected by cimetidine. Thus, a consecutive
disturbance in the feedback control for FSH secretion
can explain the increased FSH levels as prev i o u s l y
observed (Wang et al., 1982; França et al., 2000). 

Based on the results of the present study, it can be
concluded that programmed cell death in the germ cells
of the basal  compartment and in the elong a t i n g
spermatids together with the absence of late spermatids
suggest that these cells are the most sensitive to the
cimetidine action. It is probable that damage and death
of the Sertoli cells can be, at least in part, responsible for
the loss of germ cells via apoptosis in the treated rats
with cimetidine. Although Sertoli cell apoptosis has

rarely been described under normal or abnormal
conditions, disrupted spermatogenesis, in which
p e r i t u bular tissue damage has occurred, should be
i nve s t i gated taking into account possible Sertoli cell
alteration and/or death.
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