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Morphological and histochemical pattern of response
in rat testes after administration of 2,3,7,8-tetra-
chlorodibenzo-p-dioxin (TCDD)
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Summary. Testes of rats, which had been injected with a
single dose of 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) (0.3 pg/kg - 25 pg/kg body weight [BW]), were
studied after 7 days using morphological and
histochemical means.

Light and electron microscopic examination revealed
that TCDD affected testicular morphology in a dose-
dependent manner. TCDD led to decreased intercellular
contact, indicated by wide intercellular spaces between
Sertoli cells between and Sertoli cells and neighbouring
germ cells. Morphological alaterations in rat testes after
TCDD administration included the sloughing off of
premature spermatids into the tubular lumen and
numerical increase of necrotic germ cells, in particular
pachytene spermatocytes. Compared with control
animals, Sertoli cells of treated rats exhibited an
increased amount of lipid droplets and phagolysosomes.
Vacuolization of the cytoplasm and fragmentation of the
Sertoli cells occurred frequently. Examination of the
different spermatogenic stages revealed that no stage
was specifically susceptible to TCDD.

In Leydig cells a decrease in enzyme activity of
3B8- and 17B-hydroxysteroid dehydrogenases became
evident by histochemical investigation. This effect on
steroidogenesis was already found at a dose of 1 pg/kg
BW TCDD, whereas morphological effects were seen in
the germinal epithelium for the first time at 3 pg/kg BW.

Key words: 2,3.7.8-tetrachlorodibenzo-p-dioxin, Rat,
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Introduction

2.3,7.8-tetrachlorodibenzo-p-dioxin (TCDD) is a
potent toxicant which is generated as an undesired by-
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product in the manufacturing of the phenoxyherbicides.
Among the great variety of toxic effects which have
been described (Poland and Knutson, 1982), it has been
reported that TCDD induces endocrine changes (Mebus
etal., 1987; Astroff and Safe, 1988; Umbreit et al., 1988)
and in particular affects male reproductive fertility
(Chahoud et al., 1989). Decreases in the amount of
testicular microsomal cytochrome P450 and in serum
testosterone (Tofilon and Piper, 1982; Moore et
al., 1985) have been found after exposure of rats to
TCDD, and it could be demonstrated (Mebus et al.,
1987) that decreased testosterone production is related
to decreased activity of microsomal cytochrome P-450
dependent enzyme 17-hydroxylase and 17,20-lyase.

Morphological data, available in this context, include
testicular hypoplasia (Allen and Lalich, 1962) in
chickens and a decreased number of primary and
secondary spermatocytes and spermatids in chickens,
monkeys and rats, whereas Leydig cells and Sertoli cells
appearcd unaffected (Norback and Allen, 1973).

Ultrastructural studies, which describe precisely the
effects of TCDD at various doses during the
seminiferous cycle of the rat are so far missing as are
histochemical investigations, which could deliver more
insight into the endocrine function of testis after TCDD
exposure. For this reason we investigated the activity of
enzymes, which are related to steroidogenesis (38- and
17B-hydroxysteroid  dehydrogenase) besides the
morphological lesions due to TCDD.

In order to detect a broad spectrum of effects for this
basic study, we decided to investigate animals at lower
doses (e.g. 0.3 ng/kg BW TCDD) up to adose of 25 pg/kg
BW TCDD. Furthermore, we investigated rats after a
single dose, since it is known that chronic application
leads to decreased food consumption and body weights.
Thus, functional suppression of reproductive organs
could be due to an indirect toxic effect associated with
the poor phuysical condition of the animals, rather than
being due to specific toxicity to the reproductive tract
(Kociba et al., 1976).



460

Rat testes and TCDD

Materials and methods
Animal maintenance

Wistar rats (Bor:spf, TNO; Winckelman, Borchen,
FRG; 300-350 g) were kept at a constant day/night
cycle (light from 9:00 a.m. to 9.00 p.m.), at a room
temperature of 21 = [° C and 50 * 5% relative
humidity. They received a standard pellet (Altromin R
1324) and tap water ad libitum. The animals were
adapted to the conditions of our animal quarters for 3
weeks before starting the experiment. They were kept
singly in Macrolon® type 3 cages.

Treatment

TCDD was given subcutancously (into the back) to
assure absorption and to minimize contamination of
the cages and exposure of the personnel. For injection
the substance was dissolved in DMSO and diluted with
castor oil to obtain a mixture of 1 (DMSO) plus 3
(castor oil). From this solution a volume of 1 ml/kg
body weight was applied using a Hamilton
microsyringe.

HC-TCDD was used for all studies in order to
check possible contamination of the surrounding. The
substance was purchased from Cambridge Isotope
Lab. (Mass. USA). It had an indicated activity of 33
mCi (1.22 x 10° Bg)/mmol. It was dissolved in DMSO
and kept in the dark. “C-TCDD was diluted with cold
TCDD to a specific activity of 3.9 mCi (1.44 x 10® Bq)
mmol (100 dpm = 3.73 ng TCDD).

Twenty-eight rats were treated with TCDD at
doses of either 300, 1000, 3000, 5000, 8000, 10000.
or 25000 ng/kg BW TCDD. For each dose two
non-treated animals and two, injected with the vehicle,
were used as control.

All animals were injected for changes in appearance
at least twice a day and sacrificed after 7 days by
cervical dislocation. Testes were weighed, cut into
small pieces and specimens were immediately fixed
according to Karnovsky (1967) or frozen in liquid
nitrogen.

Morphology

The fixed specimens were then thoroughly
washed in cacodylate buffer (0.1 M, pH 7.4) and
postfixed for 1 h in cacodylate-buffered (0.1 M) 1%
0,0, at pH 7.4. After dehydration in acetone they
were embedded in Epon 812. Sections were cut on
ultrathin sectioning microtome (Reichert-Jung, OmU
3, Vienna, Austria).

Contrast of the ultrathin sections was enhanced
with uranyl acetate followed by lead citrate (Reynolds,
1963). The sections were then examined on a Zeiss
electron microscope (EM 109, EM 10, Oberkochen,
FRG). «Thick» sections (1 pm) were mounted on
slides and stained with methylene blue/azure II
according to Richardson et al. (1960).

Histochemistry

Frozen testes were cut on a cryostat (Reichert-
Jung, Frigocut 2800, Vienna. Austria) at -20° C. The
sections (8 um) were fixed in acetone at -25° C for 5
min and then incubated for 36- and 178-
hydroxysteroid dehydrogenase as described by
Bergmann  (1987) and Haider (1988) with
dehydroepiandrosterone or androstendione
respectively as substrate. Controls were performed by
omitting the substrate. The sections were finally
mounted in glycerine jelly.

Resulits

None of the animals died during the week after
administration not even at a dose of 25 wkg BW
TCDD. However, these animals appeared inactive and
lost weight in contrast to animals having received
lower doses: 300 ng-10 pg/kg BW TCDD. The average
body weight of the controls, vehicle-treated, and
experimental groups after lower doses (300 ng-10
ng/kg BW TCDD) increased up to 106% of the initial
value with no significant difference between the three
groups. A decrease in body weight (average 5% when
compared with controls) could already be observed
after one week in animals of the 25 pg/kg BW TCDD
group. No weight loss of the testes under TCDD
influence could be found. The absolute weights were
no lower in treated rats when compared with controls.
In contrast, at high doses (25 pg/kg) the relative
weight of the testes increased due to the loss of body
weight.

Morphology

Except for animals which had been treated with
less than 3 pg/kg BW TCDD. with all other doses
morphological alterations could already be seen at the
light microscopic level. The qualitative character of
the effects was similar at all doses equal or less than
3 pg/kg BW TCDD. However. the frequency of
occurrence  was  clearly  dose-dependent.  All
developmental stages were affected. However, at the
highest dose (25 pg/kg BW TCDD) a small proportion
of tubules could not be determined, because only few
cells were still lining the basement membrane, whereas
most of the cells had floated into the tubular lumen.

Extensive descriptions of normal rat spermato-
genesis are given by Leblond and Clermont (1952)
and Brockelmann (1963). In our investigation the
morphology of non-treated and vehicle-injected
animals and those which had been injected with an
equal or lower dose than 3 pg/kg BW corresponded
to their findings.

Light microscopy

Generally, TCDD led to a dissolution of the
germinal epithelium, indicated by wide gaps between
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Fig. 3. EM. A. 5 ug/kg BW TCDD. Wide interceliular spaces between germ and Sertoli cells (S). x 6,500. B. Control. Close contact between
Sertoli cells and germ cells is common under physiological conditions. Note: tight junctions between Sertoli cells (arrow) x 7,000

Fig. 4. EM. A. 10png/kg BW TCDD. Degenerating pachytene spermatopcytes (SC) with an irregularly-shaped nucleus and clumped
chromatin, x 9,000. B. Control. Intact pachytene spermatocyte. ~ 8,000
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Fig. 7. EM. A. 10 pg/kg BW TCDD. Sertoli cell cytoplasm is filled with large phagolysosomes and lipid droplets (arrows). x 4,500.
B. 25 png/kg BW TCDD. Altered Sertoli cell with cytoplasmic vacuoles and disintegrated mitochondria. x 14,000. C. Control. Intact Sertoli
cell with smooth endoplasmic reticulum and few lipid droplets. x 8,000

Fig. 8. 38-HSD. A. 1000 ng/kg BW TCDD. Activity has considerably decreased in comparison with the control testis. x 350. B. Control.
Activity is clearly seen in Leydig cells. x 350
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neighbouring cells and an enlargement of the
intercellular spaces. The number and size of these
spaces, which resulted in loosened intercellular
contact, was clearly dose-dependent and was
predominantly observed in the basic compartment of
the seminiferous tubule. This compartmentalisation is
based upon the existence of tight junctions between
adjacent Sertoli cells, which prevent the diffusion of
blood-borne substances into the lumen of the tubules
(for details see: Waites and Gladwell, 1982). Thus,
only cells having contact to the basal lamina (i.e.
spermatogonia and preleptotene spermatocytes) are
often completely isolated from neighbouring germ
cells. However, at high doses wide intercellular spaces
could also be seen in the adluminal compartment.
The sloughing off of premature spermatids into the
tubular lumen was a common feature in all rats which
had been injected with 3 ug/kg BW TCDD or more,
but was most pronounced in animals which had
received 25 pg/lkg BW TCDD. Round spermatids in
cap phase and those which had started to elongate
could be observed in the tubular lumen. Round
spermatids appeared in the tubular lumen
preferentially at stages V and VI, whereas those which
had started to elongate were visible in the tubular
lumen at stages IX and X. In comparison with control
testes, TCDD led to an increase of damaged germ
cells. Necrotic germ cells occurred with highest
frequency in tubules at stages V, VI and VII (Fig. 1).
Under physiological conditions stages XI, XII, and
XIII were characterized by the fact that spermatids
formed bundles between the older spermatocytes, the
tip of the bundle being directed towards the Sertoli
cell nucleus. Under TCDD influence it appeared that
single spermatids could no longer be recognized, only
clumps of elongated spermatids being seen (Fig. 2).

Electron microscopy

Electron microscopic inspection again showed the
wide intercellular spaces between Sertoli cells and
Sertoli cells and germ cells (Fig. 3). Consequently,
tight junctions between adjacent Sertoli cells were
rarely found after TCDD treatment.

Altered germ cells (Figs. 4, 5), which were already
perceptible with light microscopic means. were a
common phenomenon at all developmental stages, but
appeared particularly at stages V-VII. Damaged
spermatogonia were rare and mostly concerned
spermatogonia type A. Irregularly-shaped vacuoles
appeared in the cytoplasm before the nucleus became
irregularly formed and finally pyknotic. Within the
group of spermatocytes, pachytene spermatocytes
were primarily affected. The nucleus of these cells was
irregularly shaped instead of being round, and showed
accumulations of clumped chromatin. The cytoplasmic
matrix exhibited accumulations of dense granular
masses, myelin figures, and clumped groups of
disintegrated organelles. Affected round spermatids
(preferentially step III to VII) frequently showed
large vacuoles in the cytoplasm, sometimes filled with

membranous material, which occupied the whole
cytoplasm.

Besides the sloughing off of premature spermatids
into the tubular lumen, which was already perceptible
with light microscopic means, elongated spermatids
often appeared deformed under TCDD influence,
either the characteristic arrangement of the middle
piece was not seen or the acrosome was surrounded by
a single large vacuole of the Sertoli cell instead
of the numerous ectoplasmic specializations of Sertoli
cells that are typical for this developmental stage
(Fig. 6).

In additon to the rare occurrence of tight
junctions, as a consequence of the disruptions in
intercellular contact, Sertoli cells underwent further
morphological alterations (Fig. 7). Under TCDD
influence Sertoli cells exhibited a dose-dependent
increase in phagocytic activity. Multiple forms of
phagolysosomes, sometimes of striking size, could be
observed. Moreover, the number of lipid droplets had
increased in Sertoli cells. The increase in lipid content
was also often seen in Sertoli cells of spermatogenic
stages, where lipid content is normally low (Kerr et
al., 1984). Other Sertoli cells had become extremely
vacuolated. The occurrence of these cytoplasmic
alterations was not specifically related to any tubular
stage. This process of alteration finally resulted in a
total disintegration of the Sertoli cells, where only
cellular fragments with damaged cell organelles were
perceptible.

Most of the Leydig cells showed less smooth
endoplasmic reticulum than in Leydig cells of non-
treated animals and frequently exhibited mitochondria
which were devoid of tubules.

Histochemistry

Activity of 3B- and  17B-hydroxysteroid
dehydrogenase (HSD), which was found in Leydig
cells, had clearly decreased dose-dependently in
animals which had been treated with 1000 ng/kg - 25
ug/kg BW TCDD (Fig. 8). At a dose of 25 uglkg BW
TCDD activity was no longer found. The sections
were comparable with those wich had been treated
without substrate. No difference in the amount of dye
compared with the control testes could be observed at
a dose of 300 ng’lkg BW TCDD.

Discussion

The morphological and histochemical data clearly
demonstrate that the environmental toxicant TCDD is
able to induce morphological lesions and effects on
steroidogenesis in rat testes.

Morphological lesions and histochemical changes
were observable after doses by which the animals were
in a normal physical condition as judged by their
general appearance and no testicular hypoplasia was
found. The pattern of morphological alterations was
principally identical at all doses investigated after one
week of exposure. This result may indicate that the
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described morphological and histochemical effects are
probably due to direct effects of TCDD on the testis.

Leydig cells are the cellular source for androgen
i.e. testosterone, which is necessary for the regulation
of spermatogenesis in mammals. Effects on Leydig
cells due to TCDD that are indicated histochemically
by decreased activity of 3B- and 178- HSD
corresponded to decreased serum testosterone levels
in rats, which was described by Moore et al.
(1985). Consequently it has to be asked whether
the decline of testosterone is due to decreased
levels of gonadotropins as regulatory hypophyseal
protechormones or whether the toxicity of TCDD can
be regarded as a form of hypophysectomy. However,
the morphological pattern of the tubular lesions after
hypophysectomy is different from that found after
TCDD treatment. After hypophysectomy Russell and
Clermont (1977) found degenerated mid-pachytene
spermatocytes and spermatids at stage VII and
degenerated spermatogonia type A at stages XI to I,
indicating  that  morphological  effects  after
hypophysectomy were stage-dependent. Similar results
were reported when the hormonal axis was interrupted
by the application of clomiphene citrate, cyproterone
acetate, and estradiol (Flickinger, 1977, Dym and
Madhaw Ray, 1977; Russell et al., 1981). These results
led to the conclusion by Russell et al. (1981) that
there is a uniform change in the morphology of the
testis after interruption of the hormonal axis. The
pattern of degeneration after TCDD-treatment does
not correspond to that described above and was not
specifically stage-related. Therefore it is not likely that
the response of rat testis after TCDD treatment is
solely due to effects on FSH/LH metabolism or release
(Nistal et al., 1983; Schulze, 1984; Viehberger et al.,
1984: Bergmann, 1987). In contrast, it appears that
TCDD acts directly on Leydig cells and that decreased
testosterone levels are due to decreased activities of
the testicular microsomal cytochrome P-450 dependent
enzymes 17-hydroxylase and 17,20 lyase in the study
of Mebus et al. (1985) and 3B- and 178-HSD in our
investigation.

Sertoli cells showed marked morphological
alterations, particularly at a dose of 25 pg/kg BW
TCDD, suggesting profound functional changes after
TCDD treament. These morphological alterations
were associated with an accumulation of lipid droplets
and phagolysosomes. An increase in lipid and
phagolysosome content has been frequently described
during tubular degeneration by different causes (de
Krester et al., 1981; Bergh, 1983; Schulze, 1984).
In our investigation it seems probable that the
increase in lipids is derived mostly from phagocytosed
degenerative germ cells, which frequently occurred
after TCDD exposure. Such a mechanism has already
been proposed by Schulze (1984) to appear in man.

Furthermore, we found in our investigation
disruptions of the seminiferous epithelium which at
low doses appeared predominantly in the basic
compartment but which were also seen in the

adluminal compartment at the high dose of 25 p/kg
BW TCDD. This result corresponds to the finding that
a decreased number of tight junctions could be
observed under TCDD influence. Under physiological
conditions these tight junctions interconnect Sertoli
cells only in that area of the germinal epithelium
where we found wide intercellular spaces. From this it
may be suggested that TCDD, presumably in a dose-
dependent manner, affects the blood-testis barrier.
The disappearance of tight junctions leading to a
break-down of the barrier seems only to be possible
when the Sertoli cells have reached an immature or
inactive stage (Bergmann, 1987). Thus, it appears
from the decreasing number of tight junctions and the
occurrence of obviously damaged Sertoli cells that
these cells are target cells for TCDD.

By the sloughing off of spermatids into the tubular
lumen it appears likely that not only the interaction
between Sertoli cells but also the one between Sertoli
cells and germ cells may be disturbed under the
influence of TCDD. This hypothesis is supported by
the fact that the typical ectoplasmic specializations of
Sertoli cells surrounding maturing spermatids (Russell,
1980) were rarely perceptible after TCDD injection,
but sperm heads were instead often surrounded by a
single large Sertoli cell vacuole. which probably
resulted from the confluence of these ectoplasmic
specializations. As shown in man (Nistal et al., 1984,
Nistal and Paniagua, 1984) and in Phodopus sungorus
(Bergmann, 1987) the disruptions of ectoplasmic
specializations between Sertoli and germ cells induce
the sloughing off of premature spermatids into the
tubular lumen.

It may be concluded that the impairment of
testicular function in rats after TCDD exposure is not
only due to effects on the steroidogenic capacity of
Leydig cells but also to effects on Sertoli cells and
germ cells. The question whether the degeneration of
germ cells is due to or preceedes changes in Sertoli cell
morphology is open at present. An answer requires
investigations where degeneration of germ and Sertoli
cells are studied at a defined dose of TCDD but after
different time intervals. This study is already in
progress in our laboratory.
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