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Acute Cadmium Administration Induces Apoptosis
in Rat Thymus and Testicle, but not Liver
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Abstract

The implication of apoptosis in the cytotoxicity of cadmium (Cd) on rat thymus, testicle and liver was
investigated. Four days after Cd injection (1.5 and 3.0 mg/kg b.w. i.p) the testicle and thymus relative
weight decreased but that of liver increased significantly in a dose-dependent manner. /n vitro, 6 h incuba-
tion of thymocytes in the presence of 10°M Cd resulted in a typical degradation of DNA into oligonucle-
otide fragments similar to that observed in the presence of the dexamethasone, suggesting the induction of
apoptosis in the cells. The addition of 1 mM ZnSO,, a metallic antioxidant, prevented this fragmentation.
Nick end-labeling method confirmed the involvement of apoptosis in the thymus and revealed a high per-
centage of TUNEL-positive cells 48 h following Cd administration mainly in the cortical zone. An apoptot-
ic effect was also observed in the testicle where TUNEL-positive cells were present, primarily in late stages
of gametogenesis. In contrast, the liver of Cd-treated rats failed to exhibit significant levels of apoptosis
and all hepatocytes showed strictly negative TUNEL-labeled nuclei. In contrast, centrilobular-necrosis was
observed reflecting species differences in target cells. These findings suggest that the apoptotic mechanism
in thymus and testicle, but not in liver, may contribute to the toxicity of cadmium in rats.
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Introduction

Cadmium (Cd) is known to be one of the most toxic
environmental and industrial pollutants. Its industrial ap-
plications were developed based on its unique chemical
and physical properties. Cd is a ubiquitous toxic heavy
metal and, unlike organic compounds, it is not biodegrad-
able and has a very long biological half-life [1]. In spite
of many studies, the mechanism of its toxicity has not yet
been well elucidated and in contrast to other metals, there
is no effective therapy for its poisoning.

A variety of noxious agents and chemicals may in-
duce two different processes of cell death through either
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necrosis or apoptosis, depending on mode of delivery,
concentration and dose administered [2]. Necrosis is an
accidental form of cell death, while apoptosis is a form
of active cell death characterized by cell shrinkage, mem-
brane blebling, aggregation of cytoplasmic organelles,
chromatin condensation and DNA fragmentation into oli-
gonucleosomal fragments due to the activation of endog-
enous endonucleases [3]. Apoptosis can be induced by a
wide variety of stimuli such as glucocorticoids, radiation
and pesticides [4, 5, 6], and it plays an important role in
many fundamental biological process such as embryogen-
esis, metamorphosis, tissue homeostasis, development
and regulation of the immune system [7].

This study was performed to investigate the cytotoxic
effects of Cd on the thymus, testicle and liver and to de-
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Fig. 1. Effect of acute administration of cadmium on testes, thymus and liver relative weight in rat.

Cadmium (1.5 or 3mg/kg body weight day') was administered i.p. in 0.9% saline, control animals received the vehicle. Each value is the
mean + SE of 12-17 determinations. Animals were decapitated the fourth day. * p < 0.05 compared to control (Student’s t-test).

9162
4072

2036
1636

506

Fig. 2. DNA fragmentation in cadmium-treated rat thymocytes.
Agarose gel analysis of DNA samples obtained from thy-
mocytes not incubated (lane a) and incubated 6h in control
medium (lane b), medium containing 10°M Dexa (lane c),
10>M Cd (lane d), 10°M Cd (lane €), 10'M Cd (lane f), 10
*M Cd + ImM of ZnSO, (lane j). 1kb molecular weight DNA
marker (lane M). The DNA samples were fractionated by elec-
trophoresis in a 1.5% agarose gel and stained with ethidium
bromide.

termine whether apoptosis may be implicated in this cy-
totoxicity. Gel electrophoresis ethidium staining method
and the terminal deoxynucleotidyl transferase-mediated
dUTP nick end-labeling (TUNEL) [8] assays were used
to detect fragmentation of DNA resulting from apoptosis.

Materials and Methods

Animals and Reagents

Male wistar rats weighing between 150-200 g were
used in this study. Rats were housed under controlled con-
ditions of ambient temperature (22 + 1°C), with 14 h-10 h
light/dark cycle. Food and water were provided ad libitum.
All reagents were of the highest quality and were purchased
from the Sigma Chemical Co (St. Louis, MO, USA).

Animals were randomized into 3 experimental groups
(n=5-6) as follows:

1. animals received an intraperitoneally injection (ip) of
cadmium chloride in 0.9% saline at dose 1.5 mg/kg
body weight (b.wt),

2. animals were administered 3.0 mg of the metal/kg b.wt,

control group received equal volumes of vehicle.

Animals were sacrificed by decapitation on the fourth

day, the left testis, thymus and liver were dissected and

weighed.

W

Histological Analysis

Testicle, liver and thymus were fixed overnight at
room temperature by direct immersion in a 4% para-
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Fig. 3: Photomicrographs of sections of (a) thymus, (b) liver and (c) testes from control rats and (d) thymus, (e) liver and (f) testes from
cadmium-treated rats stained by TUNEL technique (magnification x400).

Thymus, testicle and liver were fixed by direct immersion in a 4% paraformaldehyde in 0.1M phosphate buffer. Serial sections (5pum)
were mounted on gelatin-coated glass slides cut and stained using the TUNEL technique (see Materials and Methods). Cd (1.5mg/kg
body weight day') is administered i.p. in saline 0.9%, control animals received the vehicle. Animals were decapitated the fifth day.
T: Thymocyte, zc: Cortex, zm: Medulla, H: Hepatocyte, VS: Blood Vessel, TS: Seminiferous Tubule. Apoptotic cells (arrows).

formaldehyde in 0.1M phosphate buffer, pH 7.4. The
samples were dehydrated with ethanol and toluene series
and embedded in paraffin. Serial sections (Spum) were
mounted on gelatin-coated glass slides cut and stained
with hematoxylin and eosin or used in the TUNEL pro-
cedure [8].

TUNEL Assay

After deparaffinization and rehydratation, tissue sections
were incubated with 0.1% (v/v) Triton X-100 for 2min on
ice, followed by washing of the slides twice in PBS (CaCl,
2H,0 0.8mM, KCI 2.6mM, KH,PO, 1.4mM, MgCl, 6H,0
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Fig. 4: Histopathological hepatic changes of (g) control- and (h) cadmium-treated fragment of rat liver lobule (magnification x400).

Liver was fixed by direct immersion in a 4% paraformaldehyde in 0.1M phosphate buffer. Serial sections (Sum) were mounted on
gelatin-coated glass slides cut and stained with haematoxylin and eosin. Cd (1.5mg/kg body weight day') was administered i.p. in
saline 0.9%, control animals received the vehicle. Animals were decapitated the fifth day. Marks of hepatocyte necrosis, cytoplasmic
vacuolization and nuclear enlargement (arrows).

0.4mM, NaCl 136mM, Na, HPO, 8mM, pH 7.2). The speci-
mens were then incubated one hour at 37°C in a solution
consisting of 1mM cobalt chloride, 140mM sodium cacodyl-
ate and terminal deoxyribonucleotidyl transferase (TdT) at a
final concentration of 0.1U/ul to insert biotin-16-dUTP at the
3’-ends of DNA fragments. A straptavidin-peroxydase com-
plex and 3-amino-9-ethylcarbazole served as the detection
system for biotin. Sections were lightly counterstained with
hematoxylin and mounted in glycerin jelly. Negative control
included omission of TdT from the labeling mixture.

DNA Extraction and Electrophoresis

DNA extraction and electrophoresis have been per-
formed according to the method described by Genaro et
al. (1995) (9). Briefly, at the end of the incubation period,
thymocytes were centrifuged at 200g for 10min at 4°C, and
the pellet was washed twice with ice-cold PBS. The pel-
let was resuspended in lysis buffer (SmM tris-HCI, 20mM
EDTA, 0.5% triton X-100, pH8) for 15min at 4°C. Nuclei
were removed by centrifugation at 500g for 10min and
the resulting supernatant was centrifuged at 30,000g for
15min. The fragmented DNA present in the soluble frac-
tion was precipitated with 70% ethanol plus 0.1vol. of 3M
ammonium acetate and aliquots were treated for 1h at 55°C
with 0.3mg/ml of proteinase K then with RNase for 30 min
at 25°C. After two extractions with phenol/chloroform, the
DNA was resuspended. 3pug of DNA per sample were load-
ed into 1.5% agarose gel in 89mM Tris, 89mM boric acid
and 2.5mM EDTA (pH 8.0). DNA was visualized using UV
illumination (260nm) after ethidium bromide staining.

Statistics

Data were analyzed using Stat View 512 software
(Abacus Concept, Inc). Means were given with standard
error and were subjected to the unpaired Student’s #-test.

Results

As shown in Figure 1, four days after acute adminis-
tration of Cd, the testicle and thymus relative weight de-
creased significantly in a dose-dependent manner. Com-
pared to control values, the decrease was of 23.7% and
41.2% for testicle and 56.9% and 68.0% for thymus with
1.5 and 3.0mg Cd /kg b.wt. respectively. In contrast, liver
relative weight increased in Cd-exposed rats by 11.7%
and 17.9%, respectively, for the same doses of the metal.

Nick end-labeling for detection of apoptotic thymo-
cytes revealed a high percentage of TUNEL-positive cells
in the thymus 48h following Cd injection. The density of
the apoptotic cells was more significant in cortical than in
the medullary zone (Figure 2a, d). Similar to the findings
in the thymus, an apoptotic effect was also observed in the
testicle where TUNEL-positive cells were present primar-
ily in late stages of gametogenesis (Figure 2c, f). In addi-
tion, exposure to Cd also induced a pronounced alteration
of spermatogenic process with dramatically reductions of
spermatozoa produced in the lumen of the seminiferous
tubules sections and a decrease of the intratubular tissue
volume (Figure 2c, f). However, the liver from Cd-treated
rat failed to exhibit significant levels of apoptosis and all
hepatocytes showed TUNEL-labeled nuclei to be strictly
negative (Figure 2b, e). The predominant hepatic lesions
after acute administration of Cd were cytoplasmic vacu-
olization in the hepatocytes, focal necrosis and nuclear
enlargement compared to the liver of control rats (Figure
4a, b).

The in vitro Cd-induced apoptotic DNA fragmenta-
tion in thymocytes was clearly indicated on the agarose
gel as detected by ethidium bromide fluorescence
(Figure 3). In the absence of Cd no ladder was ob-
served before incubation and the fragmentation of the
DNA remained negligible by 6 hours of incubation of
thymocytes (Figure 3, lanes a, b), whereas the pres-
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ence of Cd indicated dose dependent typical apoptotic
fragmentation of the DNA (Figure 3, lanes d, e, f). The
degradation of DNA into oligonucleotide fragments
was maximal at 10°M and identical to that observed
in 10°M Dexa-treated cells, confirming the induction
of apoptosis by the metal (Figure 3, lane ¢). Addition
of ZnSO4 (ImM), a metallic antioxidant, protected
the cells and prevented the degradation of the DNA
induced by Cd (Figure 3, lane j).

Discussion

Our results show that acute Cd-administration pro-
duced a marked decrease of testicle relative weight in
accord with previous data indicating weight loss in testes,
seminal vesicles and epididymis accompanied by a loss of
reproductive capacity in rats exposed to Cd [10, 11]. The
testicular toxicity of Cd appeared to be mediated by a rapid
apoptotic process as revealed by the increase of the num-
ber of TUNEL-positive cells in the seminiferous tubules
of treated rats. This observation agrees with other studies
indicating the implication of apoptosis in the mechanism
of cytotoxicity of Cd in testes [12, 13] and also in several
organs of urogenital systems, including kidney, prostate,
seminal vesicles and epididymis [14, 15].

The results obtained with testicles are similar to those
observed in thymus with a marked decrease of the organ
relative weight in a dose-dependent manner. The thymo-
lytic effect of Cd has been shown by Morselet et al. [16],
who noted a decrease in thymus relative weight with the
presence of Cd in the target organ, confirming that Cd acts
directly on the thymocytes. Agarose gel electrophoresis
of cellular DNA is the usual method for demonstrating
apoptosis, with the appearance of a characteristic ladder
pattern [17]. In vitro, thymocytes exposure to Cd resulted
in a DNA ladder similar to that observed in Dexa-treated
cells confirming the induction of apoptosis by the heavy
metal. The same result has been observed for mouse thy-
mocytes [18], human T cell line [19], human histiocystic
lymphoma cell line [20], human promonocytic cells [21]
and normal human mononuclear cells [22].

The addition of ZnSO, (1mM) protected the cells and
prevented the degradation of the DNA induced by the
Cd. The mechanism of the anti-apoptotic action of zinc
is poorly understood. Zinc may prevent apoptosis by in-
hibiting the Ca*/Mg?*-dependant endonuclease [23] and
the apoptotic protease, the caspase 3 [24] or by promoting
DNA synthesis and the anti-apoptotic proteins Bcl-2 acti-
vation [25]. On the other hand, zinc is also an antioxidant
[26]. Thus, it may be concluded that an oxidative pathway
is involved in Cd-induced DNA fragmentation. In support
of this argument, previous studies have demonstrated that
Cd administration to rats resulted in the formation of reac-
tive oxygen species and increased hepatic and brain lipid
peroxidation [27].

Nick end-labeling revealed a high percentage of TU-
NEL-positive cells in the thymus, 48h after Cd injection
compared to control. The density of the apoptotic cells is

more significant in cortical than in the medullary zone.
This result is comparable with that obtained by using
dexamethasone [28], a synthetic glucocorticoid well
knowns for its potent apoptotic effect. As in testicles,
these results indicate that the toxicity of Cd in thymus
implied an apoptotic mechanism.

It’s well documented that liver is the major target or-
gan of acute and chronic Cd toxicity in laboratory rodents
[29]. Contrary to the testicle and the thymus, acute admin-
istration of Cd increased significantly the relative weight
of liver. This observation closely resembles that described
by Habeebu et al. [30], who also reported granulomatous
inflammation and proliferating nodules in mouse liver
parenchyma. Apoptosis is rare in adult healthy rodent liv-
ers [31] but it can be enhanced after exposure to carbon
tetrachloride [32], ethanol [33], thioacetamide [34] and
dioxin [35]. In our experiments, liver from Cd-treated rat
failed to exhibit significant levels of apoptosis and all he-
patocytes TUNEL-labeled nuclei were strictly negative.
This result is somewhat surprising because the Cd used
with a comparative dose induced apoptosis in mouse liver
and the apoptotic index peaked at 9-14 hours after Cd ad-
ministration and then decreased from 14 hours onwards.
In this period, liver necrosis was most severe [36]. In rat
liver, the lack of Cd-induced apoptosis may not be attrib-
uted to the long time exposure since we observed no dif-
ference between the apoptotic index values of control and
2, 6, 12, 24 and 48 hours after Cd injection. This result
confirmed that acute Cd hepatotoxicity in rat occurred
without signs of apoptosis but likely by necrosis features
reflecting species differences in target cells.
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