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Testis response to low doses of cadmium in Wistar rats
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Summary

Although it is well known that cadmium (Cd) causes adverse effects on male rat
reproductive organs, few studies have quantified alterations caused by its low doses.
Quantification of these alterations, especially in the testis, was measured using mor-
phometry. A single dose of cadmium chloride (1 or 1.2 mg/kg BW) was injected i.p.
in adult rats, killed after 7 or 56 days. The lower dose caused slight alterations as
measured by morphometrical analysis. The higher dose caused significant reduction
in testis and epididymis weight, gonadossomatic index and length of seminiferous
tubule (ST) after 7 and 56 days. Cadmium significantly reduced the ST diameter
after 56 days. Decreased volume density of ST, after 7 and 56 days, was accompa-
nied by an increase in interstitium volume density. The damage caused by the dose
of 1.2 mg/kg can be clearly observed with light microscope. After 7 days, the tubule
lumens were filled with degenerated germ cells and multinucleated spermatid aggre-
gates. Vacuolization of the seminiferous epithelium was also observed. After 56 days,
increased damage resulted in vacuolated ST, consisting only of Sertoli cells. Scanning
electron microscopy examination of the testis showed that, in the group cadmium
treated (1.2 mg/kg) and killed after 56 days, the interstitial tissue presents a compact
and fibrous appearance with absence of fenestrae. The seminiferous epithelium
height diminished and the absence of spermatozoa can be noted. The results show
that a very small difference of Cd dose causes a sudden increase in testicular dam-
age, apparently overpowering this tissue’s natural defences.
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Introduction

mining and manufacturing of batteries and pigments that
contain Cd. Industrial activities, such as smelting and

Cadmium (Cd) is a heavy metal and a major environmen-
tal toxicant. The general population is exposed to Cd via
contaminants found in drinking water and food, whereas
occupational exposition to Cd usually takes place during
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refining of metals, and municipal waste incineration also
release Cd into the atmosphere (Siu et al. 2009). Tobacco
smoke is another important source of Cd exposure
(Blanco et al. 2007). Cd toxicity is associated with severe
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damage in various organs, particularly the testes, in both
humans and animals (Fouad et al. 2009). Rodent testes
are especially sensitive to the toxic effects of Cd exposure.
Cd impairs reproductive capacity by causing severe testicu-
lar degeneration, seminiferous tubule damage and necrosis
in rats (Burukoglu & Baygu 2008). The adverse conse-
quences of exposure to this heavy metal on the reproduc-
tive organs have been widely considered. After acute
exposure, cadmium-induced damage can be found at inter-
stitial and tubular levels. Permeability changes in the capil-
lary endothelium (which cause oedema, haemorrhage or
necrosis) seem to be implicated in the histopathological
mechanism of these lesions (Blanco et al. 2007). The
severity of intoxication depends on the route, dose and
duration of exposure to the metal (El-Missiry & Shalaby
2000). An important factor involved in cadmium toxicity
is metallothionein (MT). MT belongs to the family of cys-
teine-rich metal-binding proteins, which helps in Cd detox-
ification. In a previous study, Cd is shown as an effective
inducer of MT synthesis, which in turn protects host tis-
sue from Cd damage. However, it is clear that MT syn-
thesis is induced with more difficulty in the testis than
in the liver, for example, which may account for the
higher susceptibility of the testis to Cd toxicity (Xu et al.
20095).

Although it is well known that Cd is associated with
adverse effects on male reproductive organs, culminating in
diminishing reproductive capacities, very few studies have
quantified the morphological alterations caused by low doses
of Cd exposure. Low doses were chosen for this research
because preliminary testing using 1.4 mg/kg of CdCl,
(results not shown) resulted in extensive testicular damage,
making morphometrical studies impossible. The current
study was undertaken to evaluate histomorphometrically the
threshold modifications of seminiferous tubules caused by
single acute low doses of Cd.

Materials and methods

Animals

Male Wistar rats were obtained from the Animal Multi-
Research Center for Biological Investigation (State University
of Campinas, Campinas, SP, Brazil). The animals were
housed three per cage, with a 12 h light—dark cycle. They
were supplied with standard laboratory chow and water, ad
libitum. The experimental protocol followed the Guide for
Care and Use of Laboratory Animals and was approved by
the Committee for Ethics in Animal Experimentation of
UNICAMP.

Experimental design

Wistar rats, randomly assigned to three groups, were
injected with saline or cadmium chloride (CdCl,) solution,
in which the first group (7 = 12) received a single i.p. injec-
tion of saline (vehicle of cadmium) and served as the control
group. The animals of the second (7 = 12) group received a
single dose of 1 mg/kg of CdCl, per body weight (BW),
whereas the third group (7 = 12) received a single dose of
1.2 mg/kg BW of CdCl,. Six animals of each group were
killed after either 7 or 56 days. As cadmium is considered to
be genotoxic (Giaginis ef al. 2006), a 56-day interval was
chosen considering the period necessary to complete a sper-
matogenic cycle (Russell et al. 1990). The 7-day interval
was chosen to observe short-term modifications before a
possible recovery process could have altered the degree of
damage caused by the cadmium.

Tissue preparation

The animals under Ketamine (80 mg/BW) and Xylazine
(5 mg/BW) anaesthesia were fixed by whole body perfusion.
Briefly, after a saline wash to clear the vascular bed of the
testis, they were perfused with glutaraldehyde 2.5% and
paraformaldehyde 4% in sodium phosphate buffer 0.1 M
(pH 7.2) for 25-30 min. Testis, epididymis, prostate, seminal
vesicles and coagulating gland were removed, post fixed in
the same solution overnight and then weighed. Historesin®-
embedded testis fragments were sectioned at 3-um thickness

and stained with toluidine blue/1% sodium borate.

Biometry and morphometry

The weight of testicular parenchyma was obtained subtract-
ing the mass occupied by the albuginea from the total testis
weight, thus providing the net weight of the organ’s func-
(GSI)  was
expressed as percentage of the total body weight in relation
to the GSI = (testes weight/total body
weight) X 100. The area of testicular tissue components was

tional portion. The gonadosomatic index

testis  weight,
determined measuring the area occupied by seminiferous
tubules and interstitium in fifteen fields per animal, using
Image Pro Plus software associated to an Olympus BX-40
microscope at 400x magnification. The total area was used
to obtain the volume density (proportion) of each compo-
nent. For morphometric calculations, the specific gravity of
testis tissue was considered to be 1.0 (Mori & Christensen
1980). The tubular diameter of seminiferous tubules was
measured at 100x magnification with the Image Pro Plus
program associated to an Olympus BX-40 microscope.
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Thirty tubular profiles that were round or nearly round were
chosen randomly and measured for each animal. The total
length of the seminiferous tubule, expressed in metres, was
obtained by dividing seminiferous tubule volume by the
squared radius of the tubule multiplied by the pi value.
These values were expressed per testis and per gram of testis
(Russell et al. 1990).

Scanning electron microscopy (SEM)

After whole body perfusion fixation, the specimen fragments
were fixed in Karnovsky’s fixative and rinsed three times
with 0.1 M sodium phosphate buffer, pH 7.2, then in
increasing saccharose solutions (0.5, 1.5, 3%). The tissue
was frozen in liquid nitrogen, fractured, post fixed in 1%
osmium tetroxide, rinsed and dehydrated in an ascending
ethanol series prior to critical point drying. The specimens
were mounted on stubs, sputter-coated with gold and
examined under the
(Geol-JMS 560).

scanning  electron  microscope
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Statistical analysis

Comparison of the values of control and treated groups was
carried out by the variance analysis, Statistical (ANOVA),
followed by Tukey’s test. A wvalue of P <0.05 was
considered statistically significant. For all values, the means
+ standard error mean (SEM) was calculated.

Results

Biometry and morphometry

The biometric and morphometric data are presented in
Tables 1 and 2. No significant difference was found between
the body and liver weight of control and cadmium-treated
rats in all of the groups studied. After 7 days, the higher
dose of Cd caused a significant reduction in kidney weight.
However, no alteration was observed for other treatments.
At the Cd dose of 1.0 mg/kg, no alteration was observed
in testicular and epididymal weights and in GSI; however, at
the 1.2 mg/kg dose, significant reduction occurred after 7

Table 1 Body and organ weights (g) of adult rats treated with two low doses of cadmium (mean + SEM)

Control Cd 1 mg/kg Cd 1.2 mg/kg

Parameters 7 days 56 days 7 days 56 days 7 days 56 days

Body 387.83 = 14.83 435.83 = 15.93 383.17 = 10.08 436.33 = 10.09 366.83 = 11.26 448.83 = 21.67
Kidney 1.58 = 0.07 1.64 = 0.0 1.44 = 0.05 1.67 = 0.06 1.31 = 0.05* 1.62 = 0.06
Liver 14.58 £ 0.3 14.49 = 1.04 13.66 = 0.56 14,84 = 1.16 13.83 = 0.74 16.80 = 1.05
Epididymis 0.49 = 0.02 0.51 = 0.02 0.45 = 0.02 0.53 = 0.01 0.40 = 0.01* 0.35 = 0.04*
Seminal vesicle 0.97 = 0.05 1.04 = 0.06 0.96 = 0.04 1.23 = 0.08 0.63 = 0.09* 1.18 = 0.08
Coagulating gland 0.20 = 0.02 0.22 = 0.01 0.19 = 0.05 0.25 = 0.02 0.14 = 0.02 0.22 = 0.02
Ventral prostate 0.35 = 0.02 0.48 = 0.03 0.33 = 0.01 0.57 = 0.03 0.29 = 0.03 0.43 = 0.02

*Statistically significant differences by Tukey’s test (P < 0.05). 7z = 6 animals.

Table 2 Testis weight and testicular morphometric parameters of adult rats treated with two low doses of cadmium (mean = SDM)

Control Cd 1 mg/kg Cd 1.2 mg/kg
Parameters 7 days 56 days 7 days 56 days 7 days 56 days
Testis (g) 1.68 = 0.04 1.60 = 0.10 1.59 = 0.07 1.69 = 0.07 0.86 = 0.08* 0.91 = 0.16*
GSI 0.88 = 0.04 0.73 = 0.03 0.83 = 0.04 0.78 = 0.02 0.48 = 0.05* 0.40 = 0.06*
Tubular diameter (pum) 292.10 = 6.30 298.22 = 6.87 285.71 = 2.83 295.90 = 4.01 262.93 = 13.24 250.92 = 16.88*
TL/testis (m) 20.70 = 0.70 19.33 + 1.95 19.96 = 1.11 20.70 = 0.87 10.94 = 1.86* 10.56 = 0.91*
TL/g of testis (m) 12.31 = 0.51 11.94 = 0.58 12.56 = 0.25 12.23 = 0.34 12.40 = 1.06 13.52 = 1.66
Seminiferous tubule (%) 85.39 £ 0.73 85.97 £ 0.55 84.15 = 0.80 87.53 £ 0.36* 71.98 = 1.24* 65.19 = 1.61*
Interstitial tissue (%) 14.61 = 0.73 14.03 = 0.55 15.85 = 0.80 12.47 = 0.36* 28.02 = 1.24* 34.81 = 1.61%

GSI, gonadossomatic index; TL, tubular length.

*Statistically significant differences by Tukey’s test (P < 0.05). 7z = 6 animals.
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and 56 days. There was only a significant decrease in the
higher dose group in the seminal vesicle, after 7 days. How-
ever, the ventral prostate, seminal vesicle and coagulating
gland weights were not altered in all the groups studied.

Cd significantly reduced the seminiferous tubule (ST)

diameter in the higher dose after 56 days. However, in the
other groups no alteration was detected. The low dose of
Cd caused no alteration in the total length of ST per testis
and per gram of testis in relation to the control group. At
the higher dose, the total length of ST per testis diminished
significantly after 7 and 56 days, although the value per
gram of testis was not altered.

The volume density of ST in the group submitted to the
lower Cd dose increased, whereas the volume density of the
interstitium decreased, both significantly, after 56 days.
However, in the animals submitted to the higher dose of Cd
(7 days), the volume density of ST decreased and the volume
density of interstitium increased significantly, and after
56 days this alteration was more prominent.

Figure 1 Light microscopy of a control
rat testis and under the effect of
cadmium. The seminiferous tubules
(ST) are well preserved in the controls
(a: 7 days and b: 56 days) and in rats
treated with cadmium 1 mg/kg BW

(c: 7 days and d: 56 days). Rats treated
with cadmium 1.2 mg/kg BW (e) exhi-
bit degenerated seminiferous tubules
with multinucleated spermatid aggre-
gates with apoptotic nuclei, after

7 days. Note the reduced tubular diam-
eter, absence of lumen (lu) and the
thick, fibrous interstitium (IN). After
56 days (f), the progressive damage
resulted in seminiferous tubules lined
only by Sertoli cells. Multinucleated
spermatid aggregates with apoptotic
nuclei and Sertoli cells are indicated by
white and black arrows respectively.
Blood vessels (v). Fluid space (Star).
Vacuolization (Arrow head). Scale bars:
50 pm.

Light and scanning electron microscopy

Observations with light microscopy (Figure 1) showed no
marked changes in testicular tissue of animals submitted to
the dose of 1 mg/kg in relation to controls, as demonstrated
by morphometry. Thus, normal spermatogenesis was
observed with the usual interaction of germ cells and Sertoli
cells. Moreover, in the interstitium and Leydig cells no alter-
ations were observed. However, at the dose of 1.2 mg/kg,
progressive damage was observed after 7 and 56 days. After
7 days, the tubule lumens were filled with degenerated germ
cells and multinucleated spermatid aggregates with apoptotic
nuclei. Vacuolization of the seminiferous epithelium was also
observed. After 56 days, increased damage resulted in vacuo-
lated seminiferous tubules, consisting only of Sertoli cells.
The SEM examination of this tissue (Figure 2) showed the
interstitial tissue of control animals as having an intricate
three-dimensional network. The interstitial tissue forms a
delicate lattice with large fenestrae and well spaced cells,
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Figure 2 Scanning electron microscopy of control rat testis and
under the effect of cadmium after 56 days. (a) Testicular paren-
chyma shows a delicate lattice with large fenestrae of interstitial
tissue. The seminiferous tubules are well preserved in the con-
trol group. A large space for fluid was observed between the
interstitial tissue and the seminiferous tubules. (b) Detail of the
seminiferous tubule with intact epithelium and the presence of
spermatozoa in the lumen. (c) In cadmium (1.2 mg/kg BW)
treated group, the interstitium shows a dense fibrous aspect with
few fenestrae and reduced fluid space (white star). (d) The
reduced epithelium height and vacuolization is observed in the
seminiferous tubules. Note the absence of spermatozoa in the
lumen. The fluid space was diminished or not clearly observed.
Blood vessels (v) have thicker walls. White and black curved
arrows: fenestrae. Scale bars: a, ¢, d: 100 wm; b: 10 pm.

surrounding each seminiferous tubule. The seminiferous
epithelium was intact and the seminiferous tubules showed
the lumen filled with sperm flagella. A distinct space for fluid
was observed between the interstitial tissue and the seminif-
erous tubules. In the group treated with 1.2 mg/kg cadmium
and killed after 56 days, the interstitial tissue presents a
compact, fibrous appearance with absence of fenestrae, but
with a larger number of cells. In the seminiferous tubule, the
epithelium height diminished and the absence of spermato-

zoa in the lumen can be noted.

Discussion

The present results showed that the toxic effects of Cd in
the male reproductive system were dose-dependent. The dif-
ference between the lower and higher doses is very small,
but the morphological and morphometrical results are
clearly very different. This suggests that the defences of the
testis against Cd contamination are efficient up to a very
precise level, possibly depending on the level of MT pres-
ent. It is widely accepted that the Cd bound to MT is non-
toxic, thus MT protects tissue against Cd toxicity in this
way. The balance between Cd-MT and free Cd in the tissue
has been shown to be crucially important for toxicity (Xu
et al. 2005). Moreover, Siu et al. (2009) and Xu et al.
(2005) affirm that Cd treatment induces metallothionein
production, but this appears to be limited to a certain level
in the testis. Toxic effects probably result as the amount of
MT becomes insufficient to bind with the Cd present,
resulting in oxidative stress and disruption of spermatogene-
sis (Xu et al. 2005). The level of defence appears to vary
for each animal, as the effects were not uniform for the
two groups.

The previous studies (Gupta et al. 2003; El-Demerdash
et al. 2004) have reported weight reductions of accessory
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sex organs after Cd administration. In this study, after the
higher dose of cadmium, the seminal vesicle reduced its
weight, when measured on the seventh day, but after
56 days the usual weight was restored. Probably, the natural
defences of this organ required more than 7 days to recover
its usual weight after Cd toxicity, as was observed after the
longer period. However, prostate and coagulating gland
showed unaltered weight after either dose.

Studies of the consequences of Cd contamination have
demonstrated that the testis is more sensitive to Cd than
other important organs. In addition, low doses (with no
detectable effects on general health) can interfere with testis
function (Blanco et al. 2007). These observations agree with
our results showing that the weight and morphology of the
testis were clearly affected only by the higher dose of Cd,
whereas the physical appearance and body weights of the
animals remained unaltered. Despite the reduction of kidney
weight after 7 days, this toxic effect was not observed after
56 days, so it was a temporary change overcome by the nat-
ural defences of the animal.

The previous studies of acute Cd exposure have reported
diminished testicular weight in relation to the Cd dosage.
These studies attributed this effect to the necrotic and degen-
erative cadmium-induced changes (Blanco et al. 2007). With
histological analysis, the absence of tubular lumen, germ cell
loss and presence of multinuclear giant cells were observed.
These findings for the higher dose of Cd were in accordance
with the previous studies (Biswas et al. 2001; Yang et al.
2006; Blanco et al. 2007). When massive cellular loss from
seminiferous epithelium occurs, a sharp decline in testicular
morphometric parameters can be verified (Franca & Russell
1998). Indeed, this decline has also been observed in the cur-
rent work. A positive relationship usually exists between the
tubular diameter and the spermatogenic activity of the testis
(Sinha-Hikim ef al. 1989; Franca & Russell 1998). Our data
showed a marked reduction of seminiferous tubular diameter
after the higher dose of Cd, along with the conspicuous
decrease of the tubular volume density, which means that
Cd caused a significant reduction in the relative seminiferous
tubule length. Taking into account the fact that the weight
of the testis was also reduced, it can be deduced that the
total length of seminiferous tubule clearly diminished as a
consequence of cadmium exposure. Supporting these results,
Franca and Russell (1998) state that the total seminiferous
tubule length is related to three structural parameters: testis
size, tubular diameter and seminiferous tubule volume
density. An increase in testicular intertubular compartment
volume density occurred after Cd treatment; probably
because of lymphatic and/or interstitial oedema. According
to Lirdi et al. (2008), this oedema is a direct consequence of

disruption of the endothelial layer, allowing fluids from the
blood to flow into the interstitium.

This study demonstrates the importance of morphometri-
cal methods, as very sensitive instruments to evaluate thresh-
old changes, which could not be confirmed merely by the
observation of testis morphology. The sensitivity of this
method permitted the detection of differences such as the
fact that few of the small modifications verified for the
higher dose were found for the lower dose, and that there
were differences in the tissue alterations according to a
shorter or longer time lapse when the effect on spermatogo-
nia can be felt.

Clark (1976) describes the three-dimensional organization
of normal Sprague-Dawley testicular interstitial tissue. All
parts of the interstitium are directly continuous and all semi-
niferous tubules are totally surrounded by interstitial tissue.
However, the interstitium and the tubules are completely
separated without cellular connections. Thus, a fluid space is
formed and the fenestrae in the interstitium allow the fluid
around adjacent tubules to communicate freely. No atten-
tion has been paid to the configuration of the tissue as a
whole in cadmium treated animals. The SEM observation in
this study showed cadmium-induced alterations in the inter-
stitial tissue architecture that were not observed with light
microscopy and morphometry analysis. In this study, the
interstitial organization was similar to that in the control
animals, which corroborates the data of Clark (1976). After
cadmium treatment, the interstitium had a thick, compact,
fibrous aspect with few fenestrae. The few fenestrae could
affect the fluid movement and the communication between
the tubules. An increase in the cellular component, possibly
fibroblasts, was observed, as well as thicker walled capillar-
ies. The presence of vacuoles in Sertoli cells and the almost
complete absence of spermatozoa demonstrate the impair-
ment of spermatogenesis. According to Creasy (2001), vacu-
olization is the most common morphological response of
Sertoli cells to various injuries. Subsequent to vacuolization,
germ cell degeneration, disorganization, or exfoliation is
generally seen, as observed in this experiment. Injury to the
Sertoli cell has potentially serious consequences because of
its pivotal role in supporting spermatogenesis. Although cell
death rarely occurs, the metabolic and regulatory pathways
of Sertoli cells are easily disturbed (Creasy 2001).

In conclusion, our findings showed the progressive mor-
phological and morphometrical alterations caused by low
doses of Cd because of their direct effect on rat testis. Our
results highlight the direct relationship of dose and time
lapse to morphological alterations. Moreover, a small differ-
ence in dose causes very different degrees of damage, appar-
ently overcoming the natural defences of this tissue.
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