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Urinary 82-microglobulin Level

Compared with those in control group,
cadmium-treatment groups showed no significant
changes in urinary B2-microglobulin level (P>0.05).
(Figures 1 and 2).

Histopathology

Treatment-related changes were only confined
to uterus. Uterus cavity expansion, endometrial
epithelial cell and/or interstitial cell hyperplasia were
found in rats treated with 5, 10, and 20 mg/kg-BW
cadmium; and the changes showed dose-dependent
relationship. Furthermore, uterus endometrial cells
in cadmium-treatment groups were manifested with
more mitochondria, rough endoplasmic reticulum
and ribosome than in control group in electron
microscopic examination (Figure 3). No significant
changes were observed in ovary, testis, kidney, and
other organs.
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Figure 1. Effect of Cd on urinary B2-microglobulin
level in female rats.
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Figure 2. Effect of Cd on urinary B2-microglobulin
level in male rats.

DISSCUSION

Several  available animal studies and
epidemiological studies showed that cadmium has
endocrine disrupting effect™®™], Besides, recent
experimental studies also found that cadmium has
uterotrophic effect™?* 2. In the present experiment,
the results indicated that oral exposure to cadmium
could increase the absolute and relative weight of
uterus, starting at dose 10 mg/kg-BW/day. At the
low dose of 5 mg/kg:-BW/day, uterus
histopathological changes of cadmium were
observed including endometrial epithelial, interstitial
cell hyperplasia, and increased intracellular
organelles. However, the estrogen-like effects
observed in our oral-exposure sub-acute toxicity
study may be less sensitive than that in premature
rat or ovariectomized adult rat models by
subcutaneous or intraperitoneal injection. At
least two reasons involved: firstly, absorption rate
of cadmium by oral exposure is lower than
by subcutaneous or intraperitoneal injection;
secondly, the hypothalamus-pituitary-gonadal axis
feedback mechanism of complete adult rats make a
part of compensation on the endocrine disrupting
effects®?.

This experiment showed that cadmium could
decrease the serum T and LH levels of male rats at

Figure 3. Effect of cadmium on rat uterus.
Comparing with normal uterus endometrial
epithelial cell (A, H.E.100x), uterus in treatment
group showed endometrial epithelial cell
hyperplasia, tall columnar, pseudostratified,
Leydig cell hyperplasia (B, H.E.100x). Comparing
with normal uterus (C), uterus endometrial cells
in treatment group were manifested with rich
mitochondria, rough endoplasmic reticulum
and ribosome (D).
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10-20 mg/kg-BW groups. In male rats, T is mainly
synthesized by the Leydig cells, while LH has
important regulatory role in this process. LH, a kind
of gonadotropin secreted by pituitary, can induce
cholesterol changed into T by activating Leydig
cells™?*. Decreased LH level may be caused by the
inhibition of cadmium on pituitary, which resulted in
impaired regulatory function on Leydig cells. Thus,
serum T level was accordingly decreased due to
reduced synthesis of Leydig cells. Furthermore,
exposure to cadmium may also have direct adverse
effect on testis function so that the T synthesis was
reduced™. Changes of serum T and LH in this study
were similar to those caused by 17B-ethynyl
estradiol, which may indicate the oestrogenic effect
of cadmium. However, study results of cadmium
exposure on sex hormones were not consistent. For
example, cadmium can inhibit T secretion of
testicular cells both in vivo and vitro™; high
cadmium intake by smoking can reduce plasma T
and LH levels®®; chronic cadmium exposure did not
change rat plasma FSH and LH level, but it could
decrease T level at the third and the sixth week of
the studylzs]; low dose exposure of cadmium can
rapidly reduce serum T level of rats?”. In view of
above studies, exposure routes, doses, duration of
exposure, and experimental animal species all might
play a role in such discrepancy.

It was reported that, compared with testis, male
accessory sex glands might be less sensitive to
cadmium exposurem]. However, in the present study,
weights of prostate and of seminal vesicle were
significantly decreased in 2.5, 10, 20 mg/kg-BW dose
groups, while no significant changes were observed
in testis. Some other studies also find the similar
results as well as ultra-structural changes of seminal
vesicle and pathological changes of prostate in
rats™>?”. These effects might be caused by joint
action by several mechanisms consisting of: 1) testis
impairment leading to T synthesis decline'®; 2) T
decline resulting in reduction of androgen receptor
expression on accessory sex organslzg]; 3) activation
of estrogen receptors on accessory sex organslao].

Besides endocrine disrupting effect of cadmium
in our enhanced TG 407 test, adverse effects in other
body systems related to cadmium were also
observed in the present study. Effects of cadmium
on body weight, RBC, HCG, serum AST, and serum TP
were consistent to those findings obtained by Fatma
M. et al.B.

To back up the facts of kidney toxicity caused by
cadmium, urinary protein content such as CRE and

BUN levels, urinary B2-microglobulin level, kidney
weight, and kidney histopathology are special
parameters to corroborate the results® 4. We
found that cadmium exposure under current
conditions of this study did not change CRE and BUN
levels, urinary PB2-microglobulin concentration,
kidney weight, and kidney histopathology. Although,
it is generally recognized that kidney is the primary
target organ of cadmium exposure with the main
lesion including tubular swelling, degeneration,
necrosis, cast of proximal tubule epithelial cell,
dilatation of the distal convoluted tubule, and even
glomerular damage when serious kidney lesion is
caused™ ! As cadmium accumulates primarily in
the kidneys, and its biological half-life in humans is
10-35 years, long-term exposure to cadmium even
with low level can lead to substantive accumulation
of cadmium in kidney and result in kidney lesion®”
However, no adverse effect on kidney was found in
this study likely due to the short exposure period,
relatively low exposure dose as well as the exposure

way.

JECFA recently established a provisional
tolerable monthly intake for cadmium of
25 ug/kg:-BW according to relevant urinary

biomarkers, such as urinary B2-microglobulin and
CRE level™. There are some evidences suggesting
that endocrine system is more sensitive to cadmium
exposure, if it is true, then attention should be paid
when establishing a provisional tolerable monthly
intake for cadmium in future. The present study
provided some clues about which kind of system is
more sensitive to oral cadmium sub-acute exposure,
endocrine system or urinary system. Treatment with
CdCl;, by gavage for 28 d did not lead to any special
changes in urinary B2-microglobulin concentration,
serum CRE and BUN levels, kidney weight and kidney
histopathology, which meant cadmium might not
raise adverse effects on kidney wunder this
experimental condition. However, after oral
exposure to 5, 10, 20 mg /kg-BW of cadmium, female
rats presented significant uterotrophic effects and
histopathology changes, and male rats showed
serum sex hormone levels affected together with
prostate plus seminal vesicle weight decreased.
These findings demonstrated that, under this
experimental condition, cadmium could lead to
obvious endocrine disruption rather than renal
toxicity, which suggests the endocrine system, is
more sensitive to cadmium exposure by oral for 28 d
in rats than kidney. At present, a few studies also
compared sensitivity of endocrine disruption and
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renal toxicity of cadmium. Some showed that gonad
toxicity of cadmium was more sensitive than renal
toxicity (acute or sub-acute toxicity) by
intraperitoneal or subcutaneous injection[36'37], while
other reported that kidney is the most sensitive
target organ to cadmium exposurem]. Given that
human exposure occurs mainly from consumption of
contaminated food and drinking water, active and
passive inhalation of tobacco smoke and inhalation
by workers in the non-ferrous metal industry. For
most populations, consumption of contaminated
food and drinking water is the primary route of
exposure to cadmium. Thus, exposure by oral is the
most necessary direction for research. However,
based on current available literatures, there is
almost no research designed to use the method of
oral exposure. So, comparing with above mentioned
researches, the significant different results we got in
this study may indicate that different exposure
routes, animal species and ages, exposure dose, and
exposure period etc. can result in different levels of
adverse effects of cadmium on endocrine system
and urinary system.

Sub-acute exposed to cadmium by oral may
cause endocrine disruption in young animals, which
is more sensitive than renal toxicity. This conclusion
needs to further verify since only a few similar
studies available. Potentially, as young children is
more sensitive to cadmium exposure and short term
exposure to cadmium may cause endocrine
disruption, endocrine disruption of cadmium can be
taken into consideration when set a provisional
tolerable monthly intake for cadmium in future.
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