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Abstract Cadmium, a heavy metal, is a toxic environmental
and industrial pollutant. Exposure to cadmium can lead to the
toxic effects in a variety of tissues, also including the brain.
The present study investigated the effect of cadmium exposure
on the histopathology of cerebral cortex in juvenile mice. Ju-
venile mice were randomly divided into control, low
(1.87 mg/kg), medium (3.74 mg/kg), and high (7.48 mg/kg)
dose groups. After cadmium exposure by drinking water for
10 days, the cerebral cortex was obtained for histopathology
studies. The medium and high dose of cadmium, rather than
low dose, could induce the histopathology alterations of cere-
bral cortex in a dose-dependent manner. In the high-dose
group,microstructure significantly showed pia mater encephali
divorcing from cerebral cortex layer, serious hyperemia of
blood capillary in pia mater encephali and cerebral cortex,
broadening vessel peripheral clearance, a large number of eo-
sinophil leukocyte infiltrating around blood vessel, vacuolar
degeneration in part granule cells, and obviously increasing
apoptotic cells. Ultrastructure obviously displayed marginal-
ized heterochromatin, incomplete or fused nuclear membranes,
broadened perinuclear space, ambiguous mitochondria cristae,
decreased synaptic cleft, and fused presynaptic and postsynap-
tic membrane. Our results revealed that cadmium at the middle
and high dose could induce obvious microstructure and ultra-
structure alterations of cerebral cortex in juvenile mice, which
may be one important mechanism of cadmium neurotoxicity.
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Introduction

Cadmium is known to be a toxic environmental and industrial
pollutant and one of the most harmful heavy metals to the
human health. Cadmium can be accumulated with biologic
half-life as long as 15–20 years in humans [1]. Evidences have
confirmed that occupational cadmium exposure can induce
lung cancer and other cancers such as the prostate, renal, liver,
hematopoietic system, urinary bladder, pancreatic, testis, and
stomach cancers [2]. Thus, cadmium is classified as a human
carcinogen. Due to its high blood brain barrier permeability
[3], cadmium is also a potential neurotoxin in animals and
humans; exposure to cadmium affects the function of the ner-
vous system, which has been well studied in animals, while
the neurotoxicity of cadmium in human has not been clearly
demonstrated. Agency for Toxic Substances and Disease Reg-
istry (ATSDR) reported that oral exposure to cadmium result-
ed in significantly decreased motor activity, weakness and
muscle atrophy, aggressive behavior, anxiety as manifested
by increased passive avoidance behavior and ethanol con-
sumption, alterations in brain biogenic amine content, and
enzyme activities [4]. Cadmium-induced neurological symp-
toms of headache and vertigo, olfactory dysfunction,
Parkinsonian-like symptoms, slowing of vasomotor function-
ing, peripheral neuropathy, decreased equilibrium, hyperactiv-
ity, and learning disabilities were observed in children [2,
5–7]. It also indicated that cadmium was an etiological factor
of neurodegenerative diseases, such as Parkinsonism and
Alzheimer [8, 9]. Although some mechanisms of cadmium
neurotoxicity have been reviewed [2, 10, 11], it still remains
incompletely understood.
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In risk assessment of chemical hazards, it is widely recog-
nized that juvenile individuals are one of the risk groups that
need special attention. The neurotoxicity of cadmium in chil-
dren was investigated in several studies in the 1970s and
1980s but has received little attention since then [2]. Wong
et al. reported that the neurotoxic effects of cadmium were
different in adult and young rats, and cadmiumwas more toxic
to 4-day-old than adult rats [12]. Webster and Valois investi-
gated the neurotoxic effects of cadmium on the neonatal
mouse brain and revealed that cadmium exposure at 2 mg/kg
dose on postnatal 1 day caused petechial hemorrhages, edema,
and cellular pycnosis throughout much of the immature brain.
However, the brain was apparently unaffected at 8 mg/kg cad-
mium on postnatal 22 days [13]. Juvenile period is character-
ized by rapid growth and development of the nervous and
other systems, which may cause the juvenile to be more vul-
nerable to harmful substances than adults. However, very little
attention has been paid to the susceptibility to the cadmium of
the juvenile, and few studies have been performed to deter-
mine the histopathology and ultrastructural features of the
juvenile mice in cerebral cortex. The present study aimed to
investigate the histopathological changes of cerebral cortex in
juvenile mice induced by cadmium and would be helpful to
understanding the neurotoxicity of cadmium.

Materials and Methods

Animals

Forty Kunming juvenile mice (20 female and 20 male mice),
postnatal (20±1)days, were obtained from the Centre for Lab-
oratory Animal of Xinxiang Medical University, China. All
animal experiments were reviewed and approved by the Insti-
tutional Animal Care and Use Committee of Henan Province,
China. The mice were kept in plastic cages with free access to
standard commercial rodent diet and water, in a room with
controlled temperature (22±2 °C) and on a 12-h light/12-h
dark cycle.

Animal Groups and Treatments

The juvenile mice were allowed to acclimatize for 5 days and
then randomly divided into four groups (Five male and five
female juvenile mice per group): control (deionized water,
control), low dose (1/100 LD50, 1.87 mg/kg of body weight,
low), medium dose (1/50 LD50, 3.74 mg/kg of body weight,
medium) and high dose (1/25 LD50, 7.48 mg/kg of body
weight, high) group. Cadmium chloride was orally adminis-
tered in drinking water to the mice for 10 days. LD50, the
median lethal dose of cadmium chloride via oral administra-
tion tomice, was 187mg/kg of bodyweight obtained from our
previous study [14].

Normally, oral intake via water or food is the dominant
route of cadmium exposure in the non-smoking and non-
occupationally exposed juvenile. Hence, three different levels
of cadmium chloride solution, dissolved in deionized water,
were provided ad libitum in drinking water for 10 days. De-
ionized water was given the juvenile mice of the control group
in the same manner as the treatment groups.

After cadmium exposure for 10 days, ten juvenile mice
were perfused transcardially with cold normal saline solution
for sampling. Craniotomy was performed and the intact cere-
brum was immediately removed, weighed, and fixed for his-
topathology studies.

Processing for Microstructure Study by Light Microscope

Frontal lobe cortex of left cerebral cortex from three mice per
group were isolated, fixed in 4 % paraformaldehyde in 0.1 M
phosphate-buffered saline (PBS), pH 7.2, for 24 h, and then
routinely processed for histological studies using the hema-
toxylin and eosin (HE) staining method. Briefly, after fixation,
the samples were dehydrated in a graded series of ethanol,
cleared with xylene, impregnated in molten paraffin, embed-
ded in fresh molten paraffin, and sectioned into 5-μm thick-
ness sections using a microtome (Leica, RM 2235, Germany).
Subsequently, the sections were stained with hematoxylin and
eosin (HE) to be examined by a light microscope (Axiostar
plus, Carl Zeiss, Germany).

Processing for Ultrastructure Study by Transmission Electron
Microscope

Frontal lobe cortex of left cerebral cortex from the other three
mice per group were isolated, chopped to get pieces of approx-
imately l mm×1 mm×l mm, and immediately fixed in 2.5 %
glutaraldehyde solution for 4 h. Then, the samples were
washed three times with PBS and post-fixed in 1 % osmium
tetroxide solution for 1.5 h, dehydrated with acetone, im-
mersed in propylene oxide, and embedded in EPON 812 at
60 °C. Ultrathin sections (40–60 nm) were obtained by Leica
EM UC6rt ultramicrotome, and were doubly stained with
0.1 % uranyl acetate and 3% lead citrate solution. Afterwards,
the sections were examined and photographed under transmis-
sion electron microscope (Hitachi H-7500, Japan) at different
magnifications.

Statistical Analysis

The data of body weight and cerebrum weight were expressed
as mean±SD and freely compared for significance using the
Student’s t test in SPSS 10.0 (SPSS Inc., Chicago, IL, USA).
Significance was accepted as P<0.05.
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Results

Behavioral Changes and Weight Parameters
in Cadmium-exposed Juvenile Mice

With the extension of exposure time, cadmium-exposed
juvenile mice exhibited decreased activities, lethargy, and
insensitivity to outside stimulation compared to control.
None of the mice died during the exposure period. The
weight parameters in cadmium-exposed juvenile mice were
shown in Table 1. The final body weight of cadmium-
exposed juvenile mice declined, cerebrum weight and ce-
rebrum to body weight ratio increased with increasing of
cadmium dose, but they did not differ significantly from
control (P>0.05).

Microstructure Changes of Cerebral Cortex
in Cadmium-exposed Juvenile Mice

Photomicrograph of HE-stained sections showed intact micro-
structure of cerebral cortex of juvenile mice from the control
group (Fig. 1a). In the low-dose group, microstructure of each
layer of cerebral cortex was similar to that of control mice, and
remarkable pathological changes were not found. However, in
medium-dose group, pia mater encephali slightly divorced
from cerebral cortex layer, vacuolar degeneration appeared
in part granule cells, hyperemia was observed in blood capil-
lary, and vessel peripheral clearance broadened (Fig. 1b). Mi-
crostructural damage of cerebral cortex in juvenile mice ex-
posed to high-dose cadmium was more serious. Pia mater
encephali remarkably divorced from cerebral cortex layer, se-
rious hyperemia of blood capillary was observed in pia mater
encephali, vessel peripheral clearance broadened, and the
numbers of apoptotic cells obviously increased (Fig. 1c). Ad-
ditionally, a large number of eosinophil leukocyte infiltrated
around the blood vessel and vacuolar degeneration also ap-
peared in part granule cells (Fig. 1d).

Ultrastructural Changes of Cerebral Cortex Neurons
in Cadmium-exposed Juvenile Mice

Electron micrographs of normal cerebral cortex neurons were
shown in Fig. 2a, f. The ultrastructure of cerebral cortical

Table 1 Effect of cadmium exposure on weight parameters of juvenile
mice

Groups No.
of
mice

Initial body
weight/g

Final body
weight/g

Cerebrum
weight/g

Cerebrum to
bodyweight
ratio

Control 10 14.914±0.931 23.905±4.233 0.277±0.033 0.012±0.002

Low 10 14.588±1.012 23.957±3.150 0.284±0.029 0.012±0.001

Medium 10 14.250±1.254 23.009±4.290 0.285±0.036 0.013±0.003

High 10 14.432±1.037 22.374±2.531 0.290±0.029 0.013±0.001

Fig. 1 Effect of cadmium exposure on the microstructure of cerebral
cortex of juvenile mice. a Photomicrograph of normal cerebral cortex of
juvenile mice. Intact microstructure of cerebral cortex layer. b
Photomicrograph of cerebral cortex of juvenile mice exposed medium
dose cadmium. Pia mater encephali slightly divorcing from cerebral
cortex layer (cross), vacuolar degeneration in part granule cells
(triangle), hyperemia of blood capillary (diamond), and broadening
vessel peripheral clearance (star). c and d Photomicrograph of cerebral
cortex of juvenile mice exposed to high-dose cadmium. c Pia mater

encephali of juvenile mice seriously divorcing from cerebral cortex
layer (cross), serious hyperemia of blood capillary in pia mater
encephali (arrow), broadening vessel peripheral clearance (star) and
obviously increasing apoptotic cells (asterisk). d Hyperemia of blood
capillary (diamond), a large number of eosinophil leukocyte infiltrating
around blood vessel (pound sign), vacuolar degeneration in part granule
cells (triangle) and obviously increasing apoptotic cells (asterisk).
Magnification: ×400 (a–d). Scale bars a–d 200 nm. There was HE
staining
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neurons in juvenile mice treated with low-dose cadmium was
not significantly affected. However, the ultrastructure of cere-
bral cortical neurons in the medium-dose group was charac-
terized by the fusion of nuclear membranes, ambiguous ultra-
structure, vacuolization, and vague cristae of some mitochon-
dria (Fig. 2g). The ultrastructure of cerebral cortical neurons of
juvenile mice treaded with high-dose cadmium was more se-
riously damaged. Heterochromatin was observedmarginaliza-
tion, nuclear membrane was not intact, and perinuclear space
broadened (Fig. 2h). Nuclear membrane of neuron fused. The
ultrastructure of mitochondria was ambiguous and mitochon-
dria cristaes were vague (Fig. 2i). Additionally, synaptic ultra-
structure was abnormal, some of synaptic cleft decreased,
some of presynaptic and postsynaptic membrane fused
(Fig. 2j). However, no ultrastructural changes of blood brain
barrier were observed after 10 days of cadmium treatment in
all groups (no shown).

Discussion

Human exposure to cadmium is inevitable due to its excessive
use in various products and disposal of these products along
with household waste [15], and intake via contaminated

drinking water is a common and main source of cadmium
exposure for the non-smoking and non-occupational exposed
population. So, cadmium in drinking water was orally admin-
istered to the experimental animals in the present study. Al-
though neurotoxic effects induced by cadmium on the adults
have been intensely investigated, few studies were conducted
to investigate the effects of cadmium to the juvenile. The
postnatal (20±1) days mice, acclimatized for 5 days, were
used for risk assessment of cadmium neurotoxicity in the pres-
ent study as postnatal 21–27 days are considered as the juve-
nile period in rodents [16].

This study assessed the effects of cadmium exposure on
microstructure and ultrastructure of cerebral cortex in juvenile
mice brain. The cadmium-exposed juvenile mice displayed
decreased activities, lethargy, and insensitivity. Mice treated
with cadmium weighed less and the cerebrum weight and
cerebrum to body weight ratio tended to be increased; how-
ever, the differences did not reach significance (P>0.05).
Compared to the control, microstructure and ultrastructure
alterations of cerebral cortex in juvenile mice treaded with
low-dose cadmium were not obvious. However, the effects
of cadmium on the juvenile mice treaded with medium- and
high-dose cadmium were definite and in a dose-dependent
manner. The high dose of cadmium could disrupt the

Fig. 2 Effect of cadmium exposure on the ultrastructure of cerebral
cortex of juvenile mice. a and f Electron microscopic image of normal
cerebral cortex neurons. g Electron microscopic image of cerebral cortex
neurons of juvenile mice treated with medium dose cadmium. Fused
nuclear membranes (leftwards arrow), vacuolate mitochondria
(asterisk), and vague mitochondria cristae (cross). h–j Electron
microscopic image of cerebral cortex neurons of juvenile mice treated
with high-dose cadmium. h. Marginalized heterochromatin (star),

incomplete nuclear membranes (rightwards arrow) and broadened
perinuclear space (downwards arrow). i Fused nuclear membrane
(leftwards arrow), ambiguous mitochondria cristae (cross). j Decreased
synaptic cleft (bold line), fused presynaptic and postsynaptic membrane
(upwards arrow). Magnification: ×12,000 (e, g, h, and i); ×25,000 (f and
j). Scale bars e, g, h, and i 833 nm; f and j 400 nm. There were uranyl
acetate and lead citrate staining
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microstructure of cerebral cortex in juvenile mice and signif-
icantly showed pia mater encephali divorcing from cerebral
cortex layer, serious hyperemia of blood capillary in pia mater
encephali and cerebral cortex, broadening vessel peripheral
clearance, a large number of eosinophil leukocyte infiltrating
around blood vessel, vacuolar degeneration in part granule
cells, and obviously increasing apoptotic cells. High-dose cad-
mium exposure could also destroy the ultrastructure of cere-
bral cortex which displayed marginalized heterochromatin,
incomplete or fused nuclear membranes, broadened
perinuclear space, ambiguous mitochondria cristae, decreased
synaptic cleft, and fused presynaptic and postsynaptic mem-
brane. Our results indicated that both medium and high doses
of cadmium could gain access to the brain. Cadmium can
enter the brain through blood brain barrier, and then
bioaccumulated and leaded to alter the microstructure and
ultrastructure of cerebral cortex. The microstructure and ultra-
structure alterations could affect the function of cerebral cor-
tex, which may be one of the important mechanisms of the
neurotoxic effects induced by cadmium exposure.

Cerebral cortical neurons have been identified as targets of
cadmium-mediated toxicity and cadmium-induced cell apo-
ptosis [17, 18]. Cadmium has been reported to penetrate and
accumulate in the brain of developing and adult rats leading to
intracellular accumulation, cellular dysfunction, cerebral ede-
ma, lower attention, olfactory dysfunction, and memory defi-
cits [19, 20]. In normal conditions, cadmium barely reaches
the brain in adults due to the presence of blood brain barrier.
However, this structure is not fully developed in young ani-
mals [2], leading to the severer toxicity of cadmium in new-
born and young rats than in adult rats [21–23]. Prenatal cad-
mium exposure-induced endothelial cell alteration in the fetal
brain has been reported [24]. In another study, cadmium ex-
posure for 90 days rather than 30 days changed the permeabil-
ity of blood brain barrier [25]. In our study, no significant
ultrastructural changes of blood brain barrier were observed
after 10 days of cadmium treatment in all groups, which may
be due to the dose and the treatment time we used. Regretfully,
the permeability change of blood brain barrier was not
determined.

The neurotoxic mechanisms through which cadmium
elicits its neurotoxic effects are complicated and have been
carefully reviewed in recent years. Cadmium-induced brain
dysfunction was indicated by the disruption of metal ion ho-
meostasis, reduction of the total brain antioxidant status, inhi-
bition of oxidative DNA repair systems, alteration in signal
transduction pathway, and stimulation in the production of
ROS [10]. Biochemical mechanism was reflected by distur-
bances of the cellular antioxidant system, generation of reac-
tive oxygen and nitrogen species, changes in energy produc-
tion in the metabolic pathways, changes in the metabolism of
biogenic amines, neurotransmitter amino acids and calcium
ions, and inhibition of enzymatic proteins [11]. Oxidative

damage interacting with other metals such as cobalt and zinc,
estrogen-like effect, and epigenetic modification, was also
considered as the neurotoxic mechanisms [2]. Our research
indicated that the neurotoxic effects of cadmium in juvenile
mice may be associated with microstructure and ultrastructure
alterations of the cerebral cortex.

Conclusions

To the best of our knowledge, this preliminary study firstly
demonstrated the effects of cadmium exposure on the histo-
pathology of cerebral cortex in juvenile mice. It is concluded
that both medium and high dose of cadmium, rather than low
dose, can induce the histopathological alterations of cerebral
cortex in juvenile mice. The microstructure and ultrastructure
alterations observed in the present study may be one important
mechanism of cadmium neurotoxicity.
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