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EXPERIMENTAL STUDY

CdS nanoparticles of different lengths induce differential

responses in some of the liver functions of mice
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ABSTRACT

Cadmium sulfide nanoparticles (CdS NPs) are one of important nanoparticle materials which are widely used in
photoelectric production, but their potential health hazard to the liver is not clear. This study is aimed at explor-
ing the possible mechanisms of liver injury induced by CdS NPs. Male mice were treated with nanoparticles of
110-130 nm and 80-100 nm cadmium sulfide. The main methods were based on detecting the vigor of super-
oxide dismutase (SOD) and glutathione (GSH), and content of malondialdehyde (MDA) in both blood and liver
tissues as well as on observing the pathological changes in liver tissue. CdS NPs suppressed the activity of
SOD and GSH, and increased the serum MDA content (p < 0.05); both effects were observed together in liver
tissues of 80—100 nm group (p < 0.05) and were accompanied by an obviously inflammatory response. CdS NPs
induced oxidative damage and inflammatory response in liver tissue, which may be an underlying mechanism
for its pulmonary toxicity. Additionally, the toxicity of CdS NPs was closely related to the size of nanoparticles.
Pathological results showed that the hepatotoxicity of shorter CdS NPs is greater than that of longer CdS NPs

(Tab. 6, Fig. 3, Ref. 20). Text in PDF www.elis.sk.
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Introduction

Nanomaterials are defined as substances which have one or
more external dimensions in the nanoscale (1-100 nm). These ma-
terials are being used increasingly for commercial purposes such
as fillers, opacifiers, catalysts, semiconductors, cosmetics, micro-
electronics, and drug carriers (1). Owing to their high physical and
chemical activity, nanoparticles are applied not only in industry
but also in science. However, their high physical and chemical
activity points to their potential for being highly biologically ac-
tive. Furthermore, the possibility of novel biological effects of
nanoparticles is not negligible (2).

CdS is a kind of typical II — VI semiconductor with very
good photoelectric properties within the range of the visible light
wavelength. With the reduction in size and dimension, CdS nano-
materials exhibit many optical, electrical and nonlinear optical
properties different from their block or thin film materials. For
example, the effect of quantum size changes the energy level of
CdS nanoparticles, widens the energy gap, and moves the absorp-
tion and emission spectrum to the short-wave direction (3). The
surface effect changes the atomic transport and configuration of
CdS nanoparticles, as well as spin conformation of the surface
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electron and electronic energy spectrum (4). When they enter the
ecological environment or organisms, they can trigger a special
biological effect, and have a negative impact on the environment
and human health. In the process of research, development, pro-
duction and application of nanometer materials, the research of
biological safety of nanomaterials attracted the attention of many
scholars (5-7). Existing research shows that nanomaterials can
cause toxic damage at all levels, i.e. from genes and proteins,
through subcellular and cellular structures, to the entire organism
(8-10). The research of the biological safety of nanomaterials is
still in its early stage, and because there are many different kinds
of nanometer materials with different physical and chemical prop-
erties, the knowledge of toxicity effect and safety evaluation of
nanometer material is quite limited.

Therefore, the aim of this study was to find out whether
nanoparticles of different sizes induce toxicity in mice as well as
to elucidate the possible mechanism and consequently to be able to
provide clues for disease prevention and control. We used CdS NPs,
a representative material of nanoparticles as a tested substance,
and tested some oxidative damage-related indexes including super-
oxide dismutase (SOD), glutathione (GSH) and malondialdehyde
(MDA) in mice’ serum and liver tissue (11-13); further more we
observed the related morphological changes in the liver tissue.

Materials and methods
Two differently shaped nanorod CdS NPs, namely CdS1 and

CdsS2 differing in length (110-130 nm, 80-100 nm, respectively)
at equal diameter (20~30 nm) with high purity were provided
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by College of Environmental Science and Engineering, Nankai
University.

We added 0.30 g dihydratate cadmium chloride (CdCl,-2
H,0) powder and 0.40 g of thiourea (CH,N,S) in volume of 50
ml PTFE lining, while the reagents used in the experiment were
not processed any further. Then we added 38 ml ethylenediamine
(C,H,N,) and 2 ml of distilled water, while stirring until homo-
geneous solution was formed. Then we put the lining into high
pressure reaction kettle, let it stand in the oven (without shaking
or mixing) at a constant temperature of 150 °C, and removed the
kettle after 24 h of reaction to let it to cool to room temperature. To
remove the surfactant and organic impurities, the yellow precipi-
tate was washed with distilled water and then with ethanol several
times. Then we put the CdS product into in the drying oven and
after drying, we got the CdS 1samples.

We added 0.26652 g trihydrate cadmium acetate
[(CH,CO0),Cd-3 H,0] powder and 0.242320 g/L-cysteine
[C,H,NO,S] in volume of 50 ml PTFE lining. Then we added
16 ml ethanol amine (C,H,NO) and 24 ml of distilled water into
one blender, put the lining into high pressure reaction kettle, let it
stand in the oven (without shaking or mixing) at a constant tem-
perature of 180 °C. We removed the kettle after 24 h of reaction
and let it to cool to room temperature. To remove the surfactant
and organic impurities, the yellow precipitate was washed with
distilled water and then with ethanol several times. Then we put
the CdS product into in the drying oven and after drying, we got
the CdS2 samples.

Pure (CH,COO0),Cd-3H,0 was purchased from Chemistry
Technological Co., Ltd. (Tianjin, China). L-cysteine [C,H.NO,S]
was purchased from Shanghai Yiteng Biological Science and
Technology Co., Ltd. (Shanghai, China). Pure ethanol amine was
purchased from Shanghai Mindray Chemistry Technology Co.,
Ltd. (Shanghai, China). All chemicals were guaranteed reagents.
SOD, GSH and MDA assay kits were all obtained from Nanjing
Jiancheng Bioengineering Research Institute (Nanjing, China).

Animal rearing and treatment

As the main aim was to test whether CdS NPs could induce liv-
er toxicity without being focused on gender differences, male mice
only were employed in this study. Thirty adult specific-pathogen-
free (SPF) ICR mice, body weight (BW) 22-25 g, were bought
from the Laboratory Animal Center of North China University of
Science and Technology. The mice had free access to water and
feed; adaption to the feed took place during one week preceding the
treatment. Then the mice were randomly divided into three groups,
namely 80-100 nm group (BW 23.8 + 1.2 g), 110-130 nm group
(BW 23.2 + 1.3 g) and control group (BW 24.2 + 0.8 g), while
each group comprised 10 mice. Mice were lightly anesthetized
by inhalation of diethyl ether and injected with two kinds of CdS
NPs suspension, 10 mg/Kg BW in 1 ml, into the enterocoelia. The
injection was carried out every other day, 15 times in total. The
control group was injected with 1 ml of sterilized physiological
saline into the enterocoelia. After the last injection, the weight of
mice was recorded and then each mouse was killed, 1 ml of blood
and total liver tissue were collected. The specimens were stored at
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—80 °C and the liver tissues were fixed in formaldehyde fluid for
histopathologic examination.

The general situation and the coefficient of the liver

We observed mice as to their eating and drinking patterns, their
fur luster and mental state and compared their body weight. After
the mice had been sacrificed, the liver tissues of each mouse were
weighed on electronic scales. Then the formula (liver coefficient =
total liver wet weight/body weight x 100 %) was used to calculate
the viscera coefficient.

The content of Cd in whole blood and liver tissue

After taking 0.2 ml of whole blood and 1.0 g of liver tissue
of all mice from all three groups, they were placed in respective
conical flasks, and perchloric acid, 1ml, and nitric acid, 4 ml,
were added. The samples were left there for 12 h for nitrification
to take place. Then, they were put on an electrothermal board
and left there for 4-5 h to nitrify. After cooling, dilute nitric acid
(1 %) was added and volume was metered to 10 ml; then they
were placed in the dark to measure the cadmium levels in serum
and liver tissue using the 7500 type inductively coupled plasma
atomic emission spectrometry (ICP-MS) analyzer (Agilent, Santa
Clara, USA). The working conditions of ICP-MS were as follows:
emission power, 1420w; frequency, 27.12; atomization pressure,
321bf/in2; auxiliary gas flow, 1.08 L/min; injection speed, 1.85 ml/
min; dilute nitric acid (2 %) flushing time, 1 min; ultrapure water
flushing time, 1 min.

Determination of oxidation damage in serum and liver tissue

About 1.0 g of frozen liver tissue in 9 ml of homogenization
buffer (0.9 % sodium chloride) was homogenized on ice by a
homogenizer (FA25, FLUKO equipment Shanghai Co., Ltd.) for
10 s at 8000 rpm. The homogenate was centrifuged at 4000 rpm
for 15 min at 4 °C and the supernatant was used for analysis. The
SOD and GSH dynamics were measured using SOD and GSH
assay kits, respectively for serum and homogenate of liver tis-
sue according to the instruction. MDA content was measured by
MDA assay kit as well.

The determination of hematology indexes

After the mice had been infected and killed, their blood was
blended in 0.5 ml anticoagulant tube. The detected f hematology
indexes included red blood cells (RBC), average red blood cell
volume (MCV), mean red blood cell hemoglobin concentration
(MCHC), white blood cells (WBC), etc.

Determination of the impact on the function of liver

Mice blood creatinine (Cr), urea nitrogen (BUN), alanine ami-
notransferase (ALT), aspartate aminotransferase (AST) and other
indicators were measured to determine whether the cadmium sul-
fide nanoparticles had an impact on the function of liver in mice.

Assessment of liver ultrastructure and histopathology
Hepatic tissue was conventionally fixed in 2.5 % glutaralde-
hyde solution, dehydrated, penetrated, ultra-thin sliced and elec-
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tron-stained. Ultrastructure changes were observed with a trans-
mission electron microscope (TEM, Hitachi H-7650).

The liver tissue was taken out of 10 % formaldehyde, regu-
larly dehydrated, embedded in transparent paraffin, sectioned
and dewaxed. Staining with hematoxylin-eosin (HE) staining
was followed by dehydration and transparent sealing; liver his-
topathology was observed under light microscope and photos
were taken.

Statistical analysis

All data were analyzed using one-way univariate analysis of
variance (ANOVA), which was followed by LSD (equal variances
assumed or homogeneity of variance after variable transforma-
tion) or Dunnett’s T3 (equal variances not assumed after variable
transformation justification) for post hoc test between groups us-
ing Statistical Package for Social Sciences (SPSS package ver-
sion 16.0) software (SPSS, Chicago, IL, USA). The results were
represented as mean = SD. All tests were two-sided, and p < 0.05
was considered statistically significant.

Results

Characterization of CdS nanoparticles

The morphology of the CdS sample was examined by trans-
mission electronmicroscopy. Figure 1a shows a typical TEM im-
age from which uniform nanoparticles with average diameter of
20-30 nm, length of 110-130 nm and 80-100 nm, respectively
(calculated with ImagelJ software) could be clearly seen.

The general condition and the liver coefficient

Mice from control group presented with a lustrous fur and
more autonomic activities compared to treated mice. Compared
with control group and 110-130 nm group, mice in the 80-100 nm
group had less autonomic activities, were markedly listless, had a
slowed response, decreased food and water consumption, lacked
fur luster, suffered hair loss, and the surface of their paw skin was
coarse. The body weights were compared between three groups,
and the differences were statistically significant (Tab. 1) (p <0.05).
The liver coefficients of 110—130 nm and 80—100 nm groups (68.36
+1.21;63.06 = 1.09; mean + SD, n =1 4) were significantly higher
than those in the control group (50.54 + 5.23; mean + SD, n = 14);
the difference is statistically significant (p < 0.05).

Fig. 1. Characterizations of CdS nanoparticles. (a) CdS 1: Diameter:
20 ~ 30 nm and length: 110-130 nm, and (b) CdS2: Diameter: 20 ~ 30
nm and length: 80-100 nm. Scale bar=100 nm.

Tab. 1. Effects of CdS nanoparticles on body weight loss and coef-
ficients of liver.

Group n Body weight increase (g) Liver (mg/g)
Control 10 5.028+0.241 50.542+5.223
110-130 nm 10 0.516+0.322 63.096+1.049
80-100 nm 10 —1.214+0.153 68.376+1.215

Tab. 2. Comparison of cadmium levels in whole blood and liver tissue
(mean £ SD, n = 14).

Groups Blood cadmium (mg/mL)  Liver cadmium (mg/g)
Control 2.246+0.054 2.007+0.043
110-130 nm 12.706+0.168" 26.560+0.131"
80-100 nm 16.731+0.321"# 40.622+0.408"#

Note: compared with the control group, * p < 0.001; compared with thel10-130
nm group, # p < 0.05

Tab. 3. Effects of CdS NPs on MDA, SOD and GSH-Px in serum.

Gl N MDA SOD GSH-Px
(nmol/mgprot) (U/mgprot) (U/mgprot)
Control 10 6.496+1.204  125.497+11.502  553.728+30.488
110-130nm 10  7.891£1.109°  115.902+5.203" 522.476+23.685"
80-100nm 10 9.867+3.148"  104.894+10.575 510.793+7.324"

Note: compared with the control group, * p < 0.005

Tab. 4. Effects of CdS NPs on MDA, SOD and GSH-Px in liver.

G N MDA SOD GSH-Px
(nmol/mgprot) (U/mgprot) (U/mgprot)
Control 10 8.876x1.586  424.763+£37.310 701.758+62.821
110-130nm 10 12.324+2.765" 378.745+46.824" 591.095+52.025™
80-100nm 10 14.431+1.547" 372.783+25.607" 549.068+22.579"*

Note: compared with the control group, * p < 0.005, ** p < 0.001; compared with
the 80—100 nm group, # p < 0.05.

The cadmium contents in mice’ whole blood and liver tissues

For all groups, the contents of cadmium in mice’ whole blood
and liver tissues are shown in Table 2. Compared with control
group, the cadmium levels were significantly higher in CdS
NPs-treated mice’ blood and liver tissues (p < 0.001). The cadmi-
um contents in mice’ whole blood and liver tissues in the 80-100
nm group were significantly higher than in the 110-130nm group
(110-130 nm; p < 0.05)

The activity of SOD and GSH and MDA levels in mice’ serum

The results of the SOD and GSH activity and MDA levels
in mice’ serum are shown in Table 3. Compared with the control
group, the SOD and GSH activities in serum in 110-130 nm and
80—100 nm groups were significantly decreased (p < 0.05). The
serum SOD and GSH activity in 80-100nm group were lower
than in 110-130 nm group (p < 0.05). The MDA levels in serum
of 80—100 nm group were obviously higher than those in the con-
trol group and 110-130 nm group (p < 0.05).

The activity of SOD and GSH and MDA levels in mice’ liver tissue

Results are shown in Table 4. Compared with the control
group, SOD and GSH activity in the liver tissue of mice from 30-
nm group were lower than those in the control group (p <0.01 and
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Tab. 5. The impacts of CdS NPs on the RBC, MCV, MCHC and WBC of mice (x+s).

Groups n RBC (10"%/L) MCHC (g/L) MCYV (FL) WBC (10°/L)
Control 10 4.244+0.104 403.723+9.027 44.596+1.325 2.756+0.557
110-130 nm 10 4.091+0.082 381.751+5.642 41.952+0.796 7.773+2.460
80-100 nm 10 3.400+0.121 423.435+3.541 40.421+0.557 11.900+5.674
Note: compared with the control group, * p < 0.005

Tab. 6. The impacts of CdS NPs on the Cr, BUN, ALT and AST of mice.

Groups n Cr (umol/L) BUN (mmol/L) ALT (U/L) AST (U/L)
Control 10 44.362+4.183 9.913+1.474 43.142+18.983 173.304+97.402
110-130 nm 10 62.281+21.142 16.770+7.631 53.622+16.224 386.231+104.794
80-100 nm 10 46.452+3.734 20.614+10.782 51.044+11.493 556.604+123.513

Note: compared with the control group, * p < 0.005

|
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Fig. 2. Effect of CdS NPs on hepatic ultrastructure in the liver tissue (left: control group, middle: CdS1 group, right: CdS2 group).
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Fig. 3. The alteration of liver tissue patl
CdsS2 group).

p < 0.05, respectively), while the MDA levels were significantly
higher than those in the control group (p < 0.05).

Theimpactsof CdSNPsonthe RBC, MCV, MCHC and WBC of mice

Compared with the control group, the index of RBC and MCV
was reduced in CdS-treated groups, while the WBC significantly
increased; compared with the control group, the index of WBC
in CdS-treated groups was significantly different (p < 0.05) as
shown in Table 5.

The impacts of CdS NPs on the Cr, BUN, ALT and AST of mice
Compared with the control group, the total number of white

blood cells in mice from CdS-treated groups increased signifi-

cantly, the number of red blood cells decreased, and the average
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red blood cell volume and average hemoglobin concentration
decreased. Table 6 shows the concentration of urea nitrogen, cre-
atinine, AST and ALT. For the ratio of concentration of AST and
ALT, the difference between the CdS-treated group and control
group was significant (p < 0.05); for the ratio of urea nitrogen and
creatinine, there was no obvious difference between control group
and 80-100 nm group (p > 0.05), 110-130 nm group had statisti-
cal significance (p < 0.05).

Effect of CdS NPs on cellular ultrastructure of liver in mice

As shown in Figure 2, there was clear hepatic caryotheca,
large nucleolus and mitochondria in liver tissue from control
group. CdS NPs caused hepatic ultrastructure changes including
dissolved hepatic parenchyma, swollen mitochondria vacuoles,
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accumulation of chromatin pieces, shrunken nuclei, disappearance
of membranes of swollen mitochondria, and nuclear apoptosis in
liver tissue of mice.

Morphological assessment of liver tissue pathology

HE stained sections of rat liver tissues were examined under
light microscopy to observe the pathological changes. The repre-
sentative results are shown in Figure 3. Compared with the con-
trols, CdS NPs-treated groups had obvious inflammatory changes,
the liver cells of mice in control group were radiantly arranged
around the lobular central vein as axis, the contour was clear in
form of polygons. In 80—100 nm group, the diffuse edema of liver
cells was of grade III, the liver plate was in disordered arrange-
ment, the liver cells were swollen, and sporadic and focal inflam-
matory cell infiltration could be found, mainly with phagocytic
cells, neutrophils and a few of lymphocytes. In 110—130 nm group,
the liver cells were diffusely edematous, the liver plate was in dis-
ordered arrangement, liver cells were swollen, , and sporadic and
focal inflammatory cell infiltration could be found, mainly with
phagocytic cells, neutrophils and a few of lymphocytes.

Discussion

The aim of our study was to investigate the effects of exposure
to CdS NPs on liver tissues such as antioxidant barrier (GSH and
ROS concentration), and inflammation.

Viscera coefficient is a ratio of certain organs and their body
weight of the experimental animals. An increase in viscera coef-
ficient indicates congestion, edema, or proliferous hypertrophy of
the viscera; a decrease in coefficient indicates atrophy and other
degenerative changes of the viscera. Wang (14) has found out that
the liver coefficient of female mice was significantly higher than
that in the control group after 80 nm and 25 nm TiO, treatment by
lavage canister, and this may be due to the inflammatory response
induced by TiO,. The experiment also revealed that the viscera
coefficient obviously changes after CdS NPs treatment.

The liver is the most important detoxification organs of ani-
mals and maintains life activities and metabolism in steady state.
Previous studies show that nano-titanium dioxide can accumulate
in the liver, kidney, while liver and kidney are the main target or-
gans of nano-titanium dioxide in organisms (15). This study found
out that after intraperitoneal injection of 80—-100 nm and 110-130
nm CdS NPs, the Cd content in mice’ liver increased obviously,
and the rise in Cd content became the material basis for the dam-
age to the body.

MDA is the final product in the process of scavenging free
radicals of lipid peroxidation in vivo and it reflects the damage of
the tissue. An increase in MDA content of CdS NPs-treated liver
tissues can change the fluidity, crosslinking, structure and function
of cell membrane, but also can increase the brittleness and even-
tually lead to cell and body damage (16). SOD and GSH-Px are
the main components in intracellular lipid peroxidation enzyme
resistance protection system; they can protect cells from the dam-
age caused by lipid peroxidation. In this study, the MDA content in
serum from mice exposed to CdS NPs by intraperitoneal injection

was increased while SOD and GSH-Px activity decreased. The
latter results showed that CdS NPs produced oxidative damage to
the body’s blood system, and decreased its antioxidant capacity.

Likewise, the MDA content increased, the activity of SOD
and GSH-Px decreased in the liver from CdS NPs-treated groups,
which showed that different sizes of CdS NPs bring about a cor-
responding oxidative damage to the liver, which was also con-
firmed by the change in ALT and AST levels in serum from CdS
NPs-treated groups. Histological results showed that hepatocyte
edema and necrosis in liver tissues was more obvious in CdS NPs-
treated mice compared with control. Accordantly, former studies
(14) have also found the same pathological changes. This biologi-
cal impact of CdS NPs may be due to the smaller size of particles,
larger specific surface area, and thus more active points of contact
with the liver. With the aggregation of particles, they deposit in
tissues and organs. Although the toxicity of nanomaterials cannot
simply be explained by their small size, it is certain that the size of
CdS NP size influences the inflammation response and apoptosis
in vivo, because the smaller the particles’ size in tissues, the more
difficult it becomes for macrophage and other immune cells to
eliminate them. From the viewpoint of molecular biology, active
oxygen free radical (O2) may be generated excessively in contact
with nanoparticles, thus overloading the antioxidant system and
resulting in functional impairment. The ALT and AST levels in
serum of CdS NPs-treated groups were significantly higher than
in the control group in this study, which suggests that the function
of the liver can be damaged after the CdS NPs enter the human
body. The abundant accumulation of Cd in the liver may be the
basis of the damage.

The pathological results showed that the damage to the hepato-
cytes after treatment with two different sizes of CdS NPs particles
was obvious, produced a large area of edema and dot necrosis.
Furthermore, 80—100 nm CdS NPs induced more serious injuries
than 110-130 nm CdS in the liver, which could be seen as change
in cellular morphology and was related to the size of nanoparti-
cles. The results of lung toxicity study of polytetrafluoroethylene
(PTFE) showed that after 15 min of exposition of rats to PTFE
dust (dust particle average 18 nm in diameter, mass concentra-
tion of 50 ug/m’, the equivalent of 5x10° particles/cm?®), the dust
particles deposited in alveoli and caused severe acute lung injury
(17). Similarly, Johnston et al (18) found out that when PTFE ac-
cumulated and the grain size aggregates increased over 100 nm,
the toxicity decreased.

These studies showed that the toxicity of nanometer material
is related closely to its particle size (surface area); the smaller the
particle size of nanometer materials, the larger surface area leads
to stronger toxicity. This may be associated with the surface effect
of nanometer particles due to the increase in specific surface area,
surface binding energy and significant enhancement of chemical
activity of nanoparticles, while the rate of the reaction with the
body also increases accordingly. However, Wang et al (19) reported
that the degree of the damage to liver caused by zinc nanoparticles
(58nm) is lower than that caused by zinc micron particles. War-
heit et al (20) reported nano and micro sizes of titanium dioxide
particles induced the same degree of rat lung inflammation and
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cell damage, showing that the toxic effect induced by nanometer
titanium dioxide particles had no significant correlation with the
size of titanium dioxide particles. These results showed that the
relationship between the particle size of nanomaterials and the
damage was still not very clear, and contradictory.

The comparison of damage effects on mice treated with CdS
sized either 80-100 nm or 110-130 nm showed that the viscera
coefficient, weight change, content of cadmium in blood and liver
tissue, MDA, SOD and GSH-Px activity in serum and liver tissue,
function indicators of blood and liver were significantly lower in
the 110—-130 nm-treated group as well as that the trend of the dam-
age effect on mice increased with the size of CdS particles and
as a result, the size of CdS nanoparticles was correlated with the
damage. Nevertheless, further research is still needed.
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