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Abstract This study aimed to investigate the effects of sele-
nium on the ion profiles in the heart, liver, spleen, and kidney
through the oral administration of hexavalent chromium.
Approximately 22.14 mg/kg b.w. K,Cr,O; was added to wa-
ter to establish a chronic poisoning model. Different selenium
levels (0.00, 0.31, 0.63, 1.25, 2.50, and 5.00 mg Na,SeOs/kg
b.w.) around the safe dose were administered to the experi-
mental group model. Ca, Mg, Mn, Fe, Cu, and Zn were de-
tected in the organs through flame atomic absorption spec-
trometry after these organs were exposed to K,Cr,O; and
Na,SeO; for 14, 28, and 42 days. Results showed that these
elements exhibited various changes. Ca contents declined in
the heart, liver, and spleen. Ca contents also decreased on the
28th day and increased on the 42nd day in the kidney. Mn
contents declined in the heart and spleen but increased in the
kidney. Mn contents also decreased on the 28th day and in-
creased on the 42nd day in the liver. Cu contents declined in
the heart and spleen. Cu contents increased on the 28th day
and decreased on the 42nd day in the liver and kidney. Zn
contents declined in the heart and spleen. Zn contents in-
creased on the 28th day and decreased on the 42nd day in
the liver and kidney. Fe contents decreased in the heart and
liver. Fe contents increased on the 28th day and decreased on
the 42nd day in the spleen and kidney. Mg contents did not
significantly change in these organs. Appropriate selenium
contents enhanced Mn and Zn contents, which were declined
by chromium. Conversely, appropriate selenium contents re-
duced Ca, Fe, and Cu contents, which were increased by
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chromium. In conclusion, the exposure of chickens to
K>Cr,0O7 induced changes in different trace elements, and
Na,SeO; supplementation could alleviate this condition.
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Introduction

Chromium is a common constituent of organic matter. This
transition metal has been considered a trace element because it
influences glucose, protein, and fat metabolism through an
insulin-related mechanism [27]. It mainly exists in two va-
lence states, namely, trivalent and hexavalent Cr [28].
Trivalent chromium can enhance insulin action, cellular glu-
cose uptake, and intracellular carbohydrate and lipid metabo-
lism [6]. Hexavalent chromium [Cr(VI)] can cause cancer,
malformation, and mutation to nucleic acids and other cellular
components in organisms. These toxic effects are due to the
rapid penetration of Cr(VI) in cellular membranes and its sub-
sequent interaction with proteins and nucleic acids in cells
[38]. Some researchers suggested that the long-term intake
of Cr(VI) may cause squamous cell carcinoma, adenocarcino-
ma, and other diseases [3, 9, 21, 32].

Selenium is an essential trace element for living organisms
and closely related to animal health. Se can induce the syn-
thesis of selenoprotein involved in the antioxidant defense
mechanism of organisms [15]. The lack of Se mainly results
in the decreased expression of selenoproteins and changes in
biological processes in many organs and tissues [13, 22]. Se
also presents a strong affinity to metal elements, and it can
possibly reduce the toxicity of heavy metals, such as cadmium
and mercury [14, 40, 41]. In various physiological and
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pathological conditions, complex antagonisms exist between
Se and other heavy metals and multi-ions [35].

Trace elements are crucial in the development and growth
of animals, although their contents are considerably small, that
is, less than 0.1% [12]. Various kinds of trace elements main-
tain the metabolism in a dynamic balance [1]. Disorder in
these elements may trigger alterations in physiological activ-
ities, induce pathological changes in the metabolism of normal
cells, and cause dysfunctions in growth and reproductive abil-
ities [20]. Therefore, trace elements, which are active in rela-
tive organs, should be balanced for animal growth. Ca, Mg,
Cu, Zn, Fe, and Mg are related to body homeostasis [16]. The
effects of trace element contents on mammalian organs have
been investigated, and the toxicity of trace elements accumu-
lated in these organs exposed to a certain element has been
detected [7, 17, 34]. Therefore, further studies should be per-
formed to provide detailed insights into the interaction of
Cr(VI)-Se-induced changes in Ca, Mg, Cu, Zn, Fe, and Mg
contents in chickens.

This study aimed to investigate the effects of the oral ad-
ministration of Cr(VI) on the Ca, Mn, Cu, Zn, Fe, and Mg
contents in the heart, liver, spleen, and kidney of Hyland
chickens and to determine the alleviating role of Se in vivo.

Materials and Methods
Reagents

Potassium dichromate (K,Cr,O7, AR, purity >99%) and sodium
selenite (Na,SeOs, AR, purity > 98%) were acquired from Putian
Company Inc. (Tai’an, China). Nitric acid (HNO3;, GR) and
perchloric acid (HCIO,, GR) were provided by the Chemical
Institute of Shandong Agricultural University. All plastic and
glassware materials used for the experiment were soaked in dilute
HNO; (1%) and washed with ultrapure water prior to their use.
All other reagents were of analytical grade.

Animal Treatment and Experimental Design

The safe dose of Na,SeO; for chicken was described previ-
ously [19]. A total of 105 Hyland male chickens (1 day old)
were obtained from Tai’an Dongyue Poultry Breeding
Company (Shandong, China). The chickens were randomly
divided into seven groups (N = 15). Before the experiment
was performed, all of the chickens were acclimatized to labo-
ratory conditions for 7 days. All of them were provided with
water and sufficient forage ad libitum and maintained at a
suitable room temperature and a relative humidity with a 12-
h/12-h light/dark cycle. All of the procedures were processed
in accordance with the protocols of the Institutional Animal
Care and Use Committee of Shandong Agricultural
University (SDAU-2015-07).
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Seven groups were treated as follows: The first group was
given water only and considered the control group.
Approximately 22.4 mg/kg b.w. K,Cr,O; was added to the
treatment for the six other groups. Subsequently, 0.00, 0.31,
0.63, 1.25, 2.50, and 5.00 mg/kg b.w. Na,SeO; were supplied
to the Cr-treated groups. Five chickens from each group were
euthanized on the 14th, 28th, and 42nd days. After the
chickens were euthanized with thiopental, their heart, liver,
spleen, and kidney were quickly removed. The tissues were
rinsed with ice-cold deionized water and stored at —20 °C until
required.

Assay of Metal Concentrations

According to the method of Liu et al. [24, 25], the blood
vessels, fat, and connective tissues around the heart, liver,
spleen, and kidney were detached. Subsequently, each
sample (1.0 g, wet body mass) was placed in
Erlenmeyer flasks, which contained 25 mL of nitric acid
and perchloric acid mixture (4:1), and allowed to digest
for 24 h. The digested mixture was slowly heated in an
electric hot plate in a well-ventilated room until the re-
maining liquid measured approximately 2-3 mL.
Afterward, the system was slowly cooled to room temper-
ature. Subsequently, 5 mL of ultrapure water was added
into Erlenmeyer flasks and heated again. The excess acid
was allowed to volatilize. A constant 2.5-mL diluted hy-
drochloric acid (1:1) was added to a volumetric flask until
25 mL was reached and then preserved at 4 °C. This
solution was not exposed to light. The trace elements
(Mn, Cu, Zn, Fe, Ca, Mg, and Cr) were detected through
flame atomic absorption spectrometry (F-AAS) with
Zeeman background correction (GFA-7000, Kyoto,
Japan). The National Institute of Standards and
Technology Standard Reference Materials® 1577c bovine
liver was used for quality control. The Cr detection limit
was 3 x 107> pg/mL. The actual contents of each trace
element in the heart, liver, spleen, and kidney were pre-
sented for the measured value multiplied by the dilution
ratio. The operating conditions of F-AAS to detect each
element are listed in Table 1. The obtained results were in
good agreement with certified values (Table 2). All of the
experiments were conducted three times to ensure
reproducibility.

Statistical Analysis

Statistical analyses were performed with Statistical Package
for Social Sciences (SPSS) program version 19.0 (SPSS Inc.,
Chicago, IL, USA). One-way ANOVA was conducted to iden-
tify significant values (p < 0.05). Data were expressed as
mean + SD.
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Table 1 Information of F-AAS for detection of Ca, Mg, Mn, Fe, Cu, and Zn
Elements Operating wavelength (nm)  Electric current (mA)  Slit (nm)  Air discharge (L/min)  Acetylene discharge (L/min) LOD (pg/mL)

Ca 422.7 3 0.2 8.0 2.0 0.001

Mg 285.2 3 0.2 6.0 1.5 0.001

Mn 278.2 2 0.2 6.5 1.5 0.002

Fe 248.3 3 0.2 8.0 2.0 0.004

Cu 292.0 2 0.3 6.5 1.5 0.001

Zn 213.9 3 0.4 6.8 1.2 0.004
Results apparently lower than those in the Cr(VI)-treated group

Cr in the Heart, Liver, Spleen, and Kidney

The Cr(VI) contents in the heart, liver, spleen, and kidney
tissues at different time points are presented in Table 3. In
particular, the Cr(VI) contents distinctly accumulated
(» < 0.05) in these organs. With K,Cr,O; exposure, the
Cr(VI) in these groups was significantly increased
(p < 0.05) compared with that of the control group. Over time,
the contents showed an upward trend in the heart, liver, and
spleen but not in the kidney of the Cr(VI)-treated group. When
the Cr(VI)-treated group was exposed to Se, the Cr(VI) con-
tent slightly decreased, but this observation was not
significant.

Ca in the Heart, Liver, Spleen, and Kidney

The Ca content presented different trends in these organs with
increasing time and dose (Fig. 1). The Ca contents decreased
in the heart, liver, and spleen at all time points. By contrast, the
Ca content decreased on the 28th day and increased on the
42nd day in the kidney. After Cr(VI) was administered, the Ca
content was higher than that in the control group (p < 0.05).
By comparison, the Ca content decreased when Se was added.
The Ca content can be restored to normal level by Se treat-
ment. However, the content did not significantly change when
the Se dose increased (p > 0.05) in the heart and liver. In the
spleen, the contents in the Se-supplemented group were

Table 2  Trace element contents in certified reference material (NIST
SRM 1577¢ bovine liver), N =6

Element Certified value (ng/g) Measured value (ng/g) Recovery (%)

Ca 131.00 + 10.00 129.00 + 6.00 98
Mg  620.00 £42.00 621.00 +20.00 100
Mn 10.46 + 0.47 10.01 +0.50 96
Fe 197.94 + 0.65 200.00 + 0.44 101
Cu  27520+4.60 274.80 £3.90 99
Zn 181.10 + 1.00 180.80 +2.70 99
Cr 53.00 + 14.00 53.00 + 8.00 100

(p < 0.05). In the kidney, the Ca contents in the Se-
supplemented groups were lower than those in the Cr (VI)-
treated group. The Ca contents decreased as Se was added.

Mn in the Heart, Liver, Spleen, and Kidney

In the heart, liver, spleen, and kidney, the Mn contents in the
Cr(VI)-treated group were lower than those in the control
group (p < 0.05; Fig. 2). After the time was extended and
the dose was increased, the Mn contents in the heart and
spleen were slightly decreased. The Mn contents decreased
on the 28th day and increased on the 42nd day in the liver.
By comparison, the Mn contents increased in the kidney. In
these organs, the Mn contents constantly increased when Se
was supplied. In the Se-treated groups, the low-Se-treated
group with 0.31 mg/kg Se (p < 0.05) recovered to nearly the
normal level.

Cu in the Heart, Liver, Spleen, and Kidney

In these organs, the Cu contents in the Cr(VI)-treated group
were higher than those in the control group. In the heart and
spleen, the contents presented a decreasing trend, which was
lower than those of the initial values and increased dosage
(Fig. 3). In the low-Se-treated (0.31 and 0.63 mg/kg) groups,
the contents were not significantly different from those in the
control group (p < 0.05). On the contrary, the Cu content
increased again as Se dose increased. In the liver and kidney,
the Cu contents showed a similar trend, that is, the Cu contents
were higher on the 28th day but were lower after 42 days of
exposure to Cr(VI).

Zn in the Heart, Liver, Spleen, and Kidney

In the heart, the Zn contents in the Cr(VI)-treated group were
lower than those in the control group at different time points
(p < 0.05) but were higher in the liver, spleen, and kidney of
the Cr(VI)-treated group than in these organs of the control
group (Fig. 4). In the heart, the Zn contents increased when
low Se levels (0.31 and 0.63 mg/kg) were supplied. By con-
trast, the Zn contents decreased as Se content increased. In the

@ Springer



Chen et al.

288
> [
4'—‘_.’: wn
)
g <
= oh
= g
.m o
@ 3
o "
3 +
=
g ls
2
=
=]
O
E |3
s | &
B )
= g
2 |z
z )
E N
g !
= O
=
Z
)
L5
é N
5] N
= =4
5 =)
|z
- Q
s —
P !
E O
=
on
£
2}
[
g |3
I3 N
k= &;ﬁ
=
K= g
E n
a o
S <
E +
2 |5
=
o
R
g o0
= =
s | &
=
=] —
g "2
é (=)
S p
=] @)
v
Q
=
172}
2 ®
> wn
[ )
R =t
= g
2 (=
E 3
> (==
5 +
2 —
& ©)]
L
[5)
R=ATe}
o
Ex o
S 4| 2
22| 5
=
= —
g 3]
= ®» E=]
25| §
S8 S
e g
=]
-1
O
Es| 2
2= >
ER| &
P
S < g
[P =
= Vv
=
S
=
v @ =}
=2 &
=& | 2
=S| O

@ Springer

0.1417 +0.0101¢

0.1173 + 0.0029°
0.1175 + 0.0043%

0.1000 + 0.0015" 0.0900 + 0.0087°
0.2496 + 0.00139

0.1200 + 0.0043°

0.1478 + 0.0075¢
0.1575 + 0.0024¢

0.0098 + 0.0085*
0.2533 £ 0.0021¢

14
28

Heart

0.1400 + 0.0205%
0.1400 £ 0.0189%¢

0.1075 + 0.0130° 0.1273 + 0.0041°

0.1358 + 0.0052¢
0.2217 + 0.0038"

0.1675 + 0.0189>

0.0243 +£0.0033*

0.2394 + 0.0084%
0.1308 = 0.0138"

0.2134 + 0.0013°

0.0416 + 0.0005%

)

0.1775 £ 0.0150°

0.1575 + 0.0241%°
0.1558 + 0.0138"°

0.1808 + 0.0132°

0.1625 £ 0.0270
0.1658 + 0.0049%¢
0.1975 + 0.0068"
0.2185 + 0.0065°

0.2910 + 0.0053°¢

0.0053 + 0.0050* 0.1750 £ 0.0241°¢

14
28

Liver

0.1442 £ 0.0038"

0.1442 +0.0128°

0.1775 + 0.0050%
0.2032 + 0.0006

0.2233 + 0.0076°

0.1808 + 0.0038°

0.0128 £0.0017%

0.1975 + 0.0094%°
0.2588 + 0.0078°

0.1972 + 0.0018"
0.2130 = 0.0013°

0.2100 + 0.0087¢

0.0218 + 0.0026*
0.0267 +0.0379%

)

0.2128 + 0.0024°
0.2828 + 0.0015°

0.2277 + 0.0054°

14
28

Spleen

0.2595 + 0.0048"

0.3157 + 0.0074¢ 0.3200 + 0.0312¢
0.3683 = 0.0029"

0.3252 + 0.0033¢

0.0350 + 0.0087%

0.3817 £ 0.0058"
0.2091 + 0.0021%°

0.3455 + 0.0345° 0.3766 =+ 0.0033°

0.3809 + 0.0472°

0.3795 + 0.0034°

0.0850 + 0.0001%

42

0.1971 = 0.0231° 0.2083 + 0.0123%°

0.2337 + 0.0042¢

0.2132 + 0.0100°°4
0.2076 = 0.0360°

0.0250 £ 0.0173% 0.2229 + 0.0085%4

14
28

Kidney

0.1800 + 0.0156° 0.1775 + 0.0130° 0.1805 £ 0.0113°

0.1802 + 0.0186°

0.2206 + 0.0077¢

0.0330 £ 0.0017%

0.2083 + 0.0429" 0.2276 + 0.0182° 0.2152 + 0.0004° 0.2122 + 0.0055° 0.1850 + 0.0075°

0.2233 +0.0274°

0.1100 £ 0.0229*

42

liver, the Zn contents decreased to normal levels when low-
dose Se (0.31 mg/kg) was added. At increasing Se dose, the
Zn contents remarkably declined. In the spleen and kidney, the
Zn contents decreased when low Se level was added.
Likewise, the Zn contents increased and finally reached the
Cr(VI)-treated level as the Se dose increased.

Fe in the Heart, Liver, Spleen, and Kidney

In these organs, the Fe contents in the Cr-treated group were
higher (p < 0.05) than those in the control group at different
time points (Fig. 5). These contents showed various trends
among different organs. In the heart and liver, the contents
decreased as treatment time was extended and dose increased.
In the spleen and kidney, the contents were higher on the 28th
day and reduced considerably on the 42nd day. After Se was
supplied, the Fe contents changed. In the low-dose Se-treated
(0.31 mg/kg) group, the contents recovered to an improved
state. No change was observed with increasing dose and time.
The results indicated that low Se dose (0.31 mg/kg) was not
significantly different from that in the control group
(p < 0.05).

Mg in the Heart, Liver, Spleen, and Kidney

In general, the Mg changes in these groups were not obvious
(Fig. 6). On the 14th day, the Mg contents were slightly lower
in the Cr(VI)-treated group than those in the control group in
the heart. However, they presented an opposite trend in the
liver, spleen, and kidney. In particular, the Mg content was
higher in the Cr(VI)-treated group than in the control group
(p < 0.05), but it showed no significant difference among all
of the groups on the 28th and 42nd days in each organ.

Discussion

Trace elements are essential for many physiological progress,
and adverse changes in their contents are often associated with
many diseases [26]. The present study revealed that a specific
dose of orally administered Cr(VI) significantly altered the
contents of trace elements in the heart, liver, spleen, and kid-
ney of chickens in comparison to control levels. This condi-
tion could be alleviated by the supplementation of low-dose
Se to some extent.

Ca is an essential element in many physiological processes.
Some researchers suggested that large amounts of Ca intake
can adversely affect cardiovascular outcomes [2, 30], cardio-
myocyte apoptosis [5, 39], and kidney stone formation [4]. Fe
is an essential element for erythropoiesis and cellular bioener-
getics. Cr(VI) and Fe are both transported by {3-globulin
but combined in different loci [18], which can express the
synergistic effect of Cr(VI) and Fe. Furthermore, Mn is an
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essential trace element for the growth of animals, and it par-
ticipates in cellular homeostasis, bone formation, and calcium
absorption [8]. Liu et al. [23] demonstrated the antagonistic
effects of Mn and Fe. Ca can limit the bioavailability and
retention of Mn [37]. In our results, the Ca contents in the
heart and kidney were increased when Cr(VI) was added.
Excess Fe may cause the generation of reaction oxygen spe-
cies, and Se is a component of glutathione peroxidase, which
produces an antioxidant effect [29]. Our results also revealed
that treatment with Cr(VI) could enhance the Fe content. The
Mn content decreased when the Ca and Fe contents increased,
and our findings were consistent with previous results. The
Ca, Fe, and Mn levels normalized when low-dose Se was
added.

Cu and Zn provide protection against the progression of
some diseases [11, 31]. Cu plays roles on some
metalloproteins, which participate in many vital functions.
Schafer et al. [33] found that Cu enhances immune responses
and Zn strengthens immunity [10, 36]. When pathological
changes occurred in the body, the enhanced immune function
is considerably attributed to Cu and Zn. In our experiment, the
Cu and Zn contents increased when the chickens were treated
with Cr(VI). This observation was consistent with that de-
scribed in previous studies. This condition could be improved
with low Se dose.

Our study confirmed that low-dose Se could resolve the
Cr(VD-induced changes in the ion contents of the heart, liver,
spleen, and kidney. Se could form a complex with Cr(VI) to
inhibit the function of Cr(VI) that accumulated in the organs.
Moreover, these ions interacted with one another, but these
interactions were undetected.

Conclusions

Cr(VI) can accumulate in the body of chickens, and Se can
alleviate Cr(VI)-induced changes in the profile of related ions.
Complex interactions among ions elicit synergistic and antag-
onistic effects, and these interactions maintain homeostasis.
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