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Abstract

This study evaluated hepatotoxicity induced by potassium dichromate in chickens via
drinking water. Seventy-two Hyland Brown male chickens were randomly divided into
4 groups (18 chickens each group): Control group, low-dose (2%LDsy) Cr(VI) group,
middle-dose (6%LDs) Cr(VI) group, high-dose (10%LDsy) Cr(VI) group. Potassium
dichromate was given orally via drinking water to the chickens for 42 day. The control
group was treated with the same volume of distilled water. Blood biochemical indexes
(ALT, AST, GGT), antioxidant indicators (SOD, GSH and MDA) in liver
homogenates and pathologic changes in tissues were detected at 14, 28 and 42 day
respectively. The levels of serum biochemical indexes (ALT, AST, GGT) increased
significantly (P<0.05) in Cr(VI)-treated groups. The activities of SOD and GSH
decreased significantly (P<0.05) in the Cr(VI)-treated groups while the content of
MDA increased significantly (P<0.05) in the Cr(VI)-treated groups compared to
control with the increasing dose and time. The cells of the liver treated with Cr(V1)
were severely dilated and the liver appeared severe inflamed and necrotic. The results
indicated that Cr(V1) can lead to hepatotoxicity damage in chicken with time and dose-
dependent relationship.
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Introduction

Chromium exists in

textile manufacture, wood preservation, chemical
industry and cooling systems which lead to
many valence states in environmental  pollution  (Lukaski, 2000). This

compounds among which the most common are the
trivalent [Cr(I11)] and hexavalent [Cr(VI)] forms
(Suwalsky et al., 2008). Cr compounds are toxic,
carcinogenic and mutagenic in humans and animals
(Kumar et al., 2010). Hexavalent chromium can cause
significant environmental toxicology as well as its
carcinogenicity, skin toxicity and the damage to the
liver and kidney in animals (Marouani et al., 2012).
Potassium dichromate (K,Cr,O;) is a chemical
compound widely used in metallurgy, chrome plating,

compound can be easily absorbed by the skin and go
through the cell membrane by the specific ion channels
and then produce a large number of free radicals such
as the hydroxyl radical (OH’), hydrogen peroxide
(H,0,) and super oxide anion (O;) (DiSilvestro and
Dy, 2007).

At present, hexavalent chromium is not only the
industrial pollutants in the environment but also the
most common strong oxidizer in animals, for example,
2.5% potassium dichromate solution is commonly used
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in preservation of Etenella vaccine. The effects of
K2Cr207 on serum bhiochemical and oxidative damage
in the liver of chickens have not been previously

reported. This paper involves investigation of
hepatotoxicity induced by K,Cr,05 in chickens.
Materials and Methods
Reagents

Potassium  dichromate  (Purity>99.8%) was

purchased from Tianjin Kemiou Chemical Reagent
Company (Tianjin, China). The potassium dichromate
solution was dissolved in double evaporate water to
prepare different concentrations.

Animals and experimental design

Before beginning the present study, acute toxicity
experiments were performed to determine the median
lethal dose (LD50) of K2Cr207 for chickens according
to the Horn method (Li et al., 2015) and confirmed that
the LD50 was 501 mg/kg body mass for chickens.

A total of 72 Hyland Brown male chickens (1 d
old) were purchased from Tai’an Dongyue Poultry
Breeding Company (Shandong, China) and were fed in
a clean and comfortable room. All animals were given
free access to food and water and acclimatized to
laboratory conditions for 7 days before the experiment.
The chickens were randomly divided into 4 groups with
18 chickens in each group. Three groups were treated
with Cr(VI) at concentration of 2%LDs, 6%LDs, and
10%LDs, body weight daily orally, and the fourth
group was treated with distilled water. At 14, 28 and 42
day, 6 chickens of each group were sacrificed under
light ether anesthesia. 5 ml of blood was taken from
wing vein and centrifuged to separate the serum. The
livers were quickly removed and washed three times by
0.9% saline to remove the blood used for antioxidant
analysis and pathological examination. All procedures
related to the animals were conformed to the
International Experimental Animals Guide Principles.

Histological analysis

Liver samples were quickly removed and fixed in
10% neutral buffered formalin. After fixation,
specimens were dehydrated and embedded into
paraffin, and then sectioned to 4 microns thickness.
Sections were stained with hematoxylin-eosin for
histological examinations using microscope (XSP-
BM16C, Optical Instrument Factory, Shanghai, China).

Serum function test

The blood samples were centrifuged at 3000 rpm
for 15 min at 4°C to separate serum. The liver function
indexes included Aspartate Aminotransferase (AST),
Alanine  Aminotransferase (ALT) and Gamma
Glutamyl Transpeptidase (GGT) in the serum were
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determined by Automatic Biochemical Analyzer
(URIT-8031A, Six One Instrument Factory, Beijing,
China).

Superoxide dismutase (SOD), glutathione (GSH)
and malondialdehyde (MDA)

The liver was homogenized immediately to give a
10% (w/v) homogenate in ice-cold medium containing
50 mM Tris-HCI (pH 7.4) separately. The homogenate
was centrifuged at 3000 rpm for 30 min at 4°C and the
supernatant was separated to measure the activities of
SOD, GSH and the content of MDA. The SOD, GSH
and MDA were determined using the Commercial assay
kits provided by Jiancheng Biotechnology Research
Institute (Nanjing, China).

Statistical analysis

All data were expressed as means SD.
Differences among groups were measured using one
way analysis of variance (ANOVA) followed by the
Student—Newman—-Keuls using SPSS 18.0 (SPSS Inc,
Chicago IL, USA). P<0.05 was considered statistically
significant.

+

Results

Pathological change

The groups had no significant lesions at 14 d and
28 d compared to the control group (pictures not
shown). However, the liver cell showed significant
lesions at 42 day. The results showed that the middle
and the high concentration of K,Cr,O; were harmful for
liver. Compared with normal group, the slices of middle
group showed that the hepatic cords were cracked, the
hepatocytes were dilated and congested with
lymphocyte between hepatocytes. The slices of high
group showed that the hepatocytes were cracked and
the intercellular tight connection was destroyed; and the
hepatocytes dilated and some of the cells were necrotic

(Fig. 1).

Effects of serum AST ALT GGT

The effects of the different doses of Cr(VI1) on the
serum ALT, AST and GGT activities were shown in
Table 1. The activities of ALT, AST and GGT
increased in the three groups treated with Cr(VI)
compared to the control group. The activity of AST in
the high-dose group was significantly high compared
with the middle-dose group and the low-dose group at
14, 28 and 42 day (P<0.05). The AST in the low-dose
group showed no significant (P > 0.05) differences at
14d and 28day, however, it increased significantly
(P<0.05) at 42day compared with the control group. In
the middle and high-dose groups, enzymes activities
increased significantly (P<0.05) at 14, 28 and 42day
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Fig.1: (Control) showed the normal hepatocyte with polygonal shape and normal space in the liver of the control group. Fig. 1A
showed that the liver occurred lighter lesions, the structure of the lobular was normal, the liver cable arrangement was neat. Fig.
1B indicated congestion and exudative bleeding, the liver cell appeared vacuoles degeneration. Fig. 1C showed that the
hepatocytes were necrosis, the liver cells were dilated and congested with lymphocyte between hepatocytes, and small portal
space with moderate to severe inflammation and necrotic small hepatocyte.

Table 1: The changes of AST, ALT and GGT levels in the liver at different time after exposure to Cr(VI)

Time Group ALT(U/I) AST(UN) GGT(UN)
14 day 2%LDs,Cr(VI) 5.00+0.000° 160.33%7.753" 27.67+3.180°
6%LDs,Cr(VI) 6.00+0.577" 194.00+2.000° 26.33+0.882°
10%LDs,Cr(V1) 6.33+0.333" 224.50+16.500° 35.50+1.500°
Control 2.00+1.000° 159.50+0.500° 21.00+2.000%
28 day 2%LDg,Cr(VI) 6.00+0.577° 177.67+1.333° 29.33+1.453%
6%LDs,Cr(VI) 7.67+0.667° 211.33+4.910° 31.00+0.577%
10%LDsoCr(VI1) 8.67+0.333" 234.67+6.064° 37.00+1.000°
Control 2.50+1.500° 167.5045.500° 23.50+0.500°
42 day 2%LDs,Cr(VI) 6.67+0.333° 219.00+6.083" 37.67+2.848°
6%LDs,Cr(VI) 8.67+0.882° 224.00+10.392° 38.00+1.155°
10%LDs,Cr(V1) 9.67+0.333" 282.33+8.762° 45.00+0.577°
Control 3.33+0.557° 179.00+5.196° 26.67+0.333°

The different letters indicate that there are significant differences (P<0.05) between any two groups. Each value represented the mean+SD

Table 2: The changes of SOD, GSH and MDA levels in the liver at different time after exposure to Cr(VI)

Time Group SOD (U/mg protein) GSH (mg/g protein) MDA (nmol/mg protein)
14 day 2%LD5,Cr(VI) 333.47+4.786° 20.29+0.328% 5.46+0.078°
6%LD5,Cr(VI) 303.05+16.455" 19.35+0.548° 6.24+0.121°
10%LDsCr(V1) 282.031+16.837° 16.28+1.500° 7.29+0.336°
Control 403.88+3.791° 26.58+1.429° 4,33+0.123¢
28 day 2%LDs,Cr(V1) 301.08+7.542% 17.88+0.442% 5.82+0.048%
6%LDs,Cr(V1) 283.1249.375% 15.43+1.206° 6.67+0.135"
10%LDg,Cr(V1) 263.14+12.276% 13.85+0.977° 8.26+0.373°
Control 391.03+2.617° 26.12+0.315° 4.32+0.058°
42 day 2%L D5, Cr(VI) 263.81+3.512° 16.05+0.405° 6.07+0.153°
6%LD5,Cr(VI) 218.62+4.805" 14.38+1.289° 7.46+0.414°
10%LDsCr(V1) 208.3014.423" 11.39+1.513" 9.63+0.479°
Control 391.4645.404° 23.89+0.602° 4,65+0.176"

The different letters indicate that there are significant differences (P<0.05) between any two groups. Each value represented the mean+SD
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compared with the control group. At 14, only GGT in
the high dose group showed significant differences,
while at 28 and 42day, the activity of GGT increased
significantly in all the three groups compared to the
control group with the increasing dose and time. Both
the AST and GGT activities in the high-dose groups
increased among the three experimental groups.

SOD, GSH and MDA in liver homogenates

The SOD activities of liver in the Cr(VI)-treated
groups was significantly (P<0.05) lower than those in
the control group with the extended time and dose
(Table 2). A significant decrease of GSH in the liver in
Cr(VI)-treated group with the extended time and dose.
Nevertheless, the MDA contents of liver in the Cr(VI)-
treated groups were significantly (P<0.05) higher in
comparison to those in the control group with the
increasing time and dose; and the high-dose group
increased the content among the three experimental
groups.

Discussion

Hexavalent chromium may enter through the air,
food and water into the body and produce a series of
toxicity (Katz, 1991). Hexavalent chromium can be
absorbed by intestine and transported to the liver by the
blood system where it causes some functional and
structural damages (Ahmad et al., 2012). Pathological
changes indicated that the liver was damage after intake
of Cr(VI). Potassium dichromate is a kind of hydrogen
oxidizing agent, which can pass through the SO* and
PO* anion channel in the cell membrane into the
hepatocytes and then was reduced to Cr(l11) (Davidson
et al., 2004). Liver is the primary sites for the
microsomal activation of the drugs (Loguercio et al.,
1997). Hepatic activation of Cr(VI) lead to the
formation of toxic metabolite causing damages to liver
by increasing the enzymes in serum (Parveen et al.,
2009). At the same time the cells produce large
concentration of reactive oxygen species (ROS) while
SOD and GSH can help to eliminate the ROS (Lv et al.,
2013).

Transaminases are iconic products which reflect
the damage of liver cell. Through the detection of AST,
ALT and GGT, we can find the severity of damage of
liver cell (Milinkovié-Tur et al., 2005). The
concentration of ALT in the liver is about
approximately 100 times higher than that in the blood,
when the inflammatory damage appears in liver cell.
The membrane permeability of liver cell increases
causing a high concentration of ALT to leak in the
blood (Gurung et al., 2013). In this study, ALT level in
serum increased significantly compared with control
after 14 days. With the increasing concentration of
hexavalent chromium, the cell permeability changed
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and cell necrosis occurs. In this experiment, middle
dose group and high dose showed significant (P<0.05)
differences. The liver cell at high dose appeared
seriously damaged with longer duration and higher
dose. GGT mainly exists in the liver cell, plasma and
intrahepatic bile duct epithelium and its concentration
increases in acute or chronic hepatitis and liver cirrhosis
(Vukobrat-Bijedic et al., 2014). In this study, the GGT
activity at 28 and 42 day increased significantly than
the control group indicating liver cell damage which is
dependent on dose and duration.

The main function of SOD and GSH is to eliminate
harmful substances produced in the process of
metabolism of organisms (Lushchak et al., 2009). The
changes of SOD and GSH can directly reflect damage
to the antioxidant system in the liver of chickens after
exposure to the Cr(VI1). MDA is one of the antioxidants
which affect the mitochondrial respiratory chain
complexes and the activities of the key enzymes of
antioxidant system in the mitochondria (Bento et al.,
2013). MDA content is used as a common indicator in
the physiological research to detect the severity of
damage of the cells by oxygen free radicals (Kapun et
al., 2012). Cr(V1), a strong oxidizer, can enter the cells
and reduces to Cr(lll) producing a large number of
ROS (Parveen et al., 2009). Studies have found that the
production of ROS have positive correlation with the
concentration of Cr(VI) (Lushchak et al., 2008). Both
enzymatic oxidation system and non enzymatic
antioxidant system take part in elimination of ROS. In
the present study, the results showed that MDA content
significantly increased compared with control group
with different concentrations of potassium dichromate
in liver; however, the activities of SOD and GSH
decreased significantly. With the increasing time and
dose of potassium dichromate, the activities of SOD
and GSH decreased while MDA content increased. It
indicated that the ROS elimination consumed the
enzymatic antioxidant and non-enzymatic antioxidant
substances, the activities of SOD and GSH decreased
along with the increasing concentration of Cr(VI), at
the same time, because the ROS attacks the
polyunsaturated fatty acids producing more MDA
(Piccione et al., 2013), leading to the increase of MDA
content in the liver.

Conclusion

This study confirmed that long-term treatment
with potassium dichromate causes hepatotoxicity in the
liver of chicken. The levels of AST, ALT and GGT in
serum increased significantly in time and dose-
dependent relationship. The activities of antioxidant
SOD and GSH significantly decreased whereas MDA
content significantly increased, thus decreasing the
antioxidant capacity in liver tissues.
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