
J Med Assoc Thai Vol. 92 Suppl. 5 2009 S67

Correspondence to: Buranasinsup S, Department of Pre-clinic
and Applied Animal Science, Faculty of Veterinary Science,
Mahidol University, Nakornpathom 73710, Thailand. Phone:
0-2441-5242 ext. 1530, E-mail: vssbr@mahidol.ac.th

Investigation of Sensitive Biomarkers to Determine
Cadmium Inducing Hepato- and Nephro-toxicity

in Cattle by Immunofluorescence Method
Shutipen  Buranasinsup BSc, PhD*,

Arunee  Jangsangthong BS*, Piyanat  Toniti DVM, MSc*

* Department of Pre-clinic and Applied Animal Science, Faculty of Veterinary Science,
Mahidol University, Nakornpathom, Thailand

Cadmium inducing hepato- and nephro-toxicity can cause the alteration of protein expression such
as metallothionein (MT), i.e. cadmium binding protein, and the metal transcription factor-1 (MTF-1), which
plays a significant role in cellular responses to the heavy metal stress. To study the expression of these
proteins, the cattle were classified into five groups resulting from the levels of cadmium in the kidneys. Next,
the blood biochemical profiles were analyzed to estimate the liver and kidney functions. The expressions of MT
and MTF-1 proteins both in the liver and kidneys were investigated by immunofluorescence method. This
study found that the blood biochemical profiles were not correlated with the level of cadmium in these tissues;
however, the expressions of MT and MTF-1 proteins were earlier detected in the bovine which had a low
level of cadmium contamination (0.5 mg/kg). Thus, these proteins could be used as the sensitive markers to
determine the cadmium in tissue.
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Cadmium (Cd) is a highly toxic environmental
pollutant found in soil and water. The primary route of
Cd exposed to humans and animals is via the ingestion
of Cd-contaminated food. Cd is preferentially accumu-
lated not only in the liver and kidneys, but also in other
tissues under certain circumstances(1-3). This metal has
a variety of adverse effects to humans and animals due
to the dose, route and duration of the exposure. It can
damage several organs especially lungs, testis, bone,
liver and kidneys. Additionally, the Cd exposure causes
negative effects both directly and indirectly on the
bone mass: affecting directly on the osteoblast and
osteoclast functions, and interfering indirectly on
the metabolism of bone resulting in osteopenia and
osteoporosis(4-7). Cadmium inducing hepato- and
nephro-toxicity can be detected by blood chemical

profiles such as alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase
(ALP), blood urea nitrogen (BUN) and creatinine.
However, the elevations of blood chemical profiles are
detected only when the hepato and renal functions are
severely damaged.

Recently, the hepato and renal dysfunctions
can be detected by the alteration of protein expression.
The alterations of protein expression for cadmium
inducing the hepato and renal injuries are varied, for
instant, oxidative stress species, metallothionein,
metal-responsive transcription factor-1 (MTF-1) and
apoptotic enzymes.

Metallothionein (MT) is the Cd binding
protein with low molecular weight. It is rich in
cysteine and abundant in the liver and kidneys. The
precise physiological role of MT has not been fully
elucidated. Nevertheless, the proposed roles include
a) the participation in maintaining the homeostasis
of essential transition metals, b) the detoxification of
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non-essential metals and c) the protection against
intracellular oxidative stress(8-10). The cysteine residues
work on binding and storing the metal ions. One
molecule of MT is capable of binding 7 atoms of Cd(11).
Under the Cd load, the MT expression is strongly
induced at the level of transcription. The promoter
regions of the MT genes contain the acceptably
called metal-responsive elements (MRE) which are
responsible for the induction of heavy metals. The
factor binding to the MRE promoter sequences was
described as the metal-responsive element binding
the transcription factor-1, in other words, the metal
transcription factor-1 (MTF-1). MTF-1 is a ubiquitously
expressed zinc finger protein that is essential for
the heavy metal inducing the expression of MT. In
quiescent cells, MTF-1 preferentially resides in the
cytoplasm but translocates to the nucleus upon
several stress conditions, notably the heavy metal
load. Therefore, MTF-1 is the key regulator of the MT
expression(12-17). As MT and the transcription factor
(MTF-1) play the important roles in the Cd exposure,
the possibility of using MT and MTF-1 protein
expressions in tissues as the biomarkers of Cd
exposure is interesting to be investigated.

Material and method
Blood chemical analysis

The kidneys and livers from forty-five cattle
living in the Cd contaminated area were analyzed for
the Cd levels by Inductively Coupled Plasma Mass
Spectrometry (ICP-MS) technique. According to the
Cd levels in kidneys, the cattle were divided into 5
groups: Cd level < 0.5 mg/kg as group 1, Cd level 0.5-1
mg/kg as group 2, Cd level 1.1-3 mg/kg as group 3, Cd
level 3-5 mg/kg as group 4 and Cd level > 5 mg/kg as
group 5 (Table 1).

Before collecting the tissues, the serum from
forty-five cattle were collected by centrifugation and
kept at -20oC until the analysis took place. The blood
chemical analysis for testing the liver and renal
functions was conducted: blood urea nitrogen

(BUN, Reflotron®), creatinine (Reflotron®), alanine
aminotransferase (ALT, Reflotron®), aspartate amino-
transferase (AST, Reflotron) and alkaline phosphatase
(ALP, Reflotron®) by Reflovet machine.

Metallothionein and metal-responsive
transcription factor (MTF-1) detection were done by
immunofluorescence method.

Both forty-five livers and kidneys of the
cattle were preserved in the formalin buffer solution
and performed for paraffin embeds. The sections were
deparaffinized and rehydrated, followed by the
antigen retrieving method using the sodium citrate
buffer. Non-specific binding antibodies were blocked
by using 10% normal horse serum. The deparaffinized
tissue sections were incubated by the mixture of
1:400 rabbit anti-bovine metallothionein (Santa Cruz
Biotechnology, Inc.) and of 1:400 goat anti-bovine
MTF-1 (Santa Cruz Biotechnology, Inc.) in 1:1 ratio for
1 hour. After that, the tissue sections were washed in
the phosphate buffer saline (PBS) containing 0.1%
Tween-20 for 3 times, 10 minutes for each. Then, the
tissue sections were incubated by the mixture of 1:600
goat anti-rabbit IgG conjugated by the fluorescence
isothiocyanate (FITC, Santa Cruz Biotechnology, Inc.)
and of 1:600 donkey anti-goat IgG conjugated by
Texas red (TR, Santa Cruz Biotechnology, Inc.) for
30 minutes followed by washing in PBS containing
0.1% Tween-20 for 3 times, 10 minutes for each. The
fluorescence signal was detected under the fluorescence
microscopy. The livers and kidneys from two mice
were used as the negative control.

Results
Blood chemical analysis

To determine the liver function, the serum
biochemistry was analyzed: alanine aminotransferase
(ALT), aspartate aminotransferase (AST) and alkaline
phosphatase (ALP). The results shown in Fig. 1
indicated that the alterations of these enzymes were
not correlated to the levels of Cd in tissues. The
alterations of the enzymes in Group 5 were raised to the
highest level of the other groups, but the results did
not concur with the assumptions. To evaluate the
renal function, the levels of blood urea nitrogen
(BUN) and creatinine were examined. The levels of
BUN were normal in all groups, including the kidney
samples with the highest amount of Cd. The levels of
blood creatinine were also not correlated with the
levels of cadmium in kidneys.

The bar chart represented the percentage of
blood biochemistry in each bovine group. It showed

Cadmium concentration (mg/kg)

Group 1 Group 2 Group 3 Group 4 Group 5

   <0.5  0.5-1.0  1.1-3.0  3.0-5.0    >5.0

Table 1. Five study groups divided by the cadmium
concentration
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the levels which were normal, higher than normal within
20 percent, higher than normal within 20-50 percent
and higher than normal over 50 percent. The blocks in
blue, yellow, pink, green and red represented the blood
biochemistry of the bovine in Group 1, 2, 3, 4 and 5
respectively.

Metallothionein and metal-responsive
transcription factor (MTF-1) were detected by the
immunofluorescence method

To determine the metallothionein and
MTF-1 expressions, the bovine liver and kidney of
the study groups and the control group were stained
by the mixture of rabbit anti-bovine metallothionein
and of goat anti-bovine MTF-1, then followed by
the mixture of goat anti-rabbit IgG conjugated by the
fluorescence isothiocyanate (FITC) and of donkey
anti-goat IgG conjugated by Texus red (TR). The
results of these protein expressions in the study groups
were shown  in green and red colors in cytoplasm
compared with the control group which were not
stained (Table 2).

Discussion
The ingestion of cadmium (Cd) contaminated

food can cause negative effects in various organs
especially the liver and kidneys as Cd preferentially
accumulates in these tissues. Hepato- and nephro-
toxicity can be evaluated by blood biochemical profiles
such as alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP),
blood urea nitrogen (BUN) and creatinine. In fact, these
are not the sensitive and correlated markers whereas
metals associated with the proteins, e.g. metallothionein
(MT) and metal transcription factor-1 (MTF-1) are the
earlier markers and can be detected even in bovine
having the level of cadmium < 0.5 mg/kg. From the
experiment, this study suggests the protein expressions
as the sensitive markers to determine cadmium
contaminated tissue.
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การศึกษาดรรชนีที่มีความไวเพื่อวัดการสะสมพิษของแคดเมียมในตับและไตของโคขุนด้วยวิธี

immunofluorescence

ชุติเพ็ญ  บูรณะสินทรัพย์, อรุณี  แจ้งแสงทอง, ปิยะนาถ  โตนิติ

ความเป็นพิษในตับและไตที่มีสาเหตุจากแคดเมียมทำให้เกิดการเปลี่ยนแปลงการแสดงออกของโปรตีน

บางชนิด เช่น metallothionein โปรตีนซึ่งทำหน้าที่ในการจับกับแคดเมียม และ metal transcription factor-1

โปรตีนควบคุมการเริ ่มต้นของขบวนการถอดรหัส และมีบทบาทสำคัญในการตอบสนองของเซลล์ต่อโลหะหนัก

เพื่อศึกษาการแสดงออกของโปรตีนทั้งสอง ผู้นิพนธ์ได้แบ่งโคขุนเป็น 5 กลุ่มตามระดับแคดเมียมที่ตรวจพบในไต

จากนั้นทำการวิเคราะห์หาค่าชีวเคมีในเลือดเพื่อประเมินสภาวะการทำงานของตับและไต และได้ศึกษาการแสดงออก

ของโปรตีน metallothionein กับ metal transcription factor-1 ในชิ้นเนื้อตับและไตด้วยวิธี immunofluorescence

พบว่าค่าชีวเคมีในเลือดไม่สัมพันธ์กับระดับแคดเมียมที่ตรวจพบในไต อย่างไรก็ตาม การแสดงออกของโปรตีน

metallothionein กับ metal transcription factor-1 สามารถพบได้ตั้งแต่ในชิ้นเนื้อของโคขุนที่มีระดับแคดเมียม

ปนเป้ือนน้อย (0.5 mg/kg) ดังน้ันโปรตีนท้ังสองอาจใช้เป็นดรรชนีช้ีวัดท่ีมีความไวในการตรวจการปนเป้ือนของแคดเมียม

ในช้ินเน้ือ


