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Abstract:

Introduction: Cadmium is one of the most toxic heavy metals in our environments having a very strong ability
to accumulate in body organs especially in kidney. Our aim of present study was to determine the Genotoxicity
and cytotoxicity in mice kidneys exposed to cadmium.

Material and Method: we sacrificed 30 male mice in this study that randomly divided into 2 different groups
(Icontrol& Itratment) that every 5 mice in one cage and remained in standard conditions. After one week,
we applied peritoneal injection to expose mice with Cd (300um/Kg.b.wt) on 0, 6, 12, 24, 48 hrs. 24hr after
latest injection the mice were killed and their kidney obtained, then Oxidative stress markers (malondialdehide
(MDA), glutathione (GSH) and superoxide dismutase (SOD)) were assayed on homogenized kidney for studying
cytotoxicity, and for Genotoxicity& DNA damage studies, we used Comet assay on separated kidney cells.
Finally, to analyze statistical data, we used T-test and ANOVA using SPSS15 software.

Results: present results had shown that MDA and GSH concentration and also SOD (p<0.05 )activity in
treated group had a significantly increase in comparison with control group. The comet assay results obviously
showed DNA breakage in treated group that was stimulated by Cd which was not seen in the control group.
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dangerous for kidney. Brzoska et al(7) had shown
that chronic exposure to cadmium compounds can
damage the renal proximal tubular epithelial cells
as a result dysfunction proximal tubular manifested
by Low-Molecular-Weight proteinuria, glucosuria,
aminoaciduria and phosphaturia (7-9).

The molecular mechanism for described the toxic
effect of cadmium is not well understood, but it is
obvious that Cd, itself unable to generate damage
and its registered that relationship between Cd and
free radicals indirect(10). Many studies had shown
communications of Cd and oxidative stress, since
this metal compounds can alter the antioxidant
system in animals. This causes may be occurred in
levels of reduced glutathione and increase lipid per
oxidation (11;12).

Studies on animals had shown that Cd is a stimulator
for formation of reactive oxygen species (ROS)
(13) hydrogen peroxide (14) and also hydroxyl
radicals (15), that these free radicals enhance lipid
peroxidation, DNA damage, altered calcium and
sulthydryl homeostasis (16-18). These free radicals
also affect cellular function by perturbing signal
transduction, such as protein kinase C (PKC),
mutagen activated protein kinase (MAPK) and
cyclic AMP pathway, but the mechanism is largely
unknown(19;20).

Lipid peroxidation is primary mechanism for Cd
induced toxicity (21). Through the Fenton reaction,
oxidative stress produce hydroxyl radicals species
that are believe to indicate lipid per oxidation
(10;22). Following this process, free radicals are
produced and attacked to any available molecule in
intra cellular environment or the extra one, then its
lead to cellular damage(10;22).

These damages are increased when the antioxidant
defense systems such as super oxide dismutase
(SOD), Catalase (CAT) or reduced GSH, been
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suppressed by increase generation of ROS(23;24).

As the kidney is one of the main organ of Cd
accumulation (7;25) ; in this study we were postulate
kidney damage induced by cadmium, which was
related to the oxidative damage and DNA breakage

in kidney cells.

Material and method:

Animals: inthisstudy, weused 20 malemice, 5-6 week
old and initially body weight 3045 gram, obtained
from the laboratory animal house of Bagqiyatallah
University Medical of Science. The mice were kept
under standard condition (temperature 23+2 °C,
natural light-dark cycle). The mice were divided
randomly in to 2groups (lcontrol& ltratments);
housed in plastic cage - each 5 mice in one cage -
free access to drinking water and a standard diet for
one week. Then the mice were exposed by peritoneal
injection to cadmium chloride at a dose of 300um/
kg.b.wt in 0.2 ml distain water for five times, at times
0, 6,12, 24, 48 hrs. Respectively the control group
received 0.2 ml of 0.9% normal saline as placebo.
Tissue preparation: 24hr after latest injection the
animals were anaesthetized by chloroform and their
kidneys were rapidly obtained. These tissues were
transferred to 3ml ice-cold PBS for biochemical
assay& comet assay.

Biochemical assay: The tissues which had been
kept into the PBS were divided to many parts and
each part homogenized according to the analytic
assay protocol.

Total glutathione (GSH) concentration was estimated
by using “CUSABIO BIOTECH CO, Rat Glutathione
Peroxidase (GSH-PX) ELISA Kit Catalog No. CSB-
E12146r (96T)”

malondialdehide (MDA) concentration was measured
according to the method of “OXItek TBARS Assay
Kit ZMC Catalog: 0801192”
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Super oxide dismutase (SOD) activity was
determined following to the “Kamiya Biomedical
Company kit for the measurement of Superoxide
Dismutase (SOD) Inhibition Activity (K-ASSAY,
SOD Assay KT-219 (100 tests))”.

Total protein was measured following the Brad-Ford
method.

DNA damage assessment using comet assay: single
cell gel electrophoresis / comet assay had been doing
for rapid genotoxicity assessment according to the

following method:

Preparation of Slides for the SCGE/Comet Assay :
1. Prepared 1% (500 mg per 50ml PBS) and 0.5%
LMPA (250 mg per 50 ml PBS) and 1.0% NMA (500
mg per 50 ml in Milli Q water). Microwaved or
heated until near boiling and the agarose dissolved.
For LMPA, aliquot 5 mL samples into scintillation
vials (or other suitable containers) and refrigerated
until needed. When needed, briefly melt agarose
in microwave or by another appropriate method.
Placed LMPA vial in a 37°C dry/water bath to cool
and stabilize the temperature.

2. Dipped the slides in methanol and burned over a
blue flame to remove the machine oil and dust.

3. While NMA agarose was hot, dipped conventional
slides up to one-third the frosted area and gently
removed. Wiped underside of slide to removing
agarose and laid the slide in a tray on a flat surface
to dry.

Electrophoresis of Micro gel Slides

The procedure described is for electrophoresis under
pH>13 alkaline conditions.

1. After at least 2hour at ~4°C, gently removed slides
from the Lysing Solution. Placed slides side by side
on the horizontal gel box near one end, sliding them
as close together as possible.

2. Filled the buffer reservoirs with freshly made

pH>13 Electrophoresis Buffer until the liquid level
completely covers the slides (avoid bubbles over the
agarose).

3. Let slides sit in the alkaline buffer for 20 minutes to
allow for unwinding of the DNA and the expression
of alkali-labile damage.

4. Turned on power supply to 24 volts (~0.74 V/
cm) and adjusted the current to 300 milli amperes
by raising or lowering the buffer level. Depending
on the purpose of the study and on the extent of
migration in control samples, electrophorese the
slides for 30 minutes.

5. Turned off the power. Gently lifted the slides from
the buffer and placed on a drain tray. Dropped wise
coat the slides with Neutralization Buffer, let sit for
at least 5 minutes. Drained slides and repeat two
more times.

6. Slides may be stained with 80uL 1X Ethidium
Bromide, leave for 5 min and then dipped in chilled
distilled water to remove excess stain. The coverslip
was then placed over it and the slides are scored
immediately or dried before staining as in step 7.

7. Drained slides; kept them for 20 min in cold 100%
ethanol or cold 100% methanol for dehydration. Airs
dries the slides and placed them in an oven at 500C
for 30 min. Store in a dry area.

8. When convenient, rehydrated the slides with
chilled distilled water for 30 min and stain with
EtBr as in step 6 and covered with a fresh coverslip.
Before viewing slides, blot away excess liquid on
the back and edges. After scoring, remove coverslip,
rinse in 100% alcohol to remove stain, let dry, and
store for archival purposes if needed.

We say that, necessary, DNA breaking index factors
determine quantifiable (Tail length, %DNA in Tail,
Head diameter, %DNA in head) with comet score

software.
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Statistical analysis: all data were expressed as mean
+ SD for number of 10 experiment in each group
(n=10). Statistical analysis was performed with
T-test. Also experimental groups were compared
using a one-way analysis of variance (ANOVA). We
used Statically Product and Service Solution (SPSS)
version 15.0 for analysis which achieved data. In this

study p<0.05 was considered significantly.

Results:

SOD activity and GSH& MDA concentrations:

In the groups that exposed to the Cd, our results
showed an increase in the activity of SOD in
comparison with the control group (p<0.01). And the
concentrations of MDA and GSH also had shown
a significant increase in comparison with control
group (p<0.03). (Tablel)

DNA breakage as DNA damage in comet assay:

By using of this method we saw that DNA of kidney
cells which exposed to cadmium has been breakage
and during the alkaline electrophorese moved to a
tail from nucleus. (Figl)

Output results from the comet score software,
obviously shown that cadmium has a potential for

DNA breakage. (diagram1).

Discussion:

The kidney has been recognized as a critical target
organ of Cdtoxicity. The present study was undertaken
to assess the oxidative status, DNA damage and
cytotoxicity of kidney after acute exposing to Cd.
The mechanism of Cd-induced kidney damage is
considered to be related to increased oxidative status.
Increasing of oxygen of free radicals production
seem to be induced by the interaction of Cd with
mitochondrial structure (26).

For this purpose, concentration of MDA as an
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oxidative attack marker- an indicator of lipid
peroxidation- and GSH for determined strength of
antioxidant defense system and also the activity of
antioxidant enzymes such as SOD, were determined
in kidney. A comet assay was applied for detecting
DNA damage in kidney cells.

A substantial alteration in GSH and MDA levels due
to Cd treatment has been reported previously (26-
28). Several studies have been demonstrated the Cd
exposure is associated with increased production of
super oxide anions (29) and MDA (30) and decreased
tissue levels of GSH (10). Thus in the present study,
we had endeavored to probe significant relationships
between kidney GSH, MDA and SOD following
acute peritoneal expose to cadmium.

In our study we have observed that MDA was
significantly increased in mice which were exposed
to Cd in comparison with control group. These
results, suggest an increase renal oxidative stress
following acute expose to Cd, that similar result had
been reported by Babu et al (2006)(30) previously.
According our results, the increase of kidney GSH
could be explained by its stimulating to neutralize the
increased oxygen free radicals in an acute exposing
condition. That is in contrast with Murugavel and
Pari(2007)(10).

In agreement with these data, we have observed that
renal content of SOD was increased that is against
with Bin Xu et al(31).

This different result in SOD activity can be explained
by two different causes: First, experimental condition
of exposing, in this survey, we used an acute
exposing but in Bin Xu et al(2008)(31), they used a
chronic exposing method. Second, in acute exposing,
Cd, it 1s not able to interact between Zn and Cu in
active site of SOD, but in chronic exposing, Cd has
an ability to interact with Zn and Cu and therefore
inhibited the SOD activity (7;25;32;33). Although,
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increased oxygen free radicals were associated to
increase level of antioxidant enzyme in consist.
Cd-induced increase MDA concentration in kidney
indicates an escalation of lipid peroxidation in
this organ due the oxidative stress. Enhancing
peroxidation of lipid in intra- and extra cellular,
explains a damage to the cells, tissues and organs
that may be due to inability of antioxidant defense
systems.

Results of our comet assay on the kidney cells,
showed an obvious DNA breakage in treated mice
that is not seen in control group. That is providing

which cadmium can act as a carcinogen and mutagen

material.

Our results in this study shown that Cd has ability
in accumulation in kidneys cells and could harmful
for nucleus and cell organelles. Therefore we sagest
persons how work and expose with Cd, should
follow up for any damage and also should improve
antioxidant defense system.
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Diagraml:

Analysis of comet picture with comet score software.

Tablel :

SOD activity and GSH& MDA concentrations in homogenized kidney

GSH(pmol/g.pr) MDA (nmol/g.pr) SOD(U/mg.pr)
Control group 15.61+3.89 287.01+£37.30 77.75+4.12
Treated groups 28.52+5.22" 609.24+87.87" 218.91+5.40%*

*: significant with control group(p<0.03)
**: significant with control group(p<0.01)

All data were expressed as mean + SD for number of 10 experiments in each group (n=10). In the groups that exposed
to the Cd, our results showed an increase in the activity of SOD in compare with the control group (p<0.01). And the

concentrations of MDA and GSH also had shown a significant increase in compare with control group (p<0.03).

Figurel: picture from comet assay on kidney cells. (a) A normal kidney cell: this
picture doesn t show any DNA breakage and movement. (b) Kidney cells which
exposed to Cd: the DNA from these cells has a significant breakage and movement
that showed following the comet assay.
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This diagram showed DNA amount in nucleus (DNA
in Head), DNA movement during the Comet (Comet
Length) and DNA amount in tail. The result showed
significant changes in treated group in compare with

control group.

a5

40
= Cd exposed cell

& Normal cell

micron

Tail.Lenght Comet.Lenght Head. i

Reference

1) M.A.El-Hady, H.S.EI-Sabbagh. transplacental transfer
of cadmium and its toxic effect on the emberyo-fetal
development in rats. Egypt; 1995 p. 309-16.

2) B.T.Emmerson. ouch-ouch disease:the osteomalacia
of cadmium nephropathy. Annals of internal medicine
1970;37:854-5.

3) Feriberg, C-G.Elinder, T.Kjelstrom, G.F.Nordberg.

health:a

epidemiological appraisal. 1986. Boca Raton, CRC

cadmium  and toxicological — and
press.

Ref Type: Pamphlet

4) International Agency for Research on Cancer,
Beryllium, cadmium, mercury, and exposures in the
glass manufacturing industry. International Agency for
Research on Cancer Monographs on the Evaluation
of Carcinogenic Risks Humans. 58, 119-237. 1993.
france.

Ref Type: Generic

5) RB Kalahasthi, RH Rao, RB Murthy, MK Kumar. Effect

of chromium on the status of plasma lipid peroxidation

18 —

and erythrocyte antioxidant enzyme in chromium
plating workers. Chemistry and biologiy interaction
2006,164:192-9.

6) L.Ja’rup, M.Berglund, C.G.Elinder, G.Nordberg,
M. Vahter. Health effects of cadmium exposure: a review
of the literature and a risk estimate. Scandinavian
Journal of Work, Environment and Health 1998;24:1-
51

7) MM Brzoska, M Kaminski, D Supernak-Bobko, K
Zwierz, J Moniuszko-Jakoniuk. Changes in the
stracture and function of the kidney of rat chronically
exposed to cadmium. Archive of Toxicology
2003;77(Biochemicaland histopathlogical studies).

8) M Piscator. The nephropathy of chronic cadmium
poisoning. In: EC Foulkes, editor. Handbook of
experimental pharmachology.New York: Springer;
1986. p. 180-94.

9) S Thijssen, J Maringwa, C Faes, I Lambrichts, ?E Van
Kerkhove. Chronic exposureof mice to environmentally
revalent, Low doses of cadmium leads to early
damage, not predicted by blood or urine cadmium
levels. toxicology 2007;299:145-56.

10) P Murugavel, L pari. Effect af dially tetrasulfide on
cadmium-inducedoxidative damage in the liver of
rats. Human exprimental toxicology 2010;26:527-34.

11) R.Zikic, A.Stajn, Z.Saicic, et al. he activities of
superoxide dismutase, catalase and ascorbic acid
content in the liver of goldfish (Carassius auratus
gibelio Bloch.) exposed to cadmium. Physilogy
Research 1996;45:479-81.

12) D.Bagchi, P.Vuchetich, M.Bagchi, E.Hassoun, M.Tran,
L.Tnag, et al. Induction of oxidative stress by chronic
administration of sodium dichromate [chromium VI]
and cadmium chloride [cadmium II] to rats. Free
Radical Biology and Medicine 1997;22:471-8.

13) M.A.Amoruso, B.D.Goldstein. Enhancement of rat
and human phagocyte superoxide anion radical
production by cadmium in vitro. Toxicology Letter
1982;10:133-8.

14) Z. Wong, W.Troll, K.L.Koenig, K.Frenkel. Carcinogenic
sulfide salts of nickel and cadmium induce H202
formation by human polymorphonuclear leukocytes.
Cancer Reaserch 1990;20:7564-70.



Masoomeh Masoomikarimi, et al

International Journal of Medical Toxicology and Forensic Medicine

15) TOchi, FOtsuka, K Takahashi, M. Oshawa.
Glutathione and metallothioneins as cellular defense
against cadmium toxicity in culture Chinese hamster
cells. Chemistry and biologiy interaction 1998;65:1-
14.

16) M.Sugiyama.
metal-induced damage. Cell Biology and Toxicology
1994;10:1-22.

17) S.S.Leonard, G.K.Harris, X.Shi. Metal-induced
oxidative stress and signal transduction. Free Radical
Biology and Medicine 2004,;37:1921-42.

18) M. Valko, H.Morris, M.T.Cronin. Metals, toxicity

Role of cellular antioxidants in

and oxidative stress. Current Medicinal Chemistry
2005;12:1161-208.

19) P Joseph, TK Muchnok, ML Klishis, JR Roberts, JM
Antonini, WZ Whonge, et al. Cadmium-induced cell
transformation and tumorgenesis are associated with
transcriptional activation of c-fos, c-jun, and c-mey
proto-onchogenes. Toxicology Science 2001,61:295-
303.

20) M Lag, M Refsnes, EM Lilleaas, JA Holme, R Becher,
PE Schwarze. Rol af mitogen activated protein kinases
and protein kinase C in cadmium-induced apoptosisof
primery epithelial lung cell. toxicology 2005;211:253-
64.

21)J.D.Eneman, R.J.Potts, M.Osier, G.S.Shukla, C.H.Lee,
J.F.Chin. Suppressed oxidant induced apoptosis in
cadmium adapted alveolar epithelial cells and its
potential involvement in cadmium carcinogenesis.
toxicology 2000,7:215-28.

22) S.J.Yiin, C.L.Chern, J.Y.Shen. Cadmium-induced
renal lipid peroxidation in rats and protection by
selenium. Journal of Toxicology and Environmental
Health 1999,;57:403-13.

23)  J.M. Mates,
Antioxidant enzymes and human diseases. Clinical
Biochemistry 1999;32:595-603.

24) K.Datta, S.Sinha, P.Chattopadhyay. Reactive oxygen

C.Perez-Gomez, IN.De Castro.

species in health and disease. National Medical
Journal of India 2000,13:304-10.

25) MM Brzoska, J Moniuszko-Jakoniuk, B Pilat-
Marcinkiewicz, B Sawicki. liver and kidney function
and histology in rats exposed to cadmium and ethanol.
Alcohol an Alcoholism 2003;38:2-10.

26) Tang W, Shaikh ZA. Renal cortical mitochondrial
dysfunction  upon  cadmium  metallothionein
administration to sprague-dawley rats. Journal
of Toxicology and Environmental Health - Part A
2001;63(3):221-35.

27)J.Huimin, H . Guoan, L.Baoqui, G.Huafang, Y.Younong,
S.Shuai. Antagonism of zinc and selenium to cadmium-
in-duced lipidperoxidation in rats. Shandong Yike
Daxue Xuebao 1994,;32:127-9.

28) S.Bose, B.Mukherjee, S.Choudhury, S.Bhattacharyya.
Correlation of metal distribution,reduced glutathione
and metallothionein levels in liver and kidney of rats.
Indian Journal of Experimental Biology 1994,32:679-
81.

29) Szuster-Ciesielska A, Stachura A, S éotwi__ska M,

Kami__ska T, Sniezko R, Paduch R, et al. The inhibitory
effect of zinc on cadmium-induced cell apoptosis and
reactive oxygen species (ROS) production in cell
cultures. toxicology 2000,145(2-3):159-71.

30) Babu KR, Rajmohan HRR, Rajan BKM, Kumar M.
Plasma lipid peroxidation and erythrocyte antioxidant
enzymes status in workers exposed to cadmium.
Toxicol Ind Health 2006,22(8):329-35.

31) Xu B, Xu ZF, Deng Y, Yang JH. Protective effects of
Chlorpromazine and Verapamil against cadmium-
induced kidney damage in vivo. Experimental and
Toxicologic Pathology 2010 Jan;62(1):27-34.

32) Hopf G, Bocker R, Bischoff J, Werner MG, Estler
CJ. Investigation into the combined effects of ethanol
and cadmium on rat liver and kidneys. Archives of
Toxicology 1990;64(6):470-3.

33) Brz__ska MM, Moniuszko-Jakoniuk J, Jurczuk M, Ga_
eazyn-Sidorczuk M. Cadmium turnover and changes
of zinc and copper body status of rats continuously
exposed to cadmium and ethanol. Alcohol Alcohol
2002;37(3):213-21.

— 19





