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Abstract
Cadmium (Cd) a highly toxic metal is considered to be a multitarget toxicant, principally its accumulates in the liver, kidney
and hardly get into the brain parenchyma by the brain-barrier system. In this study, Cd (3 mg/kg body weight (b. w.)) was
subcutaneously administered to rats for 3 weeks, which shows significantly (P<0.05) increase acetylcholinesterase enzyme
activity, with significant elevation of lipid peroxidation along with significant (P<0.05) decreased in the levels of antioxidants
and ATPases enzymes in the brain. Oral administration of silibinin (SB) at 80 mg/kg b. w. significantly normalized the
acetylcholinesterase activity and reduced the levels of lipid peroxidation and also restored the antioxidant and ATPases
enzymes in the brain when compared to other doses of SB (20 and 40 mg/kg b.w.). From this study we conclude that SB
improves the changes in acetylcholinesterase, ATPases and oxidative injury by Cd- induced in brain.
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INTRODUCTION
Cadmium (Cd) is a neurotoxic heavy metal, inorganic toxicant
of great environmental and human health concern. Cd produces
neurotoxicity with a complex pathology that includes neurological
dysfunction in adults and children (Shukla and Singhal, 1984; Hart et
al., 1989), changes in neurochemistry (Gupta et al., 1993; GutierrezReyes et al., 1998; Antonio et al., 1999) and behavioral alterations in
young rats, (Wong and Klaassen, 1982; Holloway and Thor, 1988).
Experimental studies have reported histopathological damage with
extensive haemorrhagic lesions, destruction of fibers, edema and
pyknotic cells in the brain of developing rats (Wong and Klaassen,
1982; Me´ndez-Armenta et al., 2001) and young rabbits compared
with adults after Cd exposure (Gabbiani et al., 1967). It has been
proposed that the age of the animal plays an important role on the
neurotoxic effects of Cd (Gupta et al., 1993).
Brain is highly susceptible to oxidative lipid injury (Lipid
Peroxidation) (LPO), because of it having high content of
peroxidizable unsaturated fatty acids, high oxygen consumption per
unit weight and its poorly developed antioxidative defense
mechanism and a high content of transition metals like copper and
iron in several regions (Floyd, 1999: Calabuse et al., 2000). Cd can
hardly get into the brain parenchyma by the brain-barrier system, i.e.
the blood-brain and the blood-cerebrospinal fluid (CSF) barriers
(Takeda et al., 1999).
Cd itself is unable to generate free radicals directly because it
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has only one oxidation state, however, indirect generation of both
radicals and non radicals such as superoxide radical, hydroxyl
radical, nitric oxide and hydrogen peroxide respectively, which in turn
leads to a modification in structural integrity of lipids and secondarily
affects membrane bound enzymes (Acan and Tezcan, 1995: Shukla
et al., 1996). Several reports shows that Cd induces the LPO and it
has an inhibitory action on the antioxidant enzymes and membrane
bound ATPases (Garcia and Corredor, 2003: Carageogiou et al .,
2004, Pari and Murugavel, 2007). The brain tissues membrane has
been susceptible to LPO, which can lead to loss of adenosine
triphosphatases (ATPases) activity and cell dysfunction (Bonting,
1970: Ohinishi et al., 1982). ATPases are lipid dependent membrane
bound enzymes that play a key role in the active transport of ions,
maintenance of cellular homeostasis and also in neurotransmission
process. Cd alters the activities of enzymes in particularly
neutralizing the oxidative stress, which can interfere with brain
metabolism and also contribute to the neurotoxic effect. Cd increase
acetylcholinesterase activity and decrease total antioxidant status in
brain of adult male rats (Carageorgiou et al., 2005).
Antioxidants are very important in oxidative stress-related
disorders and it act as therapeutic agents. The antioxidant
possessing compound can counteract the decrease in ATPase
activity and the increase in oxidative stress that are induced by cd
(El-Missiry and Shalaby, 2000).
Flavonolignan Silibinin (Fig,1) is a main biologically active
component of the polyphenolic compound silymarin , which was
the extract of milk thistle seeds from silybum marianum(L).Silibinin
acts mainly as an effective antioxidant (Mira et al, 1994: Valenzuela
and Garrido, 1994: Saller et al , 2001 : Wellington and Adis, 2001)
and free radical-scavenging activity (Winterbourn,2008). It also
possess hepatoprotective (Ferenci et al , 1989), anticancer (Deep
and Agarwal,2007), chemoprotective (Comelli et al , 2007),
hypocholesterolemic (Hertog et al , 1993: Skottova et al, 1999),
cardioprotective (Agoston et al , 2001 : Agoston et al , 2003 ) and
neuroactive and neuroprotective (Wang et al , 2002 : Kittur et al ,
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2002) activities.
The protective effect of silibinin on cadmium induced
neurotoxicity, however, has not been studied. We therefore
investigated in wistar male rats whether silibinin therapy improves
the cd induced alterations in acetylcholinesterase,ATPases and
oxidative stress in brain of experimental rats.
MATERIALS AND METHODS
Chemicals
Silibinin, cadmium chloride and other fine chemicals were
obtained from Sigma – Aldrich, Co. (St. Louis, Mo, USA). All the
other chemicals were of analytical grade obtained from a local firm
(India).
Animals and experimental design
Male wistar rats of initial body weight 180-220g were used in
this experimental study. The rats were bred in the Central Animal
House, Rajah Muthiah Medical College, Annamalai University
(temperature (28 ± 2 °C; natural light-dark cycle). The laboratory
animal protocol used in this study was approved (Approval No: 610,
2009) by the Institutional Animal Ethical Committee (IAEC) at
Annamalai University, Annamalainagar, India. In this experimental
study, a total of 36 rats were used. The total rats were divided into
six groups of six rats in each
.
Group 1
Control rats (Vehicle treated)
Group 2
Normal rats orally administrated with Silibinin (80mg/kg
bw/day) dissolved in 0.1% Dimethyl Sulphoxide
(DMSO) for 3 weeks.
Group 3
Normal rats were subcutaneously received Cd as
cadmium chloride (3mg/kg bw/ day)(Pari and
Murugavel, 2005) in isotonic saline for 3 weeks.
Group 4
Rats subcutaneously received Cd (3mg/kg bw/day)
followed by oral administration of silibinin (20mg/kg
bw/day) in 0.1% DMSO for 3 weeks.
Group 5
Rats subcutaneously received Cd (3mg/kg bw/day)
followed by oral administration of silibinin (40mg/kg
bw/day) in 0.1% DMSO for 3 weeks.
Group 6
Rats subcutaneously received Cd (3mg/kg bw/day)
followed by oral administration of silibinin (80mg/kg
bw/day) in 0.1% DMSO for 3 weeks.
After experimental period (21days), the treated rats were
fasted overnight and sacrificed by decapitation. Blood was collected
with anticoagulant and plasma were collected through centrifugation
at 2000 x g for 20 min. whole brain was immediately dissected out,
washed in ice-cold saline to remove the blood. The brain tissues
were homogenized (10%,w/v) in appropriate buffer (pH 7.4) and
centrifuged (1000 x g for 10 min) and the clear supernatant was used
for various biochemical assays.
Determination of acetylcholinesterase activity
Acetylcholinesterase (AchE) activity was determined by using
acetylthiocholine iodide as a substrate according to the method of
Ellman et al (1961). AchE hydrolyzes acetylthiocholine iodide into
thiocholine and butyric acid in plasma and brain tissue samples. The
thiocholine reacts with 5,5’ – dithiobis (2-nitrobenzoic acid) to form 5thio-2-nitrobenzoic acid and yellow colour developed was measured
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in UV-spectrophotometer at 412nm.
Estimation of LPO and protein carbonyl contents.
LPO in brain was determined by measuring the levels of
thiobarbituric acid reactive substances (TBARS) and lipid
hydroperoxides (LOOH) by the method of Niehaus and Samuelsson
(1968) and Jiang et al (1992),respectively. The level of protein
carbonyl content in brain tissue homogenate was determined by the
method of Levine et al (1990).
Determination of antioxidant activities.
The levels of reduced glutathione (GSH) in the brain was
estimated by spectrophotometric method based on the reaction with
Ellman’s reagent (19.8mg DTNB in 100ml of 0.1% sodium citrate)
according to Moron et al (1979). The total sulphdryl groups (TSH)
levels was determined after the reaction with 5,5’-dithiobis (2nitrobenzoic acid) using the method of Ellman (1959). The activities
of superoxide dismutase (SOD)(Kakkar et al., 1984), Catalase
(CAT)(Sinta, 1972), glutathione peroxidase (GPx)(Rotuck et al.,
1973) and glutathione-S-transferase (GST)(Habig et al., 1974) were
also measured in brain tissue homogenate by spectrophotometrically.
The protein concentrations were also measured in brain tissue
homogenate by the method of Lowry et al (1951).
Determination of ATPases activities
Total ATPase activity in brain tissue homogenate was
measured by the method of Evans (1969). The ATPase activity in
0.1ml aliquot of the tissue homogenates were measured in a final
volume of 2ml, which containing 0.1ml of 0.1M Tris-HCl (pH 7.4),
0.1ml of 0.1M NaCl, 0.1ml of 0.1M MgCl2,1.5ml of 0.1M KCl, 0.1ml of
1mM EDTA and 0.1ml of 0.01M ATP. The reaction was arrested
after 20min by the addition of 1ml of 10% TCA and then centrifuged
(1500 x g for 10 min), and the liberated inorganic phosphorus (Pi)
was estimated in the protein free supernatant. The liberated Pi was
estimated according to the method of Fiske and Subbarow (1925).
The activity of Na+/K+-dependent ATPase was determined by
the method of Bonting, (1970). In this assay, 0.2ml of brain tissue
homogenate was added to the mixture containing 1ml of 184mM
Tris-HCl buffer (pH 7.5), 0.2ml of 50mM MgSO4, 0.2ml of 50mM KCL,
2ml of 600mM NaCl, 0.2ml of 1mM EDTA and 0.2ml of 10mM ATP
and incubated for 15min at 37ºc. The reaction was stopped by the
addition of 1ml of ice-cold 10%TCA. Then the amount of Pi liberated
was estimated in protein-free supernatant at 412nm. The activity of
Ca2+-ATPase was assayed according to the method of Hjertan and
Pan (1983). In brief, 0.1 ml of tissue homogenate was added to
mixture containing 0.1 ml 0f 125 mM Tris-HCl buffer (pH 8), 0.1 ml of
50 mM CaCl2 and 0.1 ml of 10mM ATP. The contents were
incubated at 37˚C for 15 minute. The reaction was then arrested by
the addition of 0.5 ml of ice cold 10% TCA and centrifuged. The
amount of Pi liberated was estimated in supernatant. The activity of
Mg2+ - ATPase was assayed by the method of Ohinishi et al. (1982).
The incubation mixture contained 0.1 ml of 375 mM Tris-HCl buffer
(pH 7.6), 0.1 ml of 25 mM MgCl2, 0.1 ml of 10 mM ATP, 0.1 ml of 10
mM ATP, 0.1 ml water and 0.1 ml of tissue homogenate. The
contents were incubated for 15 minute at 37˚C and the reaction was
arrested by adding 0.5 ml of 10 % TCA. The liberated Pi was then
estimated in protein free supernatant. The activities of these ATPase
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enzymes in tissue homogenate were expressed as µg Pi
liberated/min/mg protein.
Statistical analysis
All data’s are expressed as mean ± SD of number of
experiments (n=6). The statistical significance was evaluated by oneway analysis of variance (ANOVA) using SPSS version 11.5 (SPSS,
Cary, NC, USA), and the individual comparison were obtained by
Duncans’ Multiple Range Test (DMRT). Values were considered
statistically significant when P<0.05 (Duncan, 1957).

To determine whether the Silibinin (SB) has beneficial effect
in Cd induced oxidative injury in brain, we performed this study with
a fixed dose of SB (80 mg/kg body weight).
Levels acetylcholinesterase activities
Fig. 2 indicates the activity of AchE in plasma and brain of
control and experimental rats. The activities of AchE in brain and
plasma was significantly (P<0.05) decreased in Cd intoxicated rats
whereas in the oral administration of SB (80 mg/kg body weight)
significantly (P<0.05) reversed to near normal.

RESULTS

Fig 2. Changes in the activities of acetylcholinesterase (AchE) in plasma (A) and brain (B) of control and experimental rats. ATCI: acetyl thiocholine iodide; CON: control;
SB: silibinin; Cd: cadmium. Values are mean ± SD for 6 rats in each group. a-c In each row, means with different superscript letter differ significantly at p<0.05 (DMRT).

Levels of LPO, protein carbonyl contents and GSH
The levels of LPO products (TBARS and LOOH) and protein
carbonyl contents were significantly (P<0.05) increased, while the
level of GSH is significantly (P<0.05) decreased in brain of control

and experimental rats (Table. 1). After oral administration of SB (80
mg/kg body weight) to Cd intoxicated rats, the elevated levels of
TBARS, LOOH and protein carbonyl contents were significantly
(P<0.05) decreased with significant (P<0.05) increase in the level of
GSH when compared with Cd alone treated group.

Table 1. Changes in the levels of LPO markers, protein carbonyl contents and GSH in brain of control and experimental rats

Parameters

Control

Normal + SB (80 mg/kg)

Normal + Cd (3 mg/kg)

Cd (3 mg/kg) +
SB (80 mg/kg)
15.96 ± 1.59c

TBARS (µmol/g tissue)

13.05 ± 0.96a

12.02 ± 0.93a

21.48 ± 3.06b

LOOH (mmol/g tissue)

1.02 ± 0.14a

0.96 ± 0.05a

1.95 ± 0.34b

1.26 ± 0.07c

Protein Carbonyl Contents (nmol/mg
protein)

3.97 ± 0.54a

3.41 ± 0.56a

8.39 ± 0.84b

4.68 ± 0.07c

GSH (µg/mg protein)

3.76 ± 0.23a

3.82 ± 0.21a

1.33 ± 0.18b

2.94 ± 0.43c
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significantly (P<0.05) reverse the antioxidant activities to near normal.
The data in table 2 demonstrate the activity of ATPase enzymes
(Na+/K+-ATPase, Ca2+-ATPase and Mg2+-ATPase) in brain of control
and experimental rats. Treatment with SB (80 mg/kg body weight)
significantly (P<0.05) increased the activities of ATPases enzymes in
brain when compared to Cd alone treated rats.

Antioxidant and ATPases activities
The Fig 3 demonstrates the changes in the antioxidant
enzymes activity in brain of control and experimental rats. A
significant (P<0.05) decrease in the activities of SOD, CAT, GPx and
GST were observed in Cd intoxicated rats on comparison with
control rats. Oral administration of SB (80 mg/kg body weight)
14
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Fig 3. Changes in the activities of superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx) and glutathione-S-transferase (GST) in brain of control and
experimental rats
CON: control; SB: silibinin; Cd: cadmium. The activities of the enzymes are expressed as follows: SOD - One unit of enzyme activity was taken as the enzyme reaction, which gave
50% inhibition of nitroblue tetrazolium reduction in one minute/mg protein; CAT - µmoles of H2O2 consumed/min/mg protein; GPx - µg of glutathione consumed/min/mg protein;
GST- µmoles of 1-chloro2,4-dinitrobenzene- GSH conjugate formed/min/mg protein. Values are mean ± SD for 6 rats in each group. a-c In each row, means with different
superscript letter differ significantly at p<0.05 (DMRT).

Table 2. Changes in the activities of adenosine triphosphatase (ATPase) enzymes in brain of control and experimental rats
Control

Normal +SB (80 mg/kg)

Normal + Cd (3 mg/kg)

Cd (3 mg/kg) + SB (80
mg/kg)

Total ATPases (µg Pi
liberated/min/mg protein)

1.55 ± 0.14a

1.59 ± 0.15a

0.98 ± 0.07b

1.38 ± 0.15c

Na+/K+- ATPase (µg Pi
liberated/min/mg protein)

0.40 ± 0.03a

0.42 ± 0.01a

0.23 ± 0.01b

0.35 ± 0.04c

Ca2+ - ATPase (µg Pi
liberated/min/mg protein)

0.55 ± 0.09a

0.58 ± 0.05a

0.29 ± 0.03b

0.48 ± 0.04c

Mg2+ - ATPase (µg Pi
liberated/min/mg protein)

0.43 ± 0.04a

0.44 ± 0.04a

0.21 ± 0.01b

0.35 ± 0.05c

Groups

Discussion
Numerous studies demonstrate that changes in the
antioxidant system and impairment of sodium and potassium
transport are essential factors involved in the brain tissue
disturbance in various kinds of oxidative injury in the central nervous
system (Jenner, 1998: Slyshenkov et al., 2002: Pari and Murugavel,
2007). The potency of Cd as a neurotoxin has been demonstrated in
both invitro and in vivo studies (Antonio et al., 2003: MendezArmenta et al., 2003: Monroe and Halvorsen, 2006: Pari and
Murugavel, 2007).
Oxidative stress affects numerous cellular components, such
as DNA, lipids and proteins, through oxidation reactions. Recent

studies have shown that cadmium produce reactive oxygen species,
resulting in an increased lipid peroxidation depletion of sulfhydryls,
altered calcium homeostasis and finally DNA damage (MendezArmenta et al., 2003: Pari and Murugavel, 2007).
Oxidative stress refers to the cytopathalogical consequences
of an imbalance between the production of free radicals in the brain
and the ability of the cell to defend against them (Zhu et al., 2006).
Cd can penetrate the blood brain barrier and accumulate into the
brain which is easily susceptible to oxidative lipid injuries, named
lipid peroxidation (LPO) (Gutierrez-Reyes et al., 1998). In this study,
the elevation of LPO and increased formation of protein carbonyls
with reduced levels of TSH in Cd intoxicated rat brain might be due
to over production of free radicals and LPO end products, where
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leads to oxidative modification of proteins.
CONCLUSION
“leads to oxidative modification of proteins.” Chelation of Cd
reduces the oxidative stress, reverses the antioxidant level and
glutathione metabolizing enzymes activities due to the presence of
hydroxyl groups in SB and it react with free radicals (Sun and
Oberley, 1996).
Changes in the activities of membrane bound ATPases are
estimated to exert a significant impact on the physiological and
metabolic functions of cellular membrane. Previous studies showed
that Cd decreased the membrane fluidity and increased LPO by
binding to phospholipids (Shaikh et al., 1999), and target various
intracellular proteins and membrane transporters at their cytoplasmic
side by binding to their reactive SH or COO groups (Stacey and
Klaassen, 1999).
The maintenance of the cation gradient by the ATPase
enzymes is essential and fundamental for the regulation of cell
growth and differentiation, which are critical for the normal
functioning of the cells. The changes in ionic concentrations can
bring about diverse types of cell injury, which ultimately lead to cell
death (Kane, 1996). Our data indicate a remarkable diminution in the
activities of membrane bound ATPases in the tissues. These findings
corroborate with the previous studies in which Cd has been shown to
inhibit the activities of Na+/K+ ATPase, Mg2+ ATPase and Ca2+
ATPase (Torre et al., 2000; Garcia and Corredor, 2003;
Carageorgiou et al., 2004).
Administration of SB depleted the elevation of LPO in the
tissues and sustained the activities of membrane bound enzymes.
The preservation of cellular membrane integrity by SB depends on
their antioxidant properties that neutralize the oxidative reactions.
The lipophilic nature of SB favours its passage through the
membrane, and can accommodate in the lipid bilayer, thereby
protecting the radical attack and maintaining the normal physiology
of the membrane. In addition, SB reduced the accumulation of Cd
and improved the levels of endogenous antioxidants involved in
membrane protection (Van Acker et al., 1995), which in turn reduced
the Cd induced alterations in membrane bound enzymes as well as
ionic gradients within the cell.
In conclusion, our studies shows that the SB may improve the
changes in membrane bound enzymes such as acetylcholinesterase,
ATPases and oxidative injuries induced by the Cd in brain. Its action
may be due to the presence of hydroxyl groups in SB and it react
with free radicals. Further studies are also required to study of the
SB in Cd intoxicated rats.

REFERENCES
[1] Acan N.L., Tezcan, E.F., 1995. Inhibition kinetics of sheep
brain glutathione reductase by cadmium ion. Biochem. Mol.
Med. 54, 33-37.
[2] Agoston, M., Cabello, R. G., Blazovics, A., Feher,J., Vereckei,
A., 2001. The effect of aminodarone and /or antioxidant
treatment on splenocyte blast transformation
[3] Antonio, M.T., Corpas, I., Leret, M.L., 1999. Neurochemical
changes in newborn rats brain after gestational cadmium
and lead exposure. Toxicol. Lett. 104, 1-9.

[4] Bonting, S. L., 1970. Presence of enzyme system in
mammalian tissues, In: Bilter, E.E. (Ed), Membrane and
Ion transport. Wiley Inter Science, London, 257-263.
[5] Calabrese, V., Bates, T.E., Stella, A.M.G., 2000. No
synthase and No-dependent signal pathways in brain
aging and neurodegenerative disorders: the role of
oxidant/antioxidant balance. Neurochem. Res. 25, 13151341.
[6] Carageorgiou H., Tzotzes V., Sideris A., Zarros A., Tsakiris
S., 2005. Cadmium effects on brain acetylcholinesterase
activity and antioxidant status of adult rats: modulation by
zinc, calcium and L-cysteine co-administration, Basic Clin.
Pharmacol. Toxicol. 97, 320-324.
[7] Carageorgiou, H., Tzotzes, V., Pantos, C., Mourouzis, C.,
Zarros, A., Tsakiris, S., 2004. In vivo and in vitro effects of
cadmium on adult rat brain total antioxidant status,
acetylcholinesterase (Na +, K+)- ATPases and Mg2+ATPases activities: Protection by L-cysteine. Basic Clin.
Pharmacol. Toxicol. 94, 112-118.
[8] Comelli, M. C., Mengs, U., Schneider, C., Prosdocimi, M.,
2007. Toward the definition of the mechanism of action of
silymarin : activities related to cellular protection from toxic
damage induced bychemotherapy. Integr. Cancer ther. 6,
120-129.
[9] Duncan, B.D., 1957. Multiple range test for correlated and
heteroscedastic means. Biometrics. 13, 359-364.
[10] Floyd, R .A., 1999. Antioxidant oxidative stress and
degenerative neurological disorders. Proc. Soc. Exp. Biol.
Med. 222, 236-245.
[11] Gabbiani, G., Baic, D., De´zxel, C., 1967. Toxicity of
cadmium for the central nervous system. Exp. Neurol. 18,
154-160.
[12] Galan, A., Garcia-Bermejo, L., Troyano, A., Vilaboa, N.E.,
Fernandez, C., de Blas, E., Aller, P., 2001. The role of
intracellular oxidation in death induction (apoptosis and
necrosis) in human promonocytic cells treated with stress
induces cadmium, heat, x-rays, Eur.J.cell.Biol., 80,312-320.
[13] Garcia, A. T., Corredor, L., 2003. Biochemical changes in the
kidneys after periatal intoxication with lead and / or
cadmium and their antagonistic effects when
coadministered. Toxicol. Lett. 143, 331-340.
[14] Gupta, A., Gupta, A., Murthy, R.C., Chandra, S.V., 1993.
Neurochemical changes in developing rat brain after
preand postnatal cadmium exposure. Bull. Environ.
Contam. Toxicol. 51, 12-17.
[15] Gupta, A., Gupta, A., Shukla, S.G., 1995. Development of
brain free radical scavenging system and lipid peroxidation
under the influence of gestational and lactational cadmium
exposure. Hum. Exp. Toxicol. 14, 428-433.
[16] Gutierrez-Reyes, E., Albores, A., Rı´os, C., 1998. Increase of
striatal dopamine release by cadmium in nursing rats ant
its prevention by dexamethasone-induced metallothionein.
Toxicology 131, 145-154.
[17] Hart, B.A., Voss, G.W., Willean, C.L., 1989. Pulmonary

Journal of Ecobiotechnology 2011, 3(11): 34-39

39

tolerance to cadmium following cadmium aerosol
pretreatment. Toxicol. Appl. Pharmacol. 101, 447-460.

antioxidant potential in rat. Hum. Exp. Toxicology. 15, 400405.

[18] Hjertan , S., Pan, H., 1983. Purification and characterization
of two forms of a low affinity Ca2+ -ATPase from
erythrocyte membranes. Biochem. Biophys. Acta 728, 281288.

[28] Shukla, S.G., Singhal, R.L., 1984. The present status of
biological effects of toxic metals in the environment: lead,
cadmium and manganese. Can. J. Physiol. Pharmacol. 62,
1015-1031.

[19] Holloway, R.W., Thor, H.D., 1988. Social memory deficits in
adult male rats exposed to cadmium in infancy.
Neurotoxicol. Teratol. 10, 193-197.

[29] Stacey, N.H., Klaassen, C.D., 1999. Cadmium uptake by
isolated hepatocytes. Toxicol. Appl. Pharmacol. 55, 448–
455.

[20] Kane, A.B., 1996. Mechanisms of cell and tissue injury. In:
Sirica, A.E., (Ed). Cellular and Molecular Pathogenesis.
Lippincott-Raven Publishers, Philadelphia, USA. pp. 1-22.

[30] Takeda, A., Takefuta,S., Ijiro, H., Okada , S., Oku, N., 1999.
109cd transport in rat brain, Brain Res. Bull. 49, 453-457.

[21] Kittur, S., Wilasrusmee, S., Pedersen, W.A., Jubelt, B.,
Kittur,S. D., 2002. neruotrophic and neuroprotective effects
of milk thistle (Silybum marianum) on neurons in culture
[22] Mira, L., Silva, M., Manso, C.F., 1994. Scavenging of
reactive oxygen species by silibinin dihemisuccinate.
Biochem. Pharmacol. 48, 753-759.
[23] Ohinishi, T., Suzuki, T., Suzuki, Y., Ozawa, K., 1982. A
comparative study of plasma membrane Mg2+- ATPase
activities in normal, regenerating and malignant cells.
Biochem. Biophys. Acta. ^84, 67-74.
[24] Pari, L., Murugavel, P., 2007. Diallyl tetrasulfide improves
cadmium induced alterations of acetylcholinesterase,
ATPases and oxidative stress in brain of rats. Toxicol. 234,
44-50.
[25] Saller, R., Meier, R., Brignoli, R. 2001. The use of silymarin
in the treatment of liver diseases. Drugs, 61, 2035-2063.
[26] Shaikh, Z.A., Vu, T.T., Zaman, K., 1999. Oxidative stress as
a mechanism of chronic cadmium induced hepatotoxicity
and renal toxicity and protection by antioxidants. Toxicol.
Appl. Pharmacol. 154, 256–263.
[27] Shukla, A., Shukla, G.S., Srimal, R.C., 1996. Cadmiuminduced alterations in blood-brain barrier permeability and
its possible correlation with decreased microvessel

[31] Torre, F.R., Sailian, A., Ferrari, L., 2000. Biomarkers
assessment in juvenile Cyprinus carpio exposed to
waterborne cadmium. Environ. Pollut. 109, 277–282.
[32] Van Acker, S.A., Tromo, M.N., Haenen, G.R., van der Vijgh,
W.J., Bast, A., 1995. Flavonoids as scavengers of nitric
oxide radical. Biochem. Biophys. Res. Commun. 214, 755–
759
[33] Valenzuela, A., Garrido, A., 1994. Biochemical bases of
the pharmacological action of the flavonoid silymarin and
of its structural isomer silibinin. Biol. Res. 27, 105-112.
[34] Wang, M.J., Lin, W.W., Chen, H.L., Chang, Y.H., Ou, H.C.,
Kuo, J. S., Hong, J.S., Jeng, k. C. G., 2002. Silymarin
protects dopaminergic neurons against lipopolysaccharideinduced neurotoxicity by inhibiting microglia activation. Eur.
J. neurosci. 16, 2103- 2112.
[35] Wellington, K., Adis, B.J., 2001. Silmarin: a review of its
clinical properties in the management of hepatic disorders.
Biodrugs, 15, 465-489.
[36] Winterbourn, C.C., 2008. Reconciling the chemistry and
biology of reactive oxygen species. Nat. Chem. Biol.4, 278286.
[37] Wong, K.L., Klaassen, C.D., 1982. Neurotoxic effects of
cadmium in young rats. Toxicol. Appl. Pharmacol 63, 330337.

