Journal of
the Serbian
Chemical Society

JSCS-info@shd.org.rs « www.shd.org.rs/JSCS

J. Serb. Chem. Soc. 78 (2) 197—207 (2013) UDC 546.48+546.815+66.094.3-92:
JSCS-4408 541.459:547.915:547.466.22
Original scientific paper

Glutathione protectsliver and kidney tissue from cadmium-
and lead-provoked lipid peroxidation

JASMINA M. JOVANOVICY*, RUZICA S. NIKOLICL, GORDANA M. KOCIC?,
NENAD S. KRSTIC* and MILENA M. KRSMANOVIC?

1Department of Chemistry, Faculty of Science and Mathematics, University of Nig,
Viegradska Street 33, P. O. Box 224, 18000 Ni3, Serbia and 2Faculty of Medicine,
University of Ni§, Bulevar dr Zorana Pindica 81, 18000 NiS, Serbia

(Received 14 February, revised 17 April 2012)

Abstract: Cd and Pb represent a serious ecological problem due to their soluble
nature, their mobility and ability to accumulate in the soil. The exposure to
these heavy metals can originate from different sources (drinking water, food
and air), and they can enter into the human body through the respiratory and
digestive systems. The effects of glutathione on Cd and Pb accumulation and
lipid peroxidation effects in the liver and kidneys of heavy metal intoxicated
rats were investigated. The content of the marker of lipid peroxidation, malon-
dialdehyde, was increased severa fold in the tissues of the exposed animals,
the effects being more pronounced in the liver. The treatment of intoxicated
animals with glutathione drastically suppressed lipid peroxidation. The ob-
tained results imply that the application of glutathione may have a protective
role in heavy meta intoxication by inhibiting lipid peroxidation. However,
precaution should be exercised when Cd is considered, since it seems that
glutathione promotes Cd accumulation in the liver.
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INTRODUCTION

Heavy metals are toxic, non-biodegradable and have a very long half-life in
the soil.1 They enter living systems via food chains, water or air.2 For this reason,
metals, as polluters in the working and living environment, represent a very se-
rious health and ecological hazard.

Volcanic activity is one of the reasons for the periodical increase in cad-
mium concentrations in the living environment, primarily in the air. The constant
sources of cadmium contamination are related to its application in industry as a
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corrosion reagent, a stabilizer in PV C products and car tires, colour pigments and
nickel—cadmium batteries. Groups which are highly exposed to its effect include
not only factory workers, as even the population living within a 2 km radius of a
cadmium source are considered to be at a risk of high exposure, whereas people
living within a 2 to 10 km radius are considered to be at a risk of medium high
exposure.3 Smoking is a significant source of intoxication, as cadmium isinhaled
during the process. Through cigarette smoke, 50 % of cadmium is absorbed into
the lungs and transferred into the circulatory system during active smoking.4
Absorption mainly takes place by means of the respiratory tract, and to a smaller
extent via the gastro—intestinal tract, while an insignificant amount is absorbed
transcutaneously. When it enters the body, cadmium is transported into the
bloodstream via red blood cells and albumin.® Although cadmium is spread
through the bloodstream throughout the entire body, it is mostly accumulated in
the kidneys and liver. Cadmium excretion from the body is slow and is per-
formed via the kidneys and bile, salivaand milk during |actation.®

The sources of lead contamination include metallurgic gases which are a part
of the non-ferrous extractive metallurgy, the metallurgy of iron and steel and also
exhaust gases from the chemical industry and traffic, industrial waste, mine and
landfill waters.” The most exposed are the workers in lead smelters and found-
ries, recycling plants, paint, ceramic, glass, battery and ammunition industry.
From the atmosphere, soil and water (both surface and underground) lead is
introduced and retained in plants, thereby finding its way into human body via
the food chain and drinking water. Lead can be introduced into the body through
the skin and digestive tract.8 Once it enters the body, lead circulates through it
mainly connected to erythrocytes, and to a lesser extent to plasma abumin, and
least of al in ionic form or tied to low molecular proteins. It is mostly accu-
mulated in the bones, then the liver, kidneys, spleen, nervous tissue and muscles.
From the human body it is usually extracted through urine, slightly less through
the mucous membrane of the digestive tract, gall, hair, nails, sweat and milk.

Although cadmium is not a redox active metal and cannot actively parti-
cipate in Fenton’s reaction or the creation of reactive oxygen species (ROS), it
indirectly leads to oxidative stress and consequent damage to body structure, due
to its ability to bind thiol (-SH) groups which leads to the depletion of the central
antioxidant — glutathione (GSH).® Recent research has shown that cadmium
causes oxidative damage to DNA, proteins and lipids. At the molecular level, the
action of lead can be seen in the increased production of reactive oxygen spe-
cies.10 The lead(ll) ion can accelerate oxidation of oxyhaemoglobin to met-
haemoglobin (with increased formation of ROS). In addition, lead combines with
thiol groups on proteins and, at high concentrations, causes GSH depletion. Lead
may directly be attached to a cell membrane, thus increasing the sensitivity of the
membrane to the process of lipid peroxidation.
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Lipid peroxidation is oxidative damage that affects cell membranes, lipo-
proteins and other molecules containing lipids under conditions of oxidation
stress.11-13 |ipid peroxidation is a self-propagating chain reaction caused by the
reaction of free radicals on unsaturated fatty acids in cell membranes. Lipid pe-
roxidation reduces the fluidity of biological membranes resulting in increased
permesability for uni- and divalent ions and deactivation of membrane enzy-
mes.14.15 The fragmentation of fatty acid chains to the level of intermediates of
the aldehyde type and short chain volatile hydrocarbons leads to the loss of
membrane integrity, while the rupture of lysosome membranes leads to the re-
lease of hydrolysis enzymes which further damage cells.16 The process of lipid
peroxidation initiates the death of cells.17.18

Malondialdehyde (MDA) is the final product in the lipid peroxidation pro-
cess, and may be presented in enol form:

CH»(CHO)2 -» HOCH=CH-CHO

This compound is a biomarker of oxidative stress in the body or individual
organs. MDA has very strong cytotoxic effects. The reaction between proteins,
RNA, DNA, or phospholipids may cause the modification of these substrates and
damage to cell membranes and intracellular molecules.1® MDA when attached to
DNA creates so-caled “DNA radicals’, which are responsible for mutation.
MDA is a reactive potential mutagen and carcinogen. It also inhibits numerous
thiol-dependent enzymes, such as glucose-6-phosphatase, Na*, K*-ATP-ase, ade-
nylate cyclase and Ca2*ATP-ase.13 The degree of lipid peroxidation is evaluated
by measuring the level of MDA in different tissues.20

GSH is atripeptide L-y-glutamyl-cysteinyl-glycine, which makes up 90 % of
the overall non-protein sulphate compounds of the cell and is an essential co-
factor of some enzymes (glutathioneperoxidase, glutathione S-transferase, gluta
thione transhydrogenase, glutathione reductase). GSH is a biological redox agent
in erythrocyte metabolism and plays arole in the transfer of amino acids.

GSH is widespread in human and animal tissues, and plants and microor-
ganisms. Intra-cell concentrations of 0.1-10 mM make GSH one of the most fre-
quent thiol compounds.2l GSH as a thiol compound is an antioxidant found
within a cell.22 Based on the results obtained upon defining the content of GSH
in mosquitoes, flies, mice, rats and humans, a hypothesis was formed that its
concentration reduces with age, which is the possible key to ageing and the ap-
pearance of different pathological states.23

Herein, the accumulation of Cd and Pb and the related lipid peroxidation in
liver and kidney tissue of model animals (albino Wistar rats) is investigated. The
study is focused on the effects of GSH on these processes. The protective role of
glutathione was examined by measuring the MDA concentrations.
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EXPERIMENTAL

The model system. The study was realized on female white (albino) Wistar rats, 2 months
old with an approximate weight of 200£20 g. The animals were kept in groups, in metal cages
under laboratory conditions with ventilation systems and an environmental temperature of
t = 2242 °C.24 The experimental animals were bred under laboratory conditions with pro-
curable water and food ad libitum, in vivarium at the Faculty of Medicine in Ni§, divided into
6 groups of 6 animals. The groups were designated as Group |, 11, I11, 1V, V and VI.

Heavy metal intoxication and the addition of a supplement. The first group of experi-
mental animals was kept on anormal diet and led a normal life (the control group). The expe-
rimental animals from Group |1 and |1l were intoxicated by subcutaneous injection with an
overall dose of 0.18 mg of cadmium in the form of cadmium(ll) chloride in saline solution
(0.9 % NaCl).2> One day following intoxication by cadmium, the animals from Group 111
received a dose of glutathione in a molar ratio of metal:GSH = 1:2.26 The animals from
Groups IV and V were intoxicated with an overall dose of 21 mg of lead in the form of
lead(11) acetate in saline solution in 7 equal doses over a period of 21 day527'28 One day
following intoxication via lead, the animals in Group V received a dose of glutathione in a
mol ratio of metal:GSH = 1:2.26 The animalsin Group VI were treated only with glutathione
for the duration of the experiment. All the used reagents were of p.a. purity, and manufactured
by Sigma-Aldrich (Steinheim, Germany). The experimental procedure was performed in
accordance with the ethical scientific work code.

Preparation of the biological material for analysis. Ketalar anaesthesia (35 mg kg‘1 of
body weight) was performed on the rats after a certain number of days. Following laparotomy,
the liver and kidneys were removed and, after washing in saline solution, were encapsulated,
frozen at —20 °C and later used for making homogenates. Homogenization was performed on
ice using a Teflon pestle Ultra Turrax® IKA® TI8 basic homogenizer (IKA). From 10 % of the
liver and kidney tissue homogenates, prepared in ionized water, samples were extracted for
the following anayses: the determination of malondialdehyde concentrations and the
definition of Cd and Pb concentrations in the organs.

Determination of the concentration of the lipid peroxidation product (TBARS) in the
tissue homogenates. The level of lipid peroxidation in the tissues is expressed as the concen-
tration of thiobarbituric acid reactive substances (TBARS) in the tissue homogenates and was
defined by means of a spectrophotometric method.29

Determination of the metal concentration in the tissue homogenates of the kidneys and
liver. The content of toxic metals in the tissue homogenates was determined by potentiometric
stripping analysis (PSA).30

Satistical analysis. All of the obtained results are presented as average values of al the
samples in one group, average + standard deviation (SD). For statistical processing of the
results, the Student t-test for independent samples was used. The statistical importance of the
tests was defined as p<0.01.

RESULTS AND DISCUSSION

The results of the content of lead and cadmium in the analyzed kidney and
liver tissue homogenates, with and without the GSH supplementation are shown
in Fig. 1. It can be observed that both Cd and Pb accumulate to a higher level in
the liver in comparison to kidneys. This can be attributed to a higher lipid content
and detoxifying function of liver. GSH showed biased effects on the metal accu-
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mulation. It promoted the accumulation of Cd in liver, but suppressed Pb accu-
mulation in both the studied organs. This may be related to the binding of Cd and
Pb to GSH, which may alter their metabolism in the blood.
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Fig. 1. The content of Cd and Pb metalsin the homogenates of the analyzed liver and kidney
samples, in the presence and absence of GSH.

The results obtained from monitoring the toxic effects of cadmium in the
analyzed tissue samples obtained through the content of MDA are shown in Fig.
2. The results in Fig. 2 show that under conditions of cadmium intoxication, the
level of MDA was increased when compared to the level found in the liver and
kidneys of the control group of animals. The results show that after cadmium
intoxication, the level of TBARS was significantly increased. A direct conse-
guence of exposure to cadmium in vivo is probably the depletion of physiological
antioxidants, such as reduced glutathione and proteins which contain —SH
groups, as one of the mechanisms of cadmium toxicity. In the experimental group
of animals, where along with cadmium, GSH was applied as a supplement, the
concentration of MDA was significantly reduced in comparison to the group of
animals intoxicated with cadmium. The application of GSH along with cadmium
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leads to a reduction in the TBARS level, probably because of the intake of
supplements with —SH groups. Cadmium attaches to the active glutathione centre
(-=SH) and donor atoms (-S, —N and —O), thus reducing its pro-oxidant effect.
Based on these research results, it may be concluded that the level of lipid
peroxides is significantly reduced in the case when GSH supplement was added
one day following intoxication of the rats with cadmium.
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Fig. 2. The content of MDA in the homogenates of the analyzed tissue samples in the case of
acute cadmium intoxication, in the presence and absence of GSH.

As a consequence of chronic Pb intoxication, humans suffer from liver
disorders that cause the deactivation of important enzymes with active sulphydryl
groups. An entire group of disorders occur in the hepatocytes, including the
synthesis of haem. The synthesis disorder of haem creates free radicals which
further destroy liver cells. Intoxication with Pb reduces kidney circulation which
is caused by changes in the small blood vessels, leading to lead nephropathy.31
Persons who are exposed to Pb in their line of work suffer from kidney disorders,
which lead to increased levels of urea, creatinine and urine acids in their serum,
higher than the reference values.

The results of the determination of MDA concentrations in Wistar rats after
intoxication by lead are presented in Fig. 3.
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Fig. 3. The content of MDA in the homogenates of the analyzed tissue samples in the case of
acute lead intoxication, in the presence and absence of GSH.

Under lead intoxication, the level of MDA in the liver and kidneys increased
as compared to the level in the control group. Lead probably directly or indirectly
increases the number of reactive oxygen species and reduces the antioxidative
system of cell defence, which causes an imbalance between free radicals and
antioxidants. It is known that lead has a toxic influence on cell membranes and
its functions (for example mitochondrial membranes, endoplasmic reticulum
membranes, lysosome membranes and plasma membrane). The cell membrane,
in addition to other chemical compounds, contains fatty acids. The presence of
double bonds in them weakens the alylic C—H bond in the =C-H system, which
leads to an easier release of H. As a result, fatty acids with <2 double bonds are
more resistant to oxidative stress, unlike unsaturated ones with >2 double bonds
in their molecule. Upon the exposure of essential fatty acids to lead, the concen-
tration of the final product of oxidative stress, MDA, increases with increasing
number of double bonds, Lead may directly be bound to a cell membrane, which
results in sensitivity of the membrane to lipid peroxidation.32
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In the group of experimental animals to which, in addition to lead, gluta-
thione was applied as a supplement, the MDA concentrations were significantly
reduced in comparison to the group poisoned by lead, as can be seen in Fig. 3.
The reduction of the toxic effect of lead in the presence of GSH is the result of
the interaction between Pb2* and donor atoms of GSH, which shows that the time
difference between the input of this metal and GSH, one day after intoxication
with metal, indicates the possibility that GSH and the food that contains it may
be a good supplement for the purpose of reduction of the toxic effects of heavy
metal, especially those of lead.

The presence of a GSH supplement significantly reduces the toxic effects
caused by Cd and Pb intoxication.

Increased values of MDA, as a biochemical marker of oxidative disorder of
cell membranes, indicate an increased process of lipid peroxidation, which was
found in the kidney tissue homogenates due to acute cadmium intoxication, just
as areduction in the MDA concentration in cases when the experimental animals
were given a glutathione supplement implies decreased lipid peroxidation.

Poisoning by a sub-lethal dose of lead causes a slightly greater production of
MDA in the liver in comparison to sub-lethal doses cadmium poisoning, which
correlates with the results of the roles of heavy metalsin lipid peroxidation.33 In
the case of kidneys, cadmium intoxication causes a slightly greater production of
MDA in comparison to lead intoxication, probably due to the difference in their
metabolism and rate of excretion.

The kidneys represent the primary organs which enable the extraction of
GSH from the peripheral bloodstream.34:35 GSH is actively synthesized and
secreted in the kidneys. In addition to kidneys, other tissue types, for example the
lungs and the epithelium of the intestinal tract, participate in the re-synthesis and
inter organ flow of GSH. In the case of intense oxidative stress, GSH extraction
from the liver into the peripheral bloodstream is increased.36 In this way the re-
maining organs have easier access to GSH.

GSH forms low solubility mercaptides with heavy metal ions via its —-SH
group. However, GSH can make complexes of heavy metal ions. The stability of
the complex which GSH may create with heavy metal ions (Pb2* and Cd2* in
this case) depends on the size of the ions, the acid—base characteristics of the ions
as well as the affinity of the —SH group for these ions. Adding GSH, one day
after the exposure of experimental animals to these metals during the experiment,
partialy reduced the effect of their toxic influence.

Metals with a stable valence (Cd and Pb) express an indirect pro-oxidant
effect, as do metals with variable valence (Cu, Fe, Hg and Cr), by interacting
with bio-elements, i.e., by reacting with metals in the active centre of an enzyme,
through interference in the same ion channels and the disturbance of the inter-
cellular homeostasis of ions, thus contributing to the induction and propagation
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of the lipid peroxidation process.3” The bonding with biomoleculesis realised via
the O, —N or =S donor atoms of these bio-ligands, so that their effective con-
centration may be reduced together with their availability for interaction under
the physiological conditions of the functioning of the human body.

The measured content of metal in the liver was higher in the case of animals
which one day after poisoning received the supplement (GSH) which, by bonding
with the metal, contributes to its retention in the tissue. In the liver and kidney
homogenates, the presence of lead was registered, along with a minor reduction
in the concentration of lead in the tissue samples in the presence of the sup-
plement. Even though they are present in the tissue samples, these toxic metals
have alower toxic effect, as measured via the MDA concentration levels, which
is the result of the partial blocking of toxic metals achieved through bonding
through the active centres. GSH as a ligand with a potentially large number of
donor atoms (—O from the -COOH group, —N from the -NH> group, —S from the
—SH group) can initiate various interactions with metal ions (Me2*), depending
on the radius of the ions of these metals (rpyz+ > rege+ ).38:39 The donor atoms of
GSH that could potentially interact with Me2* are represented in Fig. 4.

Fig. 4. Donor GSH atoms for the potential interactions with Me?*.

According to the obtained results, GSH more effectively blocks, or reduces,
the toxic effect of Cd2*. The results indicate that in the presence of GSH, larger
amounts of these metals are accumulated in the analyzed tissue samples, but the
negative effect of their presence islower than in the absence of GSH.

CONCLUSIONS

This study, performed on a model system involving experimental animals
intoxicated by sub-lethal doses of Cd and Pb showed that the effects of intoxi-
cation, apart from measurement of the toxic metal contents in biological fluids,
may also be monitored via an indicator of the level of lipid peroxidation, i.e.,
MDA concentrations. In situations where intoxication via these metals occurs,
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GSH has a protective role during and also following intoxication. This supple-
ment contains a free —SH group that forms stable associations with the ions of
these metals, thus blocking the heavy metals and reducing their toxic effects. The
intake of food rich with GSH supplement and of products of a similar structure
may have a preventive effect, and significantly reduce the toxic influence of
these metals.
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U3BOJ

3AIITHUTHA YJIOTA TJIYTATUOHA Y MHTOKCUKALIMJY KAIMHUJYMOM U OJIOBOM.
IMPAREIBLE IMTPEKO CAIPXAJA MAJTOHIOUANTOEXUIOA

JACMHUHA M. JOBAHOBH’F}i, PYXHWIA C. HI/IKOIII/ITli, TOPIOAHA M. KOL[I/IBZ, HEHAJ C. KPCTHR'
u MHJIEHA M. KPCMAHOBHR'

1[[ edapiiman 3a xemujy, IIpupogno—matemaiiuuku Gaxynieid, Ynusepsutmeii y Huuy,
Buweipagcka 33, 18000 Huw u ZMeguuuchu Qaxynitein, Ynueep3uiieinl y Huwy,
Bynesap gp 3opana Bunhuha 81, 18000 Huw

Tewrku mertanu (Cd u Pb) npencrasbajy 030m/baH €KOIOLIKM NpodieM 300r BUXOBE
PacTBOP/bHBOCTH, NOKPET/BUBOCTH U aKyMy/lTalUWjH Y 3eMJBUINTY. H3/10/K€HOCT TEIIKUM MeTa-
JUMa, KaIMUjyMY U OJIOBY, MOXKe DUTH U3 Pa3IMYUTHX U3BOpA (Bofa 3a muhe, XpaHa, Basyx,
WTI.), @ y OpraH13am 4oBeKa MOTy JOCIIETH IPeKo PecrnupaToOpHOT U IUIeCTUBHOT cucteMa. Y
pamy je UCIMTHBaH HeratuBaH edexaT MHTOKCHKauMje cybneTaqTHiM fo3aMa 010Ba WK Kaj-
MHjyMa IIPEKO Mepewa canpikaja y XoMoreHaTHMa jeTpe U Oydpera manoHAuangexuna, Koju
HacTaje y mpouecy TUnugHe nepokcuganuje. CTyayja je ypaheHa Ha MOfeN CUCTEMY eKCIIepH-
MEHTAJIHUX JKUBOTUIA (andbuHo manoBu Wistar coja). Cappixaj MaloHOUaANIeXyUaa je onpe-
husaH cnexrpodoromeTpujcku. Pe3yntaTi oBe CTyndje Cy NMoKasalH [ja Y yCI0BUMa HHTOKCH-
Kallije OBUM MeTalMa [i0jla3d 10 BHUIIECTpyKor nosehama cajgpikaja MaloHJUaNfexuna.
OBaj edexar je u3pasutuju y jerpu. I'myTaTtroH, Koju ce y GU3NONOMIKUAM YCIOBAMA CHHTe-
THLIE Y OPTaHU3MY, Kao NOTEHLXjalTHO NOMUAeHTaTHY nurany ca Behum dpojem noHOp aToma
MOe OUTH CYIUIEMEHT KOjU MCIIO/baBa IIPOTEKTHUBHY YJIOTY Y Cily4yajeBUMa HMHTOKCHKaLUje
OBHMM MeTajnuMa de3 003upa Ha akyMylalHjy HCTHX Y aHa/IM3UDAHUM TKHBHMA.

(ITpumiseno 14. pebdpyapa, pesuaupano 17. anpuna 2012)
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