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Abstract

Ozet

Objective: Lead is a non-essential toxic heavy metal widelgsentin the
environmentand chronic exposure to has been a matter of ptigaltt
concern in many countries. Considering the sutfumtaining compount
with antioxidant activity to prevent or treat exjpeertal lead toxicity it
animals, this study was carried out to investigate antioxdative effect
of some sulfureontaining compounds in rats where oxidative streas
induced by lead acetate.

Material and Methods: Wistar albino rats were exposed to 2000 ppm of, la¢
lead acetate, alone or with daily to sulfur-cortagn compounds [L-
methionine, lipoic acid (LA), N-acetylcysteine (NACL-homocystein
(Hcey)] for five weeks. The parameters of oxidateess, and the levels of to-
tal antioxidant capacity (TAC) were determined [omalialdehyde (MDA)n
sera by Satoh-Yagi's method; TAC in liver, kidneydabrain by ABTS
method] in rats fébwing the experiment (Analysis of the data wadquarec
by one-way analysis of variance (ANOVA) and subsefanalysis was per-
formed using the Tukey test. In lead group MDAelevin sera were deter-
mined to be significantly high compared to contfpts 0.01)].

Results: In lead group MDA levels in sera were determinede signifcantly
high compared to controls (p< 0.01). MDA levelssera were @uced it
all groups compared to lead group (p< 0.01). Inealtlantioxidants groug
liver TAC levels were dermined to be slightly lower compared to |
group while brain’s levels were higher. Kidney TAE€vels in lead-
methionine, and lead-LA groups were significantighh(p< 0.01).

Conclusion: These results suggested the oxidative stress éadby lead we
reduced, and the antioxidant capacities in leggbssed rats were altered
sulfur-containing compounds.
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Amag: Kursun cevrede yaygin olarak bulunan esansiyel olmagksik bir asir
metaldir ve kronik maruz kalma birgok Ulkeyi etkién bir halk sgli g so-
runudur. Antioksidan aktiviteli stlfur iceren hjlglerin hayvanlarda de-
neysel olarak kgun zehirlenmesini onlegi veya tedavi étgi g6z oniin
alinarak, bu ¢ajma kusun asetat ile oksidatif stres eturulan ratlard
sulfur iceren bazi bikgklerin antioksidan etkilerinin agarilmasi amaglan-
di. Bu ¢alsma kusun asetat ile oksidatif stres uyarigmnatiada bazi silft
iceren bilgiklerin antioksidan etkilerinin incelenmesi icinzinlendi.

Gereg ve Yontemler: Wistar albino ratlara 2000 ppm kun, kusun aset:
formunda, tek bana ya da sulfur-iceren bijiler [L-metiyonin, lipoik asi
(LA), N-asetilsistein (NAC), L-homosistein (Hcy)]e birlikte gunlik ola-
rak verildi. Ratlarda oksidatif stres parametrieler total antioksidan ka-
pasitesi seviyeleri (TAK) [serumda malondialdeMi¥A) Satoh-Yagi me-
toduyla; karagter, bébrek ve beyinde (TAK) ise ABTSnetoduyla] dene
bitimini takiben 6l¢uldi (Verilerin analizi one-waANOVA) variyans ana-
lizi kullanilarak yapildi ve miteakip analizlerseikBy testi kullanilara
yapild).

Bulgular: Kontrol grubuna gore kgun grubunda serum MDA sepdleri
anlamli yiksek (p< 0.01) bulundu. Kun grubuna gére tim gruptiaki
serum MDA seviyeleri anlamli giikti (p< 0.01). Kusun grubuna goi
tum kusun-antioksidan gruplarindaki karger TAK seviyeleri hafif du-
stkken; beyin seviyeleri yuksek bulundu. Kum-metiyonin ve kuun-LA
gruplarindaki bébrek TAK seviyeleri ise 6nemli yéks.

Sonug: Bulgular stilfiir iceren bilgklerin kursunla uyarian oksidatif stre:
azalttgini ve kuguna maruz kalan ratlardaki antioksidan kapasiteleie-
gistirdigini gosterdi.

Anahtar Kelimeler: Kursun; metiyonin; tioktik asid; asetilsistein;
homosistein
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ead, common environmental occupational

toxic heavy metal, is known to have indirect

oxidative effects on biological systems or
cells! Emerging evidences suggest that lead induces
the production of reactive oxygen species (ROS)
that result in lipid peroxidation, DNA damage, and
depletion of cell antioxidant defense systéms.
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Change in lipid peroxidation production reac- tions were performed in accordance with guide-
tions and antioxidant defense systems were associlines of Firat University medical board. The ani-
ated with changes in a variety of biochemical mals were randomized into 6 groups of 10 ani-
pathways’® mals each. All groups were given only standard
rat feed and water during the 1st week. After this

fur-containing compounds have pro-oxidant or habition period to environment, group | (n=10)
antioxidant actions depending on the physiologi- served as the control and was given only standard

cal circumstances, but are generally considered@t chow and water for 5 weeks. Group Il (n=10)
antioxidants' The primary sulfur-containing received 2000 ppm lead acetate in its drinking
compounds of interest in medical science arewater for 5 weeks. Group Il (n=10) received
methionine, cysteine, Hcy taurine, LA, coen- 2000 ppm lead acetate in its drinking water for 5
zyme A, glutathione (GSH), and etc. With the weeks and, 100 mg/kg/day methionine dissolved
exception of the two sulfur-containing vitamins, in water. Group IV (n=10) was treated like group
thiamin and biotin, all of these sulfur compounds lll, except that it received 25 mg/kg/day intraperi
are synthesized from just one parent compound,toneolly. LA for 5 weeks. At the end of the study
methionine> But, NAC is a derivative of the 2 rats were died from peritonitis. Group V (n=10)
sulfur-containing amino acid cysteine and an received water containing 2000 ppm lead acetate
intermediary in the conversion of cysteine to and, 800 mg/kg/day NAC. Group VI (n=10) re-
GSH. ceived 2000 ppm lead acetate and, 50 mg/kg/day
In the present study, we targeted to investi- Hcy in their water.

gate the beneficial effects of some sulfur-
containing compounds [L-metiyonin, LA, NAC,
L-Hcy] on altered oxidative stress parameters and
antioxidant status of tissues with lead treatment. . o .

tissues were maintained at -20°C until assayed.

We determined MDA as lipid peroxidation indi- Th iahed and h ived (1 .
cator and oxidative stress status have been de- ey were weighed and homogenized (1 mg tis-

scribed with determination TAC levels of liver, _Su_e: 4 mL 140 mM phosphate buﬁer saline pH 7.4)
kidney and brain. Another aim of our study to in ice-cold buffer using 10 strokes in a TeflonAga

investigate whether Hey, that is known to induces homogenizer. The homogenate was centrifuged for
atherogenesis and cardio-vascular diseases, ¢® Minutes at 1000g at 4°C and the supernatant

Most of the literature regarding that the sul-

At the end of the 6. week, the animals were
sacrificed by cervical decapitation and the liver,
kidney and brain were excised immediately. The

ability an antioxidant effect to lead exposfire. centrifuged again at 18.000 g for 15 min at 4°C.
The blood samples were collected to uncontaining
Material and Methods lead tubes using heparin and, EDTA as an antico-

The lead acetate, NAC and, 2.2-azino-bis (3- agulant or tubes without anticoagulants. Sera were

ethylbenz-thiazoline-6-sulfonic acid) (ABTS), hyd- '€moved by centrifugation for 10 min at 3000 rpm.
rogen peroxide, were purchased from Merck The red blood cells were washed three times with

(Darmstadt, Germany). The water-soluble ana- an equal volume of cold saline. The samples were
logue of vitamin E (Trolox; 6-hydroxy-2,5,7,8- maintained at -20°C for assays (not longer than 7
tetra-methylchroman-2-carboxylic acid) and all days).

other chemicals were purchased from Sigma (St. MDA Determination

Louis, MO, USA). All chemicals were ultra pure MDA concentrations were measured as Thio-
grade, and type | reagent-grade deionized wateharpituric Acid Reactive Substances (TBARS)
was used. according to a modified version of Satoh’s and

This Study protoco| was approved by our in- Yagi’s method§:8 In brief, 0.3 mL serum was
stitutional ethical board. All animal experimenta- mixed with 2.4 mL 1/12 N bEG, in a centrifuge
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tube and shaken gently. After 0.3 mL 10% (v/v%) Protein Measurement

phosphotungstic acid was added to the tube and it The protein concentration assayed in 1 mL
was left to stand at room temperature for 5 min- gjiquot of homogenate used for TAC was esti-
utes, the mixture was centrifuged at 3000 rpm for mated by method of Lowry et al. using bovine
10 minutes. The supernatant was discarded anderym as a standatldResults of TAC were cor-

the sediment was mixed with 1.5 mL water. The rected by protein content in each Samp|e as um0|
centrifugation was repeated and the supernatanirolox. Eq/mg.protein.

was discarded again. The sediment was resus-
pended in 4.0 ml water and in fresh 1 mL thiobar-

bituric acid (TBA) reagent [1:1 (v/v) 0.67% TBA The results are expressed as mean * SD.
and glacial acetic acid], mixed thoroughly and Analysis of the data was performed by one-way

heated in a bath of boiling water for one hour. ANOVA and subsequent analysis was performed
After cooling in cold water, the resulting chro- USINg the Tukey test. The yalues smaller than
mogen was extracted with 3.0 mL n-butyl alcohol 0.05 were selected to indicate statistical signifi-
by vigorous shaking. The organic phase was Sepagance between groups.

rated by centrifugation at 3000 rpm for 10 min-
utes, and its absorbency was recorded at a wave-
length of 530 nm. The level of absorbency was

Statistical Analysis

Results
MDA concentrations

converted into nmol/mL MDA from a standard Table 1 shows the results of serum MDA con-
curve generated with 1,1,3,3- tetraethoxypropanecentrations in all groups. The MDA level of lead-
(SIGMA). group (p< 0.01) and lead-LA group (p< 0.05) were

significantly higher than the control values. Fur-
thermore, methionine and Hcy administrated lead-
exposed rats showed lower serum MDA concentra-
tions. Statistically significant decreases were ob-
served serum MDA concentrations in all lead-
measurement method for TAC developed by ,qiinyidants groups by supplement sulfur contain-

5 _ . :
Erel.” In this 'method the hydrogen peroxide radi- ing antioxidants when compared to lead-group (p<
cal reacts with the colourless substrate ABTS too_01)_

produce the ABTS radical, which is blue-green _

in colour. Upon the addition of a tissue sample, TAC of Tissues

the oxidative reactions initiated by the hydrogen = The tissue TAC levels are given in Table 2. In
peroxide present in the reaction mix are Sup_liver TAC ValueS, no Significant ianeaSing was ob-
pressed by the antioxidant components of theserved in sulfur containing antioxidant administcht
tissue, preventing the colour change and thereby

providing an effective measure ment of the TAC

of the tissue. Briefly, 20QL of TAC reagent | Table 1. Serum MDA concentrations (nmol/mL).
(acetate buffer 0.4 mol/L pH 5.8), 24 of TAC

reagent Il (the ABTS in acetate buffer 30 _Groups n Serum

TAC Determination

The final supernatant was used to evaluation
of TAC levels. TAC values of tissues was deter-
mined using a novel automated colorimetric

mmol/L pH 3.6) was vortex mixed with ji test Control 10 0.35+0.06
sample and standards. The test was performed & Lead 10 066+ 0.08

) . Lead-methionine 10 0.29 +0.03
37°C. Absorbance at 660 nm was read against ¢ Lead-lipoic acid 8 0.45 + 0.10°
reagent blank at a predetermined time (0-5 min) |ead-acetylcysteine 10 0.40 + 099
after sample-reagent mixing in an Aeroset ana- Lead-homocysteine 10 0.28 +0.97
lyzer (Abbott) at 37°C. Thus the results were ex- All the values are expressed mean + SD, a: p<&Qbntrol;
pressed agmol Trolox equiv. /L. b: p< 0.05 vs control; ¢: p< 0.01 vs lead group.
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rats when compared to lead-group or controls. Aeration such as J@,, atomic oxygen and hydroxyl
significant increase in TAC of kidney were recorded radicals:**® rate may have two activities. First,
in lead-methionine and lead-LA groups as comparedperoxidative activity of lead may be bound up with
with controls and lead-group (p< 0.01) although a ROS generation which can be induced delta-
slight increase could be noted in TAC levels of kid aminolevulinic acid (ALA) due to inhibition of

ney from NAC and Hcy supplement groups. delta-amino-levulinic acid dehydratase (ALAD)
Increasing in brain TAC levels in lead-LA or 2ctivity on heme synthesis by PB. Indirect ac-

decreasing those in lead-methionine and lead-NACtVity of lead may be connected to cell membrane
and lead-Hcy were not significant compared with composmon apd '|ncrease its sensitivity to ROS or
lead-group. Therefore, decrease of brain TAC lev- modify cell antioxidant defense.

els was remained slightly in rats given lead odlea In this research, we also reported that the TAC
with methionine, NAC or Hcy than in controls levels of liver and kidney of rats exposed to lead
while no significant increase was recorded in LA were slightly higher that those of controls althoug

supplemented group. brain’s TAC levels were lower. Experimental re-
searches on lead-exposed animals have much di-
Discussion vergence in the influences of lead on TAC levels in

The present study was designed to investigatediﬁerent tissues. Mogsa et al. obgerved a rising .a
oxidative stress parameters (MDA in sera) and’th day and a reducing 14th day in TAS values in

TACs of tissues administrating of rats to lead andP/asma of goats exposed to 5.46 mg/kg lead acetate

g . .
sulfur containing antioxidants. We found that se- °ral for 2 weeks” Damage in renal tissues,
rum MDA levels in lead group were significantly chronic exposure to lead affects glomerular filtra-

higher compared to controls (p< 0.01) whereastion’ renal clearance and tubular reabsorption.
serum MDA levels in all groups were lower than Moreover, damage to the renal cells by lead and
that of lead group (p< 0.01). The results of our ALA resulted in an increasing accumulation them

study demonstrated that administration of lead'" kidney* Like thg Demasi’; research, increases
acetatefor 5 weeks induced a toxic effect on eryth- In TAC values of liver and kidney may be caused
rocytes by increasing MDA concentrations, ThesePY response to lead-induced oxidative stress.
results are agreement with those Kasperczyk et al. ~ Methionine is a sulfur-containing essential
and Jiun et al. who found increased MDA levels in amino acid and it’s a low molecular mass antioxi-
lead-exposed worker$?? Here we asssumed that dant! Here we reported that administering me-
lead might have a direct peroxidative activity of a thionine to prevent oxidative damage of lead ele-
indirectly, facilitating creation or propitious ctin vated TAC values in kidney, whilst reduced se-
tions for lipid peroxidation. Direct peroxidative rum MDA levels significantly. In the tissues, al-
activity of lead may be bound up with ROS gen- though the methionine decreased the lipid peroxi-

Table 2. Total antioxidant capacities of tissues (1 moldroEg/mg.protein).

Groups n Liver Kidney Brain

Control 10 16.60+ 1.27 16.85: 2.33 17.94£ 1.03
Lead 10 17.52+ 1.70 17.87+ 1.54 16.85+ 1.47
Lead-methionine 10 17.49+ 1.73 20.91+ 1.98° 17.61+ 1.72
Lead-lipoic acid 8 15.76+ 2.48 21.72+ 1.84"° 18.70+ 1.97
Lead-acetylcysteine 10 16.98+ 1.99 18.75+ 1.50 17.33x1.12
Lead-homocysteine 10 17.17+2.18 18.51+ 1.35 17.18+ 1.05

All the values are expressed mean + SD, a: p<Ws@bntrol; b: p< 0.01 vs lead group.
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dation, the effect did not reach statistical signif
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