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Abstract

Effects of ROS generation have been postulatdzk tmajor contributors to lead-exposure relatedadise
The aim of the study was to investigate the eff#fchqueous extract of wormwoodr(emisia absinthium) on
oxidative stress in rats protractedly exposed &al.leAqueous extract of wormwood plant was admirésterally
(200 mg.kg" body weight). Plasma vitamin C, E and non-protiil concentrations, red blood cells (RBC)
thiobarbituric acid reactive substances, reducethtilione levels and haemolysis test were evalusedddition,
RBC antioxidant enzymes activities such as supdeoxiismutases, catalase, glutathione peroxidasgatigione
reductase were also estimated. After 11-weeksifignt decreases of plasma vitamin C, E, non ppmettgiol (NP-
SH) and RBC-reduced glutathione levels were obskivé®b compared to control group (-32.9%, -57.188,1%,
-33.9%, respectively); superoxide dismutase, dhitae peroxidase, uric aminolevulinic acid and halgsis test
significantly increased in Pb compared to contnaug (+64.3%, +40.3%, +145%, +44.3%, respectivdly)our
investigation, after 4-weeks of treatment all teglagroups did not show any difference comparechéocontrol
group, except for glutathione peroxidase and RB@saxide dismutase activity (-15.7% and +16.4%peetvely).
The findings of this study suggest that wormwogdtdmisia absinthium) extract restored the enzymes activities
perturbed by exposure to lead, and had a proteaileeagainst lipid peroxidation

Key words: Antioxidant defence system - Lead acetate - Ljjgcbxidation - Red Blood Cell — Rat - Wormwood
(Artemisia absinthium) plant extract.

AbbreviationS: ROS, reactive oxygen species; Pb, lead acet&kl, ®duced glutathione; GSSG,
glutathione disulfide; SOD, superoxide dismutasexGylutathione peroxidase; TBARS, Thiobarbituric
acid reactive substances.

Introduction

The toxicokinetics of lead is a complex procesgyfledt, 1993; Cory-Schlecta and Schaumburg, 20046. T
primary routes of lead absorption are via resgiratind ingestion; cutaneous absorption is negégiBbsorbed
lead is cleared by the kidneys in the urine andsaebed lead is eliminated in the faeces. Absolbad is carried
in the blood circulation, wherein the major burd88%) is on the erythrocytes and partly to othssues-in the
plasma. In addition to killing cells via excitotakly and apoptosis, lead also causes toxic effegisxidative stress
either directly or by indirectly-produced lipid meddation. Lead alters lipid metabolism, enhancigsd|
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peroxidation and decreases cell membrane fluidiyeweloping rats (Gurer and Ercal; 2000; Villederkbndez et
al., 2001). Additionally to membrane peroxidatid@ad exposure causes haemoglobin oxidation, whichatso
cause RBC haemolysis. The mechanism responsiblethigr reaction is lead-induced inhibition of delta
aminolevulinic acid dehydrogenase (ALAD). As a fteselevated levels of the substrate ALA are foiméoth the
blood and urine of lead-exposed subjects (FaradtVeigfield; 1982). Elevated levels of ALA generdtgdrogen
peroxide (HO,) and superoxide radical {Q) and also interact with oxyhemoglobin, resultinghe generation of
hydroxyl radicals (OH), the most reactive of theefradicals (Bechara, 1996; Courtois et al., 2003).

Antioxidant enzymes and glutathione play an impdrtale in the defence against ROS. Most experiaient
research has indicated that after exposure totlezre is an increased amount of oxidized glutathi@@®SSG) with
a parallel drop of reduced glutathione (GSH) infetént organs (Gurer et al., 1999; Sivaprasad .et28i03).
Similarly, incubation of human blood in the preseraf lead compounds causes a drop of GSH concemtrat
(Hunaiti and Soud, 2000). Glutathione is necess$aryproper functioning of glutathione peroxidaseP¢( and
glutathione-S-transferase (GST) enzymes taking ipaitie elimination of noxious compounds and RO&vesal
researches have shown that the above-mentionedneszytogether with glutathione reductase (GR), roay
modified under the influence of lead (Hunaiti andu®, 2000, Gurer et al., 1998). There are both reqme
dismutase (SOD) isoenzymes mitochondrial and cytosolood plasma, whereas cytosol isoenzyme isdoonly
in mature erythrocytes (lacking mitochondria). Thelogical role of SOD is to dismute superoxide;ibgdrogen
peroxide (HO,) produced in this reaction is eliminated by cegaléCAT), one of the most active enzymes in the
human organism. CAT consists of 4 protein subup#ésh of them containing haem group with iron (Eejnected
to its active centre. The highest activity of CATthe human body may be found in the liver andbiedd cells
(Aebi, 1984; Gaetani et al. 1994).

Wormwood extract have high contents of total phienobmpounds and total flavonoids indicating that
these compounds contribute to antiradical and sidi@dive activity (Jasna et al. 2004). Thus, tha aff this study
was to evaluate the effect of the aqueous exta¢tarmwood on the antioxidant status and its pritecability
against oxygen reactive species in rats chroniealposed to lead.

Materiels and Methods
Preparation of wormwood (Artemisia absinthium) plant extracts (Abs):

Whole plants ofA. absinthium (voucher No. 0006) were collected from Mecheria,west district of
Algeria in the month of May. The plant was idemtifiand authenticated at the Herbarium of Botangddarate in
Es-senia (Oran) University. 500 gm of whole wormdqants were extracted with 1.5 L of distilled @by the
method of continuous hot extraction at 60°C for réths. This procedure was repeated, and the filtvess
lyophilized. The residue collected (yield 75 g) veégred at -20°C.

Animals and Experimental design

In the experiment, 30 male Wistars rats (40 +¥gjjntoxicated rats, and 12 normal rats) were uee.
rats were housed five per cage and had free atedesd and water. They were exposed to a 10-ligHi-tark
cycle and the room temperature was controlled at 23C. Animals were first exposed to Pb at the af@-3
weeks, when they were weighed. Experiments wer®mpeed on rats aged 11 weeks: 1) Pb group: - Bgissed
to Pb (750 mg/kg, in the form of Pb acetate inrtldeinking waterad libitum) for 11-weeks. 2) Control group: -
Rats that received water for 11-weeks. 3) Pb/wgtteup: - Rats intoxicated by Pb for 11-weeks, rnéogi water for
4 additional weeks. 4) Pb/ Abs groups: - Rats éetatith Pb receive agueous wormwood extract (AB8D (mg/kg,
in their drinking waterad libitum) during 4-weeks. 5) Water/Abs group - Group urtedawith lead received
aqueous wormwood extract for 4 additional weeksoo® samples were collected at the end of 11-wexks
intoxication and 4-weeks of treatment, and all thts were killed by decapitation after Pentobar@tsodium
anesthesia (60 mg/kg). The research was conductadciordance with the internationally acceptedqgpies for
laboratory animal use and care as found in the faao Community guidelines (EEC Directive of 1986;
86/609/EEC). Blood was collected in two tubes VEIDTA. In one tube haemoglobin and lead measuremvest
carried out. The other tube was centrifuged at 2090for 10 mins at 4°C. Plasma was collected cdiseind the
RBC was washed three times in 0.9 g/L Nail solutibypsed RBC were prepared by putting cells throtigtee
freeze-thaw cycles in dry ice and by the additibfivee volumes of ice-cold distilled water. Cell méranes were
removed by centrifugation at 10000xg, and the swgiant was used for the assay of enzymes activity.
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Biochemical analysis

Haemolysis test:Washed RBC with normal saline was made into a 0&u8fpension. 0, (100 mmol/L) induced
haemolysis was tested after 1 h incubation of RB§pension at 37 °C with tested drugs as previodebcribed
(Wu et al., 1997). The absorbance at 415 nm ofroabiibes was defined as 100%. The extent of hagsisolas
calculated by referring to control tube.

Estimation of lipid peroxidation and non-protein thiol: Lipid peroxidation in erythrocytes was estimated
colorimetrically by thiobarbituric acid reactivelmiances TBARS by the method of Niehius and Sarsoel§L968).
In brief, 0.1 ml of plasma and erythrocyte was tedawith 2 ml of (1:1:1 ratio) TBA-TCA-HCI reagent
(thiobarbituric acid 0.37%, 0.25 N HCI and 15% TC&)d placed in water bath for 15 min, and coolelde T
absorbance of clear supernatant was measured agefieience blank at 535 nm. The non protein-t(idiP-SH)
content was measured in plasma by the method ofdall(1959). Briefly, plasma was treated with TCAuton
(5% for plasma). The thiol content was determinedhie supernatants by reaction with dithionitrolmeazcid
(DTNB). The values are expressed as mg/dl.

Assay of Catalase and Superoxide dismutas€CAT was assayed colorimetrically at 620 nm, in RBd
expressed as pmoles of® consumed/min/mg Hb as described by Sinha (1978).réaction mixture (1.5 ml, vol)
contained 1.0 ml of 0.01 M pH 7.0 phosphate buffet, ml of erythrocytes supernatant and 0.4 ml & 21,0,.
The reaction was stopped by the addition of 2.@fdichromate-acetic acid reagent (5% potassiurhrdimate and
glacial acetic acid were mixed in 1:3 ratio). SOBswassayed in erythrocyte supernatant utilizingeéobnique of
Kakkar et al. (1984) based on inhibition of thenfation of nicotinamide adenine dinucleotide, phémaz
methosulfate and amino blue tetrazolium formazarsirgle unit of enzyme was expressed as 50% inbibibf
NBT (Nitroblue tetrazolium) reduction/min/mg Hb. &tactivity of GR in RBC supernatant was determibgd
measuring NADPH oxidation at 340 nm in the presesfaexidized glutathione (Glatzle et al., 1974) angbressed
asumoles of GSSH reduced/min/mg Hb.

Determination of Glutathione peroxidase and reducedylutathione: GPx activity was measured by the method
described by Rotruck et al. (1973). Briefly, reantmixture contained 0.2 ml of 0.4 M Tris-HCI buffeH 7.0, 0.1
ml of 10 mM sodium azide, 0.2 ml of homogenate (bgemized in 0.4 M, Tris-HCI buffer, pH 7.0), 0.2 ml
glutathione, and 0.1 ml of 0.2 mM hydrogen peroxitlge contents were incubated at 37°C for 10 mire feaction
was arrested by 0.4 ml of 10% TCA, and centrifuggdpernatant was assayed for glutathione contentsing
Ellmans reagent (19.8 mg of 5, 5’-dithiobisnitronkeic acid (DTNB) in 100 ml of 0.1% sodium nitrat&he
reduced glutathione level was determined usingntiethod of Beutler and Kelly (1963). The techniqoeolves
protein precipitation by meta-phosphoric acid anspeactrophotometric assay at 412 nm of the yellewvdtive
obtained by the reaction of the supernatant wii 8ithiobis-2-nitrobenzoic acid. Glutathione pddase activity
was expressed as pug of GSH consumed/min/mg Hbeahated glutathione as mg/mg Hb.

Assay of Vitamin E and Vitamin C: The vitamin E level in the plasma was determinedgithe method of Desai
(1984). Vitamin E in the lipid residue forms a pio&ored complex with bathophenanthroline-orthophasic acid
in the presence of ferric chloride. The absorptioe to the pink complex was measured at 536 nm.|é&e of
vitamin C in the plasma was determined using ththateof Omaye et al. (1979). Vitamin C presentthimplasma
forms a colored product on treatment with 2, 44damhenylhydrazine in the presence of copper slfaihe
absorbance of the colored product was measurezlatrb.

Estimation of uric 8-aminolevulinic acid: Urine was collected for a three day period. Dettarmlevulinic acid
(ALA) was estimated in urine samples by the methb&rabecki (1967). Delta-aminolevulinic acid restiwith
acetyl acetone and formed pyrrole substance wheelsted with dimethylaminobenzoese aldehyde. Theucedl
complex was measured spectrophotometrically at553The results were expressed as mg/dl.

Assay of lead metal in blood and urine:Pb concentration was determined in blood and wirgt atomic
absorption spectrophotometry with a Zeeman-cordegtaphite furnace (Model Spectra AA-220Z) and galwere
expressed in pg.dlin blood andug.day® in urine.

Haemoglobin estimation: The haemoglobin concentration was determined bycgfmmethemoglobin method
Drabkin and Austin (1935).

Statistical analysis: All data were expressed as mean + SEM of numbexpé&riments (n = 6). The statistical
significance was evaluated by one-way analysis asffance (ANOVA) using Student’'s “t” test to compate
differences between control and experimental grodpgalue of p < 0.05 was considered to indicaggaificant
difference between groups.

Results
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Statistically significant difference in blood andne lead concentration was observed between Rlipgb
11-weeks of intoxication compared to Pb/Abs andvab#r groups (Table.1). The levels of udkaminolevulinic
were significantly lower in control vs. Pb groupslahen the Pb/water groups; the values of &s@ninolevulinic
are significativelly decreased in Pb/Abs group ttrePb group (-54.74%). The haemolysis test immbPb/water
groups is significativelly increased compared tatoa group by +41%, +27%, Pb/Abs group indicatsgnificant
reduction compared to the Pb group (-41%). The lohesis test induced by J@,, indicate that intoxication by lead
increase the haemolytic effect, whereas afterrreat with the Wormwood extract, it decreases trenmwyse of
RBC (Water/Abs and PB/Abs) (Figure 1).

Figure 1 shows the levels of TBARS in the RBC dfgabups. The level of TBARS was significantly
increased in RBC of Pb and Pb/water groups comparedntrol group at 11-week. We have noticed agetvely

+85.9%, and +95.2% elevation in the TBARS valughi@ RBC of Pb group and Pb/water group relativéhto
control group; but in
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Figure. 1: TBARS level and haemolysis test value in all groups
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Table 1.Blood (PbB), uric lead level (PbU) and Ugi@minolevulinic acid concentration in all groups.

lvop)

11-weeks of intoxication 4-weeks of treatment bylant extract
Control Pb group water/ Abs Pb/water Pb/Abs groups
groups group
PbU pg.day’ 0.05+0.02 6.94+1.7 0.10 £ 0.038 2.11 £1.23*§ 1.12 +1.48*
PbB ug.drt 0.15+0.03 | 55.62 +6.30*| 0.19 +0.028 22.3 +5.78*§| 15.29 £ 6.21*§
Uric y-aminolevulinic acid 2.02+0.35| 4.95+0.57 2.45 +0.398 3.20+0.23182.71 £ 0.678
mg.dI*

The values expressed as mean + SEM (n=6). all greupontrol group at 11-weeks, * P<0.05; and all
groupvs. Pb group at 11-weeks, § P<0.05 (Student'sest).

Table 2.NP-SH, vitamin C and Vitamin E level in plasma aaduced GSH in RBC

11-weeks of intoxication 4-weeks of treatment

control Pb water/Abs Pb/water Pb/Abs
NP-SH (mg.drl) 3458+2,42 | 16,22+1,11f 33,55+2,36%21,10+1,85*§| 29,65+ 2,37*8
GSH (pmoI.L'l) 116.95 +12.55 70.07 + 8.57*| 96.48 +9.298 78.65+ 10.4B* 118.58.958
Vitamin C (mg.dl'l) 2.31+0.27 1.55+0.13*| 2.61 +0.268 1.65 £ 0.271 2.71+ 0.358
Vitamin E (mg.dl'l) 1.82+0.09 | 0.78+0.07*| 1.97 £0.108§ 0.85 + 0.041 1.68 +0.088

The values expressed as mean + SEM (n=6). All gusugontrol group at 11-weeks, * P<0.05; and all
groupvs. Pb group at 11-weeks, § P<0.05 (Student'sgst).

all groups treated (Pb/Abs and Water/Abs groupshuet&ed a significant difference compared to wageup by
+19.7% and 37.2%, respectively (p<0.05).

Table 2 shows the concentrations of vitamins En@ l[dP-SH in plasma, GSH in RBC of all groups. We

observed a reduction in GSH concentrations (-28.828)b compared to the concentrations found in mateup
after 11-week of intoxication; but no significarifference was observed between water/Abs and Pbghbsps
compared to control group. However, we noticed eetipely a relative -32.9% and -28.5% decreasedemtnation
in vitamin C in Pb and Pb/water groups compareddter group; the concentration of vitamin E wasgigantly
diminished in Pb and Pb/water group compared tarobgroup by -57.1% and -53.3%, respectively, ifecence
was noted between Pb/Abs and control group. Weedta significant increased value in NP-SH of Rii\\ter
and Pb/Abs groups compared to control group (-53%9% and-14.2%, respectively).

Figure 2 gives the activities of enzymatic anti@its in the erythrocytes hemolysate of all grouRets
intoxicated with lead acetate (Pb group) showedifigg@nt reduction in the activities of GR compartedcontrol
group after 11-week of intoxication (-33.8%); thetieity of SOD and GPx was significativelly increakby about
+64.3% and +40.3% compared to control group. Adtet-week treatment, the activity of GPx was sigaifitly
reduced compared to control group (-15%), and B @ctivity was significantly increased by +16.4%mpared
to control group. No difference was noted betwdegraups in the catalase activity.

Discussion
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Our previous investigations showed that chronicattment with Pb induced oxidative damage in
erythrocytes of rats, causing destruction of cedhmbranes and increased lipid peroxidation, as agellteration of
the antioxidant defence system, energy metabolisdntiae appearance of anaemia (Gurer et al., 1988kidHand
Kawanishi, 1996; Costa et al., 1997; Sugawara.£1891).

The results obtained in our present study show thedtment with Pb induces an increased LP
concentration in the blood of rats (Figure 1), whigas accompanied by increased formation of ROSgGand
Ercal, 2000). As a consequence, enhanced lipidxjpation, DNA damage, altered calcium and sulfhydry
homeostasis as well as marked disturbances of@dfaiat defence system occurred (Hiraku and Kawanl€96).
Treatment with wormwood extract was very effectinedecreasing the oxidative damage induced by Pichwh
resulted in significantly lower LP concentratiorhéTwormwood extract was capable of inhibiting fotiora and
antagonizing KO, which caused haemolysis, indicating that thesetpatracts are scavengers against hydroxyl
radicals.

In animals exposed to Pb, the activities of SOD @%H-Px were significantly increased (Figure 2)islt
known that Pb induces the formation of superoxidieraradicals in erythrocytes and it is reasonablexpect an
increased activity of SOD (Costa et al.,, 1997, Yale 1999). The mechanism of Hb oxidation to nietkhd
superoxide, followed by SOD catalyzed dismutatibeuperoxide to bkD,, has long been known; and it is proposed
that the high metHb values found in the lead-exgagerkers reflect both lead-induced direct oxyHlidakion and
co-oxidation of oxyHb with ALA (Monteiro et al., 88).

Pb induced an increase in CAT and GSH-Px activitibéch may be explained by their influence on
hydrogen peroxide as substrate which is formetiénprocess of dismutation of superoxide anion edsli¢Chiba et
al., 1996). Lead also binds to enzymes that hawmetiional sulfhydryl groups, rendering them non-fiiorzal and
further contributing to impairment in oxidative bate. Levels of two specific sulfhydryl containiagzymes that
are inhibited by lead (ALAD and GR) have been destrated to be depressed in both animal and hunaat le
exposure studies (Ahamed et al., 2005; Gurer-Oetbah, 2004).

The treatment with wormwood extract after Pb adstiation decreased erythrocyte SOD, CAT and GPx
activities indicating that this extract eliminatbg toxic effects of Pb on the activity of theseymnes. At the same
time, RBC reduced GSH concentrations remain atehel of control values which confirm the proteetitole of
wormwood extract.

GR, the enzyme responsible for recycling of glutate from the oxidized form (glutathione disulfide;
GSSQG) to the reduced form (reduced glutathione; 3Sldlso deactivated by lead (Hunaiti et al., J9®%®pressed
levels of glutathione reductase, glutathione pefasé, and glutathione-S-transferase were all faandorrelate
with depressed glutathione levels in occupatior@dposed workers (Sandhir and Gill, 1995). The caidiant
treatment after Pb administration helped to mainthe erythrocyte GSH content (Flora et al., 208ldra et al.,
2003).

As is shown in Table 2, a significantly decreasdé@iin C and Vitamin E concentrations in the plassha
rats after acute Pb treatment were observed. Qtkiestigations showed that chronic treatment withirRluces a
decrease of Vitamin C concentration in plasmaylaed kidney; Vitamin C is a known free-radical wmager and
has been shown to inhibit lipid peroxidation inelivand brain tissue of lead-exposed animals (PE@B1). Vitamin
C also protects plasma lipids against lipid peratimh and has an important role in the regeneratfantocopherol
(Patra et al., 2001).

Vitamin C is a potent scavenger of free oxygettigals and it has been shown that marginal Vita@in
deficiency results in intracellular oxidative dareaip the guinea-pig (Tatara and Ginter, 1994); Aead can
accelerate the oxidation of vitamin C, causing itd lose its bioactivity. In comparison to theartic exposure, the
acute treatment demonstrated that increased caoatiens of Vitamin C and Vitamin E may be due tdefence
response of the organism to oxidant injuries calsedb

ALAD is a crucial enzyme in lead toxicity becaube tnhibition of ALAD lowers haeme production and
increases levels of the substrate ALA in blood ande (Table 1). Elevated levels of ALA found baththe blood
and urine of subjects with lead exposure, are kntawstimulate ROS production (Bechara, 1996). Togetwith
our results showing oxidative stress associatett witreased of urinate ALA; the current data previtrong
evidence for the contribution of ALA to the prooaitt effects and toxicity of lead in all animalsatied by lead
acetate. In addition, we observed that urine camagons of ALA provide a useful index of the phylsigical
response to lead exposure.

Conclusion
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It can be concluded from presented results thak ilrduced oxidative damage in erythrocytes leadegss
of membrane function by enhancing LP as well asraton of the activity of AOS enzymes and conaitns of
reduced GSH, Vitamin C, E and NP-SH. Naturally edog antioxidants have been extensively studiedtiieir
capacity to protect organisms and cells from oxdatlamage. The aqueous extract of Wormwobatemisia
absinthium) expressed protective role against toxic influeoickead on all analysed parameters in rat.
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