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ABSTRACT

This study was done to investigate the use of vitamind&@y Words: Rats, Lead, Hyperthermia, Pathology

& E, selenium, silymarin and rehydration solution to amépoptosis, Steatosis

liorate lead toxicity under heat stress conditions. Male

albino rats were subdivided into four groups: the first wagroduction

a control group, the second was exposed to heat stig¢sage of lead and its compounds spread in modern in-
(40 £ 2°C) in a closed and controlled chambée third dustry® Lead exerts its toxic &fcts by enhancing
received 25 mg/100 g body weight lead acetate daygmsroxidative damage to membradésvestigations sug-
day and exposed to the same heat stress conditionsgds that effects of lead may be due to its interference
fourth was exposed to the same lead and hyperthermith calcium in the activation of protein kinase C (PKC)
conditions and supplemented three times per week wathd or through production of reactive oxygen species
1 mg/100 g body weight of each of vitamins C & EROS)? Lead induces DNA strand bre&kshat induce
silymarin, and 0.01mg/100g B.\&f selenium, and a daily apoptotic DNA fragments reversibly with tirhelonchel

drink of rehydran-n solution. Blood samples were cat al showed that lead enhances lipopolysaccharide and
lected after 25 days of treatment. Lead was foundttonor necrosis factanduced liver injury Kupffer cells
induce significant elevations in blood glucose, total prpromote lead induced hepatocyte apoptosis via oxidative
tein, cholesterol, leadyLT, AST, GGT, ALP and LDH stress®

levels under heat stress conditions. Hyperthermia induced

apoptotic DNA fragmentation, which was aggravatddeat stress was reported to induce alterations in hema-
under lead intoxicatiorA reduction in body weight wastological? physiological®!* and biochemic& param-
observed in heat stressed groups. Hepatomegally wts's. Heat stress exaggerates the toxic effect of lead
observed in heat stressed animals, which was aggravated ifferent body systenig.

with lead intake. Under heat stress condition, randomly

scattered hepatocytes showed acidophilic and apoptdtimmin C has been reported as a chelating agent in treat-
changes.Under heat and lead exposure, these changent of lead toxicity* It reduces the possibility of lead
were enhanced and showed midzonal distribution, in @ateracting with critical biomolecules and preventing its
dition to marked periportal microvesicular steatosis.toxicity.'® Vitamin E is an antioxidant that helps in cap-
Treatment of rats with vitamins C & E, silymarin, selguring reactive oxygen and free radicals produced by tox-
nium, and rehydran-n resulted in marked improvemenims 1® Silymarin is a mixture of antioxidants excreted from
the biochemical, moleculgshysiological, and histopatho-Silybum marianum. It serves as a free radical scavenger
logical parameters.
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and a membrane stabilizer that prevents lipoperoxidatiarglass centrifuge tubes, then centrifuged for 15 min. at

and the associated cell damag#.has a protective ef- 1000 x g. Sera were separated and stored &C-B0

fect against experimental hepatotoxicity by regulating livdeep freezer till further biochemical measurements.

cell physiology and improving the performance of he-

patic enzymes and bile productithi® Vitamin C and Preparation of tissues for microscopical and gel

silymarin supplements have been used effectively @graminations:

amelioration of lead toxicity After animal dissection, liver was removed, blotted on
filter paperand weighed. Representative specimens were

The present study aimed to evaluate the effect of uslabeled by code numbers, and immediately placed in 10%

vitamins (C & E), silymarin, selenium and rehydratioformalin. Portions of 10 mg were taken immediately for

solution supplements as a protective measures agajgttexaminations and the remaining portions were stored

lead toxicity under heat stress conditions. at -30C.
Materials and Methods Histopathological methods:
Animals: The specimens were processed to paraffin as per stan-

Twenty (20) male albino rats (Rattus norvigicus),-putdard procedure. Five-micron thick histological sections
chased from animal house of Garuonis Univerkityya, were prepared, and stained with hematoxyline and eosin.
10 weeks old, weighing about 120 + 10 g were usedTd® stained sections were examined blindly (without
experimental animalé&nimals were housed in groups irknowing the code number key) under light microscopy
plastic cages and were maintained under standard ddicroscopic examinations of liver sections were done
trolled conditions. Laboratory balanced diet and watsystematically with comments on architecture; portal,

were initially provided. periportal, or lobular inflammatory cell infiltrate and its
degree; liver cell necrotic or degenerative changes; bile

Experimental design: ducts and vascular changes.

Animals were segregated into four groups:

1 Normal controls. Gel preparation and electrophoresis of lysate tis-

2 Heat stressed group: they were exposed to 4C+ Bue:
in a closed and controlled chamber and water ad-likiels were prepared with 1.8 % electrophoretic grade
tum. agarose (BRL). The agarose was boiled in tris-borate

3 Lead exposed group (25 mg/100g body weight d&PTA buffer (1 xTBE buffer; 89 mM tris, 89 mM boric
by day) under the same heat stress conditions (4@cid, 2 mM EDA, pH 8.3). 0.5 pg/ml ethidium bromide
2°C) and water ad-libitum. was added to gel at 4D. Gels were poured and allowed

4 Lead exposed group (25 mg/100g body weight day solidify at room temperature for 1h before samples
by day) under the same heat stress conditions (4&ere loaded. 10 mg hepatic tissue was squeezed and
2°C) and supplemented with vitamin C (1mg/100gsed in 200 pl lysing buffer (50 mM NaCl, 1mM Na2
body weight), vitamin E (1mg/100g body weight), s&cDTA, 0.5% SDS, pH 8.3) for at least 30 min.
lenium (0.01 mg/100g body weight) and silymarifor electophoretic pattern of nucleic acids of tissue ly-
(Img/100 g body weight) by gastric tube 3 times/weskte, 20ul of lysate hepatic cells was loaded in well, 5 pl
and daily free drink rehydran-n solution (4g glucogex loading buffer was on the lysing tissue. Electrophoresis
anhydrous, 0.51g tri-sodium citrate anhydrous, 0.70gs performed for 2 hours at 50 V in gel buffer (1x TBE
sodium chloride and 0.30g potassium chloride in 20@iffer). Gel was photographed using a Polaroid camera
ml distilled water). while the DNA and RNA was visualized using a 312 nm

UV transilluminator
Duration of administration:
Animals of different groups were anaesthetized and réyhicleic acids extraction and molecular assessment

idly dissected after 25 days of treatment. for apoptosis:
Nucleic acids extraction was based on salting out ex-
Collection of serum samples: traction method? whereas protein was precipitated by

Blood samples were collected from the abdominal vegaturated solution of NaCl (5M). 10mg hepatic tissue
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was squeezed in eppendorf tube and was lysed by 60R @b ults

lysing bufer (50 mM NaCl, 1mM NaEDTA, 0.5 % Body weight:

SDS, pH 8.3), and was shaken geriflye mixture was Decreased significantly by 33.83% after heat stress for

kept overnight at 3. For protein precipitation, an25 days and by 41.61% after lead treatment under hy-

amount of 200 ul of saturated NaCl was added to therthermiaVitamin supplementation reduced théeet

samples and then shaken gerafyd centrifuged at 12,0000f heat and lead on body weight.

rpm for 10 min. The supernatant was transferred to new

eppendorf tube and the DNA was precipitated by 700H¢patosomatic index:

cold iso-propanol. The mixture was inverted several timdgat stress induced elevation in hepatosomatic index

till fine fibres of nucleic acids appeared, and centrifugéid er (g)/body weight(g) ratio) by 15.68%; however lead

for 10 min at 12,000 rpm. under hyperthermia aggravated this effect to 20.41%.
On the other hand treatment with antioxidants with re-

The supernatant was removed. For washing, an amdwuration ameliorated these effects.

of 500 pl 70% ethyl alcohol was added and centrifuged

for 8 min at 12,000 rpm. The supernatant was decanBidchemistry:

or tipped and the tubes blotted on Whatman paperHat stress resulted in significant increase in serum glu-

clean tissue for 15 min. For apoptosis, once the tube wase, cholesterol, triglycerides, T and LDH levels. On

seen to be drythe pellet was resuspended in 50 pl ¢he other hand, serufLP activity decreased signifi-

appropriate volume of TE buffer (10 mM tris, ImMantly However serum total protein, le&ET and GGT

EDTA, pH8), and supplemented with 5% glycerol for 3@vels were not affected.

min. The resuspended DNA with 6 x loading buffer was

loaded directly on gel. So, the fine apoptotic bands colldad induced significant increase in serum glucose, total

be detected even in the control sample. protein, leadALT, AST, GGT, ALP and LDH levels un-
der heat stress conditions. However serum cholesterol
Apoptosis analysis: decreased significantly and triglycerides were not sig-

For apoptosis, the extracted DNA was gently resuspendéttantly affected.

with TE buffer supplemented with 5% glycerol, gently

pipetted, and then mixed with 6 x loadingfeyfand loaded Treatment of lead toxicity under heat stress conditions

directly on the get* The remaining DNA was kept at -with rehydran-n solution and vitamins (C & E), silymarin,

20°C for another loadingdpoptotic bands appeared an@nd selenium supplements improved all biochemical pa-

located at 180 bp. rameters under investigation, especially total profesi,
GGT andALP levels.

Biochemical analysis:

Serum total protein, cholesterol, triglycerides, glucogdplecular findings:

ALT, AST, GGT, ALP and LDH levels were determinedHeat stress induced fine apoptotic bands indicating high

automatically using Integra 800 auto-analyXational degree of liver cell destruction. Lead induced aggrava-

Liver Institute, Menoufiya UniversityLead was deter tion of apoptosis in liver cells under heat stress condi-

mined in serum samples by atomic absorption spections. Treatment with vitamins (C & E), silymarin, and

photometry using 8.C. 902, double beam atomic abrehydration solution ameliorated these effects.

sorption spectrophotometer (A.D.S. instrument), Faculty

of Agriculture, Menoufiya University Histopathology:
Under heat stress conditions, randomly scattered hepa-
Satistical analysis: tocytes showed acidophilic and apoptotic changes.

Data were represented in tabular form as mean * stRais exposed to lead and heat stress showed marked
dard deviation. Students t-test was used for evaluatadophilic and apoptotic changes in zone 2 (mid acinar
statistical significance for results accordinddioe and zone) with microvesicular steatosis in zone 1 (periportal
Wetherill .22 areas).
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Vitamins C and E and other supplements resulted in igd AST activities in lead-intoxicated rats under heat
nificant reduction of both lead, and to some extent hesatess conditions reflects the damage of cells and alter-

stress manifestations. ations in cell permeabilitl? In accordance with our find-
ings, Skoczynska et alshowed a decrease in plasma
Discussion cholesterol in rats treated with small doses of féad.

Heat is a stressor that evokes several physiological re-
actions in humans and anim&$4any biochemical and Recent studies have shown that lead induces hepatic
physiological systems of the body are affected by exg@NA damage’° In the present study lead aggravated
sure to heat, such as enzymatic, metabolic, cardiovasqueptotic DNA fragmentation induced by heat stress.
lar, respiratoryhaematopoietic, endocrinal and immund?agliara et al showed that lead induced hepatic hyper-
logical systems, as well as blood and body fluid compoglasia followed by apoptosis mediated by oxidative stress
tion.?#32 Lead intake causes toxic effects on differeirt kupffer cells>°
body system8&! Hyperthermia exaggerates the toxic
effects of lead. There is evidence that combined suppl&e results of this study showed decreased body weight
mentation with vitamin C and silymarin ameliorates thie both heat stressed groups. Decrease in body weight
toxic effects of lead under mild conditions. due to hyperthermia may be attributed to alterations of
the availability of enzyme substrates and hormones, and
The present study showed that heat stress resultetbithe decrease of food intake and excessive watét loss
significant elevations in blood glucose, cholesterol, trigf- It may be related to increased catabolism and tissue
lycerides ALT and LDH levels. destruction under heat stress conditions.

Mertsching showed that the decrease of insulin relea$be loss of body weight is generally considered to be a
in heat stressed animals decreases the rate of glugbsesiological index of lead intoxicatiofkerber et aP®
utilization in tissues which lead to increased blood gland Abou-ElI Maged et aP® attributed the decrease of
cose levelf® Heat stress causes disturbances in livieody weight to strong affinity of lead for -SH, amine,
function tests in hamstetsrats®” and human® In hu- carboxylic and phosphate ligand groups of biological
mans and rats exposed to hyperthermia, autophagic vawambranes and protein. This leads to enzyme inhibition
olation, and dilatation of both Golgi apparatus and endand disruption of numerous metabolic pathways includ-
plasmic reticulum, together with elevation of serum GQOifg those of oxidative phophorylatircausing general
GPT and LDH activities, have been reported. inhibition of metabolism, besides other factors such as
malabsorption of food materials, depression of appetite,
Our results indicated that lead induced significant elevamd reduction of food consumpti&hi-urther some au-
tions of blood glucose, total protein, leAtlT,AST, GGT, thors attribute the growth retardation to hormonal imbal-
ALP and LDH levels under heat stress conditions. Themgce due to lead toxicity®!
results are in agreement with those reported by earlier
investigators (vide supra). Our results show that heat aggravates hepatomexgpaly
lead pronounces this effect. This may be due to the dif-
Hyperthermia was reported to induce RBCs hemo#ysisuse wide spread affection of zone 1 (periportal areas)
which may be responsible for increased serum total pby- microvesicular steatosis, and the mild mononuclear
tein. Latner showed that the increase in serum GGT iiflammatory cell infiltration.
an indicator of liver fibrosis and correlates with the de-
velopment of hepatobiliary diseases indicating toxic liv&one 1 is upstream in the blood flowing to the liver aci-
damage? nus, and zone 3 is downstreaiherefore zone 1 hepa-
tocytes are exposed to the highest concentration of lead
Eissa et alreported increased serum alkaline phosempared to zone 3 hepatocyt&he periportal distri-
phatase activity in workers subjected to |&athis was bution of lead-induced microvesicular steatosis indicates
interpreted to changes in membrane permeafiitingt a direct hepatotoxic effect of lead, and not through meta-
lead to hypoxia of hepatocyt€sand increased bolic byproducts of lead.
peroxidatiort* The significant increase in serukh.T
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It has been shown that lead nitrate induces a syncHREEFERENCES
nized wave of hepatocyte proliferation in rat lif¥er 1. Chia KS, Jeyaratanam Tan C, Ong HYOng CN,
Pagliara et alshowed that lead induces liver hyperpla- Lee E. Glomerular function of lead-exposed work-
sia followed by apoptosis mediated by oxidative stress iners.Toxicol lett. 1995; 77: 319-328.
Kupffer cells® 2. Sandhir R, Gill KD. Effect of lead on lipid peroxidation
in liver of rats. BiolTrace Elem Res. 1995; 48: 91-97.

Vitamin E is a known antioxidant that protect again8t Upasani CD, Kherd, Balaraman R. Eéct of lead
toxicity through its free radical scavenging capacity; there- with vitamins E, C, or spirulina on malondialdehyde:
fore, it can prevent lipid peroxidation and fix the Conjugated dienes and hydroperoxides in rats. Indian
biomembrane$! It can also prevent membrane phos- J Exp Biol. 2001; 39: 70-74.
pholipid degradation through phospholipidases linkaget. Fracasso ME, Perbellini L, Solda Balamini G
Vitamin C has been reported to reduce the possibility of Franceschetti.R.ead induced DN/Astrand breaks in
lead interacting with critical biomolecules and thus pre- lymphocytes of exposed workers: role of reactive oxy-
venting its toxicity It can be used as a chelator for lead gen species and protein kinase C Mutat Res. 2002;
to decrease the risk of its toxic effe€&3.he preventive  515: 159-169.
activity of vitamin C may be related to its antioxidar. Valverde M, FortoulE, Diaz-Barriga FMejia J, del
efficacy that inhibits lipid peroxidation enhanced by lead. Castillo ER. Genotoxicity induced in CD-1 mice by
Blankenship et al showed that vitamin C protected inhaled lead in differential organ response. Mutagen-
cells from undergoing apoptosis. esis. 2002; 17: 55-61.

6. Shalan MGMostafa MS, Hassouna MM, Hassab el-
Silymarin has anti-inflammatory activities mediated by Nabi SE, El-Refaiéd. Amelioration of lead toxicity
alteration of Kupffer cell functioff It has been reported on rat liver with vitamin C and silymarin supplements.
that silymarin improved liver function tests related to Toxicology. 2005; 206: 1-15.
hepatocellular necrosis and/or increased membrane gerHonchel R, Marsanco L, Cohen D, Shedlofsky S,
meability®® Its protective dect is attributed to its anti- McClain CJ. Lead enhances lipopolysaccharide and
oxidant and free radicals scavenging properties. Silymarintumor necrosis factor liver injuryl Lab Clin Med.
has been shown to reverse histopathological changes 0£991; 117: 202-208.
CCl4, such as necrosis, fatty change, ballooning deg8nPagliara PCarla EC, Caforio S, Chion#a Massa S,
eration, and inflammatory infiltration of lymphocytes Abbro L, Dini L. Kupffer cells promote lead nitrate-
around the central vein. In agreement of our resultsinduced hepatocyte apoptosis via oxidative stress.
silymarin was found to reduce hepatic collagen accumu-Comp Hepatol. 2003 b; 2: 8.
lation by 35% in rats with secondary biliary cirrho8is.9. Kamal TH, Bahgat MM,Abo-Grween LGA. Eect
Saravanan et alshowed that vitamin C or/and silymarin of heat on blood components, prothrombin time and
were hepatoprotective and have antioxidant effect growth hormone in immature male rats. J Biomed Sci
against ethanol intoxicatioh.The hepatoprotective ef- Ther 1992b; 8: 50-58.
fect of silymarin may be attributed to its ability to scat0.Weniger JH, Methias J, Forster E. Influence of tem-
enge oxygen free radicals, and inhibition of liver mi- perature and humidity on growthAdim Breed Genet.
crosome lipid peroxidation. 1991, 108: 379-388.

11.Tharwat EEAmin SO, KhadrAF, Kotby EA. The
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amelioration of heat stress effects. Rehydran-n solutionto heat stress. Cah Options Meditr994; 8: 634-
has high water content in addition to sodium, potassium,637.
and glucose that improve the osmotic fragility of celluld2.Groenink K\Van-DerGugten J, Zethof,TVan-Der
membranes and hence may ameliorate heat stress. Heyden J, Olivier B. Stress-induced hyperthermia in

mice: Hormonal correlates. Physiol Beh2994; 56:

In conclusion, combined supplementation with vitamins 747-749.
C, E, selenium, silymarin, and rehydran-n solution mark3.Michael MI. Effect of lead on some physiological
edly reduce the hepatotoxic effects of lead under heatparameters in heat stressed rats. 1997; MSc. Thesis,
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