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Abstract: Problem statement: Aluminum (Al) is a trivalent cation found in itsnigc form in most
kinds of animal tissues and in natural waters evbeye.Approach: It is a potent neurotoxin and has
been associated in the pathogenesis of severdtallidisorders including Alzheimer's disease.
Results: The aim of the study was to demonstrate the protedffect of S-Allyl-Cysteines (SAC)
against Al-induced toxicity in rat model on certdiochemical parameters, lipid peroxidation and
oxidative stress enzymes of white albino rats. r@ts per group were divided into various treatment
groups. Group one rats were given normal saline sarded as control group. Group two animals
received Al as aluminum nitrate 32.5 mg (i.p.) the induction of toxicity. Group three to five
received different doses of SAC (25, 50 and 100kqid) for 3 days after 24 h of Al toxicity. Rats
were orally administered their respective dosesyeday for 3 days. Evaluations were made in blood
and tissues. The activity of Acetylcholinestera&ehE) was inhibited in all the parts of brain affdr
intoxication. Significant rise were observed thetitities of Serum Transaminases (AST and ALT)
after toxicant exposure. The activity &#Aminolevulinic acid Dehydratase (ALAD) in blood &@-
Aminolevulinic Acid Synthetase (ALAS) in brain wakecreased after Al exposure. Al significant
increased cholesterol, triglyceride, creatinine areh level in serum. TBARS level was significantly
higher and GSH content were significantly loweridgrtoxicity. Total and esterified cholesterol in
liver, kidney and brain were increased after Al @syre. Histopathological changes in liver, kidney
and brain were also recouped with the ther&gmonclusion/Recommendations. Our data proved that
SAC which is a bioactive and bioavailable compon&giarlic has organosulfur compounds which
regulates the thiol status of the cell and scavefige radicals and work as an antioxidant. Thu€ SA
effectively reduces cognitive dysfunction and otidiadamage induced by Al.
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INTRODUCTION 1975), antiarthritic, hypoglycemic (Jain and Vijas,
1975) anticarcinogenic (Hussairet al., 1990),

Recent trends in controlling and treating diseasedntifungal (Ameret al., 1980), anti-atherosclerotic
tend to favor natural antioxidant compounds rathen ~ (Bordia and Verma, 1980) an antioxidant against fre
synthetic ones. Garlic (Allium sativum) is a comryon radicals (Moriharaet al., 2006; Banerjeeet al.,
worldwide used food and its medical properties have2003). It has been shown to be significantly effiext
Beck, 1999). Many beneficial health propertiesafiig ~ Mercury poisoning (Senapatial., 2001; Tandowt al.,
are attributed to organosulfur compounds, partityla 2001; Daset al., 2009; 2008; Kalayarasa al., 2008;
to sulfur-bearing compounds such as allicin, SJAlly Leeet al., 1999; Metwallyet al., 2009).

Cysteines (SAC), Diallyl-Di-Sulfide (DADS) and Aluminium (Al) is a ubiquitous element and has
Diallyl-Sulfide (DAS) .The protective actions of A been proposed as an environmental factor that may
in the basal memory responses, ischemic brainnbraicontribute to some neurodegenerative diseases and
edema, on learning defects (Nishiyaebal., 2001) and affects several enzymes and other biomolecules
neurons against TM-induced neurotoxicity is rembrte relevant to Alzheimer's disease. It is present iangn
(Kosugeet al., 2006). It also protects the Abeta-inducedmanufactured foods, medicines, cheese, tea, casmeti
neuronal cell death (Ishigat al., 2007). Garlic is also and is also added to drinking water during purtfima
one of the well known plants with multiple benefici purposes (Al-Hashem, 2009a; 2009b; Newairyal.,
effects such as antimicrobial (Johnson and Vaughmn009; Yousef and Salama, 2009). Different form#lof
1969), antithrombotic, hypolipidemic (Bordet al.,  are environmental xenobiotics that induce freecaldi
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mediated cytotoxicity and neurotoxicity (Yousef and Group 3-5: Were rats given a dose of SAC at 25, 50
Salama, 2009; Prakash and Kumar, 2009; kaal., and 100 mg Kd, p.o. for 3 days

2010; Bihagiet al., 2009). Also, increased aluminium

burdens, can cause neurological symptoms, Animals of all the groups were sacrificed after 48
biochemical responses leading to unhealthy bon&ours of last treatment and different biochemical
metabolism andlearning disabilities in children analyses were performed.

(Isaacson and Jensen, 1994). The high aluminium die

led to increased central nervous system aluminiuniochemical assays: Blood was collected directly
concentration and altered concentrations of thergigé ~ from the heart by puncturing the retro-orbital ven®

trace elements iron and manganese (Getdb., 1995),  Sinus (Riley, 1960) and serum was isolated for the
neutrophilic inflammation and oxidative stress in@Stimation of AST and ALT (Reitman and Frankel,

welders of aircraft plant (Starket al., 2009), 1957) andb-Aminolevulinic Acid Dehydratase (ALAD)
(Berlin and Schaller, 1974). Serum cholesterol,
Triglyceride (TG), creatinine and urea (kit method)
.were estimated by autoanalyser. The activity of
Acetylcholinesterase (AchE) was determined in
different parts of brain (Ellmanet al., 1961).
Homogenate in an isotonic solution was processed fo
total and esterified cholesterol (Zlatkes al., 1953).

. . ) Hepatic, renal and cerebral LPO (Sharma and Krishna
potential ~ of S-Allyl-Cysteines  (SAC) against MuFr)thy, 1968) and GSH (Brehe ar(md Burch, 1976) was
aluminium-induced toxicity in rat model by evaluegi also estimated. The activity @fAminolevulinic Acid

antioxidant enzymes activities, markers of haemSynthetase (ALAS) was also determined in brain
synthesis, acetycholenistrase in brain, LFT's and(Maines 1980).

KFT's. The changes were substantiated by

deregulation of cell signaling thus impairment of
neurotransmission (Verstraetetral., 2008). Aluminum
may have a direct effect on iron metabolism;
influences absorption of iron via the intestingyiitders
iron’s transport in the serum and it displaces 'son
binding to transferring (Mostaghie and Skiller986)
The aim of the study was to evaluate the anti-oxida

histopathological findings. Histopathological assays. Liver, kidney and brain
were dissected out washed in saline and fixed in
MATERIALSAND METHODS Bouin’s fluid, embedded in paraffin, sectioned gir6

and stained with haemotoxylin and eosin for

Experimental animals: Sprague Dawley female albino oy amination by light microscopy.

rats weighing 160_+10 g from department animal

facility were selected. They received a standaftepe gitistical analysis. P values at the level of .05
diet (Pranav Agro Industries, New DeIhl,.Indla m‘?" were evaluated by student’s t test. Significancehef
metal contents in ppm dry weight Cu, 10; Mn, 33; Zn gitference among various groups was evaluated lay on

45; and Co, 5) and drinking wated libitum. Animals  \yay Analysis of Variance (ANOVA)® F=P<0.05
used in this study were treated and cared for ifgnedecor and Cochran, 1989). B

accordance with the guidelines recommended by the
Committee for the Purpose of Control and Supermisio
of Experiments on Animals (CPCSEA), Government of
India, Ministry of Culture, Chennai.

RESULTS

Biochemical observations: The results demonstrates
that the toxicity produced by Al was associatechveit
variety of biochemical abnormalities and these doul
usually be attributed to the release of intracatiul
constituents in to the circulation, following los$
integrity of the cell membrane or interference with
normal metabolism and function. Table 1 and 2 dspic
Experimental design: that administration of Al elevated the activity sdrum
AST, ALT and LDH where as serum protein was found
Group 1:  Were control rats received a single dailyto be depleted. These results indicate a proteefiiest
dose of normal saline orally. of S-allylcysteing(P <0.05) on the membrane by virtue
Group 2: Were rats given a daily single dose ofof its antioxidant property. Toxicant induced dejole
aluminum nitrate at 32.5 mg Kg(1/2LDs,  in the activity of ALAD and serum proteins. SAC
i.p. once only) and name Al treated rats.  therapy showed recovery pattern, this was sigmifiea
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higher doses. The serum profile of Al exposed ratHistopathological observations: Aluminum exposure
reveals significant rise in triglyceride, cholester showed, disturbed chord arrangement, enlargement in
creatinine and urea as kidney markersQ(PS). SAC sinusoidal spaces, hypertrophy of hepatocytes with
therapy showed values near to the control at highenyperchromatic nuclei. Kupffer cells were increaged
doses (Table 2). Al is highly neurotoxic elementlan number (Fig. 1). At places bile duct proliferatiand
has been suggested to play a role in degenerafion mflammatory cells were seen. At low doses therapy
nerve cells in the brain of human and experimentashowed mild cytoplasmic vacuolation and granulation
animals. It reduced the AChE activity of cerebellumin hepatocytes. However the highest dose showed
(hind brain) when compared to controls. At the saméexagonal hepatocytes with clear nucleus (Fig.AR).
time the mid-brain and cortex (for brain) enzymetreatment showed higher degree of degeneration in
activity was also reduced (p<05). Toxicant also cortex and medullary region. Bowman’s capsules
caused depletion in ALAS in brain. Treatment of SACshowed hypertrophy, disturbed endothelial liningl an
significantly restored these parameters (Table 3). cytoplasmic vacuolation was observed (Fig. 3). At
Further, we assessed oxidative stress parametdiew dose therapy improvement was seen, however
and antioxidant activity in the liver and the kigrend  at the highest dose endothelial lining was maim@jn
the results are summarized in table 4. Hepati@lramd  Bowman’s capsules was recoup€éig. 4).
cerebral (brain) LPO was significantly increaseteraf
Al exposure whereas hepatic, renal and cerebral GSF
was significantly decreased. However, combinatién o
garlic extract reduced TBARS concentration and
restored the levels of GSH. Results show that total
cholesterol and esterified cholesterol in the likidney
and brain was increased after toxicant administnati
These results show that, SAC has a protective teffec
the Al induced changes in the lipid levels (Table 5
Control rats had extremely small amount of Al wel,
kidney and brain . Exposure led to a pronounced
increase in Al body burden (B05) in all the organs.
The accumulation of Al was in the order
liver>kidney>brain. Therapy of SAC was significantl
effective (’<0.05) in removing Al from all the organs
significantly (<0.05) (Table 6). An overview of the
effect of extract treatment in aluminium intoxichteats
reveals that higher dose were significantly effexti
when compared with other doses.

Fig. 2: Al (NG;); + SAGy showed hexagonal
hepatocytes and clear sinus (X400)

Fig. 1: Hypertrophy of hepatocytes, hyperchromatic
nuclei with fluid filled sinus was seen in liver Fig. 3:Al exposure increased cellularity in glomoer
after Al exposure (X400) and distorted endothelial lining (X400)
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Tablel: Effect of SAC against Al treated rats inAD and serum transaminases

ALAD AST ALT

Treatments (n mol mif mL™ erytrhocytes) o (L
Control 7.80+0.43 67.3£3.72 41.2+2.27
Al 3.20£0.17 157.08.67 127.0+7.02
Al + SAC;s 4.23+0.23* 122.0+ 6.74* 66.9+3.69*
Al + SACs 4.91+0.27* 116.0+6.41* 66.0+3.64*
Al + SACi00 5.96+0.32* 116.0+6.41* 55.6+£3.07*
Anova (F-Value) 40.89 28.2° 70.9%

Values are meah S.E., N = 6. #: £0.05 vs control group; *:40.05 Vs Al administered group. ANOVA (F-values) @gnificant at 5 % level

Table 2: Effect of SAC against Al treated rats iea) creatinine, triglycerides & cholesterol inusar

Urea Creatinine Triglycerides Cholesterol
Treatments (mg di) (mg dLY (mg dLY) (mg dL%)
Control 19.8+1.09 0.4310.02 68.80+3.80 46.9+2.59
Al 55.8+3.08 0.50+0.02 94.20+5.20 75.0x4.14
Al + SACys 42.6+2.35% 0.45+0.02* 84.40+4.66* 53.2+2.94*
Al + SACso 42.0+2.32*% 0.44+0.02* 77.00+4.25* 51.8+2.86*
Al + SACi00 41.3+2.28* 0.44+0.02* 72.30+3.99* 48.1+2.65*
Anova (F-Value) 378 1.47 6.35( 16.6°

Values are meas: SE, N = 67: p<0.05 Vs control group; *:0.05 Vs Al administered group; ANOVA (F-value®) Significant,™: Non
significant at 5% level

Table 3: Effect of SAC against aluminium treatedrais in Acetyl Cholinesterase brain

Acetyl Cholinesterase ALAS

(1 mole min*mg™* protein) (n mol mift mg* protein)
Treatments Fore brain Mid brain Hind brain Forerbra
Control 40.0+2.21 20.40+1.12 39.0+2.15 11.80+0.65
Al 17.6+0.97 9.44+0.52 20.3x1.22 4.00+0.22
Al + SACys 27.6+1.53* 11.90+0.65* 26.2+1.44* 9.46+0.52*
Al + SACso 29.6+ 1.63* 12.7040.70* 28.3+1.56* 9.93+0.54*
Al + SACi00 30.6+1.69*% 15.30+0.84* 30.5+1.68* 10.20+0.56*
Anova 27.8 32.7® 21.0° 38.7¢%

(F-Value) Values are mean SE, N = 6%: p<0.05 Vs control group, *:90.05 Vs Al administered group; ANOVA (F-value®) Significant at
5 % level

Table 4: Effectiveness of SAC against aluminiuratiee rats in LPO and GSH in tissues

Lipid Peroxidation Glutathione

(n mole MDA mg" protein) (1 mole @)
Treatments Liver Kidney Brain Liver Kidney Brain
Control 0.45+0.02 0.66+0.03 1.08+0.05 7.20+0.39 37039 7.02+0.38
Al 1.31+0.07 1.88x0.16 2.18+0.12 5.02+0.27 4.81+0.26 4.76+0.26
Al + SACs 0.67+0.03* 1.62+0.08* 1.47+0.08* 6.50+0.35* 6.9038* 6.78+0.37*
Al + SACs 0.63+0.03* 1.50+0.08* 1.35+0.07* 6.70+0.37* 6.9038* 6.80+0.37*
Al + SACy00 0.59+0.03* 1.40£0.07* 1.34+0.07* 6.70+0.37* 7.1039* 6.98+0.38*
Anova 70.6@ 37.9¢F 28.8¢° 6.41° 8.7 8.51°

(F-Value)Values are meanSE, N = 67 p<0.05 Vs control group, *:$0.05 Vs Al administered group. ANOVA (F-value®) Significant at
5% level

Table 5: Effect of SAC extract against aluminunateel rats in total and esterified cholesteroldaues

Total Cholesterol Esterified Cholesterol

(mg/100 mg) (mg/100 mg)
Treatments Liver Kidney Brain Liver Kidney Brain
Control 0.12+0.006 0.11+0.006 0.98+0.05 0.06+0.003 0.03+0.002 0.16+0.008
Al 1.21+0.068 0.750.041 2.95+0.16 0.20+0.011% 0.15+0.008 0.65+ 0.036
Al + SACys 0.49+0.027* 0.51+0.028* 2.40+0.13* 0.15+0.008* Q+00005* 0.55+ 0.030*
Al + SACso 0.47+0.025* 0.44+0.024* 2.33+0.12* 0.14+0.008* Q+00005* 0.48+0.026*
Al + SACi00 0.43+0.023* 0.44+0.24* 2.21+0.12* 0.11+0.006* 002004 0.47+ 0.026*
Anova 148.08 83.5(° 4110 53.3¢° 63.4¢° 55.1¢

(F-Value): Values are meanSE, N = 67: p<0.05 Vs control group, *:€0.05 Vs Al administered group. ANOVA (F-valué®)Significant at 5
% level
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Table 6 Effectiveness of SAC against aluminum g@aats in Metal concentration (g/g) in tissues

Treatments Liver Kidney Brain
Control 12.50 +.91 16.40 +0.90 13.20+0.71
Al 34.10 +1.88° 42.20 +2.3% 37.61+2.07
A+SACss 21.76 +1.20 38.62 +2.13 36.42 +2.01
A+SACso 19.51 +1.07 29.76+1.64 30.00+1.65
Al+SACi00 13.90 +0.76 20.91+1.15 28.76 +1.58
Anova (F Value) 61.¢ 49.4@ 40.1°

Values are mean $.E., N = 67 P <0.05 vs control group,P <0.05 vs Al administered group. ANOVA (F values)=@ignificant at 5 % level

After Al exposure neuronal degeneration and glal c
(microglia) proliferation was observed in brain,
pyknotic neurons were noticed. Cerebellar atroplg w
also observed (Fig. 5). Lower dosed showed mild
improvement in Purkinje cells. Astrocytes led to
scattered neurons with reduced vacuolation in deanu
cell layer. The oligodendrites were reduced in .size
Treatment with highest dose resulted in almost @brm
histoarchitecture depicting all the normal layersd a
Purkinje neurons. There was significant loss of
vacuolization in neurons. Prominent nuclei werendae
Schwann cells. Fibroblasts and glial cells showedem
Fig. 4: Al (NOy); + SAC,o Showed compact glomeruli or less normal structure (Fig. 6).

and well formed renal tubules(X400)

DISCUSSION

The present study was undertaken to determine
whether SAC can prevent and/or reduce Al-induced
oxidative stress by examining different biochemical
parameters of oxidative damage in the serum, thes, li
kidney and brain in rats.

Our results clearly showed that there was a
significant biochemical and histopathological chesg
suggesting strong prooxidant activity inspite sfrion-
redox status (Exley, 2004). Its toxicity may be imaéztl
by free radical generation and alterations in aandiant
enzymesin vivo and in vitro (Tabaldiet al., 2009),
Fig. 5: Al exposure caused neurofibrillary tangheth \Isvggglacgu:ﬁd zggg)ryofé(ﬁ%m%;gagw;rj]'iéléogﬁ’

vacuolation (X100) 2009) and hepatotoxicity (Kutlubayal., 2007).

Activities of serum AST, ALT, LDH, urea and
creatinine were increased after toxicant admirtistna
Changes in these enzymatic activities may be dtleeto
leakage of these enzymes from the liver cytosal ihe
blood stream and/or liver dysfunction. These
abnormalities were prevented by supplementation of
SAC, perhaps due to its role in stabilizing thel cel
membrane and protect the liver from free radical-
mediated liver cell toxicity various authors (Al-
Hashem, 2009aYousef, 2004; Nayalet al., 2006).
Mohamed and Awad (2008) reported similar findings
after Al exposure. LDH is a hydrogen transfer engym
is used in the diagnosis of liver damage. Otherataet
Fig. 6: Al (NO;); + SAGq showed well formed layers, like cadmium also increased the serum transaminases

epineurium, perineurium and endoneurium (X100) (Al-Hashemet al., 2009; Aminlet al., 2006). Results
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of the present study clearly depicted that Alchromium, alcohol and acetaminophen induced group
administration enhanced concentration of this delub (Kalayarasaret al., 2008; Yan and Yin 2007; Hsa
enzyme significantly. The activity of this enzym®& i al., 2006).
also increased by feedback mechanism as it is\adol Aluminum neurotoxicity is due to the contribution
in glucose metabolism. It is used as marker of Alof the AI3+ ion to iron-induced neuronal oxidative
toxicity. Similar finding was noted by El-Demerdash damage. The two metals are expected to act
(2004); Yousef (2004) and Anane and Creppy (2001)synergistically, aluminum coordination to the nenab
These values were restored near to control afte€ SAmembrane facilitating attacks by iron-induced free
treatment. SAC restored the values of AST, ALT, LDHradicals, whereas membrane oxidation in turn irsgea
in serum along with improved histological and aluminum binding, thus, aggravating oxidation
transmission electron microscopic structure agains(Berthon, 2002). Brain membranes are not only based
chromium and acetaminophen induced toxicityon the presence of polyunsaturated fatty acids and
(Kalayarasaret al., 2008; Hstet al., 2006). phospholipids components, but also that of molecule

Cholesterol, TG and creatinine were increasedvith a high content of lipid/protein ratio (like ge,
after toxicant exposure. The increase in serum §G imyelin) supporting the fact that ions without redox
possibly due to hypoactivity of lipoprotein lipag® capacity can stimulate lipid peroxidation by promgt
blood vessels which breaks up TG. High serumphase separation and membrane rigidification (@&mijs
cholesterol level may be due to hepatic dysfunctidn  2000).
Hashem, 2009a; Kojimat al., 2004; Kantolaet al., A significant decrease was observed in the AchE of
1998). The cholesterol content in brain was higheXl fore, mid and hind brain after Al exposure whichyma
fed rats (Pandyat al., 2004). The decreased value of interfere with either synthesis of AchE or inhibit
lipid levels on the administration of SAC may beeda  choline uptake by synaptosomes. The higher reductio
hypolipidemic effect (Chang and Johnson, 1980). Thén AchE activity of brain may suggest that this tpair
elevation in creatinine and urea levels in Al tegatats ~ brain is much more susceptible to metal intoxicatil
in the present study reveals significant damage imlso may bind with the active site of AchE hence,
kidney. These findings are supported by variouba@nst ~ decreases the activity of AChE in all parts of tinain.
(Afifi, 2010; Mahieu et al., 2009; Al-Hashenet al.,  When this enzyme is inhibited Ach is not hydrolyzed
2009; Rudenkeet al., 1998). Toxicant administration and accumulates in cholinergic sites causing ditera
enhanced the LPO in liver, kidney and brain butseau in the normal nervous system function (Moshtaghi
a significant decline in the GSH level. Elevatioh o al., 1999). Kumaret al. (2009) reported a significant
LPO in liver, brain and kidney was evident by thedecrease in the AchE activity in brain of rats ¢
increased production of TBARS, which suggestsexposure. — Treatment with  extract  showed
participation of free-radical induced oxidative Icel neuroprotection by enhancing AchE in all parts of
injury in mediating the toxicity of Al (Al-Hashem, brain.
2009a;Newairyet al., 2009; Anane and Creppy, 2001). Activity of ALAD in blood and ALAS in brain was
GSH play an important role in the detoxificationdan significantly decreased after Al exposure. The Al 4sS
metabolism of many xenobiotic compounds. Severafirst and the rate-limiting enzyme of heme biosysis
pathologies that affect the nervous system involvavhich is localized in mitochondria. The enzyme
oxidative stress, possibly associated with the s requires glycine and succinyl Coenzyme A (CoA) as
in glutathione content. The decrease in SH group o$ubstrates and pyridoxal-phosphate as a cofactor.
GSH content was also found in the studies of Duh anALAD activity is second enzyme of the haem
Gill (2001). GSH is the brain masters antioxidant a biosynthesis pathway. The reduced level of Hb can b
protect neurons from the harmful effects of freeassociated with hemolysis or disturbances in heme
radicals. Al caused significant decrease in the GgH biosynthesis as a result of inhibit linking of irewith
brain and liver. Metals like as Cadmium, Cisplatead = heme and drop in activity of ALAD and ALAS taking
and mercury induced oxidative stress by depletivgg t part in heme biosynthesis. Lead and mercury also
major intracellular antioxidant, glutathione in diy  inhibited ALAD and cause neurotoxicity (Roseal.,
kidney and brain (Afifi, 2010; Al-Hashemt al., 2009; 2008). SAC therapy improved the activity of ALAD
Amin et al., 2006) therapy SAC provoked considerableblood and ALAS by protecting dysfunction of
recovery. SAC restored activities of enzymic mitochondria, ER, disruption of calcium homeostasis
antioxidants (SOD, CAT, GPx), non-enzymic and preventing its accumulation in macrophages in
antioxidants (vitamin C and vitamin E), GSH, LPGian hepatocyte organelles such as lysosomes vesicles
reactive oxygen species in liver and serum of again (Bogdanovicet al., 2008).
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The efficiency of SAC was perhaps due to theAl-Hashem, F.H., 2009a. Camel's milk protects agfain

presence of these sulfur-containing biologicallyivec aluminum chloride-induced toxicity in the liver and
lipophilic compounds, which might have chelatedol kidney of white albino rats. Am. J. Biochem.
the formation of ionic bonds between sulfur coritagn Biotechnol., 5: 98-108. DOl:

compounds and enhanced its excretion from the body. 10.3844/ajbbsp.2009.98.108

These easily permeate through phospholipidAl-Hashem, F.H., 2009b. Camel's milk alleviates
membranes (Miroet al., 2000) and reduce intracellular oxidative stress and lipid peroxidation induced by
Al thus enhancing the endogenous antioxidant defens chronic aluminum chloride exposure in rat's testes.
thereby preventing reactive oxygen species formatio Am. J. Applied Sci., 6: 1868-1875. DOI:
and lipid peroxidation. It also protects histolagic 10.3844/ajassp.2009.1868.1875

structure thereby depleting functional improvement Amer, M., M. Taha and Z. Tosson, 1980. The effdct o
some extent. The present study indicates that SAC aqueous garlic extract on the growth of

extracted from garlic has antioxidant and hypolkgoic dermatophytes. Int. J. Dermatol., 19: 285-287.
effects., Sallylcysteine, such as its high watéulsibty PMID: 7390694
and stability, suggest a broad spectrum of potentisAmin, A., A.A. Hamza, S. Daoud and W. Hamza, 2006.
therapeutic actions in different experimental meds Spirulina  protects against cadmium-induced
systemic and central diseases, this aged garli@axt hepatotoxicity in rats. Am. J. Pharmacol. Toxicol.,
compound is a promising candidate to be clinicafid 1: 21-25. DOI: 10.3844/ajptsp.2006.21.25
experimentally tested in neurological degenerativeAnane, R. and E.E. Creppy, 2001. Lipid peroxidatisn
events with oxidative components. pathway of aluminum cytotoxicity in human skin
fibroblast cultures: Prevention by superoxide
CONCLUSION dismutase + catalase and vitamins E and C. Hum.

Exp. Toxicol., 20: 477-481. PMID: 11776410

Aluminum has adverse effects on human healthBanerjee, S.K., P.K. Mukherjee and S.K. Maulik, 200
Our results demonstrate that Al alters biochemical Garlic as an antioxidant: The good, the bad and the
parameters induces oxidative stress and ugly. Phytother. Res., 17. 97-106. PMID:
histopathological alterations Consequently, attenti 12601669
should be paid to the sources of aluminum in foodBerlin, A. and A.H. Schaller, 1974. European
water and medical drugs. SAC therapy after Al standarized method foor the determinationdef
exposure, minimized Al-associated hazards. Thesefor aminolevulinic acid dehydratase activity in blood.
SAC could be beneficial for reducing aluminum Zeitschrif ~ fur  Klinishe Chemie Klinische
toxicity. Further studies are required using a hama Biochemie., 12: 389-390. PMID: 4428852

population, to confirm these protective effects. Berthon, G., 2002. Aluminum speciation in relatiton
aluminum bioavailability, metabolism and toxicity.
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