
364 Phcog Mag. Vol 5/Issue 20 | Available Online : www.phcogmag.com

Pharmacognosy Magazine [Phcog Mag.]
Vol 5, Issue 20, Oct-Dec, 2009 Page 364-371

(An Offi cial Publication of  Pharmacognosy Network Worldwide)  
Received: Mar 12, 2009
Modifi ed: Aug 4, 2009
Accepted: Aug 4, 2009

   PHCOG MAG.: Research Article 
    Therapeutic Effects of  Allium sativum  on Lead-induced 
Biochemical changes in Soft tissues of Swiss Albino Mice 
     Sharma     Arti   *  ,       Sharma     Veena    and       Kansal     Leena  

   Bioscience and Biotechnology Department, Banasthali University, Banasthali, India 

  *Corresponding author: Arti Sharma, Bioscience and Biotechnology Department, Banasthali University, District Tonk, 
Banasthali-304022, Rajasthan, India. Mobile : Email: arti30sharma@yahoo.com 

         ABSTRACT 

  Allium sativum  (Meaning pungent) belongs to the Alliaceae family and genus Allium, is generally known in the developing 
world for its characteristic fl avor, a medicinal plant and a source of vegetable oil. Besides, the plant is reported to have various 
biological activities including hypocholesterolemic, antiatherosclerotic, anticoagulant, antibacterial, antifungal, anti-diabetic, anti-
tumor agent; used for treating various disease such as infl ammation, cardiovascular and liver diseases. The objective of this 
study is to investigate the therapeutic effects of  Allium sativum  on lead induced toxicity in mice. Chronic dose of lead (2 mg/Kg 
body weight, i.p.), showed signifi cant decrease in antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT) 
and the nonenzymatic antioxidant as glutathione (GSH) and total protein content in the liver, kidney and brain. This decrease 
was accompanied with signifi cant increase in lipid peroxidation and cholesterol level. Also, there were disturbances in the liver, 
kidney and brain functions manifested by signifi cant changes in their functional markers. Effi cacy of garlic to reduce tissue lead 
concentration was also evaluated. Mostly, all of the investigated parameters were restored nearly to the normal values after raw 
garlic extract treatment. In conclusion, garlic exerts its effects not only as an antioxidant but also as a sulfur donor. So, garlic has 
a promising role and it is worth to be considered as a natural chelating agent for lead intoxication. 
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      INTRODUCTION 

 Lead is a heavy, low melting, bluish-gray metal that occurs 
naturally in the earth’s crust. However, it is rarely found 
naturally as a metal. It is usually found combined with 
two or more other elements to form lead compounds 
( 1 ). As it is one of  the fi rst discovered and most widely 
used metal in human history and is, therefore, one of  the 
metal most commonly encountered in the environment. 
Its continued release into the environment as an exhaust 
emission product, as well as its widespread industrial use, 
has made lead a serious threat to human health ( 2 ). Most 
lead used by industry comes from mined ores “Primary” 
or from recycled scrap metal or batteries (“Secondary”). 

However, most lead today is “secondary” lead, obtained 
from lead-acid batteries. It is reported that 97% of  these 
batteries are recycled ( 1 ). 

 Lead toxicity has affected human beings from antiquity 
through the industrial revolution and modern times. It 
has been written about and studied for more than two 
thousand years. Fortunately, over the last few decades, there 
has been a dramatic reduction in lead exposure among 
children ( 3 ), but many adults have problems with chronic 
lifetime exposures. Many organ systems are affected, in 
particular the kidney, leading to renal insuffi ciency and 
hypertension. Recent data have supported a link between 
exposure to low levels of  lead and chronic kidney 
disease in patients with hypertension. Lead toxicity can 
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be an acute, a chronic, or acute-on-chronic nature. The 
symptoms are varied, depending on the level and timing 
of  exposure and both history and physical examination 
are critical to making the diagnosis. 

 Although several hypotheses have been proposed, 
the exact mechanism of  lead toxicity has not yet clearly 
defi ned. There are, however, studies which suggest that 
cellular damage mediated by reactive oxygen species 
(ROS) may be involved in the pathology associated 
with Lead intoxication ( 4 ). Lead causes oxidative 
stress by inducing the generation of  ROS, reducing 
the antioxidant defense system of  cells via depleting 
glutathione, interfering with some essential metal, 
inhibiting sulfhydryl dependent enzyme or antioxidant 
enzyme activities and increasing susceptibility of  cells 
to oxidative attack by altering membrane integrity and 
fatty acids composition ( 5 ). The binding activity of  lead 
compounds with oxidative stress factors and with the 
generation of  reactive oxygen species, such as hydrogen 
peroxide and it’s interaction with different metals are 
reported earlier ( 6 ,  7 ). 

 Considering that lead toxicity is currently one of  the 
serious problem world wide, there is still no specifi c, 
reliable and safe treatment. Several chelating compounds 
have been used to manage lead toxicity in the event of  
exposure but none are suitable in reducing lead burden 
in chronic lead exposure ( 8 ). Moreover, these chelators in 
turn are potentially toxic ( 9 ) and often fail to remove Pb 
burden from all body tissues ( 10 ,  11 ). 

 Thus, there has been an increased interest in the 
therapeutic potential of  plant products or medicinal 
plants having antioxidant properties in reducing free 
radical-induced tissue injury ( 12 ,  13 ). 

  Allium sativum  Latin name (English: Garlic, Sanskrit/
Indian: Lasuna) belongs to the Alliaceae family. Garlic 
is believed by many people to be useful for disease 
prevention. Garlic has been cultivated for many centuries 
because of  its characteristic fl avor and medicinal properties 
( 14 ,  15 ). In ancient Egypt and Rome, garlic was given to 
laborers and soldiers, possibly to mitigate fatigue or to 
prompt recovery from physical exhaustion ( 16 ). After 
that period, garlic was used to treat hypertension, cardiac 
diseases, infl ammation, diabetes and cancer, according to 
folk medicines ( 16 ). Garlic has a wide range of  benefi cial 
effects ( 17 ). This is relevant in view of  currently increasing 
public and scientifi c interest in herbal medicines. Garlic is 
known to stimulate the body’s immune system and protect 
against heart disease and strokes by reducing cholesterol 
levels and hypertension ( 17 ,  18 ). Garlic has demonstrated 
anticancer effects owing to its potential to slow tumor 
growth, attributed to its chemical constituents mainly 
diallyl sulfi de, diallyl disulfi de ( 19 ). Garlic has also shown 

protection against damage from oxidation and free radicals 
( 17 ,  20 ). 

 Researches have focused on the preventive and 
curative effects of  garlic in lead and other heavy metal 
treatments ( 21 – 25 ) but still great emphasis is required for 
its use in reduction of  lead from cell and body tissues. 
Keeping this perspective in mind and the aforementioned 
properties of  garlic, the present investigation is planned 
to determine the effects of  raw garlic extracts on lead 
induced tissue oxidative stress. 

   MATERIALS AND METHODS 

   Chemicals  

 All chemicals used in the study were of  analytical 
reagent grade and were purchased from reliable fi rms 
(SRL (India), MERCK, RANBAXY, HIMEDIA and 
SUYOG). 

    Plant material  

 The experimental plant garlic ( Allium sativum ) was collected 
from medicinal plant garden, Banasthali University and was 
identifi ed by a plant taxonomist of  our Department as a 
local variety. Peeled garlic was minced and a homogenous 
suspension was prepared in distilled water a few minute 
before administration. 

    Animals and treatment  

 Male Swiss albino mice ( Mus musculus ) weighing 15–30 
g was obtained from Haryana Agricultural University 
Hissar (India) for experimental purpose. The Institutional 
Animal Ethical Committee has approved the animal 
studies. Colony bred adult male albino mice were 
maintained in a well-ventilated animal house with 12 h 
light and 12 h dark schedule. Water is made available  ad 
libitum . Essential cleanliness and sterile conditions were 
also maintained. 

    Experimental protocol  

 24 animals weighing 25–30 g were randomized into two 
groups of  6 and 18 mice each and were treated. The 
groups are as follows- 

 Group I- No treatment (Control); Group II- Lead 
nitrate treated (2 mg/Kg body weight, i.p). 

 After 10 days, lead exposed mice were divided into 
three groups of  6 mice each and given following treatment 
consecutively for 25 days- 

 Group II a) – Lead nitrate (2 mg/Kg body weight, i.p.); 
Group II b) - Lead nitrate (2 mg/Kg body weight, i.p.) 
+ Raw garlic extract G-250 (250 mg/Kg body weight, 



Therapeutic Effects of Allium sativum on Lead-induced Biochemical changes in Soft tissues of Swiss Albino Mice

366 Phcog Mag. Vol 5/Issue 20 | Available Online : www.phcogmag.com

orally); Group II c) - Lead nitrate (2 mg/Kg body weight, 
i.p.) + Raw garlic extract G-500 (500 mg/Kg body weight, 
orally). The dose for lead was decided on the basis of  
LD 50 calculated in the laboratory and the plant doses 
were selected on the basis of  experiments conducted in 
laboratory and on the basis of  published reports, suggesting 
that  Allium sativum  is having prophylactic effi cacy ( 26 ). 
After the administration of  the last dose, the animals 
were provided rest overnight and were sacrifi ced. The 
organs liver, kidney and brain were collected and washed 
with phosphate buffer saline (pH-7.4) and immediately 
processed for biochemical assays and metal analysis. 

    Biochemical assays  
   Lipid peroxidation (LPO)  

 Lipid peroxidation was estimated colorimetrically by 
measuring malondialdehyde (MDA) as described earlier 
by Nwanjo ( 27 ). In brief, 0.1 ml of  sample was treated 
with 2 ml of  TBA-TCA-HCL reagent and placed in water 
bath for 15 min, cooled and centrifuged and then clear 
supernatant was measured at 535 nm against reference 
blank. The LPO was expressed as nmol of  MDA formed 
nmole −1  g −1 . 

    Superoxide dismutase (SOD)  

 The tissue SOD activity was assayed according to the 
method of  Marklund ( 28 ). Procedure (for control): To 
2.9 ml of  tris buffer, 0.1 ml of  pyrogallol solution was 
added and mixed; and reading was taken at 420 nm exactly 
after 1 min 30 s and 3 min 30 s. For sample: To 2.8 ml 
of  tris buffer, 0.1 ml of  sample was added and mixed; 
and the reaction was started by adding 0.1 ml of  adjusted 
pyrogallol solution (as per control). Reading was taken at 
420 nm exactly after 1 min 30 s and 3 min 30 s and the 
absorbance was recorded per 2 min. The enzyme activity 
is expressed as unit ml −1  and 1 unit of  enzyme is defi ned 
as the enzyme activity that inhibits autooxidation of  
pyrogallol by 50%. 

    Catalase (CAT)  

 Catalase activity was estimated following the method of  
Aebi ( 29 ). In brief, 100 μl of  tissue extract was placed in 
ice bath for 30 minutes and then for another 30 minutes 
at room temperature. Triton X-100 (10 μl) was added 
to each tube. In a cuvette containing 200 μl phosphate 
buffer and 50 μl of  tissue extract was added to 250 μl 
of  0.066 M H 2 O 2  (in phosphate buffer) and decrease in 
optical density was measured at 240 nm for 60 seconds. 
The molar extinction coeffi cient of  43.6 cm −1  was used to 
determine CAT activity. 1 unit of  activity is equal to the 
moles of  H 2 O 2  degraded mg −1 . 

    Glutathione (GSH)  

 Reduced glutathione (GSH) was determined by the 
method of  Ellman ( 30 ). In brief, 1 ml of  supernatant (0.5 
ml homogenate precipitated by 2 ml of  TCA) was taken 
and 0.5 ml of  Ellman’s reagent (0.0198% DTNB in 1% 
sodium citrate) and 3 ml of  phosphate buffer (pH 8.0) 
were added. The colour developed was read at 412 nm. 

    Protein estimation  

 The protein content was determined by using Bovine 
serum albumin as a standard by the method of  Lowry  et 
al.  ( 31 ). 

    Cholesterol  

 The cholesterol estimation was determined by using 
cholesterol as a standard by the method of  Zak’s ( 32 ). 

    AST and ALT  

 Activities of  aspartate aminotransferase (AST) and 
alanine aminotransferase (ALT) were assayed by the 
method of  Reitman and Frankel ( 33 ). In brief  0.2 ml 
aliquot of  tissue fraction and 1 ml of  substrate (aspartate 
and 2-ketoglutarate for AST; alanine and 2-ketoglutarate 
for ALT) were incubated for 1 hr for AST and 30 minutes 
for ALT. To this 1ml aliquot of  DNPH solution was 
added to arrest the reaction and kept for 20 min. at room 
temperature. After incubation, 1 ml of  0.4 N NaOH was 
added and the absorbance was read at 540 nm. Activities 
are expressed as IU L −1 . 

    Metal estimation  

 Lead concentration in liver, kidneys and brain were 
measured after HNO 3  digestion by an atomic absorption 
spectrophotometer. 

    Statistical analysis  

 Data are expressed as the Mean±S.E. Statistical analysis 
was done using analysis of  variance (ANOVA). The 
multiple comparison test of  Tukey was also used after the 
ANOVA test to compare the groups. Analysis was done 
by SPSS software program and the level of  signifi cance 
was set at p < 0.05. 

     RESULTS 

   Effects on hepatic oxidative stress and liver marker enzymes  

 Lead exposure produced signifi cant adverse effects on the 
redox status of  liver, which is evidenced by a signifi cant 
increase in thiobarbituric acid reactive substances level 
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 Table I.    Lead induced changes in hepatic oxidative stress parameters and marker 
enzymes and their response to administration of raw garlic extract in mice.  
Parameters Normal Pb(NO3)2 induced Pb(NO3)2+G-250 Pb(NO3)2+G-500

(Group I) (Group II a) (Group II b) (Group II c)

TBARS- 111.58±3.23 125.13±1.21* 116.96±1.23 114.01±1.90**
SOD- 1.13±0.04 0.95±0.03* 0.98±0.01* 1.09±0.01**
Catalase- 32.22±0.47 30.12±0.78 31.14±0.31 30.85±0.39
GSH- 7.62±0.23 5.49±0.13* 6.52±0.17*/** 6.41±0.20*/**
ALT- 32.08±0.24 42.39±0.22* 40.68±0.90* 39.73±0.72*/**
AST- 48.46± 0.34 58.04±0.42* 58.20±0.22* 53.32±1.58*/**
TP- 8.52±0.26 7.4±0.42 9.07±0.21** 10.65±0.39*/**
Cholesterol- 24.48±0.39 31.68±0.64* 25.96±0.19** 23.05±0.28**
         Abbreviations- TBARS:  Thiobarbituric acid reactive substances (MDA formed nmole −1  g −1 );  SOD : 
Superoxide dismutase (unit ml −1 );  Catalase  (unit mg −1  protein);  GSH : Reduced Glutathione (mg g −1  
tissue);  ALT : Alanine transaminase (IU L −1 );  AST:  Aspartate transaminase (IU L −1 ); TP: Total Protein 
(g 100ml −1 ); Cholesterol (m g −1 ); Values are Mean±S.E; n=6.  
   *   P<0.05 compared to normal animals.  
   **   P<0.05 compared to Lead exposed animals.  

 Table II.    Lead induced changes in renal oxidative stress parameters and marker 
enzymes  and their response to administration of raw garlic extract in mice.  
Parameters Normal Pb(NO3)2 induced Pb(NO3)2+G-250 Pb(NO3)2+G-500

(Group I) (Group II a) (Group II b) (Group II c)

TBARS- 99.80±2.66 130.73±2.21* 109.57±3.94** 107.39±2.38**
SOD- 1.08±0.08 0.93±0.01* 0.94±0.01* 0.99±0.02
Catalase- 30.43±0.97 28.45±1.08 29.01±0.27 31.18±0.40
GSH- 6.86± 0.15 5.84±0.14* 5.85±0.55** 5.86±0.07**
ALT- 17.72±0.30 26.16±0.12* 14.80±0.77*/** 18.00 ±0.71**
AST- 22.01±0.30 26.04±0.08* 25.03±0.55* 25.34±1.03*
TP- 5.75±0.26 4.95±0.31 5.17±0.23 4.69±0.40*
Cholesterol- 8.38±0.21 28.35±0.34* 24.98±0.17*/** 21.08±0.21*/**
         Abbreviations- TBARS:  Thiobarbituric acid reactive substances (MDA formed nmole −1  g −1 );  SOD : 
Superoxide dismutase (unit ml −1 );  Catalase  (unit mg −1  protein);  GSH : Reduced Glutathione (mg 
g −1  tissue);  ALT : Alanine transaminase (IU L −1 );  AST:  Aspartate transaminase (IU L −1 ); TP: Total 
Protein (g 100ml −1 ); Cholesterol (mg g −1 ); Values are Mean±S.E; n=6.  
   *   P<0.05 compared to normal animals.  
   **   P<0.05 compared to Lead exposed animals.  

 Table III.    Lead induced changes in brain oxidative stress parameters and marker 
enzymes and their response to administration of raw garlic extract in mice.  
Parameters Normal Pb(NO3)2 induced Pb(NO3)2+G-500 Pb(NO3)2+G-500

(Group I) (Group II a) (Group II b) (Group II c)

TBARS- 113.30±1.97 125.73±2.94* 120.78±1.55 114.51±2.44**
SOD- 1.11±0.07 0.99±0.05 1.11±0.04 1.14±0.04**
Catalase- 34.57±1.22 31.47±1.13 32.05±0.59 31.83±0.82
GSH- 2.47± 0.05 2.68±0.12 2.07±0.03*/** 2.44±0.04
ALT- 10.59±0.21 22.19±0.21* 7.69±0.37*/** 1.75±0.65**
AST- 14.64±0.59 29.03±0.18* 10.33±0.81*/** 18.83±0.75*/**
TP- 4.58±0.30 1.84±0.27* 2.08±0.10* 3.94±0.08*/**
         Abbreviations- TBARS:  Thiobarbituric acid reactive substances (MDA formed nmole −1  g −1 );  SOD : 
Superoxide dismutase (unit ml −1 );  Catalase  (unit mg −1  protein);  GSH : Reduced Glutathione (mg g −1  
tissue);  ALT : Alanine transaminase (IU L −1 );  AST:  Aspartate transaminase (IU L −1 ); TP: Total Protein 
(g 100 ml −1 ); Cholesterol (mg g −1 ); Values are Mean±S.E; n=6.  
   *   P<0.05 compared to normal animals.  
   **   P<0.05 compared to Lead exposed animals.  
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and a decrease in the levels of  biochemical variables 
indicative of  oxidative stress. Decline in catalase activity 
suggests oxidative injury following lead exposure. Other 
enzymatic and non-enzymatic antioxidants such as SOD 
and GSH decreased signifi cantly following lead exposure. 
Administration of  crude extract of   Allium sativum  post 
lead exposure produced signifi cant recovery in the above 
mentioned biochemical variables ( Table I ). 

     Level of  marker enzymes such as ALT and AST 
increased signifi cantly in lead treated groups, (p<0.05), as 
compared to normal control. The increase in cholesterol 
level and decrease in total protein was observed in lead 
treated mice ( Table I ). Raw garlic extract treatment caused 
signifi cant decrease in ALT and AST and cholesterol and 
enhanced the level of  T.P. ( Table I ). 

    Effects on renal oxidative stress and kidney marker enzymes  

 The involvement of  free radicals in the pathogenesis 
of  kidney injury has been investigated for many years 
by using chronic lead poisoning.  Table II  reports the 
changes in some kidney biochemical variables, indicative 
of  renal oxidative stress following lead exposure and 
post exposure treatment with raw garlic extract. A 
signifi cant decrease in GSH level and SOD accompanied 
by a signifi cant increase in TBARS level suggest kidney 
oxidative stress.  Table II  shows that lead administration 
increased ALT and AST signifi cantly which indicated 
severe kidney damage. The mean values of  total protein 
decreased while cholesterol level signifi cantly increased 
by lead intake when compared with normal group. 
Administration of   Allium sativum  showed signifi cant 
protection in almost all the above biochemical variables. 

        Effects on brain oxidative stress and brain marker enzymes  

  Table III  reports the changes in some brain biochemical 
variables indicative of  oxidative stress following lead 
exposure and post exposure treatment with  Allium sativum . 
A signifi cant elevation of  LPO and non signifi cant 
depletion of  SOD and GSH was noted.  Table III  showed 
signifi cant increase of  AST and ALT enzymes and 
cholesterol level and a signifi cant decrease in total protein 

level after lead administration. Administration of   Allium 
sativum  extract produced signifi cant recovery in almost 
all the above mentioned biochemical variables ( Table 
III ). 

        Effects on Lead concentration  

  Table IV  shows tissue lead accumulation pattern in the 
experimental mice groups. Administration of  raw garlic 
extract reduced tissue lead accumulation. 

        DISCUSSION 

 In general, the results obtained indicate that dietary 
supplementation with crude garlic extract signifi cantly 
reduced the toxic effects of  lead nitrate. In the present 
study, there was a concomitant decrease in protein 
levels. Lead binds to plasmatic proteins, where it causes 
alterations in a high number of  enzymes. It can also 
perturb protein synthesis in hepatocytes ( 34 ). The 
observed decrease in protein content of  plasma of  rats 
treated with Pb may be due to decreased hepatic DNA 
and RNA ( 35 ). Hassanin  et al . ( 36 ) and El-Zayat  et al . ( 37 ) 
reported a decrease in hepatic total protein content in 
response to lead intoxication. 

 Several studies demonstrated that lead intake is 
associated with signifi cant increase in plasma cholesterol 
( 38 ). It was found that administration of  Pb to rats ( 39 ) 
elevates plasma LDL (low density lipoprotein) and reduces 
plasma HDL (high density lipoprotein). There is evidence 
that linking increased of  serum cholesterol and LDL levels 
to a higher risk for developing coronary heart diseases ( 40 ). 
In the present study lead intake increased the mean values 
of  cholesterol signifi cantly while after treatment with garlic, 
these values signifi cantly decreased. These results were in 
agreement with Mukherjee  et al.  ( 41 ). The mechanism of  
action was suggested by Sodimu  et al.  ( 42 ) who indicated 
that garlic oil prevented an increase of  cholesterol, 
triglyceride and total lipids by inactivation of  thiol group 
enzymes such as HMG-CoA reductase and CoASH, the 
rate limiting enzyme for cholesterol biosynthesis and the 
multi-enzyme complex for fatty acid biosynthesis. 

 Table IV.    Tissue Lead concentrations (ppm)in liver, kidney and brain tissues of 
mice.  
Tissues Normal Pb(NO3)2 induced Pb(NO3)2+G-250 Pb(NO3)2+G-500

(Group I) (Group II a) (Group II b) (Group II c)

Liver- 0.044±0.006 3.90±0.11* 2.68±0.12*/** 1.24±0.02*/**
Kidney- 0.94±0.011 8.98±0.12* 8.21±0.4* 4.94±0.17*/**
Brain- 0.13±0.31 2.46±0.27* 2.04±0.2* 1.49±0.15*/**
       Values are Mean±S.E; n=6.  
   *   P<0.05 compared to normal animals.  
   **   P<0.05 compared to Lead exposed animals.  
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 In the present work, lead intake signifi cantly increased 
tissue marker enzymes (ALT and AST). These results 
were in agreement with Al-Wabel  et al . ( 43 ). It has been 
evidenced that excess generation of  reactive oxygen 
species in liver leads to hepatic injury as manifested by an 
increase in the activities of  AST and ALT accompanied 
by tendency of  apoptosis ( 44 ,  45 ). In the current study; 
these enzymes decreased signifi cantly by garlic treatment. 
These results were in support with Eidi  et al . ( 46 ) and 
Eman  et al . ( 47 ), who showed that oral administration of  
the garlic extract signifi cantly decreased serum glucose, 
total cholesterol, triglycerides, AST and ALT levels in 
normal rats (p<0.05). The observed decrease in these 
enzymes showed that raw garlic extract preserve the 
structural integrity of  the organs from the toxic effects of  
lead. Decrease in GSH, SOD and CAT levels were also 
observed in the present study. Administration of  garlic 
restored almost all the values of  these antioxidant related 
parameters. 

 Lead have a high affi nity for sulfhydryl (SH) groups; 
mercaptides are formed with the SH group of  cysteine 
and less stable complexes with other amino acid side 
chains. Lead exerts its toxicity through reaction with 
sulfhydryls that exist in the cell. 

 GSH is a tripeptide containing cysteine that has a reactive 
SH group with reductive potency. Lead binds exclusively 
to the SH group ( 48 ,  49 ), which decreases the GSH levels 
( 50 ) and interfere the antioxidant activity of  GSH. Garlic 
components may provide the sulfhur source required for 
the synthesis of  GSH ( 51 ,  52 ). So, it restores glutathione 
level and increases the activities of  glutathione reductase 
and glutathione-s-transferase. On the other hand, GPx, 
catalase, and SOD are metalloproteins and accomplish 
their antioxidant functions by enzymatically detoxifying 
peroxides, H 2 O 2  and free oxygen radical, respectively. 
Since these antioxidant enzymes depend on various 
essential trace elements for proper molecular structure 
and enzymatic activity, they are potential targets for lead 
toxicity ( 53 ). Catalase is another major antioxidant enzyme 
having heme as the prosthetic group. Lead is known to 
reduce the absorption of  iron in the gastrointestinal tract 
and to inhibit the heme biosynthesis ( 54 ). Decreased 
catalase activity observed in lead-exposed animals was 
attributed to the interference of  lead by both processes 
( 55 ,  56 ). SOD plays an important role in protecting 
the cells against the toxic effects of  oxygen radical by 
catalyzing its dismutation reactions. Several studies 
pointed to decreased RBC SOD activity in lead-exposed 
rats ( 53 ,  57 ). 

 Lead intake also increased LPO, which results from 
direct interaction of  lead to biological membranes. 
Several studies have focused on the possible toxic 

effects of  lead on membrane components and identifi ed 
a correlation between these effects and lead-induced 
oxidative damage. Yiin and Lin ( 58 ) demonstrated a 
marked enhancement in MDA concentrations following 
incubation of  linoic, linolenic, and arachidonic acid with 
lead ( 58 ). 

 Mice administered with  Allium sativum  signifi cantly 
restored the altered levels of  antioxidant molecules 
suggesting that the active ingredients in the garlic possess 
antioxidant properties and protects tissues against lead 
induced oxidative stress. Garlic contains sulfur-containing 
amino acids, like S-allyl cystine, S-allyl mercaptocystein 
and alliin ( 59 ). Sulfur-containing amino acids like cystein 
have already been reported for their chemoprophylactic 
use in lead toxicosis ( 60 – 63 ). The effi ciency of  garlic 
was perhaps due to the presence of  these sulfur-
containing amino acids and compounds having free 
carboxyl (-C = 0) and amino (-NH 2 ) groups in their 
structures. These biologically active compounds might 
have chelated lead and enhanced its excretion from the 
body resulting in reduced lead accumulation in tissues 
and blood. Further published reports also showed that 
garlic extracts increased the lead concentration in the 
urine as well as in the feces of  rats ( 23 ) lending credence 
to this hypothesis. Besides chelation, other components 
of  garlic (S-allyl cystein, S-allyl mercaptocystein and 
some micronutrients) also prevent absorption of  lead 
from the gastro-intestinal tract ( 64 ). Therefore it can 
be suggested that the ameliorative potential of  garlic 
was probably due to the combined effects both on 
metal absorption and on excretion from the body. In 
addition, garlic compounds have been found to inhibit 
lipid peroxidation, which is considered one of  the main 
features of  aging in liver cells ( 65 ,  66 ). 

 Lead concentration was reduced in liver, kidney 
and brain tissues of  mice given both lead and garlic 
simultaneously or garlic as a supplement after lead 
treatment. Our study also confi rms earlier reports 
suggesting that garlic powder has the ability to reduce 
lead in soft tissues ( 67 ). 

   CONCLUSION  

 On the basis of  above results, it could be concluded 
that raw garlic extract not only has a potent antioxidant 
activity but also has chelating property against lead 
toxicity. Chelating property of   Allium sativum  is because 
of  its sulfur containing amino acids. Thus, from the 
present study we recommended that a suitable selection 
and manipulation of  our diet might be useful to a major 
extend in reducing toxicity risk in population exposed 
to lead. 



Therapeutic Effects of Allium sativum on Lead-induced Biochemical changes in Soft tissues of Swiss Albino Mice

370 Phcog Mag. Vol 5/Issue 20 | Available Online : www.phcogmag.com

      ACKNOWLEDGMENTS 

 The authors are thankful to the authorities of  Banasthali 
University for providing support to the study. 

   REFERENCES 

   1.    ATSDR  .   Draft toxicological profi le for Lead  ,   US Department of  Health and 
Human Services  ,   Atlanta, Georgia, USA  ;   102  –  225   (  2005  ).   

   2.      Juberg     D.R.   ,    Kleiman     C.F.    and    Kwon     S.C.       Position paper of  the US coun-
cil on science and health: Lead and human health  .    Ecotoxicol Environ Saf   . 
  38  :  162  –  180   (  1997  ).   

   3.    Center for Disease Control and Prevention  .   Blood Lead levels – USA 
1991–1994  .   MMWR Morbid Mortal Wkly Rep  ;   46  :   141  –  6   (  1997  ).   

   4.      Bechera     E.J.H.   ,    Medeiros     M.H.G.   ,    Monteiro     H.P.   ,    Her-mes-Lima     M.    and 
   Pereira     B.       A free radical hypothesis of  Lead poisoning and inborn por-
phyries associated with 5–aminolevulinic acid overload  .    Quim. Nova   .   16  : 
  385  –  392   (  1993  ).   

   5.      Hande     G.    and    Naran     E.       Can antioxidants be benefi cial in the treatment of  
Lead poisoning?      Free Radic. Biol. Med.      29  (  10  ):   927  –  945   (  2000  ).   

   6.      Ariza     M.E.   ,    Bijur     G.N.    and    Williams     M.V.       Lead and mercury mutagenesis: 
Role of  H 2 O 2 , Superoxide dismutase and Xanthine oxidase  .    Environ. Mol. 
Mutagen   .   31  :   352  –  361   (  1998  ).   

   7.      Ding     Y.   ,    Gonick     H.C.    and    Vaziri     N.D.       Lead promotes hydroxyl radical gen-
eration and Lipid peroxidation in cultured aortic endothelial cells  .    Am. J. 
Hypertens   .   13  :   552  –  555   (  2000  ).   

   8.      Osweiler     G.D.       Veterinary Toxicology  .   Williams and Wilkins     Philadelphia   
(  1999  ).   

   9.      Gilman     A.G.   ,    Rall     T.W.   ,    Nies     A.S.    and    Taylor     P.       Goodman and Gilman’s. The 
Pharmacology basis of  therapeutics  .   Pergamon  ,   New York   (  1991  ).   

  10.      Bratton     G.R.   ,    Zmudzki     J.   ,    Bell     M.C.    and    Warnoch     L.G.       Thiamine effects 
on Lead intoxication and deposition of  Lead in tissues therapeutic poten-
tial  .    Toxicol Applied pharmacol.      59  :   164  –  172   (  1981  ).   

  11.      Cory-Slechta     D.A.   ,    Weiss     B.    and    Cox     C.       Mobilization and redistribution of  
Lead over the course of  Calcium disodium ethylene diamine tetra acetate 
chelation therapy  .    J Pharmacol Exp Ther.      243  :   804  –  813   (  1987  ).   

  12.      Koleva     I.I.   ,    Koleva     T.A.   ,    Van Black     J.P.   ,    Linssen     A.   ,    De-Groot         and    Evasti-
tieva     L.N.       Screening of  plant extracts for antioxidant activity: A compara-
tive study on three testing methods  .    Phytochem Anal.      13  :   8  –  17   (  2002  ).   

  13.      Gupta     R.   ,    Flora     S.J.S.       Protective value of   Aloe vera  against some toxic ef-
fects of  Arsenic in rats  .    Phytother Res.      19  :   23  –  28   (  2005  ).   

  14.      Stoll     A.    and    Seebeck     E.       Adv.      Enzymol   .   11  :   377  –  400   (  1951  ).   
  15.      Fenwick     G.R.    and    Hanley     A.B.       CRC  .   Crit. Rev. in  Food Sci. and Nutr   .   22  : 

  199  –  271   (  1985  ).   
  16.      Essman  ,   E.J.       The medical uses of  herbs  .    Fitoterapia.      55  :   279  –  289   (  1984  ).   
  17.    Forum  .   Garlic fi ghts more than vampires  .    Env. Health Perspec   .   107  (  A  ):   136   

(  1999  ).   
  18.      Rastogi     R.P.    and    Mehrotra     B.N.       “Compendium of  Indian Medicinal 

Plants” Publications and Information Directorate  ,   New Delhi, India   Vol.   I   
  Glossary Indian Medicinal Plants-  Allium sativum  L  . p-  25   (  1991  ).   

  19.      Sparins     V.L.   ,    Barany     G.    and    Walterberg     W.       Effects of  organosulfur com-
pounds from garlic and onion on benzo(a)pyrene-induced neoplasia and 
Glutathione S-transferase activity in the mouse  .    Carcinogenesis   .   9  :   131  –  134   
(  1988  ).   

  20.      Lang     Y.J.    and    Chang     K.Y.       Studies on the active principles of  garlic,  Allium 
sativum  L.      Chung Tsao Yao   .   12  :   4  –  6   (  1981  )   (Chinese) Chem. Abstr. 95, 86205 S  .   

  21.      Cha     C.W.       A study on the effect of  garlic to the heavy metal poisoning of  
rat  .    J. pharmacol. Exp. Ther.      243  :   804  –  813   (  1987  ).   

  22.      Hanafy     M.   ,    Shalaby     S.M.   ,    Elfonly     M.A.A.   ,    Abdel Aziz     M.I.   , and    Soliman   
  F.O.       Effect of  garlic on Lead content in chicken tissue  .    Deutsche-Tierarztlide-
Wochenschrift.      101  :   157  –  158   (  1994  ).   

  23.      Senapati     S.K.       Evaluation of  medicinal herbs in amelioration of  plumbism in rats  . 
 1 st. Edn.   Indian Veterinary Research Institute  ,   Izatnagar  , p:   107   (  1997  ).   

  24.      Senapati     S.K.   ,    Dey     S.   ,    Dwivedi     S.K.    and    Swarup     D.       Effect of  garlic ( Al-
lium sativum  L.) extract on tissue Lead level in rats  .    J. Ethnopharmacol   .   76  : 
  229  –  232   (  2001  ).   

  25.      Pourjafar     M.   ,    Karimi     I.   ,    Saraeyan     E.    and    Shakhse Niaie     M.       The effect of  
concurrently use of  fresh garlic or garlic tablet, with Lead acetate on Lead 
burden in serum and some body tissues of  dog  .    J. Iran Uni. Med. Sci.    (In 
Press) (  2007  ).   

  26.      Yassin     M.M.       Prophylactic effi cacy of  crushed Garlic lobes, Black Seed or 
Olive Oils on Cholinesterase activity in central nervous system parts and 
serum of  Lead intoxicated rabbits  .    Turk J. Biol   .   29  :   173  –  180   (  2005  ).   

  27.      Nwanjo     H.U.    and    Ojiako     O.A.       Effect of  vitamins E and C on exercise 
induced oxidative stress  .    Global J. Pure Appl. Sci   .   12  :   199  –  202   (  2005  ).   

  28.      Marklund     S.    and    Marklund     G.       Involvement of  Superoxide anion radical 
in the autooxidation of  pyrogallol and convenient assay for SOD  .    Eur. J. 
Biochem   .   47  :   469  –  74   (  1974  ).   

  29.      Aebi     H.       Catalase  , In:   Methods in enzymatic analysis  .   Bergmeyer     H.   ed.   New 
York  .    Academic Press   .   2  :   76  –  80   (  1983  ).   

  30.      Ellman     G.C.       Tissue sulfhydryl groups  .   Arch. Biochem. Biophys  .   82  :   70  –  77   
(  1959  ).   

  31.      Lowry     O. H.   ,    Reserbroug     N. J.   ,    Farr     A.L.    and    Randall     R.J.       Protein measure-
ment with the folin phenol reagent  .    J. Biol. Chem   .   193  –  265   (  1951  ).   

  32.      Zak     B.       Cholesterol methodologies: A review  .   Clin. Chem  .   23  :   1201  –  14   
(  1977  ).   

  33.      Reitman     S.    and    Frankel     A.S.       A colorimetric method for the determination 
of  serum Glutamic oxaloacetic and Glutamic pyruvic transaminase  .    Am. J. 
Clin. Path   .   28  :   53  –  6   (  1957  ).   

  34.      Georing     P.L.       Lead-protein interaction as a basis for Lead toxicity  .    Neuro-
toxicology.      14  :   45  –  60   (  1993  ).   

  35.      Shalan     M.G.   ,    Mostafa     M.S.   ,    Hassouna     M.M.   ,    Hassab-El-Nabi     S.E.    and 
   Elrafaie     A.       Amelioration of  lead toxicity on rat liver with vitamin C and 
silymarin supplements  .    Toxicology.      206  :   1  –  15   (  2005  ).   

  36.      Hassanin     L.A.M.       The effect of  Lead pollution on the susceptibility of  rats 
to anticoagulants rodenticides  ,   M.Sc. Thesis  ,   Zoology Department, Faculty 
of  Science, Cairo University  ,   Giza, Egypt  .   1994  .   

  37.      El-Zayat     E.M.   ,    El-Ymany     N.A.    and    Kamel     Z.H.       Combined supplementa-
tion of  zinc and vitamin C as protective agents against lead toxicity in 
growing male albino rats. 1. Liver functions  ,    J. Egypt Ger. Soc. Zool.      20  (  A  ): 
  115  –  139   (  1996  ).   

  38.      Moussa     S.A.    and    Bashandy     S.A.       Biophysical and Biochemical changes in 
the blood of  rats exposed to Lead toxicity  .    Romanian J Biophy.      18  :   123  –  133   
(  2008  ).   

  39.      Bashandy     S.A.       Benefi cial effect of  combined administration of  vitamin 
C and vitamin E in amelioration of  chronic Lead hepatotoxicity  ,   Egyp. J. 
Hosp. Med  .   23  :   371  –  384   (  2006  ).   

  40.      Glueck     C.J.   ,    Gordon     D.J.   ,    Nelson     J.J.   ,    Davis     C.E.    and    Tyroler     H.A.       Dietary 
and other correlates of  changes in total and low density lipoprotein cho-
lesterol in hypercholesterolemic men: The lipid research clinics coronary 
primary prevention trail  .    Am. J. Clin. Nutr   .   44  :   489  –  500   (  1986  ).   

  41.      Mukherjee     M.   ,    Das     A.S.   ,    Mitra     S.    and    Mitra     C.       Prevention of  Bone loss by 
oil extract of  garlic ( Allium sativum  Linn.) in an ovariectomized rat model 
of  osteoporosis  .    Phytother. Res   .   18  :   389  –  394   (  2004  ).   

  42.      Sodimu     O.   ,    Joseph     P.K.    and    Augusti     K.T.       Certain biochemical effects of  
garlic oil on rats maintained on high fat- high cholesterol diet  .    Experientia   . 
  40  :   78  –  80   (  1984  ).   

  43.      Al-Wabel     N.A.   ,    Mousa     H.M.   ,    Omer     O.H.    and    Abdel-Salam     A.M.       Biologi-
cal evaluation of  synbiotic fermented milk against Lead acetate contami-
nation in rats  .    Journal of  Food, Agriculture & Environment.    Vol   53 and 54  : 
  169  –  172   (  2007  ).   

  44.      Minana     J.B.   ,    Gómez-Cambronero     L.   ,    Lloret     A.   ,    Pallardó     F.V.   ,    Del Olmo   
  J.   ,    Escudero     A.   ,    Rodrigo     J.M.   ,    Pellíin     A.   ,    Viña     J.R.   ,    Viña     J.   , and    Sastre     J.     
  Mitochondrial oxidative stress and CD95 ligand: A dual mechanism for 
hepatocyte apoptosis in chronic alcoholism  .    Hepatology   .   35  (  5  ):   1205  –  1214   
(  2002  ).   

  45.      Carreras     M.C.   ,    Franco     M.C.   ,    Peralta     J.G.    and    Poderoso     J.J.       Nitric oxide, 
complex 1, and the modulation of  mitochondrial reactive species in biol-
ogy and disease  .    Mol. Aspects Med   .   25  :  125  –  139   (  2004  ).   

  46.      Eidi     A.M.    and    Esmaeili     E.       Antidiabetic effect of  garlic ( Allium sativum  L.) 
in normal and streptozotcin- induced diabetic rats  .    Phytomedicine    (in press) 
(  2005  ).   

  47.     Eman  ,   Helal  ,    Fahmy     G.E.    and    Elsaid     G.G.       Management the Action of  
Sodium Nitrite on Albino Rats by Aqueous Garlic Extract  .    Research Journal 
of  Medicine and Medical Sciences   .   1  (  3  ):   85  –  89   (  2006  ).   



Phcog Mag. Vol 5/Issue 20 | Available Online : www.phcogmag.com 371

Arti Sharma et al., Phcog Mag. 2009; 5:20: 364–371

  48.      Fuhr     B.J.    and    Rabenstein     D.L.       Nuclear magnetic resonance studies of  the 
solution chemistry of  metal complexes. IX. The binding of  cadmium, zinc, 
Lead and mercury by glutathione  .    J. Am. Chem. Soc   .   95  :   6944  –  6950   (  1973  ).   

  49.      Christie     N.T.    and    Costa     M.        In vitro  assessment of  the toxicity of  metal com-
pounds. IV. Disposition of  metals in cells: interaction with membranes, 
glutathione, metallothionein and DNA  .    Biol. Trace Elem. Res   .   6  :   139  –  158   
(  1984  ).   

  50.      Korsrud     G.O.    and    Meldrum     J.B.       Effect of  diet on the response in rats to 
Lead acetate given orally or in the drinking water  .    Biol. Trace Elem. Res   .   17  : 
  167  –  173   (  1993  ).   

  51.      Leuschner     J.A.   ,   Winkler   and    Leuschner     F.       Toxicokinetics aspects of  chron-
ic cyanide exposure in the rat  .    Toxicol. Lett   .   57  :   195  –  201   (  1991  ).   

  52.      Kim     N.D.    and    Kim     S.G.       Chemopreventive effects of  2-(allylthio) pyrazine  . 
   Arch. Pharm. Res   .   22  :   99  –  107   (  1999  ).   

  53.      Gelman     B.B.   ,    Michaelson     I.A.    and    Bus     J.S.       The effect of  Lead on oxidative 
hemolysis and erythrocyte defense mechanisms in the rat  .    Toxicol. Appl. 
Pharmacol   .   45  :   119  –  129   (  1978  ).   

  54.      Dresel     E.I.    and    Falk     J.E.       Studies on the biosynthesis of  blood pigment. 
Haem synthesis in hemolysed erythrocytes of  chicken blood  .    Biochem. J   .   56  : 
  156  –  163   (  1954  ).   

  55.      Sandhir     R.    and    Gill     K.D.       Effect of  Lead on lipid peroxidation in liver of  
rats  .    Biol. Trace Elem. Res   .   48  :   91  –  97   (  1995  ).   

  56.      Sandhir     R.   ,    Julka     D.    and    Gill     K.D.       Lipoperoxidative damage on Lead ex-
posure in rat brain and its implications on membrane bound enzymes  . 
   Pharmacol. Toxicol   .   74  :   66  –  71  .   

  57.      Mylroie     A.A.   ,    Collins     H.   ,    Umbles     C.    and    Kyle     J.       Erythrocyte superoxide 
dismutase activity and other parameters of  copper status in rats ingesting 
lead acetate  .    Toxicol. Appl. Pharmacol   .   82  :   512  –  520   (  1986  ).   

  58.      Yiin     S.J.    and    Lin     T.H.       Lead-catalyzed peroxidation of  essential unsaturated 
fatty acid  .    Biol. Trace Elem. Res   .   50  :   167  –  172   (  1995  ).   

  59.      Horie     T.   ,    Awazu     S.   ,    Itakura     Y.    and    Fuwa     T.       Identifi ed diallyl polysulfi des 
from an aged garlic extract protects the membrane from lipid peroxida-
tion  .    Planta Med   .   58  :   468  –  469   (  1992  ).   

  60.      Quarterman     J.   ,    Humphries     W.R.   ,    Morrison     J.N.    and    Morridon     E.       The in-
fl uence of  dietary amino acids on Lead absorption  .    Drug. Chem. Toxicol   .   11  : 
  71  –  84   (  1980  ).   

  61.      Latta     D.M.    and    Donaldson     W.E.       Lead toxicity in chicks: Interaction with 
dietary mehionine and choline  .    J. Nutr   .   116  :   1561  –  1568   (  1986  ).   

  62.      Rai     L.E.    and    Raizada     M.       Impact on chromium and Lead on Nostoc Mus-
corum regulation of  toxicity by ascorbic acid, glutathione and sulfur con-
taining amino acids  .    Ecotoxicol. Environ. Safety   .   15  :   195  –  205   (  1988  ).   

  63.      Tandon     S.K.   ,    Sharma     B.C.    and    Singh     S.       Chelation in metal intoxication 
XXVII: chelating agents containing vicinal thioether groups as antidotes 
of  lead toxicity  .    Drug. Chem. Toxicol   .   11  :   71  –  84   (  1988  ).   

  64.      Crowe     A.    and    Morgan     E.H.       Interaction between tissue uptake of  Lead and 
iron in normal and iron defi cient rats during development  .    Biol. Trace Elem 
Res   .   52  :   249  –  261   (  1996  ).   

  65.      Hebel  ,   S.K.     (  2001  ). eds.   Facts and Comparisons  .   Facts and Comparisons  ,   St. 
Louis  .   

  66.      Park     E.Y.   ,    KI     S.H.   ,    Ko     M.S.   ,    Kim     C.W.   ,    Lee     M.H.   ,    Lee     Y.S.    and    Kim     S.G.     
  Garlic oil and DDB, Comprised in a pharmaceutical composition for 
the treatment of  patients with viral hepatitis, prevents acute liver injuries 
potentiated by glutathione defi ciency in rats  .    Chem. Biol. Interact   .   82  –  96   
(  2005  ).   

  67.      Badiei     K.   ,    Pourjaafar     M.    and    Nowrooziasl     A.       Effect of  dried garlic powder 
 Allium sativum  on Lead content of  different tissues following subclinical 
Lead poisoning in goats  .    Iranian Journal of  Veterinary Research   ,   University of  
Shiraz  , Vol   6  , No   1  ,   Ser No 11   (  2005  ).   

      



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


