
ORIGINAL ARTICLE

Garlic Oil and Vitamin E Prevent the Adverse Effects of Lead
Acetate and Ethanol Separately as well as in Combination
in the Drinking Water of Rats

G. R. Sajitha • Regi Jose • A. Andrews •

K. G. Ajantha • Paul Augustine • K. T. Augusti

Received: 16 April 2009 / Accepted: 17 December 2009 / Published online: 25 August 2010

� Association of Clinical Biochemists of India 2010

Abstract Daily feeding of drinking water containing lead

acetate (160 mg/l) or 10% alcohol by volume or a com-

bination of both to rats for a month produced certain del-

eterious effects through oxidative stress. Both heavy metal

lead and alcohol are capable of doing such damages. The

deleterious alterations observed were in the parameters of

blood, serum and tissues, viz; Hb, Pb, proteins, lipids, lipid

per oxidation, Vitamins C and E levels and enzyme

activities of AST, ALT, and catalase. Simultaneous feeding

of either of the two antioxidants garlic oil (GO) and vita-

min E at equal doses of 100 mg/kg/day, to the rats coun-

teracted the deleterious effects of the above two chemicals

significantly. The maximum damage was brought about by

feeding of drinking water containing both lead acetate and

alcohol. The protective effects of GO and Vitamin E were

not significantly different. The mechanism of actions of the

Vitamin E and GO is probably due to their efficiency as

detoxifying agents and antioxidants, to scavenging free

radicals as well as an independent action of GO on the

removal of lead salt as lead sulfide.

Keywords Lead acetate � Alcohol � Garlic oil �
Vitamin E � Antioxidant � Toxicity

Introduction

Lead is a ubiquitous environmental and industrial pollutant

that has been detected in almost all phases of biological

systems. Lead has been one of the most important non-

essential toxic heavy metals with wide applications for

making pipes, paints, enamels, glazes etc. The persistence

of lead in the animals and humans with associated health

risk is a topic of current debate and concern [1] Lead is

known to induce a broad range of physiological, bio-

chemical and behavioral dysfunctions in laboratory ani-

mals and humans [2] including central and peripheral

nervous system [3]. The general population may get

exposed to lead due to food, water and air pollution. It was

observed that animals co-exposed to lead and ethanol were

more susceptible to neurotoxic and hepatotoxic effects of

lead [4, 5]. Harishekar observed the deleterious effects of

lead salt in the drinking water of rats [6]. A Bulgarian

preparation ‘Satlal’ from garlic has been used in curing the

occupational lead poisoning among the factory workers as

reported by Pet Kov et al. [7]. The beneficial effects of

garlic oil (GO) in alcohol, CCl4 or isoproterenol feeding

were previously reported by our teams [8–10].

Therefore a study was designed to conduct an investi-

gation on the toxic effects of lead acetate using a
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concentration of it in drinking water far below that was

used by Pinon-lataillade G [11] and others (3 g/l). It was

found that the LD50 of lead acetate for rat is 1 g/kg body

weight as reported by Alderto furtado Rahde (http://www.

inchem.org/documents/pims/chemical/inorglea.htm). In our

experiment each rat consumed only 8–10 ml of drinking

water i.e. each consumed lead acetate at a dose of 1.6 mg/

200 g body weight i.e. 8 mg/kg body weight. We have used

this level of leadacetate concentration in the drinking water,

so that it may produce some toxic damaging effects on tis-

sues such as liver.

Materials and Methods

Chemicals used in this study were of analytical grade

supplied by British Drug House, E-Merck and Sigma

Chemicals. GO was prepared as reported earlier [9] and

Vitamin E was purchased from Sigma Chemicals. Prior

permission was obtained for the experiment from the

institutional ethical committee (114/ac/07/CPCSEA).

Female Sprague–Dawley albino rats selected from our

colony of rats and weighing around 150 g were divided

into ten groups of six in each and they were maintained

under identical conditions on a laboratory rat feed supplied

by Brook Bond Lipton India Ltd. Bangalore with a supply

of tap water ad libitum. 12 h light/dark cycle was main-

tained. During the experiment, groups other than normal

were supplied tap water containing lead acetate or alcohol

or a mixture of both at fixed doses [6] as shown below for

drinking ad libitum for a month. GO or Vitamin E fixed at

equal doses and dissolved in 0.5 ml ground nut oil were fed

to similar test groups for the same period by a stomach tube

as shown below to study their effects. All remaining groups

including normal were orally fed the same amount of

ground nut oil also. The groups of rats and other details are

given below.

Group 1: Normal group. Maintained on standard rat feed

and tap water ad libitum

Group 2: Lead acetate group. Maintained on standard rat

feed and lead acetate containing water (160 mg/l)

ad libitum.

Group 3: Lead acetate as in group 2 ? GO. Maintained

as in group 2 and treated orally by gastric intubation with

GO (100 mg/kg/day) dissolved in ground nut oil.

Group 4: Lead acetate as in group 2 ? Vitamin E.

Maintained as in group 2 and treated orally as above

with Vitamin E (100 mg/kg/day) dissolved in ground nut

oil.

Group 5: Alcohol Group. Maintained on rat feed and

drinking water containing alcohol (10%v/v) ad libitum

Group 6: Alcohol as in group 5 ? GO. Maintained as in

group 5 and treated orally with GO (100 mg/kg/day)

dissolved in ground nut oil.

Group 7: Alcohol as in group 5 ? Vitamin E. Main-

tained as in group 5 and treated orally with Vitamin E

(100 mg/kg/day) dissolved in ground nut oil.

Group 8: Lead acetate ? alcohol group. Maintained on

standard rat feed and drinking water containing both lead

acetate (160 mg/l) and alcohol (10%v/v) ad libitum.

Group 9: Lead acetate and alcohol as in group 8 ? GO

Maintained as in group 8 and orally treated as above

with GO as in group 3

Group 10: Lead acetate and alcohol as in group 8 ? Vit.

E. Maintained as in group 8 and orally treated as above

with Vit. E as in group 4.

The daily intake of food and drinking water as well as water

containing lead acetate or alcohol or both were recorded.

After 1 month of the above mentioned feeding or

treatment, body weights of rats were recorded and all the

rats were sacrificed in the morning. Their blood, liver,

heart, kidneys and adipose tissue were collected for the

determination of various parameters viz; proteins [12].

Lipids viz. total cholesterol [13] LDL cholesterol [14],

HDL cholesterol [15] and TAG [16], Hb [17], BLL [18]

(only in the first 4 groups are given). Certain enzymes, Viz;

AST and ALT [19] and catalase [20] Vit. C [21], Vit. E

[22] and lipid per oxidation in terms of TBARS [23], as the

case may be in serum, liver, heart and kidney and tri acyl

glycerol (TAG) in adipose tissue by standard methods.

Histopathology of liver tissues was carried out as per the

procedures followed before [9]. Statistical analysis of the

results was carried out using one way ANOVA followed by

calculation of significance at 5% level using t-values for

separating out significant treatment effects. P \ 0.05 was

considered statistically significant.

Results

Food Consumption

Normal rats consumed food at an average weight of 11 g/rat/

day. Lead acetate and alcohol groups and their combination

group consumed the least amount of food in the range of

4–5 g/rat/day. Lead acetate ? alcohol ? Vitamin E, Lead

acetate ? alcohol ? GO and Alcohol ? Vitamin E groups

consumed an average amount of food in the range of 6–7 g/

rat/day. Lead acetate ? GO, Lead acetate ? Vitamin E and

Alcohol ? GO groups consumed food in the range of 8–9 g/

rat/day ad libitum. Here toxin fed groups consumed lesser

amounts of food and GO and Vitamin E treated groups

improved their food consumption.
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Water and Water Containing Lead Acetate/Alcohol

Consumption

When normal group consumed an average of 8 ml tap

water/rat/day ad libitum, lead acetate, alcohol and lead

acetate ? alcohol groups consumed the lead acetate and

alcohol containing water only to the least i.e. around 4 ml/

rat/day. Lead acetate ? Vitamin E and alcohol ? Vitamin

E groups consumed the same around 7 ml/rat/day.

Lead acetate ? GO, Lead acetate ? alcohol ? GO,

Lead acetate ? alcohol ? Vitamin E groups consumed the

same around 8.5 ml/rat/day ad libitum. However Alco-

hol ? GO group drank the same above normal amount, i.e.

10 ml/rat/day. Here we can note that the consumption of

water was the least for alcohol, lead acetate and their

combination groups. However on treatment with GO and

Vitamin E the consumption of water containing toxin or

toxins, progressively increased for the concerned groups

probably due to an increase in their appetite. The increase

or decrease of water consumption runs parallel with the

amount of food consumption approximately i.e. 4 ml water

for 4–5 g food and 7–10 ml water for 6–10 g food intake.

Percentage Body Weight Changes

The percentage body weight (bw) increase for the normal

group of rats was 25% for a month. However for lead

acetate ? Vitamin E, alcohol ? GO and lead ace-

tate ? alcohol ? GO it was 6.5–7% only. For lead ace-

tate ? alcohol, lead acetate ? alcohol ? Vitamin E and

alcohol ? Vitamin E groups the bw increase was in the

range of 8–9%. For lead acetate and lead acetate ? GO, it

was in the range of 12–14% and for alcohol group it was a

maximum of 30%. Here consumption of drinking water

containing only alcohol which is a fat generating substance

increased the bw of rats to the maximum. When lead

acetate was also a component of the drinking water, the

increase in the b.w of the rats progressively decreased.

Similarly treatment with GO or Vitamin E, which are good

hypolipidemic agents, also decreased the bw of the con-

cerned groups of rats. Decreases in the adipose tissue fat of

these groups are recorded later in this paper (Table 7).

Another significant observation of the study was that

although with treatment the appetite for food and drinking

water which contained toxic substances also increased, the

adverse effect of the latter was counteracted by the anti-

oxidant and hypolipidemic effects of GO and Vitamin E

and thereby the bw of the concerned groups recorded only

intermediate values compared to the other groups.

Results on serum and tissue protein level are given in

Table 1. Concentration of serum protein significantly

reduced on feeding lead acetate, alcohol or their combi-

nation. Liver protein was reduced to half the value in group

5 and to 40% in group 8 and on treatment with GO these

values were ameliorated significantly in all groups. How-

ever Vitamin E was effective only in group 4. Results on

Lipid parameters are given in Tables 2, 3 and 4. As given

in Table 2 total cholesterol, LDL chol. and triglycerides

increased significantly by feeding lead acetate/alcohol or

their combination. Lead acetate and alcohol combination

showed a comparatively high hyperlipidemic effect. On the

contrary HDL cholesterol decreased significantly by each

of the toxic substances and their combination. A similar

pattern of lipid profile was observed in the liver and heart

tissues of toxin-affected groups.

The variations in liver and heart lipid profile are shown

Tables 3 and 4 and the adverse effects of the toxins were

significant. Treatment with GO or Vitamin E ameliorated

the damaging effects of the toxins on the tissues and serum

significantly. The results on Hb and serum enzyme changes

on feeding the toxins and on treatment are given in Table 5.

Hb level decreased significantly in all toxin affected groups

and on treatment with GO and Vit.E, both ameliorated

significantly the Hb level in all groups, however the former

was more effective than the latter. Serum aspartate trans-

aminase (AST) and alanine transaminase (ALT) activities

increased significantly in toxin-affected rats separately or in

combination. Treatment with GO or Vitamin E ameliorated

these adverse effects significantly. On the contrary serum

catalase activity decreased significantly in the toxin affected

groups and the maximum decrease of catalase activity was

Table 1 Total protein levels in serum, liver and heart g/dl or 100 g

wet tissue in various groups of rats with or without treatment, for a

month

Sl.

No

Groups Serum (g/dl) Liver

(g/100 g)

Heart

(g/100 g)

1 Normal 10 ± 0.8a 5 ± 0.3a 6.5 ± 0.1a

2 Lead salt 7 ± 0.3c 3 ± 0.3c 4.5 ± 0.15d

3 Do ? GO 9 ± 0.2a 4 ± 0.2b 6. ± 0.1b

4 Do ? Vit. E 8 ± 0.2b 4 ± 0.1b 5 ± 0.12c

5 Alcohol 7 ± 0.2c 2.5 ± 0.1d 4.5 ± 0.1d

6 Do ? GO 8 ± 0.1b 4.5 ± 0.4a 6 ± 0.10b

7 Do ? Vit. E 7.5 ± 0.2c 3 ± 0.2c 5 ± 0.16c

8 Lead

Salt ? Alcohol

7 ± 0.4c 2 ± 0.1e 4 ± 0.10e

9 Do ? GO 8 ± 0.3b 4.5 ± 0.3a 6 ± 0.12b

10 Do ? Vit. E 7 ± 0.3c NS 3 ± 0.3c 5 ± 0.12c

Values are mean ± SD of six rats

ANOVA followed by t-test. All the values except marked, as NS are

significantly different from their controls. Values with similar

superscripts are not significantly different from each other. NS not

significantly different from control

Level of significance, P \ 0.05 Groups 2, 5 and 8 are compared with

group 1, groups 3 and 4 are compared with group 2 and so on with test

group versus its control
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in lead acetate ? alcohol fed group. Treatment with GO.

and Vitamin E ameliorated these conditions. Results on lipid

per oxidation in terms of TBARS (Thiobarbituric acid

reacting substances) in serum, liver, heart, and kidney and

blood level of lead in the first 4 groups are as follows in

terms of micro gram/ml viz; 0.8, 1.5, 0.8 and 0.9, respec-

tively, and the result show that GO and Vitamin E signifi-

cantly decreased the BLL to near normal levels and

Vitamins C and E levels in the serums and triacyl glycerols

(TAG) in adipose tissue are given in Tables 6 and 7,

respectively. The increase in serum lipid per oxidation in

terms of TBARS was 57% in lead acetate fed group, 60% in

alcohol fed group and 80% in lead acetate ? alcohol fed

group over the normal value respectively. On treatment with

GO these values were brought down to normal and with

Vitamin E to near normal level only i.e. 15–20% above the

normal. More or less similar variations of lipid per oxida-

tions in liver, heart, and kidney of the corresponding groups

are observed and the ameliorations by treatment with GO

and Vitamin E are significant in all the groups. Values of

BLL in groups 1–4 are given in Table 7. BLL in group 2

increased significantly over the normal and other groups.

The same decreased significantly on treatment with GO and

Vitamin E in groups 3 and 4.

Table 2 Serum concentrations

of lipids values are mean ± SD

of six rats in each group (mg/dl)

ANOVA and t-test are the same

as for Table 1. Level of

significance P \ 0.05. Values

with similar superscripts are not

significantly different from each

other. NS not significantly

different from its control

Sl. No Groups Total cholesterol LDL cholesterol HDL cholesterol Triacylglycerol

1. Normal 80.8 ± 4.9a 40.4 ± 2.2a 32.5 ± 2.5a 109.6 ± 5.4a

2. Lead acetate 119.5 ± 3.0d 59.1 ± 3.3c 30.5 ± 1.5a NS 143.7 ± 3.9d

3. Do ? GO 91.1 ± 4.6b 27.3 ± 2.0b 41.8 ± 2.0c NS 113.0 ± 2.3a

4. Do ? Vit. E 99.2 ± 3.7b 39.3 ± 2.5a 34.5 ± 2.0a 125.3 ± 5.1c

5. Alcohol 113.1 ± 2.0c 58.6 ± 3.0c 25.0 ± 1.2b 147.8 ± 4.9d

6. Do ? GO 96.6 ± 4.8b 32.3 ± 1.8b 41.1 ± 2.0c 118.2 ± 3.0b

7. Do ? Vit. E 102.4 ± 3.8b 44.4 ± 2.5a 34.6 ± 2.1a 127.3 ± 2.9c

8. Lead acetate ? alcohol 122.7 ± 2.0d 66.6 ± 1.8d 25.0 ± 2.0b 150.0 ± 3.2d

9. Do ? GO 94.3 ± 3.6b 31.2 ± 2.6b 40.1 ± 2.4c 115.1 ± 5.1b

10. Do ? Vit. E 114.6 ± 2.4c 54.9 ± 3.5c 33.8 ± 2.0a 129.6 ± 5.5c

Table 3 Lipid concentration in

heart tissue

Values are mean ± SD of six

rats in each group (mg/l00 g wet

tissue)

ANOVA and t-test are the same

as for Table 1. Level of

significance P \ 0.05. Values

with similar superscripts are not

significantly different from each

other. NS not significantly

different from its control

Sl. No Groups Total cholesterol LDL cholesterol HDL cholesterol Triacylglycerol

1. Normal 115.7 ± 5.9a 45 ± 3.5a 50.3 ± 3.5a 91.7 ± 8.5a

2. Lead acetate 143.4 ± 10.3b 82.1 ± 10.5c 33.8 ± 2.6b 141.4 ± 5.0c

3. Do ? GO 118.5 ± 9.4a 47.0 ± 4.5a 45.4 ± 5.3a 125.7 ± 5.2b

4. Do ? Vit. E 121.3 ± 8.7a 57.4 ± 7.5b 37.0 ± 5.4b NS 134.9 ± 5.0c

5. Alcohol 146.0 ± 5.2b 85.9 ± 7.9c 27.0 ± 2.5c 142.1 ± 4.2c

6. Do ? GO 118.5 ± 8.5a 35.6 ± 6.5d 58.2 ± 6.8a 126.4 ± 3.7b

7. Do ? Vit. E 121.3 ± 8.7a 58.3 ± 6.8b 36.8 ± 3.3b 136.2 ± 4.1c

8. Lead acetate ? alcohol 143.0 ± 7.0b 85.9 ± 7.9c 24.5 ± 2.0c 160.5 ± 6.5d

9. Do ? GO 118.5 ± 7.6a 51.9 ± 6.5a 39.9 ± 3.6b 135.0 ± 4.3c

10. Do ? Vit. E 122.1 ± 4.5a 58.7 ± 5.0b 35.5 ± 5.1b 139.5 ± 3.8c

Table 4 Liver lipid profile

(mg/100 g wet wt)

Mean ± SD of six rats in each

group

ANOVA and t-test are the same

as in previous tables, Level of

significance P \ 0.05. Values

with similar Superscripts are not

significantly different from each

other in the same column.

Effects of treatment are

significant over each control

Sl. No Groups Total chol. LDL chol. HDL chol. TAG

1. Normal 123.3 ± 8.7a 69.8 ± 7.5a 50.5 ± 3.2b 140.2 ± 6.0a

2 Lead acetate 162.5 ± 7.5b 100.5 ± 5.1b 30.4 ± 2.1a 175.5 ± 6.5C

3 Do ? GO 134.1 ± 7.2a 60.7 ± 3.1a 45.6 ± 3.2b 160.2 ± 5.5b

4 Do ? Vit. E 148.2 ± 7.7C 75.5 ± 4.5a 43.5 ± 3.1b 162.0 ± 4.5b

5 Alcohol 165.1 ± 8.0b 105.2 ± 2.5b 27.5 ± 2.2a 185.4 ± 5.5C

6 Do ? GO 130.2 ± 6.0a 65.5 ± 2.4a 63.4 ± 5.1C 162.3 ± 5.2b

7 Do ? Vit. E 150.4 ± 4.0C 70.5 ± 2.6a 34.6 ± 2.5a 168.4 ± 5.0b

8 Lead Ae ? alcohol 224.1 ± 12.1d 175.2 ± 6.2C 25.8 ± 2.7a 210.5 ± 6.5d

9 Do ? GO 175.2 ± 5.2b 98.3 ± 4.5b 40.8 ± 2.5b 164.5 ± 3.9b

10 Do ? Vit. E 176.1 ± 3.5b 100.4 ± 3.7b 34.3 ± 3.4a 160.0 ± 8.4b
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The Vitamin E levels in the serum of the above toxin-

affected groups were lowered by 67, 60 and 76% of the

normal, respectively. On treatment with GO, Vitamin E

level in serum was raised to 86, 87 and 85% of the normal,

respectively in the corresponding groups and these effects

were significant too. Similarly the Vitamin C levels in the

serum of the above toxin-affected groups were also lowered

by 35, 42 and 56% of the normal, respectively. These values

on treatment with GO were raised to 96, 92 and 72% of the

normal, respectively in the corresponding groups. On

treatment with Vitamin E, its serum levels in the corre-

sponding groups were raised to a lower level only, i.e. 90, 85

and 65% of the normal, respectively in the corresponding

groups and that of Vit. C to 88, 85 and 65% of the normal,

respectively in the serum, and all these effects of GO and

vitamin E are significant too (P \ 0.05). TAG levels in

adipose tissues of the toxin fed groups increased by 1.5

times and on treatment with GO or Vitamin E these elevated

values were lowered to near normal level significantly and

the increase or decrease of these values very well correspond

with the increases in body weight of each group.

Histopathological changes of the liver of groups 1–3 can

be observed in the Fig. 1. Treatment with GO or Vitamin E

protected the structural integrity of liver to a great extent in

Table 5 Enzyme activities viz;

ALT; AST and catalase in

serum and haemoglobin level in

blood

Values are mean ± SD of six

rats in each group

ANOVA and t-test are the same

as for Table 1. Level of

significance P \ 0.05. Values

with similar superscripts are not

significantly different from each

other. NS not significantly

different from its control

Sl. No Groups ALT (IU/L) AST (IU/L) Catalase (lM/l) Hb (g/dl)

1. Normal 31.5 ± 4.1a 27.8 ± 3.5a 4.4 ± 0.10a 17.3 ± 1.0a

2. Lead acetate 55.2 ± 3.3c 59.2 ± 4.5c 3.5 ± 0.06c 14.5 ± 0.7b

3. Do ? GO 32.5 ± 3.2a 29.6 ± 5.2a 4.2 ± 0.05a 18.2 ± 0.6a

4. Do ? Vit. E 37.0 ± 4.0b 32.4 ± 3.8a 3.8 ± 0.02b 17.4 ± 0.5a

5. Alcohol 66.9 ± 3.1d 64.0 ± 4.1c 3.5 ± 0.08c 15.5 ± 0.5b

6. Do ? GO 37.0 ± 3.2b 37.0 ± 5.2b 4.2 ± 0.1a 18.2 ± 1.3a

7. Do ? Vit. E 42.6 ± 4.1b 42.6 ± 4.1b 3.7 ± 0.05b 18.0 ± 1.0a

8. Lead acetate ? alcohol 70.3 ± 3.3d 68.5 ± 5.4c 2.4 ± 0.2d 15.4 ± 0.5b

9. Do ? GO 35.2 ± 3.5a 33.3 ± 5.6a 3.9 ± 0.1b 18.5 ± 0.7a

10. Do ? Vit. E 42.6 ± 4.5b 37.0 ± 4.5b 3.5 ± 0.1c 17.5 ± 0.5a

Table 6 TBARS levels in

serum and tissues of various

groups of rats

Values are mean ± SD of six

rats in each group. (Expressed

as lmol/l Serum and lmol/

g.wet tissue)

ANOVA and t-test are the same

as for Table 1. Level of

significance P \ 0.05

Values with similar superscripts
are not significantly different

from each other

Sl. No Groups Serum Liver Heart Kidney

1. Normal 19.65 ± 1.89a 6.78 ± 1.9a 10.69 ± 2.04a 13.7 ± 1.21a

2. Lead acetate 31.63 ± 3.19c 26.9 ± 1.3d 38.0 ± 1.2d 38.0 ± 2.7c

3. Do ? GO 20.08 ± 1.76a 11.55 ± 1.25b 16.7 ± 2.34b 20.08 ± 1.7b

4. Do ? Vit. E 22.09 ± 2.06a 18.36 ± 2.3c 20.6 ± 3.57b 22.0 ± 2.1b

5. Alcohol 32.04 ± 1.29c 27.33 ± 1.23d 32.92 ± 2.28c 40.0 ± 3.5c

6. Do ? GO 21.30 ± 2.41a 11.97 ± 1.18b 18.4 ± 1.75b 20.5 ± 1.4b

7. Do ? Vit. E 25.21 ± 1.76b 19.66 ± 4.11c 22.9 ± 1.17b 22.5 ± 1.7b

8. Leadacetate ? alcohol 35.90 ± 3.63c 29.02 ± 1.9d 39.3 ± 2.3d 40.5 ± 2.1c

9. Do ? GO 20.50 ± 1.48a 12.38 ± 2.76b 20.9 ± 3.15b 20.6 ± 1.9b

10. Do ? Vit. E 21.02 ± 1.21a 20.08 ± 2.75c 22.2 ± 3.87b 22.3 ± 1.3b

Table 7 Vitamin C (mg/dl) and

Vitamin E (mg/l) levels in

serum, BLL(lgm/ml) and TAG

conc. in adipose tissue (mg/

100 g wet tissue) of various

groups of rats

Values are Mean ± SD of Six

rats in each group

ANOVA and t-test are the same

as for Table 1. Level of

significance P \ 0.05

Values with similar superscripts
are not significantly different

from each other

Sl. No Groups Pb salt conc Vitamin C Vitamin E TAG

1. Normal 0.8 ± 0.06a 0.97 ± 0.07a 15.15 ± 1.5a 165.6 ± 4.5a

2. Lead acetate 1.5 ± 0.13b 0.63 ± 0.06c 5.05 ± 0.7c 240.0 ± 4.9c

3. Do ? GO 0.8 ± 0.07a 0.93 ± 0.08a 13.0 ± 1.3a 167.0 ± 3.7a

4. Do ? Vit. E 0.9 ± 0.09a 0.86 ± 0.09b 10.80 ± 1.0b 171.3 ± 4.5a

5. Alcohol 0.59 ± 0.06c 5.61 ± 1.4c 242.0 ± 4.5c

6. Do ? GO 0.92 ± 0.4a 13.4 ± 1.5a 169.0 ± 4.1a

7. Do ? Vit. E 0.83 ± 0.07b 10.2 ± 1.3b 172.3 ± 4.6a

8. Leadacetate ? alcohol 0.43 ± 0.06d 4.6 ± 0.8c 248.5 ± 3.5c

9. Do ? GO 0.68 ± 0.05c 10.6 ± 1.4b 170.5 ± 3.6a

10. Do ? Vit. E 0.65 ± 0.04c 15.2 ± 0.81a 186.4 ± 2.9b
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all toxin affected rats as per the expert who observed all the

sample diagrams. While lead acetate feeding produced

congestion and necrosis of the liver tissue, treatment with

GO or Vitamin E improved the condition of the tissues to a

state of lesser damage i.e. focal necrosis only. When

alcohol feeding damaged the liver with marginal necrosis

only, alcohol ? lead acetate feeding produced extensive

necrosis. Treatment with GO and Vit E protected the liver

of alcohol fed rats to a condition of very small necrosis. In

the combined toxin affected groups treatment with GO or

Vitamin E also protected the liver to a condition of lesser

damage i.e. focal necrosis only.

Treatment with GO or Vitamin E protected the tissues

viz; liver, heart and kidneys to a great extent from lipid per

oxidation and related alterations in proteins and lipid levels

(all values for kidney are not given due to shortage of

space) in toxin affected rats. In general both GO and

Vitamin E protected the rats to a great extent from the

damages of the toxins used in the study. In most of the

cases GO produced a better effect than Vitamin E.

Discussion

The results show that a majority of parameters in serum

and tissue altered to a greater extent by feeding lead

salt ? alcohol to rats than by lead acetate or alcohol alone.

The feeding of toxic substances to the rats for a month

actually altered their normal levels of lipids, hemoglobin,

BLL and proteins and also the activities of enzymes, par-

ticularly those we have investigated viz, ALT, AST and

Catalase. As a whole the general damages to tissues were

reflected by an increased rate of lipid per oxidation. These

alterations were brought out in the body mainly through

less consumption of food, oxidative stress and hepatotoxic

actions of lead salt and alcohol and their metabolites e.g.

free radicals, as liver is the main organ that handles and

regulates the major pathways of metabolism. Lipid per

oxidation in serum, liver, heart and kidney and alterations

of marker enzymes such as ALT, AST and catalase in

serum are the suitable indices for the derangement of

metabolism induced by the above toxins. These data

together with the histopathological examination of the liver

clearly showed that the toxins actually damaged the liver,

but improved its condition by the treatment with GO and

Vitamin E. Ethanol due to its ability to diffuse across

biological membranes, may affect the absorption of various

exogenous compounds and thus potentiate the toxic effects

of several toxicants, including heavy metals such as lead

[5]. The damaging effects of lead salt may be due to its

action on SH group enzymes [24–26] e.g. catalase as for

any other heavy metal such as Cd or Hg. Lead toxicity

leads to hemolysis and deamination of proteins. Lau [27]

showed an experiment in which addition of lead, copper or

mercury salt solutions to blood quickly produced hemoly-

sis. However when he added these solutions to blood in

presence of a preparation of garlic extract (kyolic) the

hemolysis was prevented. The explanation is that garlic

sulfides in the extract removed the heavy metals as their

sulfides and thus prevented hemolysis. The absorption of

lead salt from the intestine of rats might have been reduced

by the feeding of GO as its organic sulfide could remove

the metal as lead sulfide (PbS). Pet Kov’s preparation of

garlic [7] also possessed such properties as to reduce lead

toxicity.

The damaging effects of alcohol may be mainly due to

its high rate of free radical production [28] and reducing

equivalents. High ratio of the reducing equivalent

(NADH ? H?/NAD?) may decrease the oxidation of fatty

acids [29] and increase the deposit of saturated FAs and

cholesterol in blood vessels and tissues. Further high

NADH level can enhance Fe3? ? Fe2? conversion which

in turn can increase reactive oxygen species (ROS) through

Fenton reaction. Free radicals such as O2
•2 and OH• attack

all types of molecules that contain hydrogen, especially

lipid, proteins and nucleic acids. Such reactions may lead

to mutations in DNA and damages to receptors of various

hormones like insulin and lipid components like LDL

Fig. 1 Lead acetate induced

damages in liver of rats are

cured by prophylactic treatment

with garlic oil for a month.

a Normal rat’s liver, b lead

acetate damaged rat’s liver

(congesion and necrosis),

c garlic oil treated rat’s liver.

This looks almost similar to

normal liver
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cholesterol. Free radicals may also damage –SH group

proteins, enzymes etc. and oxidize glutathione. Oxidative

stress on heart may lead to cardiovascular diseases (CVD),

on liver to hepatotoxicity, on brain to strokes, dementia and

Alzheimer’s disease and on eye to cataract. Alcohol and

lead toxicity may lead to diseases of various nature

including increases in fatty acids [29], ROS [30, 31], blood

pressure [32] and hepatotoxicity/liver cirrhosis [33] etc.

Further studies by Bailey et al. [34] suggested that the

chronic ethanol related increase in hepatocyte ROS may be

linked to depressed activity of H2O2 scavenging enzyme

glutathione peroxidase. Davies [35] and later Berlett and

Stadtman [36] found that proteins may be readily oxidized

by various ROS through direct oxidative attack on specific

aminoacid residues and that this result in the generation of

carbonyl groups and subsequent destruction of protein.

Lead in vivo and in vitro readily inhibits porphobilinogen

synthase in erythrocytes that regulates Hb synthesis [6].

Chronic exposure to lead salts has been shown in ani-

mals by others to its accumulation in organs with maxi-

mum concentration in kidneys [37]. The toxic effects of

lead were manifested by a decrease in erythrocyte count

and haemoglobin level in peripheral blood [6]. These facts

give an answer to our findings that why Hb level decreased

in the rats exposed to lead salt/alcohol etc.

Jiun and Hsien [38] reported that high concentration of

lead in blood leads to lipid peroxidation (LPO) and our

findings on LPO may be related to this effect of lead in lead

salt fed rats. Lead is reported to have an inhibitory action

on the membrane bound enzymes such as Na?K?ATPase,

Calcium ATPase and Magnesium ATPase in various vital

organs and lead may alter the metabolism of HDL cho-

lesterol [6]. These reports justify the present findings on

lead toxicity in our experiment.

Lead induced oxidative stress has been explained by

others in the following ways also.

1. The inhibition of delta amino levulinicacid dehydra-

tase by lead as reported by Farant and Wigfield [39]

leads to accumulation of this acid which is a potential

endogenous source of free radicals [40].

2. Direct interaction of lead [41] with biological mem-

branes induces lipid peroxidation in the presence of

Fe2?.

3. Lead induced decreases in free radical scavenging

enzymes and glutathione, further contribute to a rise in

free radicals [25].

The last reaction is due to high affinity of lead for –SH

group or metal co-factor in these enzymes and molecules.

In our study a fall observed in the activity of an –SH group

enzyme catalase in lead exposed group may be viewed on

this account. Pande et al. [42] attributed lead induced

oxidative stress to the toxicity of its salts. Studies by Gurer

and Ercal [43] confirmed the possible involvement of ROS

in lead induced toxicity. According to Lawton and Don-

aldson [44] lead induced arachidonic acid elongation might

be responsible for the enhanced lipid peroxidation in the

membrane, which may be reflected in serum also. The fall

in BLL parallels with the amelioration of damages brought

about by GO and Vitamin E in concerned groups.

In our results we further found that the oxidative stress

and related derangements of serum and tissue parameters

induced by lead acetate, alcohol and their combination

have been significantly counteracted by the antioxidant rich

GO (enriched with diallyl disulfides, diallyl polysulfides

and their oxides like ajoene) and Vitamin E. This Vitamin

as well as Vitamin C are very good antioxidants. Many

proved the antioxidant properties of Vitamin E [45, 46] as

well as of Vitamin C [47]. They observed that adminis-

tration of Vitamins C and E significantly inhibited lipid

peroxidation of liver, brain, kidney etc. and increased the

catalase levels of tissues in lead/Aluminium-exposed rats.

Therefore our findings are justified which exhibit the

counteracting antioxidant effects of GO comparable with

Vitamin E. Here we may note that both Vitamins C and E

counteracted the deleterious effects of lead toxicity only

through their antioxidant action. But GO counteracts the

lead toxicity both through binding with lead ion and also

carrying out antioxidant actions. Vitamins C and E as well

as organic sulfides of GO can scavange the OH• radical and

regenerate the vitamins and sulfides by a process of recy-

cling as reported by others [44, 49].

Moreover free radical removal by GO had definitely

spared some Vitamins C and E from their time to time

destruction by such free radicals as is evident from the

results. The overall corrections to the oxidative damages

and BLL brought about by GO are slightly better than that

by Vitamin E in the management of lipid profile, protein

and enzymes. The oxidants produced by the toxicity of lead

salt and alcoholic metabolites consumed a lot of antioxi-

dant vitamins and this was reflected in the vitamin levels of

serum and also liver, heart and kidney tissues reported by

other students in their project (all tables are not given due

to the bulkiness of results).

Recently the antioxidant effects of garlic extract [50, 51]

and Vitamin E [45, 52] have been reported by others also.

A recent Nigerian study [53] showed that auto-mechanics

forms a quite vulnerable group to lead accumulation in

their blood during a period of 1–5 years. Now a days

everybody is exposed to too much lead and other heavy

metals due to polluted air in roads packed with vehicles and

filled with heavy cigarette smokers.. Therefore daily con-

sumption of GO/Vit. E or garlic paste in the form of cap-

sules or as food supplement may prevent the excessive

production of free radicals that oxidize LDL cholesterol

[54] so as to protect our body from the hazards of oxidative
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stress and other consequences due to the above mentioned

environmental pollutants.
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