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Abstract
Thallium acetate (TI) is a cumulative poison intimately accompanied by an increase in 
reactive oxygen species (ROS) formation that represents an important risk factor for tissue 
injury and malfunction. This study aims to determine the possible hepatoprotective and 
antioxidant effects of diallyl sulfide (DAS) from garlic and curcumin from turmeric against 
TI-induced liver injury and oxidative stress (OS) in rats. 

This in vivo animal study divided rats into six groups of 8 rats per group. The first 
group received saline and served as the control group. The second and third groups 
received DAS or curcumin only at a dose of 200 mg/kg. The fourth group received 
TI at a dose of 6.4 mg/kg for 5 consecutive days. The fifth and sixth groups received 
DAS or curcumin orally 1 hour before TI intoxication at the same dose as the second 
and third groups. Liver integrity serum enzymes aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), alkaline phosphatase (ALP), lactate dehydrogenase 
(LDH), and γ-glutamyltransferase (γ-GT) were evaluated. Serum and liver tissue 
homogenate lipid peroxidation and OS biomarkers were measured. The data were 
analyzed by one-way ANOVA followed by Duncan’s multiple range test for post hoc 
analysis using SPSS version 16.

TI induced marked oxidative liver damage as shown by significantly (P≤0.05) elevated 
serum AST, ALT, ALP, LDH and γ-GT levels. There were significant (P≤0.05) increases 
in serum and hepatic malondialdehyde (MDA) and serum nitric oxide (NO) as well as 
decreased hepatic glutathione (GSH) and catalase (CAT) activities. There were signifi-
cantly (P≤0.05) less serum and hepatic superoxide dismutase (SOD) and total antioxidant 
capacity (TAC). Pre-treatment with DAS or curcumin ameliorated the changes in most 
studied biochemical parameters. DAS and curcumin effectively reduced TI-induced liver 
toxicity. 
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Introduction
Thallium acetate (TI) is a rare but widely discrete 

element. It is a cumulative poison broadly used by 
the semiconductor industry, in optical lenses, and 
for cardiac perfusion imaging. Furthermore, it is 
used in jewels, cement, photographic and electron-
ic industries as well as its application as a rodenti-

cide and as a medicine to treat ringworm, gonor-
rhea, syphilis and tuberculosis. In addition, TI acts 
as a potential constituent of growth media used to 
culture microorganisms (1, 2).

Acute TI poisoning usually occurs as a result of 
accidental, criminal or suicidal ingestion of this 
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metal (3). TI toxicity is intimately accompanied 
by an increase in reactive oxygen species (ROS) 
formation, which represents an important risk 
factor for tissue injury and dysfunction (4). The 
liver is a vital organ which performs many es-
sential metabolic functions and maintains body 
homeostasis (5). Excessive free radicals are 
generated during metabolism and may cause 
liver damage. In healthy animals there is an an-
tioxidant defense system against ROS-mediated 
cell damage represented by endogenous anti-
oxidants such as glutathione (GSH) and enzy-
matic scavengers such as superoxide dismutase 
(SOD) and catalase (CAT). These antioxidants 
neutralize, metabolize, or remove free radicals 
and protect the cells against oxidative damage 
(6-8).

Although synthetic antioxidants are widely used 
they have a number of adverse effects, whereas nu-
merous medicinal plants have natural antioxidant 
activities. Their consumption is associated with 
low risk of certain diseases such as cancer with no 
health risk to consumers. This beneficial effect is 
attributed to their bioactive compounds as diallyl 
sulfide (DAS) exists in garlic and curcumin is pre-
sent in turmeric, both of which have the ability to 
prevent cancer by acting as efficient free radical 
scavengers (9).

DAS is an active organic sulfur component de-
rived from garlic, Allium sativum, that can sup-
press cytotoxicity induced by chemicals in animal 
models (10) and is well-known for its antioxidant 
properties (11-13). DAS and related compounds 
have been shown to suppress oxidative tissue dam-
age by increasing SOD and GSH activities and de-
creasing malondialdehyde (MDA) levels in lung 
and kidney tissues (14-17).

Curcumin (diferuloylmethane), a yellow compo-
nent of the spice turmeric obtained from the rhi-
zome of Curcuma longa Linn is a persistent herb 
spread mainly throughout tropical and subtropical 
regions. Curcumin has strong antioxidant, anti-
inflammatory, anti-mutagenic and anti-carcino-
genic properties (18-20). Curcumin can suppress 
lipid peroxidation and recover chemically-induced 
oxidative stress (OS) (21, 22) as well as increase 
xenobiotic detoxifying enzymes’ activities in both 
the liver and kidneys (23).

Numerous reports illuminate the effects of TI 
toxicity in relation to the formation of ROS (24-
26). However, no reports are available about the 
role of DAS and curcumin against TI-induced oxi-
dative liver damage. The present study examines 
the possible protective and antioxidant effects of 
DAS and curcumin against TI-induced liver injury 
and OS in rats.

Materials and Methods
Chemicals

TI and DAS were purchased from Sigma Chemi-
cal Co. (St. Louis, Mo, USA). Curcumin was pur-
chased from Bio Basic Inc. (Toronto, Canada). 
All kits used in the current study were purchased 
from Biodiagnostics Co. (Cairo, Egypt). All other 
chemicals were of analytical grade.

Experimental animals
A total of 48 male adult albino rats (150-170 

g) were obtained from the animal house of the 
National Central Institute, Dokki, Cairo, Egypt 
and allowed to acclimatize to their environment 
for one week prior to the start of the experi-
ment. The rats were housed in stainless-steel 
cages (8 animals per cage) in the well ventilated 
animal house of the Department of Pharmacolo-
gy, Faculty of Veterinary Medicine, Suez Canal 
University on a 12-hour light-dark cycle. Rats 
were fed on standard pellet and allowed free ac-
cess to water.

Experimental design
The current study experimental design and 

animal handling were approved by the Research 
Ethical Committee of the Faculty of Veterinary 
Medicine, Suez Canal University, Ismailia, Egypt 
(approval no. 20144). All precautions were made 
to minimize the rats’ suffering.

Rats were divided into six groups (n=8 per 
group). The first group was the control group 
that received corn oil orally and a saline i.p. 
injection. Groups 2 and 3 received DAS or 
curcumin only at 200 mg/kg body weight or 5 
days. Group 4 received an i.p. injection of aque-
ous solution of TI for 5 days at 6.4 mg/kg body 
weight (BW, 1/5 of the rat’s lethal dose 50% 
(LD50), which is 32 mg/kg) (27). Groups 5 and 
6 received oral DAS or curcumin dissolved in 
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corn oil at 200 mg/kg BW, 1 hour before TI ad-
ministration for 5 days. The doses of DAS and 
curcumin were chosen according to previous 
literatures (10, 28).

Blood was collected from postorbital plexus at 
24 hours after the last TI dose, allowed to clot at 
room temperature and the serum was separated 
by centrifugation at 3000 rpm for 10 minutes, 
then used for biochemical estimation of liver 
integrity, lipid peroxidation and OS biomarkers. 
Rats then were sacrificed by ether anesthesia; 
the liver was removed from each rat and washed 
several times with normal saline before its use 
for biochemical estimations of lipid peroxida-
tion and antioxidant biomarkers.

Serum biochemical assay

The appropriate kits were used for the de-
termination of serum alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST) 
according to Reitman and Frankel (29) and 
alkaline phosphatase (ALP) according to Ti-
etz et al. (30). These enzyme activities were 
defined as units/liter calculated directly from 
the absorbance values. Serum total protein was 
measured according to Lowry et al. (31). Lac-
tate dehydrogenase (LDH) was determined or 
quantitated in serum according to the method of 
Babson and Babson (32). Gama glutamyltrans-
ferase (γ-GT) was evaluated according to Szasz 
(33). Cholesterol was measured according to 
Richmond (34) and Allain et al. (35). Total bili-
rubin was determined according to Schmidt and 
Eisenburg (36). Lipid peroxidation was evalu-
ated by estimation of MDA according to Mihara 
and Uchiyama (37). Serum nitric oxide (NO) 
was determined according to Green et al. (38), 
while OS markers were assessed by estimation 
of SOD according to Nishikimi et al. (39) and 
total antioxidant capacity (TAC) according to 
Koracevic et al. (40).

Liver lipid peroxidation and antioxidant status
The liver was homogenized (10% w/v) in ice-

cold 0.1 M sodium-potassium phosphate buffer 
(pH=7.4). The homogenate was centrifuged at 
3000 rpm for 15 minutes at 4˚C and the resultant 
supernatant used for assessments of different lipid 
peroxidation and OS markers. Liver tissue MDA 

was determined according to Mihara and Uchiy-
ama (37), SOD according to Nishikimi et al. (39), 
CAT according to Aebi (41), reduced GSH accord-
ing to Beutler et al. (42), and TAC according to 
Koracevic et al. (40).

Statistical analysis
Data are presented as mean ± standard error 

(S.E.). Statistical significance of the data was ana-
lyzed using SPSS (version 16). For comparison, 
one-way ANOVA test and post-comparison was 
carried out with Duncan’s multiple range test for 
post hoc analysis. Statistical significance was ac-
ceptable to a level of P≤0.05.

Results

Results of serum biochemical analysis

The effects of TI intoxication as well as the 
preventive effects of curcumin and DAS on se-
rum biochemical analysis are shown in table 1 
and figure 1. Significant increase (P≤0.05) in 
serum liver function marker enzymes (AST, 
ALT, ALP, LDH and γ-GT) was recorded in TI 
rats compared to the untreated control group. 
In addition, we observed a significant increase 
(P≤0.05) in serum cholesterol and total biliru-
bin, levels. Serum total protein significantly de-
creased (P≤0.05) in TI rats as compared to the 
untreated control group.

Pre-treatment with DAS or curcumin one hour 
prior to TI administration reversed the changes in 
most studied serum parameters. The results indi-
cated that DAS and curcumin effectively reduced 
T-induced liver toxicity. In the TI-DAS or TI-cur-
cumin groups, the AST, ALT, ALP, LDH, γ-GT, 
cholesterol and total bilirubin levels in serum 
significantly decreased, while serum total protein 
increased compared with the TI-intoxicated group 
(P≤0.05).

In the second group (DAS only) serum cholester-
ol significantly decreased, while in the third group 
(curcumin only) we found that serum LDH, cho-
lesterol and total bilirubin significantly decreased 
compared with the untreated non-intoxicated con-
trol group (P≤0.05), which indicated the safety of 
both DAS and curcumin at the selected dose levels 
in rats.

Abdel-Daim et al.
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Results of serum lipid peroxidation and antioxi-
dant status

The effects of TI intoxication as well as pre-
ventive effects of DAS and curcumin on serum 
lipid peroxidation and antioxidant parameters 
are shown in table 2 and figure 2. We observed 
a significant increase (P≤0.05) in serum lev-
els of MDA and NO and a significant decrease 
(P≤0.05) in serum SOD and TAC levels in TI-
intoxicated rats compared to the untreated con-
trol group.

Pretreatment of intoxicated rats with DAS or 
curcumin induced a significant decrease (P≤0.05) 
in serum MDA and NO levels along with a sig-
nificant increase (P≤0.05) in SOD and TAC levels 
compared with the TI only group.

Table 1: Serum enzyme activities and biochemical parameters in control and treated groups

Experimental groupsParameters

TI-curcuminTI-DASTI CurcuminDASControl

28.9a ± 1.9736.1c ± 1.7658.9b ± 1.9622.8a ± 1.4624.1a ± 1.1723.8a ± 1.28AST (U/L)

44.0c ± 1.5852.1c ± 1.2384.4b ± 3.2827.4a ± 1.4028.4a ± 1.42629.9a ± 2.23ALT (U/L)

85.4d ± 2.1795.5c ± 1.32107b ± 2.7470.9a ± 2.2972.3a ± 2.9574.3a ± 3.09ALP (U/L)

53.9d ± 1.6056.0d ± 0.9665.8b ± 1.1038.6c ± 1.0841.0ac ± 2.3846.9a ± 1.43LDH (U/L)

64.8d ± 3.2986.5c ± 2.54155b ± 5.5531.8a ± 0.9233.0a ± 1.2536.3a ± 1.81γ-GT (U/L)

67.0a ± 2.1670.8a ± 1.4781.6b ± 0.7859.5c ± 1.0561.1c ± 1.0467.1a ± 1.26Cholesterol (mg/dl)

7.51c ± 0.147.23c ± 0.096.46b ± 0.128.24a ± 0.178.33a ± 0.138.25a ± 0.17T protein (g/dl)

1.44ac ± 0.031.53a ± 0.021.76b ± 0.031.41c ± 0.031.50ac ± 0.021.48ac ± 0.03T bilirubin (mg/dl) 

Data are expressed as means ± SE; n=8.
TI; Thallium acetate, DAS; Diallyl sulfide, AST; Aspartate aminotransferase, ALT; Alanine aminotransferase, ALP; Alkaline phosphatase, 
LDH; Lactic dehydrogenase, γ-GT; Gamma glutamyltransferase, T protein; Total protein and T bilirubin; Total bilirubin.
Within the same row, different letters indicate statistical significance at P<0.05.

Results of liver lipid peroxidation and antioxi-
dant status

The effects of TI intoxication as well as the 
preventive effects of DAS and curcumin on 
liver tissue homogenate lipid peroxidation and 
antioxidant parameters are shown in table 3 and 
figure 3. Significant increase (P≤0.05) in liver 
MDA content compared with the control group 
was noticed. On the other hand, liver GSH, 
SOD, CAT and TAC significantly decreased 
(P≤0.05).

In the TA-DAS or TA-curcumin group there was 
a decrease in liver MDA. However GSH, SOD, 
CAT, and TAC increased compared to the TI-in-
toxicated group. 
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Fig.1: Serum enzyme activities and biochemical parameters in the control and treated groups (percentage of changes from the control group).
TI; Thallium acetate, DAS; Diallyl sulfide, AST; Aspartate aminotransferase, ALT; Alanine aminotransferase, ALP; Alkaline phosphatase, 
LDH; Lactic dehydrogenase, γ-GT; Gamma glutamyltransferase, T protein; Total protein and T bilirubin; Total bilirubin.
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Table 2: Serum oxidative stress (OS) marker and antioxidant parameters in control and treated groups

Experimental groupsParameters

TI-curcuminTI-DASTI CurcuminDASControl

4.28c ± 0.144.49c ± 0.197.44b ± 0.362.05a ± 0.162.27a ± 0.212.6a ± 0.22MDA (nmol/L)

59.9d ± 1.8769.8c ± 1.5082.1b ± 0.3843.8a ± 1.1846.3a ± 1.4947.9a ± 1.45NO (μmol/L)

68.3d ± 1.7362.4c ± 2.2422.9b ± 2.8181.4e ± 1.6876.1a ± 1.7276.1a ± 1.85SOD (U/L)

0.92e ± 0.030.71d ± 0.040.59b ± 0.031.30c ± 0.041.13a ± 0.021.15a ± 0.04TAC (mmol/L)

Data are expressed as means ± SE; n=8.
TI; Thallium acetate, DAS; Diallyl sulfide, MDA; Malondialdehyde, SOD; Superoxide dismutase, NO; Nitric oxide and TAC; Total antioxidant 
capacity.
Within the same row, different letters indicate statistical significance at P<0.05.

Fig.2: Serum oxidative stress (OS) marker and antioxidant parameters in control and treated groups (percentage of changes from the 
control group).
TI; Thallium acetate, DAS; Diallyl sulfide, MDA; Malondialdehyde, SOD; Superoxide dismutase, NO; Nitric oxide and TAC; Total antioxidant capacity.
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Table 3: Liver oxidative stress (OS) marker and antioxidant parameters in control and treated groups

Experimental groupsParameters

TI-curcuminTI-DASTI CurcuminDASControl

45.0d ± 1.4551.0c ± 1.3565.5b ± 1.7828.1a ± 1.0829.6a ± 1.1630.0a ± 1.71MDA (nmol/g)

46.8c ± 1.7345.8c ± 1.1638.1b ± 1.1956.9a ± 1.3056.3a ± 0.7555.9a ± 1.49GSH (mg/g)

696.1c ± 23.6653.8c ± 9.1321.6b ± 18.9806.63a ± 24.4788.5a ± 15.4759.25a ± 17.2SOD (U/g)

0.65b ± 0.020.56c ± 0.020.49b ± 0.010.82a ± 0.030.79a ± 0.030.77a ± 0.03CAT (U/g)

46.1a ± 0.8144.9a ± 1.0336.1b ± 0.6950.3c ± 0.6547.4ac ± 1.4046.4a ± 1.22TAC (mmol/g)

Data are expressed as means ± SE; n=8.
TI; Thallium acetate, DAS; Diallyl sulfide, MDA; Malondialdehyde, GSH; Reduced glutathione, SOD; Superoxide dismutase, CAT; Catalase 
and TAC; Total antioxidant capacity.
Within the same row, different letters indicate statistical significance at P<0.05.

Fig.3: Liver oxidative stress (OS) marker and antioxidant parameters in control and treated groups (percentage of changes from the control group).
TI; Thallium acetate, DAS; Diallyl sulfide, MDA; Malondialdehyde, GSH; Reduced glutathione, SOD; Superoxide dismutase, CAT: Catalase 
and TAC; Total antioxidant capacity.
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Discussion
ROS are continuously produced inside the mam-

malian body as a result of exposure to wide varie-
ties of exogenous chemicals, drugs and xenobiot-
ics in our environment and/or many of endogenous 
metabolic events that involve the electron transport 
mechanism and redox enzymes (43-46). In normal 
situations, an equilibrium exists between the ROS 
produced and antioxidants that are present as the 
generated ROS are neutralized by endogenous an-
tioxidants (43, 45, 47). Serious events induced by 
ROS occur as a consequence of an imbalance be-
tween the production and destruction of these spe-
cies leading to different pathological conditions as 
well as irregularities in cellular physiology (43, 
45, 47, 48). Free radicals have been incriminated 
in the etiology of many diseases such as cataracts, 
cancers, stroke, diabetes, coronary heart disease, 
rheumatoid arthritis, Alzheimer’s disease and the 
ageing process (49-52).

TI toxicity may be attributed to oxidative tissue 
damage, which is related to the generation of ROS 
and OS (4, 25). TI combines with the protein sulf-
hydryl group and inhibits cellular respiration as 
well as disruptions to calcium homeostasis. Mono-
valent TI ions are similar to potassium; therefore, 
their toxicity may be partially due to interference 
of membrane channels and transporters associated 
with potassium (3).

In the present study serum liver function marker 
enzymes (AST, ALT, γ-GT and ALP) increased 
in TI intoxicated rats compared to the untreated 
control group. There was a significant increase in 
serum total bilirubin, LDH and total cholesterol 
levels and reduced serum total protein. The bio-
chemical effects of TI were confirmed as shown 
by an increase in lipid peroxidation; elevation of 
serum and hepatic MDA and serum NO as well as 
a reduction in antioxidant parameters; SOD, CAT, 
GSH in liver and/or serum as well as reduced TAC 
in both serum and hepatic tissue. These results sug-
gested that the balance between the oxidative and 
antioxidant systems in rats was disturbed during 
TI intoxication. Our findings agreed with those by 
Radic et al. (4) who concluded that TI toxicity was 
mainly associated with increased ROS formation, 
tissue damage and dysfunction. In previous stud-
ies increased levels of MDA and H2O2 as well as 
decreased levels of GSH, GSH-Px and SOD were 

estimated in animals treated with TI which indi-
cated heavy accumulation of free radicals in the 
rat liver (3) and brain (25). These results indicated 
that free radicals might play an important role in 
the pathogenesis of TI intoxication.

There is an increasing demand for the use of nat-
ural compounds that have no adverse effects to al-
leviate the harmful effects of drugs and xenobiotics 
(53, 54). In the present study, pre-administration 
with DAS or curcumin has tended to normalize the 
increased serum hepatic biomarkers (AST, ALT, 
ALP, LDH, γ-GT, cholesterol, total bilirubin) and 
increased the serum total protein level compared in 
groups 5 and 6, respectively, to the TI-intoxicated 
non-treated group 4. The enhancement of hepatic 
biomarkers might be attributed to their antioxidant 
effect against TI-induced oxidative liver damage. 
To confirm this hypothesis, lipid peroxidation was 
evaluated in serum and liver tissue homogenates 
by estimation of MDA content. We also examined 
serum and liver SOD and TAC. In addition, serum 
NO and hepatic tissue CAT and GSH were tested 
in TI-intoxicated as well as DAS or curcumin-pre-
treated-TI-intoxicated rats. Curcumin and DAS re-
duced serum and liver MDA, and serum NO. They 
also increased serum and liver SOD and TAC as 
well as liver CAT and GSH. The present results 
indicated that both DAS and curcumin were ex-
cellent natural antioxidant and free radical scav-
engers; curcumin seemed to be more potent than 
DAS at the selected doses.

The non-enzymatic antioxidant GSH protects 
against OS by spontaneous reactions with free 
radicals. It participates in cell signaling and con-
jugates xenobiotics, including toxic metals (55). 
DAS and curcumin, like GSH, may act as free-
radical scavengers. TI has a high affinity for –SH 
groups, thus it may react with GSH and reduce the 
effective GSH hepatic concentration (24). Interest-
ingly, our results have shown that total GSH levels 
decreased due to TI toxicity and were significantly 
elevated in group 4 animals compared to the con-
trol group. Treatment with DAS and curcumin in-
creased cellular GSH and protected hepatic cells 
from TI-induced OS.

The pharmacological activity of garlic has been 
attributed to the presence of organosulfur com-
pounds, mostly related to oil-soluble allyl sulfides 
such as diallyl trisulfide (DATS), diallyl disulfide 
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(DADS), and DAS. Allyl sulfides showed valuable 
action in the liver, which could be used for pro-
tection of normal liver cells or for improvement 
of liver damage (56). Numerous researches have 
approved the antioxidant activity of DAS as it sup-
pressed cytotoxicity and oxidative tissue damage 
by increasing antioxidant enzyme activities and 
decreasing lipid peroxidation. Therefore, it can be 
used as a dietary preventive agent (11, 12, 17, 57).

Curcumin, a phytochemical found in the spice 
turmeric has been used for centuries without any 
known adverse effects. It has some useful effects 
against a variety of chronic diseases. Many of 
these therapeutic actions can be due to its power-
ful antioxidant and anti-inflammatory activities, 
and therefore may be potentially used to combat 
OS (58). Curcumin has the ability to suppress li-
pid peroxidation and ameliorate OS, therefore it 
increases the xenobiotic detoxifying ability of the 
tissues (21-23).

There was an association between TI toxicity 
and free radical-mediated OS demonstrated by 
increased levels of MDA and NO as well as de-
creased levels of antioxidant parameters in the 
rats' sera and livers. Pre-administration of DAS 
and curcumin played an important role in the pre-
vention of TI-induced OS and boosted the cellular 
antioxidant defense system. These effects were 
probably through their antioxidant and free radical 
scavenging capacities. Finally, DAS and curcumin 
could be suggested for human and animals at risk 
of TI exposure. They might be helpful for those 
who already suffer from TI intoxication.
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