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Abstract: The present experiment was carried out to investigate the effectivness of -lipoic acid in allevating the toxicity 

of aluminium phosphide on biochemical parameters, free radicals and enzyme activities in plasma, liver and kidney of 

male rats. Animals were orally treated with aluminium phosphide, -lipoic acid and their combination for 30 consecutive 

days. Treatment with aluminium phosphide led to significant decrease in plasma total protein and glucose and increase in 

transaminases, phosphatases, urea, creatinine and bilirubin. Treatment with aluminium phosphide significantly decreased 

glutathione S-transferase (GST), catalase (CAT) and reduced glutathione (GSH) in plasma, liver and kidney. While, 

thiobarbituric acid reactive substances (TBARS; as an index of lipid peroxidation) and superoxide dismutase (SOD) were 

increased in plasma, liver and kidney of rats treated with aluminium phosphide. Administration of -lipoic acid in 

combination with aluminium phosphide minimized and alleviated its toxic effects on most of the measured parameters. In 

conclusion, lipoic acid has beneficial effects and could be able to attenuate aluminium phosphide toxicity. 
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1. INTRODUCTION 

 Aluminium phosphide is used as a pesticide and it is 
registered in many countries for the fumigation of 
agricultural commodities, animal feeds and processed foods 
[1]. It is liberally introduced into the environment for control 
of pests because of its efficiency, lack of persistence and 
harmless decomposition products [2]. Aluminum phosphide 
poisoning was reported in large numbers of victims from the 
North, Northwestern and Central parts of India [3] and Iran 
[4].  

 Toxic effects of aluminium phosphide are usually acute 
[5]. The clinical signs and symptoms accompained with 
acute aluminium phosphide exposure are attributed to the 
stongly poisonous phosphine gas which is liberated from the 
phosphide when it comes in contact with moisture present in 
air and leads to a multisystem involvement resulting in 
serious consequences [6].  

 Aluminium phosphide is a potent respiratory chain 
enzyme inhibitor. Its most important effect is the inhibition 
of cytochrome c oxidase. The inhibition of cytochrome c 
oxidase and other enzymes leads to the generation of 
superoxide radicals and cellular peroxides, and subsequent 
cellular injury through lipid peroxidation and other oxidant 
mechanisms [7]. It stimulates the production of hydrogen 
peroxide and reactive oxygen species, malonyldialdehyde 
(MAD), increases superoxide dismutase and inhibits  
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catalase, peroxidase and glutathione [8, 9]. Oxidative stress 
is one of the main mechanisms of action of aluminium 
phosphide toxicity [10].  

 Alpha lipoic acid is a popular cofactor of multi-

enzymatic complexes which catalyzes the oxidative 

decarboxylation of -ketoacids. It satisfies almost all the 

characters of an ‘‘ideal antioxidant’’, being readily absorbed 

from the diet and rapidly converted to its redox couple, 

dihydrolipoic acid (DHLA) in many tissues. Both lipoic acid 

and DHLA effectively quench many types of free radicals 

(RO2
•
, HOCl, OH

•
, ONOOH, O2

•
, singlet oxygen) and this 

antioxidant activity can be displayed in both lipid and 

aqueous-cell compartments. They can also chelate redox 

active transition metals (Fe, Cu), preventing the production 

of ROS [11]. 

 Animal studies suggest that glutathione, melatonin, 

vitamin C, beta-carotene and possibly other antioxidants may 

play an effective role in allevating the effects of reactive 

oxidant species caused by phosphine gas [12]. On the other 

hand, the protective role of lipoic acid against aluminium 

phosphide induced negative changes in serum, liver and 

kidney biochemical, lipid peroxidation and enzymatic 

activities of male rats have not so far been fully understood. 

Therefore, the present work was carried out to investigate: 

(1) the alterations in biochemical parameters, free radicals 

and enzyme activities induced by aluminium phosphide in 

plasma, kidney and liver of male rats, (2) the role of lipoic 

acid in reducing the negative effects of aluminium 

phosphide, and (3) the effect of lipoic acid alone on the 

tested parameters. 
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2. MATERIALS AND METHODS  

2.1. Chemicals 

 Aluminium phosphide was purchased from Bernardo 
Quimca Comercio e Industria, formerly Casa Bernardo Ltda, 
Brazil. The molecular weight of this compound is 57.955 
g/mol with molecular formula of AlP. It is available as a 
tablet of 3 g that contains 56% AlP and 44% ammonium 
carbonate. Lipoic acid (C8H14O2S2) was purchased from 
Sigma Chemical Company (St. Louis, MO, USA). All other 
chemicals used in the experiment were of analytical grade. 
The tested dose of aluminium phosphide was 2 mg/kg BW. 
Dose response relationship of aluminium phosphide toxicity 
was determined as reported previously [13]. The dose of 
lipoic acid was 100 mg/kg BW and it was selected by 
Cakatay et al. [14]. 

2.2. Animals and Administration Schedule of Aluminium 
Phosphide and Antioxidant 

 Twenty eight male Wistar rats weighting 100-135 g were 
used in the present experiments. The local committee 
approved the design of the experiments, and the protocol 
conforms to the guidelines of the National Institutes of 
Health (NIH). Animals were housed seven per cage and kept 
on commercial diet and tap water provided ad libitum. After 
two weeks of acclimation, animals were divided into four 
equal groups (7 for each treatment group). The first group 
served as control. Groups 2, 3 and 4 were orally treated with 
Lipoic acid (100 mg/kg BW), aluminium phosphide (2 
mg/kg BW), and the combination of both aluminium 
phopshide (2 mg/kg BW) plus lipoic acid (100 mg/kg BW), 
respectively. Rats were orally administered their respective 
doses daily for 30 days. At the end of the experimental 
period animals were sacrificed by decapitation. 

2.3. Blood Collection and Tissue Preparation 

 Blood samples were collected from the sacrificed animals 
and placed immediately on ice. Heparin was used as an 
anticoagulant and plasma samples were obtained by 
centrifugation at 860xg for 20 min and stored at - 60 °C till 
measurements. Stored plasma samples were analyzed for the 
activities of antioxidant enzymes (glutathione S-transferase, 
GST; superoxide dismutase, SOD; catalase, CAT) and the 
markers of lipid peroxidation (thiobarbituric acid-reactive 
substances, TBARS). 

 Liver and kidney were immediately removed; weighed 
and washed using chilled saline solution. Tissues were 
minced and homogenized (10%, w/v), separately, in ice-cold 
1.15% KCl-0.01 M sodium, potassium phosphate buffer (pH 
7.4) in a Potter–Elvehjem type homogenizer. The 
homogenate was centrifuged at 10,000 x g for 20 min at 4 
°C, and the resultant supernatant was stored at - 80 °C till 
analysis. Stored supernatant was used for the determination 
of enzyme activities, and the levels of TBARS, reduced 
glutathione (GSH) and protein content. 

2.4. Blood Biochemical Parameters and Enzyme 
Activities 

 Stored plasma samples were analyzed for total protein by 
the Biuret method according to Henry et al. [15]. Plasma 
glucose, urea and creatinine concentrations were measured 

by the method of Trinder [16], Patton and Crouch [17] and 
Henry et al. [15], respectively. Plasma total bilirubin was 
measured using the method of Pearlman and Lee [18]. 

 The activities of plasma enzymes were measured using 
the following methods: AST and ALT; Reitman and Frankel 
[19], AlP; Principato et al. [20], AcP; Moss [21], GST; 
Habig et al. [22]. CAT; Luck method involving the 
decomposition of hydrogen peroxide [23], SOD; Mishra and 
Fridovich [24] and Plasma thiobarbituric acid-reactive 
substances (TBARS) as described by the method of Tappel 
and Zalkin [25]. 

2.5. Organs Biochemical Parameters and Enzyme 
Activities 

 The resultant supernatant of the liver and kidney was 
used for measuring different enzyme activities, and the levels 
of free radicals according to the previous methods. Reduced 
glutathione (GSH) was determined according to Beulter  
et al. [26]. Tissue protein concentration was assayed by the 
method of Lowry et al. [27]. 

2.6. Statistical Analyses 

 The statistical analyses were performed using the SPSS-
10 package (release 3, SPSS Imc., Chicago III) running on 
MCROVAX 3500. One-way ANOVA test was used to 
compare the means of the different parameters of the 
different studied groups. A difference was considered 
significant at p< 0.05.  

3. RESULTS  

3.1. Effect of Lipoic Acid, Aluminium Phosphide and 
their Combinations on Enzyme Activities and Lipid 

Peroxidation 

 Results indicated that TBARS concentration was 
significantly (p<0.05) increased, while GST activity was 
significantly (p<0.05) decreased in plasma, liver and kidney 
of rats treated with aluminium phosphide (Table 1). 
Treatment with lipoic acid alone did not cause any changes 
in the activity of GST in plasma, liver and kidney compared 
with control group. Coadminstration of lipoic acid with 
aluminium phosphide significantly (p<0.05) increased the 
activity of GST as compared with aluminium phosphide 
group. In addition, the presence of lipoic acid with 
aluminium phosphide caused a reduction in the elevation of 
plasma and tissue TBARS. 

 Data presented in Table 1 indicated that treatment with 
lipoic acid alone did not cause any significant effect on GSH 
compared to control group. While, treatment with aluminium 
phosphide significantly (p<0.05) decreased GSH 
concentration in the liver.  

 The present results showed significant (p<0.05) increase 

in SOD activities in plasma, liver, and kidney, while CAT 

activity significantly (p<0.05) decreased compared with 

control group (Table 1). On the other hand, treatment with 

lipoic acid alone did not cause any significant changes in 

SOD and CAT activities in plasma, liver, and kidney  

(Table 1). Coadminstration of lipoic acid with aluminium 

phosphide significantly (p<0.05) decreased the levels of 
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SOD and increased the levels of CAT as compared with 

aluminium phosphide group and returned to the values of 

control group.  

 Treatment with aluminium phosphide resulted in 

significant (p<0.05) increase in plasma and liver AST, ALT, 

AcP and AlP activities compared with control (Tables 2 and 

3). On the other hand, data showed that treatment with lipoic 

acid alone did not cause any changes in plasma or liver AST, 

ALT, AcP, while caused insignificant decrease in the activity 

of plasma AlP (Tables 2 and 3). Treatment with lipoic acid 

ameliorated the above mentioned changes induced by 

aluminium phosphide by affording considerable protection in 

maintaining the cellular integrity, as it is evident from the 

near normal activities of these marker enzymes in the plasma 

and hepatic tissue. 

3.2. Effect of Lipoic Acid, Aluminium Phosphide and 

their Combinations on Biochemical Parameters 

 Data presented in Table 4 shows that treatment with 
aluminium phosphide caused a significant increase (P<0.05) 
in plasma urea, creatinine and bilirubin, while the levels of 
total protein and glucose were significantly decreased as 
compared to the control (Table 4). Treatment with lipoic acid 
alone caused insignificant decrease in plasma glucose, urea, 
creatinine, bilirubin and total protein levels. The presence of 
lipoic acid with aluminium phosphide maintained the levels 
of all above parameters closer to the normal levels (Table 4). 

Table 1. TBARS and the activities of GST, CAT and GSH of male rats treated with lipoic acid (LA), aluminium phosphide (Al. 

Ph.) and their combination. 

Experimental groups 
Parameter 

Control Lipoic acid Aluminium phosphide LA + Al. Ph. 

Plasma 

TBARS (nmol /ml) 

GST ( mol/hr/ml) 

CAT ( molH2O2/min/ml) 

SOD (U/ml) 

 

1.11±0.04b 

0.96±0.03a 

69.4±5.65a 

0.83±0.04b 

 

1.05±0.01b 

0.95±0.05a 

71.2±3.68a 

0.83±0.04b 

 

1.39±0.08a 

0.81±0.02b 

55.5±5.39b 

1.04±0.05a 

 

1.12±0.04b 

0.92±0.03a 

70.0±5.15a 

0.84±0.05b 

Liver 

TBARS (nmol /g tissue) 

GST ( mol/hr/mg protein)  

SOD (U/mg protein) 

GSH ( mol/ mg tissue) 

Catalase ( molH2O2/min/mg protein) 

 

27.0±0.45b 

1.14±0.03a 

7.45±0.49b 

3.65±0.11a 

49.1±2.59a 

 

26.3±0.66b 

1.15±0.04a 

7.21±0.52b 

3.72±0.09a 

49.3±2.06a 

 

36.6±0.59a 

0.98±0.02b 

9.84±0.80a 

2.85±0.12b 

36.5±3.52b 

 

27.2±1.55b 

1.13±0.01a 

6.91±0.57b 

3.52±0.12a 

46.7±2.83a 

Kidney 

TBARS (nmol /g tissue) 

GST ( mol/hr/mg protein) 

SOD (U/mg protein) 

Catalase ( molH2O2/min/mg protein) 

 

17.3±0.67b 

0.98±0.02a 

8.04±0.34b 

56.3±1.81a 

 

16.3±0.40b 

1.01±0.05a 

7.88±0.58b 

56.7±1.76a 

 

20.9±0.53a 

0.83±0.03b 

10.03±0.46a 

45.2±0.86b 

 

17.1±0.05b 

0.97±0.01a 

7.81±0.41b 

52.8±1.21a 

Values are expressed as means± SE; n = 7 for each treatment group. 

Mean values within a row not sharing a common supscript letter (a, b) were significantly different, P< 0.05. 
 

Table 2. Enzyme activities in plasma of male rats treated with lipoic acid (LA), aluminium phosphide (Al. Ph.) and their 

combination 

Experimental groups 
Enzymes 

Control Lipoic acid Aluminium phosphide LA + Al. Ph. 

AST (U/l) 

ALT (U/l) 

AlP (U/l) 

AcP (U/l) 

46±1.06b 

63±1.13b 

180±14.22b 

12.8±0.92b 

47±1.06b 

63±1.13b 

171±8.54b 

13.0±0.89b 

56±0.84a 

78±1.68a 

223±11.71a 

15.8±0.47a 

48±0.60b 

61±1.02b 

181±13.53b 

13.2±1.14ab 

Values are expressed as means± SE; n = 7 for each treatment group. 
Mean values within a row not sharing a common supscript letter (a, b, ab) were significantly different, P< 0.05. 

 
 



Aluminium Phosphide-induced Hepato-nephrotoxicity The Open Conference Proceedings Journal, 2015, Volume 6      21 

4. DISCUSSION  

 Caugh (1998) has reported that in the presence of 
aluminium phosphide cellular superoxide and peroxide 
radicals are generated, with subsequent cellular damage 
caused by lipid peroxidation [28]. Oxidative degradation of 
lipids known as lipid peroxidation, and other oxidant 
mechanisms damage biological macromolecules specially 
the cell membrane ultimately leading to cell death [29]. This 
is in agreement with our findings of significant increase in 
TBARS levels of plasma, liver and kidney of aluminium 
phosphide treated rats (Table 1). Significantly increased free 
radicals levels in aluminium phosphide-treatedis rats is in 
agreement with the results reported somewhere else [7, 8, 
12]. Phosphine can trigger iron release from storage protein, 
increasing lipid peroxidation, leading to cell injury and/or 
cell death [30]. It has been proposed that free radicals, such 
as ROS, produced by phosphine are the basis of the observed 
genotoxicity in mammals, including exposed humans and 
mice [12]. The mechanism of phosphine induced lipid 
peroxidation could involve ROS generated from inhibition of 
cellular respiration, or a direct reaction between phosphine 
and H2O2 [31]. Additionally, the direct toxic effects of 
phosphine on myocardial cells can cause circulatory 
collapse. A direct relation to mortality has been suggested on 
the basis of superoxide dismutase (SOD), catalase and 
malonyldialdehyde levels on post mortem studies of 
aluminium phosphide poisoning patients [7]. 

 Reduction in lipid peroxidation by lipoic acid may, at 
least partially, suppress the injury cascade induced by 
aluminium phosphide in rat plasma, liver and kidney. 
Thirunavukkarasu et al. [32] found a significant decreases in 

peroxidation indices namely lipid hydroperoxides, TBARS 
and conjugated dienes in liver and kidney of rats fed in lipoic 
acid with fructose. The activities of both enzymatic and 
nonenzymatic antioxidants were markedly elevated. Lipoic 
acid possibly reacts with free radicals that are prooxidants 
for ascorbic acid and tocopherol. Lipoic acid could maintain 
the intracellular redox balance, thereby offering a protective 
effect against free radical attack. Chugh, et al. [8] stated that 
ingestion of aluminium phosphide leads to a high superoxide 
dismutase activity and low catalase levels that result in 
formation of a high quantum of free radicals and accelerate 
lipid peroxidation. The latter, in turn, results in damage to 
cellular membrane, disruption of ionic barrier, nucleic acid 
damage and finally, cell death. In aluminium phosphide 
poisoned rats the levels of GSH levels are reduced in tested 
tissues, so the decrease in the activity of glutathione S-
transferase observed in the present study may be partly due 
to the lack of its substrate GSH and also because of oxidative 
modification of its protein structure.  

 The present results showed that lipoic acid decreased 
oxidative stress induced by aluminium phosphide and this is 
in agrement with the obtained finding by Kokilavani et al. 
[33] who reported that lipoic acid plays an important role in 
allevating As induced oxidative damage by elevating the 
antioxidant status in the liver and kidney. Lipoic acid 
provided an additional mechanism for the direct removal of 
superoxide, thus sapring superoxide disumutase under 
conditions of increased reactive oxygen species [34]. 
Administration of lipoic acid interaperitoneally to the aged 
rats has led to the reduction in hydroxyl radicals and 
elevation in the level of glutathione. Thus, it can be claimed 

Table 3. Enzyme activities in liver of male rats treated with lipoic acid (LA), aluminium phosphide (Al. Ph.) and their 

combination. 

Experimental groups 
Enzymes 

Control Lipoic acid Aluminium phosphide LA + Al. Ph. 

AST** 

ALT** 

AcP** 

94±1.13b 

81±1.57c 

18.58±0.32b 

96±0.96b 

82±1.60bc 

18.86±0.69b 

109±2.11a 

94±1.06a 

23.26±0.69a 

94±0.73b 

85±1.02b 

18.89±0.94b 

Values are expressed as means± SE; n = 7 for each treatment group. 
Mean values within a row not sharing a common supscript letter (a, b, c, bc) were significantly different, P< 0.05. 

**IU/mg: international unit, the amount of the enzyme that under defined assay conditions will catalyse 1 mol of substrate/min/mg protein. 
 

Table 4. Plasma biochemistry of male rats treated with lipoic acid (LA), aluminium phosphide (Al. Ph.) and their combination. 

Experimental groups 
Parameter (m/dl) 

Control Lipoic acid Aluminium phosphide LA + Al. Ph. 

Total protein 

Glucose 

Bilirubin 

Urea 

Creatinine 

8.89±0.19ab 

110.5±1.40a 

1.49±0.09b 

17.13±0.40b 

0.98±0.02b 

9.51±0.37a 

97.8±5.11ab 

1.40±0.06b 

15.76±0.43b 

0.93±0.01b 

7.49±0.13c 

93.6±4.64b 

1.94±0.07a 

22.64±1.05a 

1.23±0.06a 

8.73±0.29b 

111.1±8.77a 

1.49±0.04b 

17.42±1.32b 

0.97±0.02b 

Values are expressed as means± SE; n = 7 for each treatment group. 

Mean values within a row not sharing a common supscript letter (a, b, c, ab) were significantly different, P< 0.05. 
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that lipoic acid can prevents the oxidation of reduced 
glutathione and protects its related enzymes from 
peroxidative damage [35]. Alpha lipoic acid has also been 
reported to assist the mitochondria’s citric cycle; this in turn 
will increase the level of reduced glutathione, ATP, TCA 
cycle enzyme and electron transport chain complex activities 
[36-38]. 
 The present study showed that aluminium phosphide 
caused liver damage which increased the activities of AST, 
ALT, AlP and AcP in both plasma and liver. Liver is one of 
the important target organs of phosphine poisoning in the 
human body [1]. After ingestion, phosphine gas is rapidly 
absorbed through the gastrointestinal tract and it is partly 
carried to the liver by the portal vein. Phosphine can cause 
liver dysfunction, especially after the first day of poisoning 
[39]. 

 Lipoic acid supplementation with aluminium phosphide 
prevented the increased activities of liver enzymes, 
suggesting membrane protective effect [40]. Also, lipoic acid 
restored the activities of these enzymes suggesting the 
regulatory influence of the dithiols [41]. Treatment with 
lipoic acid enhances the above mentioned negatives effects 
induced by aluminium phosphide, by affording a 
considerable protection in maintaining the normal cellular 
integrity, as it is evident from the near normal activities of 
these marker enzymes in the plasma and hepatic tissue. 

 The accompained decrease in glucose level of rats treated 
with aluminium phosphide are in accordance with the 
findings of Brautbar and Howard [42] in humans. Animal 
studies have shown that phosphine can inhibits the 
mitochondrial cytochrome oxidase and causes fluctuations in 
glucose levels secondary to changes in electrolyte and 
hormones [42]. The increase in plasma total bilirubin 
concentrations of rats treated with aluminium phosphide are 
in accordance with the previous study [43]. 

 The increase in blood urea and creatinine in the present 
study due to aluminium phosphide treatment are in 
agreement with the results of Misra et al. [44] in humans. 
The kidney is one of the major targets of phosphine 
poisoning in the human body [1]. Acute renal failure due to 
shock could occur [28]. It was found that lipoic acid 
counteracted the toxic effects of aluminium phosphide on 
plasma protein, glucose, urea, creatinine and bilirubin. This 
is in agreement with studies of a similar nature, it has been 
found that lipoic acid protects against adriamycin [45] and 
cyclosporine [40] induced nephrotoxicity in rats. In these 
studies lipoic acid produced its protective effect by 
preventing the increase in lipid peroxidation level and by 
restoring the inhibited activities of enzymatic antioxidants 
and decreased levels of non-enzymatic antioxidants [46]. 

5. CONCLUSION  

 From the present results, it can be concluded that the 
exposure of animals to aluminium phosphide is capable of 
inducing free radicals, marked hazardous alterations in some 
biochemical characteristics and enzymatic activities. The 
present study demonstrated the therapeutic effects of lipoic 
acid administered in combination with aluminium phosphide 
to minimize its hazardous effects. Co-administration of 

lipoic acid along with aluminium phosphide attenuates the 
increase in liver function enzymes and markers of renal 
injury. On the basis of this study, the usage of lipoic acid 
may be useful in the protection from aluminium phosphide 
toxicity in which induced liver and kidney damage. 
Accordingly, care must be taken into account to avoid 
mammalian and human exposure to aluminium phosphide 
and attention should be paid to its sources in foods as well as 
occupational sources. Also, it should be taken into 
consideration that supplementation of lipoic acid may act as 
a protectant against the toxicity of aluminium phosphide. 
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ABBREVIATIONS 

AST = Aspartate transaminase 

ALT = Alanine transaminase 

AlP = Alkaline phosphatase  

AcP = acid phosphatase 

SOD = Superoxide dismutase 

CAT = Catalase 

TBARS = Thiobarbituric acid reactive substances 

GST = Glutathione S-transferase 

GSH = Reduced glutathione 
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