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Mitigative Effects of Alpha-lipoic Acid on the Toxicity of 		
Dimethoate in Male Rats
Hani M. Abdelsalam

ABSTRACT
Background and Aim: Organophosphates are currently widely used by humans, but these
compounds have tremendous negative effects on human health. Therefore, this study aims
to use alpha-lipoic acid (ALA) to alleviate the negative effects of dimethoate (DM). Methods:
This study was designed as follows: Thirty adult male Wistar albino rats were utilized and
further subdivided into control, DM and DM+ALA groups. Liver and renal cortex sections
from all groups were processed for histopathological examination and biochemical estimation of liver function tests, serum urea, creatinine, BUN, testosterone and lipid profile was
performed. Results: This study clarified the ameliorative effects of ALA on the negative effects of DM, where ALA induced a significant recovery of hepatic (ALT, AST, ALP and total
protein) and renal functions by normalizing them in the DM + ALA group and promoted
some improvement of lipid profile and testosterone levels. Additionally, ALA restored normal
hepatic and renal histomorphology. Conclusion: ALA therapy can be concluded to ameliorate the negative effects of DM that affect vital organs such as the liver and kidney. Additionally, ALA can reduce the occurrence of atherogenesis by decreasing the levels of unhealthy
cholesterol in the blood. ALA also boosts testosterone levels, thus augmenting male sexual
characteristics.
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Organophosphates (OPs), such as dimethoate (DM),
have been a serious danger since World War II and
have major involvement in a predicted thirty thousand instances of severe pesticide poisoning reported worldwide.[1] One main effect of this group is the
inhibitory effect on acetylcholinesterase (AChE),[2]
and the possible implication that it prompts alterations in characteristics of oxidative stress.[3] The
same appears to be the case for dimethoate, since
these compounds are known to increase the production of reactive oxygen species (ROS) and reduce the
antioxidant barrier of the organism to induce oxidative stress.[1]
Repetitive or continued exposure to OPs may result
in many effects, such as acute exposure, including
delayed symptoms. Workers repeatedly exposed
to DM reported impaired memory, disorientation,
depression, irritability, confusion, headache, speech
difficulties, delayed reaction times, nightmares,
sleepwalking and drowsiness or insomnia. Additionally, influenza-like conditions with headache, nausea, weakness, loss of appetite and malaise have also
been reported.[4] Dimethoate disturbs the functions
of multiple organs, including the liver.[5] The liver is
the primary organ involved in metabolism and is a
target organ of OPs and drugs. Clinical biochemis-

try and histopathological evaluations of the liver are
the methods used to discover the exposure effects of
OPs.[6]
Alpha-lipoic acid (ALA) is a naturally occurring
dithiol compound that serves as a vital cofactor for
mitochondrial bioenergetic enzymes.[7] Interestingly,
ALA supplementation reduced renal injury in rats
with obstructive nephropathy, further indicating that
oxidative stress inhibition is likely to be involved in
the beneficial effects of this compound.[8] The therapeutic potential of ALA has been proved in a variety
of disorders linked to oxidative stress and inflammation in diverse organ systems, including the kidney.[9]
ALA and its reduced dithiol form, dihydrolipoic
acid, are potent antioxidants that can scavenge hydroxyl radicals, singlet oxygen, hydrogen peroxide,
hypochlorous acid, peroxynitrite and nitric oxide
and these categories are much broader than those of
vit E. The ALA/DHLA redox couple can regenerate
exogenous and endogenous antioxidants such as vit
C and E and Glutathione (GSH). Additionally, the
couple exerts additional antioxidant actions through
the chelation of copper, iron and other transitional
metals.[10] ALA alleviated histopathologic and morphologic lesions in extracted rat kidneys. Addition-
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ally, a positive effect of ALA on albuminuria was detected. However, no
beneficial effect of ALA was found on antioxidant parameters at the tissue level.[11]

MATERIALS AND METHODS
Experimental Animals
Thirty healthy adult male Wistar albino rats (11–13 weeks) weighing
160–180 g were obtained and maintained at the Breeding Animal House
of the Faculty of Medicine, Zagazig University, Egypt. Animals were
housed in plastic cages at a controlled temperature (25±1°C) and humidity level (56±5%) in an artificially illuminated room, completely free
from chemical contamination. They were fed with standard laboratory
food and had free access to food and water. All rats received humane care
in compliance with the Ethical Committee of Zagazig University and in
accordance with the National Institutes of Health (NIH) Guidelines for
the Care and Use of Laboratory Animals.

Experimental Design
The animals were assigned to 3 groups as follows:
Group I (control group): 10 rats that received no treatment for 2 months.
Group II (DM group): 10 rats that received dimethoate (20 mg/kg body
weight) dissolved in 1 ml corn oil [1/20 of the LD50 (380 mg/kg)][12] once
daily for 14 weeks via oral intubation.
Group III (DM+ALA group): 10 rats that received dimethoate (20 mg/
kg body weight) dissolved in 1 ml corn oil (380 mg/kg) once daily for 14
weeks via oral intubation[12] and then received ALA (50 mg/kg).[13]
At the end of the experiment, blood samples were collected,[14] and then
rats in all groups were sacrificed via intraperitoneal injection of 25 mg/kg
sodium thiopental.[15] Liver and kidney sections were collected and fixed.
Samples were processed for light microscope examination.

Experimental Procedures
Dimethoate (purity 98%) and N-acetylcysteine were purchased from
Sigma Chemicals, St. Louis, MO, USA. Alpha-lipoic acid capsules (thiotex forte 600 mg/capsule) were obtained from Marcyrl Pharmaceutical
Industries, El-obour city, Egypt.

Collection of blood samples
Blood samples were collected from the retro-orbital venous plexus under
mild anaesthesia using a fine heparinized capillary tube introduced into
the medial epicanthus of the rat’s eye. Blood samples were collected in a
clean graduated centrifuge tube, allowed to clot at room temperature for
10 min and then centrifuged using a Remi cool centrifuge at 3000 rpm
for 20 min. The supernatant was collected in a dry tube for assessment
of biochemical parameters. All biochemical procedures were conducted
in the Central Research Laboratory, Faculty of Medicine, Zagazig University.

Biochemical estimation of serum urea, creatinine and
BUN
Serum urea was assessed by a quantitative colorimetric method using
QuantiChrom™ assay kits (BioAssay Systems, USA). Blood urea nitrogen (BUN) was measured using a commercial kit (BUN II reagent kit;
Wako Pure Chemical Industries).[16]

Biochemical estimation of serum lipid profile
Triglycerides, total cholesterol, HDL-cholesterol and LDL-cholesterol
concentrations were evaluated enzymatically using assay kits (Sigma Chemical Co, St Louis, MO, USA). Very low-density lipoprotein
(VLDL)-cholesterol was calculated as triglycerides and LDL-cholester56

ol was calculated by the equation LDL-cholesterol=Total serum cholesterol – (HDL+VlDl).[17]

Biochemical estimation of serum ALT, AST, ALP and TP.
The activities of serum alanine aminotransferase (ALT), Alkaline Phosphatase (ALP) and Aspartate Aminotransferase (AST) were measured
Spectrophotometrically using an automated analyser method (Opera
Technician Bayer Autoanalyzer). The serum Total Protein (TP) level
was determined by the colorimetric point method.

Histopathological Study
All steps were conducted in the Histology and Cell Biology Department,
Faculty of Medicine, Zagazig University. Specimens from the liver and
renal cortex of each animal were fixed in 10% neutral formol saline, dehydrated, embedded in paraffin wax and processed into 5 μm thick sections. The sections were stained with haematoxylin and eosin. Stained
slides were analysed by light microscopy in Image Analysis Unit.[18]

Statistical Analysis
Data were documented and entered using the statistical package SPSS
version 13. Data were described using the mean and standard error for
quantitative variables. Comparisons between groups were performed using one‑way analysis of variance with multiple comparisons post hoc
testing.[19] The results were considered statistically significant at P <
0.05.

RESULTS
Biochemical estimation of serum liver functions
The DM-treated group revealed a highly significant increase in the mean
ALT, AST and ALP levels compared to the control group (P < 0.01),
although it showed a significant decrease in the mean TP level. The
DM+ALA group exhibited a significant decrease in the mean ALT, AST
and ALP (P < 0.01) levels compared to the DM-treated group, while it
showed a significant increase in the mean TP level (P<0.05). Statistical
results of the various studied groups are presented in Table 1.

Biochemical estimation of serum urea, creatinine, BUN
and testosterone
Table 2 shows that the DM-treated group demonstrated a highly significant increase in the mean urea level compared to the control group
(P<0.01), while it showed a significant increase (P<0.05) in mean creatinine and a highly significant decrease in testosterone levels. The
DM+ALA group showed a significant decrease in the mean urea, creatinine and BUN concentrations (P<0.01) compared to the DM-treated
group, while it showed a significant increase in the mean testosterone
level (P<0.01).

Biochemical estimation of serum lipid profile
The DM-treated group exhibited a statistically significant increase in
the mean TG, LDL-c, VLDL-c and atherogenic index compared to the
control group (P < 0.05), while it showed a non-significant decrease in
the mean TC and HDL-c levels. The DM+ALA group revealed a nonsignificant lower mean TG, LDL-c and atherogenic index compared to
the DM-treated group (P > 0.05). Moreover, a statistically significant increase in TC level (P < 0.05) and a non-significant increase in HDL-c and
VLDL-c levels (P > 0.05) were observed. Statistical results of the various
studied groups are presented in Table (3).
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Biochemical results
Table 1: Serum TP, ALT, AST and ALP in the various studied groups.

T. protein
(TP) (g/dl)

ALT
(IU/L)

AST
(IU/L)

ALP
(IU/L)

Mean±SE

Control

Dimethoate
(DM)

DM+ALA

6.76±0.19

5.32±0.37

6.51±0.28

-21.30a

+22.36c

% change
Significance

<0.01**a

<0.05*c

23.72±1.52

16.53±0.74

% change

+54.13a

-30.31c

Significance

<0.01**a

<0.001**c

21.77±1.39

15.65±.26

% change

+31.46a

-28.11c

Significance

<0.01**a

<0.01**c

120.97±6.64

76.73±4.56

% change

a

+71.64

-36.57c

Significance

<0.01**

<0.01**

Mean±SE

Mean±SE

Mean±SE

15.39±1.02

16.56±0.94

70.48±1.84

a

c

P<0.05: Significant, **P<0.01: Highly significant and P> .05: Non-Significant
is comparison of control vs DM, c is comparison of DM vs DM+ALA

*

a

Table 3: Serum Lipid profile in various studied groups.
Control

Dimethoate
(DM)

DM+ALA

151.01±6.30

150.25±9.14

178.37±4.78

% change

a

-0.50

+18.71c

Significance

> .05a

<0.05*c

Mean±SE
TC (mg/dl)

Mean±SE
TG (mg/dl)

HDL-C
(mg/dl)

LDL-C (g/
dl)

VLDL-C
(mg/dl)

Atherogenic
index

211.37±12.06

192.62±10.85

% change

+15.34a

-8.87c

Significance

<0.05*

> .05c

44.50±12.05

50.62±2.37

% change

-18.72

+13.75c

Significance

> .05

> .05c

Mean±SE

Mean±SE

183.25±2.92

a

54.75±2.36

a

a

200.23±9.04

182.25±2.05

% change

+23.78a

-8.97c

Significance

<0.05*a

> .05c

42.35±2.66

43.51±2.30

% change

a

+21.80

+2.73c

Significance

a

<0.05*

> .05c

Mean±SE

Mean±SE

161.76±10.15

34.77±0.70

0.253±0.02

0.224±0.02

% change

0.183±0.02

+38.25a

-11.46c

Significance

<0.05*a

> .05c

*P<0.05: Significant, **P<0.01: Highly significant and P>0.05: Non-Significant
a
is comparison of control vs DM, c is comparison of DM vs DM+ALA

DISCUSSION
In a previous study, after dimethoate exposure, serum levels of lipid
peroxidation, catalase (CAT), glutathione reductase and superoxide dismutase activities (SOD) were increased.[20] DM affects the functions of
multiple organs, including the liver. It was reported to change the level

Table 2: Serum urea, creatinine, BUN and testosterone in various
studied groups.
Control

Dimethoate
(DM)

DM+ALA

56.67±2.55

83.89±1.85

48.22±3.43

% change

+48.03

-42.51c

Significance

<0.01**a

<0.01**c

Mean±SE
Urea (mg/dl)

Creatinine
(mg/dl)

BUN (mg/dl)

Testosterone
(nM/L)

Mean±SE

a

0.79±0.04

0.63±0.60

% change

0.63±0.009

+25.39a

-20.25c

Significance

<0.05*

<0.01**c

a

Mean±SE

25.94±1.14

26.88±1.48
-25.70

% change

+3.62

Significance

> .05a

<0.01** c

Mean±SE

4.42±0.12

a

19.97±1.05

c

3.48±0.09

4.35±0.08

% change

-21.26a

25c

Significance

<0.01**

a

<0.01**c

*P<0.05: Significant, **P<0.01: Highly significant and P > 0.05: Non-Significant
is comparison of control vs DM, c is comparison of DM vs DM+ALA

a

of liver-related marker parameters in rats and mice.[5] Numerous studies
show that dimethoate intoxication can cause oxidative stress by the generation of free radicals and induce hepatic lipid peroxidation in mice[21]
and rats.[12] Our findings corroborate with these reports as we found significant elevation in the levels of liver enzymes (ALT, AST and ALP) on
administration of DM for (20 mg/kg b.wt.) for 14 weeks.
These results were consistent with another report,[22] where a marked
increase in ALT, AST and ALP in the serum of the dimethoate-treated
group was recorded. In addition, changes in protein metabolic profiles
were dose- and time-dependent. According to Attia et al.[20] Serum TP,
albumin and globulin were reduced and bilirubin levels were elevated
in dimethoate-treated rats. The decline in serum protein could be attributed to alterations in protein and free amino acid metabolism and
their synthesis in the liver.[23] Additionally, the diminishing protein level
may be due to loss of protein either by a decrease in protein synthesis
or increase in proteolytic activity or degradation.[24] In light of current
knowledge, the present results showed a significant reduction in total
protein levels after treatment of the rats with DM. This finding was similar to reports by Attia et al.[20] Histopathological results revealed a substantial DM-induced impairment of the architecture of the hepatocytes
and liver constituents, where degenerated hepatocytes, pyknotic nuclei,
focal fibrosis, dilated biliary ducts and inflammatory infiltrations appeared in the DM group, as illustrated in Figure 1. These observations
are in agreement with Alarami et al.[25] who elucidated that mice exposed
to DM showed progressive changes in the liver, including congested
blood vessels, infiltration, vasodilatation and hydropic alterations. It was
previously found that DM can produce changes in the liver, such as lymphocytic infiltration, congestion, nuclear death, enlargement of hepatic
sinusoids, hepatocellular damage, cytoplasmic vacuolation and degeneration in nuclei. These alterations are caused by changes in cellular integrity and membrane permeability due to exposure to toxic chemicals.
[26]
Additionally, DM, which is a lipophilic substance, can interact with
cellular membranes,[27] and membrane injury or necrosis discharges such
enzymes into the circulation.[26] ALA administration restored the normal
architecture of the hepatic strands, hepatocytes and nuclei. The portal
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Histopathological results

Figure 1: Photomicrographs of sections of the liver from adult male rats in
different groups. (A): Control group showing normal hepatic laminae, hepatocytes and intact nuclei (arrowheads). The Central Vein (CV) lies at the centre of
the lobule surrounded by the hepatocyte strands (with strongly eosinophilic
granulated cytoplasm), which are separated by blood sinusoids (S). (B): DM
group showing focal necrosis with fibrosis and inflammatory infiltration (arrow). Additionally, congestion of hepatic sinusoids and a dilated Bile Duct
(Bd) were observed. Hepatocytes have lost their polygonal architecture and
have a vacuolated cytoplasm with deeply stained pyknotic nuclei (zigzag arrow), while the hepatic artery (Ha) is congested and apoptotic bodies (curved
arrow) also appeared. (C): DM+ALA group showing a restoration of normal
architecture of the hepatic strands, hepatocytes and normal nuclei (arrowheads). The portal vein (PV) and Bile Duct (Bd) appeared normally shaped,
while apoptotic bodies (curved arrow) were considerably decreased.

Figure 2: Photomicrographs of sections of the renal cortex from adult male
rats in different groups. (A): Control group showing normal glomeruli (G), Bowman’s capsules lined by intact simple squamous cells (arrow), narrow Bowman’s space (star), proximal convoluted tubules (PCT) with cuboidal epithelium and narrow lumen (PT) and Distal Convoluted Tubules (DCT) with wide
lumen (DT). (B): DM group showing a shrunken and segmented glomerulus
(g), marked haemorrhaging (hg) at distal convoluted tubules and wide Bowman’s spaces (star). Renal tubules (T) reveal exfoliated cells with dark-stained
apoptotic nuclei (arrowhead) and vacuolation (V) of renal tubule cells. (C):
DM+ALA group showing nearly normal glomeruli (G) but with wide Bowman’s
spaces (star). Some tubules (T) appear with darkly stained nuclei (arrowhead)
and capillaries between tubules (c). Normal proximal convoluted tubules (PT)
and distal convoluted tubules (DT) are seen.

vein and bile duct appeared normal, while apoptotic bodies were considerably decreased.
Several animal studies have stated that ALA has blood lipid-moderating
properties beyond its antioxidant and anti-inflammatory features.[28]
ALA has been confirmed to have various useful impacts, preventing and
treating many diseases through its antioxidant and anti-inflammatory
activities.[29] ALA is a disulfide compound that serves as a coenzyme in
pyruvate dehydrogenase and alpha–ketoglutarate dehydrogenase mitochondrial reactions, causing the production of cellular energy (ATP).[30]
The protective properties of ALA against hepatotoxicity and oxidative
stress has been well recognized in a series of scientific reports.[31] Our
results showed that administration of ALA to DM-treated rats caused
significant recovery of liver-related biochemical markers, in which ALT,
AST and ALP were recovered to approximately normal levels, as shown
in Table (1). These results were in line with Valdecantos et al.[32] Who
proved that adding ALA to the diet of rats receiving a high-fat diet resulted in a noticeable reduction in ALT and AST. These findings are also supported by Evans et al.[33] who reported that ALA and its reduced form,
dihydrolipoic acid, decrease oxidative stress by scavenging a number of
free radicals in both membrane and aqueous areas by stopping membrane lipid peroxidation and protein damage through the redox regeneration of other antioxidants, such as vitamins C and E and by enriching
intracellular glutathione.[33] In addition to its role as an antioxidant, ALA
can change the activity of enzymes at various levels in metabolic pathways. Additionally, ALA can alter mammalian pyruvate dehydrogenase
complex (PDC) based on its stereoselectivity.[34] Therefore, in our study,
ALA might have restored hepatic enzymatic activity by acting through
any of these pathways.

Organophosphorus prompts H2O2 production and lipid peroxidation
in kidney cells.[35] Others have provided additional evidence for the existence of organophosphorus-induced oxidative tissue injury evidenced by
DNA-strand breaks, augmented activities of antioxidant enzymes[36] and
downregulation of glutathione peroxidase activity and glutathione.[37]
Lipid peroxidation, ATP reduction, DNA destruction, protein oxidation
and intracellular calcium increases due to membrane permeability injuries may be the pathway for renal cell damage by organophosphorus.[38 41]
Creatinine is an amino acid formed as a waste product of creatine, which
acts as a vital energy reservoir in muscle metabolism. Urea and creatinine levels in blood increase during kidney impairment, preventing the
kidneys from filtering urea and creatinine out of the blood. Lone et al.[39]
Reported a significant increase in urea and creatinine levels in serum
after DM exposure for 15 and 30 days. These investigations suggested
that DM prompted hepatic injury and specified that removal of waste
products and toxins from the blood by the kidneys may suffer.[40] Interestingly, our results showed that the levels of urea, creatinine and BUN
were significantly increased in the DM group due to the induction of
oxidative effects by DM, as shown in Table (2).
In the present study, ALA administration caused a substantial decrease
in the mean levels of urea, creatinine and BUN, while it induced a significant increase in the mean testosterone level, as shown in Table (2).
Previously, an animal model has shown that ALA protects against ischaemic acute renal failure, as exemplified by the attenuation in the level of
BUN, creatinine, urinary osmolality, creatinine clearance (SCr) and fractional excretion of Na+, as well as attenuation of tubular necrosis, proteinaceous casts and medullary congestion in renal tissue. The protective
effects may be related in part to the decreased level of endothelin-1 (ET-
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1) in the kidney.[42] In another study, ALA increased reduced GSH, total
antioxidant level and also Na+/K+-ATPase activity.[43] Therefore, the antioxidant restoring activity might be the mechanism for improvedkidney
function in our study.
In our study Histopathological results of the kidney indicated that DM
administration to rats caused destructive alterations in the architecture
of the kidney, where DM caused shrunken and segmented glomeruli,
marked haemorrhaging at the distal convoluted tubules and wide Bowman’s spaces. Additionally, renal tubules revealed exfoliated cells with
dark-stained apoptotic nuclei and vacuolation of renal tubule cells, as
observed in Figure 2. These alterations are in line with the findings by
Alarami et al.[25] Who observed that DM caused histological alterations
in the kidney, including glomerular degeneration, tubular degeneration,
haemorrhaging, infiltration, hydropic changes, tubular casts, tubular
widened lumen and glomerular shrinkage. In the ALA group, glomeruli
were restored to nearly normal morphology but with wide Bowman’s
spaces. Additionally, normal proximal convoluted tubules and distal convoluted tubules were seen. A previous report by Şehirli et al.[43] Showed
that ALA regenerated and reduced tubular dilation and regenerated tubular epithelium, confirms our present findings. α-LA was reported to
prevented eNOS and neuronal NOS production but diminished inducible NOS, while ALA decreased the expression levels of ET-1.[31] Both in
vitro and in vivo studies revealed that ALA reduced serum levels of BUN
and SCr, MDA levels and ROS levels and ameliorated the severity of
kidney injuries (tubular cell necrosis, cytoplasmic vacuolation, haemorrhage and tubular dilatation).[44] Therefore, the same mechanisms might
be the responsible for improved kidney function and morphology in our
study.
The current research illustrated that the DM group exhibited a significant increase in TG, LDL-c, VLDL-c and atherogenic index compared
to the control group, while HDL-c was decreased as shown in Table (3).
This finding is in contrast to report by El-Saad et al.[45] Who stated that
DM caused an increase in serum total cholesterol levels. Increased serum cholesterol is due to the effects of pesticides on the permeability of
liver cell membranes.[46] The elevation in the level of serum total cholesterol may be or due to obstruction of the liver bile ducts, reducing or
preventing cholesterol secretion into the duodenum.[47] An increase in
the serum cholesterol level may be a sign of liver damage.[48] El-Saad et
al.[45] also demonstrated that DM caused reductions in triglyceride and
VLDL-cholesterol levels. Different pesticides decrease VLDL-cholesterol
and triglyceride levels.[49] Our finding is opposite to these reports.
Apart from the oxidative stress generated by DM, a significant reduction in the level of plasma HDL was observed, along with an increase
in the levels of triglyceride, LDL and total cholesterol in the DM group.
Free radicals can enhance the oxidation of LDL and oxidized LDL affects
many biological processes involved in atherogenesis. In the ALA group,
TG and LDL-c levels and the atherogenic index declined and returned to
normal levels in the control group, but an increase in HDL-c and VLDLc occurred. This finding is in line with Morakinyo et al. [50] Who clarified
that ALA caused a significant increase in HDL levels with a concurrent
significant reduction in TC, TG, LDL and VLDL (bad cholesterol) concentrations. Moreover Zhang et al.[48] Reported diminished serum TC,
TG and LDL-C levels in obese subjects following ALA supplementation.
The probable mechanism for these alterations is increasing insulin sensitivity and controlling the activities of the enzymes involved in lipolysis
and triglyceride synthesis.[48] Furthermore, ALA appears to increase the
activities of lipoprotein lipase as well as lecithin cholesterol acyltransferase (LCAT). Overall ALA supplementation ameliorated all the biochemical and histological alterations caused by dimethoate administration in
our study.

CONCLUSION
ALA therapy can ameliorate the negative effects of DM that affect vital
organs, such as the liver and kidney. Additionally, ALA can reduce the
occurrence of atherogenesis by reducing the levels of unhealthy cholesterol in the blood. Finally, ALA boosts levels of testosterone, augmenting
male sexual characteristics.

ABBREVIATIONS
DM: Dimethoate; ALA: Alpha-lipoic acid; BUN: Blood urea nitrogen;
TC: Total cholesterol; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; TG: Triglycerides; OPs: Organophosphates; DHLA: Dihydrolipoic acid.
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