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Astract

Background and Objective: Dimethylnitrosamine (DMN) is a representative chemical of a family of N-nitroso compounds and has been
found in processed meats and industrial products. Alpha Lipoic Acid (ALA) found naturally in plants and animals is involved in many
different antioxidant functionsin all body tissues. So, the study was designed to find out the efficacy of ALA in reducing the DMN-toxicity
in male mice by measuring some biomarkers functions of liver as well as oxidative stress parameters and histopathological changes.
Materialsand Methods: Animals were divided into 6 groups (n=8) and received their treatment for 4 weeks as follows: Groups 1-4 served
as control, ALA-treatment (16.12 mg kg '), DMN-low dose treatment and DMN-high dose treatment, respectively. Groups 5 and 6 were
received ALA before DMN-low and DMN-high dose, respectively. Results: The treatment of the mice with DMN caused significant changes
in serum biomarker enzymes of liver, lipid profile, protein content and myeloperoxidase as well as hepatocytes lipid peroxidation,
superoxide dismutase, catalase, glutathione peroxidase, nitric oxide, xanthine oxidase and total antioxidant capacity. Histopathological
analysis of liver confirmed the oxidative stress results. Conclusion: Concomitant administration of ALA with DMN significantly protected
most of the changes induced by DMN suggesting its protective efficacy.
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INTRODUCTION

Dimethylnitrosamine (DMN) is a representative chemical
of a family of N-nitroso compounds and has been found
in processed meats and industrial products as tobacco
smoke, whisky, smoked, salted and dried fish, cheese and
alcoholic beverages'. Nitrosamines are resulted from
nitrites and secondary amines that found in the proteins
of foods especially under strongly acidic conditions as in
human stomach or at high temperatures, as in frying2
Jayakumar et a/? found that nitrosamines increased the
oxidative stress and cellular damage due to the formation of
different types of oxygen free radicals during its metabolism
and increasing the lipid peroxidation (LPO)*. The DMN could
be caused hepatocellular necrosis, carcinogenicity, neoplastic
changes and tumor formation due to the oxidative stress>.
Superoxide and other ROS generated due to metabolism of
the nitrosamine by CYP2E1 in mouse liver stimulated Kupffer
cells®,

The DMN-induced hepatocellular carcinoma in rats
therefore, they are widely used to  study
hepatocarcinogenesis’. Moreover, metabolism of nitrosamines
in human livers similar to rat liver®. The liver is often target by
xenobiotic, poor eating habits and over the counter drug use,
which can damage the liver and eventually leads to liver
disease’.

Alpha Lipoic Acid (ALA) found naturally in plants and
animals is involved in many different antioxidant functions in
all body tissues'. Besides its roles in scavenging and
eliminating the radical effects of ROS, it has also been
identified as a participant in the formation of the other cellular
antioxidants, as it recycles vitamin C, vitamin E, as well as
increasing the intracellular glutathione (GSH) concentrations
byincreasing sulfur levelsinits elemental form''. Moreover, its
major metabolite dihydrolipoic acid is a potent antioxidant'2.
The antioxidant role of ALA has been implicated in hepatitis,
diabetes, atherosclerosis and urolithiasis'.

Myeloperoxidase (MPO) is an oxidative enzyme with
antimicrobial activity, which uses H,0, to produce hypochloric

acid and other toxic substances in neutrophil
phagolysosomes. It has been reported that MPO plays
important roles in  chronic processes such as

neurodegenerative diseases and atherosclerosis'.
Xanthine Oxidase (XO) catalyzes the oxidation of
hypoxanthine to xanthine and subsequently to uric acid' in
the purine nucleotides catabolism. Its re-oxidation involves
molecular oxygen which acts as electron acceptor and during
this reaction, superoxide radical (O,7) and hydrogen peroxide
(H,0,) are produced'®. The O, is transformed into H,0,and O,
either spontaneously or by the catalytic action of superoxide
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dismutase (SOD). Thus, the over-activity of XO leads to the
deposition of uric acid in the susceptible tissues and this
triggers the inflammatory pathways with a concomitant
release of ROS.

Nitric Oxide (NO) which has both antioxidative and
pro-oxidative properties, particularly increasesininflammatory
diseases. It also plays an important role in the chronic stage of
various diseases'’. It has recently been demonstrated that NO
acts in conjunction with hydrogen sulfide (H,S) to carry out
regulation of angiogenesis and endothelium-dependent
vasorelaxation' and cytoprotective signaling mediated by
H,S was found to be dependent on NO generated by
endothelial nitric oxide synthase (eNOS)™®.

Therefore, the present study was designed to assess the
efficacy of ALA in reducing the DMN-toxicity in male mice by
measuring some biomarkers functions of liver as well as
oxidative stress parameters and histopathological changes.

MATERIALS AND METHODS

Chemicals: Sodium nitrite and other chemicals for
measurements were purchased from Sigma Chemical
Company, St., Louis, MO, USA. The nitrosamine precursors;
chlorpromazine drug (Cy;H,0G4N,S; a drug with amine
hydrochlorides) were used as precursors for generation of
endogenous nitrosamine and was obtained from the Misr
Company for Pharmaceutical Industries, Cairo, Egypt.
Commercial pharmaceutical preparations containing ALA was
provided by EVA Pharma for Pharmaceuticals and Medical
Appliances, Cairo, Egypt.

Dose and routes of administration: The dosages of the two
chemicals were determined according to the Food and Drug
Administration (FDA) guideline. The FDA has suggested that
the extrapolation of animal dose to human dose can be
correctly performed by normalization to Body Surface Area
(BSA), which is generally represented in mg m~2 The human
dose equivalent can be more appropriately calculated by
using the equation:

Animal K|

Human ij
where, K., factor is weight (kg)/BSA (m?).

Hence, the appropriately calculated dose in rats is also
achievable in humans. It can be easily calculated that ALA
dosage can be used as 16.21 mg kg™ calculated according to
the formula for a person weighing 60 kg?. Sodium nitrite
(NaNO,) was given daily in drinking water (0.05%)?'.
Chlorpromazine was given orally by gastric tube at two doses,

Human equivaent dose (HED mg kg™) = Animal does (mg kg’l)X{
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a dose of 2 mg kg™ b.wt., day™' (low dose; LD) and another
was 4 mg kg™ (high dose; HD) as reported by File?.

Animals and experimental design: Forty eight adult male
mice weighing 45-60 g were used in this study. They were
obtained from the animal house of Faculty Veterinary
Medicine, Zagazig University, Egypt. The animals were
allowed to free access of standard diet and water
ad labium throughout the experimental period. We have
followed the European community directive (86/609/EEC) and
national rules on animal care that was carried out in
accordance with the NIH guidelines for the Care and Use of
Laboratory Animals 8th edition. Animals were kept in well
ventilated cagesin a temperature-controlled room at22-25°C,
maintained under specific pathogen-free conditions on a
12 h light, dark cycle.

After 2 weeks of acclimation, animals were divided into
6 equal groups with 8 mice each and received their
respective treatment for 4 weeks as follows: Group 1 served as
an untreated control group, group 2 was treated with ALA
(16.12 mg kg™), group 3 was received nitrosamine precursors
(sodium nitrite (0.05% in drinking water)) and given orally
chlorpromazine at LD, group 4 was treated with nitrosamine
precursors (sodium nitrite (0.05% in drinking water)) and
given orally chlorpromazine at HD, groups 5 was received
nitrosamine precursors, LD of chlorpromazine plus ALA and
finally group 6 was treated with nitrosamine precursors, HD of
chlorpromazine plus ALA.

Blood collection and tissue homogenate: At the end of the
experimental periods (4 weeks), overnight fasting mice were
anesthetized using diethyl ether and sacrificed by cervical
dislocation. Blood samples were collected from the medial
retro-orbital venous plexus immediately with capillary tubes
(Micro Hematocrit Capillaries, Mucaps)?. Then, the blood was
centrifuged at 3000 rpm for 15 min and serum was collected
for different biochemical analyses.

Liver tissue (about 0.25 g) was used for the analysis of
oxidative stress parameters. Prior to dissection, tissue was
perfused with a 50 mM (sodium phosphate buffer saline
(100 mM  Na,HPO,/NaH,PO,) (pH 74) and 0.1 m
ethylenediaminetetra acetic acid (EDTA) to remove any
red blood cells and clots. Then, tissues were homogenized
in 5 mL cold buffer g tissue and centrifuged at
5000 rpm for 1/2 h.The resulting supernatant was transferred
into Eppendorf tubes and preserved in a deep freeze until
used for various oxidative assays.

Liver biomarkers: Serum aspartate transaminase (AST),
alanine transaminase (ALT) and alkaline phosphatase (ALP)
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activities were determined with kits from SENTINEL CH
(via Principe Eugenio 5-20155 MILAN-ITALY). The y-glutamyl
transpeptidase (y-GT) activity was estimated by method of
Orlowski and Meister?. Lactic dehydrogenase (LDH) activity
was measured using kinetic kits®. The total protein content
was determined by the method described by Bradford? using
bovine serum albumin as the standard.

Lipid profile: The serum cholesterol and triglycerides
were determined by the method of Carr et a/¥. High
density lipoprotein-cholesterol (HDL-c) was determined
according to the methods of Warnick et a/?. Low density
lipoprotein-cholesterol (LDL-c) level was calculated according
to Friedewald et a/?° with equation:

Triglyceride concentration

LDL-c= ¥ Total cholesterol Ievds—[ 5

] —HDL—c concentration

Determination of oxidative parameters: The SOD activity
was measured according to Marklund and Marklund* and
calculated as the amount of protein that caused 50%
pyrogallol auto oxidation inhibition at 440 nm for 3 min.
A blank without homogenate was used as control for
non-enzymatic oxidation of pyrogallol in tris-EDTA buffer
(50 mmol L= tris, 10 mmol L=" EDTA and pH 8.2). The SOD
activity is expressed as U g~ tissue.

Catalase (CAT) activity was determined according to
Aebi*' where the hydrolysis of H,0, and the resulting decrease
in absorbance at 240 nm over a 3 min period at 25°C. Samples
were diluted 1:9 with 1% (v/v) triton X-100 and CAT activities
expressed as U g~ tissue.

The GPx activities were determined as described
by Hafeman et a/*? and expressed in  mmol GSH
consumed min=' g™ tissue.

The extent of LPO was estimated as the concentration
of thiobarbituric acid reactive product malondialdehyde
(MDA)*3. The MDA concentrations were determined using
1,1,3,3-tetraethoxypropane as standard and expressed as
nmol g~ tissue.

Xanthine Oxidase (XO) activity was assayed
spectrophotometrically by the reaction of enzyme with
xanthine, as a substrate34. In two test tubes, 15 uL phosphate
buffer (0.1 M, pH 7.4) and 30 uL water (control) or substrate
(test; xanthine 38 mM, dissolved in distilled water by adding
alkali and gentle heating) was added to 0.5 mL liver
homogenates and incubated for 40 min at 37°C. Then, 0.1 mL
of this solution was mixed with 0.1 mL Na-tungstate 40%,
0.5 mL water and 0.1 mL 2 N H,SO, complete to 1 mL and
incubated for 1 hat 37°C then centrifuged at 3000 rpm for
10 min. About 0.15 mL of supernatant was mixed with
0.75 mL water, 0.3 mL Foline reagent and 1.5 mL saturated
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Na-carbonate solution. The absorbance was measured at
650 nm after 10 min. The XO activity was determined using
the following equations:

A (sample)
A (standard)

Concentration of xanthine in control or test = xConcentration of standardx48

Concentration of test concentration of control
0.284

Xanthine oxidase activity (U g™ tissue) =

The levels of nitrite, a stable end-product of Nitric Oxide
(NO) production were measured based on the Griess
reaction®, in which equal volume of deproteinized tissue
homogenates were mixed with acidic Griess reagent
(1% sulfanilamide and 0.1% naphthylethylenediamine
dihydrochloride in 2.5% phosphoric acid). The absorbance was
measured at 546 nm.

Total antioxidant capacity was determined using
ferric reducing antioxidant power assay®. Ferric Reducing
Antioxidant Power (FRAP) reagent (300 mmol L' acetate
buffer, pH 3.6, 10 mmol L™ 2,4,6-tripyridyl-s-triazine, 99 %) in
40 mmol L= HCl and 20 mmol L= FeCl;.6 H,O in the ratio of
10:1:1 was prepared. The FRAP reagent (1.5 mL) was added to
50 uL of homogenate liver tissues and incubated at 37°C for
exactly 5 min. The change in absorbance was measured at
593 nm due to the formation of a blue colored Fell 2,4,
6-tripyridyl-s-triazine complex from the colorless oxidized Felll
form by the action of electron donating antioxidants. The
absorbance of the sample was read against reagent blank
(1.5 mL FRAP reagent and 50 pL distilled water) at 593 nm.

Myeloperoxidase (MPO) activity assay kit (Fluorometric)
provides a rapid, simple and reliable method to study MPO
activity®. Briefly, 10 mL sample were combined with 80 mL,
0.75 mM H,0, (Sigma) and 110 mL TMB solution (2.9 mM TMB
in 14.5% DMSO (Sigma) and 150 mM sodium phosphate buffer
at pH 5.4) and the plate was incubated at 37°C for 5 min. The
reaction was stopped by adding 50 mL 2 M H,SO, (Sigma)
and absorption was measured at 450 nm to estimate MPO
activity.

Histological evaluation: For histological examination, a
portion of liver was fixed in 10% neutral buffered formalin
embedded in paraffin, sectioned and stained with
haematoxylin and eosin®,

Statistical analysis: Analysis was performed using SPSS for
Windows version 17.0. Data was given in the form of
arithmetical Mean values=Standard Error (SE). Differences
between groups were evaluated by one-way ANOVA
according to p<0.05 and post hoc Duncan test.
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RESULTS

Serum activates of ALT, AST, ALP, LDH and y-GT were
found unchanged in ALA-treated group as compared to
control animals (Fig. 1). All the previous mentioned enzymes
increased by increasing the dose of DMN that was
administrated to mice. The concurrent administration of ALA
with DMN-HD improved the biomarkers enzymes activities of
the liver as compared to DMN-HD group.

The treatment of the mice with DMN caused significant
increase in serum levels of TC, TG and LDL-c and significant
decrease in HDL-c and total proteins levels (Table 1). Results
revealed that there are no significant changes in total proteins
levels of mice treated with ALA only as compared to control
animals. However, the presence of ALAwith DMN can alleviate
the adverse effects of DMN and the alterations of lipid profiles
restored to approximately the normal values in dose
dependent manner.

Table 2 shows that treatment the animals with DMN
caused a significant decrease in the activity of SOD of liver in
dose dependent manner. Administration of ALA only did not
cause change in the activity of SOD of liver as compared with
those of control mice. In addition, a significant recovery
relating to SOD was observed in response to the presence of
ALA with DMN. However, co-administration of ALA with
DMN-LD or DMN-HD increased the SOD activity as compared
with its relative groups.

The CAT activity decreased after DMN treatment in two
doses (Table 2). The administration of ALA with DMN-HD
significantly increased the CAT activity in liver tissue as
compared with its related group.

The activity of GPx was significantly decreased in liver
tissue of rats treated with DMN-LD and DMN-HD by 48.32 and
53.86% as compared with the control group, respectively
(Table 2). The presence of ALA with DMN minimized the
observed alterations in examined enzyme activity induced
by DMN intoxication in liver tissue.

The results indicated that the levels of LPO were
significantly increased in two tested doses of DMN (Table 2).
Co-administration of ALA with DMN reduced the elevation in
LPO as compared with its related group of DMN.

There was no any change between the control and
ALA-groups in XO activity (Table 2). The XO activities were
increased by 2.0 and 2.4 fold in DMN-LD and DMN-HD groups,
respectively. Co-administration of ALA with DMN reduced the
elevation in XO as compared with its related group of DMN.

The NO levels were increment in all groups that treated
with two doses of DMN and then decreased with ALA
administrated before DMN treatment (Table 2).
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Fig. 1: Effect of a-lipoic acid and different doses of dimethylInitrosamine on serum enzymes activities of male mice, ALA: a-lipoic
acid, DMN-LD: Dimethylnitrosamine-low dose, DMN-HD: Dimethylnitrosamine-high dose, ALT: Aanine aminotransferase,
AST: Aspartate aminotransferase, ALP: Alkaline phosphatase, LDH: Lactate dehydrogenase, y-GT: Gamma-glutamyl
transferase, values are expressed as Means®SE, n = 8 for each treatment group, 2Significant difference as compared to
control, ’Significant difference as compared to its related DMN group and <Significant difference as compared to DMN-LD

with ALA group
Table 1: Effect of a-lipoic acid and different doses of dimethylnitrosamine on lipid profile and total proteins of male mice
Parameters ALA DMN-LD DMN-HD
(mgdL™") Control (1621 mgkg~"day~")  (2.0mgkg~' day™") (4.0 mg kg~' day™) DMN-LD and ALA DMN-HD and ALA
TC 71.56£6.39 95.57+4.18 135.33+4.65° 221.61£9.79° 101.05+3.72° 148.64+13.37°¢
TG 133.78+4.44 83.27+3.59° 131.01+3.99 187.70+8.53° 112.74+3.99° 135.6916.92°¢
HDL-c 3429+1.30 34.44%0.59 2521%£1.86° 20.33%+1.42° 29.25+2.31 27.82+1.63°
LDL-c 31.92+0.84 97.27+3.96° 139.84+3.31° 201.30£3.372 111.801+9.52° 152.951+6.50°¢
VLDL-c 27.95+1.66 16.65+0.72° 24.48+1.55 37.54%x1.712 23.06%+0.95 25.13+0.59°
> 7.94%+0.27 7611033 6.171+0.28° 4.69+£0.25° 5.96+0.12 5.33+0.18°

ALA: o-lipoic acid, DMN-LD: Dimethylnitrosamine-low dose, DMN-HD: DimethylInitrosamine-high dose, TC: Total cholesterol, TG: Triglyceride, HDL-c: High density
lipoprotein-cholesterol, LDL-c: Low density lipoprotein-cholesterol, VLDL-c: Volatile low density lipoprotein-cholesterol, TP: Total protein, values are expressed as
Means=SE, n = 8 for each treatment group, *Significant difference as compared to control group, ®Significant difference as compared to its related DMN group and
<Significant difference as compared to DMN-LD with ALA group

Table 2: Effect of a-lipoic acid and different doses of dimethylnitrosamine on some oxidative stress parameters in liver of male mice

ALA DMN-LD DMN-HD

Parameters Control (1621 mgkg~"'day~")  (2.0mgkg~' day™") (4.0 mg kg~' day™") DMN-LD and ALA DMN-HD and ALA
SOD (Ug™) 23.71+0.82 22.87+1.33 13.74£1.22° 12.05+1.69° 15.35%1.36 17.64+£1.32°
CAT(Ug™) 433%0.25 3.98+0.32 2.90+0.25° 3.40+0.38° 3.53+0.27° 3.84+0.14°
GPx (mmolg™") 51.78%3.68 37.73%£3.13° 26.76+1.47° 23.89+1.46° 3230£1.57° 31.15£0.65°
MDA (nmol g~")  37.99+4.58 36.21+£1.92 87.13+4.14° 182.79£99.66° 72.67+2.28° 118.15£9.76°¢
X0 (Ug™) 17.01£0.40 18.27+2.57 34.53%1.64° 40.56+0.70° 25.69+1.09° 29.85+1.20°¢
NO (umol g7") 0.691+0.05 0.67£0.09 1.15£0.132 2.27+0.21° 0.72+0.09° 1.30+0.19°¢
TAC (%) 94.20%+1.16 93.60+1.17 83.79+1.86° 76.33%+1.66° 85.72+2.11 84.04+2.02°

ALA: a-lipoic acid, DMN-LD: DimethylInitrosamine-low dose, DMN-HD: Dimethylnitrosamine-high dose, SOD: Superoxide
MDA: Malondialdehyde, XO: Xanthine oxidase, NO: Nitrite, TAC: Total antioxidant capacity, values are expressed as Means=*SE, n = 8 for each treatment group,
aSignificant difference as compared to control group, *Significant difference as compared toiits related DMN group and <Significant difference as compared to DMN-LD

with ALA group

The TAC levels were significantly decreased in liver tissue
of mice treated with two doses of DMN (Table 2). However,
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dismutase, CAT: Catalase,

the presence of ALA with DMN minimized the observed
alterations in the TAC level induced by DMN intoxication.



Am. J. Biochem. Mol. Biol, 6 (3): 102-112, 2076

Effect of ALA and different doses of DMN on serum
MPO activity of male mice was presented at Fig. 2. The MPO
activities were increased by 1.48 and 1.89 fold in DMN-LD and
DMN-HD as compared to control group, respectively. The
administration of ALA before DMN was decreased the MPO
activity by 30.2 and 31.7% for DMN-LD and DMN-HD,
respectively.

Figure 3 shows the histological sections of liver of
experimental mice that were observed under light
microscope. In the control group, hepatic lobular architecture
was intact. The laminae, sinusoids, portal canals of the rat liver
were very distinct (Fig. 3a). Those structures were found to be
well preserved in the mice treated with ALA (Fig. 3b). The mice
treated with DMN-LD showed infinitesimal damagein rat liver
tissue, cholestasis (CH) with swollen hepatocytes with foamy
finely granular cytoplasm (FS) (Fig. 3c). Besides, another

important observation in DMN-HD group was markedly focal
hepatocytes necrosis (FN) with drop off hepatocytes (Fig. 3d).
However, partial improvement in the hepatocytes structure
with some congested hepatic sinusoids (CS) in DMN-LD with
ALA group was observed (Fig. 3e). The restoration of normal
appearance and structure of hepatocytes with dilated mildly
congested central veins (DV) and showing ground glass
hepatocytes were noticed in DMN-HD with ALA group
(Fig. 3f).

The hepatic necrosis and inflammation were significantly
increased in the mice treated with DMN in dose dependent
manner than to the control group and the scoring of
histological damage was displayed in Table 3. Improvement
results were observed in liver section from animals treated
with ALA. Treatment the mice with ALA has significantly
reduced liver injury and fibrosis compared to the respective
DMN groups.

Table 3: Grading of the histopathological changes in the liver sections of mice treated with a-lipoic acid and different doses of dimethylnitrosamine

ALA DMN-LD DMN-HD
Finding Control (16.21mgkg~'day”') (20mgkg~'day™) (40mgkg'day”') DMN-LDand ALA DMN-HD and ALA
Normal hepatic lobule ++++ ++++ -+ ++++ +++
Normal nuclei ++++ ++++ —+ -+ “++ +++
Pyknotic nuclei ~ — + e ot
Focal hepatic necrosis ~ -—— + e t
Dilated congested central vein - e+ S+ —
Swollen hepatocytes with foamy - —— ++++ —++ —+ —t
finely granular cytoplasm
Dilated congested sinusoids - - 1+ R . e+
Glass hepatocytes ~ — ++++ +++- —+ —++

————— : Absence of the change in the animals of the studied group, ++++: A change which was often found in all the studied animals of a group, +++-: A change which

was observed in almost all the studied animals of a group, ++-: A change not so often observed in all animals of a group and -+: A change which was rare within a group,

The study was done for eight mice of each group
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Fig. 2: Effect of a-lipoic acid and different doses of dimethylnitrosamine on serum myeloperoxidase (MPO) activity of male
mice, ALA: a-lipoic acid, DMN-LD: DimethylInitrosamine-low dose, DMN-HD: DimethylInitrosamine-high dose, values are
expressed as Means=*SE, n = 8 for each treatment group, 2Significant difference as compared to control, *Significant

difference as compared to its related DMN group and <Significant difference as compared to DMN-LD with ALA group
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Fig. 3(a-f): Effect of a-lipoic acid (ALA) and different doses of dimethylInitrosamine (DMN) on liver tissue, (a) Histological section
from control with normal Central Vein (CV) and normal hepatic lobule, (b) Hepatic tissues appear to be normal in
ALA group with normal Central Vein (CV) and normal hepaticlobule, (c) Cholestasis (CH) with swollen hepatocytes with
foamy finely granular cytoplasm (FS) in DMN-LD group, (d) Hepatic tissues showing focal hepatocytes necrosis (FN)
with drop off hepatocytes in DMN-HD, (e) Partial improvement in the hepatocytes structure with some congested
hepatic sinusoids (CS) in DMN-LD with ALA group and (f) Restoration of normal appearance and structure of
hepatocytes with dilated mildly congested central veins (DV) and showing ground glass hepatocytes (C) DMN-HD with
ALA group (H and E, x400)

DISCUSSION is reported to quench ROS and nitrogen species, hydroxyl

radicals, peroxyl radicals and peroxynitrite3®. However, there is

The present study was carried out to elucidate the no data available on the efficacy of ALA against DMN specially
protective effect of ALA against the oxidative and concern the MPO, XO and NO. Exposure of mice to DMN
histopathological changes induced in mice by DMN. The ALA  revealed a statistically significant positive correlation between
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the daily dose of DMN and all the hepatic enzymes-tested. The
biochemical and histopathological alternationin DMN-treated
groups were dose dependent.

In present study, the effect of DMN on mice liver
biomarkers could be similar to other studies that were carried
on diethylnitrosamine (DEN) that one of nitrosamin.
Ramalingam and Vaiyapuri® reported that TC and TG were
significantly increased after treated rats with DEN. Nitrosamine
is absorbed in intestine and enters the liver and hepatocytes
by portal venous system and hampers the detoxification
system of liver by interfering in cytochrome P450 enzymes, so,
the liver gently proceeds to cirrhosis and cancer*'. When DEN
is formed, it leads to LPO of the polyunsaturated fatty acid in
cell membranes, break down of membrane-structure and
leading to the release of microsomal corboxyal esterase and
other enzymes, such as amino transferases in to the extra
cellular compartments including serum?2. These results agree
with previous studies of Atakisi et a/* who found that
antioxidantenzymes activities (GPx, CAT and SOD) levels were
decreased significantly following injected DEN exposure.

Plasma transaminases are sensitive indicators of liver cell
injury** which elevated in DMN-treated mice may be due to
either direct hepatocyte damage or due to oxidative stress
leading to apoptosis of hepatocytes. These data indicate that
DMN causes liver dysfunction.

The administration the two doses of DMN caused a
significant increase in the levels of lipid profile parameters
(TC, TG, LDL-c and VLDL-c) and decrease of HDL-c in a
dose-dependent manner. These observations are consistent
with the presence of liver cell damage that was seen in the
DMN-exposed mice by light microscopy. The LPO and
oxidative modification of LDL-c are implicated in the
development of atherosclerosis®.

The DMN caused significantly decreased in serum total
protein. The present results agree with Ahmed et a/* who
found that injection of DEN for 2 months to rats showed
significantly decreased the level of total protein and albumin.
Decreasing the total protein could be due to impaired liver
function.

The DMN induced profound elevation of NO production,
increasing XO and MPO activities, oxidative stress of LPO along
with reduction of antioxidant enzymes as SOD, CAT, GPx and
depletion of TAC level in liver. Hepatic injury induced by DMN
was associated with oxidative stress due to DMN-induced free
radical production and toxic®. Oxidative stress plays an
important role in chronic complications of injected with DMN
and is postulated to be associated with increased LPO?. The
cytotoxic action of DMN is associated with the generation of
ROS causing oxidative damage. The free radicals may react
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with polyunsaturated fatty acids in cellmembranes leading to
LPO. Lipid peroxide-mediated damage has been observed in
the development of injected with DEN*’.

The highly oxidative enzyme MPQOis abundantin granules
of inflammatory cells such as activated neutrophils,
macrophages and monocytes. The MPO acts as a master
enzyme in the generation of a range of ROS by catalyzing the
conversion of hydrogen peroxide (H,0,) to species including
OH and NO,. The MPO-derived ROS can then modify lipids,
lipoproteins and proteins. Inflammatory cells recruited into the
vascular wall release MPO-derived ROS that can in turn
promote endothelial dysfunction by reducing the
bioavailability of nitric oxide* and modify HDL-c, impairing its
function in cholesterol efflux. Elevated circulating MPO levels
have been found to be associated with the presence of DMN.

The DMN has been shown to elevate ROS in the liver* and
the present data also demonstrated increasing LPO after DMN
administration. Though, NO could be scavenged by radicals
such as superoxide to produce peroxynitrite®, this suggests
thatthe DMN treatment alters steady-state NO levels. The NOS
isoform involved in constitutive NO generation is endothelial
NOS (eNOS), the hepatic levels of which have been shown to
be altered in various liver disorders and hepatic ischemia®'.

Inhibitors of XO activity are used clinically for the
treatment of hyperuricaemia and gouty arthritis; as they help
in reducing the levels of uric acid in circulation and vascular
oxidative stress®. In the present study, it is the first time to
investigate the effect of DMN on OX activity where it is
causing severs elevation.

This histological picture was related to the exhaustion of
antioxidants and overproduction of oxidants and in the long
term led to tissue damage in the liver mice that treated with
DMN. The changes in the redox status of the cell may lead to
apoptosis, cell proliferation or transformation as observed in
histological evaluation. This may explain significantly
increased leukocyte apoptosis following DMN administration
in the present study. The histological evaluation showed that
the hepatic lobular architecture was found to be distorted in
the mice treated with DMN. Histopathological study of tissue
damage DMN in the liver confirmed previous finding that, it
causes inflammation of the liver capsule, necrosis and
steatosis*. These changes are entirely consistent with the
changes in various oxidative and antioxidant parameters that
were also observed. Such liver damage may arise from the
toxic effects of DMN, which disturbs the detoxification
mechanisms of the liver.

When antioxidants react with ROS, the antioxidant is
converted to a form that is no longer able to function and is
said to be consumed. Therefore, this oxidized product needs
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to be recycled to its native form to function again. There exists
a network of antioxidants in which ALA can interact and
replenish to maintain both lipid and aqueous phase
antioxidant status. The ALA supplementation increases tissue
ubiquinol content, in turn recycles vitamin E. The ALA
treatment (10-100 mM) induced an increase in the cellular
level of GSH by 30-70%".

Treatment DMN-mice with ALA exhibited improvement
in liver functions compared to DMN-treated mice. Moreover,
our results provide evidence that ALA inhibited NO
overproduction and maintaining intracellular antioxidant
status play a pivotal role in the treatment of DMN thatinduced
alterations in the above parameters. Saad et a/>* investigated
the protective effect of ALA against isoniazid and rifampicin
combination induced hepatotoxicity by elevation of serum
hepatic enzymes. Co-administration of ALA significantly
ameliorated isoniazid and rifampicin combination induced
hepatic damage.

In present study, ALA inhibited XO activity. This could be
as allopurinol, it inhibited XO by binding at its purine binding
site®, thereby blocking the ultimate formation of uric acid.
In addition to their ability to inhibit XO, phenolics are
well-known for their antioxidant activities®® and ability to
inhibit Fe?*-induced LPO*’.

CONCLUSION

The free radicals produced by DMN causing oxidative
stress and play an active role in liver damage at biochemical
and cellular levels. The study is the first time to demonstrate
that ALA has an impressive hepatoprotective effect on liver
injuries induced by DMN, which might be considered to be
therapeutic effect in clinical situations. The ALA may be
protective against DMN-induced oxidative injury by inhibiting
neutrophil infiltration and subsequent activation of
inflammatory mediators that induce LPO and NO. In addition,
hepatic SOD, CAT, GPx, CAT and XO activities and MPO activity
were found to be improved following ALA administration.

SIGNIFICANCE STATEMENTS

« The DMN elevated NO production, increasing XO and
MPO activities

+ The DMN increased the LPO along with reduction of
antioxidant enzymes as SOD, CAT, GPx in liver

«  Treatment DMN-mice with ALA exhibited improvement
in liver functions

110

REFERENCES

Sivaramakrishnan, V. and S.N. Devaraj, 2009. Morin regulates

the expression of NF-«xB-p65 COX-2 and matrix
metalloproteinases in diethylnitrosamine induced rat
hepatocellular ~ carcinoma.  Chemico-Biol. Interact.,
180: 353-359.

Shaban, N.Z., M.A. El-Kersh, M.M. Bader-Eldin, S.A. Kato and
AF. Hamoda, 2014. Effect of Punica  granatum
(pomegranate) juice extract on healthy liver and

hepatotoxicity induced by diethylnitrosamine and
phenobarbital in male rats. J. Med. Food, 17: 339-349.
Jayakumar, S, A Madankumar, S.  Asokkumar,
S.Raghunandhakumar, S.Kamaraj, M.G.J. Divya and T. Devaki,
2012. Potential preventive effect of carvacrol against
diethylnitrosamine-induced hepatocellular carcinomainrats.
Mol. Cell. Biochem., 360: 51-60.

Thirunavukkarasu, C.and D. Sakthisekaran, 2003. Influence
of sodium selenite on glycoprotein contents in normal and
N-nitrosodiethylamine initiated and phenobarbital promoted
rat liver tumors. Pharmacol. Res., 48: 167-173.

Pradeep, K., C.V.R. Mohan, K. Gobianand and S. Karthikeyan,
2007. Effect of Cassia fistula Linn. leaf extract on
diethylnitrosamine induced hepatic injury rats.
Chemico-Biol. Interact., 167: 12-18.

Teufelhofer, O.,, W. Parzefall, E. Kainzbauer, F. Ferk and
C. Freiler et al, 2005. Superoxide generation from Kupffer
cells contributes to hepatocarcinogenesis: Studies on NADPH
oxidase knockout mice. Carcinogenesis, 26: 319-329.

Ha, W.S., CK. Kim, S.K. Song and C.B. Kang, 2001. Study on
mechanism of multistep hepatotumorigenesis in rat:
Development of hepatotumorigenesis. J. Vet. Sci., 2: 53-58.
Feo, F.,R.M. Pascale, M.M. Simile, M.R. De Migilo, M.R. Muroni
and D. Calvisi, 2000. Genetic alterations liver
carcinogenesis: Implications for new preventive and
therapeutic strategies. Crit. Rev. Oncog., 11: 19-62.

Stanca, C.M,, J. Babar, V. Singal, E. Ozdenerol and J.A. Odin,
2008. Pathogenic role of environmental toxins
immune-mediated liver diseases. J.Immunotoxicol., 5: 59-68.
Goraca, A. and G. Jozefowicz-Okonkwo, 2007. Protective
effects of early treatmentwith lipoic acid in LPS-induced lung
injury in rats. J. Physiol. Pharmacol., 58: 541-549.

in

in

in

. Bilska, A. and L. Wlodek, 2005. Lipoic acid-the drug of the

future? Pharmacol. Rep., 57: 570-577.

Moini, H., L. Packer and N.E.L. Saris, 2002. Antioxidant and
prooxidant activities of a-lipoic acid and dihydrolipoic acid.
Toxicol. Applied Pharmacol., 182: 84-90.

Sumathi, R, G. Baskaran and P. Varalakshmi, 1996. Effect of
DL a-lipoic acid on tissue redox state in acute
cadmium-challenged tissues. J. Nutr. Biochem., 7: 85-92.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Am. J. Biochem. Mol. Biol, 6 (3): 102-112, 2076

Vita, JA, ML. Brennan, N. Gokce, S.A. Mann and
M. Goormastic et a/, 2004. Serum myeloperoxidase levels
independently predict endothelial dysfunction in humans.
Circulation, 110: 1134-1139.

Mittal, A., A.R.J. Phillips, B. Loveday and J.A. Windsor, 2008.
The potential role for xanthine oxidase inhibition in major
intra-abdominal surgery. World J. Surg., 32: 288-295.

Kelley, E.E.,N.K.H.Khoo, N.J.Hundley, U.Z. Malik, B.A. Freeman
and M.M. Tarpey, 2010. Hydrogen peroxide is the major
oxidant product of xanthine oxidase. Free Radic. Biol. Med.,
48:493-498.

Sezer, U, K. Erciyas, K. Ustun, Y. Pehlivan and
S.Z. Senyurt et al, 2013. Effect of chronic periodontitis on
oxidative status in patients with rheumatoid arthritis.
J. Periodontal., 84: 785-792.

Coletta, C, A. Papapetropoulos, K. Erdelyi, G. Olah and
K. Modis et al, 2012. Hydrogen sulfide and nitric oxide are
mutually dependent in the regulation of angiogenesis and
endothelium-dependent vasorelaxation. Proc. Natl. Acad. Sci.
USA, 109:9161-9166.

King, A.L, D.J. Polhemus, S. Bhushan, H. Otsuka and K. Kondo
et al, 2014. Hydrogen sulfide cytoprotective signaling is
endothelial nitric oxide synthase-nitric oxide dependent.
Proc. Natl. Acad. Sci. USA., 111:3182-3187.

Armagan, I, D. Bayram, I.A. Candan, A. Yigit, E. Celik,
H.H. Armagan and A.C. Uguz, 2015. Effects of pentoxifylline
and alpha lipoic acid on methotrexate-induced damage in
liver and kidney of rats. Environ. Toxicol. Pharmacol.,
39:1122-1131.

Yada, H., M. Hirose, S. Tamano, M. Kawabe and M. Sano et a/,
2002. Effects of antioxidant 1-O-Hexyl-2,3,5-
trimethylhydroquinone or ascorbic acid on carcinogenesis
induced by administration of aminopyrine and sodium nitrite
in a rat multi-organ carcinogenesis model. Jpn. J. Cancer Res.,
93:1299-1307.

File, S.E., 1973. Effects of chlorpromazine on exploration and
habituation in the rat. Br. J. Pharmacol., 49: 303-310.
Boussarie, D., 1999. [Hematology of company rodents
and lagomorphs]. Bulletin I'Academie Veterinaire France,
72:209-216, (In French).

Orlowski, M. and A. Meister, 1963. y-Glutamyl-p-nitroanilide:
A new convenient substrate for determination and study of
L- and D-y-glutamyltranspeptidase activities. Biochimica
Biophysica Acta (BBA)-Specialized Sect. Enzymol. Subj.,
73:679-681.

Babson, A.L. and S.R. Babson, 1973. Kinetic colorimetric
measurement of serum lactate dehydrogenase activity. Clin.
Chem., 19: 766-769.

Bradford, M.M., 1976. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Anal. Biochem., 72: 248-254.

111

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Carr, T.P, CJ. Andresen and L.L. Rudel, 1993. Enzymatic
determination of triglyceride, free cholesterol and total
cholesterol in tissue lipid extracts. Clin. Biochem., 26: 39-42.
Warnick, G.R., J. Benderson and J.J. Albers, 1983. Dextran
Sulfate-Mg?* Precipitation Procedure for Quantitation of High
Density Lipoprotein Cholesterol. In: Selected Methods of
Clinical Chemistry, Cooper, G.R. (Ed.). Vol. 10, American
Association for Clinical Chemistry, Washington, DC,
pp: 91-99.

Friedewald, W.T, RIl. Levy and D.S. Fredrickson, 1972.
Estimation of the concentration of low-density lipoprotein
cholesterol in plasma, without use of the preparative
ultracentrifuge. Clin. Chem., 18: 499-502.

Marklund, S. and G. Marklund, 1974. Involvement of the
superoxide anion radical in the autoxidation of pyrogallol and
aconvenientassay for superoxide dismutase. Eur.J. Biochem.,
47:469-474.

Aebi, H., 1984. Catalase in vitro. Methods Enzymol.,
105:121-126.

Hafeman, D.G., R.A. Sunde and W.G. Hoekstra, 1974. Effect of
dietary selenium on erythrocyte and liver glutathione
peroxidase in the rat. J. Nutr., 104: 580-587.

Ohkawa, H., N. Ohishi and K. Yagi, 1979. Assay for lipid
peroxides in animal tissues by thiobarbituric acid reaction.
Anal. Biochem., 95:351-358.

Litwack, G., JW. Bothwell, J.N. Williams Jr.and C.A. Elvehjem,
1953. A colorimetric assay for xanthine oxidase in rat liver
homogenates. J. Biol. Chem., 200: 303-310.

Oktem, G., A. Uysal, O. Oral, E.D. Sezer and M. Olukman et a/,
2010. Resveratrol attenuates doxorubicin-induced cellular
damage by modulating nitric oxide and apoptosis. Exp.
Toxicol. Pathol., 64: 471-479.

Prieto, P.,M.Pinedaand M. Aguilar, 1999. Spectrophotometric
guantitation of antioxidant capacity through the formation of
a phosphomolybdenum complex: Specific application to the
determination of vitamin E. Anal. Biochem., 269: 337-341.
Suzuki, K., H. Ota, S. Sasagawa, T. Sakatani and T. Fujikura,
1983. Assay method for myeloperoxidase in human
polymorphonuclear leukocytes. Anal. Biochem., 132:345-352.
Gabe, M., 1968. Techniques histologiques. Masson Publisher,
Paris, Pages: 1113.

Marangon, K., S. Devaraj, O. Tirosh, L. Packer and . Jialal, 1999.
Comparison of the effect of a-lipoic acid and a-tocopherol
supplementation on measures of oxidative stress. Free Radic.
Biol. Med., 27: 1114-1121.

Ramalingam, R. and M. Vaiyapuri, 2014. Umbelliferone with
vitamin C modulates lipid profile indices in
diethylnitrosamine induced hepatocellular carcinoma. J. Biol.
Scient. Opin., 2: 384-389.

Hassanen, N.H.M.and M.H.M. Ahmed, 2015. Protective effect
of fish oil and virgin olive oil on diethylnitrosamine toxicity in
rats. Int. J. Nutr. Food Sci., 4: 388-396.



42.

43.

44,

45.

46.

47.

48.

49.

50.

Am. J. Biochem. Mol. Biol, 6 (3): 102-112, 2076

Uehara, T., T.Nakamura, D. Yao, Z.Q. Shiand Z. Gu et a/, 2006.
Snitrosylated protein-disulphide isomerase links protein
misfolding to neurodegeneration. Nature, 441: 513-517.
Atakisi, O., E. Atakisi, A. Ozcan, M. Karapehlivan and A. 2013.
Protective effect of omega-3 fatty acids on diethylnitrosamine
toxicity in rats. Europ. Rev. Med. Pharmacol. Sci., 17: 467-471.
Tong, V., XW. Teng, TKH. Chang and F.S. Abbott, 2005.
Valproic acid I: Time course of lipid peroxidation biomarkers,
liver toxicity and valproic acid metabolite levels in rats.
Toxicol. Sci., 86: 427-435.

Steinbrecher, U.P., S. Parthasarathy, D.S. Leake, J.L. Witztum
and D. Steinberg, 1984. Modification of low density
lipoprotein by endothelial cells involves lipid peroxidation
and degradation of low density lipoprotein phospholipids.
Proc. Natl. Acad. Sci. USA., 81: 3883-3887.

Ahmed, O.M., B.M. Ashour, HE. Fahim, A.M. Mahmoud
and N.A. Ahmed, 2014. Preventive effect of Spirulina
versicolor and Enteromorpha flexuosa ethanolic extracts
against diethylnitrosamine/benzo(a)pyrene-induced
hapatocarcinogencity in rats. J. Int. Acad. Res. Multidisciplin.,
2:633-650.

Erejuwa, 0.0, S.A. Sulaiman and M.S.A. Wahab, 2014. Effects
of honey and its mechanisms of action on the development
and progression of cancer. Molecules., 19 : 2497-2522.
Abu-Soud, H.M. and S.L. Hazen, 2000. Nitric oxide modulates
the catalytic activity of myeloperoxidase. J. Biol. Chem.,
275: 5425-5430.

Amirtharaj, G.J., K.R. Thangaraj, A. Kini, V. Raghupathy and
A. Goel et al, 2014. Acute liver injury induced by low dose
dimethylnitrosamine alters mediators of hepatic vascular
flow. Toxicol. Rep., 1: 707-717.

Shiva, S., JH. Crawford, A. Ramachandran, EK. Ceaser and
T.Hillson eta/ 2004. Mechanisms of the interaction of nitroxyl
with mitochondria. Biochem. J., 379: 359-366.

112

51.

52.

53.

54.

55.

56.

57.

Miyake, T., Y. Yokoyama, T. Kokuryo, T. Mizutani, A. Imamura
and M. Nagino, 2013. Endothelial nitric oxide synthase plays
amain role in producing nitric oxide in the superacute phase
of hepatic ischemia prior to the upregulation of inducible
nitric oxide synthase. J. Surg. Res., 183: 742-751.

Ngoc, T.M., N.M. Khoi, D.T. Ha, N.X. Nhiem and B.H. Tai et a/,
2012. Xanthine oxidase inhibitory activity of constituents
of Ginnamomum cassia twigs. Bioorg. Med. Chem. Lett,,
22:4625-4628.

Busse, E., G. Zimmer, B. Schopohl and B. Kornhuber, 1992.
Influence of alpha-lipoic acid on intracellular glutathione
in vitro and in vivo. Arzneimittelforschung, 42: 829-831.
Saad, E.l, S.M. El-Gowilly, M.O. Sherhaa and A.E. Bistawroos,
2010. Role of oxidative stress and nitric oxide in the
protective effects of a-lipoic acid and aminoguanidine
against isoniazid-rifampicin-induced hepatotoxicity in rats.
Food Chem. Toxicol., 48: 1869-1875.

Hawkes, T.R., G.N. George and R.C. Bray, 1984. The structure
of the inhibitory complex of alloxanthine (1H-pyrazolo[3,
4-dpyrimidine-4,6-diol) with the molybdenum centre of
xanthine oxidase from electron-paramagnetic-resonance
spectroscopy. Biochem. J.,, 218: 961-968.

Hinneburg, I, H.J.D. Dorman and R. Hiltunen, 2006.
Antioxidant activities of extracts from selected culinary herbs
and spices. Food Chem., 97: 122-129.

Irondi, E.A., G. Oboh, A.A. Akindahunsi, A.A. Boligon and
M.L. Athayde, 2014. Phenolic composition and inhibitory
activity of Mangifera indica and Mucuna urens seeds
extracts against key enzymes linked to the pathology and
complications of type 2 diabetes. Asian Pac. J. Trop. Biomed.,
4:903-910.



	ajbmb.pdf
	Page 1


