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Effects of Olive Oil supplementation on Sodium Arsenate-induced

Hepatotoxicity in Mice

Abstract

Background: Sodium arsenate (As), a toxic substance with induced oxidative stress, lead to
hepatotoxicity. Olive oil (OO) with antioxidant property has protective effect on toxicity. The aim
of this study was to investigate protective effect of OO on sodium As-induced hepatotoxicity in
mice. Subjects and Methods: In this experimental study, 32 adult male BALB/c mice were
divided randomly into four groups: control group (received only normal saline, the same volume
as other groups), OO (0.4 mL/day, gavage), sodium As (15 mg/kg, gavage), and OO + sodium
As (received OO 1 h before sodium As). Drugs were given for 30 consecutive days. After the last
receipt of the drugs, oxidative stress parameters [malondialdehyde (MDA), glutathione (GSH)] in
tissue, liver function parameters [alanine aminotransferase (ALT), aspartate aminotransferase (AST),
and alkaline phosphatase (ALP)] in serum, ferric reducing ability of plasma (FRAP) in plasma,
and histopathological assays were performed. Results: Sodium As induced hepatic injury as
indicated by significant increase in AST, ALT, ALP, and LDH in serum and pathologic evidences.
It also induces hepatic oxidative stress biomarkers as indicated by significant increase in levels of
MDA and significant decrease in FRAP and GSH concentration. OO administration significantly
improved oxidative stress parameters, histopathological changes, and enzymatic markers of liver
injury. Conclusions: It was concluded that antioxidant activity of OO has hepatoprotective effect on

As-induced hepatic injury.
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Introduction

Sodium arsenate (As) is a natural
element that exists in foods, soil, air, and
water.!!  Arsenic is an important toxic
substance which leads to morbidity and
mortality.”) The effects of exposure to
arsenic are infectious diseases,”*! cancer,
and chronic diseases.’) Arsenic has an
affinity to SH group of proteins and
leads to inhibition of cellular respiration,
impaired glycolysis, oxidative process, and
finally death of cells.”! Liver and kidney
are the most affected.”® Because arsenic
is methylated in liver by methyltransferase
and excreted by kidney. Moreover, arsenic
produces  pro-inflammatory  cytokines
and subsequently with disturbance in
cell function leads to cell death.”? On the
other hand, hepatotoxicity is induced by
As, increasing serum enzymes, such as
alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and alkaline
phosphatase (ALP), which confirm the
damage to hepatocytes.'” Also, arsenic
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exposure generates reactive oxygen species
with creation change in oxidative stress
parameters such as increase in the level
of malondialdehyde (MDA) and decrease
in glutathione (GSH) and glutathione
reductase activity, which leads to toxicity in
organs.!'"'l Some studies show that the use
of exogenous antioxidants greatly reduces
the damage caused by oxidative stress.[!!!%]

Olive oil (OO) is a Mediterranean diet,
and individuals with this diet habit have a
low incidence of cardiovascular diseases,
neurological  disorders,l' and  breast
and colon cancer risk.'” Polyphenols as
bioactive molecules in OO are resistant
against environmental stress and as free
radical scavengers are responsible for
intrinsic  defense against auto-oxidation
of unsaturated fatty acids.'® In previous
studies, it has been reported that OO
having anti-apoptotic, anti-inflammatory,
and anti-oxidative properties protects
the tissues against damage caused by
oxidative stress.'*!”) The protective effect
of OO on hepatotoxicity induced by
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deltamethrin,!™! cadmium,?” acrylamide, and aluminum®"
was demonstrated in previous studies.

Based on the foregoing, a hypothesis is raised that OO
having antioxidant property is effective in liver toxicity
induced by arsenic. Therefore, this study was designed to
determine the effects of OO on hepatotoxicity induced by
arsenic, through serum and tissue biochemical markers and
histopathological evaluation in liver of mice.

Subjects and Methods
Materials

Olive fruits were collected in the harvest season from the
city of Roodbar in the Gilan province of Iran. Tyrosol
was purchased from Sigma (Cat. no. 188255) and sodium
arsenic from Merk Company.

Olive oil extraction

0O was extracted by mechanical procedure without the use
of any solvent. In this way, we washed the olives and then
the core was separated and ground. The milled olives were
heated to two temperatures to give off their oil. Then the
oil was separated from the pulp using a filter. The olive
extract was standardized based on tyrosol as the major
active ingredient.

Determination of tyrosol content of olive oil using
high-performance liquid chromatography

About 2.5 g of OO was extracted using HCl 2M with
vigorous shaking for three times.”? The bottom phase
containing phenols was removed each time. They were
mixed together and eventually concentrated to liquid
chromatographic  studies.  High-performance  liquid
chromatography (HPLC) apparatus (Knauer Assoc.,
Germany) was equipped with C18 column (5 um,
4.6 x 250 mm i.d.), diode array detector. The filtered
OO and several concentrations of tyrosol were injected
on HPLC column for drawing standard curve, and
then chromatograms were recorded at 280 nm. H2O:
methanol (90:10) as a mobile phase was passed through the
column at a flow rate of 1 mL/min in a gradient elution
mode and then reached to fully methanol in 45 min. The
chromatographic data analysis was done with ChromGate
Software (Germany). Subsequently, the amount of
tyrosol (phenol) in the OO was obtained using peak surface
area and standard curve [Table 1].

Table 1: Gradient mobile phase program

Distilled water (%) Methanol (%) Time (min)
90 10 0
90 10 10
70 30 20
60 40 30
40 60 35
30 70 40
0 100 45

Animals

In all, 32 adult male BALB/c mice (weighing 25-30 g)
were obtained from Animal Research Center of Mazandaran
University of Medical Sciences, Sari, Iran. The animals were
housed under standard conditions (21 £+ 2°C, 60% =+ 5%
humidity, and 12:12 h light—dark cycle) with free access
to standard chow and tap water. All the experimental
procedures were designed in accordance with the
Institutional Animal Ethics Committee of the Mazandaran
University of Medical Sciences.

Experimental design

All animals were randomly divided to four groups (eight
per group) — Group I: mice received normal saline (the
same volume as other groups); Group II: mice received
00 0.4 mL/day!™!; Group III: mice received sodium As at
15 mg/kg/day; and Group IV: mice were received sodium
As + 00. All groups received once daily for a period of
30 days through gavage. OO was administered 1 h before
sodium As treatment.

Sample collection

All the mice were anesthetized with ketamine (50 mg/kg)
and xylazine (5 mg/kg) at the end of the 31% day of treatment.
Blood samples were collected from the heart, and then
centrifuged at 4000 r/min for 10 min. Serum samples
were separated to evaluate biochemical analysis. Then
the animals were killed, and a small portion of liver
tissue was immediately removed, cleaned, washed with
phosphate buffer saline (pH 7.4), and then stored at — 70°C
for subsequent tissue biochemical analysis and then the
other parts of liver were fixed in 10% buffer formalin for
histopathological studies.

Tissue and plasma oxidative stress biomarkers assay

Ferric reducing ability of plasma (FRAP) was measured
using 2,4,6-tripyridyl-s-triazine (TPTZ) reagent as described
by Benzie and Strain.[*®! This method measures the ability
of the antioxidants contained in the sample to reduce
ferric-TPTZ (Fe3 + TPTZ) to its ferrous form (Fe2+) which
absorbs light at 593 nm. FRAP was calculated by plotting
a standard curve of absorbance against uM/L concentration
of Fe (II) standard solution.

Lipid peroxidation was measured in liver by estimating the
level of thiobarbituric acid reacting substances (TBARS).
A weighted portion of tissue was homogenized in phosphate
buffer (100 mM, pH 7.4) and TBARS was determined
using TBA reagent.

Liver GSH was measured using Ellman’s reagent. Briefly,
tissue homogenate (2.5%, w/v) was prepared in buffer
containing 0.02 M EDTA. Two milliliters of the homogenate,
1.8 mL of water, and 0.4 mL of TCA (50%, w/v) were
mixed thoroughly to precipitate proteins. Then 2 mL of the
supernatant was transferred to a tube containing 100 uL
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5,5'-dithiobis (2-nitrobenzoic acid) (0.01 M in ethanol),
4 mL Tris-base buffer (0.4 M, pH 8.9), and then the
absorbance was recorded at 412 nm. GSH levels were
calculated from a standard curve plotted by GSH.

Serum liver function test

To investigate the functional activity of liver, serum alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (ALP), and lactate dehydrogenase
(LDH) enzymes were measured using an automatic
chemical analyzer using kits obtained from Pars Azmoon
Co. (Iran; Cat. no. 1400018 and no. 1400002).

Histopathological analysis

For histopathological assay and to study the effect of As
and OO on liver, samples were fixed in 10% (w/v) formalin
for 24 h. After processing and embedding in paraffin using
standard protocol, sections with 5 um thickness were stained
with hematoxylin and eosin for evaluation of liver damage.
Sample sections were evaluated with x40 magnification for
assessment of the degree of liver injury by a pathologist
who was blinded to the treatment groups. For quantitative
analysis, histological photomicrographs were evaluated
by scoring system. According to the extent of sinusoidal
dilatation, inflammatory cell infiltration, congestion,
degeneration, and cytoplasmic vacuolization were scored as
0 (normal), 1 (mild), 2 (moderate), or 3 (severe).[*¥

Statistical analysis

Data were expressed as mean + SD. Statistically analysis
of variance (ANOVA) was estimated using one-way
ANOVA with Tukey’s comparison in GraphPad Prism
version 7.00(GraphPad Software, San Diego, CA, USA).
P < 0.05 was considered statistically significant in all
groups.

Results

High-performance liquid
characterization of olive oil

chromatography

Tyrosol as the main phenolic compound was analyzed
by HPLC method in OO [Figure 1]. The retention time
of tyrosol was 26.9 min and the results showed that OO
contained 42.5 ug tyrosol/g of OO which is significant.

Biochemical assays

Effects of OO on oxidative stress parameters in liver tissue
and plasma

Effects of OO on lipid peroxidation product and
antioxidant-biomarker (GSH) in the all groups are given
in Figure 2. Sodium As exposure led to a significant
increase in MDA and significant decrease in GSH level and
FRAP value in comparison to control group (P < 0.05).
Administration of OO in sodium As-treated mice was
effective in improving the MDA, GSH, and FRAP levels in
comparison to the arsenate-treated mice (P < 0.05).
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Effects of OO on hepatic injury markers in serum

The results of enzyme activities in the all groups are
presented in Table 2. Mice exposed to As showed
significant increase in serum hepatic enzymes (AST,
ALT, ALP, and LDH levels) in comparison to the control
group. On the other hand, administration of OO effectively
improved hepatic enzyme levels in comparison to the
sodium As-treated mice. It should be noted that liver injury
markers significantly increase in the OO group compared
with the control group.

Histopathology findings

The photomicrographs of liver in the all groups are
presented in Figure 3. Normal histoarchitecture (normal
hepatic lobules) with normal hepatocytes, sinusoids, and
Kupffer cells were observed in control group [Figure 3a].
Administration of As for 30 days caused disorganization
and severe focal necrosis with pyknotic cellular nuclei
of hepatocytes, vacuolization, granulomatous formations,
fibrosis, hyperproliferation of Kupffer cells, and peripotal
leucocyte infiltration [Figure 3c]. Although the structure of
the liver in OO alone showed a slight damage with mild
inflammation [Figure 3b], OO markedly improved liver
structure in As-treated mice [Figure 3d].

The histograms of the semi-quantitative analysis of liver
in all groups are shown in Figure 4. Sodium As increased
liver injury score compared with control group (P < 0.001).
Score of liver injury in As-treated mice with OO treatment
was lower compared with As group (P < 0.006). OO
created a mild injury in the liver tissue compared with
control group (P < 0.02).

Discussion

Arsenic as metallic element is highly toxic. The liver, the
main and sensitive organ in the metabolism of arsenic,
plays a role in methylation of arsenic.”® The results
of this study showed a significant increase in serum
levels, ALT, AST, ALP, and LDH in As-treated animals,
which confirms significant impairment in liver function.
In addition, increasing MDA and decreasing GSH and
FRAP confirm oxidative stress. To our knowledge, this is
the first study that demonstrates protective effect of OO
against sodium As-induced intoxication. Although the
administration of OO at 0.4 mL resulted in slight damage
to the liver, simultaneous administration of arsenic and OO
for 30 days protected liver against oxidative stress-induced
hepatotoxicity.

As with ROS generation and imbalances in pro-oxidant/
antioxidant status leads to oxidative stress and thus
toxicity.”® Production of free radicals causes lipid
peroxidation and subsequently leads to cell membrane
damage and inhibition of enzyme production/reduction
in activity, reduction in cell function, and eventually
cell death.’’! In this study, As exposure significantly
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Table 2: Effects of OO on serum hepatic injury markers induced As

Groups AST (U/L) ALT (U/L) ALP (U/L) LDH (U/L)
Control 94.43£3.91 50.00+4.87 219.71%13.09 522.71+13.03
Olive oil 147.4+27.28a* 70.86+12.98 249.6+8.30 691.9+84.64*"
Arsenic 254.4+29 9540 127.00£20.942" " 324.9428.88 0" 983.9+136.2¢ 0"
As + 00 191144208+ " 87.71417.71 295.14420.34¢" " 847.14+49 440"

Mice treated with As showed an increase in liver injury enzymes (ALT, AST, ALP, and LDH). Cotreatment with OO significantly decreased these
markers in the serum. All values are expressed as mean+SD OO, olive oil; As, sodium arsenate; ALT, alanine aminotransferases; Ast=Aspartate
aminotransferase; ALP,=Alkaline phosphatase; LDH=Lactate dehydrogenase *Significant vs. control, *Significant vs. OO, °Significant vs. As
groups *P<0.05; **P<0.01; ***P<0.001
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Figure 1: HPLC chromatogram to quantify tyrosol in olive oil. (a) Tyrosol and (b) olive oil chromatogram at 280 nm. Olive oil extraction procedure is
described in Materials and Methods
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Figure 2: Effects of OO on enzymatic and nonenzymatic antioxidant indices against As-induced hepatic toxicity in mice. All values are expressed as
mean * SD. Mice treated with As showed an increase in oxidative stress parameters. Cotreatment with OO significantly decreased these markers in liver
tissue and plasma. (a) Significant vs. control, (b) significant vs. 00, and (c) significant vs. As groups. **P < 0.01; ***P < 0.001. OO=0Olive oil, As=Sodium

arsenate, MDA=Malondialdehyde, GSH= Glutathione, FRAP= Ferric reducing ability of plasma

increased lipid peroxidation up to 37%. Kharroubi et al.
showed in their study that sodium As increases MDA
level in rat up to a 35%.2% In addition, in our study, OO
significantly increased MDA level, which was in contrast to
Khalatbary’s study.!'*! Whereas the same dose (0.4 mL OO)
was used in both studies. This difference may be attributed
to origin, cultivation area, and purity parameters of
00O. However, administration of OO with arsenic could
significantly reduce the amount of MDA that may be
related to their preventive effects of OO. This study also
showed up to a 49% reduction in cellular GSH following
sodium As exposure through gavage. GSH is as an

4

important cellular antioxidant and essential cofactor for As
methylation.’” During As exposure, GSH, with reduction
in H,O,, and lipid hydropeoxide play a protective role
in cell damage.’! Most of the proteins are synthesized
in the liver and damage to this organ reduces production
of proteins especially enzymes. Arsenic toxicity leads to
interaction with sulfhydryl groups of proteins/enzymes,
inhibition of cellular respiration in mitochondria, producing
reactive forms, reactive oxygen species (ROS), and hence
oxidative stress.’” The GSH level in liver tissue was
significantly (P < 0.001) decreased in As group when
compared with control group. However, OO administration
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Figure 3: Photomicrographs showing the effect of OO and As on
histological architecture of liver in mice. Control (a), OO (b), As (c), and
00 + As (d) groups. Dilation of sinusoids (c, white arrow), granulomatous
formations (c, black arrow), slightly hemorrhage (c, black arrow), and
Kupffer proliferation (c, head arrow) in CP group (H and E staining, x400,
scale bar = 100 pm; OO=0Olive oil, As= Arsenate

in As-treated mice significantly increased GSH level
compared with As-treated mice. GSH as a sulthydryl (-SH)
group antioxidant compound protects mitochondria
molecules and inhibits production of free radicals. The
significant decrease in GSH level in liver tissue might be
due to binding of arsenic with sulfhydryl groups of GSH
in arsenic exposure. OO have polyphenolic compounds and
flavonoids can scavenge free radicals.’¥] In this study, OO
significantly protects liver against oxidative stress induced
by arsenic, probably due to its antioxidant and free radical
scavenging properties of OO.

OO have bioactive compounds such as polyphenols,
hydrocarbons, phytosterols, and triterpenes.* These
phenolic compounds of OO have potentially advantageous
biological effects such as antimicrobial, antioxidant, and
anti-inflammatory properties.*! Flavonoids by maintaining
hepatocellular membrane stability prevent from cellular
leakage and enhance hepatic regeneration.*®! In addition,
OO with polyphenol-rich compounds and a rich source
of fats is able to reverse metabolic disorders and reduce
coronary heart disease and cancers. Hydroxytyrosol and
oleuropein from phenolic compounds of OO play a role in
its taste and stability. In addition, these phenolic compounds
with intense antioxidants have healthful effects.’¥ Literature
has shown hepatoprotective properties of OO against
hepatotoxicity induced by aluminum and acrylamide,?"
high-fat “Western-type” diet,*” deltamethrin.['!

It was also shown that administration of OO for 30 days
significantly decreases levels of serum ALP, AST, ALP, and
LDH in As-treared mice. Arsenic at high doses increases
free radicals, consequently causing liver injury. Acute
hepatic injury and hepatocellular necrosis induced leakage
of hepatocellular enzymes into blood.®® Therefore, liver
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Liver Injury Score

Liver Injury Score
» b -

—
i

o
1

Figure 4: Histogram showing liver injury score in liver tissue. Data are
presented as mean * SD; a significant vs. control, b significant vs. OO,
and c significant vs. As groups. *P < 0.05; ***P < 0.001; OO=Olive oil,
As=Sodium arsenate

damage is detected by the activity of AST, ALT, and ALP in
serum. Increased levels of serum liver enzymes have been
confirmed by previous studies.’? It was shown in a study
that extra virgin OO decreases oxidative stress and plays a
hepatoprotective role.*” In this study, the above enzymes
increased in OO alone. But OO administration prevented
the increase of these markers in sodium AS-treated mice.
These findings revealed that OO preserves the structural
integrity of cell membrane against arsenic-induced tissue
damage.

The liver is the main organ of metabolism pathway, and
arsenic is usually accumulated with high concentrations
in this tissue.’ Histopathological examination revealed
that sodium As causes disorganization of hepatic lobules,
degeneration of hepatocytes, and vacuolization and
necrosis in hepatocyte cells, peripotal leucocyte infiltration,
granulomatous formations, congestion, hemorrhage, and
edema. These pathological changes were associated with an
increase in oxidative stress parameters. In addition, in this
study the mean hepatic injury scoring (2.8 + 0.4) in sodium
As group has more value compared with control (0.16 + 0.4)
and OO (1.17 = 0.8) groups. Damage in hepatic tissue
structure may be attributed to As which induces lipid
peroxidation, oxidative stress, and subsequently disruption
in the structure and function of liver. Kharroubi et al.
showed that sodium As increases plasma marker enzymes
and histological changes after 90 days. They administered
As at a dose of 10 mg/L. Arsenic at a low rate is excreted
from the body, but at a long exposure to arsenic causes
to accumulate in tissues.*! Arsenic with oxidative DNA
damage and apoptosis modified DNA methylation and
genomic instability.*”) Hepatic cancer is considered to be
the main reason of arsenic-related deaths.™! In this study,
administrations of OO to As-treated mice revealed marked
improvement in hepatic tissue structure compared with
the As-alone group. OO administration in As-treated mice
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showed mild inflammation with less lesion which further

reflects its free radical scavenging, antioxidant, and
anti-inflammatory activity of OO.*43]

Conclusions

The above results showed subacute As exposure

induced hepatic injury. The results of biochemical and
histopathological examination confirm the antioxidant role
of OO0. Hence, the hepatoprotective effect of OO against
sodium As could be attributed to the presence of free radical
scavenging and antioxidant propertiecs of OO. Therefore,
the diet of OO at a moderate level can be recommended to
reduce the toxic effects of arsenic.
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