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Abstract

Background: Liver cells or hepatocytes facilitate different hepatic functions. The liver reportedly accounts for up to 500 separate
functions, alongside other systems and organs. The high consumption of the food containing high levels of nitrate in the commu-
nity and the presence of this harmful substance in water endanger the health of many people. N-nitroso compounds, as potential
free radicals, can damage the tissues through oxidative stress.
Objectives: The current study was targeted toward examining the impact of drinking water nitrate and vitamin C on hepatic en-
zymes and oxidative markers in rats.
Methods: The present experimental study was performed on 49 rats in Mashhad, Iran, during 2017 - 2018. The subjects were as-
signed into seven groups. Group one received water without nitrates (control) while groups two, three, and four received different
concentration of nitrates (10, 45, 200 mg/L). Groups five, six, and seven received the same concentration of nitrates and vitamin C
(20 mg/100g body weight). After 91 days, blood samples were obtained to determine hepatic enzymes (namely, ALT/SGPT: alanine
aminotransferase, AST/SGOT: aspartate aminotransferase, and ALP: alkaline phosphatase). Furthermore, an autopsy was carried out
to examine the liver tissue regarding the markers of oxidation (namely, MDA: Malondialdehyde, SOD: Superoxide-dismutase, CAT:
Catalase enzyme, and GSH: Glutathione), according to the protocol.
Results: The results revealed a significant elevation in ALP (P = 0.034), AST (P = 0.018), and ALT (155.14 ± 25.67, 92 ± 17.72, P = 0.000),
compared to those in the control group. In addition, the fourth group demonstrated a significant enhancement in MDA level, col-
lated to the group one (P = 0.44), while there was a significant drop in CAT (P = 0.025), SOD (P = 0.002), and GSH levels (P = 0.000).
Furthermore, use of vitamin C led to a significant drop in the levels of ALP, AST, ALT, and MDA, as well as a significant elevation in
GSH, SOD, and CAT in the seventh group in comparison to the fourth group (P < 0.05).
Conclusions: As the findings indicated, drinking water nitrate and Vitamin C exerted a non-significant effect on the doses of nitrate
(10 and 45 mg/L). Nonetheless, a nitrate dose of 200 mg/L had a significant impact on ALT, ALP, AST, and oxidative stress indicators
leading to hepatic diseases.
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1. Background

One of the main factors responsible for the enhance-
ment of nitrates in the environment is its application as a
fertilizer in the agricultural sector. Accordingly, this harm-
ful substance can leak into the surface and groundwater
during rain or as a result of the disposal of the human
waste, especially sewage (1, 2). The high concentration of
nitrates in aquatic environments, especially drinking wa-
ter, have led to serious concerns, the most important of
which is the short- and long-term effect of nitrate in the

body that can lead to methemoglobinemia or induce ma-
lignant effects on fetuses and cancer (3). Nitrates are natu-
rally produced in the human body at an amount of about
62 mg per day. However, dietary habit is an important
source of nitrates to the body (4); accordingly, human ex-
posure to nitrates and nitrites is mainly due to food in-
take, especially contaminated vegetables, meat, and wa-
ter (5, 6). The researchers found that nitrates, nitrites,
and N-nitroso could pass through the uterus and affect
the fetus (7). In the metropolises, the landfill is the pri-
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mary method of disposing of the urban, industrial, ani-
mal, and plant wastes that contain organic nitrogen. These
wastes are converted to ammonium ion (NH) within a pro-
cess known as ammonification through soil microorgan-
ism activity. In spite of the soil potentiality to hold this
compound, in another phenomenon referred to as nitrifi-
cation, ion of ammonium is partly transformed to nitrite
(NO2

-), and afterward to nitrate. The surface layer of the
soil is incapable of preserving these two compounds; as a
result, nitrite and nitrate can enter the underground wa-
ters (8, 9). The solubility of nitrate in water impedes the
conventional water treatment techniques to eliminate this
ion. Consequently, the reduction or removal of soluble
contaminants requires the adoption of advanced purifica-
tion methods. On the other hand, the nitrate-creating cy-
cle continues in cities where wastewater is improperly dis-
posed through absorbent wells, causing the constant pro-
duction of nitrate and its release into underground wa-
ters (10-12). Upon the exposure of the creatures to contam-
inants, they initiate certain activities targeted toward the
direct purification, metabolization, and minimization of
any contaminant-induced cellular damages. These enzy-
matic mechanisms can be regarded as the biological mark-
ers for contaminant exposure (13). Considering the lethal-
ity of oxidation injury, the organisms adopts vindicative
systems to maintain the cells versus oxidative markers.
The most effective agents for the elimination of toxic radi-
cals are antioxidant enzymes (14). Extensive investigations
have been conducted on the variations in the operation of
enzymes against oxidants with the aim of evaluating the
possibility of applying these enzymes as biological indica-
tors of organic pollution. The liver plays an important role
in the detoxification of the body. During the prenatal pe-
riod, any substance passing through the placenta directly
enters the liver and, if toxic, it causes impairment in the
development and function of the liver (15).

2. Objectives

The current study was conducted to investigate the im-
pact of vitamin C and nitrates in drinking water on hepatic
enzymes and biomarkers of oxidation among rats.

3. Methods

3.1. Cure of Animal and Study Plan

The current empirical study was carried out on 55 male
Wistar rats relatively weighing 150 - 250 g in Mashhad, Iran,
during 2017 - 2018. The rats were obtained from the Stan-
dard Animal House of Mashhad University of Medical Sci-
ences, Mashhad, Iran. The animals were housed under a
standard condition (i.e., a temperature of 22 ± 1°C, 12:12
light-dark cycle, and 60% humidity) with free access to wa-
ter and food. The sample size was calculated as 49 cases

based on the Morgan’s table and different population sizes
with the application the formula of Cochran (Equation 1).

(1)n =
NZ2pq

Nd2 + Z2pq

Wherever, n; Sample sizes, N; Population sizes, Z = 1.96,
p = q = 0.5, d; Error = 0.05. The study population was se-
lected through simple random sampling technique, and
then assigned into seven groups of seven members as fol-
lows: Group one (control): distilled water, Group two: 10
mg/L nitrates, Group three: 45 mg/L nitrates, Group four:
200 mg/L nitrates, Group five: 10 mg/L nitrates+Vitamin C
(20 mg/100 g. Body weight), Group six: 45 mg per Liter ni-
trates+20 mg per 100 g B.wt Vitamin C, and Group seven:
200 mg per Liter nitrates+20 mg per 100 g B.wt. Based on
the previous studies, the experiments were carried out af-
ter 91 days.

3.2. Sampling Process of Blood Serum

Under deep anesthesia (100 mg/kg ketamine, Sigma
Co., USA), 5 mL of blood was collected from the heart of
each subject. Serum separation was accomplished by cen-
trifuging the blood samples at 3000 rpm for 12 minutes,
followed by the immediate sample examination.

3.3. Hepatic Tissue Homogenization

After liver dissection and removal from the body, the
tissue (150 mg) was homogenized with phosphate-buffer
saline (PBS, 1.5 mL) using a homogenizer machine (IKA T18,
USA), 2 minutes at 5000 rpm and the resultant dilution was
centrifuged. In order to preclude enzyme and protein de-
struction, all stages were implemented at 4°C (refrigerated
centrifuge). In the next step, the supernatant was removed
from the rest of the solution to be utilized in the appraisal
of biochemical indicators.

3.4. Evaluation of Serum Hepatic Enzymes

The evaluation of ALP, ALT, and AST was performed by
means of BT 3000 Co., Italy, and AST, ALT, and ALP assay kits
(Pars Azmoon Co., Iran). The accuracy of the results was
ensured through calibrating the biochemistry analyzer by
a serum calibrator, namely Tru Cal U (No. 20003), prior
to the measurement of the parameters. Additionally, it
was checked both before and during the examinations by
means of two controllers of serum (Pars Azmoon Co., Iran)
(16-18).

3.5. Superoxide Dismutase Activity Assessment

The measurement of SOD activity was accomplished
using the Madesh method (ZellBio Co., Germany), involv-
ing the inhibition of the repercussion of tetrazolium (MTT)
with O2

-, generated of Pyrogallol (Sigma Co., USA), via su-
peroxide dismutase enzyme. To this end, based on the
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standard enzyme dilution (RX Co., UK), solutions were ar-
ranged in different concentrations by PBS (50 mM, pH =
7.4). Subsequently, 10 µL of the homogenized tissue was
mixed with PBS (65 µL, pH = 7.4) and MTT (30 µL), in ad-
dition to pyrogallol (75 µL). The mixture was then incu-
bated for five minutes at ambient temperature. After the
addition of 0.75 µL dimethyl sulfoxide (DMSO) to the mix-
ture, ELISA was used to determine the light absorption of
the compound at a wavelength of 570 nm. Furthermore,
the percentage of SOD-induced inhibition was estimated
by the corresponding formula, according to the instruc-
tions of the kit. The inhibition percentage was fitted to
the standard curve to determine the enzyme activity that
was reported in unit per mg of tissue (19). The activity of
SOD enzyme was measured by optical densities (OD) using
Equation 2.

(2)SOD Activity =
OD (Control) −OD (Sample) × 100

OD (Control)

3.6. Malondialdehyde Level Measurement

One of the byproducts of lipid peroxidation is mal-
ondialdehyde (MDA) with the molecular formula of CH2

(CHO)2, which directly damages the cellular polyunsatu-
rated fatty acids through its oxidative substances. The ul-
timate vitage of LP (Lipid Peroxidation) was measured by
the estimation of malondialdehyde level by means of the
Satoh method (ZellBio Co., Germany). The process was
done through the mixture of TCA (trichloroacetic acid, 1.5
mL) with homogenized tissue (500 µL). After the centrifu-
gation of the obtained solution for 10 minutes, 1.5 mL of the
supernatant was removed and then was added to TBA (thio-
barbituric acid, 2 mL, 0.67%).

The resultant solution steam was cooked into Bain-
marie weld bowls for 30 minutes and then mixed with 2
mL 1-butanol. The mixture was then centrifuged at 4000
rpm for 15 minutes after a severe vortex. By means of a spec-
trophotometer, pink supernatant absorption was read at
532 nm (PG Co., U.K). The spectrophotometer was zeroed
using 20% trichloroacetic acid containing 0.5% thiobarbi-
turic acid at 532 nm. Subsequently, MDA concentration was
estimated based on tetraethoxypropane -1, 1, 3, 3 as stan-
dard, and malondialdehyde level was estimated according
to µM per mg tissue (20). The standard curve was drawn
based on the standard MDA and wavelengths, measured by
means of the spectrophotometer.

3.7. Glutathione Level Measurement

Glutathione (GSH) level in the tissue was estimated
by means of the Tietze method (ZellBio Co., Germany).
To this end, 10 µL of sulfosalicylic acid dehydrate-5 was
added to the homogenized sample in a proper density, and
centrifuged (4°C, 2000 rpm) during ten minutes. Subse-
quently, supernatant (100 µL) was mixed with NA2HPO4

(0.3 M, 820 µL). Then, mixed DTNB (0.4%) with sodium cit-
rate (1%) and the absorption was read at 412 nm during
five minutes. Furthermore, the glutathione level was mea-
sured according to µm per mg tissue (21), which was pre-
pared at a density range of 25 - 200 µm.

3.8. Measurement of Catalase Activity

The measurement of catalase (CAT) activity was per-
formed through the Aebi method (ZellBio Co., Germany)
after hydrogen peroxide synthesis (240 nm). A certain vol-
ume of tissue extract was mixed with 0.01 mL ethanol and
then subjected to incubation on ice for 30 minutes. The in-
cubated mixture was then added with Triton (10%). The CAT
activity was estimated using the resultant solution. Then,
hydrogen peroxide (0.05 mL) was added to tissue extract at
a proper volume Na2HPO4 (50 mM, pH = 7) led to the onset
of reaction. The absorption rate was determined at 240 nm
after three minutes (according to Unit/mg tissue) (13).

3.9. Statistical Analysis

The data were analyzed using the Kolmogorov-
Smirnov test (K-S test), one-way ANOVA, and Tukey’s
test in SPSS Statistics for Windows version 16.0 (SPSS Inc.,
Chicago, ILL., USA). Furthermore, the mean and standard
deviation were utilized to express the data. In order to
eliminate bias in data, all devices were calibrated prior
to the experimentation; moreover, three investigators
were employed to examine the samples. In this study, the
variables were measured by means of the numerical scale.
The Kappa index was > 0.6, and P-value of < 0.05 was
considered statistically significant.

4. Results

The results of the one-sample K-S test were indicative
of the normal distribution of all data (P > 0.05). Conse-
quently, data analysis was performed using the parametric
tests of one-way ANOVA and post-hoc Tukey’s test.

4.1. Mean of Biochemical Parameters

Table 1 and Figure 1 present the mean values of ALT,
ALP, and AST serum levels, density of malondialdehyde, en-
zymes activity of superoxide dismutase and catalase, and
thiol groups of hepatic tissue.

4.2. One-Way ANOVA Test

The one-way ANOVA and post-hoc Tukey’s test were
run to estimate the mean effect of one variable on several
groups for each of the serum liver enzymes and oxidative
markers (Table 2).

Iran Red Crescent Med J. 2018; 20(11):e83094. 3

http://ircmj.com


Moghaddam Dorafshani M et al.

Table 1. Mean Value of Biochemical Parameters in Each Group

Parameters
Groups

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7

ALP, U/L 343.14 ± 122.01 344 ± 141.75 361.28 ± 155.19 531.14 ± 18.64a 367.85 ± 88.45 361.85 ± 74.07 350 ± 97.24

AST, U/L 238.14 ± 21.04 270.57 ± 126.41 231 ± 201.14 443.85 ± 100.71a 262.57 ± 86.05 266.28 ± 99.94 219.71 ± 17.46

ALT, U/L 92 ± 17.72 95 ± 17.94 98.85 ± 32.66 155.14 ± 25.67a 100.42 ± 28.43 97.28 ± 12.06 93.71 ± 20.38

MDA,µMpermg tissue 0.50 ± 0.29 0.62 ± 0.48 0.59 ± 0.3 1.04 ± 0.21a 0.48 ± 0.19 0.45 ± 0.41 0.48 ± 0.22

SOD, Unit permg tissue 1.73 ± 0.44 1.81 ± 0.07 1.83 ± 0.6 0.68 ± 0.16a 1.56 ± 0.62 1.87 ± 0.68 1.47 ± 0.27

CAT, Unit permg tissue 7.25 ± 0.99 7.63 ± 2.69 7.74 ± 2.46 3.91 ± 0.42a 7.34 ± 2.03 7.51 ± 1.89 7.01 ± 1.38

GSH,µMpermg tissue 29.94 ± 8.11 21.39 ± 6.73 20.75 ± 13.01 4.81 ± 4.43a 28.23 ± 6.36 27.95 ± 7.17 22.11 ± 11.61

Abbreviations: ALP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; CAT, catalase; GSH, glutathione; MDA, malondialdehyde; SOD,
superoxide dismutase.
a Significant difference, compared to other groups (P < 0.05).

Figure 1. Comparison of nitrates concentration in drinking water and Vitamin C on liver enzymes and oxidative markers (Data are presented as Mean± SD). A, Serume Levels
of ALP, AST and ALT; (*P = 0.03, **P = 0.046; +P = 0.018, ++P = 0.013, +++P = 0.008; #P≤0.001, ##P = 0.001); B, MDA Concentration of Liver Tissue; (*P = 0.44, **P = 0.03, ***P = 0.02);
C, GSH Levels of Liver Tissue; (*P ≤ 0.001, **P = 0.009, ***P = 0.014, ****P = 0.021); D, SOD and CAT activities of Liver Tissue; (*P = 0.02, **P = 0.009, ***P = 0.013, ****P = 0.007, *****P
= 0.047; +P ≤ 0.001, ++P = 0.001, +++P = 0.002, ++++P = 0.018, +++++P = 0.041).

5. Discussion

The reduction of nitrate to nitrite can result in carcino-
genicity through the formation of N-nitroso compounds
(22). Nitrites can be converted to highly reactive and bio-
logical radical nitric oxide in a large extent (23). Ruth et
al. reported that the consumption of drinking water con-

taining 1.3 g/L sodium nitrate during pregnancy and lac-
tation reduces the erythropoietic progress, which slows
down growth, resulting in mental retardation and mortal-
ity (24). Ozen et al. showed that the cytoplasm of the hepa-
tocytes was reacted in a liver exposed to sodium nitrite us-
ing the immunohistochemical method (25). In a study con-
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Table 2. Results of One-Way ANOVA Test for Each of Serum Liver Enzymes and Oxidative Markers

Parameters Sumof Squares df Mean Square F P Value

ALP

Between groups 190577.63 6 31762.93 2.7 0.026

Within groups 493102.85 42 11740.54

Total 683680.49 48

AST

Between groups 245744.98 6 40957.49 3.38 0.008

Within groups 508358 42 12103.76

Total 754102.98 48

ALT

Between groups 21195.1 6 3532.51 6.62 0.001

Within groups 22390.28 42 533.1

Total 43585.38 48

SOD

Between groups 7.28 6 1.21 5.54 0.001

Within groups 9.19 42 0.21

Total 16.48 48

MDA

Between groups 1.77 6 0.29 2.90 0.018

Within groups 4.27 42 0.1

Total 6.04 48

CAT

Between groups 76.24 6 12.7 3.68 0.005

Within groups 144.89 42 3.45

Total 221.13 48

GSH

Between groups 3041.63 6 506.94 6.73 0.001

Within groups 3162.95 42 75.3

Total 6204.59 48

Abbreviations: ALP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; CAT, catalase; df, the degree of freedom; F, statistics; GSH,
glutathione; MDA, malondialdehyde; SOD, superoxide dismutase.

ducted by Stokes et al., in 2009, it was reported that the con-
sumption of sodium nitrite in drinking water increases the
nitrites and nitrates levels in the plasma, heart, and liver
(26). According to Raat et al., the consumption of water
containing nitrates increases the concentration of nitrates
and nitrites in the stomach and plasma (27). When the
liver cells are damaged or destroyed, the cellular enzymes
leak into the bloodstream; therefore, they can be measured
through blood tests. The ALT and AST are two main liver en-
zymes. The AST is also present in the heart, muscle, kidneys,
and brain. Accordingly, the serum AST levels increase in
heart attacks or muscle damage. Regarding this, AST is not
a specific indicator of liver damage. However, ALT is found

almost exclusively in the liver. The simultaneous elevation
of the ALT and AST level in the blood is indicative of a high
probability of liver damage. The liver synthesizes the high-
est amount of ALP enzyme. Consequently, the high level of
this enzyme can be caused by liver damage or other rea-
sons. The enhancement of the alkaline phosphatase level
can be suggestive of a problem in the bile duct. Bile duct
disorders can be due to problems with the liver, gallblad-
der, or the connected tubes. The AST and ALT are logically
sensitive indicators of liver damage or damage caused by
various diseases. However, it should be emphasized that
the above normal levels of liver enzymes should not be au-
tomatically correlated with liver damage. In this regard,
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an increase in these enzymes can occur with muscle dam-
age. The interpretation of AST and ALT depends on the over-
all clinical outcome of the patient. In addition, the exact
level of liver enzymes does not correlate with the extent
of liver problems and the diagnosis of the disease. As a re-
sult, the exact level of AST and ALT cannot be used to de-
termine the severity of liver disease and its prediction and
prognosis (28-35). In the present study, the increased levels
of liver damage indicators (i.e., AST, ALP, ALT), in the group
receiving a nitrate dose of 200 mg/L indicated hepatocel-
lular damage is consistent with the findings of Ramesh et
al. (36). Likewise, in the present study, the liver was ob-
served to undergo some biochemical changes, such as the
enhancement of the MDA level, and the reduction of SOD,
CAT activities, and thiol groups at the nitrate dose of 200
mg/L. Nitrite not only creates a toxic mechanism, but it also
activates several other mechanisms. Some of these mecha-
nisms include the reduction of hemoglobin concentration
and its resultant anemia, degeneration of the hepatic cells
following anemia, damage to the liver lysosomal and mi-
crosomal membranes, DNA damage, and alteration of the
extracellular homeostasis (e.g., the incidence of hypocal-
cemia) (37). The SOD facilitates the acceleration of anion
superoxide conversion into molecular oxygen and hydro-
gen peroxide. Consequently, this enzyme plays a key role in
the cellular mechanism and antioxidant defense. The CAT
is present in the cells of aerobic and anaerobic organism.
The function of this enzyme includes the decomposition
of hydrogen peroxide into water and oxygen. This enzyme
has a relatively high activity level with the highest and low-
est concentrations in the liver and connective tissues, re-
spectively. The antioxidant enzymes react to the average of
free radicals, strengthen via several contaminants (e.g., ni-
trate); therefore, these can be regarded as environmental
contaminants markers (38). Toxic aldehyde is the result of
lipid peroxidation, and MDA is one of the most toxic forms
of this compound. In general, MDA is a colorless com-
pound and the final product of fatty oxide decomposition,
which is currently regarded as an indicator of lipid perox-
idation. Accordingly, the injury severity of cells unto oxi-
dation can be determined by the measurement of this en-
zyme level (39). As our results indicated, MDA showed a sig-
nificant elevation with 200 mg/L dose of nitrates (P < 0.05),
indicating the damage to the liver tissues. Furthermore,
the fourth group demonstrated a significant increase in
MDA concentration with 200 mg/L dose of nitrates in com-
parison to the group one (control). The outcome was sug-
gestive peroxidation of lipid leading to the formation of
free toxic radicals, and consequently, hepatic tissue injury
caused by oxidative stress. Moreover, the first group (i.e.,
control group) had no significant difference with the sec-
ond and third groups regarding the MDA concentration.
Based on our findings, doses of nitrates (10 - 45 mg per liter)
were acceptable and led to nothing stress in the hepatic

tissue. Vitamin C can lead to the reduction of oxidative
stress damage to the hepatic tissue owing to its antioxidant
property. Accordingly, the seventh group treated with 200
mg/L nitrates and Vitamin C showed a significant decrease
in this regard (P = 0.03).

As our findings revealed, the biochemical indicators
were significantly influenced by 200 mg/L nitrate in drink-
ing water. In this respect, this nitrate dose elevated ALT,
ALP, and AST in the blood serum, which is suggestive of
hepatic malfunction (Figure 1). Daily intake of Vitamin C
(20 mg per 100 g B.wt) could result in the prevention of
the damage induced by high doses of nitrates. Usunom-
ena et al. investigated the liver enzymes of a rat treated
with dimethylamine hydrochloride and sodium nitrite. In
the mentioned study, it was shown that the intrahepatic
cell damage was caused by N-nitroso amine precursors,
necrosis of the cells, and tissue damage (40). The results
of the present study revealed that the hepatic tissue ox-
idative stress indicators and serum biochemical parame-
ters were not adversely affected by doses of nitrates (10 -
45 mg per liter). Accordingly, these doses resulted in no
hepatic malfunction. However, 200 mg per liter dose of
nitrate significantly influenced the aforementioned mark-
ers and resulted in hepatic tissue injury and liver dysfunc-
tion by forming free radicals. Nonetheless, even at a nitrate
dose of 200 mg/L, Vitamin C as an antioxidant, could pre-
vent the hepatic damage. The current study did not involve
the supplementary method (e.g., IHC; immunohistochem-
istry), which is one of the limitations of the present study.
Therefore, it is suggested to perform further studies in this
domain using the aforementioned technique.
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