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[YTSE Sodium nitrite is a food preservative that can endanger human health. This study aimed to inves-
tigate the perinatal and neonatal effects of sodium nitrite on the functional and tissue structure of rats’
offspring kidneys.

In this experimental study, 56 female rats were divided into seven groups (n=8): con-
trol, perinatal and neonatal control groups, experimental groups 1 and 2 perinatal and neonatal (under
oral treatment of doses of 90 and 180 mg/kg sodium nitrite during pregnancy and lactation). At the end
of infancy, 8 offspring of rats were randomly selected from each group. After blood sampling, creatinine,
urea, and uric acid levels were measured, and by extracting their kidneys, histopathological evaluation
was performed.

[FiTTE Perinatal and neonatal administration of 90 and 180 mg/kg sodium nitrite impaired renal tissue
structure and significantly increased serum levels of creatinine, urea, and uric acid levels (P<0.001) in rats’
Perinatal, Neonatal offspring compared to those in the control groups.

Creatinine, Urea, Uric @ [l Sodium nitrite consumption during pregnancy and lactation increases the serum levels of
acid i urea, uric acid, and creatinine by changing the tissue structure of the offspring kidneys.
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ders [3]. In addition to the effect of fat oxidation in
reducing the quality of meat products, spoilage due to
microbial contamination can create severe health risks
to consumers. Accordingly, it seems that the use of ap-
propriate substances with antibacterial and antioxidant
activity is valuable and necessary to improve quality,
increase durability, and at the same time prevent eco-
nomic losses [4, 5]. Nitrate and nitrite compounds are

English Version

1. Introduction

emi-finished meat products that are
stored in the refrigerator have a lim-
ited shelf life [1]. Food products are
usually spoiled by chemical changes

or increased microbial load [2]. The presence of high
concentrations of nitrate in aquatic environments, es-
pecially drinking water, leads to short-term and long-
term adverse effects in the body and can cause diseases
such as methemoglobinemia, cancer, and fetal disor-
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mainly used to stabilize the color of lean meat tissues,
to flavor processed meat products, and to prevent the
growth of spoilage microorganisms and subsequent
food poisoning [6]. Nitrates and nitrites are the criti-
cal additives in producing processed meat products
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that can damage blood vessels, liver, spleen, and other
organs [7]. Despite the desirable properties of nitrites,
they can react with amines and free amino acids in
meat products under certain conditions and produce
nitrogen amines [8]. Human contact with nitrate and
nitrite compounds is mainly due to food consump-
tion, especially vegetables, meat, and contaminated
water [9]. When the pH of the stomach is acidic and
intestinal bacteria are present in the intestine, nitrite
compounds react quickly with secondary amines and
amides, resulting in the production of the carcinogenic
compounds N-nitroso [10].

Excessive use of food additives has greatly exposed
humans to preservatives such as sodium nitrite [11].
Nitrites are at the center of oxidation and reduction re-
actions in the body, which can be oxidized to the highly
biologically active radical nitric oxide and mainly to
the nitrate anion [12]. Peroxynitrite (O-ONO) derived
from compounds containing nitrite or nitrate can easily
cross the phospholipid membranes of various cells and
reacts with many molecules such as lipids, proteins,
and DNA, and cause cell death by necrosis or induc-
tion of apoptosis [13]. Peroxynitrite and nitric oxide
affect the cardiovascular system by different mecha-
nisms and cause cell death and various tissue damages
[14]. Sodium nitrite in different doses can reduce the
thickness of the middle layer of the arteries by increas-
ing the amount of nitric oxide in the blood and cause
a variety of other disorders [15]. Consumption of so-
dium nitrite in drinking water in male and female rats
causes hepatocellular degeneration and necrosis and
hemosiderin deposition in the liver, spleen, and lymph
nodes and hemolysis [16]. Nitrites and nitrates are both
precursors of NO (Nitric Oxide) radicals that quickly
pass through two phospholipid layers of the membrane
by creating oxidative stress and producing ONOO- and
reacting with many target molecules such as lipids,
proteins, and DNA, and ultimately cell death through
necrosis or apoptosis [17]. Nitrite-containing diets
have been shown to adversely affect the mechanism
of membrane cell proliferation within the vessels [18].

Most studies done on preservatives such as sodium
nitrite have examined their effects on the tissue and
functional structures of the consumers. So far, few
studies (at least with the conditions governing this
study) have been conducted in connection with the ef-
fects of perinatal and neonatal consumption of these
compounds on the tissue and functional structure of
children’s kidneys. So the study of the effect of such
substances on fetuses and infants is of particular im-
portance. This study aimed to investigate the perinatal
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and neonatal effects of sodium nitrite on the tissue and
functional structure of the kidneys of rats’ offspring.

2. Materials and Methods

This experimental study was performed on 56 female
Wistar rats in Islamic Azad University, Shiraz Branch,
Shiraz City, Iran, in 2018. In this study, rats were di-
vided into seven groups of 8: control group (untreated),
perinatal and neonatal controls (treated with solvent),
and experimental perinatal groups (treated with doses
of 90 and 180 mg/kg sodium nitrite during pregnancy)
and neonates (treated with doses of 90 and 180 mg/kg
sodium nitrites during lactation). In this study, all pre-
scriptions were performed by gavage. Eight adult male
rats were used to conceive rats. This research protocol
is based on the international law on laboratory animals
and was approved by the University Ethics Committee
IR.miaul395 1016. The rats of prenatal groups from
the first day of pregnancy to the end of the period and
rats of neonatal groups from the first day of birth to
the end of lactation were prescribed sodium nitrite. At
the end of lactation, 8 male offspring were randomly
selected from each group, and after anesthesia with
ketamine, their blood samples were taken from their
hearts, and sufficient serum was prepared to measure
urea, creatinine, and uric acid factors. Then, by sepa-
rating their kidney organs and fixing them with 10%
formalin for one week, tissue sections were prepared
with the help of a tissue processor and a fully automat-
ic microtome. Tissue sections were prepared, stained
with hematoxylin-eosin, and then evaluated.

In this study, creatinine was measured by Jaffe/Fixed
Rate or Kinetic method, and urea and uric acid were
measured by Berthelot/Endpoint method using appro-
priate kits (made by ParsAzmoun Co., Iran). Finally,
the data of this study were analyzed using ANOVA and
Tukey statistical tests in SPSS v. 22. The significance
of the data difference was considered at the level of
P<0.05.

3. Results

The results showed that sodium nitrite consumption
at doses of 90 and 180 mg/kg during pregnancy (pre-
natal) in first-generation infants caused a significant
increase in their serum urea, creatinine, and uric acid
compared to the control group (P<0.001) (Tables 1 and
2).

The results also showed that sodium nitrite consump-
tion at doses of 90 and 180 mg/kg during lactation (pre-
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Table 1. Mean and standard deviation of renal parameters in offspring of prenatal groups

April 2021. Vol 27. Issue 2

MeantSD
Group

Uric Acid (mg/dL) Creatinine (mg/dL) BUN (mg/dL)

Healthy control 3.42+1.29 0.398+0.066 17.32+0.952

Prenatal control 3.30+0.33 0.301+0.069 17.38+1.076

Prenatal + sodium nitrite 90 mg/kg 5.20+0.49 0.42610.045 38.65+4,791
Prenatal + sodium nitrite 180 mg/kg 5.65+1.14 0.492+0.033 39.4016.759

uarterly of

natal) in rats’ offspring caused a significant increase in
their serum urea (P<0.003), creatinine, and uric acid
compared to the control group (P<0.001) (Tables 3
and 4). Also, the results of histological studies showed
that sodium nitrite consumption during pregnancy
and lactation causes a lot of damage to the structure
of rats’ offspring renal tissues, such as congestion and
diffuse bleeding, damage to the structure of proximal
and distal convoluted tubules, dilation, and increase
the space around the Bowman capsule, glomerular at-
rophy, and inflammation around the tubules as well as
tubular damage (Figures 1, 2, 3, 4, & 5).

4. Discussion
The results of this study showed that sodium nitrite

consumption during pregnancy and lactation increases
the serum levels of uric acid, urea, and creatinine by

he Horizon of Medical Sciences

damaging the renal tissue structure. These results are
consistent with the findings of Rammesh et al. as well
as Ramezani Norouzani et al. [18, 19]. Stokes et al.
reported that sodium nitrite consumption as a soluble
in drinking water increased the amount of nitrite and
nitrate in plasma, heart, liver, and kidney [20]. So-
dium nitrite causes oxidative stress in the body and
produces peroxynitrite (ONOO-), which passes freely
through two phospholipid layers of the membrane and
reacts with many target molecules such as lipids, pro-
teins, and DNA, and this ultimately leads to cell death
through the processes of necrosis and apoptosis [21].
Therefore, in the present study, nitrite compounds may
have been transferred to fetuses and neonates of rats
through placenta and milk, respectively, and through
the above processes caused damage to the renal tissue
structure and ultimately increased serum levels of uric
acid, urea, and creatinine. It has also been shown that

Table 2. Results of ANOVA test to evaluate the effect of sodium nitrite with different doses on renal parameters in rats’ offspring of

prenatal groups
Factors Sum of Squares df Mean of Squares F The Significance Level
Between groups 1587.452 3 529.151 29.933 0.001
Urea Within group 494.977 28 17.678
Total 2082.429 31
Between groups 0.044 3 0.015 4.654 0.001
Creatinine Within group 0.087 28 0.003
Total 0.131 31
Between groups 18.200 3 6.067 7.256 0.001
Uric acid Within group 23.405 28 0.836
Total 41.606 31
uarterly of
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Table 3. Mean and standard deviation of renal parameters in offspring of rats of neonatal groups

Mean+SD
Group
Urea (mg/dL) Creatinine (mg/dL) Uric acid (mg/dL)
Healthy control 5.42+1.29 0.3910.06 17.320.95
Neonatal control 2.47+1.31 0.30£0.07 23.93+13.59
Neonatal + sodium nitrite 90 mg/kg 5.741.95 1.36+0.03 37.23+11.93
Neonatal + sodium nitrite 180 mg/kg 5.1940.93 1.46+0.04 39.26+10.59
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Table 4. Results of 1-way analysis of variance to evaluate the effect of sodium nitrite with different doses on renal parameters in
offspring of rats in neonatal groups

Factors Sum of Squares df Mean of Squares F The Significance Level
Between groups 1958.166 3 652.722 5.927 0.003
BUN Within group 3038.708 28 110.132
Total 5041.875 31
Between groups 0.109 3 0.036 11.520 0.001
Creatinine Within group 0.089 28 0.003
Total 0.198 31
Between groups 53.858 3 17.953 11.081 0.001
Uric acid Within group 45.363 28 1.620
Total 99.221 31

Quarterly of
The Horizon of Medical Sciences

Quarterly of
The Horizon of Medical Sciences
Figure 1. Normal kidney tissue in the control group
Pathological changes in the malpighian body, glomeruli, surrounding space Bowman and tubule capsules proximal and distal were
not seen in the pictures above. Hematoxylin-eosin staining. Magnification: x40
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Figure 2. Photomicrograph prepared from the experimental group of prenatal dose 90mg/kg shows the results of moderate tissue

damage in these two images

In both images, there are signs of diffuse bleeding (red arrow indicates the presence of red blood cells). Also, damage to the structure
of convoluted tubules proximal and distal is shown in the pictures (blue arrow). Hematoxylin-Eosin staining. Magnification of x40.

the kidney, as the main site of filtration and one of the
detoxification sites in the body, is directly affected by
various drugs, and the metabolites produced by the
toxins and studies have shown that damage to the re-
nal parenchyma increases the serum concentrations
of nitrogen, Blood Urea Nitrogen (BUN), creatinine,
and uric acid [22]. Consistent with the histopathologi-
cal results, Ashrafy et al. reported that a nitrate-con-
taining diet causes microscopic lesions in the kidney’s
tissue structure, including hyperemia, cell swelling,
and necrosis with moderate to severe renal cell resorp-
tion [24]. Consistent with this study’s results, another
study showed that the consumption of sodium nitrite
in drinking water in male and female rats causes hepa-

tocyte degeneration and necrosis and hemosiderin de-
position in the liver, kidney, spleen, and lymph nodes
and hemolysis [25]. Besides, Mohseni Kouchesfahani
et al. showed that whenever renal function decreases,
creatinine, urea, and uric acid levels in the blood in-
crease [26].

On the other hand, the present study results showed
that sodium nitrite treatment causes damage to the re-
nal tissue structure, especially in renal glomeruli of
animals. Therefore, the increase in serum urea, uric
acid, and creatinine in these animals is probably due to
the destructive effects of sodium nitrite on the kidneys’
tissue structure. Recent research has clearly shown that
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Figure 3. Photomicrograph prepared from the experimental group prenatal dose 180 mg/kg shows the results of relatively severe

tissue damage in these two images

Signs of diffuse bleeding (red arrow). Also, severe damage to the structure of convoluted tubules proximal and distal is shown in

the pictures (blue arrow). Dilation and enlargement of the space around the Bowman’s capsule (green arrow) and the presence of

glomerular atrophy and inflammation around the tubules were seen. Hematoxylin-Eosin staining. Magnification of x40.
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http://hms.gmu.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en

April 2021. Vol 27. Issue 2

Quarterly of
The Horizon of Medical Sciences

Quarterly of
The Horizon of Medical Sciences

Figure 4. Photomicrograph prepared from the experimental group neonatal dose of 90 mg/kg: Observations show tissue damage in

this group, which can be seen in the above images

Bleeding (red arrow), damage to the structure of convoluted tubules proximal and distal (blue arrow), and increased space around

the Bowman capsule (green arrow), and inflammation (purple arrow) are seen. Hematoxylin-Eosin staining. Magnification x40
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Figure 5. Photomicrograph prepared from the experimental group neonatal dose of 180 mg/kg: as shown in the pictures, severe

tissue damage can be seen in this group

Bleeding (red arrow), congestion and tubular injury (blue arrow), severe damage to the convoluted tubules (yellow arrow) can be

seen in the images taken from this group. Hematoxylin-Eosin staining. Magnification x40.

nitric oxide can be produced directly from nitrite and
impair blood flow to muscles and a greater extent, to
other tissues, including the kidneys [27]. One study
showed that excess nitrate in drinking water causes
disorders in developing various organs of the body,
including the fetal liver during pregnancy [28]. The
present study had limitations such as high mortality of
pregnant rats and their offspring treated with sodium

nitrite and their offspring.

5. Conclusion

The results of this study showed that sodium nitrite
consumption during pregnancy and lactation causes
bleeding and destruction of kidney tissues, cell death,
and loss of renal nephrons and possibly increases the

serum level of renal factors (creatinine, uric acid, and
urea) in the offspring of rats.
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