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Abstract

Backgrounde: Nitrates and nitrites are naturally found in fruits, vegetables and grains. In addition, they are used as food
additives, preservatives and colour fixatives. Nitrite toxicity is induced by formation of methaemoglobin, and
carcinogenic substances e.g. nitrozoamines. Materials and methods: In the current study we explored the impacts of
chronic exposure of albino rats to potassium nitrate. Fourteen rats were randomly divided into 2 groups (n=7), control
group and potassium nitrate treated group in dose of 20 mg/kg for 3 months. Subsequently, urine and blood samples were
collected at 1, 2 and 3 months. At the end of the experiment (3 months), rats were sacrificed and thyroid glands were
harvested. Results: Biochemical analysis exhibited significant decrease in the urinary iodine and blood-based thyroid
hormones (T3 and T4), vitamin A compared with matched-time control group. However, calcium, nitric oxide and MDA
showed significant increase in potassium nitrite treated rats. Marked thyroid injury was observed in the form of size and
shape of the thyroid follicles, some follicles were enlarged and filled with colloid fluids, but other were completely empty
upon sodium nitrite exposure. Moreover, in some cases hyperplasia with leukocytic infiltrations in the parafollicular cells
replacing the atrophied follicles. Conclusion: Our results provide new evidences that toxic effect of potassium nitrite is
possibly mediated by inhibition of iodine absorption,vitamin A level, thyroid destruction and depression of the
antioxidant system.
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INTRODUCTION

drinking water [5], sausages [6] and medicines [7].

Nitrates and nitrites are chemicals that can be
found naturally in our environment. Nitrates are
essential (needed) nutrients for plants to grow. Nitrates
can be found in the air, soils, surface waters and ground
water underground drinking water [1]. Organic and
inorganic sources of nitrogen are transformed to nitrate
by mineralization, hydrolysis and bacterial nitrification
[2]. One of the most important sources of nitrate
includes natural fertilizers, animal and human waste,
nitrogen oxides from utilities and automobile, and
leguminous crops that fix atmospheric nitrogen [3].
They are used as food additives, being added as
preservatives and color fixatives to some processed
foods (particularly cured meats, fish and cheese) [4].
Although the preservatives which are permitted in foods
are considered to be without potential adverse effects
there have been concerns about the safety of nitrites.
Nitrite, in high concentrations, is undoubtedly toxic to
humans. Acute effects have been observed from
accidental ingestion, for example in contaminated

Toxicological studies have documented that nitrite is
toxic to animals [8]. The toxic effects of nitrites have
been related to the formation of methaemoglobin,
inducing hypertrophy of the adrenal zona glomerulosa
in rats and the formation of cancerogenic nitrozoamines
[8,9,4]. In man, previous studies have shown that a food
iodine deficiency represents the principal factor of the
development of the goitre [10, 11]. In animals,
goitrigenic effects of iodine deficiency or nitrate
ingestion were also observed. Indeed, for rats, a food
iodine deficiency induced the goiter [12,13].

The consumption of nitrates induced
histological modifications of the thyroid gland
[14,15,16] as well as a decrease in the secretion of the
thyroid hormones[17]. Also Nitrate toxicity causes
many diseases of endocrine system which affects on
one or all body systems [18]. Dietary nitrate accelerates
the depletion of vitamin A through prevention its
conversion from B- Carotene [19].
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In this context, the major objective of the
present study was to estimate the effect of increasing
levels of the dietary intake of nitrites in laboratory rats
on: (1) urinary iodine excretion, (2) changes in the
morphology of thyroid follicles, and (3) thyroid gland
hormonopoiesis.

MATERIALS AND METHODS
Experimental animals and housing

A total of fourteen (14) rats (average body
weight =15-22 kg), at age 3- 6 weeks, purchased from
the animal house, Cairo university. All animals were
housed in clean cages and given standard diet and clean
water ad libitum. Cages were placed in an air-
conditioned room (23 + 3°C) with 12:12 hour light:
dark cycle. Animals were kept for two weeks before
starting of the experiment for acclimatization, during
which they subjected for clinical and laboratory
examinations. All protocols were approved by the
Institutional Review Board for Animal Experiments of
South Valley University, Egypt.

Experimental design

The animals were allocated randomly into 2
groups (n=7), Group 1: served as control group the rats
were received saline in by stomach tube. Group 2:
received 20 mg/kg body weight of potassium nitrate
(equivalent to 1/40 LD50) orally/day, dissolved in
water and given for successive 3 months. The animals
examined daily for any abnormality in their behavior
throughout the experimental period. Blood was
collected monthly from the jugular vein of all
experimental groups for biochemical examinations. At
the end of the experiment the rats were euthanized and
dissected for collection of thyroid glands for
histological examinations.

Urine and blood collection

Urine was collected quantitatively from each
rat during the last 3 days (8890 day) of the experiment.
The pooled 3-day samples were stored at -20°C until
analysis. At the end of the experiment (day 90), the rats
were anaesthetized with thiopental. Blood was rapidly
collected by cardiac puncture, transferred to centrifuge
tubes with no anticoagulant, and serum was separated
by low-speed centrifugation (1500 x g, 15 min). The
serum samples were stored at -20°C until analysis.
After bleeding,

lodine in urine

lodine in urine was determined after digestion
with chloric acid solution (potassium chlorate and
perchloric acid, 70%) using the Sandell-Kolthoff
spectrophotometric method [20].

Biochemical analyses

lodine in urine was determined after digestion
with chloric acid solution (potassium chlorate and
perchloric acid, 70%) using the Sandell-Kolthoff
spectrophotometric method [20]. Serum serum thyroid

hormones Triiodothyronin (T3) and thyroxin (T4)
concentrations were measured using enzyme immune
linked sorbent assay (ELISA) kit (Genway Biotech inc
Co, America). Serum Vitamin A and calcium were
analysed with standard kits (Novus Biotech Brand,
America and Biodiagnostic co, respectively).
Malondialdhyde (MDA) and nitric oxide (NO) were
estimated colormetrically by using a standard assay kit
(Biovision Incorporated 155s. Milpatas Boulevard,
Milpatas, USA and Biochain Inistitute,Inc, USA,
respectively).

Histopathological examination

Pieces of thyroid gland were freshly prepared,
fixed in 10% neutral buffered formalin at room
temperature overnight and embedded in paraffin.
Sections were cut and then stained with hematoxylin
and eosin [21].

Statistical Analysis

The data were statistically analyzed by one-
way (ANOVA) analysis of variance (pc-state computer
program) and the least significant difference (L.S.D)
was used to test the difference between treatments.
Results were considered statistically significant when
P< (0.05).

RESULTS:
Urine iodine concentration

Administration of potassium nitrite  for
successive 3 months induced decrease in the
concentration of iodine that execrated in urine which
start from the first month and become highly significant
in the second and third months when compared with
control rats as shown in (Fig 1).

Thyroid hormones

(Fig. 2) reveals the effect of potassium nitrate
toxicity on T3 and T4 hormones which characterized by
significant decrease in the levels of both hormones was
recorded in all inoculated animals in comparison to the
healthy rats.

Correlation among urine iodine and thyroid
hormones concentrations

The level of thyroid hormones (T3 and T4)
correlate positively with the urine iodine concentration
in the potassium nitrate inoculated animals. The
correlation was positive in both hormones levels (T3
and T4), R’= 0.9634 and R?=0.9977 respectively as
shown in (Fig. 3).

Vitamin (A) and calcium levels

For vitamin (A) level the exposed group to
potassium nitrate revealed significant decrease in the
levels of the calcium and vitamin A in the serum
starting from the first month and decrease continuously
until the third month of administration as shown in (Fig.
4).
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Serum oxidative stress markers (Nitric oxide and
MDA)

Nitrate toxicity has great effect on the anti-
oxidative system where nitrite administration for 3
months induced significant increase in the levels of
oxidative stress markers (nitric oxide and lipid
peroxidation) in all months of exposure as exhibited in

(Fig 5)

Thyroid gland and parathyroid gland

Macroscopically, slight hypertrophy was
detected in the thyroid gland in administered
animals.Microscopically, the thyroid follicles appeared
in different in size and shape, some of thyroid follicles
were enlarged and filled with colloid fluids, but other
were completely empty from colloid. Hyperplasia in the
parafollicular cells were recorded which replaced the
atrophied (necrosed) follicles. A large focal area of the
gland showed collapsed follicles with presence of some
leukocytes (Fig. 6).
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Fig-1: Effect of potassium nitrate administration for excessive
three months on the urine iodine excretion . P<0.01 compared
with control values. Bars represent means + SEM (N=7).
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Fig-2: Effect of potassium nitrate administration for excessive

three months on T3 and T4 hormones concentration. P< 0.01

compared with control values. Bars represent means + SEM
(N=7).
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Fig-3: Correlation among level of thyroid hormones and urine
iodine concentration in period of three months in potassium
nitrate inoculated group. P<0.01 compared with control values.
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Fig-4: Effect of potassium nitrate administration for excessive
three months on serum Vitamin A and serum calcium levels. P<
0.01 compared with control values. Bars represent means + SEM
(N=7).
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Fig-5: Effect of the potassium nitrate administration for excessive

three months on the oxidative stress markers (NO and MDA). P<

0.01 compared with control values. Bars represent means + SEM
(N=7).

Fig-6: Histological changes (B and C) in hematoxyline and eosin

stained section in thyroid gland following potassium nitrate oral

administration for excessive three months compared with normal
histological structure of thyroid gland (A).

In picture (B) thyrotoxicity was marked by
necrosis and atrophy in some thyroid follicles (thin
arrow) associated with vascular destruction (Thick
arrow). In picture (b) a high power of picture (B)
showing hyperplasia in the Parafollicular epithelium
(thin arrow) with presence of some follicles fully
distended with colloid fluids (Star). In picture (C) some
follicles appeared atrophied (thin arrow) and some
others appear fully distended (thick arrow) while some
other follicles completely empty (Stars). In the high
power of picture C (c) there are some empty follicles
and ruptured follicular epithelium. (H&E, X.400)

DISCUSSION

Nitrate is the most important known
environmental pollutants. It pollutes food, water
(especially underground water), plants and soil [22].
There is a high risk for animal and human to be exposed
for nitrate toxicity [23].

This study was designated to investigate the
biochemical and histopathological effects of nitrite
toxicity in rats. Data in our study revealed that exposure
to potassium nitrite for three months induced decrease
in the urine iodine execretion, same result was obtained
by other study [24], which described the decreases in
the urine iodine execration could be explained by
decreased iodine absorption in the digestive tract. This
negative effect of nitrite could be either indirect i.e. by
inhibiting Na+/K+ ATP-ase complex and energy
generation for iodine transmembrane transport [25] or
direct i.e. by inhibiting sodium-iodide symporter Na+/I-
[26, 27, 28], both involved in iodine trapping in gastric
mucosa. For the thyroid hormones metabolism nitrite
toxicity induced significant decrease in the circulating
thyroid hormones (T3 and T4). Decrease the ratio of the
thyroid hormones was due to the fact that, in the
synthesis of thyroxin iodine must first be absorbed by
the gland as iodide latter converted into an organic
compound by combination with tyrosine. The nitrate
inhibits these processes via uptake of the iodide, and
prevents the conversion into an organic compound and
so prevents the formation of thyroxin. The low level of
thyroid hormones stimulates the production of
thyrotrophic hormone which cause hypertrophy and
hyperplasia of the follicular epithelium as sign of toxic
thyroiditis [29, 30] .

The correlation among urine iodine excretion
and thyroid hormones was strongly positive which
means the decrease of iodine absorption leads to
decrease the thyroid hormones synthesis. In accordance
nitrite toxicity induced significant decrease in the
calcium level. The changes in the function of the
parathyroid gland may be induced by wide verities of
chemical substances that either elevate or lower the
blood calcium concentration [29]. Hypertrophy and
hyperplasia reported in our cases was a feature of the
decrease of calcium concentration in the blood [18, 31].

For better understanding the correlation
between nitrite toxicity and thyroid gland disturbances,
vitamin A was analyzed. Exposure to nitrite induced
significant decrease in Vitamin A level. Vitamin A
Deficiency (VAD) occurred as nitrate is thought to
interfere with the conversion of plant carotene to
vitamin A [2]. VAD decreases thyroidal iodine uptake,
impairs thyroglobulin (Tg) synthesis, and increases
thyroid size [32, 33], which confirm our theory of urine
iodine execration. Furtherly, nitrite toxicity induced
significant increase in lipid peroxidation (MDA) and
nitric oxide level this comes in agreement with the
study done by Hanaa et al., 2009 [34]. Nitrite toxicity
increase the oxidative stress in the tissue this could be
attributed to that nitrite can also be an important source
of NO, particularly under acidic conditions [35]. In
turn, the produced nitric oxide (free radical) plays an
important role in the pathogenesis of cellular injury [36]
that increases the MDA production. In our study
administration of potassium nitrite induced significant
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increase in the nitric oxide level. In this work, the
histopathological changes in the endocrine gland were:
the thyroid gland revealed hyperplasia in the follicular
and parafollicular cells. Some follicles were
hypertrophied and contain large colloid volume.
Vacuolation is prominent in the cytoplasm of the
hypertrophied follicles. Flattening appeared in the
epithelium of some follicles with pressure atrophy in
the surrounding follicles. In the long term treatment, the
same lesions appeared with necrosis and degeneration
in the collapsed follicles. Extensive desquamation of
the follicular cells, proliferation in the interstitial
connective tissues that replaced the atrophied tissues
thickening and hyalinization in the arterial wall of the
thyroid gland was observed. Similar lesions were
reported by [30, 37] who showed follicular hyperplasia,
vacuolization, congestion and increase amount of
colloid in some follicles (toxic thyroiditis). Other
studies revealed that toxic thyroiditis manifested
morphologically by hypertrophy and increase in size of
the thyroid gland [15, 30, 38]. Hypertrophy and
hyperplasia of the thyroid follicles was to compensate
the deficiency of the thyroid enzymes in the blood
(feedback mechanism) as the level of T3 and T4 was
found to be significantly decreased in the blood in
comparison to control animals.

CONCLUSION

In conclusion, these results provide new
evidences that toxic effect of potassium is possibly
mediated through depression the antioxidant system and
subsequent cellular damage.
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