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Nitrate pollution of groundwater has been increasing in recent years. The aim of this work was to 
study the morphological features of the bone marrow of rats at the consumption of drinking water with vary-
ing nitrate content. The experiment was performed on 2 groups of white female rats of different ages (mature 
and immature) with 30 individuals each. Both groups were divided into 5 subgroups that differed in the quality 
of drinking water consumed by rats on their own. In the 30 days study, nitrate was given to rats in drinking 
water in doses of 50, 150, 250, 500 mg of sodium nitrate per liter. Animals of the control group drank water 
from the city water supply. The effect of nitrates on the bone marrow of rats was evaluated by morphologi-
cal analysis. It was found that the consumption of drinking water with nitrates affected erythropoiesis and 
leukopoiesis, as evidenced by the growth of blasts, lymphocytes, pronormocytes and normocytes, megakar-
yocytes and eosinophils, displacement of erythrocyte sprout cells. An increase in the neutrophil maturation 
index indicates delayed neutrophil maturation, increased yield of mature cells from the bone marrow and 
depletion of the granulocyte lineage. The more pronounced changes were observed in the qualitative and 
quantitative composition of the components of the erythrocyte sprout. These disorders were dose-dependent 
with increasing hematotoxic effect of nitrates at doses of 250 and 500 mg/l in the group of immature animals 
and resulted in changes in the bone marrow, which may further cause the development of pathological pro-
cesses in an organism.

K e y w o r d s: nitrates, drinking water, bone marrow of rats, Van Gieson’s stain.

Environmental pollution is a global problem. 
Various chemical and biological contami-
nants in air, water, food and soil as well as 

radiation can adversely affect human health [1]. 
Many organs and systems in the human body are 
responsible for maintaining homeostasis. However, 
one of the main and most sensitive organs that re-
sponds instantly to changes in the qualitative and 
quantitative composition of the environment is the 
bone marrow. It is responsible for the formation of 
all cellular elements of the blood from the fetal pe-
riod [2, 3]. In the process of life, the bone marrow 
is influenced by various exogenous and endogenous 
factors, which to some extent affect the process of 
hematopoiesis, causing various disorders [4].

In recent years, there has been increasing infor-
mation about the global spread of nitrates in water, 
soil and food. Nitrate levels in our water resources 

have increased in many areas of the world largely 
due to applications of inorganic fertilizer and animal 
manure in agricultural areas [5, 6]. 

Nitrates or salts of nitric acid are characterized 
by a fairly wide range of toxic effects. Their presence 
in high concentrations in surface and groundwater 
causes a number of health problems. The toxic effect 
of nitrates lies in the fact that in the digestive tract 
they are under the influence of certain types of gas-
tric microorganisms that are reduced to nitrites and, 
due to oxidation of ferrous to trivalent block. Тhe 
formation of hemoglobin causes methemoglobine-
mia, which manifests itself as anemia at any age [7]. 

Nitrates also inhibit the activity of enzyme 
systems involved in tissue respiration. In addition, 
it was found that nitrites in the presence of amines 
can form N-nitrosamines, which show carcinogenic 
activity. Considering all studies, the strongest evi-
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dence for a relationship between drinking water ni-
trate ingestion and adverse health outcomes (besides 
methemoglobinemia) is for colorectal cancer, thy-
roid disease and neural tube defects [5]. Nitrates in 
drinking water affect the nervous and cardiovascular 
systems, the development of embryos [8] and, with 
systematic entry into the body, can lead to disorders 
of the endocrine and central nervous system and  
blood circulation, as well as adversely affect aquatic 
organisms [9].

As a result of laboratory studies, a hemato-
toxic effect of nitrate salts at a dose of 100 mg/l on 
the bone marrow of rats with long-term admission 
was revealed, which was manifested by a gradual 
inhibition of hematopoiesis and dysplastic changes 
in the precursors of cellular blood cells. The de-
tected changes were more characteristic of eryth-
rocyte sprout hematopoiesis, although some devia-
tions from the norm were observed in the process of 
granulopoiesis and thrombocytopoiesis [10].

Other studies in rats also provided evidence of 
the adverse effects of nitric acid salts on hematologi-
cal parameters. Similarly, a significant decrease in 
hemoglobin, hematocrit and erythrocyte counts has 
been reported. In addition, the number of leukocytes 
and lymphocytes have been shown to decrease due 
to the inability of hematopoietic tissues to produce 
new leukocytes [11].

The Drinking Water Directive (98/83/EC) and 
water quality standards in many countries set a 
maximum allowable concentration (MAC) of nitrate 
at 50 mg/l. It has been shown that drinking water 
in excess of the nitrate limit can result in adverse 
health effects, especially in infants less than two 
months of age. The general trend of nitrate concen-
trations in groundwater is summarized as “stable to 
increasing.” Nitrate drinking water limit values are 
exceeded in around one-third of the groundwater 
bodies for which information is currently available. 
The monitoring of nitrate levels in groundwater at 
different districts of the Ternopil region showed that 
exceeding the MAC ranged from 1.1 to 7.3 times or 
from 55 to 365 mg/l and more [6]. People have been 
using this water for drinking for many years because 
nitrates, even in excessive amounts, are not felt by 
humans.

The objective of this study was to determine 
the morphological features of the bone marrow of 
white female rats of different ages under the condi-
tions of consumption of drinking water with nitrates 
at levels of 50, 150, 250 and 500 mg/l (or in 1, 3, 5 
and 10 times more than the MAC) for 30 days.

Materials and Methods

The experiments were performed on 60 outbred 
white female rats kept on the standard diet of the 
vivarium, in cages with natural light at a tempera-
ture between 20-22°C, with access to food and wa-
ter that was unrestricted. Experimental animals were 
divided into 2 groups: 30 outbred mature white fe-
male rats aged 6 months with an initial body weight 
of 180–200 g and 30 outbred immature white fe-
male rats aged 2 months with an initial body weight 
of 60–80 g. Each group of animals was divided 
into five subgroups: the first subgroup consumed 
drinking water with a nitrate content of 50 mg/l the 
second one consumed drinking water with a nitrate 
content of 150 mg/l, the third subgroup consumed 
drinking water with a nitrate content of 250 mg/l 
and the fourth one consumed drinking water with a 
nitrate content of 500 mg/l. Rats of the control group 
consumed drinking water from the city water supply. 

Aqueous solutions of sodium nitrate (NaNO3) 
with concentrations 50, 150, 250, 500 mg/l were pre-
pared from the city water supply system taking into 
account the background level (11.3 mg/l). Groups 
were selected by randomization.

The experiments were performed following the 
principles of bioethics according to “Ethical Guide-
lines for the Use of Animals in Research” adopted 
at the First National Congress on Bioethics (Kyiv, 
2001) and consistent with the provisions of the “Eu-
ropean Convention for the Protection of Vertebrate 
Animals used for Experimental and other Scientific 
Purposes” (Strasbourg, 1986) and European Union 
Directive 2010/63/EU on the protection of animals 
used for scientific purposes. Euthanasia of animals 
was performed by bloodletting under thiopental so-
dium anesthesia 30 days after the start of the experi-
ment.

The study of the structure of the bone marrow 
was performed by sampling from the sternum. Sam-
pling was performed under thiopental sodium ane
sthesia. The obtained bone marrow elements were 
applied to slides and stained with hematoxylin and 
eosin, according to Van Guise [15]. The bone mar-
row smears on the microscopic slides were studied 
using a MICROmed SEO CCAN light microscope 
and photodocumented using a Vision CCD Camera 
with a histological image output system. The neu-
trophil maturation index (NMI), which characteri
zes the state of the granulocyte sprout, was also 
calculated [14]. This is the ratio of the percentage 
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of young elements of the granular series (promyelo-
cytes, myelocytes and metamyelocytes) to the per-
centage of mature granulocytes (rod and segmental).

Statistical processing of the results was per-
formed using the computer program Excel 2010. 
The choice of statistical research method was based 
on the correct distribution of the studied features. 
Statistical data processing was conducted using the 
STATISTICA 10 program. The comparison of the at-
tained indexes was performed using the Mann-Whit-
ney U-test. The changes were statistically significant 
at P ≤ 0.05.

Results and Discussion

In our studies, a hematotoxic effect of nitrate 
salts, which depended on their concentration in 
drinking water, was revealed. In the myelogram, a 

T a b l e  1. Morphological composition of bone marrow of mature white female rats that consumed drinking 
water with nitrates (myelogram)

Parameter, %
Group

Control 1st 2nd 3rd 4th

Blast cells   2.67 ± 0.21   3.00 ± 0.37   4.67 ± 1.17    5.33 ± 0.42*      5.67 ± 0.54*
Band cells   8.33 ± 0.42 10.67 ± 0.42 13.33 ± 1.17   15.00 ± 0.73*    16.33 ± 2.20*
Segmented cells   7.76 ± 0.76 10.33 ± 0.76 11.67 ± 0.76 13.33 ± 2.20   21.33 ± 2.84*
Eosinophils   1.67 ± 0.42   2.33 ± 0.20   2.67 ± 0.20     4.0 ± 0.4*    4.67 ± 0.70*
Lymphocytes 23.67 ± 3.66 29.33 ± 7.85 31.0 ± 1.1   32.0 ± 4,91 40.67 ± 4.82
Prolymphocyte   8.33 ± 1.28   9.67 ± 0.92 12.33 ± 3.66 13.67 ± 2.74   15.67 ± 1.38*
Normocyte 11.67 ± 4.70 13.67 ± 1.80 14.0 ± 2.4 15.0 ± 2.7    26.0 ± 2.2*
Pronormocyte   2.33 ± 0.40   4.0 ± 1.3   5.33 ± 0.50   5.33 ± 1.30      7.33 ± 0.90*

*Significant difference (P < 0.05) compared to the control group, M ± m, n = 6

differential count of at least 300 cells of all hemato
poietic processes was performed with an assessment 
of the morphology of hematopoietic cells and the 
results of the myelogram in percent were derived. 
It should be noted that in immature animals of all 
experimental groups, the growth of blasts, lympho-
cytes, pronormocytes and normocytes, megakaryo-
cytes and eosinophils and displacement of erythro-
cyte germ cells were detected. These are presented 
in Tables 1 and 2. 

In white female rats of different maturity from 
control groups, that consumed drinking water from a 
city water supply system with a nitrate concentration 
of 11.3 mg/l, no statistically significant changes were 
found in the qualitative and quantitative composition 
of bone marrow components (P > 0.05). Compared 
to the control group, in both groups of mature and 

T a b l e  2. Morphological composition of bone marrow of immature white female rats that consumed drinking 
water with nitrates (myelogram)

*Significant difference (P < 0.05) compared to the control group,  M ± m, n = 6

Parameter, %
Group

Control 1st 2nd 3rd 4th

Blast cells  2.33 ± 0.30    2.83 ± 0.50  2.83 ± 0.70     3.67 ± 0.40*   5.83 ± 0.90*
Band cells 13.83 ± 1.90 14.17 ± 1.10 15.67 ± 0.70 16.17 ± 1.20 17.17 ± 3.00
Segmented cells  8.17 ± 0 50 11.17 ± 1.10 12.67 ± 0.30 12.83 ± 2.20 15.83 ± 1.50*
Eosinophils   2.17 ± 0 50   2.83 ± 0.50 3.83 ± 0.70    5.67 ± 1.00*   9.83 ± 0.70*
Lymphocytes 14 17 ± 1.70 22.42 ± 1.80 23.67 ± 3.60   38.67 ± 2.30* 40.0 ± 1.4*
Prolymphocyte  1.97 ± 0,30   2.33 ± 0.20    4.67 ± 1.00*    5.83 ± 1.00*   7.83 ± 1.40*
Normocyte  8.67 ± 1.20 19.67 ± 5.10 21.83 ± 2.90 21.83 ± 3.20 25.67 ± 1.60*
Pronormocyte  3.0 ± 0.6   3.5 ± 0.3   3.83 ± 0.50  3.83 ± 0.70  13.17 ± 0.20*
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immature white rats, which consumed drinking wa-
ter with a nitrate concentration of 50 and 150 mg/l 
no significant changes were noticed. The most pro-
nounced changes were observed in white rats of the 
3rd and 4th groups of both stages of maturity (both 
mature and immature).

Significant changes appeared in the third group 
of experimental rats, which consumed drinking wa-
ter with nitrates at a concentration of 250 mg/l. In 
mature rats, there was an increase in blast cells by 2 
times, rod-shaped neutrophils by 1.8 times and eo-
sinophils by 2.4 times  compared with the control 
group (Fig. 1). 

In immature rats of the 3rd group, the number 
of lymphocytes (by 2.7 times) (P < 0.05) and eosino-
phils (by 2.6 times) (P < 0.05) were significantly in-
creased (Fig. 2).

In the 4th group of experimental rats, which 
consumed drinking water with nitrates at a con-
centration of 500 mg/l, changes with control were 
most pronounced. In mature rats, the gain quantity 
of eosinophils by 2.8 times continued. The count 
of segmented neutrophils in this group increased 
significantly by 2.7 times compared to the control 
group and by 1.6 times compared to the 3rd group. 
The number of blasts and rod-shaped neutrophils re-
mained significantly higher than in the control group 
by 2.1 and by 1.9 times, respectively (Fig. 1). In the 

Fig. 1. Morphological composition of bone marrow of mature white female rats that consumed drinking water 
with nitrates (myelogram). * Significant difference (P < 0.05) compared to the control group, (M ± m)

4th group of immature rats, the changes in the bone 
marrow were even greater. The percentage of eosin-
ophils compared with the control group increased 
by 4.5 times and by 1.7 times compared with the 
3rd group. The number of blast cells was 2.5 times 
higher than the control values and the number of 
segmented neutrophils was 1.9 times higher than the 
control ones (Fig. 2).

The presence of band (immature) neutrophils 
in circulation is termed a regenerative left shift and 
indicates a bone marrow response to an inflamma-
tory stimulus. When band cells outnumber mature 
neutrophils in the peripheral blood, the condition is 
referred to as a degenerative left shift. The eosino-
phil has potent proinflammatory, prothrombotic and 
profibrotic activities. Eosinophilia can accompany a 
range of disorders from benign diseases to eosino-
philia with organ damage to eosinophil neoplasms.

In the morphological study of red bone mar-
row on day 30 of the experiment, in the bone mar-
row sample of the control group of adult animals we 
found single blast cells, normocytes and granulocyte 
lineage cells (neutrophilic band cell and segment 
neutrophil) (Fig. 3). The bone marrow smear of the 
control group of immature individuals differed little 
from the same group of mature animals. In Fig. 3 
(control group), there are single megakaryocytes, 
blast cells and normocytes and granulocyte cells.
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Fig. 2. Morphological composition of bone marrow of immature white female rats that consumed drinking 
water with nitrates (myelogram). * Significant difference (P < 0.05) compared to the control group, (M ± m)
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Hematotoxic effect of nitric acid salts was found 
in rats to which increased amounts of nitrates were 
added to the water. It should be noted that statisti-
cally significant deviations were observed starting 
from the 2nd experimental subgroup of mature white 
female rats, although some changes were observed 
in the 1st group. 

Thus, an increase in granulocyte cells, 
including neutrophilic band cells (by 18%) and 
segmented neutrophils (by 33%), lymphocytes (by 
24%), normocytes (by 17%) and blast cells (by 12%) 
were revealed in adult animals of the 1st subgroup, 
which drinking water for 30 days had nitrates at a 
concentration of 50 mg/l (Fig. 1). In the bone mar-
row of the 1st experimental subgroup of immature 
animals, more pronounced changes were observed 
including the number of blast cells increased by 
24%, neutrophilic band cells and segmented neu-
trophils increased by 24% and by 37%, respectively, 
and the number of lymphocytes by 58% (Fig. 2).

We found that changes in bone marrow were 
more pronounced with increasing nitrate content 
in water. In the bone marrow samples of animals 
analyzed by us, the 2nd experimental subgroup of 
mature rats in comparison with the control group, 
the number of blast cells increased dramatically by 
75%, normocytes increased slightly by 20%. Granu-
locyte sprout cells, namely segmented neutrophils 

and neutrophilic band cells, increased by 50-60%, 
respectively, and were predominantly degenera-
tively altered. Single eosinophils and lymphocytes 
were observed (Fig. 1). We also found that NMI 
increased by 36.3% (P > 0.05) compared with the 
control group.

In our studies, it was found that in immature 
rats of the 2nd subgroup in comparison with the con-
trol group, there was an increase in the number of 
normocytes (by 52%), eosinophils (by 76%) and 
blast cells (by 21%) (Fig. 2). The NMI increased by 
31.2% (P > 0.05) compared with the control group.

In the bone marrow smear of mature white fe-
male rats of the 3rd experimental subgroup, which 
consumed water with a nitrate content of 250 mg/l, 
the counts were most increased of eosinophils(by 
139%) (P < 0.05) and blast cells (by 100%) (P < 0.05). 
Also, degeneratively altered granulocyte sprout 
cells were found in the bone marrow, the number 
of which increased by 70-80% (P < 0.05) compared 
to the control group. Normocytes and lymphocytes 
increased slightly by 28% and by 35%, respectively 
(Fig. 1). NMI increased by 38.1% (P < 0.05) com-
pared with the control subgroup. In the 3rd subgroup 
of immature white rats, the number of lymphocytes 
increased the most (by 173%) (P < 0.05) and eosino-
phils (by 160%) (P < 0.05). There was an increase in 
the content of blast cells (by 57%). There was also a 

M. V. Danchyshyn, O. V. Lototska



74

ISSN 2409-4943. Ukr. Biochem. J., 2022, Vol. 94, N 5

Fig. 3. Bone marrow (sternal puncture) of mature and immature white female rats that consumed drinking 
water with different concentrations of nitrates. 1, 2 – control subgroups mature and immature white female 
rats thathat consumed drinking water from urban water supply; 3, 4 – 1st experimental subgroups, which con-
sumed drinking water with nitrates at a concentration of 50 mg/l; 5, 6 – 2nd experimental subgroups of white 
female rats that consumed drinking water with nitrates at a concentration of 150 mg/l; 7, 8 – 3rd experimental 
subgroup of white female rats that consumed drinking water with nitrates at a concentration of 250 mg/l; 
9, 10 – 4th experimental subgroup of white female rats that consumed drinking water with nitrates at a con-
centration of 500 mg/l. Staining hematoxylin and eosin (magnification x700)

Mature white female rats Immature white female rats
1 2

3 4
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9 10
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moderate number of degeneratively altered neutro-
philic band cells and segment neutrophils, the con-
tent of which differs little from the previous group. 
Single megakaryocytes appear. NMI increases by 
37.5% (P < 0.05), compared with the control group 
(Fig. 2).

In the 4th experimental subgroup of mature 
white rats, which consumed water with a nitrate con-
tent of 500 mg/l, compared with the control group, 
there was a significant increase by 179% (P < 0.05) 
in eosinophils and granulocyte cells, segmented 
neutrophils increased by 175% (P < 0.05) and neu-
trophilic band cells by 96% (P < 0.05). The content 
of blast cells and normocytes increased by 112% 
(P < 0.05). The number of lymphocytes increased by 
72% (Fig. 1). The NMI was 67.2% (P < 0.05) higher 
than in the control groups.

In the 4th group of immature white rats, we 
found a significant increase in eosinophils by 352%  
(P < 0.05), lymphocytes and blast cells by 182% and 
by 150%, respectively (P < 0.05) compared with the 
control group. There was also an increase in seg-
mented neutrophils and normocytes by almost 100%. 
A large number of normoblasts and megakaryocytes 
were observed in the bone marrow smear. Mono-
cytes that were not observed in the control rats ap-
peared (Fig. 2). NMI was 43.7% higher than in the 
control.

Summarizing the data, we suggest that 
drinking water with overdose nitrates, especially in 
concentrations of 250 and 500 mg/l (5 and 10 MAC), 
causes changes in the process of erythropoiesis and 
leucopoiesis in bone marrow (Fig. 3).

According to literary scientific sources, the 
main acute toxic effect of nitrates and nitrites on the 
hematopoietic system is the oxidation of hemoglobin 
to methemoglobin, which leads to severe impairment 
of blood oxygen capacity. This leads to a decrease in 
hemoglobin and erythrocytes in the peripheral blood 
and the activation of erythropoiesis in the bone 
marrow. Therefore, the growth of pronormocytes 
and normocytes, which are erythrocyte progenitor 
cells, indicates changes in the process of erythro-
poiesis and is compensatory. Thus, nitrate causes, 
in addition to the pronounced erythrotoxic (forma-
tion of methemoglobin in erythrocytes), the effect 
of significant changes at the stage of their forma-
tion. This may be due to their three-stage effect on 
the process of division and maturation of erythron, 
which is realized due to the direct effect of nitrates 
on cell function, nitrite formation with inherent cy-

totoxic effects and synthesis of nitrosamines [11]. 
The neutrophil maturation index, which characteri
zes the condition of granulocyte cells, significant-
ly increased in the fourth experimental group (by 
43.7% in immature and by 67.2% in mature), which 
fully confirmed active neutrophilopoiesis in the bone 
marrow. Increased NMI indicates delayed neutrophil 
maturation, increased yield of mature cells from 
the bone marrow and depletion of the granulocyte 
lineage [13, 14].

Leukopoiesis is manifested by growth in blast 
cells, which augment with increasing nitrate concen-
tration in water. Blasts are precursors to the mature, 
circulating blood cells such as neutrophils, mono-
cytes, lymphocytes and erythrocytes [15]. Blasts are 
usually found in low numbers in the bone marrow. 
There was also an increase in granulocyte cells, in 
particular in rod and segmental neutrophils. 

Conclusion. The results indicate that drinking 
water with overdose nitrate is manifested by struc-
tural-morphological disorganization of hematopoie-
sis in white female rats, which is characterized by in-
hibition of maturation of all sprouts of hematopoietic 
tissue. More pronounced changes are observed in the 
qualitative and quantitative composition of the com-
ponents of the erythrocyte sprout. These disorders 
are dose-dependent with an increasing hematotoxic 
effect of nitrates at doses of 250 and 500 mg/l in the 
group of immature animals. This leads to changes in 
the bone marrow, which in the future may cause the 
development of pathological processes in the body.

The identified structural changes in the bone 
marrow encourage the study of changes in peripheral 
blood in conditions of water consumption with over-
doses of nitrates and support the search for effective 
means of correction that could be used for prophy-
lactic purposes in practice.
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Вплив нітратів на кістковий 
мозок щурів
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Забруднення підземних вод нітратами 
в останні роки зростає. Метою дослідження 
було визначення морфологічних особливостей 
кісткового мозку щурів за умов споживання 
питної води з різним вмістом нітратів. Експери-
мент проводили на 2 групах білих самок-щурів 
різного віку (статевозрілих та статевонезрілих) 
по 30 особин у кожній. Обидві групи було 
розділено на 5 підгруп, які відрізнялися за якістю 
питної води, яку вони споживали самостійно. 
Протягом 30 діб щурам давали нітрати у питній 
воді в дозі 50, 150, 250, 500 мг нітрату натрію 
на літр. Тварини контрольної групи пили воду 
з міського водопроводу. Оцінювали вплив 
нітратів на кістковий мозок щурів за допомо-
гою морфологічних досліджень. Встановлено, 
що вживання щурами питної води з нітратами 
змінює еритропоез та лейкопоез, про що свідчило 
зростання бластів, лімфоцитів, пронормоцитів 
та нормоцитів, мегакаріоцитів та еозинофілів, 
зміщення клітин паростків еритроцитів. Показа-
но підвищення індексу дозрівання нейтрофілів, 
збільшення виходу зрілих клітин з кісткового 
мозку та виснаження гранулоцитарного ряду. 
Більш вираженіші зміни спостерігалися в 
якісному та кількісному складі компонентів па-
ростка еритроцита. Ці розлади були дозозалеж-
ними із посиленням гематотоксичної дії нітратів 
у дозах 250 та 500 мг/л у статевонезрілих тва-
рин і призводили до змін у кістковому мозку, 
що в подальшому може спричинювати розвиток 
патологічних процесів в організмі.

К л ю ч о в і  с л о в а: нітрати, питна вода, 
кістковий мозок щурів, фарбування за Ван 
Гізоном.
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