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Abstract. Iron (V) clathrochelate based on a macrobicyclic ligand of the hexahydrazide
type is a unique compound that contains iron in a rare high valence IV. Preclinical and clinical
studies of this complex, which were started for the first time in Ukraine, have an important
theoretical and practical consequence as this complex can be recommended as an active
substance in iron-containing drugs with antianemic action.

In conducting preclinical studies of new drugs, pathomorphological studies are
important because they are a necessary step in studying the biological response of animals
to the action of test substances. It was found that some pathological changes develop
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in the body of white mice under conditions of experimental acute and chronic iron (IV)
clathrochelate intoxication. They correlated with the dose of the test compound. During
chronic intoxication, the microscopic changes in the liver and kidney of white mice treated
with iron (IV) clathrochelate at a dose of 1/10 DL50 were similar to the microscopic changes
in the liver and kidney of mice treated with the experimental drug at a dose of 1/5 DL50.
However, the severity of these changes was lower, reflecting a lower degree of organ
damage. In the myocardium of mice treated with iron (IV) clathrochelate at a dose of 1/5
DL50, as during acute iron (IV) clathrochelate poisoning, only edema was recorded on the
10th day. The prospects for further research are the study of microscopic changes in the
organs of laboratory animals of other species during experimental iron (IV) clathrochelate

toxicosis.

Keywords: iron, pathomorphological studies, liver, kidneys, heart, toxicity

Introduction

During preclinical studies of a new
drug, the microscopic research of the sys-
tems and organs of experimental animals
enables studying the pathogenesis of intox-
ication with the studied drug (Kotsyumbas
et al., 2006). We have previously reported
the study of acute and chronic toxicity of
iron (IV) clathrochelate (based on a mac-
rocyclic ligand of the hexahydrazide type)
for laboratory animals (Dukhnisky et al.,
2018; 2019; 2020), but the microscopic
changes in their internal organs under ex-
perimental toxicosis of the test compound
remain unexplored.

Analysis of recent researches
and publications

Iron is the second most common
metal in nature (after aluminum) and
occurs in valencies II and III, and only
in the form of compounds. However, in
recent decades, such data have expand-
ed significantly and are deepening today.
In particular, studies of iron in high va-
lencies, IV, V, VI, have become relevant
(Weiss et al., 2001; Krahe et al., 2014;
Shylin et al., 2019; Prakash et al., 2020;
Klof3 et al., 2021). Thus, Hohenberger

et al. (2012) prove that oxo and nitrido
complexes of high-valent iron are active
intermediates in many biological and
chemical processes in nature. Nam et al.
(2014) studied the reactionary ability and
the mechanism of the reaction of mono-
nuclear nonheme iron (IV) oxo complex-
es. Machalova Siskova et al. (2016) in-
vestigated ferrates of high-valent forms
(Fe (VI), Fe (V), and Fe (IV)) in aquatic
environment. Under ambient conditions,
high-valent iron compounds (+4, +5, +6)
are not able to form spontaneously, and
the synthetically obtained ones are unsta-
ble in polar organic solvents, especially
in aqueous solutions, which, in turn, lim-
its their research and use.

However, several studies have been
conducted, in which more stable com-
pounds of high-valent iron have been
synthesized. Thus, Tomyn et al. (2017)
proposed the synthesis of complexes of
iron (IV) hexahydrazide clathrochelate
in an alkaline aqueous medium from
salts of iron (III), oxalodihydrazide, and
formaldehyde, accompanied by air oxi-
dation. Such combinations can exist for
a long time in the environment without
any signs of decomposition in water,
non-aqueous solutions, and in the solid
state. According to the results of pre-
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clinical studies conducted by us, it was
found that iron (IV) clathrochelate cor-
responds to class III hazard according to
the classification of chemicals by degree
of danger (GOST 12.1.007-76), and class
IV and degree of toxicity — “low toxic-
ity” — according to the classification of
substances for toxicity (Dukhnisky et al.,
2018;2019).

In acute experimental toxicosis, the
average lethal dose of iron (IV) clathro-
chelate was found to be 764.3 + 32.71
mg/kg body weight for quails and 1258.3
+ 144.87 mg/kg body weight for white
mice (Dukhnisky et al., 2018). The effect
of iron (IV) hexahydrazide clathroche-
late solutions in the various concentra-
tions on laboratory animals (white mice,
white rats, and quails) was investigated
in the study of chronic toxicity. In this
case, the determination of the dynamics
of body weight, the relative mass coef-
ficients of their internal organs, blood
morphological parameters, and biochem-
ical indicators of serum with repeated ad-
ministration of the test substance in dif-
ferent doses to animals of three species
was conducted (Dukhnisky et al., 2019;
2020).

During toxicological studies of drugs
for laboratory animals, pathomorpholog-
ical studies are quite important among
other methods. They are a necessary step
in the research of the biological response
of animals to the action of drugs and al-
low to describe the nature and severity
of the pathological process under the ac-
tion of the studied substances. Analysis
of microscopic changes in organs and
tissues facilitates to determine the cause
of animal death during the experiment.
In this case, morphological studies in
the dynamics during the experiment are
mandatory, it assists to trace the devel-
opment of pathological and restorative
processes, to understand their nature and

significance (pathology, compensation,
and adaptation).

The research material is organs and
tissues from specially killed animals and
those who died during the experiment.
The results of the effect of the veteri-
nary medicinal product are evaluated
after macroscopic examination and mi-
croscopic examination of the organs in
animals of the control and experimental
groups. Morphological methods can be
used to test changes in various organs
and tissues from minimal to obvious.
Thus, under the influence of chemicals
of general toxic and hepatotropic action,
a typical corresponding reaction of the
body is most often observed: violation
of the protein, lipid, and carbohydrate
metabolism, changes in the biliary and
vascular systems. In general, the process
may be in the nature of acute toxic dys-
trophy, toxic persistent hepatitis, and
hepatosis. In case of intoxication with
cardiotropic substances, morphological-
ly changes are mainly diffuse in nature.
Changes in the myocardium are more
often registered in the form of disorders
of lipid, carbohydrate, and protein me-
tabolism in the heart muscle, which are
found in eosinophilic, fuchsinophilic foci
of muscle fibers, myolysis, fine-grained
fatty degeneration, and coagulation ne-
crosis. With various intoxications in the
heart, there is fatty degeneration. An
increase in the number of histiocytes in
the stroma is often noted, but interstitial
myocarditis with cellular infiltrates is
rare, and its detection indicates a severe
degree of intoxication. It should be noted
that conducting microscopic examina-
tions of animals in a chronic toxicolog-
ical experiment has difficulties due to
the need to diagnose minimal structural,
structural and functional abnormalities in
the organs, as well as to determine their
severity (Kotsyumbas et al., 2006).
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Therefore, during preclinical studies
of the new drug, a detailed microscopic
study of the systems and organs in ex-
perimental animals enables studying the
pathogenesis of intoxication under the
influence of the test substance.

Purpose. The aim of the study was to
investigate microscopic changes in the
internal organs of white mice in the acute
and chronic experimental toxicosis with
iron (IV) clathrochelate.

Materials and methods
of research

The study of chronic toxicity of
iron (IV) clathrochelate Na2[Fe(L-
6H)]-2H20 (L — macrobicyclic hexa-
hydrazide ligand) was performed on
white mice weighing 19-25 g, formed
into three groups of 15 white mice each.
Mice of the 1st group (control) received
water; mice of the 2nd group — a solu-
tion of iron (IV) clathrochelate at the
rate of 125.8 mg/kg body weight (1/10
DL50 of the test compound); mice of
the 3rd group — a solution of iron (IV)
clathrochelate at a rate of 251.6 mg/kg
body weight (1/5 DL50 of the test com-
pound).

The animals were kept in the vivari-
um of the Faculty of Veterinary Medicine
of the National University of Life and
Environmental Sciences of Ukraine, with
a constant air temperature and humidity
in the premises. Feeding mice provided a
standard diet with constant access to wa-
ter/aqueous solution of iron (IV) clath-
rochelate. Before the experiment, lab-
oratory animals of all groups were kept
in the adaptation period of 10 days. No
deviations in the behavioral responses of
white mice in both the experimental and
control groups were observed.

All activities were carried out in ac-
cordance with the “General Ethical Prin-

ciples of Animal Experiments” (Ukraine,
2001) and in accordance with the provi-
sions of the European Convention for the
Protection of Vertebrate Animals used
for Experimental and other Scientific
Purposes (Strasburg: Council of Europe
18.03.1986).

During the study of the acute toxic-
ity of iron (IV) clathrochelate, the main
stages of pathomorphological research
were the following: white mice that died
after euthanasia (at the end of the exper-
iment) were dissected; the macroscopic
examination was performed; the organs
were excised; the pieces of internal or-
gans for histological examination were
weighed and fixed.

During the study of chronic toxicity
of iron (IV) clathrochelate, white mice
of experimental and control groups were
euthanized on days 10, 20, and 30 of the
experiment; the internal organs of white
mice of the 1st group (control), 2nd ex-
perimental group (1/10 DL50 of test
compound), and 3rd experimental group
(1/5 DL50 of test compound) were sub-
jected to histological examination.

Histological examinations were per-
formed in the laboratory of histology
of the Academician Volodymyr Kasya-
nenko Department of Animal Anatomy,
Histology and Pathomorphology of
Faculty of Veterinary Medicine, Nation-
al University of Life and Environmental
Sciences of Ukraine. From each group
of white mice in the established terms
of research, an autopsy of 5 animals
was carried out by a method of partial
evisceration (Zon et al., 2009). The
pieces of the liver, heart, kidneys, lungs,
spleen, and stomach were taken for his-
tological examination after pathological
autopsy. The selected pieces were fixed
in a 10% solution of neutral formalin,
dehydrated in ethanol of increasing
concentration, and poured into paraffin
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through chloroform. Sections 6 + 2 mm
thick were prepared using a sled micro-
tome and stained with Carazzi’s hema-
toxylin and eosin. Hydropic dystrophy
was differentiated from fatty dystrophy
by staining frozen histological sections
with Sudan III (Goralskyi et al., 2005).
The study of histopreparations and their
photography was performed using an
OLYMPUS CX41 microscope and an
OLYMPUS C-5050 camera.

Results of the research
and their discussion

Histological examination of the liver
in mice during acute experimental tox-
icosis with iron (IV) clathrochelate re-
vealed the fragmentation of a part of liv-
er plates and the granular dystrophy of
hepatocytes. In many hepatocytes, the
presence of fluid-filled vacuoles in the
cytoplasm was observed, these vacuoles
were not painted over in the response to
the detection of lipids, which indicated
the beginning of the development of hy-
dropic dystrophy (Fig. 1).

On the 20th day, an increase in hy-
dropic dystrophy was registered, and
part of the dystrophically altered he-
patocytes was destroyed (Fig. 2).

On the 30th day, complete disorgani-
zation of the structure of the liver lobes
was observed and all hepatocytes were
at different stages of destruction, or in a
state of necrosis (Fig. 3).

Histological studies of the liver of
white mice during chronic iron (IV)
clathrochelate poisoning at various dos-
es also revealed the microscopic chang-
es but they were not as pronounced as
in acute toxicity of iron (IV) clathroche-
late at any time in our studies.

In the liver of mice treated with
1/5 DL50 of iron (IV) clathrochelate,
granular dystrophy of hepatocytes was
registered on the 10th day and in some
liver cells — fluid-filled vacuoles in the
cytoplasm (hydropic dystrophy). How-
ever, fragmentation of the liver plates
and disorganization of the structure of
the liver lobes, as observed in acute poi-
soning, were not observed (Fig. 4).

On the 20th day, the progression of

Fig. 1. The liver of a mouse during
acute experimental toxicosis with iron
(IV) clathrochelate on the 10th day:
1 — fragmentation of the liver plate;
2 — granular dystrophy of hepatocytes;
3 — fluid-filled vacuoles in the
cytoplasm of the hepatocyte. Carazzi’s
hematoxylin and eosin, x40

Fig. 2. The liver of a mouse during
acute experimental toxicosis with iron
(IV) clathrochelate on the 20th day:
1 — fragmentation of the liver plate;
2 — granular dystrophy of
hepatocytes; 3 — fluid-filled vacuoles
in the cytoplasm of the hepatocyte;
4 — destruction of the hepatocyte.
Carazzi’s hematoxylin and eosin, x4
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hydropic dystrophy in hepatocytes was
detected (Fig. 5), which in some liver
cells led to a complete lysis of the cyto-
plasm (Fig. 6).

On the 30th day, the number of
hepatocytes in the state of hydropic
dystrophy markedly increased but the
fragmentation of liver plates and disor-
ganization of the structure of liver lobes,
as on day 10, was not detected (Fig. 7).

In the liver of mice treated with 1/10
DL50 of iron (IV) clathrochelate, gran-
ular dystrophy of hepatocytes and signs
of hydropic dystrophy in some liver
cells were registered on the 10th day, as
well as with the use of iron (IV) clathro-
chelate at a dose of 1/5 DL50. However,
the number of liver cells with signs of
hydropic dystrophy was significantly
lower (Fig. 8).

Fig. 3. The liver of a mouse during
acute experimental toxicosis with
iron (IV) clathrochelate on the 30th
day: 1 — complete disorganization
of the structure of the liver lobe; 2 —
destruction of hepatocytes; 3 — necrosis
of hepatocytes. Carazzi’s hematoxylin
and eosin, x40

Fig. 4. The liver of a mouse during
chronic experimental toxicosis with
clathrochelate iron (IV) (1/5 DL50 of
the test compound) on the 10th day:
1 — granular dystrophy of hepatocytes;
2 — fluid-filled vacuoles in the
cytoplasm of the hepatocyte. Carazzi’s
hematoxylin and eosin, x40

Fig. 5. The liver of a mouse during
chronic experimental toxicosis with
iron (IV) clathrochelate (1/5 DL50 of
the test compound) on the 20th day:
1 — granular hepatocyte dystrophy;
2 — hydropic hepatocyte dystrophy.
Carazzi’s hematoxylin and eosin, x10

Fig. 6. The liver of a mouse during
chronic experimental toxicosis with
iron (IV) clathrochelate (1/5 DL50 of
the test compound) on the 20th day:
1 — granular hepatocyte dystrophy;
2 — hydropic hepatocyte dystrophy.
Carazzi’s hematoxylin and eosin, x40
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On the 20th day, the number of cells
with hydropic dystrophy increased slight-
ly and on the 30th day, a small number of
hepatocytes with complete lysis of the
cytoplasm was detected (Fig. 9).

Thus, in the liver of mice treated with
iron (IV) clathrochelate at a dose of 1/10
DL50 during chronic intoxication, the
microscopic changes were similar to the
microscopic changes in the liver of mice
treated with the test drug at a dose of 1/5

DL50. However, the severity of these
changes was lower, reflecting a lower
degree of organ damage.

Histological examination of the kid-
neys of mice during acute experimental
toxicosis with iron (IV) clathrochelate on
the 10th day revealed granular dystrophy
of the epithelial cells of the convoluted
and straight tubules. In some tubules, the
centers of the destruction of epithelio-
cytes were registered (Fig. 10).

Fig. 7. The liver of a mouse during
chronic experimental toxicosis with
iron (IV) clathrochelate (1/5 DL50 of
the test compound) on the 30th day:
1 — hepatic plate; 2 —hydropic
hepatocyte dystrophy. Carazzi’s
hematoxylin and eosin, X10

Fig. 8. The liver of a mouse during
chronic experimental toxicosis with
iron (IV) clathrochelate (1/10 DLS50 of
test compound) on the 10th day:

1 — granular dystrophy of hepatocytes;
2 — fluid-filled vacuoles in the
cytoplasm of the hepatocyte. Carazzi’s
hematoxylin and eosin, x40

Fig. 9. The liver of a mouse during
chronic experimental toxicosis with
clathrochelate iron (IV) (1/10 DL50 of
the test compound) on the 30th day:
1 — granular dystrophy of hepatocytes;
2 — hydropic hepatocyte dystrophy.
Carazzi’s hematoxylin and eosin, x40

Fig. 10. The kidney of a mouse during
acute experimental toxicosis with iron
(IV) clathrochelate on the 10th day: 1
— granular dystrophy of the epithelium
of the tortuous tubule; 2 — destruction
of epithelial cells of the tortuous tubule.
Carazzi’s hematoxylin and eosin, x40
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On the 20th day, in addition to dys-
trophic changes and destruction of the
epithelial cells of the renal tubules, se-
rous extracapillary glomerulonephritis
appeared (Fig. 11), and on the 30th day,
necrosis of their epithelium was al-
ready registered in the tortuous tubules
(Fig. 12).

Such microscopic changes indicated
the rapid progression of significant renal
damage in acute experimental toxicosis
with iron (IV) clathrochelate.

Histological examinations of the kid-
neys of mice during chronic poisoning
with iron (IV) clathrochelate at various
doses also revealed microscopic changes
but they were not as pronounced as with
acute iron (IV) clathrochelate poisoning
in any of the terms of research.

In the kidneys of mice treated with
iron (IV) clathrochelate at a dose of 1/5
DL50 on the 10th day, as in acute poi-
soning, granular dystrophy of epithelial
cells of tortuous and straight tubules
was registered and the areas of epi-
theliocyte destruction were observed
(Fig. 13).

On the 20th day, there was a se-
rous extracapillary glomerulonephritis
(Fig. 14).

However, later the nature of mi-
croscopic changes during chronic iron
(IV) clathrochelate poisoning at a dose
of 1/5 DL50 did not differ from that in
acute poisoning. Necrosis of epithelial
cells of the renal tubules did not develop
(Fig. 15).

In the kidneys of mice treated with
iron (IV) clathrochelate at a dose of 1/10
DL50, from days 10 to 30, only granu-
lar dystrophy and destruction of tubular
epithelial cells were found (Fig. 16, 17).

Thus, during chronic poisoning in the
kidneys of mice treated with iron (IV)
clathrochelate at a dose of 1/10 DL50,
the microscopic changes were similar to
the microscopic changes in the kidneys
of mice treated with iron (IV) clathro-
chelate at a dose of 1/5 DL50. However,
the severity of these changes was less, re-
flecting a lower degree of organ damage.

Histological examinations of the
heart of mice during acute experimental
toxicosis with iron (IV) clathrochelate

Fig. 11. The kidney of a mouse during
acute experimental toxicosis with iron
(IV) clathrochelate on the 20th day:

1 — serous extracapillary glomerulitis; 2
— granular dystrophy of the epithelium
of the tortuous tubule; 3 — destruction
of epithelial cells of the tortuous tubule.
Carazzi’s hematoxylin and eosin, 20

Fig. 12. The kidney of a mouse during
acute experimental toxicosis with
iron (IV) clathrochelate on the 30th
day: necrosis of epithelial cells of
the convoluted tubule (shown by the
arrow). Carazzi’s hematoxylin and
eosin, x20
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chronic experimental toxicosis with iron
(IV) clathrochelate (1/5 DL50 of the test
compound) on the 20th day: 1 — serous
extracapillary glomerulitis;
2 — granular dystrophy of the
epithelium of the tortuous tubule;
3 — destruction of epithelial cells of the
tortuous tubule. Carazzi’s hematoxylin
and eosin, x20

Fig. 13.T
chronic experimental toxicosis with iron
(IV) clathrochelate (1/5 DL50 of the test
compound) on the 10th day:

1 — granular dystrophy of the epithe-
lium of the tortuous tubule; 2 — destruc-
tion of the epithelium of the tortuous
tubule. Carazzi’s hematoxylin and
eosin, x10

Fig. 15. The kidney of a mouse during Fig. 16. The kidney of a mouse during

chronic experimental toxicosis with chronic experimental toxicosis with
iron (IV) clathrochelate (1/5 DL50 of iron (IV) clathrochelate (1/10 DL50 of
the test compound) on the 30th day: 1 - the test compound) on the 10th day: 1
granular dystrophy of the epithelium of = — granular dystrophy of the epithelium
the convoluted tubule; 2 — destruction of the tortuous tubule; 2 — destruction
of epithelial cells of the tortuous tubule.  of epithelial cells of the tortuous tubule.
Carazzi’s hematoxylin and eosin, x10 Carazzi’s hematoxylin and eosin, x40

revealed myocardial edema on the 10th  Some of the dystrophically altered cells
day (Fig. 18). were destroyed (Fig. 19, 20).

On the 20th day, in addition to myo- On the 30th day, the presence of fair-
cardial edema, granular dystrophy of ly large areas of myocardial necrosis was
myocardial cells was detected, and in  also found (Fig. 21).
part of the bundles of heart muscle fibers In the epicardium and endocardi-
— granular decay of their sarcoplasm. um, we did not detect any microscopic
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Fig. 17. The kidney of a mouse during
chronic experimental toxicosis with
iron (IV) clathrochelate (1/10 DL50 of
the test compound) on the 30th day: 1
— granular dystrophy of the epithelium
of the tortuous tubule; 2 — destruction
of epithelial cells of the tortuous tubule.
Carazzi’s hematoxylin and eosin, x40

Fig. 19. The heart of a mouse during
acute experimental toxicosis with iron
(IV) clathrochelate on the 20th day:
1 — granular myocardial dystrophy;
2 — destruction of muscle fiber.
Carazzi’s hematoxylin and eosin, x40

changes during acute experimental toxi-
cosis with iron (IV) clathrochelate in any
of our studies.

Histological examinations of mice
hearts during chronic toxicosis caused by
iron (IV) clathrochelate at various doses
also revealed microscopic changes but
they were not as pronounced as during
acute poisoning with iron (IV) clathro-
chelate in our studies. In the myocardium
of mice treated with iron (IV) clathroche-

Fig. 18. The heart of a mouse during
acute experimental toxicity of iron
(IV) clathrochelate on the 10th day:
edema between bundles of muscle
fibers (shown by arrow). Carazzi’s
hematoxylin and eosin, x10

Fig. 20. The heart of mouse during
acute experimental toxicosis with iron
(IV) clathrochelate on the 20th day:
granular disintegration of muscle fiber
sarcoplasm (shown by arrow). Carazzi’s
hematoxylin and eosin, x40

late at a dose of 1/5 DL50 on the 10th
day, as in acute poisoning, edema was
registered (Fig. 22).

On the 20th day, granular dystrophy
of myocardial cells and destruction of
some dystrophically altered cells were
registered (Fig. 23), and on the 30th day,
granular decay of sarcoplasm of muscle
fibers was observed (Fig. 24).

On the 10th day, the myocardial ede-
ma was detected in mice treated with
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Fig. 21. The heart of a mouse during
acute experimental toxicosis with iron
(IV) clathrochelate on the 30th day:

1 — muscle fiber; 2 — necrosis of muscle
fiber. Carazzi’s hematoxylin and eosin,
x40

Fig. 22. The heart of a mouse during
chronic experimental toxicosis with
iron (IV) clathrochelate (1/5 DL50
of test compound) on the 10th day:
edema (shown by arrow). Carazzi’s
hematoxylin and eosin, x10

Fig. 23. The heart of a mouse during
chronic experimental toxicosis with iron
(IV) clathrochelate (1/5 DLS0 of the test

compound) on the 20th day:
1 — granular dystrophy of muscle
fibers; 2 — destruction of muscle fibers.

Carazzi’s hematoxylin and eosin, x40

iron (IV) clathrochelate at a dose of 1/10
DL50, and on the 20th day — also granular
dystrophy of myocardial cells (Fig. 25),
and on the 30th day — the destruction of a
part of the dystrophic altered heart mus-
cle cells (Fig. 26).

As with acute poisoning, microscopic
changes in the epicardium and endocar-
dium during chronic intoxication were
not found by us in any of the cases.

Thus, microscopic changes in the

Fig. 24. The heart of a mouse during
chronic experimental toxicosis with
iron (IV) clathrochelate (1/5 DL,
of test compound) on the 30th day:
granular disintegration of muscle fiber
sarcoplasm (shown by arrow). Carazzi’s
hematoxylin and eosin, x40

myocardium of mice treated with iron
(IV) clathrochelate at doses of 1/5 and
1/10 DL50 during chronic intoxication
were similar to microscopic changes in
the myocardium of a mouse during acute
poisoning with iron (IV) clathrochelate.
However, the severity of these changes
was lower, reflecting a lower degree of
organ damage, and depended on the dose
of iron (IV) clathrochelate that mice re-
ceived. In the stomach, intestines, and
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lungs, microscopic changes during both
acute and chronic poisoning with iron
(IV) clathrochelate were not detected in
any of the cases (Fig. 27, 28).

In the spleen of all studied mice, the
lymphoid nodules were small, fairly
dense arrangement of lymphocytes, fuzzy
borders, and did not contain light centers
(Fig. 29), which indicated the absence of
sufficiently strong antigenic stimulation.

This confirms that the animals in our

Fig. 25. The heart of a mouse during
chronic experimental toxicosis with
iron (IV) clathrochelate (1/10 DL50 of
the test compound) on the 20th day:

1 — edema; 2 — granular dystrophy of
myocardial cells. Carazzi’s hematoxylin
and eosin, x20

Fig. 27. The stomach of a mouse during
acute experimental toxicosis with iron
(IV) clathrochelate: 1 — gastric dimples;
2 — submucosal basis; 3 — muscular
membrane. Carazzi’s hematoxylin and
eosin, X10

studies were free of infectious agents. In
addition, the red pulp had a microscopic
structure characteristic of infectious dis-
eases in mice (Fig. 30).

Therefore, the described changes in-
dicated a violation of metabolic processes
in the body of white mice. They are con-
firmed by previously obtained research
results (Dukhnisky et al., 2019; 2020).
Thus, the analysis of the coefficients of
mass of the internal organs of white mice

Fig. 26. The heart of a mouse during
chronic experimental toxicosis with
iron (IV) clathrochelate (1/10 DL, of
the test compound) on the 30th day:
1 — granular myocardial dystrophy;
2 — destruction of myocardial cells.
Carazzi’s hematoxylin and eosin, x40

acute experimental toxicosis with
iron (IV) clathrochelate: 1 — lumen of
the alveoli; 2 — the wall of the alveoli.
Carazzi’s hematoxylin and eosin, x40
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Fig. 29. The spleen of a mouse during
acute experimental toxicosis with
iron (IV) clathrochelate: 1 — red pulp;
2 — lymphoid nodule (white pulp).
Carazzi’s hematoxylin and eosin, x10

on the 10th day shows an increase in the
masses of all studied organs in animals
of experimental groups. Moreover, under
the influence of iron (IV) clathrochelate
at a dose of 251.6 mg/kg body weight
(3rd experimental group), these chang-
es were more pronounced than under its
influence at a dose of 125.8 mg/kg body
weight. On the 20th day, only the de-
crease in the relative ratio of the weight
of the liver by 6% and spleen by 30%
(P < 0.05) was found in animals of the
3rd experimental group compared with
animals in the control group. The indi-
cators of relative coefficients of internal
organs in mice of experimental groups
on the 30th day tended to decrease com-
pared with those of animals in the control
group. The relative ratio of the weight
of the liver was lower by 5% in mice of
the 2nd experimental group (a dose of
125.8 mg/kg body weight) and by 13%
in mice of the 3rd experimental group
(a dose of 251.6 mg/kg body weight).
The relative ratio of the mass of the heart
was lower by 29% (P < 0.001) in mice
of the 2nd experimental group and by
43% (P < 0.001) in mice of the 3rd ex-
perimental group compared with animals

Fig. 30. The spleen of a mouse during
acute experimental toxicosis with iron
(IV) clathrochelate: 1 — trabeculae;

2 —lymphocyte; 3 — erythrocyte;

4 — macrophage. Carazzi’s hematoxylin
and eosin, x40

in the control group. The relative ratio of
the mass of the kidney decreased sharply
on the 30th day and was lower by 5% in
mice of the 2nd experimental group and
by 11% in mice of the 3rd experimental
group compared with animals in the con-
trol group. The relative coefficient of the
mass of the spleen was lower by 17% in
mice of the 2nd experimental group and
by 25% in mice of the 3rd experimental
group. The described data indicate an ex-
cessive load ofiron (IV) clathrochelate on
these organs in white mice. Our previous
results of the study of serum biochemical
parameters in white mice showed that the
greatest changes were in the metabolism
of proteins and non-protein compounds
of nitrogen, enzyme activity, glucose,
and inorganic phosphorus.

Our data are confirmed by the results
of studies by other researchers. Thus, the
nanoparticles of iron (II) accumulate in
target organs (heart, liver, and kidneys)
during prolonged administration to the
abdominal cavity and cause a wide range
of structural and functional changes,
which indicate their cardio-vasotoxic,
hepatotoxic, and nephrotoxic effects. It
was found that prolonged introduction of
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these particles into the abdominal cavity
of rats is accompanied by the accumula-
tion of small crystalline inclusions in the
cytoplasm of cardiomyocytes, hepato-
cytes, and nephrothelial cells. This indi-
cates the accumulation of the nanoparti-
cles of iron (II) in target organs, which
leads to dystrophic and necrobiotic pro-
cesses in cells and determines the effect
of toxic action (Luhovskyi et al., 2019).

Since our studies were conducted for
the purpose of preclinical studies of an-
tianemic drugs with the active substance
clathrochelate iron (IV), our attention
was paid to the microscopic studies of the
internal organs of animals using drugs of
iron and to the microscopic changes in the
body of animals suffering from the iron
deficiency anemia. Antipov & Zharov
(2013) established that alternative and
compensatory processes develop in pa-
renchymal and immunocompetent organs
of animals suffering from iron deficien-
cy anemia. The lesions of the liver have
certain topical features that reflect the
structural and functional heterogeneity of
this organ. The most pronounced patho-
morphological changes were observed in
centrilobular hepatocytes, which were in
a state of protein, fatty, and carbohydrate
degeneration. Protein dystrophy develops
in the epithelium of the kidney tubules.
Alterative processes in the kidney tubules
are accompanied by apical destruction
and desquamation of nephrocytes. The
results of studies of parenchymal organs
indicate the initial processes of the forma-
tion of fibrosis with the possible develop-
ment of renal and hepatic failure.

In the research of Chetverikova et al.
(2006), the morphological studies of in-
ternal organs fully confirmed the lack of
iron preserved in the body and the asso-
ciated hypoxic and dystrophic phenom-
ena. The liver had a pale color, hemo-
siderin was present in the form of traces

diffusely, sometimes in the region of the
vessels, in some sections, there were ar-
eas of necrosis of hepatocytes, the phe-
nomena of protein and fatty degeneration
were observed.

Conclusions and future
perspectives

The severity of microscopic changes
in the organs of white mice correlates
with the dose of iron (IV) clathrochelate
received by the animals. The histologi-
cal changes in the liver of mice during
acute experimental toxicosis with iron
(IV) clathrochelate were characterized
by fragmentation of a part of the liver
plates, granular dystrophy of hepato-
cytes, and the presence of fluid-filled
vacuoles was observed in the cytoplasm
of many hepatocytes, and on the days 20
and 30, there was complete disorganiza-
tion of the structure of the liver lobes,
all hepatocytes were at different stages
of destruction, or in a state of necrosis.
During chronic poisoning with iron (IV)
clathrochelate, microscopic changes in
the myocardium of white mice were
similar to microscopic changes in the
myocardium of white mice during acute
poisoning with iron (IV) clathrochelate.
In the myocardium of mice treated with
1/10 DL50 of iron (IV) clathrochelate,
only edema was detected on the 10th
day, additional granular myocardial dys-
trophy on the 20th day, and destruction
of some dystrophically altered cardiac
cells on the 30th day. In the kidneys of
white mice from the 10th to 30th days,
we found granular dystrophy and de-
struction of tubular epithelial cells.

The future perspectives are the study
of microscopic changes in the organs of
laboratory animals of other species (white
mice and quails) during experimental toxi-
cosis with iron (IV) clathrochelate.
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AHomauyia. Knampoxenam ®epymy (IV) Ha ocHogi MaKpobiyuknidHo20 sicaHOy e2ekca-
2i0pa3udHo20 muny — yHIiKaAbHA CrosyKa, 00 cKAady AKoi exodume Pepym y pioKicHil eucokili
saseHmMHocmi IV. BoHa xapakmepu3yemsca 8UCOKOO cmabinbHiCMio 30 8UCOKUX memmepamyp
ma 3a pi3HUx 3HayeHb pH mowjo. [OoKniHIYHI Mma KniHiYHi 00CAiOHEeHHA 4bo20 KOMMAEKCY, AKi
po3snoyami enepuwie 8 YKpaiHi, Marome e8axauge meopemuyHe ma nNPAKMuUYHe 3HAYeHHA 07
PIi3HUX HaYK, 30Kpema 014 2as1y3i eemepuHapHoi MedUYUHU, OCKinbKU uyeli KoMmaeKc moxe bymu
pekomeHO08aHUll AK OitoYa peyosuHa y ghepyMyMicHUX AIKaPCbKUX 3acobax i3 npomuaHemidHO
dieto. Hamu 6yno docnidxeHo 2ocmpy ma XpoHiYHy moKcudyHicme ®epymy (V) ons binux muwed,
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binux wypie ma nepenenis. Knampoxenam ®epymy (1V) sionosidae Ill knacy Hebe3neyHocmi 32i0HO
3 KAacugikayiero ximiyHUX pe4osuH 3a cmyneHem HebesneyHocmi (FTOCT 12.1.007-76), ma IV
Knaacy i cmyneHro moKCU4HOCMIi «MAn0MOKCUYHI pe4o8UHU» 8i0no8iOHO 00 Kaacudikayii peyosuH
30 mMoKcu4Hicmio. BcmaHoeseHo, wWo cepedHAa cmepmesnbHa 003a Knampoxenamy ®epymy (1V)
014 6inux muwell 30 8HymMpiWHb020 88edeHHs cmaHoeums 1258,3 + 144,87 me/ke macu mina.
3a nposedeHHs OOKAIHIYHUX OCAiIOHEeHb HOBUX MIKAPCbKUX 3acobie saxcause micye 3alimarome
namomopgonozivyHi 0ocnioreHHs, AKi € HeobxiOHUM emarnom y eusyeHHi 6ionoziyHoi peakyil
Op2aHi3My MEapuH Ha Oito niKapcbKux 3acobie. BoHU darome 3Mo2y CKAAcmu moYHe YyABAeHHA
npo xapakmep i saxckicme nepebiey namonoziyHo2o npoyecy 3a Oii 00CniOHYBAHUX PEYOBUH,
wo cymmeso OO0MOBHIOE XAPAKMEPUCMUKY 3020sbHOI IHMOKCUKAUiT 3a eKkcriepumeHmasnsbHo20
MOKCUKO3Y. YCMaHOB/1eHO, WO 30 YyMO8 eKcrepuMeHmasbHoi iHMOKCUKayii Knampoxenamom
®epymy (IV) 8 opeaHisami binux muweli po38usardMbCA NAMOMORIYHI 3MiHU, AKI Kopenoomes i3
003010 00CIOHCYBAHOI CMOAYKU: YUM 8UWOH0 € 0030, MUM BinbW MAXKI BUHUKAIOMb YPAHEHHS.
3a xpoHiyHOT iIHMOKcuKayii y neviHyi ma HUpKax binux muwed, AKi o0epxcysanu Kaampogenam
Gepymy (IV) y do3i 1/10 DL50, mikpockoniyHi 3miHU 6yau modi6HUMU 00 MIKPOCKOMIYHUX 3MiH Y
neyiHyi ma HuUpKax muwed, AKi 00epxcysanu docnioxcysaHuli npenapam y 0o03i 1/5 DL50. lMpome
cmyniHb 8UPA3HOCMI YUX 3MiH 6Y/10 MEHWO0, WO 8i006PaMHAN0 HUXYUL cMYriHb MOWKOOMEHHSA
opaaHy. Y miokapdi muwed, ski odepxcyeanu kaampoxenam ®epymy (IV) y dosi 1/5 DL50, Ha
10 006y, AK i 3a 20cMPO20 OMPYEHHSA, peecmpysasca auwe Habpak. BuaeneHi 3amiHU 8Kasysasnu
Ha rnopyweHHs memabonidHux npouyecie opeaHiami binux muwel, wo nidmeepodryemoscs
pe3ynbmamamu  00CsiOHEeHb, OMPUMAHUMU HAMU paHiwe. [lepcriekmugoro nodanbuiux
00Cni0HcEeHb € BUBYEHHSA MIKPOCKOMIYHUX 3MiH 8 Op2aHax A1a60pamMopHUX MeapuH iHWux eudie 3a
eKCcrepumMeHmasnbHO20 MOKCUKO3y Knampoxenamom Pepymy (1V).

Knrovoei cnoea: 3ani30, namomopgponoziyHi  0ocniOHeHHs, neviHka, HUPKU, cepue,
MOKcu4Hicmeo
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