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Introduction
 Regenerative medicine is a pioneering field aimed at restoring 
and regenerating the function of damaged cells, organs and tissues in 
order to establish normal function. Toxicity issues are a major con-
cern and are important factors in the context of regenerative medi-
cine. Nanotechnology has been instrumental in the development and 
translation of basic research to the clinically relevant therapies. Safety 
is an issue of constant concern and emphasizes on the importance of 
investigating the issue of toxicity. Any indication of toxicity can ulti-
mately limit the therapeutic efficiency of the therapy. Toxicity is highly 
dependent on the physical, chemical and structural properties of the 
Magnetite Nanoparticles (MNPs) itself as well as dose and intended 
use. Few in vitro studies have reported adverse effects of MNPs on 
cells at in vitro in therapeutic doses. However, in vivo studies have not 
been studied [1].

 Recently, Fe3O4 Magnetite Nanoparticles (MNPs) have been 
widely used for biological applications, such as magnetic resonance 
imaging therapy [2], in hyperthermia tumor therapy [3], in drug de-
livery systems [4] and molecular detection of biomarkers in biological 
cells [5]. It is crucial to widely study the biological toxicity of MNPs 
to ensure their safety for biological and medical applications. In a lit-
erature, after 3 weeks of intravenous administration of MNPs (193 
nm), serum iron levels gradually increased for up to 1 week but levels 
slowly declined thereafter. Also, MNPs were localized in the liver and  

spleen parenchyma more than other tissues and cleared gradually af-
ter 3 weeks of treatment [6]. In another study, the biodistribution of 
intravenously injected MNPs (5 nm) showed 75% of injected dose was 
found in the spleen and liver at 15 min post injection. Moreover, 24% 
of the MNPs remain in liver after 48 hrs post injection [2]. Conse-
quently, as reported by Briley-Saebo et al., (2004) MNPs were distrib-
uted equally in both liver endothelial and Kuepfer cells but not liver 
parenchyma following intravenous injection in rats.

 After 2 days of intraperitoneal injection of MNPs (10 nm), the 
liver showed nuclei atrophy and vacuolar degeneration in hepatocytes. 
Contradictory, after intravenous injection, MNPs (193 nm) did not 
show any histological abnormalities in the liver after 7 days of treat-
ment [6,7]. The dose and size of injected MNPs can affect the cellular 
and tissue toxicity in vivo and in vitro. After 2 weeks of intravenous 
injection of higher dose of titanium dioxide NPs (40 nm), the liver 
showed hepatocyte degeneration, multifocal lesions, spotty necrosis 
of liver hepatocytes and portal lymphocyte infiltrations [8,9].

 In spite of the fact that application of magnetite of nanoparticles 
looks simple, it is not necessary to forget about a high danger of the 
origins of complications as a result of their intravessel injection. At 
least it is necessary to take into account such indexes as a concentra-
tion, doze, rate of entered solution of nanoparticles, time of allocation 
nanoparticles in blood circulation after injection. The enumerated 
parameters for reliable have influence on haemorreology and state of 
microcirculation on the whole. The high local concentration of mag-
netite in vessels is caused by disturbances of blood circulation, micro-
circulation and hypoxia of tissues [10,11]. It is dangerous in main vital 
organs: brain, heart, lungs, liver and kidneys. Direct cross correlation 
dependence between concentration of nanoparticles and level hypoxia 
is physiopathology obvious. Consequently, before injecting intravessel  
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Abstract
 In order to determine ultrastructural reconstructions in hepat-
ic cells under effect of magnetite, an experiment was conducted 
on 45 rabbits. In ear vein of the rabbit, from a calculation 6-8 ml/
kg, 0.0225% was injected magnetite nanoparticles (preparation of 
ICNB) for 24 hours before the investigation. Analysis of the state of 
submicroscopic architectonics of hepatic cells in rabbits after injec-
tion ICNB reveals a significant activation of metabolic intracellular 
processes in these organs. Ultrastructural organization of the liver 
testifies about intensification of synthetic intracellular processes, it 
being structurally manifested by enlargement of cisterns in the rough 
endoplasmic reticulum, an increased number of ribosomes, a mod-
erate hypertrophy of the laminar cytoplasmic Goldi’s complex. For 
the first time in the study was the evidence of the possibility of using 
intravenous forms of magnetite nanoparticles (preparation of ICNB) 
as an effective means of non specific activation of metabolic pro-
cesses in the liver at the ultrastructural level.
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magnetite of nanoparticles, it is necessary to have standardized water 
solution magnetite of nanoparticles with early studied and well proven 
noninvasive physical and chemical properties.

 Unfortunately, to date the advanced studies that would take into 
account it are absent. In the published advanced studies, we met not 
a single reference to the use of the early studied standardized nonin-
vasive forms magnetite of nanoparticles and methodologies of their 
application. Information about the mechanism of influence magnetite 
of nanoparticles on main biological systems of living organism in-
cluding respiratory, cardiovascular, secretory, immune systems, cellu-
lar exchange is absent. Also, we did not discover among the scientific 
publications of reliable dates about quantitative distribution magnetite 
of nanoparticles in organs and tissues after intravenous injection. In-
formation about a mechanism of eliminate magnetite of nanoparticles 
from an organism is absent.

 On the whole, aforesaid does not allow properly estimating the 
scientific and practicing significance early advanced studies which 
were published on theme to use magnetite of nanoparticles in medi-
cine. It was found in the choice of theme of the present investigation. 
The task was set in an experiment on animals to check possibility of 
the use of the before worked out and studied methodology of intrave-
nous injection of the standardized form water solution magnetite of 
nanoparticles (ICNB) [11-21]. The main purpose is to investigate the 
ultrastructural reconstructions in hepatic cells after single intravenous 
injection of standardized form water solution magnetite of nanoparti-
cles (preparation of ICNB).

Material and Methods of Research
 In order to determine ultrastructural reconstructions in hepatic 
cells under effect of magnetite, an experiment was conducted on 45 
rabbits. In ear vein of the rabbit, from a calculation 6-8 ml/kg, 0.0225% 
was injected ICNB for 24 hours before the investigation. Physical and 
chemical properties of ICNB (Figures 1 & 2; Tables 1 & 2):

•	 Osmolality theoretical of colloid solution is 500 mosm/l 

•	 0.0225% colloidal solution of magnetite nanoparticles

•	 Size of magnetite of nanoparticles is 6-12 nm

•	 Total area of surface magnetite of nanoparticles Ss = 800-1200 m2/g

•	 Magnetized of saturation is = 2.15 кА/m

•	 ζ - Potential = - 19 mV

 Pieces of hepatic tissue were put for preliminary fixation into a 
buffered (3-4%) solution of glutar aldehyde cooled down to +4°C for 
2-4 hours. After the preliminary fixation, the tissue was washed in 
several mixtures of the buffer at the same temperature and for final 
fixation it was put into 1% buffered solution of osmium tetraoxide for 
2-3 hours at the temperature of +4°C. After the end of fixation the 
pieces of the tissue were washed in the buffer solution, dehydrated in 
alcohols with rising concentrations and acetone and then embedded 
into a mixture of epoxy resins (epon-araldite) following conventional 
techniques. After polymerization in a thermostat at 60°C, the obtained 
blocks were used for making ultrathin sections by UMTP-6 ultrami-
crotom. These ultrathin sections were contrasted by lead citrate and 
uranyl acetate.

 The preparations were studied under EMB-100 BR electron mi-
croscope with accelerating voltage of 75 kilovolts. Magnification was 
selected to be adequate for purposes of the investigation and ranged 
within 15.000-45.000 times. Necessary areas of sections were photo-
graphed on photographic plates which served for subsequent taking 
of microphotographs. Electron microscopic preparations made out of 
organs of intact rabbits served as controls.

Result of Researches
 Ultrastructural changes in hepatocyte organelles manifested 
pronounced signs of activation of reparative intracellular process-
es. Hepatocyte nuclei held their rounded shape (Figure 3). Nuclear  

Phase Formula Spacegroup № CardDataBase 
ICDD

magnetitelow Fe2.886 O4

227 : Fd-3m, 
choice-2 10861339 (ICDD)

magnetitelow, 
syn Fe3O4

166 : R-3m, hex-
agonal 10716766 (ICDD)

Johannsenite CaMn +2 Si2O6

15 : C12/c1, 
unique-b,cell-1 380413 (ICDD)

Table 1: X-ray analysis of  ICNB in X-ray diffractometer RigakuUltima IV (CuKα, 
Kβ filter - Ni), one-coordinate DTeX semiconductor detector.

Phases (method of  corundum numbers) Content,%

magnetitelow 71

magnetitelow, syn (hexagonal) 29

Table 2: The phases of  ICNB (RIR - method; error 8± 3%).

Figure 1: Study of  magnetite nanoparticles (ICNB) with use microscope ion-elec-
tronic raster-type Quanta 200 3 D.

Figure 2: Study of  magnetite Nanoparticles (ICNB) with use microscope electronic 
translucent JEM-2100.
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membranes had well-defined contours. Chromatin, in the form of 
small clods, was evenly distributed throughout the section. Conden-
sation of chromatin on the nuclear membrane was observed only in 
single hepatocytes. Perinuclear space was not enlarged. Single ribo-
somes were found on the outer membrane of the nucleus.

 Mitochondria were evenly distributed in all parts of the cyto-
plasm of the hepatic cells (Figure 4).

 Mitochondrial matrix had a moderate electron density and a fine 
grain structure. Shape of the mitochondria varied from rounded to 
stick-like. Many cristae were revealed; they had a pronounced typi-
cal orientation. The outer membrane remained integral, without any 
foci of destruction. In single cells, there were mitochondria having the 
shape of dumb- bells and with septa. The rough endoplasmic reticu-
lum underwent the most characteristic reconstructions (Figure 5).

 In the majority of hepatocytes, their rough endoplasmic reticulum 
was an extensive network of membranes with numerous ribosomes 
localized on their surfaces. Cisterns of the endoplasmic reticulum 
were slightly enlarged and their shape resembled flattened vesicles. 
The substance which filled them was electron transparent. The smooth 
endoplasmic reticulum was well developed; its vacuoles were mostly 
localized in basal parts of the cytoplasm. It should be noted that there 
were great numbers of free ribosomes and granules of glycogen which 
were evenly distributed throughout the cytoplasm. The laminated cy-
toplasmic Golgi’s complex (Figure 6) was moderately hypertrophic; its 
membrane part consisted of parallel smooth membranes.

 Packs of these membranes were surrounded with a great num-
ber of large and small vesicles. Single vesicles were filled with a rough 
fibrous osmiophil substance. There was rather a great number of pri-
mary lysosomes in the area of localization of the laminar cytoplasmic 
Golgi’s complex, autophagosomes and small inclusions of lipids be-
ing observed in single cells. Bile capillaries were filled with prolonged 
crimped microvilli and were moderately dilated.

 Sinus capillaries and Disse’s spaces were dilated rather extensively. 
Disse’s spaces were filled with numerous microvilli. Changes in the 
ultrastructure of Kuepfer cells testified about their functional activity. 
Nuclei (Figure 7) of Kuepfer cells were of irregular shape with deep 
invaginations of the nuclear membrane.

 Nuclear matrix had a significant electron density. Karyolemma 
had no destructive changes. The cytoplasm of Kuepfer cells revealed 
single and slightly swollen mitochondria which contained a small 
number of cristae and single cisterns of the rough endoplasmic retic-
ulum. The cytoplasmic membrane did not undergo any changes and  

Figure 3: Ultrastructure of  hepatocytes in rabbits after injection of  nanoparticles 
ICNB х 39.000.

Figure 4: Ultrastructure of  hepatocytes in rabbits after injection of  nanoparticles 
ICNB х 30.000.

Figure 5: Ultrastructure of  hepatocytes in rabbits after injection of  nanoparticles 
ICNB х 42.000.

Figure 6: Ultrastructure of  hepatocytes in rabbits after injection of  nanoparticles 
ICNB х 40.000.

Figure 7: Ultrastructure of  hepatocytes in rabbits after injection of  nanoparticles 
ICNB х 39.000.
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held its well-defined bilaminated structure. It should be noted that 
there was a great number of small electron-transparent micropino-
cyticvesicles.

Conclusion
 Analysis of the state of submicroscopic architectonics of hepat-
ic cells in rabbits after Injection Of Magnetite Nanoparticles (ICNB) 
reveals a significant activation of metabolic intracellular processes in 
liver. Ultrastructural organization of the liver testifies about intensifi-
cation of synthetic intracellular processes, it being structurally mani-
fested by enlargement of cisterns in the rough endoplasmic reticulum, 
an increased number of ribosomes and a moderate hypertrophy of 
the laminar cytoplasmic Golgi’s complex. Activation of reparative in-
tracellular processes is another aspect of these reconstructions. It is 
confirmed by a revealed hyperplasia of the rough endoplasmic retic-
ulum, this hyperplasia testifying about intensive processes of self-re-
newal in submicroscopic structures. Presence of mitochondria having 
the shape of dumb bells and with constrictions in the cytoplasm of 
hepatic cells enables a statement that a process of an intensive increase 
in the number of these organelles tares place.

 Availability of a great number of mitochondria with unchanged 
structure and numerous cristae in the cytoplasm of hepatocytes indi-
cated a high activity of redox processes and those of oxidative phos-
phorylation which satisfy needs of synthetic intracellular reactions 
taking place on the level of membranes and macromolecules.

 Submicroscopic structure of endotheliocytes in sinus capillaries 
indicates activation of processes of transcellular transportation of sub-
stances and electrolytes by endocytosis, it being confirmed by pres-
ence of numerous micropinocytic vesicles in the cytoplasm of these 
cells.

 Thus, for the first time in the study was the evidence of the possi-
bility of using intravenous forms of magnetite nanoparticles (prepara-
tion of ICNB) as an effective means of non specific activation of met-
abolic processes in the liver at the ultrastructural level.
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