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A b s t r a c t  
 

The tissue drug aminoseleton, designed at the All-Russian Veterinary Research Institute of 
Pathology, Pharmacology and Therapy, was obtained from the spleen of cattle by cryogenic fraction-
ation. Adaptogenic, membrane stabilizing, stress-protective, antioxidant and immunomodulatory prop-
erties of aminoseleton have been already shown. In this work, the anticlastogenic effect of the tissue 
drug aminoseleton on the bone marrow cells of mice exposed to the experimental mutagen was revealed 
for the first time. In addition, the preservation of cytogenetic stability and mitotic activity in bone 
marrow cells of healthy animals was shown when using the study drug. The objective of this work was 
to assess the effect of aminoseleton on the cytogenetic stability of bone marrow cells in healthy mice 
and mice exposed to the experimental mutagen, as well as to identify the antimutagenic properties of 
the drug in relation to the genotoxic effect of cyclophosphamide (CP) using a micronucleus test. The 
experiments were carried out on outbred white mice (Mus albus officinarum), which were divided into 
six groups subjected to the following treatments: i) intramuscular administration of sterile isotonic 
sodium chloride solution in a volume of 0.2 ml (negative control, n = 12); ii) intraperitoneal injection 
of 0.2 ml of CP (Baxter Oncology GmbH, Germany) at a dose of 20.0 mg/kg of body weight (positive 
control, n = 12); iii) intramuscular single injection of 0.2 ml of aminoseleton at a therapeutic dose of 
0.5 ml/kg (n = 12); iv) intramuscular single injection of 0.2 ml of aminoseleton at a tenfold therapeutic 
dose of 5.0 ml/kg (n = 12); v) intramuscular single injection of 0.2 ml of aminoseleton at a dose of 
0.5 ml/kg with intraperitoneal injection of 0.2 ml of CP at a dose of 20.0 mg/kg in 72 h (n = 6); vi) 
intramuscular fivefold injection of 0.2 ml of aminoseleton at a dose of 0.5 ml/kg with 24 h intervals 
and intraperitoneal administration of CP is similar to animals of other groups 72 h after the fifth 
injection (n = 6). To determine the amount of chromosomal aberrations in the bone marrow, 2.5 h 
before euthanasia, mice were injected intraperitoneally with 0.025 % colchicine (PanEco, Russia). 
Bone marrow cells were washed out of the femurs using Hanks’ buffer solution (pH 7.4), the cell 
suspension was incubated in 0.075 molar hypotonic KCl solution, then the cells were fixed with 
acetoalcohol cooled to 4 °C and stained by Romanowsky-Giemsa procedure. The mitotic index (MI) 
was assessed by the number of dividing cells per 1000 bone marrow cells. The number of cells with 
chromosomal aberrations was counted in 100 metaphase plates per animal. Single and paired frag-
ments, exchanges and achromatic gaps, as well as cells with multiple pathologies were counted. To 
study the frequency of micronuclei (micronucleus test) of polychromatophilic erythrocytes (PCE), the 
obtained bone marrow cells were added to 1 % albumin solution in Hanks’ buffer solution (pH 7.4) 
and applied to glass slides, then the samples were dried, fixed with methanol and stained by Ro-
manowsky-Giemsa protocol. The frequency of micronuclei per 1000 PCE was determined; a total of 
2000 PCE per animal was studied. The proportion of PCE per 500 normochromic erythrocytes (NE) 
and PCE was also calculated. The frequency of chromosomal aberrations and micronuclei when ad-
ministering the drug at the studied doses did not statistically significantly differ from that in animals 
of their negative control group that was 1.0±0.40 and 0.2±0.06 %, respectively. The administration of 
aminoseleton also had no effect on the mitotic index of bone marrow cells in experimental animals. 
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The course administration of aminoseleton reduced the clastogenic effect of cyclophosphamide, as-
sessed by the number of micronuclei in polychromatophilic erythrocytes of the bone marrow, from 
2.3±0.21 % in mice from the positive control group to 1.0±0.40 % in animals after a course of ami-
noseleton injections. Thus, the clastogenic activity of cyclophosphamide decreased by 51.3 % that was 
probably due to the correction of the prooxidant-antioxidant system of the animal body with the 
studied drug. A decrease in the number of micronuclei induced by cyclophosphamide in polychroma-
tophilic erythrocytes of the bone marrow indicates the presence of an anticlastogenic potential in 
aminoseleton. 

 

Keywords: aminoseleton, cyclophosphamide, mutagenicity, anticlastogenic properties, mi-
cronuclei, chromosomal aberrations, bone marrow, white mice, polychromatophilic erythrocytes 

 

Reducing the negative impact of stress factors on the animal body through 
the use of adaptogen preparations is one of the areas of research in veterinary 
medicine [1]. Among the drugs of this class, a group of drugs can be distinguished 
that contain extracts of animal organs and tissues as part of the extract. Since the 
spleen serves as a source of a significant amount of cytokines of various types, it 
became the basis for several Russian and foreign organic preparations [2]. For 
many of them, immunomodulatory and adaptogenic properties have been shown 
[3, 4]. However, the species and age parameters of the animals from which the 
organs were obtained, as well as the technological features of the processing of 
raw materials during the production of the drug, can to some extent change the 
final chemical composition of the drug and, therefore, affect its biological activity 
and therapeutic efficacy [4]. 

At the All-Russian Veterinary Research Institute of Pathology, Pharma-
cology and Therapy, a new tissue drug aminoseleton was developed, obtained by 
cryogenic fractionation of the spleen of cattle. Previously, the adaptogenic, stress-
protective, antioxidant, and immunomodulatory properties of aminoseleton were 
shown [5, 6].  

Assessment of the genotoxic properties of new drugs is one of the manda-
tory stages of preclinical studies in their development [7]. Chemical mutagens are 
widespread in the environment and can cause hereditary and congenital diseases, 
carcinogenesis, aging, and mitochondrial diseases [8, 9]. The mutagenic and car-
cinogenic effects of various genotoxic substances also include the formation of free 
radicals that overload the endogenous antioxidant defense systems that inhibit ox-
idative stress, one of the causes of DNA damage. In general, all antioxidant agents 
can be considered as potential inhibitors of mutagenesis and carcinogenesis [10]. 

Potentially, anti-mutagenic substances include preparations of plant or an-
imal origin, the use of which is associated with their lower toxicity, the affinity of 
biologically active substances that make up the drugs and are present in the body 
of animals, and their availability from an economic point of view. However, the 
effect of natural remedies on the hereditary apparatus of cells has not been suffi-
ciently studied. The accumulation of data on the assessment of the clastogenic and 
antimutagenic properties of drugs used in veterinary practice is of scientific interest 
and of great practical importance. According to the authors’ data, aminoseleton 
induced a decrease in the amount of malondialdehyde and nitric oxide metabolites, 
as well as an increase in the total antioxidant activity of the blood serum of animals. 
The drug modulated the enzymatic and non-enzymatic links of the antioxidant 
defense, for example, increased the activity of glutathione peroxidase and catalase, 
the concentration of vitamins A and E [11]. In this regard, it is advisable to eval-
uate not only the safety of aminoseleton but also its potential antimutagenic prop-
erties in a model of cyclophosphamide-induced (CP-induced) mutagenic action 
in mouse bone marrow cells [7]. CP is an alkylating drug used in oncology. This 
substance is activated by cytochrome P-450 in the liver, forming nitrogen mustard, 
which through a chain of reactions has an alkylating effect on DNA and causes 
the formation of cross-links between DNA strands at the guanine nitrogenous base, 
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which can cause mutations and cell death [12]. 
In the present work, the anticlastogenic effect of a tissue drug ami-

noseleton on the bone marrow cells of mice exposed to an experimental mutagen 
was revealed for the first time. In addition, the preservation of cytogenetic stability 
and mitotic activity in bone marrow cells of healthy animals was shown when 
using the study drug. 

The aim of this work is to assess the effect of aminoseleton on the cyto-
genetic stability of bone marrow cells in healthy and exposed mice, as well as to 
identify the antimutagenic properties of the drug in relation to the genotoxic effect 
of cyclophosphamide using a micronucleus test. 

Materials and methods. The experiments were carried out on outbred white 
mice (Mus albus officinarum) (n = 60 divided into six groups) according to the 
guidelines for preclinical trials of drugs [7]. The experimental animals were kept 
under standard vivarium conditions (air temperature 18-23 °C, relative humidity 
45-60%). Access to water and feed was free. Experimental manipulations were 
carried out in accordance with the provisions of the European Convention for the 
Protection of Vertebrate Animals used for Experimental or other Scientific Pur-
poses (Strasbourg, 1986, reaffirmed in 2006). Aminoseleton was obtained by cry-
ofractionation in the form of a liquid suspension.  

Group I (negative control, n = 12) was single administered intramuscularly 
with 0.2 ml sterile isotonic sodium chloride solution, Group II (positive control, 
n = 12) was single injected intraperitoneally with 0.2 ml CF (Baxter Oncology 
GmbH, Germany) at a dose of 20.0 mg/kg of body weight [15]. Group III (n = 12) 
was single injected intramuscularly with 0.2 ml aminoseleton at 0.5 ml/kg (a ther-
apeutic dose). Group IV (n = 12) was single injected intramuscularly with 0.2 ml 
aminoseleton at 5.0 ml/kg (a 10-fold therapeutic dose). Group V (n = 6) was 
single injected intramuscularly with of 0.2 ml aminoseleton (0.5 ml/kg) followed 
with intraperitoneal injection of 0.2 ml CP (20.0 mg/kg) in 72 hours. Group VI 
(n = 6) was injected intramuscularly with 0.2 ml aminoseleton (0.5 ml/kg), five 
times with a 24-hour intervals, followed by intraperitoneal injection of 0.2 ml 
CP (20.0 mg/kg) in 72 hours after the fifth injection of aminoseleton. 

To determine the amount of chromosomal aberrations in the bone marrow, 
2.5 hours before euthanasia, mice were injected intraperitoneally with 0.025% col-
chicine (PanEco, Russia). Then, bone marrow cells were washed out of the femurs 
using Hanks buffer solution (pH 7.4) with a 5 ml syringe, the cell suspension was 
incubated in 0.075 molar hypotonic KCl solution (25 min at 37 °C), then the cells 
were fixed using cooled to 4 °C acetoalcohol (methanol: acetic acid – 3: 1) and 
stained according to Romanovsky-Giemsa. The mitotic index (MI) was assessed 
by the number of dividing cells per 1000 bone marrow cells in the studied samples. 
The number of cells with chromosomal aberrations in 100 metaphase plates was 
counted for each animal [7, 14]. The samples were examined at a magnification 
of ½800 and ½1000 using a Bioskop-1 microscope (LOMO-Microanalysis LLC, 
Russia). Single and paired fragments, interchanges and achromatic gaps, as well 
as cells with multiple pathologies were taken into account [7]. Six animals from 
each group were examined, except for Groups V and VI. 

To determine the frequency of micronuclei (micronucleus test) of poly-
chromatophilic erythrocytes (PCEs) [15], the obtained bone marrow cells were 
added to a 1% albumin solution in Hanks buffer solution (pH 7.4) [16] and applied 
to glass slides, then the preparations were dried and fixed with methanol and 
stained according to Romanovsky-Giemsa [15]. Bone marrow preparations were 
examined at ½800 and ½1000 magnifications. The frequency of micronuclei was 
set at 1000 PCE; a total of 2000 PCE per animal was studied. The proportion of 
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PCE per 500 normochromic erythrocytes (NE) and PCE was also taken into ac-
count [7]. The study was carried out on 6 animals from each group. 

Statistical processing of the obtained results was carried out in the STA-
DIA 8.0 program (NGO Informatika and Computers, Russia). Mean values (M) 
and standard errors of means (± SEM) were calculated. The nonparametric van 
der Waerden test was used. Differences were considered statistically significant at 
p≤0.05. 

Results. The metaphase plates of the bone marrow cells of the mice of the 
studied groups were analyzed (Table 1).  

1. Frequency of chromosomal aberrations in bone marrow cells in outbred white mice 
(Mus albus officinarum) exposed to various doses of aminoseleton (n = 12, 
M±SEM) 

Group 
Number  
of meta-
phases 

Number of abnormalities per 100 examined cells, % Total number of 
cells with abnor-
malities, % 

gaps 
single frag-
ments 

paired frag-
ments 

interchanges MP 

I 600 0.5±0.37 0.2±0.18 0 0.2±0.18 0.2±0.18 1.0±0.40 
II 600 0.5±0.24 12.7±0.92* 2.8±0.34* 2.0±0.49* 0.3±0.23 11.2±0.52* 
III 600 0.7±0.23 0.2±0.18 0 0.8±0.44 0 1.7±0.46 
IV 600 1.0±0.40 0 0 0.5±0.24 0.5±0.24 2.2±0.59 
N o t е. MP — multiple abnormalities (more than five per cell). For a description of the groups, see the “Materials 
and methods” section. 
* The difference with the negative control (Group I) is statistically significant at p ≤ 0.05. 

 

 

Fig. 1. Micrographs of metaphase bone marrow plates of outbred white mice (Mus albus officinarum) 
with the introduction of intramuscularly sterile isotonic sodium chloride solution in a volume of 0.2 ml 
(negative control): 1 — chromosomes without abnormalities, 2 — achromatic gap, 3 — single frag-
ment, 4 — paired fragment, 5 — chromosomal and chromatid interchanges, 6 — ring chromosome 
(1-3 — magnification ½800, 4-6 — ½1000; a Bioskop-1 microscope, LOMO-Microanalysis LLC, 
Russia). 

 

A single intramuscular injection of aminoseleton both at a therapeutic 
(0.5 ml/kg) and 10-fold (5 ml/kg) dose did not induce a statistically significant 
increase in the proportion of cells with chromosomal aberrations (Fig. 1) relative 
to the negative control group (Group I) after 24 hours (see Table 1). The clasto-
genic effect of CP (20 mg/kg), on the contrary, led to a 10-fold increase in the 
frequency of cells with pathologies. The introduction of aminoseleton also had no 
effect on MI in bone marrow preparations: in Groups I-IV, it was 4.0 ± 0.73, 
respectively; 3.1 ± 0.41; 3.5 ± 0.79 and 3.6 ± 0.75%. 

https://allsoft.ru/software/vendors/npo-informatika-i-kompyutery/
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The administration of ami-
noseleton at d 0.5 and 5 ml/kg of 
body weight in mice did not lead 
to a change in the frequency of 
PCE micronuclei (Fig. 2) as 
compared to the negative control 
(0.23±0.06%) (Table 2). CP injec-
tion induced a statistically signifi-
cant increase in the frequency of 
micronuclei in PCE in mice from 
Groups II, V, and VI to 2.2±0.21, 
2.1±0.26, and 1.1±0.09%, respec-
tively. We found the anticlastogenic 
effect of aminoseleton, which was 
used, before CP administration, 
five times at 0.5 ml/kg (Group VI). 

Thus, the frequency of micronuclei in PCE in mice from Group VI was 51.3% 
(p ≤ 0.003) lower than in animals from Group II, which received only CP. A 
single administration of aminoseleton (Group V) did not lead to a statistically 
significant decrease in the frequency of micronuclei. The research team also esti-
mated the proportion of PCE in the bone marrow of mice, which can be an 
indicator of the toxic effect of xenobiotics [7]. No statistically significant difference 
occurred in this indicator between animals of all study groups, including the dif-
ference with the positive control. 

2. Frequency of polychromatophilic erythrocytes (PCE) with micronuclei in the bone 
marrow of healthy outbred white mice (Mus albus officinarum) and animals that 
received an injection of cyclophosphamide, with the preliminary administration of 
the drug aminoseleton in various doses (M±SEM) 

Group PCE with micronuclei/1000 PCE, % PCE/( NE + PCE), % 
I (n = 12) 0.2±0.06 49.9±0.93 
II (n = 12) 2.3±0.21a 49.0±1.57 
III (n = 12) 0.2±0.07 48.9±0.65 
IV (n = 12) 0.3±0.11 49.5±1.43 
V (n = 6) 2.1±0.26a 48.2±1.79 
VI (n = 6) 1.1±0.09a, b 50.9±1.86 
N o t е. NE – normochromic erythrocytes. For a description of the groups, see the “Materials and methods” section. 
a, b Differences with negative (Group I) and positive (Group II) controls, respectively, are statistically significant at 
p ≤ 0.05. 

 

A number of drugs containing spleen extract are used in clinical practice 
as immunomodulators or drugs to reduce the side effects of anticancer therapy [4, 
17]. The obtained data are consistent with the information on the absence of 
mutagenic properties in other drugs based on the spleen of animals. For example, 
the Polyerga™ drug recommended for clinical use (HorFerVit Pharma GmbH, 
Germany) showed no genotoxic effect in the Ames test [18]. In contrast to our 
data on the absence of the effect of aminoseleton on the proportion of PCEs in 
the bone marrow of mice, the results of Lu et al. [17] testify to the protective 
effect of the spleen extract of newborn calves in relation to mice with cyclophos-
phamide-induced inhibition of hematopoietic activity in the bone marrow. This 
can be explained by the significantly higher dose of CP (100 mg/kg body weight) 
used by the authors in the model of cyclophosphamide-induced hematopoiesis 
suppression [17]. 

The anticlastogenic effect of aminoseleton discovered by the authors and 
the absence of mutagenic properties in it is to some extent confirmed by the studies 
of Dychko et al. [19], who demonstrated a decrease in the number of micronuclei 

 
Fig. 2. Micrograph of a bone marrow preparation of an 
outbred white mouse (Mus albus officinarum) with the in-
troduction of intramuscularly sterile isotonic sodium chlo-
ride solution in a volume of 0.2 ml (negative control): 
1 — polychromatophilic erythrocyte with a micronu-
cleus, 2 — polychromatophilic erythrocyte, 3 — normo-
chromic erythrocyte (magnification ½1000, a Bioskop-1 
microscope, LOMO-Microanalysis LLC, Russia).  
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in erythrocytes when spleen extract was administered to mice exposed to X-rays. 
The authors believe that the radioprotective effects of the spleen extract were due 
to its membrane-stabilizing effect on mouse cells, which was also shown by us for 
aminoseleton [20]. 

Currently, various mechanisms of antimutagenic action have been identi-
fied [21]. CP-induced genotoxicity and cytotoxicity towards bone marrow cells 
can be partially leveled out due to antioxidant activity [22]. Probably, the anti-
clastogenic effect of aminoseleton is due to the complex of biologically active 
substances included in the drug (amino acids, phospholipids, vitamins, oligopep-
tides, trace elements, nucleic acids) [20], which have an antioxidant effect [21]. 
Thus, ascorbic acid reduces the frequency of PCE with micronuclei induced by 
CP in bone marrow cells [23]. In addition, it has been shown that the introduction 
of aminoseleton increases the activity of glutathione peroxidase and leads to an 
increase in the content of reduced glutathione, the amount of which decreases 
with the introduction of CP and plays an important role in the antioxidant defense 
of the body [11, 24]. However, the antimutagenic effect of the same substances 
can occur through different mechanisms [25]. 

Since in the present studies, aminoseleton manifested itself as an immuno-
modulator of the cellular and humoral links of the immune system [6], its anti-
mutagenic effect could be due to the induction of the synthesis of endogenous 
cytokines with a gene-protective effect, such as interferon [8]. Thus, a number of 
studies have shown the anticlastogenic and anticarcinogenic effects of interferons 
and their inducers, apparently due to the activation of post-replicative DNA repair 
[26, 27]. In a study by Jia et al. [28], the administration of an extract of spleen of 
newborn calves to mice with CP-induced immunosuppression led to an increase 
in the content of INF-α and INF-γ in the blood serum, which may testify in favor 
of the proposed hypothesis. 

The sensitivity of cells to the action of genotoxicants depends on the intake 
of B vitamins with antioxidant properties, micronutrients, and other trace elements 
(such as magnesium or zinc) involved in reparative processes, maintenance of cell 
homeostasis, and antioxidant protection [8]. Their replenishment can have a sys-
temic effect on the antioxidant defenses of the body. The prolonged anticlastogenic 
effect of aminoseleton even 72 h after the final administration is due to the pro-
longed activation of the antioxidant system upon administration of the drug [11]. 

Thus, the tissue drug aminoseleton obtained by cryofractionation from the 
bovine spleen in therapeutic (0.5 ml/kg) and high (5.0 ml/kg) doses had no de-
stabilizing effect on the cytogenetic characteristics of cells, which was assessed by 
the number of PCEs with micronuclei and chromosome aberrations in bone mar-
row cells of mongrel mice. The drug did not affect the activity of cell division, 
assessed by the mitotic index. At the same time, aminoseleton showed an anti-
clastogenic effect when combined with the genotoxicant cyclophosphamide, re-
ducing the frequency of occurrence of PCEs with micronuclei in the bone marrow 
cells of mice by 51.3% relative to the positive control group. 
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