
Манаш Қозыбаев атындағы Солтүстік Қазақстан университетінің хабаршысы – 

Вестник Северо-Казахстанского университета имени Манаша Козыбаева 
№3(48), шілде-тамыз-қыркүйек, июль-август-сентябрь, 2020     ISSN 2309-6977     Индекс 74935 
_____________________________________________________________________________________________________________ 

 

65 
 

UDK 575.224.23  

MRNTI 34.23.23 

 

ҚОРШАҒАН ОРТА ФАКТОРЛАРЫНЫҢ ГЕНОУЫТТЫЛЫҚ КӨРСЕТКІШІ 

РЕТІНДЕ СҮТҚОРЕКТІЛЕР ЖАСУШАЛАРЫНДАҒЫ МИКРОЯДРОЛЫҚ 

ТҮЗІЛІМДЕР МӘСЕЛЕСІ  

Корнилова А.А.
1
 

1. Л. Н. Гумилев атындағы Еуразия ұлттық университеті, Нұр-Сұлтан, Қазақстан 

Жомартов А.М.
2
, Жапбасов Р.

2
 

2.  Жалпы генетика және цитология институты, Алматы, Қазақстан 

 

Андатпа 

Геноуыттылық – қоршаған ортаның мутагендік немесе канцерогендік 

факторларының    жасушаның генетикалық құрылымына зақым келтіру қабілеті. 

Геноуыттылықты диагностикалаудың ең көп таралған әдістерінің бірі – 

микроядролық тест. Қоршаған ортаның химиялық және физикалық факторлары 

жасушаның өмірлік циклінің әртүрлі кезеңдерінде микроядроның пайда болуына 

себеп болады. Микроядро – бұл жасушаның шет жағында орналасқан және 

хроматиннің түсіне боялатын дөңгелек пішінді құрылым. Көбінесе микроядролар 

жасуша полюстеріне дер кезінде таралмаған хромосомалардан (ацентрлік немесе 

дицентрлік) түзілетіні белгілі. Жасушаның  дұрыс бөлінбеуінің  басты себептері- 

қоршаған ортаның физикалық және химиялық зиянды фактролары ұршықтың дұрыс 

бөлінуіне кедергі жасайды, немесе  аталған зиянды зақымдар хромосомалардың 

өздеріне әсер етеді. Жасушада микроядроның пайда болуы организмге кластогендік 

және анеугендік әсер етеді. Нуклеофильді   генотоксикалық қасиеттері бар химиялық 

факторлар ДНҚ молекуласымен байланысады және оның негізгі құрылымының 

зақымдалуына ықпал етеді де , бұл гендердің мутациясына әкеліп соғады. Әсіресе 

тубулин жібі немесе центромерлі ақуыздардың түзілуіне зиянды әсері болады. 

Сонымен физикалық және химиялық геноуыттылықтар ДНҚ молекуласындағы бір 

және екі тізбекте әртүрлі  үзілістердің пайда болуына, репарация процестерінің 

бұзылуына ықпал етеді. Осылайша, қоршаған ортаның әртүрлі геноуытты 

факторларының әсері, жасушада микроядро сияқты құрылымның пайда болу 

ықтималдығын арттырады. 

Түйінді сөздер: микроядро, геноуыттылық, микронуклеогенез, хромосомалар, 

митоз, сүтқоректілер 
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Аннотация 

Генотоксичностью принято называть способность того или иного фактора 

вызывать повреждения генетического материала клетки, оказывая мутагенное или 

канцерогенное действие. Одним из самых распространенных методов диагностики 
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генотоксичности является микроядерный тест. Химические и физические факторы 

окружающей среды способны индуцировать появление микроядра на разных этапах 

жизненного цикла клетки. Обычно микроядро представляет собой структуру 

округлой формы, располагающуюся на периферии клетки, и окрашивается в цвет 

хроматина. Известно, что наиболее часто микроядра образуются из хромосом 

(ацентрическая или дицентрическая) или же представляют собой фрагменты 

хромосом, возникшие из-за делеции, своевременно не разошедшихся к полюсам 

клетки. Причинами не расхождения могут быть дефект веретена деления, 

повреждение самих хромосом при воздействии на них химических и физических 

факторов окружающей среды. Появление микроядра в клетке может оказывать как 

кластогенный, так и анеугенный эффект на организм. Генотоксичные факторы 

химической природы, обладая нуклеофильными свойствами, связываются с 

молекулой ДНК и способствуют повреждению ее нативной структуры, что приводит 

к мутациям генов, в частности, отвечающих за образование нитей тубулина или 

центромерных белков. Таким образом физические и химические генотоксиканты 

способствуют появлению одно- и двунитевых разрывов в молекуле ДНК, 

нарушению процессов репарации. Следовательно, действие разных генотоксичных 

факторов окружающей среды повышает вероятность появления в клетке такой 

структуры как микроядро.  

Ключевые слова: микроядро, генотоксичность, микронуклеогенез, 

хромосомы, митоз, млекопитающие 
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Abstract 

Genotoxicity is usually called the ability of a factor to cause damage to the genetic 

material of a cell, providing a mutagenic or carcinogenic effect. One of the most common 

methods for diagnosing genotoxicity is the micronucleus test. Chemical and physical 

factors of the environment can induce the appearance of a micronucleus at different stages 

of the cell's life cycle. Usually, a micronucleus is a rounded structure located at the 

periphery of the cell, and is stained in the color of chromatin. It is known that most often 

micronuclei are formed from chromosomes that do not disperse in time to the poles of the 

cell (acentric or dicentric). Nondisjunction can be caused by a defect in the division 

spindle, damage to the chromosomes themselves, extrusion of chromatin, or cell death. The 

appearance of a micronucleus in a cell can have both clastogenic and aneugene effects. 

Genotoxic factors of a chemical nature, possessing nucleophilic properties, bind to a DNA 

molecule and contribute to the damage to its native structure, which leads to mutations of 

genes, in particular, those responsible for the formation of tubulin filaments or centromeric 

proteins. Physical genotoxicants contribute to the appearance of single- and double-

stranded breaks in the DNA molecule, disruption of repair processes. Thus, the action of 

various genotoxic environmental factors increases the likelihood of the appearance of such 

a structure as a micronucleus in the cell. 

Key words: micronucleus, genotoxicity, micronucleogenesis, chromosomes, mitosis, 

mammals 
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About 130 years ago, the first mention of the micronucleus as a cellular structure 

appeared in the scientific literature. For the first time this was stated in 1890 by Howell [1], 

who discovered them in the cells of cats in which anemia was induced. According to his 

observations, such formations were nuclear fragments that were not eliminated from the 

mature erythrocyte during erythropoiesis, since the process took place in an accelerated 

mode in order to regenerate cells damaged by anemia. A little later (1899) Schmauch 

found similar formations in blood cells of both healthy cats and those exposed to toxic 

substances, but their frequency was very different, prevailing in damaged erythrocytes. In 

1902-1908 Schmidt, Morris, and Jolly showed that such bodies can be found in the 

erythrocytes of embryos, newborns, people suffering from pernicious anemia, as well as 

cells of the peripheral blood of animals. Papenheim (1907, 1909) succeeded in proving the 

nature of Howell-Jolly bodies, experimentally showing that they are always stained in the 

color of chromatin, which allows them to be distinguished from the granularity of 

erythrocytes. All of the above authors postulated the peripheral location of micronuclei and 

indicated that such formations do not occur in the center of the cell, in the immediate 

vicinity of the nucleus, as the cell tries to push them out. 

Currently, the micronucleus test is one of the most widespread and widely used 

methods for analyzing the genotoxic influence of environmental factors. The first steps 

towards its development as a marker of genotoxicity can be found in 1959, when Evans et 

al. [2] recorded the presence of micronuclei in bean root cells exposed to gamma radiation. 

The authors determined that 60% of the chromosomal fragments contributed to the 

formation of micronuclei. 

In animals the method was first used in the 1970s by Boller and Schmid. They 

studied the effect of trelimone on the red blood cells and bone marrow cells of a Chinese 

hamster. They are considered to be the founders of using the micronucleus counting 

method as an indicator of genotoxicity. Then the method underwent changes, over the 

years, scientists have used it on various objects. Among the genotoxic environmental 

factors, chemical agents have always occupied a special place, as one of the most common 

in the habitat of animals. Thus, in 1979, Cole et al. [3] and King and Wild studied the 

induction of micronuclei in liver and peripheral blood cells of embryos of mice whose 

mothers were exposed to chemical genotoxicants. And in 1980, MacGregor et al. [4] 

proposed to count micronuclei in erythrocytes of mice, suggesting that the use of 

erythrocytes, in contrast to bone marrow cells, makes it possible to diagnose chronic 

exposure to a chemical agent. They determined that in the erythrocytes of mice 

micronuclei are able to exist for a long time, while in human cells these structures are 

quickly eliminated due to the active work of the spleen. In 1981-1983, Lähdetie et al. and 

Tates et al. [5-6] used male germ cells as an object of study to study the degree of 

genotoxic effect of chemical influences of the environment. In 1983, the United States 

Environmental Protection Agency (US-EPA), as part of a program to study the 

genotoxicity of chemicals, published the results of a large number of works, including 

studies using the micronucleus test. In the same year, the International Chemical Safety 

Program initiated a program to evaluate substances for carcinogenicity. The micronucleus 

test has shown the ability to most accurately assess these properties of chemical 

compounds. Gradually, other countries began to develop their own protocols for assessing 

the safety of chemicals and the micronucleus test was included in a battery of tests to 

assess their genotoxic effects. 

Over the next 40 years, the method underwent changes that increased its information 

content, reliability and contributed to a larger and faster analysis of large amounts of data. 
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New approaches to the analysis of test results have emerged using fluorescent dyes and 

flow cytometry. In the modern era of computer technology, there are electronic programs 

(MetaSystem) that allow automating the entire process of analyzing the data obtained, 

using both different cells and different versions of the method. 

According to the PubMed portal, the number of publications describing the use of the 

micronucleus test for various purposes is increasing annually, and since 1975 there have 

been more than 9700 such publications, of which about 3500 concern the effect of 

chemical agents on a living organism. However, there are very few works devoted to the 

problem of micronucleogenesis. To date, several possible reasons for the appearance of 

micronuclei in cells are discussed in the literature; we have summarized these data in Table 

1. 

The reasons for the formation of micronucleus can be classified according to several 

criteria. These include, for example, the place of origin in the life cycle (in interphase or 

during mitosis), the nature of biochemical abnormalities (disorders in the structure of 

cellular proteins or DNA), the physiological state of the cell (healthy or tumor). However, 

all authors agree that chemical agents of the environment can equally provoke all of the 

listed reasons for the occurrence of micronucleus. 

The life cycle of a cell is also called mitotic, however, it consists not only of the 

process of cell division itself, but also of preparatory stages, such as G1, S, G2 - periods. 

The processes occurring during these periods are of no less importance in the vital activity 

of cells than the divergence of chromosomes in mitosis. The overwhelming number of 

deviations leading to the formation of micronuclei occur at the stage of mitotic anaphase. 

However, there are a number of works that indicate the possibility of separating genetic 

material from the nucleus and at the interphase stage. This phenomenon was named in 

Russian-language works "chromatin extrusion", in English-language - "nuclear buds" 

(caudate nucleus). A similar mechanism is found in healthy cells as a way to get rid of 

excess genetic material that arose in the course of excessive replication of 

extrachromosomal elements or amplification of oncogenes; there is evidence that the cell is 

thus rid of homogeneous disomy. When exposed to chemical mutagens, the number of 

such micronuclei increases significantly. 

In the literature, biochemical disorders leading to abnormalities at different stages of 

the cell cycle are most extensively described. Chemical mutagens that cause disturbances 

in centromeric regions of DNA block the possibility of attachment of kinetochores and, as 

a consequence, there is a mismatch of the chromosome segregation apparatus [7]. 

In the event of mutations in the genes responsible for the synthesis of centromeric 

proteins, such as CENP-A, CENP-H, CENP-E, a decrease in the amount of these 

substances is observed in the cell, and their other arrangement. This situation leads to the 

impossibility of connecting the chromosomes with the filaments of the spindle of division, 

which entails a lag of the damaged chromosome when it diverges to the cell poles. 

It has long been known that substances such as colchicine, colcemide, vinblastine, 

wikristine, and alkylating agents are capable of inhibiting the assembly of microtubules 

into the fission spindle by preventing the polymerization of tubulin monomers. The 

absence of a full-fledged spindle of division or its inferiority, contribute to the emergence 

of residual chromosomal elements that have not shifted towards the poles.  

A similar outcome can occur in the case of the opposite situation, that is, in the 

presence of an excessive number of centrosomes. In a healthy cell, such disorders are 

promptly detected by proteins, which provide a check of the usefulness of the genetic 

material during checkpoints (checkpoints). These proteins include the products of the 

genes CHK1, CHK2, ATM, ATR, PLK, etc. Chemical mutagens can damage the listed 
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genes, which is reflected in the formation of a multipolar spindle, and deviations in the 

uniformity of chromosome separation. 

Thus, the consequences of the action of chemical mutagens described above lead to a 

violation of chromosome segregation. As a result of this phenomenon, small fragments of 

genetic material are left out of work. Subsequently, they can be surrounded by a nuclear 

membrane and then turn into micronuclei, providing aneugenic effect. 

Another reason for the appearance of such fragments of chromosomes may be the 

appearance of double-strand breaks in DNA. In this case, either dicentric or acentric 

chromosomes are formed. In the first case, breaks occur in two chromosomes, which then 

join. In metaphase, the spindle filaments attach to both centromeres of the resulting 

structure, and then, at the anaphase stage, the dicentric chromosome either loses the ability 

to divide into chromatids and remains entirely in the center of the cell, or forms a 

chromatid bridge. The fragment remaining after the rupture of both chromosomes does not 

have a centromeric region, therefore it is called the acentric chromosome. 

From the formed structures, micronuclei are then formed, which can include both 

whole chromosomes, in the case of non-divergence of dicentrics, and individual fragments 

of chromosomes, in the case of chromatid bridges and acentrics. Such micronuclei have a 

clastogenic effect.  

Despite the fact that the vast majority of double-strand breaks are induced by 

physical factors such as radiation, according to the literature, chemical factors are also 

capable of introducing breaks in DNA. Thus, for example, in mouse cells, using the DNA 

comet method, data were obtained indicating the ability of some pesticides (chlorpyrifos, 

penconazole, dimethoate, lambda-cyhalothrin, fluopyram, ephion, pendimethalin, 

mancozeb) to provoke DNA damage, manifested in its rupture. 

To be fair, it should be said that DNA breaks that form dicentrics and acrocentrics, 

with normal formation of the fission spindle, can lead to an imbalance in chromosome 

segregation, to the formation of aneuploidy, but without the formation of a micronucleus. 

If such anomalies are combined with the damage to the fission spindle described above, the 

likelihood of micronucleus formation increases significantly. For example, the formation 

of a dicentric chromosome, in combination with impaired tubulin polymerization or 

abnormalities in the development of kinetochores, leads to the fact that fission spindle 

filaments either do not form or do not attach to centromeres. 
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All this contributes to the formation of micronuclei containing a fragment of genetic 

material surrounded by a nuclear membrane. 

When a cell is faced with the influence of environmental factors that it is unable to 

cope with, it enters a cascade of processes leading to its death. It is known that during 

apoptosis, it is the nucleus that undergoes the greatest changes, during which several 

fragments of genetic material may appear, which are separated from the main nucleus. 

Such structures can also be called micronuclei, although their nature is fundamentally 

different from the above-described micronuclei, which are formed in healthy and 

undamaged cells. Apoptotic micronuclei are usually multiple, unequal in size, have a 

different chromatin structure, so it is not difficult to distinguish them even externally, 

moreover, in a cell undergoing apoptosis, there are other characteristic features that are 

absent in classical micronucleogenesis. However, research on this kind of micronuclei has 

led to the discovery of some similarities. For example, some of the participants in 

apoptosis, such as caspase 3, protein kinase, endonuclease, are also important in the 

formation of micronuclei by the mechanisms described above [40]. 

When choosing a micronucleus test as a method for determining the genotoxic effect 

of an environmental factor, it is necessary to take into account its advantages and 

disadvantages. The indisputable advantages of this method include: 

- A wide range of cell types used as research objects. Red blood cells and bone 

marrow cells are traditionally used. In modern modifications, there are works on the use of 

lymphocytes, fibroblasts, buccal epithelium cells, urinary stem cells. 

- Availability, ease of implementation. For the basic version of the method from the 

equipment, glass slides, Giemsa stain and May-Grunwald fixative are sufficient. 

- Mobility. The method can be carried out in the field, which significantly increases 

its efficiency. 

- Fast receipt of research results. Conclusions about the genotoxicity of the factor can 

be made within 24 hours after collecting the biological material. 

Among the disadvantages are the following: 

- Collection of biological material for this method is invasive (blood, bone marrow, 

etc.) 

- The possibility of fixing only the presence of damage to the genetic material, 

without specifying its nature and mechanism of occurrence. 

However, the second drawback is compensated by the use of additional methods, 

selected by the researcher depending on the goals. 

The analysis of the possible causes of micronucleation and the indicated advantages 

of the method led us to the conviction of the need to use this method to determine the 

genotoxic effect of prohibited and unused pesticides on farm animals kept in the territory 

of Almaty region. 
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