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Aim. Work is focused on the intraspecific spontaneous mutations of rodent chromosomes 
common in different regions of Azerbaijan, the effect of gamma radiation in doses 1 
and 4 Gy on chromosomal aberrations in the bone marrow of rats pretreated with an 
extract from the collection of medicinal plants by injection was studied. Methods. The 
works on the study of chromosome morphology, changes in heterochromatic parts 
of chromosomes, chromosome regions of nucleoli formation, biometric processing 
of chromosomal aberrations. Results. Intrapopulational spontaneous chromosomal 
mutations in ordinary field mice in the Lesser Caucasus were registered. In normal 
karyotype chromosomes of fifth pair are presented by large subtelocentrics, while one 
chromosome of fifth pair in abnormal karyotype was heteromorphic and had acrocentric 
structure. Heteromorphic chromosomes differ in the heterochromatin composition as 
well. In the process of speciation are found mainly pericentric inversions, Robertson 
and tandem translocations. In metaphase plates along with chromosomal mutations 
were detected structural heterochromatin and nucleoli formation regions. Extract 
from the collection of medicinal plants was found to promote reduction of structural 
chromosome abnormalities as a result of radiation and ensures the normal functioning 
of cells. Conclusions. Spontaneous mutations in the fifth pair of chromosomes could be 
considered as the beginning of speciation, but recent studies in the Lesser Caucasus did 
not found individuals with this type of mutation. Microtus mayori karyotype demonstrated 
associations in nucleoli formation regions and it was suggested their mechanism.

Key words: chromosome, wild mouse, extract, karyotype, radiation.

Introduction. Since the middle of XX century after the first karyological investi-
gations it was revealed that, the main role in the formation of species and differ-

ences among the populations belongs to chromosomal and genomic mutations. 
Mutation process along with its spontaneous character also depends on a num-
ber of factors. It is known that in addition to other adverse environmental factors 
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damages of different character in living or-
ganisms due to irradiation impact occur. 
Depending on the radiation dose normal 
running of biochemical processes are dis-
turbed, intermediate toxic substances are 
formed, synthesis of proteins gets down-
regulated, breaks in somatic and sex chro-
mosomes happen, and as a result different 
defects in further generations due to the re-
mote influence of radiation are formed. The 
carrier of genetic information in the cellular 
level are chromosomes, so structural 
changes in chromosomes during the for-
mation of sex cells and radiation damage 
gives start to different pathologies and he-
reditary disorders. Formation of different 
type of chromosomal aberrations depends 
on strength of irradiation impact.

To minimizing impact of different kinds 
of radiation, producing and investigation of 
effects of novel biopreparations is recently 
considered to be one of the actual prob-
lems. For this purposes preference is given 
to studies of substances of plant origin that 
increase radioprotection, accelerate the 
metabolic processes in an organism, pos-
sess efficiency in pro-longed use and de-
void of toxic effects.

With growth of number of investigations 
the types of chromosomal changes were 
identified. Elaboration and application of 
methods of differential staining has showed 
that formation of species, differences 
among the populations and inside the pop-
ulations form not only as the result of peri-
centric inversions and genomic mutations. 
Along with chromosomal mutations like 
pericentric inversions, Robertson translo-
cations, structure of constutive heterochro-
matine that is observed with tandem trans-
locations, centromere, intercalary and 
whole arms, NFR (nucleolus-forming re-
gions) are as well of great importance [1 – 
3]. Chromosomal associations – connec-
tion of two chromosomes via centromeres 
and centromere-telomere parts [4] could 

be accepted as a change that occurs inside 
the population. Though the shown muta-
tions have a normal character, on the other 
hand they cause abnormal changes.

The aim of the investigation is intra-spe-
cies spontaneous chromosomal aberra-
tions in some rodents spread in Azerbaijan 
and their formation as a result of radiation 
impact.

Part of the material were collected from 
the Great Caucasus (Microtus mayori) and 
the Little Caucasus (Microtus obscurus) ar-
eas.

Materials for Microtus obscurus were 
taken around the Gedebey city in the Little 
Caucasus Microtus obscurus – ordinary 
field mouse 13 samples (8♀♀; 5♂♂), Micro-
tus mayori – Caucasian shrub field mouse 
or Little-Asian shrub field mouse 22 sam-
ples (9♀♀; 13♂♂), and 6 samples (3♀♀; 3♂♂) 
were collected from Gebzdere field of Za-
gatala region, the Great Caucasus.

Materials and Methods
The studies with γ-irradiation were car-

ried out on three-month-old Wistar rats of 
100–120 g weight that reached sexual ma-
turity. There were used 16 animals in exper-
iments (8 ♀, 8 ♂). Before irradiation expo-
sure the extract rich with biological active 
substances that were got from the plant 
composition were injected to animals inra-
peritoneally in a dose of 70 mg/kg. After 2 h 
animals were subjected to γ-irradiation in 
the apparatus “Rkhund”, at a dose rate 0.3 
rad/sec, at 1 and 4 Gray. After a day from ir-
radiation chromosomal disturbances in the 
bone marrow cells were observed. For anal-
ysis of chromosome set XSZ–158 micro-
scope for biological studies with software 
was used.

In the experiments ordinary staining [5], 
G-staining [6], C-staining [7], nucleolus-
forming regions staining [8] methods were 
used.



ISSN 1810-7834. Вісн. Укр. тов-ва генетиків і селекціонерів. 2014, том 12, № 192

E.N. Shamilov, A.S. Abdullayev, G.N. Quliyev, E.T. Memmedrzayeva, V.E. Shamilli, i.V. Azizov

  

 
 a b 
Figure 1. Karyotype of ordinary field mouse. a – ordinary stain, b – C-stain.

Results and Discussion
Normal karyotype of ordinary field 

mouse. There were diploid chromosome 
number 2n=46 in all investigated samples. 
Excluding anomalous individuals in all indi-
viduals total number of main arms were 
NF=72. There were observed 5 pairs of big 
and 17 pairs of little autosome chromo-
somes in chromosomal complement of 
normal karyotype. Big chromosome group 
consists of 2 pairs of metacentric, 2 sub-
metacentric and one subtelocentric chro-
mosomes. In the little chromosome group 7 
pairs of double- arms (meta- and submeta-
centric) and 10 pairs of chromosomes of 
acrocentric structure are identified. Y-chro-
mosome is one of the acrocentric chromo-
somes by size ( Figure 1a).

By the means of G-staining each chro-
mosome is clearly identified. The band 
structures of big chromosomes differ very 
clearly from each other. There are defined 
from one up to three bands in the most of 
the little chromosomes. In every arm of X-
chromosome there is one band near the 
centromere part. There is observed one 
clear band around the centromere part of Y-
chromosome.

heterochromatin is not defined in all 
chromosomes in karyotype of ordinary field 
mouse. This compound can be found main-
ly in the centromere part in chromosomes 

that contains heterochromatin. In big chro-
mosomes and X chromosome the C-stain is 
not found. heterochromatin could be found 
in the centromere part of only in 6 pair of 
double-arms and 6 pair of acrocentric chro-
mosomes of the 17 pair of little chromo-
somes. Y-chromosome possesses com-
pletely heterochromatin structure [9].

There was defined abnormal karyotype 
in five individuals of ordinary field mice that 
were caught from around of Gedebey city. 
one of them was male. The 5th pair of the 
chromosome of these individuals had a het-
eromorphic structure (in normal karyotype 
each one of 5th pair of chromosome has 
subtelocentric form). one of the homologs 
of 5th pair of abnormal chromosome has 
subteloecentric, other one has acrocentric 
structure ( Figure 2a). on the basis of G-
band contours of these two chromosomes 
show that a pericentric inversion could be 
accepted as a reason of passage of subte-
locentric structure into acrocentric one in 
one of the chromosomes. The region 
around the centromere of inversion chro-
mosome is not exposed to G-staining and 
as a result is not stained. In case of C-stain 
this region is stained intensively and also it 
was determined that there is a big hetero-
chromatin block in the acrocentric chromo-
some that is formed as a result of inversion 
(Figure 2b). It should be noted that hetero-
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Figure 2. Karyotype of ordinary field mouse. a – ordinary stain, b – C- stain.

chromatin blocks are defined in the cen-
tromere zones of 6 pairs of metacentric and 
5 pairs of acrocentric chromosomes of au-
tosome chromosomes in individuals with 
abnormal karyotype. By this index they dif-
fer from individuals with normal karyotype 
(as told before there is defined heterochro-
matin blocks in the centromere of 12 pair of 
chromosomes in normal karyotype). There-
fore it is possible that heterochromatin 
blocks of little autosome chromosomes 
take part in formation of big heterochroma-
tin centromere block of newly formed acro-
centric chromosome of the 5th pair of chro-
mosome.

The heteromorphism that is determined 
in the 5th pair of chromosomes in karyotype 
of Microtus obscurus ordinary field mouse 
beside the Gedebey region, is also found in 
Khosrov reserve, Spitak, Kokchtav region 
of Kazakhstan, Novosibirsk (Academic 
campus), Ust-bakchari region of Tomsk 
province. It is registered in 4 individuals of 
13 ones and in Azerbaijan in 5 individuals of 
103 ones in Gedebey polulation [9].

The heteromorphism that has been de-
fined by us in the 5th pair of chromosomes 
constitutes approximately 4,87 percent of 
overall number of investigated individuals 
(in the Little Caucasus 31,25 %). In different 
populations that were investigated last 
years, also in animals that were caught from 
Gedebey region heteromorphism in the 5th 
pair of chromosome were not registered. It 
is assumed that influence of factors of an-

thropogenic origin and change of ecologi-
cal situation, also food ration and the influ-
ence of other unknown factors in these 
years realized adverse effects on hetero-
morph animals.

Microtus (Terricola) majori – Caucasian 
shrub field mouse. The karyotype of Cauca-
sian shrub field mice were investigated in 
two populations of Gedebey region and in 
Zagatala region. The diploid chromosome 
number in all individuals of three popula-
tions are 2n=54. The number of main arms 
are NF=60. The first and second pairs of 
chromosomes are double-armed in karyo-
type. The rest 24 pairs of chromosomes are 
in acrocentric structure and form a reduc-
ing line by size. In karyotype X-chromo-
some is a big submetacentric. Y-chromo-
some is middle-sized acrocentric.

By the means of differential staining 
method the G-band is clearly identified in 
autosome and sex chromosomes. Approxi-
mately in the middle part of upper arm of X-
chromosome an intensive stained wide 
band is determined. The centromere part of 
chromosome stains very intensive and is in 
a dark color. Three weak stained bands ap-
pear in long arm of X-chromosome, al-
though one of them is close to centromere 
but is localized distantly from the cen-
tromere. The second band is situated in the 
side of telomere part from the middle part of 
long arm and relatively to other two bands it 
is stained weakly and at least is double 
wide. The second band is narrow and is lo-
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calized in the telomere part of long arm. Two 
bands in Y-chromosome are defined. Both 
of them are nearly of a same width. one of 
them is situated near the centromere part, 
other one is near the telomere part.

In individuals that were caught from 
Zagatala region the nucleolus-forming 
regions were defined in 6th and 8th pairs of 
big chromosomes, in 9th

, 10th 13th pairs of 
middle sized chromosomes, and in 20th 
pair of little chromosomes. In 18th and 
24th pairs of chromosomes nucleolus-
forming regions are defined weakly. In the 
rest autosome chromosomes, and in sex 
chromosomes nucleolus forming regions 
are not defined. There are identified chro-
mosomal associations between them-
selves of 6th and 9th pair of homological 
chromosomes ( Figure 3).

 

 Figure 3. Karyotype of Microtus mayori. White stain.

Chromosomal associations could occur 
both between homologous and non-ho-
mologous chromosomes. In  Figure 3, as-
sociation between themselves of 6th pair of 
chromosomes and the same between 9th 
pair of chromosomes is registered. We 
know very few sources of information about 
chromosome associations. Although there 
is information about chromosome associa-
tion in literature, there is not any information 
about its mechanism, its reasons. We sup-
pose that, chromosomal associations could 
be one of the factors causing intrapopula-
tion polymorphism [10].

Usually number of spontaneous muta-
tions in mammalian populations are little. 
Therefore information about types of spon-
taneous chromosomal changes is rarely 
met. however under the influence of radia-
tion structural chromosomal changes form 
rapidly and therefore information can be 
quickly collected.

We think that, that in addition to sponta-
neous mutations, comparative investiga-
tion of influence of irradiation of different 
doses, which is one of the environmental 
factors, and correction of formed damages 
with the means of plant extracts will contrib-
ute to researches carrying out in the direc-
tion of resolving of problem of radiation 
safety. In our earlier investigations, radio-
protector effect of extracts obtained from 
some medicinal plants of Azerbaijan were 
studied and the results were printed in sci-
entific journals [11, 12].

This time, the purpose of the investiga-
tion is to study the influence of extract ob-
tained from collection of calendula (Calen-
dula officinalis L.), swallowwort (Chelidoni-
um majus L.) and sage (Salvia officinalis) 
(CSS) on chromosomal aberrations.

We carried out extraction from an alco-
holic solution in boiling at reflux ball-bear-
ing condenser. Evaporation of solvent was 
carried out in vacuum in a rotary evapora-
tor at 30–40° C until obtaining of pappy 
residue.

During the cytogenetic analysis of bone 
marrow and germ cells of control Wistar rats 
chromosomal disorders were not detected, 
also injection of the extract was not serious-
ly affected number of spontaneous muta-
tions. For each individual there were investi-
gated not less than 200 bone marrow cell 
metaphase plates.

The obtained results are statistically sig-
nificant [13].

By the increase of radiation dose divi-
sion of cells is weakened. At 1 Gy dose of γ- 
irradiation number of chromosomal aberra-
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Table 1. Characteristics of investigation material and types of influence

Types of influence Number of rats Number of observed mitotic cells
Intact control 1 ♂+ 1 ♀ 520
1 Gray γ-irradiation 1 ♂+ 1 ♀ 550
4 Gray γ-irradiation 1 ♂+ 1 ♀ 490
Extract of plant collection (CSS) 1 ♂+ 1 ♀ 548
Extract (CSS) + 1 Gy 2 ♂+ 2 ♀ 527
Extract (CSS) + 4 Gy 2 ♂+ 2 ♀ 555

Table 2. Influence of 1 and 4 Gy γ-irradiation and plant collection extract (CSS) on incidence of 
chromosomal aberrations in bone marrow cells in rats

Variants
Number of 

metaphases
(total)

Number of 
metaphases 

2n=42

Poliploid 
metaphases

Aneuploid 
metaphases 

Structural 
disorders

Disorders
 %

Intact control 520 516 2 1 (n>42) 1 0,76±0,08
P±<0,02

1 Gray γ-irradiation 550 533 4 4(n>42)
3(n<42)

6 3,09±0,77
P<0,05

4 Gray γ-irradiation 490 447 13 7(n>42)
4(n<42)

19 8,77±1,08
P<0,04

Extract of plant 
collection (CSS)

548 538 3 5(n<42) 2 1,82±1,05
P<0,01

Extract (CSS) + 1 Gy 527 516 1 4(n>42)
2(n<42)

4 2,08±0,91
P<0,05

Extract (CSS) + 4 Gy 555 517 9 6(n>42)
7(n<42)

16 6,84±1,09
P<0,03

tions increases by over 3,09 %. Irradiation 
at a dose 4 Gy increases the number of ab-
errations up to 8,77 %. This growth is most-
ly due to the structural damages. After the 
injection of collection extract the number of 
chromosomal aberrations decrease a bit 
and reaches 2,08 % in 1 Gy-irradiated rats. 
Also in rats subjected to irradiation at a dose 
4 Gy the number of aberrations decreases 
from 8,77 % to 6,84 %. Under the influence 
of collection extract weakening of cell divi-
sion was not observed.

It has been shown, that plant collection 
extract decreases the mutagenic effect of 
γ-irradiation, restores rate of cell division, 
reduces the number of chromosomal aber-
rations. This indicates to the possibility of 
use of the collection extract in corrections 
of radiation damages.
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Цåëü. â работе исследованы внутривидовые 
спонтанные ìутации хроìосоì грызунов, ра-
спространенных в различных районах àзер-
байджана, изучено влияние гаììа излучения 
в дозах 1 и 4 грей на хроìосоìные аберрации 
в костноì ìозге крыс, предварительно полу-
чивших экстракт из сбора лекарственных ра-
стений путеì инъекции. Ìåòоды. âыполнены 
работы по изучению ìорфологии хроìосоì, 
изìенений гетерохроìатиновых частей хро-
ìосоì, районов образования ядрышек хроìо-
соì, биоìетрическая обработка хроìосоìных 
аберраций. Рåзуëüòàòы. îтìечены внутрипо-
пуляционные спонтанные хроìосоìные ìута-
ции у обыкновенных полевых ìышей на ìалоì 
êавказе. â норìальноì кариотипе хроìосоìы 
пятой пары большие субтелоцентрические, в 
то вреìя как в анорìальноì кариотипе одна 
из пятой пары хроìосоì была гетероìорфной 
и иìела акроцентрическое строение. гетеро-
хроìные хроìосоìы отличаются и по гетеро-
хроìатинноìу составу. â процессе видообра-
зования отìечаются в основноì перицентри-
ческие инверции, транслокации ðобертсона и 
тандеìные транслокации. â ìетафазных дис-
ках наряду с хроìосоìныìи ìутацияìи обна-
ружены структурный гетерохроìатин и районы 
образования ядрышек. âыявлено, что экст-
ракт из сбора лекарственных растений способ-
ствует снижению структурных нарушений хро-
ìосоì образуеìых под действиеì радиации и 
обеспечивает норìальное функционирование 
клетки. Выводы. спонтанные ìутации в пя-
той паре хроìосоì ìожно было рассìотреть 
как начало видообразования, однако в послед-
них исследованиях на ìалоì êавказе не обна-
ружены особи, иìеющие такой тип ìутации. 
â кариотипе вида Microtus mayori обнаружены 
ассоциации в районах образования ядрышек, 
отìечены ìежхроìосоìные ассоциации и 
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intraspecific spontaneous chromosomal mutations in some rodents distributed in Azerbaijan...

высказано предположение о ìеханизìе ассо-
циации.

кëючåвыå ñëовà: хроìосоìа, дикая ìышь, 
экстракт, кариотип, радиация.
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Ìåòà. ó робот³ досл³джено внутр³шньовидо-
в³ спонтанн³ ìутац³ї хроìосоì гризун³в, поши-
рених у р³зних районах àзербайджану, вивче-
но вплив гаììа випроì³нювання в дозах 1 ³ 4 
грей на хроìосоìн³ аберац³ї в к³стковоìу ìоз-
ку щур³в, як³ попередньо отриìали екстракт з³ 
збору л³карських рослин шляхоì ³н’єкц³ї. Ìå-
òодè. âиконано роботи з вивчення ìорфоло-

г³ї хроìосоì, зì³н гетерохроìатинових частин 
хроìосоì, район³в утворення ядерець хроìо-
соì, б³оìетрична обробка хроìосоìних абе-
рац³й. Рåзуëüòàòè. â³дзначено внутр³шньо-
популяц³йн³ спонтанн³ хроìосоìн³ ìутац³ї у 
звичайних польових ìишей на ìалоìу êавка-
з³. ó норìальноìу кар³отип³ хроìосоìи п’ятої 
пари велик³ субтелоцентр³чн³, тод³ як в анор-
ìальноìу кариотип³ одна з п’ятої пари хроìо-
соì була гетероìорфною ³ ìала акроцентричну 
будову. гетерохроìн³ хроìосоìи в³др³зняють-
ся ³ за гетерохроìативниì складоì. ó процес³ 
видоутворення в³дзначаються в основноìу пе-
рицентричн³ ³нверс³ї, транслокац³ї ðобертсо-
на ³ тандеìн³ транслокац³ї. ó ìетафазних дис-
ках поряд з хроìосоìниìи ìутац³яìи виявлен³ 
структурний гетерохроìатин ³ райони утворен-
ня ядерець. âиявлено, що екстракт ³з збору л³-
карських рослин сприяє зниженню структурних 
порушень хроìосоì утворених п³д д³єю рад³а-
ц³ї ³ забезпечує норìальне функц³онування кл³-
тини. Вèñíовкè. спонтанн³ ìутац³ї в п’ят³й пар³ 
хроìосоì ìожна було розглянути як початок 
видоутворення, проте в останн³х досл³дженнях 
на ìалоìу êавказ³ не виявлен³ особини, що ìа-
ють такий тип ìутац³ї. ó кар³отип³ виду Microtus 
mayori виявлен³ асоц³ац³ї в районах утворення 
ядерець, в³дзначен³ ì³жхроìосоìн³ асоц³ац³ї та 
висловлено припущення про ìехан³зì асоц³а-
ц³ї.

кëючов³ ñëовà: хроìосоìа, дика ìиша, екст-
ракт, кар³отип, рад³ац³я.


