90

PACHMEC

YKPAIHCbKOIO TOBAPUCTBA
FEHETVKIB | CENEKUIOHEPIB

UTC 577.1+547:577 .1

INTRASPECIFIC SPONTANEOUS CHROMOSOMAL
MUTATIONS IN SOME RODENTS DISTRIBUTED

IN AZERBAIJAN, THEIR INDUCTION BY IONIZING
RADIATION AND CORRECTION

E.N. SHAMILOV1, A.S. ABDULLAYEV', G.N. QULIYEV2, E.T. MEMMEDRZAYEVAZ?,
V.E. SHAMILLI3, I.V. AZIZOV3

TInstitute of Radiation Problems of Azerbaijan National Academy of Sciences
Azerbaijan, AZ1143, Baku, B. Vahabzada str., 9

e-mail: elshanshamil@gmail.com

2Institute of Zoology of the Azerbaijan National Academy of Sciences
Azerbaijan, AZ1073, Baku, A.Abasov str., 1128 lane, 504 block

e-mail: giyas_g@mail.ru

3Institute of Botany of the Azerbaijan National Academy of Sciences
Azerbaijan, AZ1073, Baku, Badamdar road, 40

e-mail: ibrahim.azizov47@gmail.com

Aim. Work s focused on the intraspecific spontaneous mutations ofrodent 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.

I ntroduction. Since the middle of XX century after the first karyological investi-
gationsitwas 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
defectsin 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 (822; 534), Micro-
tus mayori — Caucasian shrub field mouse
or Little-Asian shrub field mouse 22 sam-
ples (999; 1343), and 6 samples (39¢; 344)
were collected from Gebzdere field of Za-
gatala region, the Great Caucasus.

Materials and Methods

The studies with y-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 y-irradiation in
the apparatus “Rkhund”, at a dose rate 0.3
rad/sec, at 1 and 4 Gray. After aday fromir-
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.
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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
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that contains heterochromatin. In big chro-
mosomes and X chromosome the C-stainis
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 5t 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-

'I (T B TR |

I 2 3 4 5

t ) 8 9 11} 11 12
'. - LT, ] .p [ LT LE]
13 I4 15 16 17 I8 19
Ry a8 - ‘&
20 21 2 Xy

Figure 1. Karyotype of ordinary field mouse. a - ordinary stain, b - C-stain.
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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
(inthe Little Caucasus 31,25 %). In different
populations that were investigated last
years, also in animals that were caught from
Gedebey region heteromorphism in the 5t
pair of chromosome were not registered. It
is assumed that influence of factors of an-
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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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Figure 2. Karyotype of ordinary field mouse. a — ordinary stain, b — C- stain.
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calizedin the telomere part of longarm. 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 10t 13t pairs of
middle sized chromosomes, and in 20t
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 6t and 9th pair of homological
chromosomes ( Figure 3).
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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 6t 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-
tioninliterature, thereis 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,
alsoinjection 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 y-
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 15+19 520
1 Gray y-irradiation 135+19 550
4 Gray y-irradiation 135+19 490
Extract of plant collection (CSS) 14+19 548
Extract (CSS) + 1 Gy 23+29 527
Extract (CSS) + 4 Gy 23+29 555

Table 2. Influence of 1 and 4 Gy y-irradiation and plant collection extract (CSS) on incidence of

chromosomal aberrations in bone marrow cells in rats

Variants n']“e‘i;“bhegsfs n']\'e”tg‘bhears‘;fs Poliploid | Aneuploid | Structural |  Disorders
P p_ metaphases | metaphases | disorders %
(total) 2n=42
Intact control 520 516 1 (n>42) 1 0,76+0,08
P+<0,02
1 Gray y-irradiation 550 533 4(n>42) 6 3,09+0,77
3(n<42) P<0,05
4 Gray y-irradiation 490 447 7(n>42) 19 8,77+1,08
4(n<42) P<0,04
Extract of plant 548 538 5(n<42) 2 1,82+1,05
collection (CSS) P<0,01
Extract (CSS) + 1 Gy 527 516 4(n>42) 4 2,08+0,91
2(n<42) P<0,05
Extract (CSS) + 4 Gy 555 517 6(n>42) 16 6,84+1,09
7(n<42) P<0,03
tions increases by over 3,09 %. Irradiation References:

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.
Alsoinrats subjected toirradiation ata 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
y-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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Lenb. B paboTte nccnenosaHbl BHYTPYBUOOBLIE
CMOHTaHHbIE MyTaLMN XPOMOCOM IPbI3yHOB, pa-
CMPOCTPaHEHHbIX B PasnnyHblx parioHax Asep-
GanoxaHa, N3y4eHO BAMSHWE raMMa W3MyvyeHus
B 003ax 1 1 4 rpeit Ha XxPOMOCOMHbIe abeppauun
B KOCTHOM MO3re KpbIC, MPeABapuTeNbHO nony-
YMBLLMX SKCTPaKT 13 cHopa NekapCTBEHHbLIX pa-
CTEHWUI NyTeM nHbekumn. Metoabl. BbinosHEHbI
paboTbl MO M3y4eHUto MOPPONOrMN XPOMOCOM,
N3MEHEHUI reTepoXPOMaTUHOBBLIX YacTel Xpo-
MOCOM, paiioHOB 06pa30BaHNS SAPbLILIEK XPOMO-
coM, BromeTpuyeckas 06paboTka XPOMOCOMHbBIX
abeppauyii. PeaynbraTtbl. OTMEYEHLI BHYTPUMNO-
NYNSALUMOHHBIE CMOHTAHHbIE XPOMOCOMHbIE MyTa-
LMK y 0ObIKHOBEHHbIX MOMEBbIX MbILLEN HA Manom
KaBkase. B HopmanbHOM KapuoTune XpOMOCOMbI
naToin napbl 6onblive cyOTenoUeHTpUYeckme, B
TO BPeMS Kak B aHOPMaslbHOM KapuoTune ofHa
13 NSTOW Napbl XPOMOCOM Oblna reTepoMopdHO
1 MMena akpoLEHTPUYECKOE CTpoeHue. feTepo-
XPOMHbIE XPOMOCOMbI OTIMHAIOTCS U MO reTepo-
XPOMaTUHHOMY cocTaBy. B npouecce Bunoobpa-
30BaHVs OTMEYAIOTCH B OCHOBHOM NEPULLEHTPY-
4yeckune MHBepLMM, TpaHcnokaumuy PobepTcoHa 1
TaHAEMHble TpaHcnokaumun. B metadasHbix auc-
Kax Hapsioy C XPOMOCOMHBLIMU MyTaumsMu 0bHa-
PYXEHbl CTPYKTYPHBIN reTEPOXPOMATUH 1 PANOHBI
06pa3oBaHMs sOpblllek. BbisBNEHO, 4TO 9KCT-
pakT 13 cbopa NekapCTBEHHbIX PACTEHNI CNOCO6-
CTBYET CHUXEHUIO CTPYKTYPHbIX HAPYLLEHWIA XPO-
MOCOM 00pasyeMblx Noj, AENCTBUEM pagvaLmmn u
obecneynBaeT HopMasibHOe GYHKLMOHUPOBaHNE
kneTkn. BbiBogbl. CrOHTaHHbIE MyTaumu B Nsi-
TOV nape XPOMOCOM MOXHO OblI0 pacCMOTPETb
Kak HaYano Bu006pa3oBaHnsl, 0HaKO B nocnes-
HUX nccnepgosaHuax Ha Manom Kaskase He oOHa-
pyXeHbl 0COOW, MMEIOLLIME TakoW TUM MyTauWn.
B kapwotune Buga Microtus mayori 00Hapy>XeHbl
accoumaummn B paiioHax 06pa3oBaHUa SapbILLEK,
OTMEYeHbl MEXXPOMOCOMHbIE accoumaumm u
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BbICKa3aHO MPENooXeHNe 0 MexaHn3Me acco-
upaumm.

KnioueBble cnosa: XpoMOCOMa, AuKas Mblillb,
OKCTpaKT, KapnoTunn, pagnaumsa.
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MeTa. Y pob6oTi JOCNiOXEHO BHYTPILLHLOBUAO-
Bi CMOHTaHHI MyTaLlii XpOMOCOM rPU3YHIB, NOLWN-
PeHVX y Pi3HUX panoHax AsepbaiimxaHy, BUBYE-
HO BM/VB ramMmMa BUNPOMIHIOBaHHSA B fo3ax 1 4
rpeit Ha XpOMOCOMHI abepalii B KICTKOBOMY MO3-
Ky LLypiB, SiKi nonepeaHbL0 OTpUMany eKCTPakT 3i
360py NiKapCbKNUX POCAMH WASXoM iH’ekuji. Me-
TO0AU. BUKOHAHO pobOTK 3 BUBYEHHS MOPGONOo-

rii XxpOMOCOM, 3MiH reTepoOXpPOMaTUHOBUX YaCTUH
XPOMOCOM, PaiOHIB YTBOPEHHS SAepeLlb XPOMO-
com, BGiomeTpuyHa 06pobka XPOMOCOMHUX abe-
pauin. Pe3ynbTatu. Bin3HayeHO BHYTPILLHLO-
NONyNSALIMHI  CMOHTAHHI XPOMOCOMHI  MyTauji 'y
3BUYAMHUX NOJILOBMX MULLEen Ha Manomy KaBka-
3i. Y HopManbHOMy KapioTuni XpOMOCOMM M’ATOl
napu Benuki cybTenoueHTpiYHi, ToLi sK B aHop-
MasibHOMY KapuoTuni 0gHa 3 N’aToi napy XpoMo-
com Byna retepoMopdHOI0 | Mana akpoLLEHTPUYHY
6ynoBy. [eTepoXpOMHiI XPOMOCOMU BiAPI3HAOTb-
cA i 32 reTepoxpoMaTvBHUM CknafoMm. Y npoueci
BWOOYTBOPEHHS Bil3HAYalOTbCS B OCHOBHOMY Ne-
PULLEHTPUYHI iHBepCii, TpaHcnokauii PobepTco-
Ha | TaH4eMHi TpaHcnokauii. Y metadasHux auc-
Kax nopsg, 3 XPOMOCOMHUMW MyTaLi M/ BUSIBNEHI
CTPYKTYPHWI reTepoxXpOMaTuH i paioHV YyTBOPEH-
HA saepeLb. BuseneHo, LWo ekcTpakT i3 36opy ni-
KapCbKNX POCIINH CMPUSIE 3HUKXEHHIO CTPYKTYPHUX
NOpPYLLEHb XPOMOCOM YTBOPEHMX Mif A€o pagia-
uji i 3abe3neyvye HopManbHe GYHKLIOHYBaHHS K-
TUHW. BucHoBkM. CrnioHTaHHI MyTaLii B n’ATi napi
XPOMOCOM MOXHa Oyno pO3risHyTM §K MO4aToK
BUOOYTBOPEHHS, NPOTE B OCTAHHIX AOCAIOKEHHSAX
Ha Manomy KaBkasi He BUSIBNIEHI 0COBUHY, LLIO Ma-
I0Tb Takuii TUN MyTawii. Y kapiotuni sugy Microtus
mayori BUSBNEHI acoujaLii B paoHax YTBOPEHHS
saepeup, BiA3HAYEHi MixXXPOMOCOMHI acouiauii Ta
BMCNOBMIEHO NPUNYLLEHHS NPO MEXaHi3M acouja-
Lji.

Knio4yoBi cnoBa: xpomocoma, auka MuLia, ekcr-
paKT, KapioTun, paaiauis.
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