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The effect of gamma radiation on chromatin condensation in isolated human buccal epithelium
cells was investigated. The method of staining with orcein and determination of the mean number
of heterochromatin granules per one nucleus was applied, 100 nuclei were analyzed in each variant
of experiment. The isolated cells of buccal epithelium demonstrate the increase of condensation of
chromatin in interphase nuclei after irradiation with ®Co gamma irradiation in doses 0,5-5 Gy.
The effect of irradiation increases with dose up to 3 Gy, and then comes to plateau. The results of
this investigation do not show enhancement of the effect of gamma irradiation in combination with
magnetic field or microwave irradiation. On the contrary, we observed the pronounced decrease of
the effect of gamma irradiation (2 Gy) in combination with magnetic field (25 mT) and also
microwave irradiation (36,64 GHz, intensity 1 W/m?) if it is applied before the gamma irradiation.

Keywords: buccal epithelium; cell nucleus; gamma radiation; non-ionizing radiation;
heterochromatin.

The studies of cytological manifestations of the action of ionizing radiation have a long
history. In this area are known classic works of Nadson and Filippov [1] and Muller [10] on genetic
effects of ionizing radiation. Now new aspects of the effects of ionizing radiation on cell are studied.
The most elaborately investigated are so-called genotoxic effects [11] and ionizing radiation-induced
apoptosis [9] which are often studied in connection with the application of ionizing radiation in the
treatment of cancer and the influence of ionizing radiation on stem cells [12]. For a long time the
researchers are interested in the modifying of the effect of ionizing radiation by non-ionizing radiation
— microwaves and low-frequency electromagnetic fields [2]. This problem attracts attention in

connection with medical applications of ionizing radiation, but still remains unsolved.

© Kysuenos K., Mipommauk 1., Hikonos O., [llkop6aros 1O., 2014



K. KysHeuyos, []. MipowHuk, O. Hikornos, tO. LLIkopbamos
198 ISSN 0206-5657. BicHuk JlbBiBCbKOrO YHiBEpcuTeTy. Cepist GionoriyHa. 2014. Bunyck 68

For investigation of the biological action of ionizing radiation are applied many cytological

methods. The very informative characteristic of cell state is the assessment of the degree of
heterochromatinization of chromatin in cell nucleus. As it is known, the transition of chromatin
from the form of the euchromatin (diffused) to the form of heterochromatin (condensed) is
accompanied by a decrease in the activity of RNA synthesis [3], so the assessment of the degree of
heterochromatinization can be used to determine the overall synthetic activity of chromatin.
Previously it was shown that the heterochromatin granules quantity (HGQ) per one nucleus, as a
characteristic reflecting the degree of heterochromatinization may be used to assess cell response to
electromagnetic and magnetic fields, ultraviolet radiation, inhibitors of synthesis of RNA and
protein, etc. [13]. The aim of this work was to study the effect of ionizing radiation on the degree
of condensation of chromatin in interphase nucleus of isolated cells of human buccal epithelium.
Materials and Methods
Cells.
As the experimental object were used human buccal epithelium cells isolated from organism
immediately before experiment. The two good-will donors of cells (men) were informed about the
purposes of the investigation. The Donor A was 21 year old, Donor B — 22 years old. Cells were
placed in a 3,03 mM phosphate buffer solution, pH=7,0 with addition of 2,89 mM CaCl,. In this
solution cells may be stored without any visible changes for several hours [12].
Source of ionizing radiation and the method of cell irradiation.
Cells suspended in the solution described above (100 ul) was placed in Eppendorf test-tube and the
test-tubes were placed in a container and subjected to irradiation by ®°Co y-rays at the dose rate 0,01
Gy/sec for obtaining the absorbed dose of 0,5-5 Gy. The dose obtained by the cells depended on the
time of cell exposure (50 sec — 500 sec).
We also treated the cells with static magnetic field (MF) of magnetic induction 25 mT, exposure
time 5 min; and microwave radiation (MW) of frequency 36,64 GHz, intensity 0,1 and 1 W/m?,
exposure time 30 seconds. The source of magnetic field was magnet, and the source of microwaves
— the generator on the base of Gann diode constructed by the scientists of the Department of
Theoretic Radiophysics of the Kharkiv National University. If combined treatment of cells (gamma
radiation and magnetic field or microwaves) were applied, the treatment was used immediately
before or after the y —irradiation. Cells were stained with 2% orcein solution in 45% acetic acid [14]
immediately after the treatment of cells with ionizing radiation or combined treatment with
magnetic field or microwaves. The measure of chromatin condensation was the heterochromatin
granule quantity (HGQ). It was assessed in 100 nuclei; the mean value and the standard error of the
mean were calculated. The data were processed by Student’s method, in Fig. 1-6 the variants that

significantly (p>0,95) differ from control are marked with asterisks (*).
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Results
The results of HGQ assessment after cell exposure to gamma rays are presented in Fig. 1-2.
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Fig. 2. The HGQ in cells of donor B after cells exposure to different doses of gamma radiation.

As one can see, even the smallest of the tested doses of gamma radiation (0,5 Gy) induces the
significant increase in HGQ in cells of both donors. The further increase of the exposure dose
results in the increase of HGQ. This increase is limited at the doses 4 Gy (Donor A) or 3 Gy (Donor
B); the more doses induce no further HGQ increase.

In Fig. 3—4 are presented results of HGQ changes after the cell exposure to successive treatment by
magnetic field (25 mT, 5 min exposure) and gamma radiation.
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Fig. 3. The HGQ in cells of donor A after cells exposure to gamma radiation (2 Gy) and magnetic field (MF, 25 mT).
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Fig. 4. The HGQ in cells of donor B after cells exposure to gamma radiation (2 Gy) and magnetic field (MF, 25 mT).

The presented data indicate that the induced by gamma radiation effect can be modified by applying
of magnetic field. In the both variants: gamma radiation+magnetic field and magnetic field +gamma
radiation HGQ is significantly less than in the variant - gamma irradiation.

In Fig. 5-6 are presented results on HGQ assessment after the combined irradiation by

gamma radiation (2 Gy) and microwaves of two intensities: 0,1 and 1 W/m?, exposure time 30 sec.
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Fig. 5. The HGQ in cells of donor A after cells exposure to gamma radiation (2 Gy) and microwave radiation (MW), of
two intensities, 0,1 and 1 W/m?
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Fig. 6. The HGQ in cells of donor B after cells exposure to gamma radiation (2 Gy) and microwave radiation (MW), of
two intensities, 0,1 and 1 W/m?,
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It may be seen from Fig. 5 that at the intensity 0,1 W/m® and 1 W/m? applied before gamma, the

microwave irradiation significantly reduces the effect of gamma irradiation. If microwave

irradiation is applied after gamma, the effect of microwaves is observed only at higher intensity 1

W/m?. Cells of Donor B proved to be less sensitive to restoring effect of microwaves. Only in

variant of combined treatment of cells: 1 W/m? microwaves + gamma irradiation (2 Gy) the

significant decrease of the gamma radiation-induced effect of HGQ increase was observed.
Discussion

The modern data on the action of ionizing radiation on different levels of chromatin
organization are summarized in [7]. According to these authors, there are several methods of
determination of chromatin changes after ionizing irradiation. Hallo assay — assessment of the
diameter of the fluorescent halo formed by the chromatin relaxation of the nucleus stained by the
intercalating agent. Comet assay is used for assessment of DNA brakes. Pulsed Field Gel
Electrophoresis technique — is used to discriminate DNA fragments according to their length. All
these methods, in authors’ opinion, may be used to assay effects of high doses of radiation. The
method of immunofluorescence — the method of visualization of cell repair and signaling proteins,
may be used for assessment of effects of low doses of ionizing radiation [7]. We are proposing not
to assess the effect of chromatin decondensation (which is assessed by hallo method) occurring after
applying of high doses of ionizing radiation, but the opposite process of chromatin condensation.
Many stress factors induce chromatin condensation, among them the high temperature, ultraviolet
radiation, microwave radiation, inhibitors of protein and RNA synthesis [13].

The data obtained show a significant increase in HGQ after the exposure to gamma
irradiation (Fig. 1-2), that is a manifestation of chromatin condensation. Interestingly, that the
effect of chromatin condensation is observed at doses 0,5-5 Gy in a dose-dependent manner. The
HGQ comes to plateau at 3-5 Gy cell exposure. In our opinion, this is connected with limited
ability of cell to react to relatively high levels of gamma irradiation in connection with increase of
cell damage.

We are investigated the effects of ionizing radiation of 2 Gy combined with magnetic field
and microwaves tacking in mind that the dose 2 Gy generally corresponds to a daily radiotherapy
session [7]. The data obtained indicate that the effect of gamma radiation on HGQ may be reduced
by applying of magnetic field (Fig. 3-4) and microwaves (Fig. 5-6) before (that is more effective in
the case of microwave irradiation) and after irradiation. In our opinion, these processes may be
connected with the known effect of radioadaptation [16]. The effects described in the modern
literature on the combined effects of ionizing radiation and non-ionizing electromagnetic fields are

quite contradictory. It s shown that extremely low frequency MF did not enhance mircronuclei
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frequency induced by ionizing radiation (2 Gy), so no synergistic effects were observed [5].
Although the 1.95 GHz signal does not exacerbate the yield of aberrant cells caused by ionizing
radiation, the overall burden of X-ray-induced chromosomal damage per cell in first-mitosis
lymphocytes may be enhanced at 2.0 W/kg SAR [8]. But in other works is demonstrated that the
damaging effect of ionizing radiation is enhanced by non-ionizing radiation. The exposure to
extremely low frequency MFs immediately before or after X-ray irradiation may enhance the
mutations in pTN89 plasmids [4]. The combination of electromagnetic fields (900 MHz, 2, 4, and 6
mW/cm?, for 3 days at 2 h/d) and gamma-ray exposure (5 Gy) resulted in a synergistic effect by
triggering stress response, which increased reactive oxygen species [6].

Therefore, the problem of interference of biological effects of gamma radiation and non-
ionizing radiation is far from its solution. In our opinion, the cell response to the combination of
these factors depends on the genotype of cells and the intensity of operating factors, and this is a
cause of diversity of experimental data obtained by different authors.

Conclusion

The isolated cells of buccal epithelium demonstrate the increase of condensation of
chromatin in interphase nuclei after irradiation with ®®Co gamma irradiation in doses 0,5-5 Gy. The
effect of irradiation increases with dose up to 3 Gy, and then comes to plateau. The results of this
investigation do not show enhancement of the effect of gamma irradiation in combination with
magnetic field or microwave irradiation. On the contrary, we observed the pronounced decrease of
the effect of gamma irradiation (2 Gy) in combination with magnetic field (25 mT) and also

microwave irradiation (36,64 GHz, intensity 1 W/m?) if it is applied before the gamma irradiation.
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BILJIMB IOHI3YIOUOI'O BUTTPOMIHIOBAHHS B KOMBHIIII 3 CTATUMHUM
MAT'HITHUM IOJIEM I MIKPOXBHUJIBOBUM BUITPOMIHIOBAHHSM HA CTAH
XPOMATHHY B I30JIbOBAHUX KJIITUHAX BYKAJIBHOI'O EINITEJIIO JIFOJUHHU
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JlocmipkeHO BIUIMB TraMMa- BHIIPOMIHIOBAHHS Ha KOHJCHCALI0 XPOMAaTHHY B 130JIbOBAaHUX
KIITHHAX OYKaJbHOTO EITeNio IIoAuHH. byB 3acTocoBanmii crioci6 GapOyBaHHS KIITHH OpceiHOM
i BU3HAYCHHS CEPEIHBOrO YHCIA TPaHYN TETePOXPOMATHHY Y SApi, B KOXKHOMY BapiaHTi
excriepuMeHTy Oyno mnpoananizoBano 100 spep. I3omboBaHi KIITHHHM OyKaJIBHOTO EMIiTEINiIO
JIEMOHCTPYIOTh 30iJIbIICHHsS] KOHJCHCAILi XpOMaTHHY B iHTep(ha3sHMX sjpax Mmicias raMma-
onpominenns ®Co B no3ax 0,5-5 I'p. Brums onpominenns 3pocrae 3 103010 g0 3 I'p, a morim
JIOXOJMTB JI0 IUIaTO. Pe3ynbTaTH LbOro AOCIIIKEHHS HE MOKA3yIOTh MOCHIEHHS edeKkTy ramma-
ONPOMiHEHHs] B KOMOiHamii 3 MarHiTHEM moieM ab0 MiKpOXBHIJIBOBHM BHUIIPOMiHIOBAHHSIM.
HaBnaxu, Mu criocTepirain BUpakeHe 3HWKEHHsI BIUIUBY raMMa-orpoMinenss (2 I' ) y nmoeaHauHi
3 MargiTHuM monem (25 MTi), a taxox HBY onpominenusm (36,64 I, intencusuicts 1 Br/m?)

HpH HOTo 3aCTOCYBAHHI Mepe]] raMMa-OlpPOMiHEHHSIM.

Kntouosi cnosa: OykanpHuil emiteniif; sfIpo KIITHHU; raMMa-OINPOMIHIOBAHHS, HEIOHI3yroue

BHUIPOMiHIOBAHHSI; TE€TEPOXPOMATHH.
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BJIUAHUE NOHU3UPYIOWIEI'O U3JIYYEHUA B KOMBHUIINHN CO
CTATUWYECKMM MATHUTHBIM ITIOJIEM 1 MUKPOBOJIHOBBIM N3JIYYEHUEM
HA COCTOAHHUE XPOMATHUHA B U30/IMPOBAHHBIX KJIETKAX BYKKAJIBHOI'O
SIUTEJNA YEJJOBEKA
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HccrnenoBaHo BIMSHHME TaMMa-M3IyYeHHs Ha KOHJCHCALMIO XPOMAaTHHA B H30JIHPOBaHHBIX
KJIETKaX OYKKAJIBHOTO OIMTENHs 4YelOBeKa. DBbUI NPUMEHEH Croco0 OKpAIIMBAaHHS KIIETOK
OPCEHHOM H OIpEIEICHIE CPEAHEro YUCia TPaHysl FeTepOXPOMATHHA B SIAPE, B KAXKIOM BapHAHTE
9KCIepuMenTa Obulo mpoaHammsupoBano 100 smep. M30mmMpoBaHHBIE — KIETKH OYKKalbHOTO
SMUTENHs] JEMOHCTPUPYIOT YBEIHYCHHE KOHICHCALMH XpPOMaTHHA B MHTEpP(ha3HbIX sApax Iocie
ramma-o6ayaenus °Co B gosax 0,5-5 Ip. Biusiue oGnyuenns Bospacraer ¢ 1030ii g0 3 I'p, a
3aTeM BBIXOJAUT HA IUIATO. Pe3ynbTaThl JaHHOTO HCCIEIOBAHHMSI HE MOKA3bIBAIOT YCHIICHHS
addekra ramma-obIydeHHs B KOMOMHAMM C MAarHUTHBIM IOJIeM WIH MHKPOBOJHOBBIM
m3nydeHueM. HampoTus, Mbl HaGMIOAIN BRIPAKEHHOE CHIDKCHHUE BIMSHHS TaMMa-o0aydeHus (2
I'p) B couerannn ¢ MarHuTHBIM moneM (25 mTi), a takke KBU oGmywenwem (36,64 I'Ti,

2
HUHTEHCHBHOCTH 1 BT/M®) pH ero npuMeHeHuH repest raMmma-o0IydeHueM.

Kniouesvie cnosa: OyKKaNbHBIA SIMTENHHN; AP0 KIETKH; raMMa-H3JIydeHHE; HEHMOHM3HpYIOLIee

HU3JTy4CHHME,; TETCPOXPOMATHH.



