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The frequency of dominant lethal mutations (DLM) after combined effect of caffeine (1,3,7-trimethylxan-
thine) and helium-neon laser radiation in Drosophila has been studied. Caffeine is a natural substance which is
presented in many drinks, widely applied in medicine and reveals moderately toxic action and some mutagen-
icity/genotoxicity effects; red laser radiation is applied in medicine and can disrupt the processes of DNA and
RNA biosynthesis. The aim of this work was to study the characteristics of the mutation process in Drosophila
melanogaster under the influence of caffeine and red laser radiation, depending on the genotype.

We used wild type Drosophila melanogaster stocks Canton-S (C-S) and Oregon (Or), carrying an ebony
mutation, respectively: ebonyc-s and ebonyor; and mutant stock ebony. Control flies were grown in standard
conditions, and in experiments with caffeine it was added in culture medium in concentration 0.5 mg/ml. Vir-
gin flies were exposed to a helium-neon laser light (wavelength of 632,8 nm) with a surface power density of
0.03 mW/cm?, the exposure time was 5 minutes.

The influence of caffeine causes an increase in the frequency of early DLM on 40 % in mutant line ebony,
and on 70.5 % in the line ebonyc-s. Irradiation by light of helium-neon laser either reduces the incidence DLM,
or has no effect in all lines used in this work. The simultaneous effect of two external factors induces diverse
answers in different genotypes: it increases early DLM in line C-S and early and late DLM in line ebony; but has
no effect in lines ebonyor and ebonycs. The two-way analysis ANOVA F-test showed that the DLM frequency
dependence impact of external factors is characterized by F = 3.87; of genotype F =5.14; of the combined effects
of genotype and external factors F=5.69. The power of influence of external factors — 8.1 %; of genotype 6.9 %;
and of the combined effects of the genotype and two external factors studied — 31.4 %.

Conclusions. Irradiation with laser light had no mutagenic effect on Drosophila, and even revealed anti-
mutagenic effect. Caffeine induced the DLM increase, but the combined caffeine and laser light impact increased
DLM rate in line ebony and not influenced it in lines: ebonyor and ebonycs.
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OCOBJIUBOCTI MYTAIIIMHOI'O ITPOIIECY Y PI3BHUX JITHIN
DROSOPHILA MELANOGASTER 3A YMOB CILJIBHOT 11
KO®EIHY I BUTIPOMIHIOBAHHSA HE-NE JIABEPY

O.B. I'opencska, H.C. ®irimonenko, 10.T. IllkopoaToB
Xapxiscvkuil HayioHaavHull yHisepcumem imeni B.H. Kapasina, m. Xapkis, Yxpaina

JociimKxeHo 9acToTy TOMIHAHTHUX JeTanbHux MyTtatnii (IJIM) y npo3odinu micis crijibHOTO BILIUBY
kodeiny (1,3,7-TpUMETHIIKCAHTHH) 1 TeJili-HEOHOBOTO Jla3zepy. MeToto aHoi poboTu OyJsi0 BUBUEHHS
0co0IMBOCTEN MyTalliliHOTO TIpoliecy y Drosophila melanogaster min BITMBOM KOdeiHY 1 BUIPOMiHIOBaHHS
reJIiii-HeOHOBOTO Jia3epa B 3aJI€?KHOCTI Bijl TeHOTHITY.

ExcrieprMeHTH MPOBOAWIN Ha JIiHisAX aukoro tumy Drosophila melanogaster Canton-S (CS) i Oregon
(Or), sixi HecyTh MyTaHTHHH r'eH ebony, i MmyrauTHOI J1iHil ebony. JIiHii 6ys1u B3:Ti 3 KosIeKIii TiHil Apo3odiniu
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Kadeapu reHeTUKH 1 ITUTOJIOTIT 6iosoriyHOTO (paKyIbTeTy XapKiBChKOTO HAIiOHAJIBLHOTO YHIBEPCUTETY iMeHi
B.H. Kapaszina. Y KOHTPOJIi MyX BUPOIIyBaJIH B CTAHIapTHUX YMOBAX, Y A0C/Ti1ax KOeiH A0/jaBaIi B CEPETOBUIIIE
JUIA KYJIbTUBYBaHHS MyX B KOHIeHTpamii 0,5 mr/mu1. Biprinux Myx miijaBajgu BIUIUBY TeJTiH-HEOHOBOTO
JIa3epHOTO BUIIPpOMiHIOBaHH:A (632,8 HM) 3 mIiibHicTIO TOTOKY eHeprii 0,03 MBt/cm? (TpuBasticTs BILUIUBY — 5
XBUJIMH).

PesynpraTit po60oTH ITOKa3asy, 10 BIUIUB Kodeiny 36iibIrye yactory pannix IJIM Ha 40 % y MyTaHTHOI
siuii ebony i Ha 70,5 % y minii ebonyc-s. OnpomMiHeHHs CBITJIOM TesIii-HEOHOBOTO Jia3epy MPU3BOAUTD 10
3HKeHH yactoty JIJIM. OnHouacHa /1isi 30BHINIHIX YMHHUKIB BUKJIMKAE PI3HOCIPSMOBAHUT e(DEKT, 3JIEKHUN
BiJl TeHOTHITY JTOCITiZ>KYBaHOI JIiHii: 36iabIyeThes wacrora panuix JIJIM y ginii C-S i paunix i mizuix JJIM y
Jstinii ebony. Y niuiit ebonyor i ebonyc-s piBeHb eMOPiOHAIBHOI CMEPTHOCTI He BiZIpi3HAETHCA Bifl KOHTPOJIBHUX
3HaueHb. /[Box(akToOpHUH AUCHEpPCIHHUN aHaJi3 MOoKa3as, 1o yacrora /[JIM BH3HAUAETHCS 30BHIIIHIM
BituBoM (F = 3,87); renotuniom (F = 5,14) i moeiHaHOIO Ai€030BHIITHIX i BHyTpimHiX dakTopis (F=5,69). Cuna
BIUIMBY 30BHIIITHIX pakTopiB — 8,1%; reHoTHITY 6,9%; CITiIbHOI /1ii 30BHIIIHIX i BHYTpimIHiX dakTopiB — 31,4 %.
JocimkeHa yacToTa JOMiHAHTHUX JIETAJIBHUX MyTalliil y JIiHi# uKkoro Tuiy Canton-S, MyTaHTHOI1 JTiHii ebony
1 1iHi# 3 3amileHUM TeHOTUIIOM ebonyc-s Ta ebonyor Ipu OfHOYACHIH il Kodeiny (1,3,7-trimethylxanthine) i
Ji1a3epHOTO BUIpPOMiHIOBaHH:. [TokazaHo, 110 cyMapHa YacTOTa BUHUKAIOUHX JIOMIiHAHTHUX JIETATbHUX MYTaIlil
3aJIEXKUTBD BiJl yCiX PO3IIAHYTHX y poOoTi hakTopiB: Bi reHoTHITy F = 5,14, Bi/i BIUTUBY JOCTI/I?KyBaHUX 30BHIIITHIX
daxropis F = 3,87, i Bix moeauanoi zii renoruiry i 30BHinmHiX pakropis F = 5,69. B npbomMy BUnaiKy cria BILIUBY
TeHOTHITY cKIasa 6,9 %, 30BHilrHiX hakTopiB — 8,1 % i moeaHaHOI il 060X AoCTiKyBaHUX pakTopiB — 31,4 %.

BucHoBku. OnpoMiHeHHs JlJa3epHUM BUIIPOMiHIOBaHHSIM He Majio MyTareHHoro edekty Ha Drosophila,
1 HaBiTh BUsABWIO aHTUMyTareHHU# edpekt. Kodein Bukinkas 36inpmenns JJJIM, aje koMOiHOBaHUH BILIUB
ko(eiHy Ta Ja3epHOT0 BUIIPOMiHIOBaHHs 36ibiuB yactoty JIJIM y stinii ebony i He BiutuHyB Ha yactoty JIJIM
B JtiHisIX ebonyor Ta ebonyc-s.

KarouoBi ciroBa: noMiHaHTHI yieTasbHi MyTalii; po3BUTOK /po30Ginu; MyTareHHUNH eeKT;
AHTUMYTAareHHUH eeKT.

OCOBEHHOCTU MYTAITUOHHOT'O ITPOIIECCA Y PA3/IMYHBIX INHUN
DROSOPHILA MELANOGASTER ITPY1 KOMBUHHUPOBAHHOM JIEICTBUU
KO®PENHA 1 U3JIYUEHUA HE-NE JIASEPA

0.B. I'openckasn, H.C. ®winnoneHko, 10.I'. IllkopoaTroB
Xapvkrosckuil HayuoHaavbHblil yHusepcumem umeru B.H. Kapa3uHa, 2. Xapvkos, YkpauHna

HccenepoBaHa yacToTa JOMHUHAHTHBIX JieTaabHbIX MyTanuid (JIJIM) y mpo3oduiisl mocjie COBMECTHOTO
BO3zelcTBUsA KodenHa (1,3,7-TpuMeTUIKCAaHTUHA) U TeTUH-HeOHOBOTO Jiazepa. []esbio JaHHOM paboThI OBLIO
u3yueHHne 0COOEHHOCTeH MyTal[OHHOTO mpoiecca y Drosophila melanogaster non BausHueM kKodenHa u
U3JIydYeHHUs reJIni-HeOHOBOTO Jla3epa B 3aBUCUMOCTU OT T€HOTHIIA.

IKCIepUMEHTHI ITPOBOAIINCH Ha IUHUSAX AUKOro TUIa Drosophila melanogaster Canton-S (C-S) u Oregon
(Or), HecymuX MyTaHTHBIN I'eH ebony, u MyTaHTHOH JIMHUH ebony. JINHWUY ObLTHA B3STHI U3 KOJUIEKITUY JTUHUH
nipo3oduit Kadenpbl TeHETUKN U IUTOJIOTHH GHOJIOTHYecKOro (aKyIbTeTa XaphbKOBCKOTO HAIIHOHAJIBHOTO
yHuBepcutera uMeHu B.H. Kapasuna. B KOHTpoOJIe MyXy BBIPAIIMBAIN B CTAHZAPTHHIX YCJIOBUAX, B OIIBITAX
kodenH 106aBIsAIU B Cpery A KyJIbTUBUPOBAHUS MYyX B KoHIleHTpanuu 0,5 Mr/mii. Buprunubsie Myxu
TIO/IBEPTATUCH BO3/IEHCTBUIO reJTMH-HEOHOBOTO JIA3EPHOTO U3IyYeHU (JJTMHA BOJTHBI 632,8 HM) C IVIOTHOCTHIO
notoka sHepruu 0,03 MBT/cM? (BpeMst BO3JEHCTBUSA — 5 MUHYT).

PesynpraThl paboTHI MOKA3a/IH, UYTO BO3/elicTBHE KodenHa yBeanunuBaeT yactoty pannux /IJIM va 40 % y
MyTaHTHOM TuHUHU ebony u Ha 70,5 % y muauu ebonyc-s. O6IydeHre CBETOM IeJTHI-HEOHOBOTO Jia3epa IPUBOIUT
K cHmkeHUIo dyactoTsl JJJIM. CoueTaHHOe JieicTBHE BHEITHUX (PAKTOPOB BHI3bIBAET Pa3HOHAIPABJIEHHBIN
3 deKT, 3aBUCUMBIN OT TEHOTHUIIA HCCIIEAyeMOU JIMHUU: YBeIUINBaeTcs yactota panuux J1JIM y muauu C-S u
panHux u no3auux JIJIM y nuauu ebony. Y munuit ebonyor u ebonyc-s ypoBeHb SMOPHUOHATBPHON CMEPTHOCTH
He OTJIMYAJIUCh OT KOHTPOJIbHBIX 3HaUeHNH. /| ByX(aKTOPHBIH AMCIEPCHOHHBIN aHATN3 T0KA3aJT, UYTO YaCTOTa
JIJIM onpenensiercss BHemmHuMu Bozaeictusamu (F = 3,87); reHoruniom (F=>5,14) u coueranueM JeliCTBUA
BHEIITHUX U BHyTpeHHUX daktopoB (F=5,69). Cuna BausHusa BHemHUX pakropoB — 8,1 %; renorumna 6,9 %;
COBMECTHOTO JIEICTBHUS BHEIIHUX U BHYTPeHHUX (GakTopoB — 31,4 %.

BoiBoabl. O6syueHre jla3epHBIM CBETOM He MMeJIo MyTareHHOro 3¢ dekra Ha Drosophila, a Taxkke
BBISIBUJIO aHTUMyTareHHbIN 3¢ddekt. Kobenn Bri3Ban yBenuuenue /[JIM, KOMOMHUPOBAaHHOE BO3/IEHCTBHE
koderHa 1 JIa3epHOTO U3JIyUYeHUs yBeaunduiao yactoty JIJIM B iuHuu ebony u He OBIUIO Ha yactoty JIJIM
B JIMHUSX ebonyor 1 ebonyc-s.

KiroueBsblIe cjI0Ba: JOMIHAHTHBIE JIETATbHBIE MYTAI[UN; PA3BUTHE IPO30(DUIIbI; MyTareHHbIN 3hdeEKT;
QHTUMYyTareHHbIN 3D DEKT.
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Introduction

The studies of mutation rate in organisms in the
process of their adaptation now become particularly
relevant in relation to environmental issues. Caffeine is
anatural substance which is presented in tea and coffee,
is widely applied in medicine and reveals moderately
toxic action and some mutagenicity/genotoxicity and
carcinogenicity effects [1]. Radiation of helium-neon
laser is applied in medicine and has many biological ac-
tivities [2]. Among the basic model objects to study the
mechanisms of influence on adaptive stress is Drosoph-
ila. The study of the mutation process of organisms in
stressful conditions in relation to genotype is important
for understanding the mechanisms of adaptation to ad-
verse conditions and also in connection with differences
in adaptive capacity of different genotypes.

Thus, the aim of this work was to study the charac-
teristics of the mutation process in Drosophila melan-
ogaster under the influence of caffeine and radiation of
helium-neon laser, depending on the genotype.

Materials and methods

We used wild type Drosophila melanogaster lines
Canton-S (C-S) and Oregon (Or), mutant line ebony,
and also lines bearing ebony mutation which were
obtained by saturating crosses of ebony line with lines
C-S on Or, respectively: ebonyc-s and ebonyor. All Dro-
sophila lines were cultivated in standard culture vessels
in sugar-yeast medium in an incubator at temperature
of 23 +£0,5°C. Sorting flies by sex was performed on
the first day after flies leaving the puparium. In the
experiment were taken only virgin flies. The diethyl
ether was used for narcotizing flies.

Control flies were grown in standard conditions
and in experiments with caffeine it was added in
culture medium in concentration 0.5 mg/ml. Virgin
flies were exposed to a helium-neon laser red light
(wavelength of 632.8 nm) with a surface power density
of 0.03 mW/cm?, the exposure time was 5 minutes.
The experiment was done in two variants — after the
development of flies in the medium with caffeine and
after the development of flies in standard conditions.

The frequency of dominant lethal mutations
(DLM) was assessed by a percentage of eggs that are
not developed of the total number of fertilized eggs.
Dead eggs were classified in two groups: the transpar-
ent and light opaque eggs — as bearing the early lethal
mutations (death of the embryo occurred in the period
up to 6-9 h of embryonic development); dark eggs — as
bearing late lethal mutations (the death of the embryo
occurred later 9 h of embryonic development) [3].

The statistical analysis was done using the pro-
gram Biostat 2009 (AnalystSoft, USA). Statistical sig-
nificance of differences between mean values was de-
termined by the two-sided Student’s t-test (at P <0,05).
Statistical significance and the power of factors was as-
sessed using two-factor analysis of variance (ANOVA)
by the Snedecor’s method.

Results

The results of the study of early and late dominant
lethal mutations frequency in mutant lines and wild-
type Drosophila lines depending on the combined
effects of caffeine and laser irradiation treatment are
shown in Figures 1-4.

The influence of caffeine causes an increase in the
frequency of early DLM on 40% in mutant line ebony,
and on 70.5% — in the line ebonyc-s (Fig. 2, 3).
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*Statistical significance of difference from control P<0.05

25
* ebony ¢

20

1
15
10
5 *
1 L ;
0 . . = : )

control

Frequensy of DLM, %

caffeine irradiation caffeine+irradiation

Late DLM

H Early DLM

Fig. 3. Frequency of early and late DLM mutant line
ebonyc-s after the action of physical and chemical factors.
*Statistical significance of difference from control P<0.05

43



Photobiol Photomed 24 2018

PHOTOBIOLOGY AND EXPERIMENTAL PHOTOMEDICINE

30

ebony ,,

N
[5]

[N
(=]

=
(%]

Frequensy of DLM, %
=
o

w

I I

control

=

(=]

irradiation caffeine+irradiation

Late DLM

M Early DLM

Fig. 4. Frequency of early and late DLM mutant lines
ebonyor after action of physical and chemical factors.
*Statistical significance of difference from control P<0.05

Irradiation by light of helium-neon laser either
reduces the incidence DLM, or has no effect in all lines
used in this work (Fig. 1-3). The simultaneous effect
of two external factors induces diverse answers in
different genotypes: it increases early DLM in line C-S
and early late DLM in line ebony; but has no effect in
lines ebonyor and ebonyc-s (Fig. 1-4).

The total incidence of DLM after the combined
influence of caffeine and laser irradiation in Drosophila
depended on the genotype as shown in Fig. 5.

The two-way analysis ANOVA F-test showed that
the DLM frequency dependence impact of external fac-
tors is characterized by F=3.87; of genotype F=5.14;
of the combined effects of genotype and external
factors F=5.69. The power of influence of external
factors — 8.1 %; of genotype 6.9 %; and of the com-
bined effects of the genotype and two external factors
studied —31.4 %.

Discussion

In the present work is was shown that the caffeine
treatment of larvae is resulted with the increase of mu-
tation incidence in Drosophila of lines ebony, ebonyc:s,
and ebonyor (Fig. 2-5). This result is consistent with
obtained previous results indicating an increase in the
frequency of DLM under chronic caffeine exposure in
Drosophila mutant lines [4]. The main mechanism of
action of caffeine is associated with the regulation of
intracellular cAMP (cyclic adenosine monophosphate)
levels, which is directly related to the change of calcium
level in the cell. In addition, the effect of caffeine leads
to a change in the conformation of the DNA molecule
by embedding instead of or between the bases [5]. Our
results are in a good agreement with known effects, for
instance, caffeine cause mutagenic effects [6], and by
violation of DNA repair induce accelerated aging [7].

The experimental data show that the laser light
exposure never increases the DLM incidence, but vise
versa, decreases it (Fig. 1-5). This result corresponds to
conclusion of A.Budagovsky that the low-intensity laser
irradiation of visible spectrum is not a mutagenic factor
and its application does not involve the risk of genetic

modification of plants. The phenomenon that is regard-
ed as a laser radiation mutagenesis is a result of the
other processes, leading to the same consequences [8].

The ebony mutation is localized in chromosome 3
and causes darker body color in adults. Melanization
in most organisms have an adaptive effect [9]. Thus,
melanin, causing dark body color, involved in the
formation of resistance in Drosophila by the action
of different pathogens [10]. Melanins in animals are
antioxidant pigments acting as free radical scavenging
mechanisms [11]. But in our experiments the mutant
line ebony not revealed more resistance to caffeine
demonstrating that in this case the additional portion
of melanin has no protective effect on caffeine-induced
mutagenesis (Fig. 2, 3)
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In our experiments the combined effects of caf-
feine and laser light induced increase in DLM rate
only in the line of Drosophila ebony, but not in the
line Canton-S. The DLM rate in mutant lines ebonyor
and ebonyc-s not changed under the combined impact
of caffeine and laser light. In our opinion this is con-
nected with weakened “genetic background” of the
line ebony.

Conclusion

Thus, the results show that laser light in our ex-
periments had no mutagenic effect on Drosophila, and
revealed antimutagenic effect. Caffeine induced the
DLM increase. The incidence of dominant lethal mu-
tations under combined caffeine and laser light impact
increased in line ebony but was not influenced in the
lines with mutant genotype saturated with genotypes of
wild-type lines: ebonyor and ebonyc-s. ANOVA test re-
vealed that the most impact on mutation rate variability
had the effects connected with interaction of genotype
and external factors — caffeine and laser light exposure.
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