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PROTECTIVE EFFECT OF ZINC COMPLEX WITH HYPOXANTHINE-9-RIBOSIDE
ON WHEAT SEEDLINGS GROWN FROM GAMMA-IRRADIATED SEEDS

Aim. The aim of the research was to obtain
the zinc complex hypoxanthine-9-riboside and to
study its effect during y-irradiation on the biosyn-
thesis of chlorophylls, carotenoids and on the re-
lease of chromosome aberrations in anaphase root
hair cells in wheat seedlings. Methods. The zinc
complex was obtained by direct interaction of zinc
chloride — ZnCl, with hypoxanthine-9-riboside. X-
ray phase analysis and thermogravimetric meas-
urements of the obtained complex were carried out.
Before irradiation, seeds of durum wheat Triticum
durum L. from a ®Co source were treated with a
zinc complex with hypoxanthine-9-riboside at con-
centrations of 0.1; 0.01; 0.001%. Structural changes
in chromosomes were determined in the initial and
final stages of anaphase. Determination of chloro-
phylls and carotenoids was carried out according to
Shlyk. Results. y-irradiation at doses of 50, 100 and
200 Gy has a significant effect on the content of
green pigments and carotenoids in wheat seedlings.
Under the action of y-irradiation, the content of
chlorophyll decreases more than carotenoids. With
an increase in the dose of radiation, a slight in-
crease in the content of carotenoids is noted. In all
variants, chromosomal abnormalities were found:
the formation of fragments in metaphase and ana-
phase, bridges in anaphase, chromosome delays,
uneven division of chromosomes. Conclusions. For
the first time, it was found that the Zn (I1) complex
of hypoxanthine-9-riboside at the indicated concen-
trations significantly reduces the damaging effect of
y-irradiation, helps to eliminate abnormalities in
mitotic division in wheat root hair cells.

Keywords: zinc complex, hypoxanthine-9-
riboside, gamma irradiation, chromosomal aberra-
tions, chlorophylls, carotenoids.

Among the physiological processes that de-
termine the growth, development and productivity
of plants, photosynthesis is the most important. An
analysis of the performed work shows that the pho-

tosynthetic apparatus (PhSA) of plants and the pro-
cess of photosynthesis itself are very sensitive to
the action of radiation, which manifests itself in the
violation of many parameters of the functioning of
the PhSA [1, 2].

As is known, photosynthetic pigments are
involved in the absorption of light energy at the
photophysical stage, carry out energy conversion in
the photochemical reactions of photosynthesis, and
are the most important components of the electron
transport chain. The decrease in the level of photo-
synthesis in plants in the presence of stress factors,
including radiation, is primarily associated with their
negative effect on photosynthetic pigments [3, 4].

The main non-specific sign of the effect of
radiation on plants is leaf chlorosis, which indicates
a decrease in the amount of green pigments. A de-
crease in the content of chlorophylls a and b in
plant leaves was found at high doses of radiation.
The main reason for the decrease in the content of
green pigments in plants under the action of radia-
tion is the suppression of chlorophyll biosynthesis,
which is associated, first of all, with a direct effect
on the activity of biosynthesis enzymes. The main
points of inhibition in this case are the formation of
a photoactive chlorophyllide reductase complex and
the synthesis of d-aminolevulinic acid. At high
doses of radiation, the binding of chlorophyll mole-
cules to proteins in the light-harvesting complexes
of photosystems slows down. It should be noted
that with an increase in the irradiation dose, the
proportion of chlorophylls in the substrate decreas-
es, which leads to a deterioration in the light-
absorbing properties of the photosynthetic appa-
ratus of PhSA [5, 6].

Compared to chlorophylls, carotenoids are
less susceptible to the negative effects of external
stressors, including radiation, compared to chloro-
phylls. Considering that carotenoids are considered
as one of the factors providing plant resistance to
various types of stress, it can be assumed that the
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maintenance of their content at a constant level is
associated with their protective role and is charac-
teristic of more resistant species [7, 8].

A small number of works are devoted to the
study of the formation of the photosynthetic appa-
ratus, with the participation of metal complexes. In
works [9-13], devoted to the study of defense
mechanisms in plants, synthetic and natural sub-
stances are widely used that increase the vital activ-
ity of the body, restore metabolism, and eliminate
genetic damage caused by irradiation. When study-
ing the effect of salts of some metals on living or-
ganisms, their preventive and therapeutic effects
were revealed [14-15]. It has been found that met-
als in organic complex compounds are less toxic
than in the form of inorganic salts. The presence of
an organic ligand imparts lipophilicity to metal
complexes, neutralizes the electrostatic charge of
metals, as a result of which their transport through
cell membranes is greatly facilitated.

Based on the foregoing, the preparation of
new biologically active preparations based on tran-
sition metal coordination compounds containing
various classes of organic ligands is extremely im-
portant. The main objective of our research was to
obtain the zinc complex hypoxanthine-9-riboside
and to study its effect upon y-irradiation on the
biosynthesis of chlorophylls and carotenoids and on
the yield of chromosomal aberrations in anaphase
root hair cells in wheat seedlings.

Material and methods

The zinc complex was obtained by direct in-
teraction of zinc chloride — ZnCl, with hypoxan-
thine-9-riboside — CioH12N4Os. The ratio of the
starting reagents was 1 : 2. To complete the reac-
tion, the mixture was heated to 50-60°C with con-
stant stirring on a magnetic stirrer for 2-3 hours,
then the reaction mixture was evaporated on a wa-
ter bath to a syrupy state. The precipitate that
formed was filtered off, washed with water-alcohol,
water-acetone mixtures and ether on a filter. The
complex was dried at room temperature.

X-ray phase analysis of the obtained complex
was carried out. The nature of the diffraction pat-
tern of the resulting complex differed from the dif-
fraction pattern of the starting compound, which
confirmed the individuality of the isolated complex.

To study the thermal stability of the complex
in the temperature range of 20-850°C, thermograv-
imetric measurements were performed. The follow-
ing patterns were revealed: at the first stage, de-

composition and removal of crystallization water
occur — at 120-160°C; at the second stage, in the
range of 160-320°°C, decomposition of the organic
part begins; at the third stage, in the range of 320-
850°C, the organic part of the complex burns out,
the end product of thermolysis — above 850°C — are
zinc.

In order to obtain information about the pres-
ence of a metal-ligand bond and establish the meth-
od of coordination, IR absorption spectra were tak-
en in the region of 4000 — 400 cm™. The spectra of
the complex contain stretching vibrations of the
=C=0- group 1719-1706 (1673-ligand) cm™;
stretching vibrations C=C and C=N of the purine
ring 1582—1556 (1523 ligand) cm™; stretching vi-
brations of the substituted pyrimidine ring 1614 —
1523 cm, 14701464 cm™, 1412-1380 cm™ (1590,
1520, 1470, 1341-ligand) cm™ and Me-N bond
vibrations 431-403 cm™ Based on the analysis of
the spectrum, it can be assumed that hypoxanthine-
9-riboside interacts with Zn?* metal ions due to the
N(7) heterocycle and, apparently, due to the C=0
group, thus forming a five membered cycle.

Seeds of drought-resistant durum wheat Trit-
icum durum L were taken as objects of research.
Seeds were subjected to general uniform gamma
irradiation from a ®°Co source. Before irradiation,
the seeds were treated with a zinc complex with
hypoxanthine-9-riboside at concentrations (0.1;
0.01; 0.001%). Structural changes in chromosomes
were determined in the initial and final stages of
anaphase using an ORTOPLAN light microscope.
Determination of chlorophylls and carotenoids was
carried out according to Shlyk [4].

Results and discussion

Data on the determination of the content of
chlorophylls and carotenoids in wheat seedlings,
pre-treated with a complex of zinc with hypoxan-
thine-9-riboside in concentrations (0.1; 0.01;
0.001%), are given in table 1.

As can be seen, y-irradiation at doses of 50,
100, and 200 Gy has a significant effect on the con-
tent of green pigments and carotenoids in wheat
seedlings. There is a slight stimulating effect of y-
rays at 100 Gy. In seedlings irradiated with a dose
of 200 Gy, a decrease in the content of carotenoids
and chlorophylls is noted. It is interesting to note
that under the action of y-irradiation at this dose,
the content of chlorophyll decreases more than the
content of carotenoids.
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Table 1. Effect of organic ligand and Zn (1) hypoxanthine-9-riboside on pigment content milligram/

gram (mg/g) in seedlings of y-irradiated wheat seeds

Content of pigments mg/g

Variants Chl a Chl b Carotenoids
Intact 2,840,06 0,8+0,04 1,7+0,05
treatment (0.1%) with hypoxanthine-9-riboside+ irradiation
50Gy 2,4+0,07 0,7+0,02 1,4+0,06
100Gy 1,7+0,06 0,6+0,06 1,2+0,05
200Gy 1,5+0,02 0,5+0,02 0,8+0,07
Intact 2,840,06 0,8+0,04 1,7+0,05
treatment (0.01%) with hypoxanthine-9-riboside+ irradiation
50Gy 2,5+0,03 0,6+0,04 1,8+0,04
100Gy 1,9+0,07 0,4+0,02 1,4+0,03
200Gy 1,6+0,05 0,5+0,05 1,2+0,05
Intact 2,8%0,06 0,8+0,04 1,7+0,05
treatment (0.001%) with hypoxanthine-9-riboside+ irradiation
50Gy 2,140,02 0,5+0,01 1,6+0,08
100Gy 1,9+0,08 0,5+0,03 1,4+0,03
200Gy 1,4+0,05 0,6+0,04 1,1+0,07
Intact 2,8+0,06 0,8+0,04 1,7+0,05
treatment (0.1%) Zn (I1) with hypoxanthine-9-riboside + irradiation
50Gy 2,6+0,05 0,6+0,03 1,4+0,05
100Gy 1,8+0,06 0,4+0,02 1,2+0,04
200Gy 1,6+0,07 0,3+0,06 1,5+0,03
Intact 2,8+0,06 0,8+0,04 1,7+0,05
treatment (0.01%) Zn (11) with hypoxanthine-9-riboside + irradiation
50Gy 1,9+0,02 0,7+0,05 1,5+0,04
100Gy 1,7+0,05 0,5+0,03 1,7+0,01
200Gy 1,3+0,04 0,3+0,02 1,1+0,07
Intact 2,8+0,06 0,8+0,04 1,7+0,05
treatment (0.001%) Zn (1) with hypoxanthine-9-riboside + irradiation
50Gy 1,8+0,06 0,6+0,03 1,8+0,02
100Gy 1,4+0,05 0,3+0,04 1,5+0,03
200Gy 1,3+0,08 0,2+0,01 1,4+0,01
Intact 2,8+0,06 0,8+0,04 1,7+0,05
irradiated + treated (0.1%) with Zn (11) hypoxanthine-9-riboside
50Gy 2,5+0,06 0,5+0,04 1,3+0,02
100Gy 1,7+0,04 0,3+0,05 1,1+0,08
200Gy 1,4+0,03 0,2+0,01 1,0+0,03
Intact 2,8+0,06 0,8+0,04 1,7+0,05
irradiated + treated (0.01%) with Zn (I1) hypoxanthine-9-riboside
50Gy 1,8+0,04 0,6+0,08 1,4+0,03
100Gy 1,6+0,06 0,4+0,07 1,7+0,05
200Gy 1,2+0,07 0,2+0,05 1,01+0,07
Intact 2,8+0,06 0,8+0,04 1,7+0,05
irradiated + treated (0.001%) with Zn (11) hypoxanthine-9-riboside
50Gy 2,3+0,07 0,5+0,07 1,6+0,03
100Gy 1,5+0,08 0,2+0,01 1,2+0,04
200Gy 1,1+0,03 0,1+0,04 1.1+0,01

Note. *Statistically significant difference from control level (p < 0.05).
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With an increase in the dose of radiation, a
slight increase in the content of carotenoids is not-
ed. It is known that, with an increase in the radia-
tion dose, various compensatory systems, metabolic
recovery processes and repair of radiation damage
to cells come into action, that is, various adaptive
processes are realized in plants [1, 2, 4].

One of the important mechanisms of plant
adaptation to irradiation is the activation of antioxi-
dant systems, which may result in the accumulation
of carotenoids and flavonoid compounds [5, 7]. The
applicable in various concentrations (0.1; 0.01;
0.001%) Zn (I1) complex hypoxanthine-9-riboside

Table 2. The yield of chromosome aberrations in

complex at 50, 100, and 200 Gy

has a protective effect, since the content of chloro-
phylls in this variant was almost at the control lev-
el, and the content of carotenoids at a dose of 200
Gy was higher than the control. The data obtained
indicate that Zn (ll) hypoxanthine-9-riboside con-
tributes to the activation of chloroplast defense
systems. The effect of different doses of y-
irradiation on the yield of chromosome aberrations
in wheat seedlings in the presence and absence of
the Zn (I1) hypoxanthine-9-riboside complex is
shown in table 2.

the presence of the Zn (I1) hypoxanthine-9-riboside
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Intact
| 1404 | 15 | 15 ] 6 | 9 | 1 ] - | -
Irradiated (control)
50 Gy 1415 123 134 51 54 18 7
100Gy 1476 139 154 66 68 22 8 8
200Gy 1498 172 211 87 76 28 10 6
treatment (0.1%) Zn (I1) with hypoxanthine-9-riboside + irradiation
50 Gy 1403 118 122 48 51 16 6 4
100Gy 1463 131 141 59 63 18 7 5
200Gy 1483 163 155 78 71 23 9 -
treatment (0.01%) Zn (11) with hypoxanthine-9-riboside + irradiation
50 Gy 1398 116 120 45 48 15 5 3
100Gy 1455 127 138 56 60 17 7 4
200Gy 1471 157 151 73 69 21 7 1
treatment (0.001%) Zn (11) with hypoxanthine-9-riboside + irradiation
50 Gy 1391 117 124 46 53 15 6 5
100Gy 1449 129 135 55 61 18 5 3
200Gy 1463 158 147 69 67 20 8 7
irradiated + treated (0.1%) with Zn (I1) hypoxanthine-9-riboside
50 Gy 1455 120 126 48 51 16 5 5
100Gy 1463 141 139 57 57 20 7 -
200Gy 1470 154 151 71 67 25 6 6
irradiated + treated (0.01%) with Zn (I1) hypoxanthine-9-riboside
50 Gy 1442 123 121 51 55 17 4 3
100Gy 1459 149 143 63 65 23 7 5
200Gy 1473 159 158 74 69 29 9 11
irradiated + treated (0.001%) with Zn (11) hypoxanthine-9-riboside

50 Gy 1430 121 118 52 58 16 5 -
100Gy 1470 139 139 63 66 21 8 4
200Gy 1477 160 163 71 71 27 11 13

Note. *Statistically significant difference from control level (p < 0.05).
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In the experiments, 31908 anaphase cells of
408 root hairs were analyzed. In all variants, chro-
mosomal abnormalities were found: the formation
of fragments in metaphase and anaphase, bridges in
anaphase, chromosome delays, uneven, symmet-
rical and asymmetric division of chromosomes.
When studying the yield of chromosome aberra-
tions after y-irradiation, it turned out that at a dose
of 200 Gy, the yield of chromosome aberrations
significantly increases.

As can be seen from Table 2, upon irradia-
tion at a dose of 50 Gy, 134 chromosome aberra-
tions were found in 1415 samples of anaphase cells,
while almost no aberrations were observed in the
unirradiated control sample. When irradiated at a
dose of 100 Gy, 154 aberrations were found, and at
a dose of 200 Gy, 211 aberrations. The use of the
Zn (1) complex hypoxanthine-9-riboside leads to a
significant decrease in the frequency of chromoso-
mal aberrations.

Among the applied concentrations of the Zn
(1) hypoxanthine-9-riboside complex, all three
concentrations showed a noticeable antimutagenic
effect on the wheat genome, which contributed to a
significant reduction in chromosomal aberrations. It
should be noted that the antiradiation properties of
Zn (I) hypoxanthine-9-riboside were also found
during seed treatment and after irradiation.

Conclusions

For the first time it was revealed that the Zn
(1) complex of hypoxanthine-9-riboside at concen-
trations of 0.1; 0.01; 0.001% significantly reduce
the damaging effect of y-irradiation, cause the for-
mation of the optimal photosynthetic apparatus of
wheat in the post-radiation period. The same con-
centrations of the complex contribute to the elimi-
nation of anomalies in mitotic division in the cells
of root hairs, stimulating the reparative mechanisms
of the whole organism.
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3AXUCHA I KOMILUIEKCY HUHKY 3 TIIIOKCAHTUH-9-PUBO3UJIOM HA IPOPOCTKHU
MNIHNEHNIIL, BUPOLIEHI 3 TAMMA-OITPOMIHEHOI'O HACIHHSA

Mema. Metoto 1ociiKeHHS OyJI0O OTpUMaTH IMHKOBUI KOMITJIEKC TiOKCAaHTHHY-9—prO03u1y Ta BUBYUTH HOTO JIiIO 32
Y-OTIpOMiHEHHS Ha 0iocHHTE3 XJIOpodiliB, KAPOTHHOIMIB i Ha MOSABY XPOMOCOMHHX abeppamniii B aHaa3HUX KIIITHHAX
KOPHEBHX BOJIOCKIB HPOPOCTKIB mureHuni. Memoou. KoMIulekCc IIMHKY OTPUMAaHHH IPSAMOIO B3a€MOMIEI0 XJIOPHAY
uuaky — ZnCl; 3 rinokcantunom-9-pudosumom. [IposeneHo peHtrenodazoBuii aHami3 i TepMOrpaBiMETPUYHI BUMIipU
oTpuMaHoro komiuiekcy. Ilepes onpominenHsaM Bin mxepena °Co nacinns TBepaoi mmenuui Triticum durum L. 6yino
00po0ieHe KOMIUIEKCOM LUHKY 3 TiloKcaHTHHOM-9-pubosnnom B koHuenTpauii 0,1; 0,01; 0,001%. CrpykrypHi 3MiHH
XpOMOCOM BH3HAYaJIM Ha MTOYATKOBIH 1 KiHIEBiH cTamisx aHadasn. BusHadeHHS XIOpODiTiB 1 KAPOTHHOINIB MTPOBOIMIN
no lnuky. Pe3yaromamu. y-onpoMineHts B mo3ax 50, 100 1 200 I'p icToTHO BIIMBAa€E Ha BMICT 3€JCHUX MICMEHTIB 1
KapOTUHOIAIB Y MPOPOCTKax MueHumi. [1i1 BIJIMBOM Y-ONPOMIHEHHS BMICT XJIOpO(DiNy 3HMKYEThCS OLbIIe, HiXK
KapOTHUHOIAIB. 3 MIIBUILEHHSIM J03U ONPOMIHEHHS BiJ3HAYA€ThCs HE3HAUHE 3017IbLICHHS BMICTY KApOTHHOINIB. Y BCIiX
BapiaHTax BUSIBJICHO XPOMOCOMHI aHOMaJii: yTBOpeHHs (parMeHTiB B Meradasi Ta aHadasi, MocTH B aHadasi, BiacTa-
BaHHS XPOMOCOM, HEpiBHOMIpHHH TOAiT XpoMocoM. Bucnoexku. Bmnepue Oyno BusBieHo, mo komrurekc Zn (II)
TiMOKCaHTHHY-9-puO03KUIy y BKa3aHUX KOHIEHTPALSIX CYTTEBO 3HWKYE IOIIKODKYIOUH JIiI0 Y-OIPOMIHEHHS, CIIPHSE
YCYHEHHIO TTOPYIICHb MITOTHYHOTO TIOJIUTY V KIIITHHAX KOPSHEBUX BOJIOCKIB TIIICHHMIII.

Krouosi crosa: KOMIUIEKC IIMHKY, TITOKCAHTHH-9-pr003H, TaMMa-OIMpPOMIHEHH:, XpPOMOCOMHI abeppailii, Xopodinm,
KapOTUHOIIH.
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