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CYTOGENETIC CHANGESIN IRRADIATED RATSUNDER INFLUENCE
OF GUANINIUM-ZINC CHLORIDE COMPLEX

Aim. The main goa of this study was to
study the anti-radiation effect of guaninium-zinc
chloride complex on cytogenetic changes in
irradiated rats. Methods. White rats of the Wistar
line with an average weight of 110-125 grams
served as the material for the detection of the anti-
radiation effect of guaninium-zinc chloride
complex. Animals were injected intraperitonealy
with solutions of guaninium-zinc chloride complex
a a concentration of 40 mg/kg 2 hours before
irradiation and were subjected to general uniform
gamma irradiation from a 60Co source in the
Rukhund-20000 irradiation unit at a dose of 3 and 5
Gy. Results. Cytogenetic analysis of animals
showed that with a single injection of guaninium-
zinc chloride complex solutions before irradiation,
the proportion of chromosomal abnormalities
decreased markedly, and reached 2.93 %, and the
amount of abnormal spermatozoa markedly
decreased. Guaninium-zinc chloride complex
softened the damaging effects of ionizing radiation.
There was no suppression of cell division.
Conclusions. It was found for the first time that,
with the introduction of a solution of guaninium-
zinc chloride complex in white Wistar rats before
irradiation, it reduces the damaging effect of
gammaiirradiation. The obtained data gives grounds
to assume that the guaninium-zinc chloride
complex tested by us can be recommended as a
promising anti-radiation agent.

Keywords: gamma irradiation, guanine,
guaninium-zinc chloride complex, chromosomal
aberrations, abnormal spermatozoa.

Currently, radiation is present in amost
many areas of human activity. A potential threat to
the life and health of people is created by the arse-
nal of nuclear weapons accumulated in different
parts of the globe and the danger of using it for
military purposes. The problem is actualized in
connection with changes in the environment, in-
cluding man-made origin. As, for example, cases of
radiation contamination of the environment during
the accident at the Chernobyl nuclear power plant
in Ukraine and the Fukushima-l nuclear power
plant in Japan. And for the entire Caucasus, the
Metsamor Nuclear Power Plant, built in a seismi-
caly hazardous zone, poses a potential threat.
Nothing guarantees the safety of other installations
operating on nuclear reactors, submarines, etc.

It is known that, as a result of interaction
with ionizing radiation, changes occur in any mo-
lecular structures that make up aliving cell: nucleic
acids, proteins, fats, carbohydrates.

Analyzing the accumul ated literature data on
the potential danger of radiation for the whole of
mankind, it is easy to imagine how important it isto
search for and create new drugs that will protect
organisms from the results of such man-made disas-
ters.

To date, the radioprotective properties of ex-
tracts from various medicinal plants [1, 2], thou-
sands of chemical compounds and only a few
combs of them that are effective in the prevention
of radiation sickness and have become pharmaco-
poeia preparations have been identified [3].

Research shows that nitrogen-containing het-
erocyclic compounds increase the body's internal
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defense mechanisms and its detoxification capacity.
The presence in its composition of a combination of
oxygen and nitrogen atoms, as well as unsaturated
bonds increases the physiological activity of these
polyfunctional compounds. It has been shown that
derivatives of purine bases have pronounced anti-
oxidant and radioprotective properties. Moreover,
they showed the most effective radioprotective
properties when they were introduced into the body
shortly after irradiation [4].

One of these compounds is guanine
CsHsNsO, a nitrogenous base, an amino derivative
of purine (2-amino-6-oxopurine), which is an inte-
gral part of nucleic acids. In the body, guanine
plays a protective function, which is very important
under the action of various stress factors, including
radiation.

Therefore, the study of the radioprotective
properties of guanine complexes with biogenic
metalsisvery promising.

The main goa of this study was to study the
anti-radiation effect of the guaninium-zinc chloride
complex on cytogenetic changesin irradiated rats.

Material and methods

The synthesis of the guaninium-zinc chloride
complex was carried out according to the procedure
described in the literature [5].

White rats of the Wistar line with an average
weight of 110-125 grams served as the material for
the detection of the anti-radiation effect of guanini-
um-zinc chloride complex. The experiments in-
volved 12 animals (19, 113", which were intraperi-
toneally injected with solutions of guaninium-zinc
chloride complex at a concentration of 40 mg/kg 2
hours before irradiation. Animals were subjected to
general uniform gamma irradiation from a source of
60Co in the irradiation unit "Rukhund-20000" at a
dose of 3 and 5 Gy at an average dose rate of 0.260
rad/sec. (Table 1).

Animals were saughtered one day after irra-
diation in accordance with Directive 210/63/EC of
the European Parliament and of the Council of Sep-
tember 22, 2010 on the protection of animals used
for scientific purposes (ETSN 123, Strasbourg,
March 18, 1986). The frequency of chromosomal
abnormalities was registered on the mitotic cells of
the bone marrow and on the germ cells of the testes.
Meiotic chromosome preparations were prepared
according to the method of Meredith [6] and Wil-
liams et al. [7]. Bone marrow preparations obtained
by the method of Ford and Hamerton [8]. Prepara-
tions were stained according to Rajably, Kryukov
[9], Sumner [10], Howell, Black [11]. The plates
were selected according to the criteria proposed by
Bochkov et al. [12] and Zakharov [13].

For the analysis of chromosome sets, an Am-
plival microscope with an automatic MF photo
attachment (x100 objective, x4.1 Prohectiv eye-
piece) was used. At least 200 metaphase plates of
the bone marrow and 100 germ cells at different
stages of division were examined for each animal.

Resultsand discussion

Cytogenetic analysis of bone marrow cells
and germ cells in control white rats did not reveal
structural damage to the chromosomes. The fre-
quency of aberrations was 0.59 % and 6.3 %, re-
spectively. These were mostly quantitative lesions
such as polyploid and aneuploid plates (Fig. 1).

Administration of the guaninium-zinc
chloride complex to animals did not affect the rate
of spontaneous mutations (Table 2).

In the control variant, no structural disturb-
ances were observed. Acute gamma irradiation at a
dose of 3 Gy led to inhibition of cell division. The
number of chromosomal aberrations increased to
4.37 % due to structura disorders (deletions, frag-
ments, inversions). Animals that received a dose of
5 Gy with a single exposure, the frequency of
chromosomal disordersincreased to 9.50 %.

Table 1. Form of influence and description of the test material

. . Quantity of
Quantity of Quantity of
Form of influence investigated | scanned mitot- scanned sexual
. cells and sperma-
rats iccells ;
tozoids
Control 13+19 357 108
3 Gy irradiation 24 572 261
5 Gy irradiation 24 591 363
Guaninium-zinc chloride complex 24 563 259
Guaninium-zinc chloride complex + 3Gy 24 613 298
Guaninium-zinc chloride complex + 5Gy 24 621 34
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a)

Fig. 1. @) polyploid metaphase plate 2n = 48; b) aneuploid metaphase plate 2n = 43.

Table 2. Influence of guaninium-zinc chloride complex on frequency of chromosomal aberrations in

bone marrow cells of white rats

b)

. 0, -
. Quarntity of Number of Poliploidic Aneuploidic Structural o dam
Variants metaphses | metaphase - ages
(al) on= 42 metaphase metaphase damages
Control 363 361 1 1 (n>42) - 0,55
o 7 (n>42)
3 Gy irradiation 572 547 6 3 (n<42) 9 4,37
o 11 (n>42)

5 Gy irradiation 589 533 18 4 (n<42) 23 9,50
Guaninium-zinc 543 539 2 2 (n<42) - 0,73
chloride complex
Guaninium-zinc
chloride complex + 3 511 496 3 i) 6 293
Gy (n<42)

Guaninium-zinc
chloride complex + 5 613 564 13 6 (n>42) 18 7,99
Gy 12 (n<42)

Note. * Statistically significant difference from control level (p < 0.05).

There was aso a sharp increase in ring
chromosomes, single fragments, dicentrics in the
mitotic cells of the bone marrow of rats. A sharp
increase in polyploid and aneuploid meiotic plates
was registered at the stages of diakinesis-metaphase
| and metaphase 11 (Fig. 2).

a)

Inhibition of cell division is the result of ex-
posure to ionizing radiation. As the radiation dose
increases, more and more cells lose their ability to
divide, or at least stop dividing, resulting in poly-
ploid cells. Thus, in animals irradiated with a dose
of 5 Gy, the number of tetraploid and octoploid
cells sharply increased.

b)

Fig. 2. @ 1. Dicentric; 2. Ring chromosome; 3. Chromosome fragments b) 1. Normal chromosome; 2. Inverted

chromosome.
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Under the influence of radiation, the number
of abnormal spermatozoa increases, they differ both
in shape and size, and with an increase in the dose
of radiation, the number of such spermatozoa in-
creases dramaticaly (Fig. 3).

Cytogenetic analysis of animals showed that
with a single injection of guaninium-zinc chloride
complex solutions before irradiation, the proportion
of chromosomal disorders significantly decreased
and reached 2.93 %. The introduction of this sub-
stance softened the damaging effects of ionizing
radiation. There was no suppression of cell division
(Table 2). The percentage of structural chromosome
disorders was higher than in the control experi-
ments and lower than in the experiments with acute
irradiation (Table 3).

As can be seen from Table 4, the effect of
guanine and guaninium-zinc chloride complex was
insignificant, the highest percentage of violations
was observed when animals were irradiated with a
dose of 5 Gy — 23.22%. However, germ cells

a) b)

turned out to be much more sensitive than bone
marrow cells by almost 2.5 times. The number of
spermatocytes with signs of degeneration at the
stage in pachytene increased markedly, and the
frequency of conjugation disorders between -X and
-Y chromosomes increased. There was an increase
in polyploid and aneuploid meiotic plates at the
stages of diakinesis-metaphase |, metaphase I (Fig.
4). Analysis of germ cells at different stages of
spermatogenesi s showed their significant sensitivity
to the action of acute gammairradiation (Table 5).

The vaue of abnormally shaped and hyper-
haploid spermatozoa reached 54.5 % of all regis-
tered aberrations. Nondisjunction of chromosomes
in metaphase | may be the cause of such disorders.

Our experiments showed that guaninium-zinc
chloride complex reduced the mutagenic effect of
gamma irradiation. It not only contributed to the
restoration of cell division, but also reduced the
proportion of structural disorders.

c)

Fig. 3. @ normal spermatozoid; b) abnormal spermatozoids; ¢) 1 — spermatozoid with two heads, 2 — normal

spermatozoid.

Table 3. Influence of guaninium-zinc chloride complex on frequency of chromosomal aberrations in

bone marrow cells of white rats

Number of | Number of T(())ilélli-c Algledlfc St;lu?:;ljr- % of in-
Variants metaphase metaphases P P h i frigments
(total) _on=4p | Met& | metgphas | Irig-
phases es ments
Guanine 395 393 1 1(n>42) . 0,50
. 3 (n>42)
Guanine + 3 Gy 735 712 6 6 (n<42) 8 312
. 7 (n>42)
Guanine + 5 Gy 633 583 14 8 (n<42) 21 7,89
Guaninium-zinc chloride -
complex 555 539 2 4 (n<42) i 1,08
Guaninium-zinc chloride -
complex + 3 Gy 478 464 4 4 (n<42) 6 2,92
Guaninium-zinc chloride 2 (n>42)
complex + 5 Gy 596 553 12 6 (n<42) 23 7,21

Note. * Statistically significant difference from control level (p < 0.05).
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a)

b)

Fig. 4. a) Conjugation infringements between X and Y chromosomes b) Polyploid metaphase 1.

Table 5. Influence of guanine and guaninium-zinc chloride complex on frequency of chromosomal

aberrations in sexual cells

. Num- Anew- | Polip- Conjugation disor- | Abnormal T_otal in-
Variants ber of ploids loids der between X and | spermato- frigments
cells Y chromosomes zoids ( %)
Control 112 1 2 - 2 4,46
3 Gy irradiation 261 7 8 6 16 14,17
5 Gy irradiation 366 18 16 14 37 23,22
Guanine 272 3 1 2 10 5,88
Guanine + 3 Gy 344 5 6 5 12 8,13
Guanine + 5 Gy 477 14 23 12 29 16,35
Guaninium-zinc chloride 317 3 5 3 4 473
complex
Guaninium-zinc chloride 385 5 6 5 17 8,57
complex + 3 Gy
Guaninium-zinc chloride 435 9 14 4 33 1379
complex + 5 Gy

Note. * Statistically significant difference from control level (p < 0.05).

In general, in terms of their cytogenetic re-
sults, the consequences of radiation turned out to be
very similar to the data available in the literature on
these consequences in different rodent species [14,
15, 16, 17]. This enhances the diagnostic and prog-
nostic value of various outcomes.

Conclusions
For the first time, it was found that, with the
introduction of a solution of the guaninium-zinc
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HUTOT'EHETUYHI 3MIHU B OINPOMIHEHHMX IIYPIB IIJ BIJVIMBOM TI'YAHIH-IIMHK
XJOPUIHOI'O KOMILIEKCY

Mema. OCHOBHOIO METOIO IFOTO JOCIHIIKEHHS OYIIO BHBYCHHS IMPOTHPAMIALIAHOI [ii TyaHIH-IIMHK XJIOPUIHOTO
KOMITJIEKCY Ha ITUTOTCHETHYHI 3MiHU B ONIPOMIHEHUX LIypiB. Memoou. MatepianoM aisi BUSBIICHHS IIPOTHpaianiiHol
Jil TyaHIH-IMHK XJIOPHIHOTO KOMIUIEKCY MOCIYXWin Ouni mrypu ninii Bicrap i3 cepeanboro macoro 110-125 r. Bin
mwkepena 60Co B ycraHoBIi onpomiHeHHs: Pyxynn-20000 y no3ax 3 ta 5 ['p. Pe3yromamu. lluroreHeTHIHAN aHAami3
TBApHH II0Ka3aB, IO NPH OJHOPA30BOMY BBEACHHI PO3YMHIB TI'yaHIH-IIMHK XJOPUAHOTO KOMIUIEKCY Hepen
OTIPOMIHEHHAM YacTKa XPOMOCOMHHUX aHOMATii MOMITHO 3MeHmImiacs i mocsria 2,93 %, a KiIbKICTh aHOMAaJbHHUX
CIepPMaTO30iiB MOMITHO 3MeHIIMIACs. | yaHIH-IIMHK XJIOPUIHUH KOMILJIEKC IMOM'SKIIYBaB IIKIJUIUBY [0 10HI3yHOUOTO
BUNpOMiHIOBaHHs. He OyJio npurHivueHHs NoAiny KIiTHH. Bucnoexku. Briepiiie BCTaHOBIICHO, 110 MTPU BBEICHHI PO3UUHY
TyaHiH-IIMHK XJIOPUJHOIO KOMIUIEKCY OimMM Iiypam Bicrap mepen onmpoMiHEHHSIM BiH 3HMXKYE YIIKO/DKYBaJbHY IO
ramMma-ornpomineHss. OTpruMaHi JAaHi JaroTh MiJICTaBU MPHITYCKaTH, 10 anpoOOBaHMN HAMH T'yaHIH-IMHK XJOPHUIHHUNA
KOMIIJIEKC MOXKHAa PEKOMEHAYBATH SIK EPCIIEKTHBHUI MTPpOTHUpadialiiiHuii 3acio.

Kniouosi cnosa: ramma-onpoMiHEHHs, TyaHiH, TyaHIH-IIMHK XJIOPHJIHHH KOMIUIEKC, XpOMOCOMHI abepalii, aHoMaJbHi
CIIEpMAaTO301 1.
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