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Aim. The main goal 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 intraperitoneally 
with solutions of guaninium-zinc chloride complex 
at 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 
gamma irradiation. 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 almost 
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-1 nuclear power 
plant in Japan. And for the entire Caucasus, the 
Metsamor Nuclear Power Plant, built in a seismi-
cally 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 a living cell: nucleic 
acids, proteins, fats, carbohydrates. 

Analyzing the accumulated literature data on 
the potential danger of radiation for the whole of 
mankind, it is easy to imagine how important it is to 
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-
poeial 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 
C5H5N5O, 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 
metals is very promising. 

The main goal of this study was to study the 
anti-radiation effect of the guaninium-zinc chloride 
complex on cytogenetic changes in 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 (1♀, 11♂), 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 slaughtered 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. 

 
Results and 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 structural disorders (deletions, frag-
ments, inversions). Animals that received a dose of 
5 Gy with a single exposure, the frequency of 
chromosomal disorders increased to 9.50 %.  

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

Form of influence 
Quantity of 
investigated 

rats 

Quantity of 
scanned mitot-

ic cells 

Quantity of 
scanned sexual 

cells and sperma-
tozoids  

Control 1 ♂+ 1 ♀ 357 108 
3 Gy irradiation 2 ♂ 572 261 
5 Gy irradiation 2 ♂ 591 363 

Guaninium-zinc chloride complex 2 ♂ 563 259 
Guaninium-zinc chloride complex + 3Gy 2 ♂ 613 298 
Guaninium-zinc chloride complex + 5Gy 2 ♂ 621 354 
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    a)                                                  b) 
Fig. 1. a) 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 

Variants 
Quantity of 
metaphses 

(all) 

Number of 
metaphase – 

2n = 42 

Poliploidic 
metaphase 

Aneuploidic 
metaphase 

Structural 
damages 

 % dam-
ages 

 

Control 363 361 1 1 (n>42) - 0,55 

3 Gy irradiation 572 547 6 
7 (n>42) 
3 (n<42) 

9 4,37 

5 Gy irradiation 589 533 18 
11 (n>42) 
4 (n<42) 

23 9,50 

Guaninium-zinc 
chloride complex 

543 539 2 2 (n<42) - 0,73 

Guaninium-zinc 
chloride complex + 3 
Gy 

511 496 3 
4 (n>42) 
2 (n<42) 

6 2,93 

Guaninium-zinc 
chloride complex + 5 
Gy 

613 564 13 
6 (n>42) 
12 (n<42) 

18 
 

7,99 
 

Note. *Statistically significant difference from control level (p < 0.05). 
 
There was also 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 
I and metaphase II (Fig. 2). 

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. 

 

 
         a)                                                                 b) 

Fig. 2. a) 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 dramatically (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 

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 I, metaphase II (Fig. 
4). Analysis of germ cells at different stages of 
spermatogenesis showed their significant sensitivity 
to the action of acute gamma irradiation (Table 5). 

The value of abnormally shaped and hyper-
haploid spermatozoa reached 54.5 % of all regis-
tered aberrations. Nondisjunction of chromosomes 
in metaphase I 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. 

 

         
a)                                       b)                                                   c) 

Fig. 3. a) normal spermatozoid; b) abnormal spermatozoids; c) 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 

Variants 
Number of 
metaphase 

(total) 

Number of 
metaphases 
– 2n = 42 

Poly-
ploidic 
meta-
phases 

Aneu-
ploidic 

metaphas-
es 

Structur-
al in-
frig-

ments 

 % of in-
frigments 

 

Guanine 395 393 1 
1 (n>42) 

- 
- 0,50 

Guanine + 3 Gy 735 712 6 
3 (n>42) 
6 (n<42) 

8 3,12 

Guanine + 5 Gy 633 583 14 
7 (n>42) 
8 (n<42) 

21 7,89 

Guaninium-zinc chloride 
complex 

555 539 2 
- 

4 (n<42) 
- 1,08 

Guaninium-zinc chloride 
complex + 3 Gy 

478 464 4 
- 

4 (n<42) 
6 2,92 

Guaninium-zinc chloride 
complex + 5 Gy 

596 553 12 
2 (n>42) 
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 II. 
 

Table 5. Influence of guanine and guaninium-zinc chloride complex on frequency of chromosomal 
aberrations in sexual cells 

Variants 
Num-
ber of 
cells 

Aneu-
ploids 

Polip-
loids  

Conjugation disor-
der between X and 
Y chromosomes 

Abnormal 
spermato-

zoids 

Total in-
frigments 

(  %) 
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 
complex 

317 3 5 3 4 4,73 

Guaninium-zinc chloride 
complex + 3 Gy 

385 5 6 5 17 8,57 

Guaninium-zinc chloride 
complex + 5 Gy  

435 9 14 4 33 13,79 

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 

chloride complex synthesized by us in white Wistar 
rats before irradiation, the damaging effect of 
gamma irradiation decreases. At the same time, the 
proportion of chromosomal disorders and the mag-
nitude of abnormal spermatozoa decreased marked-
ly. 

The data obtained as a result of our experi-
ments suggests that the guaninium-zinc chloride 
complex tested by us can be recommended as a 
promising anti-radiation agent. 

 
References 

1. Mamedov N. A., Craker L. E., Shamilov E. N., Rzayev A. A., Abdullaev A. S., Rzayeva I. A., Gasimova N. I., Guliev G. N. 
Radioprotective Activity Of Some Medicinal Plant Extracts. Science and Horticulture for People. 28th International 
Horticultural Congress : abstracts (August 22–27, 2010). Lisboa : Lisbon Congress Centre, 2010. Vol. 1. P. 84. Retrieved 
from: https://www.actahort.org/books/925/925_46.htm. doi: 10.17660/ActaHortic.2011.925.46. 

2. Rzaev A. A., Shamilov E. N., Abdullayev A. S., Kasumova N. I., Kuliev Q. N., Mamedrzaeva E. T., Gaziev A. G., Azizov I. 
V. Sitoqenetichicheskiye izmeneniya obluchyonnix kris pod vozdeystviyem rastitelnix biokompleksov. Izvesitiya Akademii 
Nauk Qruzii, Bioloqicheskaya seriya A. Tbilisi, 2009. Vol. 35. P. 393–401. [in Russian] 

3. Gahramanova S. I., Jalaladdinov F. F., Munshieva M. K., Khudaverdiev R. A., Hamidov R. H., Muradkhanov R. M., 
Abdullayev A. S., Shamilov E. N., Azizov I. V., Gahramanov T. O. Synthesis and Investigation of Complex Compounds of 
Divalent Manganese, Copper, Cobalt and Zinc with Tryptophan and their Biological Activity. Int J Chem Sci. 2018. 16 (3). 
P. 286. doi: 10.21767/0972-768X.1000286. 

https://www.actahort.org/books/925/925_46.htm


 
 
 

Shamilov E. N., Abdullayev A. S., Shamilli V. E., Farajov M. F., Azizov I. V., Hajiyev K. A., Jalilova A. A. 

192  ISSN 2415-3826 (Online), ISSN 2219-3782 (Print). Фактори експериментальної еволюції організмів 2023. Том 33 

4. Asadullina N. R., Gudkov S. V., Bruskov V. I. Antioxidantniye svoystva nekotorix purinovix soedineniy. VIII Mejdunarodnoy 
konferensii "Bioantioxidant" : tezisi dokladov. 2010. P. 28. [in Russian] 

5. Syoichi Shirotake, Takeichi Sakacushi Complexes formed by guanine or cytosine, and Zn (II). Chem. Pharm. Bull. 1978. 26 
(10). P. 2941–2951. 

6. Meredith R. A simple method for preparing meiotic chronosome. Chromosoma. 1969/ Vol. 26. P. 254–258. doi: 
10.1007/BF00326520. 

7. Williams D., Hagen A., Runyan J., Lafferty D. A method for teh differentation of male meiotic chromosome stages. J. Hered. 
1971. Vol. 62. P. 17–22. 

8. Ford C. E., Hamerton J. L. A colchicines hypotonic citrate squash sequence for mammalian chromosomes. Stain Technol. 
1956. Vol. 31. P. 247–251. doi: 10.3109/10520296309061189. 

9. Radjabli S. I., Kryukova E. Sravnitelniy analiz differensialnoy okraski xromosom dvux vidov chomyachkov, daurskoqo i 
kitayskoqo. Tsitologiya. 1973. Vol. 15. P. 1527–1531. [in Russian] 

10. Sumner A. T. A simple technique for demonstrating centromeric heterochromatin// Exp. Cell Res. 1972. Vol. 75. P. 305–306. 
doi: 10.1016/0014-4827(72)90558-7. 

11. Howell W. M., Black D. A. Controlled silver staining of nucleolus organizer regions with a protective colloidal developer: in a 
one step method. Experientia. 1980. Vol. 36. P. 1014–1015. doi: 10.1007/BF01953855. 

12. Bochkov N. P., Kozlov V. M., Sevankaev A. V., Antoshina M. M. Analiz aneuploidii v kulturax embrionalnix fibroblastov 
cheloveka. Genetika. 1966. No. 10. P. 120–124. [in Russian] 

13. Zakharov A. F. Khromosomi cheloveka. Problemi lineynoy organizatsii. Iz-vo “Medicine”, 1977. 192 p. [in Russian] 
14. Kolomiets O. L., Mazurova T. F., Pomerantseva M. D. Elektronno- mikroskopicheskiy analiz sinaptonemnix compleksov 

samtsov laboratornix mishey, exponirovannix v period embriogeneza v rayone Chernobilskoy AES. Genetica. 1992. Vol. 28, 
No. 9. P. 49–57. [in Russian] 

15. Nadzhafova R. S., Bulatova N. Sh., Kozlovskiy A. I., Ryabov I. N. Identifikatsiya strukturnoy perestroyki v kariotipe polevki-
ekonomki iz Chernobylya methodami differensionalnoy okraski chromosom. Genetika. 1994. Vol. 30, № 3. P. 361–366. 
[in Russian] 

16. Pomerantseva M. D., Chekhovich A. V., Ramayya L. K. Geneticheskiye effekti u mishey, exponirovannix v 10-kilometrovoy 
zone Chernobylskoy AES. Genetika. 1990. Vol. 26, No. 10. P. 1870–1875. [in Russian] 

17. Pomerantseva M. D., Shevchenko V. A., Ramayya D. K., Testov B. V. Geneticheskiye povrejdeniya u mishey, obitayushix v 
usloviyax povishennoqo fona radiatsii. Genetika. 1990. Vol. 26, № 13. P. 466–473. [in Russian] 

 
ШАМІЛОВ Е. Н.1, АБДУЛЛАЄВ А. С.1, ШАМІЛЛІ В. Е.1, ФАРАДЖОВ М. Ф.1, АЗІЗОВ І. В.2, 
ГАДЖІЄВ К. А.3, ДЖАЛІЛОВА А. А.4 
1 Інститут Радіаційних Проблем Міністерства Науки та Освіти Азербайджанської Республіки, 
Азербайджан, AZ1143, м. Баку, Б. Вахабзаде, 9 
2 Інститут Молекулярної Біології та Біотехнології Міністерства Науки та Освіти Азербайджанської 

Республіки, 
Азербайджан, AZ1073, м. Баку, просп. Матбуат, 2А 
3 Міністерство Охорони Здоров'я Азербайджанської Республіки, Бакинський Центр Здоров'я, 
Азербайджан, AZ1073, пр. Азадлиг, 112 
4 Міністерство Екології та Природних Ресурсів Азербайджану, Національна Гідрометеорологічна Служба, 
Азербайджан, AZ1073, м. Баку, вул. К. Казімзаде, 100 (A) 
 
ЦИТОГЕНЕТИЧНІ ЗМІНИ В ОПРОМІНЕНИХ ЩУРІВ ПІД ВПЛИВОМ ГУАНІН-ЦИНК 

ХЛОРИДНОГО КОМПЛЕКСУ 
Мета. Основною метою цього дослідження було вивчення протирадіаційної дії гуанін-цинк хлоридного 

комплексу на цитогенетичні зміни в опромінених щурів. Методи. Матеріалом для виявлення протирадіаційної 

дії гуанін-цинк хлоридного комплексу послужили білі щури лінії Вістар із середньою масою 110-125 г. від 

джерела 60Co в установці опромінення Рухунд-20000 у дозах 3 та 5 Гр. Результати. Цитогенетичний аналіз 

тварин показав, що при одноразовому введенні розчинів гуанін-цинк хлоридного комплексу перед 

опроміненням частка хромосомних аномалій помітно зменшилася і досягла 2,93 %, а кількість аномальних 

сперматозоїдів помітно зменшилася. Гуанін-цинк хлоридний комплекс пом'якшував шкідливу дію іонізуючого 

випромінювання. Не було пригнічення поділу клітин. Висновки. Вперше встановлено, що при введенні розчину 

гуанін-цинк хлоридного комплексу білим щурам Вістар перед опроміненням він знижує ушкоджувальну дію 

гамма-опромінення. Отримані дані дають підстави припускати, що апробований нами гуанін-цинк хлоридний 

комплекс можна рекомендувати як перспективний протирадіаційний засіб. 
Ключові слова: гамма-опромінення, гуанін, гуанін-цинк хлоридний комплекс, хромосомні аберації, аномальні 

сперматозоїди. 


