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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
One of the first and direct signs of ionizing radiation’s effect on 

a cell is chromosomes destabilization. By studying cytogenetic 
indices – including mitotic index, chromosomal aberrations, 
and the number of polyploid cells in the bone marrow cells of 
the femur, a significant difference was observed between intact 
and irradiated animals. This suggests that these indices can be 
considered as markers of irradiation by the technetium isotope. 
When assessing the survival rate, the highest survival value was 
recorded in the Group injected with [Сu(Adm)(PPh3)2]PF6. In 
terms of chromosomal aberrations and number of polyploid 
cells, irradiated animals showed reliable difference compared 
to the “irradiation + [Cu(LCF3)2]” group at both 15 and 30 days 
post-exposure, demonstrating the radioprotective property of 
the compound. Regarding the mitotic index, treatment with 
[Cu(LCF3)2] showed a trend toward normalization after 15 days, 
with a reliable difference between Groups 2 and 3 by the end 
of the study (after 30 days), further supporting the compound’s 
beneficial effect. Analysis of survival, changes in cytogenetic 
parameters, and multivariate regression analysis when using 
both complexes confirms the highest efficiency of [Сu(Adm)
(PPh3)2]PF6 compared to [Cu(LCF3)2]. Specifically, treatment with 
[Сu(Adm)(PPh3)2]PF6, in contrast to “pure irradiation”, resulted 
in a significant difference across all parameters and led to the 
normalization of cytogenetic parameters from the early stages 
of observation. This suggests a pronounced radioprotective 
effect of the compound and an accelerated normalization of 
cytogenetic parameters.

Key words. Irradiation, mitotic index, chromosomal 
aberrations, number of polyploid cells.
Introduction.

It is well established that the main initiating event after 
irradiation is DNA damage. Based on this, one of the earliest 
and most direct indicators of ionizing radiation (IR) effects on 
cells is the chromosomal destabilization [1,2]. For many years, 
studies have been conducted to identify sensitive biological 
markers specific for radiation exposure [3,4]. Radiation-induced 
karyotype damage is an important indicator for assessing the 
severity of radiation damage. Radiation-induced alterations of 
cytogenetic parameters can serve as markers of both adverse 
effects of IR and efficacy of treatments that enhance the body's 
resistance.

Currently, chromosomal aberrations in peripheral blood 
lymphocytes are recognized as key biological markers of 
radiation exposure [5].

One of the priority tasks of modern radiobiology is the search 
for new radioprotective compounds. In this area, coordination 

complexes with high antioxidant activity are of particular 
interest. Their potential to protect the body from the damaging 
effects of ionizing radiation has been noted in both independent 
scientific works [6,7] and research conducted by the L.A. Orbeli 
Institute of Physiology of the National Academy of Sciences of 
the Republic of Armenia [8,9]. These studies showed that such 
complexes have low toxicity and pronounced radioprotective 
properties. 

To release possible radiation-protective actions, we studied 
compounds of copper-organic complexes: [Cu(LCF3)2]and 
[Cu(Adm)(PPh3)2]PF6, which were synthesized in Camerino 
University (Italy) under the supervision of Professor Carlo 
Santini. In this study, a cytogenetic screening of these newly 
synthesized compounds was carried out.
Materials and Methods.

The copper(II) complex [Cu(LCF3)2] (Figure 1a) was 
synthesized by a one-step synthetic protocol involving the 
reaction of the β-diketone ligand 1,1,1,5,5,5-hexafluoro-2,4-
pentanedione (HLCF3) with copper(II) acetate monohydrate, 
according to general procedures detailed in previous literature 
[10] for analogous homoleptic copper(II) complexes [11-
12].The copper(I) complex [Cu(Adm)(PPh3)2]PF6 has been 
synthesized and fully characterized using both analytical and 
spectroscopic methods as detailed below.

Figure 1. Chemical structure of [Сu(LCF3)2] (a) and [Сu(Adm)(PPh3)2]
PF6 (b).

Synthesis of [Cu(Adm)(PPh3)2]PF6. Tetrakis(acetonitrile)
copper(I)hexafluorophosphate (0.500 mmol, 0.186 g) and 
triphenylphosphine (1.000 mmol, 0.262 g) were dissolved in 
CH3CN (20 mL) and the reaction was stirred for 2 hours at 
room temperature. Then, the Amantadine (0.500 mmol, 0.076 
g) was solubilized in CH3OH (20 mL) and added to the reaction 
mixture that was stirred for 24 hours at room temperature. A 
white suspension was filtered off, the obtained mother liquors 
were washed with diethyl ether/n-hexane and dried under 
reduced pressure to give the complex [Cu(Adm)(PPh3)2]PF6in 
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80% yield. Mp: 203-205°C. Solubility: CH3OH, CH2Cl2, 
CHCl3, EtOAc, CH3CN, DMSO. FT-IR (cm-1): 3308 (N-H); 
3075w, 3058w, 2914wbr, 2850w (C-H); 1586w, 1480m, 1435s, 
1371w, 1310w, 1181w, 1163w, 1117w, 1093m, 1026w, 999w, 
876w, 859sh, 833vs, 753s, 741s, 693vs, 577s, 541m, 519s. 
1H-NMR (Acetone-d6, 293 K): 1.42-3.00 (m, 17H, CHAdm and 
NH2), 7.27-7.51 (m, 30H, CHAr). 

31P{1H}-NMR (CD3CN, 243 
K): δ -144.76 (sept, JP-F = 706 Hz), -1.64 (sbr). ESI-MS(+) 
(major positive ions, CH3CN), m/z (%), 152 (90) [Adm + H]+, 
366 (60) [Cu(PPh3) + CH3CN]+, 589 (100) [Cu(PPh3)2]

+. ESI-
MS(-) (major negative ions, CH3CN), m/z (%): 145 (100) [PF6]

-. 
Elemental Analysis (%) calculated for C46H47CuF6NP3 (%): C 
62.48, H 5.36, N 1.58; found: 63.23, H 5.10, N 1.96. 

In order to study the potential radioprotective effects of copper 
complexes [Cu(LCF3)2] (complex 1, Figure 1a) and [Сu(Adm)
(PPh3)2]PF6 (complex 2, Figure 1b) on irradiated organisms, we 
studied cytogenetic indices in experimental animals (sexually 
mature male Albino rats, with an average weight of 180-200 g). 
The animals were divided into 4experimental groups (10 rats in 
each group):
1.	 Group I: intact animals. 
2.	 Group II: animals exposed to the radioisotope technetium 

(Tc), receiving an intraperitoneal injection of the isotope 
with an activity of 4.8 mCi in a volume of 2 mL (“pure 
irradiation”).

3.	 Group III: animals intraperitoneally injected with the copper 
complex [Cu(LCF3)2] at a dose of 50 mg/kg in a volume of 2 mL, 
administered one hour before the introduction of the Tc isotope 
(“irradiation + copper compound [Cu(LCF3)2, complex 1”).

4.	 Group IV: animals that received the compound [Сu(Adm)
(PPh3)2]PF6 (“irradiation + copper compound [Сu(Adm)
(PPh3)2]PF6, complex 2”) (dose of 50 mg/kg) before 
irradiation.

The cytogenetic analysis included chromosome examination 
using Giemsa staining. Survival rates and cytogenetic parameters 
were assessed using the Ford-Wollam method [13]. The mitotic 
index (MI), chromosomal aberrations (CA) and the percentage 
of polyploid cells (PPC) in the bone marrow cells of the femur 
were determined by analysing 1000 cells in each preparation.

Data statistical analysis was carried out using a number of 
specialized statistical packages, including Statsoft and SPSS-
10.0. Multiregression and correlation analysis methods were 
used [14,15].

Results and Discussion.
The survival rate of animals across the 4 experimental groups 

was evaluated. In the intact or control group (“normal”), survival 
was 100%. In Group II dropped to 40%. In Group III survival 
was 90%, and Group IV which was injected with [Сu(Adm)
(PPh3)2]PF6 before irradiation, maintained a survival rate of 
100%. The survival dynamics were described by regression 
equations:

у1=100+0*lg(x)
y2=77,5018-30,38lg(x)
y3= 104,38-10,53lg(x)
y4=100+0*lg(x),
where x represents the day of the experiment, y1 is the survival 

rate of intact animals, y2 is the survival rate under “pure Tc 
irradiation”, y3 is survival rate under “irradiation + [Cu(LCF3)2] 
injection”, and y4 is the survival rate under “irradiation + 
[Сu(Adm)(PPh3)2]PF6 injection”.

The above regression equations allow for the extrapolation 
of survival rate changes percentage at later stages of the 
experiment, enabling predictions of future outcomes.

By analysing the karyotype and proliferative activity of the 
studied cells, we obtained the cytogenetic indices for these 
groups. The results are summarized in Table 1, including only 
statistically significant changes in cytogenetic indices.

When analysing the results of the study involving the animal 
groups exposed to “pure irradiation”, “irradiation + complex 1” 
and “irradiation + complex 2”, we found significant differences 
in the cytogenetic indices between these groups. For all 3 
indicators, there was a reliable difference between the intact and 
irradiated animals (p<0.05), indicating that these indices can 
be considered markers of Tc irradiation. For the chromosomal 
aberrations and the number of polyploid cells, a reliable 
difference was found in the irradiated animals compared to the 
group receiving “irradiation + [Cu(LCF3)2]” (both after 15 and 
30 days), which indicates the radioprotective property of the 
compound. Regarding the mitotic index (proliferative activity), 
a tendency toward normalization was observed after 15 days, 
with a reliable difference between Groups II and III by the 
end of the study (after 30 days). Survival rates and changes 
in cytogenetic parameters suggest that [Cu(LCF3)2] is less 
effective than [Сu(Adm)(PPh3)2]PF6. In group IV “irradiation 
+ [Сu(Adm)(PPh3)2]PF6”, a pronounced and statistically 

Indicators Norm (I 
Group)

Tc (II 
Group)

Tc + [Cu(LCF3)2] (III 
Group) 15 days

Tc + [Cu(LCF3)2] (III 
Group) 30 days

Tc +[Сu(Adm)(PPh3)2]PF6 
(IV Group) 15 days

Tc +[Сu(Adm)(PPh3)2]PF6 
(IV Group) 30 days

MI, % 20.35±2.8 9.8±0.96
11.4±0.16 
0.002˂P1,3˂0.01 
P2,3˃0.05

15.8±0.17 
P1,3˃0.05 
P2,3˂0.001

14.8±1.6 
P1,4˂0.05 
0.01˂P2,4˂0.02

17.4±1.9 
P1,4˂0.05 
P2,4˂0.01

CA, % 2,6±0,26 6.8±0.74
5.0±0.51 
P1,3˂0.001 
P2,3˂0.05

4.4±0.48 
0.002˂P1,3˂0.01 
P2,3˂0.05

4.2±0.52 
0.01˂P1,4˂0.02 
0.002˂P2,4˂0.01

3.85±0.31 
0.002˂P1,4˂0.01 
0.001˂P2,4˂0.002

PPC, % 0.5±0.08 4.6±0.53
2.2±0.24 
P1,3˂0.001 
P2,3˂0.001

2.1±0.26 
P1,3˂0.001 
P2,3˂0.001

3.2±0.41 
P1,4˂0.001 
P2,4˂0.05

1.0±0.12 
0.002˂P2,4˂0.01 
P2,4˂0.001

Table 1. Cytogenetic indices analyzed in 4 groups: “normal (control)”, “pure irradiation (Tc exposure only)”, “irradiation + [Cu(LCF3)2]” and 
“irradiation + [Сu(Adm)(PPh3)2]PF6” on the 15th and 30th days of the experiment.

P1,3, P2,3, P1,4, P2,4 - A statistically significant difference when comparing the indicators of Group I (index 1) and Group II (index 2) with Group III 
(index 3) and Group IV (index 4).
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significant difference from the “pure irradiation” Group was 
observed for all 3 parameters starting from day 15.

Figure 2 illustrates the results of multi-regression analysis, 
showing the mutual influence of cytogenetic indices following 
the injection of [Cu(LCF3)2] and [Сu(Adm)(PPh3)2]PF6. The 
equations of the multi-regression dependency between MI, 
CA and PPC in the bone marrow cells of the femur are also 
provided for the norm (x), pure irradiation (y) and the use of 
copper complexes (z).

Multi-regression analysis of cytogenetic parameters, along with 
standard statistical methods, confirmed the highest efficiency of 
the compound [Сu(Adm)(PPh3)2]PF6 compared to [Cu(LCF3)2]. 
This can be seen from the difference in the coefficients of all 
variables (x, y and z) in the equation. All the [Cu(Adm)(PPh3)2]
PF6 (complex 2) indicators were higher in absolute values ​​than 
the [Cu(LCF3)2] (complex 1) indicators.

The following abnormalities were detected during Tc 
irradiation: double fragments, deletions, polyploidy (Figure 3). 
The number of these abnormalities was significantly reduced 
after the administration of complexes 1 and 2, further confirming 
the beneficial effects of these copper complexes.

Conclusion.
Cytogenetic parameters analysis revealed a significant 

difference between intact and irradiated animals for all 3 
parameters, indicating that these parameters can be considered 
reliable markers of irradiation with the technetium isotope. Upon 
evaluating survival and cytogenetic parameters (specifically 
the mitotic index, chromosomal aberrations, and percentage 
of polyploid cells in the femoral bone marrow), the highest 
survival value was observed in the group treated with complex 
2 ([Сu(Adm)(PPh3)2]PF6). A reliable difference was found 
in the chromosomal aberrations and the number of polyploid 
cells in irradiated animals compared to the “irradiation + 
[Cu(LCF3)2]” Group (both after 15 and 30 days), demonstrating 
the radioprotective properties of the compound. For the mitotic 
index (proliferative activity), a tendency toward normalization 
was noted after 15 days in the “irradiation + [Cu(LCF3)2]” Group 
and a reliable difference between Groups II and III by the end 
of the study (after 30 days), further supporting the beneficial 
effect of this compound. Analysis of survival rates, changes in 
cytogenetic parameters, and multi-regression analysis using 
both complexes confirms the highest efficiency of [Сu(Adm)

Figure 2. Results of the multi-regression analysis of the interaction between cytogenetic parameters following the injection of [Cu(LCF3)2] (a) and 
[Сu(Adm)(PPh3)2]PF6(b).

Figure 3. Cytogenetic abnormalities induced by technetium exposure: a) double fragment, b) deletion, c) polyploidy. Magnification: ×900.
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(PPh3)2]PF6 (complex 2) compared to [Cu(LCF3)2] (complex 
1). When using [Сu(Adm)(PPh3)2]PF6 in Group IV, a reliable 
difference from the “pure irradiation” group, was observed 
across all parameters, with the normalization of cytogenetic 
parameters from the early stages of observation. This indicates 
a pronounced radioprotective property of [Сu(Adm)(PPh3)2]
PF6and an earlier normalization of cytogenetic parameters. The 
results of this study underscore the importance of continuing 
research into the development of agents with therapeutic 
potential for radiation injuries.
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Резюме
Одним из первых и прямых признаков воздействия 

ионизирующего излучения на клетку является 
дестабилизация хромосом. При изучении цитогенетических 
показателей, включая митотический индекс, хромосомные 
аберрации и количество полиплоидных клеток в клетках 
костного мозга бедренной кости, была обнаружена 
значительная разница между интактными и облученными 
животными. Это говорит о том, что данные показатели 
можно рассматривать как маркеры облучения изотопом 
технеция. При оценке выживаемости наибольшее значение 
выживаемости зафиксировано в группе, получавшей 
инъекцию [Сu(Adm)(PPh3)2]PF6. По показателям 
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хромосомных аберраций и количеству полиплоидных 
клеток облученные животные показали достоверную 
разницу по сравнению с группой «облучение + [Cu(LCF3)2]» 
как через 15, так и через 30 дней после облучения, что 
свидетельствует о радиозащитном свойстве соединения. 
Что касается митотического индекса, лечение [Cu(LCF3)2] 
показало тенденцию к нормализации через 15 дней, с 
достоверной разницей между группами 2 и 3 к концу 
исследования (через 30 дней), что дополнительно 
подтверждает полезный эффект соединения. Анализ 
выживаемости, изменений цитогенетических 
показателей и многофакторный регрессионный анализ 

при использовании обоих комплексов подтверждает 
наибольшую эффективность [Сu(Adm)(PPh3)2]PF6 по 
сравнению с [Cu(LCF3)2]. В частности, лечение [Сu(Adm)
(PPh3)2]PF6, в отличие от «чистого облучения», привело 
к достоверной разнице по всем параметрам и привело к 
нормализации цитогенетических показателей с ранних 
сроков наблюдения. Это свидетельствует о выраженном 
радиопротекторном действии соединения и ускоренной 
нормализации цитогенетических показателей.

Ключевые слова: облучение, митотический индекс, 
хромосомные аберрации, количество полиплоидных 
клеток.
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