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ABSTRACT
Introduction The increasing number of cancer diagnoses is a pressing issue in modern medicine. One contrib-

uting factor to cancer development is oxidative stress caused by free radicals, which can damage 
proteins, lipids, and DNA. Antioxidants are commonly used to mitigate these effects by neutralizing 
free radicals and reducing their harmful impact. Recent studies have shown that thiosemicarba-
zones may have antioxidant properties. These compounds are also known for their potential as 
anticancer, antibiotic, and antifungal agents. In this research, a series of thiosemicarbazones were 
synthesized and their antioxidant capacity was evaluated. Additionally, the ADME (Absorption, Distri-
bution, Metabolism, Excretion) parameters of the synthesized compounds were evaluated to deter-
mine their potential as pharmaceutical candidates.

Material and methods All starting reagents were purchased from Sigma Aldrich or Alfa Aesar. The synthesis of the com-
pounds was carried out using classical methods, adopted for this study. ADME analysis was per-
formed using ADMETLabs 3.0 platform. Antioxidative properties were investigated using the stan-
dard assay method.

Results Five thiosemicarbazones were synthesized. The presence of characteristic functional groups was 
confirmed by FTIR spectroscopy. Synthesized compounds have a good ADME profile, characteristic 
of biologically active compounds. It was found that compounds 1 and 5 exhibit antioxidative activity 
in 6 times and 3 times higher than Trolox.

Conclusions Obtaining new thiosemicarbazones based on cinnamaldehyde with the study of antioxidant 
properties and ADME screening would allow in the future that these products can be tested in the 
clinical and preclinical stages with rigorous evaluations. The synthesized products represent an 
increased antioxidant potential for the biopharmaceutical field.
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SINTEZA, STUDIUL ADME ȘI ACTIVITATEA ANTIOXIDANTĂ A UNOR TIOSEMICARBAZONE  
N4 SUBSTITUITE ALE ALDEHIDEI CINAMICE

Introducere Una dintre problemele actuale ale medicinei moderne o constituie creșterea permanentă a cazu-
rilor de cancer. Deseori, cancerul reprezintă consecința stresului oxidativ, cauzat de radicalii liberi. 
Acesta conduce la deteriorarea ADN-ului și a proteinelor. Pentru combaterea stresului oxidativ sunt 
folosite substanțe cu efect antioxidant. Ele captează radicalii liberi, reducând efectele nocive ale 
acestora. Mulți cercetători raportează că tiosemicarbazonele pot manifesta efecte antioxidante. Pe 
lângă aceasta, compușii respectivi sunt cunoscuți și pentru efectele lor anticancerigene, antibiotice 
și antifungice. În cadrul cercetării a fost sintetizată o serie de tiosemicarbazone și a fost examinată 
proprietatea lor antioxidantă. De asemenea au fost evaluați parametrii ADME, în scopul determinării 
potențialului farmaceutic al compușilor sintetizați.

Material și metode Toți reagenții au fost achiziționați de la Sigma Aldrich sau Alfa Aesar. Sinteza compușilor 1-5 a fost 
realizată conform procedurilor de sinteză clasică, cu unele adaptări de rigoare, în cazul nostru. Ana-
liza ADME a fost efectuată utilizând ADMET Labs 3.0. Analiza antioxidantă a fost realizată prin inter-
mediul metodei standard.

Rezultate Au fost sintetizate cinci tiosemicarbazone noi. Prezența grupelor funcționale caracteristice a fost 
confirmată prin intermediul spectroscopiei FTIR. Compușii sintetizați au un profil ADME bun, carac-
teristic substanțelor biologic active. S-a observat, în cazul compușilor 1 și 5, o activitate antioxidantă 
de 6 și de 3 ori mai mare decât în cazul Trolox, substanță de referință.

Concluzii Obținerea de noi tiosemicarbazone pe bază de cinamaldehidă, prin studiul proprietăților antioxidan-
te și screening ADME, ar permite în viitor testarea acestor produse în stadiile clinice și preclinice cu 
evaluări riguroase. Produsele sintetizate reprezintă un potențial antioxidant sporit pentru domeniul 
biofarmaceutic.

Cuvinte-cheie Tiosemicarbazone N4-substituite, cinamaldehidă, activitate antioxidantă, analiza ADME.
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INTRODUCTION
Medicinal chemistry, like many scientific disciplines, is continually evolving 
to meet emerging health challenges. The recent SARS-CoV-2 pandemic has 
underscored humanity’s vulnerability to global health crises and empha-
sized the urgent need for the development of novel therapeutic agents. The 
rising incidence of cancer remains a major concern. As shown in Figure 1, 
the annual incidence is expected to nearly double by 2050 (1). One contrib-
uting factor to cancer development is the presence of free radicals – highly 
reactive species capable of inducing oxidative stress (2). These species can 
damage cellular proteins, impairing their function, and disrupt lipid mem-
branes, thereby compromising membrane integrity (3). Additionally, free 
radicals can induce DNA damage and genetic mutations (4). For example, 
mutations in the gene encoding phosphoinositide 3-kinase (PI3K), a key en-
zyme in the PI3K/AKT/mTOR signaling pathway, can result in permanent 
activation of PI3K, leading to uncontrolled cell growth (5). Antioxidants are 
commonly used to combat free radicals. These compounds have the ability to 
trap and bind free radicals, neutralizing their harmful effects. This process 
can reduce or even prevent oxidative damage and mutations. 
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Figure 1. Estimated numbers of cancer incidence and mortality for 2022-2050 period,  
for males and females (1).

In this context, the development of novel compounds with antioxidant prop-
erties represents a highly promising area of research. Thiosemicarbazones, 
which can be considered derivatives of Schiff bases, have attracted consid-
erable attention due to their diverse biological activities. Several studies (6, 
7) have reported the antioxidant properties of specific thiosemicarbazones 
and their metal complexes, some of which have demonstrated greater activ-
ity than reference antioxidants such as Trolox and Rutin. Additionally, other 
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studies (8, 9) have described the antiproliferative activity of thiosemicarba-
zones against HL-60 leukemia cells. These compounds have also exhibited 
antimicrobial (10–12), antifungal (12, 13), and antitumor (14, 15) properties. 
Despite their promising biological effects, it is crucial for thiosemicarbazones 
to exhibit low toxicity levels for practical use. One potential solution to this is-
sue is the introduction of natural compounds in their synthesis. In this study, 
thiosemicarbazones were synthesized using cinnamaldehyde, a compound 
naturally found in the bark of cinnamon trees (16). Previous research has 
shown that cinnamaldehyde itself possesses antimicrobial activity (17) and 
it is safe for human consumption, as it is commonly used in the food indus-
try. This article reports the synthesis of five cinnamaldehyde-based thiosemi-
carbazones and evaluates their antioxidant activity and ADME (Absorption, 
Distribution, Metabolism, and Excretion) profiles. The aim of this study was 
to obtain thiosemicarbazone derivatives with antioxidant properties and fa-
vorable pharmacokinetic parameters, supporting their potential for future 
pharmaceutical development.

MATERIAL AND METHODS

All starting reagents were purchased from Sigma Aldrich or Alfa Aesar and 
used without any further purification. FTIR spectroscopy was performed 
using a Brucker Alpha spectrometer at room temperature. ADME analysis 
was performed using ADMETLab3.0 (18). Antioxidant activity assay was per-
formed using the procedure described in source (19). General procedures for 
compounds synthesis have been taken and adapted from sources (20, 21, 22).

GENERAL PROCEDURE FOR ISOTHIOCYANATES SYNTHESIS 
The primary amine (1.0 equiv.) was dissolved in a biphasic mixture of hex-
ane and water, followed by the addition of sodium bicarbonate (NaHCO₃, 2.0 
equiv.). The reaction mixture was cooled to approximately 0 °C, and a solu-
tion of thiophosgene (1.0 equiv.) in hexane was added dropwise under stir-
ring. The mixture was then stirred at room temperature until the red-orange 
color disappeared. The organic (hexane) layer was separated, washed three 
times with saturated NaHCO₃ solution, and dried over anhydrous Na₂SO₄. 
After removal of the solvent under reduced pressure, the resulting pale yel-
low oils were obtained, affording hexyl isothiocyanate in 76% yield and octyl 
isothiocyanate in 83% yield.

Figure 2. Scheme of isothiocyanates synthesis.

GENERAL PROCEDURE FOR THIOSEMICARBAZIDES SYNTHESIS
The reaction for the formation of thiosemicarbazides was carried out ac-
cording to the following synthesis protocol: the appropiate isothiocyanate 
dissolved in tetrahydrofuran is added dropwise to the solution of hydrazine 
monohydrate in THF while the reaction mixture was cooled in an ice and 
salt bath during the mixing of the initial reagents. After the addition was 
complete, the mixture was stirred at room temperature for 30 minutes. The 
progress of the reaction was monitored by thin-layer chromatography (TLC). 
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The resulting precipitate was filtered, washed with cold ethanol, and then 
washed three times with diethyl ether. The reaction afforded white solids: 
N⁴-hexylthiosemicarbazide (85% yield), N⁴-octylthiosemicarbazide (92% 
yield), and N⁴-norbornylthiosemicarbazide (91% yield). The melting points 
and IR spectra of the products were consistent with those reported in the 
literature.

Figure 3. Scheme of thiosemicarbazides synthesis,  
R = exo-norborn-2-yl, hex-1-yl and oct-1-yl.

MORPHOLINE-THIOSEMICARBAZIDE SYNTHESIS 
Thiophosgene (1.0 equiv.) was dissolved in chloroform and, with constant 
stirring, added to a chloroform solution of morpholine (1.0 equiv.) and tri-
ethylamine (1.0 equiv.), which had been cooled in an ice–salt bath. The reac-
tion mixture was then stirred at room temperature for 3 hours. Diethyl ether 
was subsequently added until triethylamine hydrochloride fully precipitat-
ed. The precipitate was removed by filtration, and the resulting solution was 
concentrated using a rotary evaporator. Cold hexane was added to the con-
centrated solution to induce crystallization. The crystalline solid was collect-
ed by filtration and air-dried to afford morpholine-4-carbothioyl chloride as 
a pale yellow solid in 55% yield.

To a solution of hydrazine monohydrate (1.0 equiv.) in absolute 1,4-dioxane, 
a solution of morpholine-4-carbothioyl chloride (1.0 equiv.) was added drop-
wise. The reaction mixture was stirred for 30 minutes at room temperature, 
leading to the formation of a light pink precipitate. The product was filtered, 
washed with diethyl ether, and dried to yield morpholine-thiosemicarbazide 
(IUPAC name: morpholine-4-carbothiohydrazide) as a white solid in 67% 
yield.

Figure 4. Scheme of morpholine-4-carbothiohydrazide synthesis.

GENERAL PROCEDURE FOR THIOSEMICARBAZONES SYNTHESIS 
In a round-bottomed flask, 1 equivalent of the corresponding thiosemicar-
bazide and 1 equivalent of cinnamaldehyde were added, using ethanol as a 
solvent. A small amount of glacial acetic acid (3-5 drops) was then added as 
a catalyst. The mixture was refluxed for 2-4 hours, with the consumption of 
the initial compounds monitored using chromatography. After cooling, the 
reaction mixture was filtered and the solid product was washed with ethanol 
and dried.

Figure 5. Scheme of thiosemicarbazones synthesis R= H, norborn-2-yl, hex-1-yl and oct-1-yl, morpholin-1-yl.
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RESULTS
COMPOUNDS SYNTHESIS 
The thiosemicarbazones were synthesized using a general synthetic proce-
dure, resulting in good yields of 79-93% with the exception of compound 5, 
which was obtained in 66% yield. The presence of functional groups was con-
firmed using FTIR spectroscopy, indirectly confirming the structure of the 
synthesized compounds. The structures of the synthesized compounds are 
shown in Figure 6.

Figure 6. Structure of synthesised compounds 1-5.

Compound (1)	 (2E)-2-[(2E)-3-phenylprop-2-en-1-ylidene]hydrazine-1-carbothioamide

It was synthesized according to the general procedure. Yellow solid, reflux 
time – 2.5 hours. Yield: 93%. FTIR (cm-1): 3340 ν (N-H, secondary amine); 3058 
ν (C-H, Alkene); 1545 ν (C=N, imine); 765, 696 ν (C-H, monosubstituted ben-
zene ring), 1245 ν (C=S).

Compound (2)	 (2E)-N-hexyl-2-[(2E)-3-phenylprop-2-en-1-ylidene]hydrazine-1-carbothioamide

It was synthesized according to the general procedure. Yellow solid, reflux 
time – 3.5 hours. Yield: 85%. FTIR (cm-1): 3344 ν (N-H, secondary amine); 3132, 
3004, 2924, 2853 ν (C-H, Alkane); 3056 ν (C-H, Alkene); 1540 ν (C=N, imine); 
750, 691 ν (C-H, monosubstituted benzene ring), 1258 ν (C=S).

Compound (3)	 (2E)-N-octyl-2-[(2E)-3-phenylprop-2-en-1-ylidene]hydrazine-1-carbothioamide

It was synthesized according to the general procedure. Yellow solid, reflux 
time – 4.5 hours. Yield: 88%. FTIR (cm-1): 3347 ν (N-H, secondary amine); 3139, 
3008, 2921, 2861 ν (C-H, Alkane); 3060 ν (C-H, Alkene); 1553 ν (C=N, imine); 
751, 689 ν (C-H, monosubstituted benzene ring), 1246 ν (C=S).

Compound (4)	 (E)-N-((1R,2S,4S)-bicyclo[2.2.1]heptan-2-yl)-2-((E)-3-phenylallylidene)
hydrazinecarbo-thioamide

It was synthesized according to the general procedure. Yellow solid, reflux 
time – 5 hours. Yield: 79%. FTIR (cm-1): 3313 ν (N-H, secondary amine); 3123, 
2983, 2945, 2866 ν (C-H, Alkane); 3037 ν (C-H, Alkene); 1533 ν (C=N, imine); 
745, 689 ν (C-H, monosubstituted benzene ring), 1231 ν (C=S).

Compound (5)	 N’-[(1E,2E)-3-phenylprop-2-en-1-ylidene]morpholine-4-carbothiohydrazide (5)

It was synthesized according to the general procedure. Yellow solid, reflux 
time – 6 hours. Yield: 66%. FTIR (cm-1): 2965, 2859 ν (C-H, Alkane); 3026 ν (C-H, 
Alkene); 1450 ν (C=N, imine); 754, 693 ν (C-H, monosubstituted benzene ring), 
1240 ν (C=S).
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ADME analysis 
ADME analysis is an essential initial screening tool for assessing the poten-
tial biological activity of compounds. Additionally, analyzing the data obtained 
from this assay provides some valuable insights into key parameters for the 
compound’s future use. Table 1 presents the calculated physicochemical prop-
erties, including the logarithm of the octanol-water partition coefficient (Log 
Po/w), which indicates the ratio of a compounds solubility in lipophilic (octanol) 
and hydrophilic (water) phases. Ideally, Log P value should not exceed 5, as 
it indicates that the compound will primarily remain in the cell membrane. 
Conversely, values below 1 suggests that the compound will not penetrate the 
membrane at all. It is worth noting that all synthesized compounds, except for 
3, have acceptable partition coefficient values. Furthermore, the pKa values for 
the synthesized compounds fall within the range of 8.3-9.9, indicating that they 
are more likely to be absorbed in the intestine rather than the stomach. 

Table 1. Some physicochemical properties calculated for compounds 1-5.

Physicochemical properties

Compound
Number of H-bond 

acceptors
Number of 

H-bond donors
Molecular 

weight
Log P

o/w
pK

a

1 1 2 205.28 2.81 8.36

2 1 2 289.44 4.82 9.48

3 1 2 317.49 5.55 9.87

4 1 2 299.43 4.56 9.26

5 2 1 275.37 3.01 8.83

LogP
o/w

 – logarithm of the octanol-water partition index value, pK
a
 – acidity constant

In general, the descriptors in Table 1-namely, the number of H-bond accep-
tors, number of H-bond donors, molecular weight, and Log Po/w) can be evalu-
ated using drug likeness rules to identify potential drug-like compounds with 
promising biological activity. As shown in Table 2, all compounds, with the 
exception of compound 3, meet all commonly used rules, indicating a high 
likelihood of biological activity. However, compound 3 does not meet the Ve-
ber and Muegge rule due to its high Log Po/w value.

Table 2. Correspondence to drug-likeness rules of synthesized compounds.

Drug-likeness rules correspondence 

Compound Lipinski Ghose Veber Egan Muegge 

1 +* + + + +

2 + + + + +

3 + + -** + -

4 + + + + +

5 + + + + +

*+ correspond; **- not correspond

Table 3 presents calculated ADME data, which shows that all compounds, 
except for 5, are not inhibitors or substrates for permeability glycoprotein 
(Pgp), also known as MDR1 – multidrug resistance protein 1. 

These findings suggest that compounds 1–4 are unlikely to exhibit drug resis-
tance effects mediated by this protein. The calculated plasma clearance val-
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ues indicate a relatively slow clearance rate, which may result in prolonged 
retention in the body and potentially lower dosing requirements. However, 
this could also increase the risk of accumulation and associated toxicity. Ad-
ditionally, all compounds – except for compound 5 – are predicted to have 
oral bioavailability (F% > 20%), indicating favorable systemic exposure fol-
lowing oral administration.

None of the synthesized compounds are predicted to cross the blood–brain 
barrier, suggesting a low likelihood of central nervous system–related side 
effects. Furthermore, all compounds are expected to exhibit good intestinal 
absorption, with predicted absorption rates of at least 30%.

Table 3. Calculated ADME parameters for compounds 1-5.

ADME parameters

Compound
Plasma clearance, 

mL/min/kg
Pgp 

inhibitor
Pgp 

substrate
HIA BBB F20%

1 3.36 - - >30% -** +*

2 5.46 - - >30% - +

3 5.23 - - >30% - +

4 3.10 - - >30% - +

5 6.79 - + >30% - -

HIA – human intestinal absorption, BBB – crossing of blood-brain barrier, 
F20% – bioavailability >20%; Pgp – permeability glycoprotein
*+Yes; **-No

ANTIOXIDANT ACTIVITY ASSAY
The antioxidant activity of the synthesized compounds was also assessed, 
following the procedure described in (19). The results are shown in Figure 7. 
The data reveals that compounds 2, 3, and 4 do not possess significant anti-
oxidant activity. However, compound 5 exhibits three times the antioxidant 
activity of Trolox, and compound 1 has six times the activity. 
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DISSCUSIONS
The compounds were synthesized using to the procedures outlined in our 
previous work. The final yields of the compounds 1-5 can be considered good. 
All compounds, with the exception of compound 3, correspond to all the most 
widespread used drug likeness rules. The activity of the synthesized com-
pounds, with the exception of compound 5, is not expected to be affected by 
MDR1- mediated drug resistance. Furthermore, the ADME profile obtained 
from the results indicates that the synthesized compounds possess drug like-
ness indices characteristic of medicinal compounds. Antioxidant analysis re-
vealed that compound 1 and 5 exhibit stronger antioxidant properties than 
Trolox. Based on these findings and the ADME analysis, it can be assumed 
that compound 1 has the highest potential for reducing oxidative stress in 
biochemical systems.

CONCLUSIONS
1.	 Five thiosemicarbazone derivatives based on cinnamaldehyde were suc-

cessfully synthesized, and their structures were confirmed through infrared 
spectroscopy.

2.	 The synthesized compounds exhibited favorable pharmacokinetic proper-
ties, including absorption, distribution, metabolism, and excretion, with the 
exception of compound 5, which deviates from commonly accepted drug-like-
ness criteria.

3.	 These compounds are not expected to cross the blood-brain barrier, thereby 
reducing the risk of adverse effects related to central nervous system inter-
actions.

4.	 With the exception of compound 5, the compounds are unlikely to act as sub-
strates or inhibitors of permeability glycoprotein, suggesting their bioavail-
ability and activity are not significantly influenced by this efflux transporter.

5.	 Antioxidant assays revealed that compounds 1 and 5 exhibit significantly en-
hanced activity compared to Trolox, being approximately 6-fold and 3-fold 
more potent, respectively.

CONFLICT OF INTEREST The authors declare no conflict of interest.

FUNDING This research was funded by the subprograms 010602, of the institutional 
project, as well as by the “Young Researchers 2024–2025” project 
(24.80012.5007.14TC), Republic of Moldova.

AUTHOR 
CONTRIBUTIONS

Conceptualization, A.G.; methodology and compounds synthesis, R.R. and 
A.C.; validation, R.R., A.C., and A.G.; Antioxidant activity, A.C.; investigation, 
A.C., R.R.; writing – original draft preparation, A.C.; writing – review and 
editing, R.R., A.C., and A.G.; visualization, A.G, R.R., A.C; supervision, A.C., R.R., 
A.G.; project administration, A.G.; All authors have read and agreed to the 
published version of the manuscript.



www.bba.md

THE SCIENTIFIC JOURNAL 
OF THE MOLDAVIAN BIOSAFETY AND BIOSECURITY ASSOCIATION

62 August 2025  |  Volume 6  |  Issue 3

BIBLIOGRAPHY
1.	 Global Cancer Observatory: Cancer Tomorrow. Ac-

cessed February 25, 2024. https://gco.iarc.fr/tomor-
row/en/dataviz/trends?multiple_populations=1&-
types=0_1 

2.	 Dreher D, Junod AF. Role of oxygen free radicals in 
cancer development. European Journal of Cancer. 
1996;32(1):30-38. doi:10.1016/0959-8049(95)00531-5

3.	 Phaniendra A, Jestadi DB, Periyasamy L. Free Rad-
icals: Properties, Sources, Targets, and Their Im-
plication in Various Diseases. Ind J Clin Biochem. 
2015;30:11-26. doi:10.1007/s12291-014-0446-0

4.	 Termini J. Hydroperoxide-induced DNA damage and 
mutations. Mutation Research/Fundamental and 
Molecular Mechanisms of Mutagenesis. 2000;450(1-
2):107-124. doi:10.1016/S0027-5107(00)00019-1

5.	 Ligresti G, Militello L, Steelman LS, et al. PIK-
3CA mutations in human solid tumors. Cell Cycle. 
2009;8(9):1352-1358. doi:10.4161/cc.8.9.8255

6.	 Rusnac A, Garbuz O, Şova S, Gulea A. Synthesis of new 
coordination compounds of some 3d metals bazed on 
N(4)-(ethyl acetate) thiosemicarbazones 2-formil and 
2-acetyl pyridine. Antioxidative properties. Akadem-
os. 2023;(4(67)):19-26. doi:10.52673/18570461.22.4-
67.02

7.	 Tülay Bal-Demirci, Musa Şahin, Esin Kondakçı, Mus-
tafa Özyürek, Bahri Ülküseven, Reşat Apak. Synthesis 
and antioxidant activities of transition metal com-
plexes based 3-hydroxysalicylaldehyde-S-methylth-
iosemicarbazone. Spectrochimica acta Part A, Molecu-
lar and biomolecular spectroscopy. 2015;138:866-872. 
doi:10.1016/j.saa.2014.10.088

8.	 Pahontsu, E., Poirier, D., Gulya, A. Synthesis and an-
tiproliferative activity of 5-pyrazolone derivatives 
and there Cu(II), Ni(II), Co(II) and V(V) complexes. 
Akademos. 2018, nr. 3(50), pp. 38-47. ISSN 1857-0461. 

9.	 Lovejoy DB, Richardson DR. Novel “hybrid” iron che-
lators derived from aroylhydrazones and thiosemi-
carbazones demonstrate selective antiproliferative 
activity against tumor cells. Blood. 2002;100(2):666-
676. doi:10.1182/blood.V100.2.666

10.	 Rusnac R, Garbuz O, Chumakov, Yu., Tsapkov, V., 
Hureau, C., Istrati, D Gulea, A. Synthesis, Character-
ization, and Biological Properties of the Copper(II) 
Complexes with Novel Ligand: N-[4-({2-[1-(pyri-
din-2-yl)ethylidene]hydrazinecarbothioyl}amino)
phenyl]acetamide. Inorganics. 2023;11(10):408-408. 
doi:10.3390/inorganics11100408

11.	 Korkmaz G. A review of recent research on the an-
timicrobial activities of thiosemicarbazone-based 
compounds. Journal of New Results in Science. 
2024;13(1):61-83. doi:10.54187/jnrs.1464723

12.	 Pîntea A, Ciursin A, Rusnac R, Gulea A. Coordination 
compounds of Cu(II) with n-hexyl-2-[(pyridin-2-yl)
methylidene]hydrazine-1-carbothioamide: design, 
synthesis, evaluation of antimicrobial and antifungal 
properties. Studia Universitatis Moldaviae Seria Ști-
ințe ale Naturii. 2024;nr. 1(171):168-177. doi:10.59295/
sum1(171)2024_21

13.	 Qin Y, Xing R, Liu S, et al. Novel thiosemicarba-
zone chitosan derivatives: Preparation, charac-
terization, and antifungal activity. Carbohydrate 
Polymers. 2012;87(4):2664-2670. doi:10.1016/j.carb-
pol.2011.11.048

14.	 Graur, V. О., Savcin, S., Tsapkov, V.I., Gulya, A. Synthe-
sis and antitumor activity of copper, nickel and cobalt 
coordination compounds with 1-(2-hydroxyphenyl)
ethanone N(4)-allyl-3-thiosemicarbazone. Studia Uni-
versitatis Moldaviae (Seria Ştiinţe Reale şi ale Naturii). 
2015, nr. 1(81), pp. 210-215. ISSN 1814-3237.

15.	 Finch RA, Liu MC, Grill SP, et al. Triapine (3-amino-
pyridine-2-carboxaldehyde- thiosemicarbazone): A 
potent inhibitor of ribonucleotide reductase activity 
with broad spectrum antitumor activity. Biochemi-
cal Pharmacology. 2000;59(8):983-991. doi:10.1016/
S0006-2952(99)00419-0

16.	 Gilani S, Najafpour G. Evaluation of the extraction 
process parameters on bioactive compounds of 
cinnamon bark: A comparative study. Process Bio-
chemistry. 2022;114:93-101. doi:10.1016/j.proc-
bio.2022.01.022

17.	 Sanla-Ead N, Jangchud A, Chonhenchob V, Suppakul 
P. Antimicrobial Activity of Cinnamaldehyde and Eu-
genol and Their Activity after Incorporation into Cel-
lulose-based Packaging Films. Packaging Technology 
and Science. 2011;25(1):7-17. doi:10.1002/pts.952

18.	 Fu L, Shi S, Yi J, et al. ADMETlab 3.0: an updated 
comprehensive online ADMET prediction platform 
enhanced with broader coverage, improved perfor-
mance, API functionality and decision support. Nu-
cleic acids research. Published online April 4, 2024. 
doi:10.1093/nar/gkae236

19.	 Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, 
Rice-Evans C. Antioxidant activity applying an im-
proved ABTS radical cation decolorization assay. Free 
Radical Biology and Medicine. 1999;26(9-10):1231-
1237 doi:10.1016/S0891-5849(98)00315-3

20.	 Ciursin, A. Sinteza N-ciclohexiltiosemicarba-
zonei-3-etoxisalicilice prin metoda de: adiție, substi-
tuție și condensare. Sesiune națională cu participare 
internațională de comunicări științifice studențești: 
dedicate aniversării a 75-a a USM, Ed. 25, 22-23 aprilie 
2021, Chişinău, Ediția 25, Vol.1, pp. 47-48. ISBN 978-
9975-152-94-5. 

21.	 Rusnac R., Ciursin, A., Shova, S., Sîrbu A., Gulea, A. 
Synthesis and physical-chemical analysis of the co-
ordination compounds of Cu(II) based on 3-ethox-
ysalicylaldehyde 4-cyclohexyl-thiosemicarba-
zone. Studia Universitatis Moldaviae Seria Științe 
ale Naturii. 2023;nr. 1(171):194-205. doi:10.59295/
sum1(171)2023_26

22.	 Rusnac, R., Garbuz, O., Kravtsov, V., Melnic, E., Istra-
ti, D., Tsapkov, V., Poirier, D., & Gulea, A. Novel Cop-
per(II) Coordination Compounds Containing Pyridine 
Derivatives of N4-Methoxyphenyl-Thiosemicarba-
zones with Selective Anticancer Activity. Molecules, 
(2024), 29(24), 6002. doi:10.3390/molecules29246002 

Date of receipt of the manuscript: 04.02.2025

Date of acceptance for publication: 24.07.2025

Roman RUSNAC, SCOPUS ID: 57211990770

Aurelian GULEA, SCOPUS ID: 7003731510

https://gco.iarc.fr/tomorrow/en/dataviz/trends?multiple_populations=1&types=0_1
https://gco.iarc.fr/tomorrow/en/dataviz/trends?multiple_populations=1&types=0_1
https://gco.iarc.fr/tomorrow/en/dataviz/trends?multiple_populations=1&types=0_1
https://pubmed.ncbi.nlm.nih.gov/8695238/
https://link.springer.com/article/10.1007/s12291-014-0446-0
https://doi.org/10.1007/s12291-014-0446-0
https://doi.org/10.1016/S0027-5107(00)00019-1
https://doi.org/10.4161/cc.8.9.8255
https://doi.org/10.52673/18570461.22.4-67.02
https://doi.org/10.52673/18570461.22.4-67.02
https://doi.org/10.1016/j.saa.2014.10.088
https://doi.org/10.1182/blood.V100.2.666
https://doi.org/10.3390/inorganics11100408
https://doi.org/10.54187/jnrs.1464723
https://doi.org/10.59295/sum1(171)2024_21
https://doi.org/10.59295/sum1(171)2024_21
https://doi.org/10.1016/j.carbpol.2011.11.048
https://doi.org/10.1016/j.carbpol.2011.11.048
https://doi.org/10.1016/S0006-2952(99)00419-0
https://doi.org/10.1016/S0006-2952(99)00419-0
https://doi.org/10.1016/j.procbio.2022.01.022
https://doi.org/10.1016/j.procbio.2022.01.022
https://doi.org/10.1002/pts.952
https://doi.org/10.1093/nar/gkae236
https://doi.org/10.1016/S0891-5849(98)00315-3
https://doi.org/10.59295/sum1(171)2023_26
https://doi.org/10.59295/sum1(171)2023_26
https://doi.org/10.3390/molecules29246002

