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a b s t r a c t 

This study characterized the synthetic Zn(II)Prolinedithiocarbamate and determined its anti-cancer ac- 

tivity in vitro and in silico. Zn(II)Prolineditiocarbamate complex was synthesized, characterized, and de- 

termined by melting point, conductivity value, UV–Vis spectroscopy, FT-IR and XRD. Computational NMR 

spectrum analysis has been carried out. Zn(II)Prolinedithiocarbamate complex’s binding to DNA was stud- 

ied using an in vitro molecular docking anti-cancer activity assay. Molecular docking results showed the 

interaction of Zn(II)Prolinedithiocarbamate complex with DNA from MCF-7 strain cells. Cytotoxicity of 

Zn(II)Prolinethiocarbamate against the MCF-7 cell line showed changes in cancer cell morphology at an 

IC50 value of 360.10 g/mL. Zn(II)Prolinedithiocarbamate complex compounds can be a breakthrough in 

developing chemotherapy drugs that are potential and effective against the MCF-7 cell line. 

© 2021 Elsevier B.V. All rights reserved. 
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. Introduction 

Cancer arises due to genetic changes that occur in the DNA 

tructure of cancer cells so that the growth of abnormal cells im- 

acts the function of tissues and organs of the body [1–3] . Until 

ecently, cancer was one of the top causes of mortality around the 

lobe. Based on data from the Global Burden of Cancer (GLOBO- 

AN) in 2018, breast cancer has the highest mortality rate and 

revalence in Indonesia. New cases of breast cancer 58,256 peo- 

le (16.7%) with the number of deaths 22,692 people (11%), it is 

stimated that the number of new cases and deaths will continue 

o increase in the next two decades [4] . Chemotherapy becomes 

n essential treatment for breast cancer. FDA approved breast can- 

er treatment in the form of Fulvestrant agent functioning as a 

own-regulating agent of selective estrogen receptors encapsulated 
∗ Corresponding author. 
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n silica nanocapsules (SNC) biopolymers [5] and Using layer-by- 

ayer (LBL) self-assembly technology, hyaluronic acid biopolymers 

ere used to produce a sandwich-like membrane based on hydro- 

en bonding. The multilayer films absorbed osimertinib, a third- 

eneration inhibitor for the treatment of nonsmall cell lung cancer 

NSCLC), effectively [6] . 

Chemotherapy and metal-based drugs have become viable re- 

earch areas in medicinal chemistry after the unexpected discov- 

ry of the coordination compound cisplatin [ 7 , 8 ]. Cisplatin is a 

latinum-based drug for cancer therapy. However, cisplatin drugs 

till have some drawbacks such as lack of selectivity, unfavorable 

ide effects, resistance, and toxicity in the body, which encourage 

he search for efficient and selective non-platinum drugs [ 9 , 10 ]. 

he design of new therapeutic agents is of great importance for 

hemical medicine Metal complexes have become one of the latest 

ancer chemotherapeutic medication finding methodologies. Metal 

omplexes are reported to have biological activities such as antiox- 

dant, antimicrobial, antimalarial, and anti-cancer. This is related 

o the synergistic relationship between the ligand and the central 

etal [11] . The transition metal complexes Ni, Cu, and Zn, showed 

https://doi.org/10.1016/j.molstruc.2021.132101
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2021.132101&domain=pdf
mailto:indahuh17@gmail.com
https://doi.org/10.1016/j.molstruc.2021.132101
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ignificantly better cytotoxicity than cis-platin-based drugs. Zinc 

Zn) actively participates in more than 200 enzymatic biochemical 

eactions in the body [14] . 

Zn radius can covalently bind to DNA [ 12 , 13 ]. Zn also plays an

ssential role in various cellular processes, including cell prolifera- 

ion, differentiation, and apoptosis [14] . Several in vitro studies of 

n complexes have shown that the anti-cancer activity of Zn com- 

lexes is promising in reducing the growth of several cancers to 

void cytotoxic/tumor-suppressing effects on malignant cells [14] . 

he use of appropriate ligands can increase the biological activity 

f complex compounds [15] . Dithiocarbamate compounds can be 

sed as radio-chemotherapeutic targeting agents in tumours [16–

9] . Dithiocarbamate compounds and their derivatives are some 

f the useful metal-chelating antioxidants [20–23] . Dithiocarba- 

ate complex has shown potential in stopping cell proliferation 

 24 , 25 ]. Dithiocarbamate compounds have an exceptional struc- 

ure; namely, an S group can donate electrons monodentate and 

identate [26] . Dithiocarbamate ligands with the addition of oxy- 

en and nitrogen donor groups (such as proline) can increase the 

iversity of the dithiocarbamate complex structure and affect the 

ature of the biological activity of the complex compound [27] . 

ence, the present study synthesized, characterized physiochem- 

cal, and determined the anti-cancer activity through in vitro and 

n silico approaches. 

. Materials and methods 

.1. General 

Carbon disulfide (99.5%), Cisplatin, Roswell Park Memorial Insti- 

ute Medium, and DMSO, ZnSO 4 ·7H 2 O, Proline, Ethanol (95%), and 

cetonitrile (95%) were purchased from Merck, USA. 

.2. Synthesis of Zn(ii)Prolinedithiocarbamate 

Synthesis of Zn(II)Prolinedithiocarbamate was carried out 

hrough the synthesis of proline dithiocarbamate first. Proline 

5 mmol) dissolved in minimum amount of ethanol. Carbon 

isulfide (5 mmol) was added slowly at 10 °C with constant 

tirring for 30 min. The proline dithiocarbamate solution was 

dded ZnSO4 ·7H2O (3 mmol), dissolved in a minimum amount of 

thanol, and stirred for 30 min. The precipitate formed was filtered 

nd washed with ethanol and then recrystallized with acetonitrile 

nd ethanol (1:2.v/v). The synthesis method is carried out by in 

itu method. 

.3. Zn(II)Prolinedithiocarbamate characterization 

The melting point of the synthesized complex was determined 

sing Electrothermal IA 9100, and A conductometer was used to 

easure the conductivity. The IR spectrum of the Zn(II) com- 

lex was analyzed by using the SHIMADZU Infrared Spectropho- 

ometer using KBr pellets in the wavenumber range of 340–40 0 0 

m 

−1 . Jenwey UV–Vis spectrophotometer at a wavelength of 200–

100 nm was used to obtain UV–Vis spectral data. Interactions be- 

ween Zn and O, and S were also confirmed by XRD and computa- 

ional NMR spectrum. 

.4. In vitro study: cytotoxic test complex 

n(ii)Prolinedithiocarbamate against breast cancer cells (MCF-7) 

.4.1. Media preparation/positive control/sample 

Prepared liquid culture media Roswell Park Memorial Institute 

edium (RPMI) complete. Set up positive controls to be used. The 

ositive control used in this test is cisplatin. They dissolved the 

ample with a particular final concentration as stock. The solvent 
2 
sed is nontoxic to cells. The antiproliferative assay solution used 

as PrestoBlue TM Cell Viability Reagent. 

.4.2. Cell preparation 

The cells used were confluent 70% min. Discarded media on the 

ish, then rinse the cell as much as 2x with 1 mL PBS. Added 1 mL

f Trypsin-EDTA solution and then incrusted for 5 min so that the 

ell layer is dispersed (under an inverted microscope, the cell will 

ppear to float. The cell is transferred to a tube that already con- 

ains media. Disenterfuge cells at a speed of 30 0 0 rpm for 5 min.

iscarded supernatant, then the pellets are dissolved into a tube 

ontaining media. 

.4.3. Treatment of cells with positive samples/controls/negative 

ontrols 

Eight micro-tubes were prepared at 1.5 mL, micro-tubes were 

abelled with the appropriate dilution concentration, sample stock 

as diluted to eight concentration variations using solvent media. 

emoved 96 well plates that have contained cells from the incu- 

ator. It is labelled on the plate along the left margin, for which 

ows will be treated by standard and sampled lines. Then remove 

he media from each well. The 100 μL sample was transferred with 

 micropipette and a positive cisplatin control from a microtube to 

 96-well plate containing cells. The steering wheel is incubated 

gain for 48 h. 

.5. Absorbance measurement 

9 mL of medium was prepared in a tube, then 1 mL of 

PrestoBlue TM Cell Viability Reagent” was added (10 μL reagent 

or 90 μL media). The solution mixture of 100 μL was put into a 

icroplate well and incubated for 1–2 h until a color change oc- 

urred. 

PrestoBlue® reagent after entering into living cells will be re- 

uced from the red compound resazurin with no intrinsic value to 

 red resorufin compound and high fluorescence. The conversion 

f values by the number of metabolically active cells can be mea- 

ured quantitatively via the absorbance spectra of resazurin and re- 

orufin) measured at a wavelength of 570 nm (reference: 600 nm) 

sing a multimode reader. 

.6. Pharmacokinetics (Absorbtion, distribution, metabolism, 

xcretion, toxicology/ ADME-Tox) prediction of 

n(ii)Prolinedithiocarbamate 

The pharmacokinetic properties of Zn(II)Prolinedithiocarbamate 

ere predicted using pKCSM tools [28] . Druglikeness of 

n(II)Prolinedithiocarbamate was expected to estimate the po- 

ential Zn(II)Prolinedithiocarbamate as drug. The drug-likeness 

rediction was carried out by SwissADME freely web-server [29] . 

.7. In silico study of Zn(ii)Prolinedithiocarbamate as anti-cancer 

Zn(II)Prolinedithiocarbamate was drawn and obtained the 

anonical SMILE with the online Cheminfo webserver ( http://www. 

heminfo.org/ ), then was modelled with online Corina to obtain 

 three-dimensional structure ( https://www.mn-am.com/online _ 

emos/corina _ demo). Complex compound receipts have interacted 

ith the O(6)-methylguanine-DNA methyltransferase (MGMT) pro- 

ein (PDB ID 1QNT) that was retrieved from Protein Databank. 

olegro Virtual Docker 5 software was used to prepare the pro- 

ein and back in docking between Zn(II)Prolinedithiocarbamate 

nd O(6)-methylguanine-DNA methyltransferase (MGMT). MGMT 

rotein was removed from unwanted ligands and cofactors than 

as predicted, and the binding cavities were based on the van 

er Waals parameter. Zn(II)Prolinedithiocarbamate was docked to 

http://www.cheminfo.org/
https://www.mn-am.com/online_demos/corina_
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Fig. 1. Schematic illustration of the formation of complexes Zn(II)Prolinedithiocarbamate. 
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GMT protein in specific grid X = 1.29A; Y = 46.8A; Z = 55,6A; 

olume 35.84 A 

3 , and Surface 131.84 A 

2 , the radius was 15. Dock- 

ng parameters are MolDock Score Grid 0.30A, MolDock Score, and 

erank score; the docking score indicates bond energy in kJ/mol 

nits. The docking results are superimposed with proteins that 

ave been predicted using PyMol software. Data is observed and 

nalyzed with Discovery Studio ver 21.1.1. to get a 3D, 2D, and 

igand binding area and target protein. Bonding energy is derived 

rom the sum of The MolDock Score Grid, MolDock Score, and 

erank score and is averaged from five repeats and displayed with 

n average of ± Standard Deviation. 

. Results and discussion 

.1. Physiochemical characterization of Zn(ii)Prolinedithiocarbamate 

omplex 

The Zn(II)Prolinedithiocarbamate complex was successfully syn- 

hesized, the reaction of complex formation can be seen in Fig. 1 

nd performed high yield that was 68,13%. The complex showed a 

elting point at 284–286 °C. The Zn(II) complex was discovered 
3 
o have a high purity level and to be stable above 200 °C and the

onductivity was 0.02 mS/c, which means that the Zn(II) complex 

s a non-electrolyte compound. 

When proline and carbon disulfide react, the carbocation 

ormed on the carbon disulfide is attacked by electron-rich pro- 

ine. The lone pair on proline’s nitrogen atom will be used to form 

arbon disulfide bonds. After bonding, an unstable iminium ion 

s formed, and the iminium ion is stabilized by the addition of a 

ase. KOH is the used as a base. The H 

+ bound to the iminium ion

ill be attracted by the OH 

− base, leaving it as a water molecule, 

hile the K 

+ will interact with the sulfide. The occurrence of elec- 

ron resonance in the disulfide group will easily separate the ap- 

arent interaction between K 

+ and sulfide ions. At the same time, 

dding ZnSO 4 to ethanol produces a complex compound called 

n(II)Prolinedithiocarbamate as the reaction’s final product. 

The resulting Zn(II)Prolineditiocarbamate complex can predict 

he bond length and bond angle of the metal with the ligand 

 Fig. 2 ). The Sn-S bond seems to show the characteristics of a cova-

ent bond in such a way that the length of the Sn-S covalent bond 

anges from 2143 A °, while the Sn-O bond is in the range of 1751

 °, where the O-Zn-S angle is 99.7 °
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Fig. 2. Bond length and bond angle schematic of Complex Zn(II)Prolinedithiocarbamate. 

Table 1 

UV–Vis data of Zn(II)Prolinedithiocarbamate. 

Compound λ max (nm) Electronic Transition 

Zn(II)Prolinedithiocarbamate 
258 π→ π ∗

392 n → π ∗
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.2. UV–Vis characterization 

In complex compounds, changes in wavelength are caused by 

he presence of an auxochrome group, which is a saturated group 

ith unbound electrons (free electrons) that, when attached to a 

hromophore group, causes the wave number to change. Strong 

ands originating from the π→ π ∗ and n → π ∗ transitions can be 

een in compounds containing the C = S group in the 250–320 

ange. According to the findings of a study on the dithiocarba- 

ate complex by Bookhari et al., 1967, the band in the 310–400 

egion shows an electronic transition of intraligand n → π ∗ of the 

 = C = S group. For all dithiocarbamate complex compounds, the 

ands recorded in the UV region are generally the same, i.e. there 

re two main bands. Band 1 is a transition π→ π ∗, while band II 

ccurs when the metallic charge is transferred to the ligand [30] . 

The UV–Vis spectrophotometer reveals many wavelengths in 

he Zn(II)Prolinedithiocarbamate complex, as shown in Table 1 . 

he spectra from UV VIS also performed specific characteristics of 

n(II)Prolinedithiocarbamate ( Fig. 3 ). The Zn complex characteri- 

ation in band 1 shows an absorption band at a wavelength of 

58 nm, an intra ligand transition π → π ∗ of the CS2 group, which 

s influenced by the hyperconjugation effect of the R group on the 

itrogen atom in the 250–300 nm absorption region. The shift in 

and II which is an intra ligand transition n → π ∗ of the N = C = S

roup at a wavelength of 392 nm, is shown in the Zn complex. The 
4 
ppearance of various other bands at the 470 nm absorption indi- 

ates the presence of a Charge Transfer (CT) transition between the 

etal and the ligand. Meanwhile, the appearance of absorption in 

he 525 nm region indicates the d orbital transition of the transi- 

ion metal. 

The hydrogen and carbon skeletons of the 

n(II)Prolinedithiocarbamate complex were identified using 

omputational H 

–NMR and C 

–NMR spectra ( Fig. 4 ). The ligand has

onded to the metal in the -O-Zn- bond. This is confirmed by the 

bsence of a broad singlet proton signal from the OH carboxylic 

cid group in the region above 10 ppm. The methylene proton 

ignal of the N-proline group of the dithiocarbamate moiety 

esonates in the range 1.54, 1.64; 1.95, 170 ppm [31] The hydrogen 

ignal of the -CH 

–N group was found in the 2.8, 2.7 ppm region

32] . The carbon of the C = S group resonates in the downfield 

hift at 202.8 ppm [33] . The carbon atom of the cyclopentane 

ing bonded to nitrogen also resonates at a downward shift of 

1.8 ppm. The downward shift occurs as a result of deshielding 

f the nitrogen atoms. The carbon atom attached to the nitrogen 

esonates at 52.2 ppm and the carbon atom of the cyclopentane 

ttached to the carboxylate group resonates at 178.2 ppm. Another 

arbon atom of the cyclopentane ring assigned to the signal at 

3.8, 27.9 ppm [34] 

.3. IR characterization 

The infrared absorption peak of dithiocarbamate compounds re- 

ealed the presence of two types of bonds: C = N and C = S. There

re two types of coordination in the absorption peak of (C-S), 

onodentate and bidentate. Bidentate coordination is indicated 

y single (C-S) absorption peaks, whereas monodentate coordina- 

ion is indicated by double absorption peaks. Because the absorp- 

ion of v(C 

–N) occurs in the wave number between the single 
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Fig. 3. UV–Vis Spectrum of Zn(II)Prolinedithiocarbamate. 

Fig. 4. computational H 

–NMR and C –NMR spectrum of Zn(II)Prolinedithiocarbamate. 

5 
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Fig. 5. IR Spectrum of Zn(II)Prolinedithiocarbamate. 

Table 2 

IR data of Zn(II)Prolinedithiocarbamate. 

Compound v(C = N) v(C = S) v(M-S) v(M-O) 

Zn(II) Prolinedithiocarbamate 1606 w 1103 s 383 m 457 w 

s = strong; m = medium; w = weak. 
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ond (1350–1250) cm-1 and the double bond (1690–1640) cm-1 

n the complex compound dithiocarbamate, the bond is written as 

(C = N). Furthermore, the C-S absorption is written as v(C = S), with

he wavelength number falling between the wavenumber of the 

 = S double bond (1050) and the wavelength number of the C = S

ouble bond (1050) [35] . 

The resulting spectrum as shown in Table 2 , the resulting spec- 

rum can be used to identify the coordination link between the 

n metal and the ligand. The infrared spectrum of Zn(II) pro- 

inedithiocarbamate has functional groups at wavenumbers 3379, 

606, 1103, 457, and 383 cm 

−1 , indicating the presence of OH, 

N, CS, MO, and MS. ( Fig. 5 ). The appearance of a peak around

379 cm 

−1 was signed as a hydroxy–functional group (-OH) from 

ater or ethanol solvents. The peak at 1606 cm 

−1 could be pre- 

icted as C = N group, and the peak at wavenumber 1103 cm 

−1 in-

icated C = S group. The infrared absorption peak at a wavenum- 

er of 383 cm 

−1 suggests an interaction between the cation group 

CS) and Zn metal ions. A wavenumber of 457 cm 

−1 was pre- 

icted from the interaction of the O atom of the complex com- 

ound with Zn. The functional group expressed on the IR spec- 

ra is related to the functional group in the proposed reaction 

f Zn(II)Prolinedithiocarbamate ( Fig. 1 ). The vibrations of the v(C- 

), v(C = N), and v(MS) groups of the dithiocarbamate complex are 
6 
train vibrations [36] , Others in the spectrum in the region be- 

ween 383, 457 and 3379 cm 

−1 are associated with v(MS), v(MO) 

nd v(OH) are stretch vibrations, respectively [35] . 

.4. XRD characterization 

The Match 2 was used to analyze the XRD diffraction results of 

he complex compound Zn(II) Prolinedithiocarbamte ( Fig. 6 ), which 

ielded two polycrystalline phases, zinc monosulfide (ZnS) and 

inc monoxide (ZnO). The hexagonal structure of zinc monosul- 

de (ZnS) was identified as an X-ray diffraction peak with values 

f 2 29.59o; 40.89o; 42.43o; 44.12o; and 64.32o, with hkl values 

f 017; 117; 118; 119; and 217, according to data reported by Liu 

t al., 2009 [37] . The cubic structure of zinc monoxide (ZnO) was 

dentified using X-ray diffraction peak values of 2 36.30o, 41.87o, 

5.92o, and 61.18o, as well as hkl values of 111, 200, 311, and 202, 

s reported by Ali Khorsand Zak, 2011 [38] . 

.5. Cytotoxicity studies on MCF-7 cells 

The MTS test is a cytotoxicity test of 

n(II)Prolinedithiocarbamate complex against breast cancer 

ells (MCF-7). The cytotoxic assays of Zn complex and cis- 

latin were evaluated under the same conditions for com- 

arison purposes. Treatment was carried out for 48 h for Zn 

omplex and cisplatin against the MCF-7 cancer cell line, as 

hown in Table 3 . The Zn complex compound against cancer 

ells used concentration variations ranging from the lowest 

.34 g/mL to the highest is 300 g/mL. The regression equa- 

ion for the Zn(II)Prolinedithiocarbamate complex was obtained 

 = −0.0013x + 0.7644 ( Fig. 7 ), and the regression equation 
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Fig. 6. XRD Spectrum of Zn(II)Prolinedithiocarbamate. 

Table 3 

IC 50 values of the Zn(II)Prolinedithiocarbamate Complex. 

Compounds t(h) IC 50 (μg/mL) 

Zn(II)Prolinedithiocarbamate 48 360,10 

Cisplatin 48 53,48 

Fig. 7. Cytotoxicity Curve of Zn(II)Prolinedithiocarbamate. 
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Fig. 8. Cytotoxicity Curve of Cisplatin. 
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f cisplatin y = −0.0061x + 0.6383 ( Fig. 8 ). The regression 

quation was used to determine the IC 50 value of the Zn com- 

lex and cisplatin. The IC 50 value is obtained by replacing the 

 value with half the control value (DMSO). Documentation of 

he Zn(II)prolinedithiocarbamate well plate and the compari- 

on of sample concentration with medium + cells, along the 

isplatin side for MCF-7, are shown in Fig. S1 and Table S2. 

poptosis in MCF-7 cells of the Zn(II)Prolinedithiocarbamate and 

isplatin complexes is illustrated in Fig. 9 . At concentrations of the 

n(II)Prolinedithiocarbamate complex of 2.34–37.50 g/mL showed 

o visible cell death, apoptosis was initiated at concentrations 

5 g/mL, By increasing the concentration of Zn (II) prolinedithio- 

arbamate complex, the apototic MCF-7 cancer cell line can be 
7 
etected. Plasma membrane damage is a common cause of late 

poptotic cells. Based on these morphological observations, the Zn 

omplex promotes apoptosis in the MCF-7 cell line and treatment 

ith cisplatin on MCF-7 cells showed a cytotoxic effect at a 

oncentration of 53.48 g/mL MCF-7. 

.6. Pharmacokinetics prediction of Zn(ii)Prolinedithiocarbamate 

Pharmacokinetics study involved absorption, distribu- 

ion, metabolism, excretion, toxicity, and druglikeness of 

n(II)Prolinedithiocarbamate were described at Table 4 . 

n(II)Prolinedithiocarbamate was absorbed 100% by intestine, 

nd performed low absorption in water solubility and skin per- 

eability. Caco2 permeability of Zn(II)Prolinedithiocarbamate was 

ategorized as high value, which was higher than 0.90. VDss is a 

he steady state volume of distribution, indicating the total drug 

ose that distributed in the same concentration in blood plasma 

he VDss of Zn(II)Prolinedithiocarbamate was considered as low 

alue and might did not performing renal failure and dehydration. 

n blood – brain barrier parameter of Zn(II)Prolinedithiocarbamate 

erformed poorly distributed to the brain. In metabolism pa- 
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Fig. 9. Apoptosis of MCF-7 cells induced by Zn(II)Prolinedithiocarbamate. 

Table 4 

Pharmacokinetics prediction of the Zn(II)Prolinedithiocarbamate. 

Parameter Value Parameter Value 

Absorption Water Solubility (log mol/L) −2563 Excretion Total clearance (log ml/min/kg) 1187 

Caco2 permeability (log Papp in 10–6 cm/s) 1546 Renal OCT2 substrate No 

Intestinal absorption (% absorbed) 100 Toxicity AMES Toxicity No 

Skin permeability (log Kp) −2968 Max tolerated dose (log mg/kg/day) 0,871 

P-glycoprotein substrate Yes hERG II inhibitor No 

P-glycoprotein I inhibitor No Oral Rat Acut Toxicity (LD50) (mol/kg) 2138 

P-glycoprotein II inhibitor No Oral Rat Chronic Toxicity (LOAEL) (log mg/kg_bw/day) 1216 

Distribution VDss (log L/kg) −0,358 Hepatotoxicity No 

Fraction unbound (Fu) 0,69 Skin Sensitisation No 

BBB Permeability (log BB) −0,255 T. pyriformis toxicity (log ug/L) −0,059 

CNS permeability (log PS) −3467 Minnow toxicity (log mM) 2329 

Metabolism CYP3A4 substrate No Druglikeness Lipinski Yes; 0 violation 

CYP1A2 inhibitor No Ghose Yes 

CYP2C19 inhibitor No Veber Yes 

CYP2C9 inhibitor No Egan Yes 

CYP2D6 inhibitor No Muegge Yes 

CYP3A4 inhibitor No Bioavaibility Score 0,55 

r

s

w

s

c

h

D

p

a

3

O

s

I

i

b

p

a

s

a

i

i

i

c

a

g

e

Z

a

d

t

(

p

s

[

m

T

l

f

ameters, the Zn(II)Prolinedithiocarbamate was not considered as 

ubstrate an inhibitors. Total clearance was high with the value 

as more than one and the zink complex was not as renal OCT2 

ubstrate. The Zn(II)Prolinedithiocarbamate was not mutagenic 

omplex, illustrating in negative value in AMES test, also not as 

ERG II inhibitor, not toxic in hepatocyte, and skin sensatisation. 

ruglikeness performed that the Zn(II)Prolinedithiocarbamate has 

otential as drug, according to the Lipinski, Ghose, Veber, Egan, 

nd Muegge rules. 

.7. Zn(II)Prolinedithiocarbamate directly interact with 

(6)-methylguanine-DNA methyltransferase (MGMT) protein 

Zn(II)prolinedithiocarbamate interacts with MGMT proteins at 

everal active site residues, including ARG147, LEU102, VAL106, 

LE76, and GLU77 ( Fig. 10 ). The two-dimensional ligand-protein 

nteraction display shows several interactions, namely hydrogen 

onding, metal acceptors, van der Waals, and Alkyl. The ligand- 

rotein interaction resulted in -175 ± 11.7 kJ/mol binding energy, 

s shown in Table S1. Interestingly, Zn metal binds to two active 

ites of MGMT, LEU102, with a distance of 3.3A and VAL106, with 
8 
 distance of 2.5A. Prolinedithiocarbamate ligands are also involved 

n binding to the active sites of ARG 147, ILE176, and GLU77. This 

ndicates the effect of Proline dithiocarbamate ligands in increas- 

ng the biological activity of the Zn complex. The active site of the 

ompound-complex against the MGMT protein shows binding to 

ctive DNA sites that affect the DNA methylation process. 

Synthetic Zn(II)Prolinedithiocarbamate was performed high de- 

ree of purity with high conductivity and showed a non- 

lectrolyte compound. Based on the IR and UV–Vis spectra, 

n(II)Prolinedithiocarbamate was successfully synthesized. In vitro 

nd in silico study revealed that Zn(II)Prolinedithiocarbamate in- 

uced apoptosis in MCF-7 cell lines and exhibited a poten- 

ial MGMT inhibitor. O(6)-methylguanine-DNA methyltransferase 

MGMT) protein is an enzyme that repairs the pre-carcinogenic, 

re-mutagenic DNA damage. The MGMT protein expressed re- 

ponses from the alkylating environment and methylating agent 

39] . MGMT protein repairs the damaged DNA by catalyzing the 

ethyl transfer from the O6 site of guanine to the cysteine [40] . 

he repairing process prevented gene mutations that were regu- 

ated by epigenetic. Previous studies explored the MGMT inhibitors 

or glioblastoma therapy. Inhibition of MGMT protein was reported 
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Fig. 10. The binding pose of Zn(II)Prolinedithiocarbamate - O(6)-methylguanine-DNA methyltransferase (MGMT) protein, green color performed O(6)-methylguanine-DNA 

methyltransferase (MGMT) protein, the red color showed Zn(II)Prolinedithiocarbamate. A. The overview of Zn(II)Prolinedithiocarbamate - O(6)-methylguanine-DNA methyl- 

transferase (MGMT) complex, B. 2D view of Zn(II)Prolinedithiocarbamate - O(6)-methylguanine-DNA methyltransferase (MGMT) complex, C. The detailed interaction of ligand- 

protein interaction. 
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o enhance alkylating agent-induced apoptosis in cancer cells [41] . 

esides, Lechapt-Zalcman, 2012 [42] said repressing the overex- 

ression of MGMT protein reduced the glioblastoma performance. 

he current study performed that Zn(II)Prolinedithiocarbamate di- 

ectly interacts with O(6)-methylguanine-DNA methyltransferase 

MGMT) residues, indicating the metal complex might reducing the 

GMT activity. Chikan et al. (2015) described the MGMT structure 

nd functional domain of MGMT. The functions were DNA docking, 

ase flipping and DNA docking, metal binding and active site of 

GMT. Residues identified as DNA binding proteins were Lys125, 

sn123, Phe94, Ser93, Tht95, and Arg135. Protein base flipping do- 

ains were identified on Ser/Ile151, Tyr114, Gln115, and Cys145 

esidues. The metal binding MGMT was performed on His29, 

ys24, and His85. However, the reported active residues were not 

etected in the present study; Zn (II)Prolinedithiocarbamate prob- 

bly altered the conformation of MGMT protein structure [43] . 

The synthesized complex was tested for cytotoxicity against 

reast cancer cells (MCF-7) in vitro and compared with the anti- 

ancer activity of cisplatin, which is the most commonly used drug 

oday and is known to be active against breast cancer cells (MCF- 

). The results of the IC 50 values of the Zn(II) ProlineDithiocarba- 

ate complex and cisplatin (treatment time for 48 h) are shown in 

able 3 . These results indicate the IC 50 value of the Zn(II) complex 

as a strong correlation with cisplatin. IC 50 cisplatin = 53.48 g/mL 

hile the Zn(II) complex is IC 50 = 360.10 g/mL, so the Zn(II) com- 

lex can be declared active against cancer cells. 

Prayong (2008) classifies the IC50 standard cytotoxic samples 

nto three categories, namely 1–100 g/mL high cytotoxicity, 100–

0 0 0 g/mL moderate, and 10 0 0 g/mL weak or even nontoxic to

ancer cells [44] . The complex has cytotoxicity on MCF-7 cancer 

ells seen from the nature of metal bioactivity in the body and 

he structure of the complex. The Zn complex showed good cy- 

otoxicity to cancer cells because the HSAB properties of Zn(II) be- 

onged to the acid category, and nitrogen from guanine, which was 

he basic framework of DNA structure, was included in the border- 

ine base category to allow a strong bond. There is a strong rela- 

ionship between the Zn(II) complex and the nitrogenous bases of 

he basic framework of DNA structure. Interestingly, this interac- 

ion disrupts the electronic structure of guanine in the base pair in 

he DNA duplex triggered by H 

+ and the Zn transition metal ion. 

hen positive ions interact with pyridine-type nitrogen (G–N7) 

Fig. 11), the unbonded electron pair located in the sp 

2 hybrid or- 

ital can overlap significantly with the p-electronic system of the 

ndole guanine ring, inducing a decrease in the electronic density 
9 
f the ring, including the endocyclic N1 nitrogen atom [45] . This 

orresponds to the metal lanthanides (Tb and Eu) bonded to the 

itrogen atom of the DNA nucleotide [ 46 , 47 ]. The interaction of 

he Zn(II)Prolinedithiocarbamate complex with DNA was confirmed 

y molecular docking. The Zn(II) complex can be attributed to the 

unction of the Zn complex as a competitive inhibitor of Heme 

xygenase (HMOX1), which is produced in large quantities in solid 

umors [48] . 

Metal complexes with DNA are covalently coordinated in coor- 

ination with various specific geometries [49] . In addition, metal 

omplexes can also sneak into DNA gaps. Most of these reactions 

ccur in complexes containing aromatic heterocyclic ligands [50] . 

etal complex interactions with DNA can occur through cova- 

ent bonds or non-covalently. The simplest form of the first non- 

ovalent interaction is electrostatic interaction or outside bind- 

ng. This interaction occurs between metal complexes such as 

ositively charged metal complexes and the partially negatively 

harged outer skeleton (phosphate) of DNA. Interactions can oc- 

ur on the outside of the DNA double helix. An example of this 

nteraction is the sodium and magnesium cations with the outer 

NA phosphate. The second type of interaction is groove binding. 

his interaction is strongly influenced by the geometry of the com- 

lex compounds that will interact with DNA and the electric field 

round the DNA framework, van der Waals forces, hydrogen bonds 

nd hydrophobic effects. [51] . According to Balasubramanian’s re- 

earch [52] chemicals that bind strongly with DNA can suppress 

elomerase and influence the transcription of particular oncogenes. 

In fact, the purine nucleobase N7 is the favored binding site in 

NA [53] . Fig. S2 depicts a schematic with all possible binding lo- 

ations. N3 is sterically inhibited in double-stranded DNA, leaving 

nly N7 (bold arrow in Fig. S2). N1 from adenine and N3 from 

ytosine can also attach to Zn complexes in single-stranded DNA 

dotted arrows in Fig. S2). Because protonated purine and pyrim- 

dine nitrogen atoms in the aromatic πsystem contain a delocal- 

zed lone pair of electrons, they are only available for coordination 

f Zn complexes after deprotonation (empty arrows in Fig. S2). The 

inetic energy of guanine bonds is higher [54] . The higher basic- 

ty of nitrogen causes this propensity. The DNA structure has been 

everely altered, resulting in lower melting temperatures, short- 

ning, detachment, and denaturation. The MCF-7 cell morphol- 

gy revealed that the Zn(II)-DNA complex reaction disrupted cell 

ycle progression.In circumstances of insufficient repair, the cell 

ill eventually experience a failed attempt at mitosis, resulting in 

poptotic cell death. 
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Intercalation occurs when planar heteroatomic compounds pen- 

trate the DNA pair gap and interact perpendicular to the DNA 

ouble helix axis. Unlike the previous two types of interactions, 

his type requires a conformational change (distortion) of the DNA 

ramework to make room for the incoming molecule. Generally, 

ase pairs in adjacent DNA will distance themselves to allow suf- 

cient space for the entry of planar aromatic intercalators. This 

ind of process causes stretching of the DNA double helix struc- 

ure, which results in changes in electron density in the phosphate 

ramework and changes in DNA sugar conformation. An example 

f an interaction involving the intercalation of ligands into DNA 

ase pairs is the intercalation of ethidium bromide (EB) and di- 

zapyrenium dichloride (DAP) into DNA base pairs. The ligand will 

eact with the functional group found in the DNA groove [55] . The 

ithiocarbamate ligand has made a significant contribution to the 

ytotoxicity of the Zn complexes of the cancer cells tested. Ligands 

erve as carriers and contribute to the lipophilicity of the complex 

nd can facilitate the movement of metals to cell sites [56] . 

. Conclusions 

A novel Zn(II) Prolineditiocarbamate complex has been success- 

ully synthesized and described, which involves the interaction of 

roline and carbon disulfide (CS2) in ethanol, as well as Zn metal 

n the form of a salt. The structure and content of the synthe- 

ized complex were validated by spectroscopic and computational 

ata. The dithiocarbamate ligand is monodentately coupled to the 

inc atom. Molecular docking was used to demonstrate the interac- 

ion of the Zn(II) prolinedithiocarbamate complex with DNA from 

CF-7 strain cells.At an IC50 of 360.10 μg/mL, cytotoxicity of Zn(II) 

rolinethiocarbamate against the MCF-7 cell line revealed changes 

n cancer cell morphology. Potential Zn(II) prolinedithiocarbamate 

omplex compounds could pave the way for the development of 

CF-7-specific chemotherapy drugs. 
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