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Abstract 
Tuberculosis (TB) remains a global health challenge, with millions of new cases and deaths reported each year. The 

emergence of drug resistance and treatment side effects has driven the development of new therapeutic agents, including 
the use of dithiocarbamate metal complex compounds. This study aims to synthesize and characterize Ni(II) and Zn(II) 
complexes with serine-tyrosine dithiocarbamate ligands and evaluate their antituberculosis bioactivity. The method in 
this study involves the synthesis and characterization of Ni(II) and Zn(II) complexes with serine-tyrosine dithiocarbamate, 
including melting point determination, conductivity measurement, and spectroscopic analyses (UV-Vis, FT-IR, XRD, 
and SEM-EDS). Furthermore, the bioactivity of the synthesized metal complexes was evaluated using both in silico 
approaches (Lipinski's rule of 5, ADMET profiling, and molecular docking) and in vitro testing using the Lowenstein-
Jensen method. The synthesis and characterization results show that the successfully synthesized metal complexes are 
solid, non-electrolyte, stable, and have typical characteristics of dithiocarbamate complexes. In silico analysis shows 
compliance with Lipinski’s rule and most ADMET parameters, indicating potential as oral drug candidates. Molecular 
docking revealed strong interactions, particularly for the Ni(II)Ser-Tyr Dtc complex with the highest binding score 
(−95.0923 kJ/mol), exceeding INH (−65.8232 kJ/mol). In vitro results confirmed antibacterial activity by the absence of 
M. tuberculosis H37Rv colony growth. These findings suggest the metal complexes have potential as antituberculosis 
agents. 
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Introduction 

Tuberculosis (TB), an infectious disease caused by 
Mycobacterium tuberculosis, remains a major global 
health concern. Approximately 10 million new TB cases 
and 1.5 million related deaths are reported annually 
worldwide [1,2]. The emergence of drug-resistant 

strains, such as MDR-TB (resistant to isoniazid and 
rifampicin) and XDR-TB (additionally resistant to 
fluoroquinolones and second-line injectable drugs like 
amikacin), has worsened TB control efforts. These 
resistant forms mainly arise from incomplete treatment, 
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poor drug quality, and patient non-adherence, which 
enable the bacteria to survive and develop resistance 
[3,4]. One promising approach is the utilization of metal 
complexes as antibacterial agents [5]. These compounds 
are believed to have a lower tendency to induce drug 
resistance due to their multi-target mechanisms of 
action, including disruption of microbial cell 
membranes, interaction with DNA or proteins, and 
generation of reactive oxygen species (ROS) [6-8]. This 
multifaceted mode of action makes it more difficult for 
bacteria to develop effective resistance, unlike 
conventional antibiotics that often target a single 
biomolecular pathway. Among various metal-based 
antibacterial agents, metal complexes containing 
dithiocarbamate ligands have demonstrated significant 
activity against pathogens such as Staphylococcus 
aureus, Escherichia coli, and Candida albicans [9,10]. 
Their antibacterial effect, particularly against M. 
tuberculosis, is mainly due to their capacity to chelate 
essential metal ions, inhibit key enzymes, and induce 
oxidative stress, thereby disrupting bacterial survival. 

Dithiocarbamates are recognized as potent 
bidentate ligands capable of forming stable metal 
complexes with transition metals such as nickel and 
zinc, which can enhance their antimicrobial activity 
against bacteria [11-13]. Previous studies reported that 
Ni(II) and Zn(II) dithiocarbamate complexes exhibited 
significant antibacterial and antifungal activities. Zn(II) 
metal complexes showed strong antibacterial activity 
with inhibition zones of 26 - 29 mm, while Ni(II) metal 
complexes ranged from 14 - 23 mm against 
Rhodococcus, E. coli, B. subtilis, and P. aeruginosa. As 
for antifungal activity, Zn(II) metal complexes showed 
inhibition zones (19 - 28 mm) and Ni(II) metal 
complexes (18 - 23 mm) against A. niger, A. flavus, C. 
albicans, and Acetomyceta [14]. However, these studies 
primarily employed simple ligands without 
modification by biologically relevant amino acids. In 
this study, serine-tyrosine dipeptides were employed as 
ligands due to their polar side chains, which may 
improve solubility, membrane permeability, and 
interaction with biological targets. The hydroxyl group 
in tyrosine and the nucleophilic nature of serine enhance 
metal coordination, potentially improving the 
pharmacokinetic profile of the metal complexes [15-17]. 
The incorporation of serine-tyrosine dipeptides as 
ligands in Ni(II) and Zn(II) dithiocarbamate complexes 

for antitubercular applications remains unexplored, 
representing a novel approach to improving drug-like 
properties and antimicrobial efficacy against M. 
tuberculosis. 

The incorporation of peptide ligands such as 
serine-tyrosine introduces additional functional groups 
capable of forming hydrogen bonds, strengthening 
metal coordination, and facilitating molecular 
recognition in biological systems. This may increase the 
binding affinity of the metal complexes toward key 
enzymatic targets of M. tuberculosis, such as enoyl-
ACP reductase (InhA), a critical enzyme in TB drug 
development [18]. To verify this potential mechanism 
and validate the drug-likeness of the complexes, a 
comprehensive evaluation was undertaken. This study 
integrates synthesis, spectroscopic characterization, in 
silico evaluations (including molecular docking, 
Lipinski’s rule of 5, and ADMET profiling), and in vitro 
testing against M. tuberculosis H37Rv to 
comprehensively evaluate the therapeutic potential of 
the complexes. This integrated strategy aims to identify 
novel dithiocarbamate-based metal complexes as 
promising antitubercular candidates. 
 
Materials and methods 

The materials used in this study included 
NiCl2·6H2O (Merck), ZnCl2 (Merck), cysteine (Merck), 
serine (Merck), carbon disulfide (CS2) (Merck), KOH, 
ethanol (Merck), 1% NaCl, dimethyl sulfoxide, 
(Merck), potassium bromide (KBr), Medium 
Lowenstein Jensen, and Mycobacterium tuberculosis 
H37Rv bacteria. 
 

Preparation of serine-tyrosine ditiocarbamate 
ligands 

Serine-tyrosine dithiocarbamate was synthesized 
using an in situ method. First, 0.2805 g (5 mmol) of 
KOH was dissolved in distilled water. Then, 0.302 mL 
(5 mmol) of CS2 was added dropwise to the ice-cooled 
solution while stirring. Next, 0.906 g (5 mmol) of 
tyrosine, dissolved in 10 mL of ethanol, was added to 
the mixture, followed by the addition of 0.5254 g (5 
mmol) of serine, also dissolved in 10 mL of ethanol. The 
reaction mixture was stirred vigorously for 30 min using 
a magnetic stirrer. The resulting precipitate was filtered, 
dried in a desiccator, and recrystallized with ethanol to 
obtain pure crystals. The synthesis reaction of tyrosine-
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serine dipeptide dithiocarbamate is illustrated in Figure 
1.

 

  

Figure 1 Synthesis reaction of serine-tyrosine dithiocarbamate ligands. 
 

 
Synthesis of Ni(II) and Zn(II) with serine-

tyrosine ditiocarbamate ligand 
The Ni(II) complex was prepared by adding 10 mL 

of a 0.7130 g (3 mmol) NiCl2·6H2O ethanolic solution 
into 10 mL of a serine-tyrosine dithiocarbamate ligand 
solution (1:2 molar ratio) and stirring for 30 min. 
Similarly, the Zn(II) complex was synthesized by 
mixing 10 mL of a 0.4088 g (3 mmol) ZnCl2 ethanolic 

solution with 10 mL of a serine-tyrosine 
dithiocarbamate ligand solution (1:2 molar ratio) and 
stirring for 30 min. The resulting precipitate was 
filtered, dried in a desiccator, and recrystallized with 
ethanol to obtain pure crystals. The synthesis reaction of 
Ni(II) and Zn(II) complexes with serine-tyrosine 
dithiocarbamate ligands is illustrated in Figures 2 and 
3.

 

 
Figure 2 Synthesis reaction of Ni(II)serine-tyrosine dithiocarbamate complex. 
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Figure 3 Synthesis reaction of Zn(II)serine-tyrosine dithiocarbamate complex. 
 

Characterization of metal complexes 
The metal complexes Ni(II)Ser-Tyr Dtc and 

Zn(II)Ser-Tyr Dtc were characterized based on their 
physicochemical properties. The metal complexes were 
dissolved in ethanol, and their electrical conductivities 
were measured using a Lutron CD-4303 conductometer. 
Subsequently, the metal complexes were placed into 
capillary tubes, and their melting points were 
determined using an Electrothermal IA 9100 melting 
point apparatus. The electronic spectra were then 
recorded using a Spectronic 20D+ UV-Visible 
spectrophotometer in the wavelength range of 200 - 800 
nm. For FT-IR spectral analysis, the metal complexes 
were prepared as KBr pellets and analyzed with a 
Shimadzu Prestige-21 FT-IR spectrometer over a 
wavenumber range of 4000 - 340 cm-1. The crystal 
structures were confirmed using a Shimadzu XRD-7000 
Maxima-90° diffractometer with a step interval of 0.02° 
per step, generating diffractograms of diffraction angle 
(2θ) versus peak intensity. Furthermore, the 
morphology, particle size, and elemental composition of 
the metal complexes were examined using a JEOL JCM-
300 Plus SEM-EDS instrument. 

 
Analysis of Lipinski Rule and ADMET 
The metal complex compounds were modeled in 

3D, and the structure files were then converted to the 
“smile” format using the Open Babel GUI application. 
For Lipinski’s Rule of 5 evaluation, the smiles files were 
uploaded to the SwissADME online platform 
(http://www.swissadme.ch/), and the “Run” button was 
clicked to obtain the corresponding Lipinski parameters. 
For ADMET analysis, the smiles files were uploaded to 
the pkCSM online server 

(https://biosig.lab.uq.edu.au/pkcsm/prediction), and the 
“ADMET” button was selected to retrieve data on 
absorption, distribution, metabolism, excretion, and 
toxicity [19]. 

 
Molecular Docking 
The molecular docking study commenced with the 

retrieval of the crystal structure bearing PDB ID 2X23 
from the Protein Data Bank 
(https://www.rcsb.org/structure/2X23). The compound 
5-hexyl-2-(2-methylphenoxy)phenol was employed as a 
positive control [20]. Four ligands were selected for 
docking, namely Ni(II)Ser-Tyr Dtc, Zn(II)Ser-Tyr Dtc, 
Ser-Tyr Dtc and isoniazid (INH). Preparation of the 
protein and the reference ligand was conducted using 
YASARA software, which involved the removal of non-
essential components such as bound ligands, cofactors, 
and water molecules. Ligand preparation was performed 
using MarvinSketch at physiological pH (7.4), and the 
initial structures were saved in .mrv format. 
Subsequently, the .mrv files were reopened in 
MarvinSketch, and a conformational search was carried 
out using the “Conformers Search” function to generate 
multiple low-energy conformers. The resulting 
structures were exported in .mol2 format. Both protein 
and ligand files were then subjected to molecular 
docking using the PLANTS software, with protein.mol2 
and ligand.mol2 as the respective input files. The 
docking pose yielding the highest score was considered 
to represent the most probable binding orientation of the 
ligand within the active site of the target protein. Based 
on this pose, the root-mean-square deviation (RMSD) 
value was calculated using YASARA. The docking 
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protocol was deemed valid if the RMSD value was less 
than 2 Å (1 Å = 10-10 m) [21]. 

 
Antibacterial activity 
The antibacterial activities of Ni(II) Ser-Tyr Dtc 

and Zn(II) Ser-Tyr Dtc metal complexes were evaluated 
against M. tuberculosis H37Rv. Initially, the bacterial 
strain was revitalized by inoculating it into Lowenstein-
Jensen (LJ) medium with 5 drops of the bacterial 
suspension, followed by incubation at 37 °C for 4 - 6 
weeks. Antibacterial efficacy was assessed using the 
standard LJ protocol. Sterile LJ media were 
supplemented with isoniazid (positive control), 
dimethyl sulfoxide (DMSO; negative control), and 
various concentrations of the metal complexes, then 
incubated at 37 °C for 8 weeks. 

Bacterial growth was monitored visually by 
examining the appearance of colonies on the LJ 
medium. The presence of rough, granular, creamy white 
to yellowish colonies indicated positive bacterial 
growth, whereas the absence of visible colonies on the 

slanted medium after 8 weeks of incubation indicated no 
bacterial growth. Growth was observed weekly or every 
10 days and assessed qualitatively using the following 
scale: – (no growth), + (slight growth), ++ (moderate 
growth), and +++ (confluent growth). The minimum 
inhibitory concentration (MIC) was defined as the 
lowest concentration of each metal complex that 
completely inhibited visible bacterial growth on the LJ 
medium. 

 
Results and discussion 

Based on the information presented in Table 1, the 
resulting complex compounds exhibited high yields, 
indicating a strong and stable coordination bond 
between the metal and the ligand. The stability of the 
metal-ligand bond is further supported by the high 
melting point, with a difference of ≤ 2 °C [22]. The 
conductivity value, which is below 65 S/m, suggests that 
the complex compound is a non-electrolyte and remains 
stable [23].

 
Table 1 Physicochemical characteristics of the synthesized metal complexes 

Compounds Color Yield (%) Melting Point (°C) Conductivity (S/m) 

Ser-Tyr Dtc yellowish white 57.32 204 - 206 0.001 

Ni(II) Ser-Tyr Dtc greenish white 57.72 237 - 239 0.038 

Zn(II) Ser-Tyr Dtc white 68.77 210 - 212 0.008 

 
UV-Vis characterization 
The UV-Vis spectroscopic analysis of the Ni(II) 

Ser-Tyr Dtc and Zn(II) Ser-Tyr Dtc complexes is 
presented in Figure 4. Band I exhibited a shift within 
the range of 276 - 423 nm for the Ni(II) complex and 
274 - 437 nm for the Zn(II) complex, corresponding to 
an intraligand n→π* transition associated with the CS2 
group. Complexes containing C=S moieties typically 
display intense absorption bands in the 250 - 320 nm 
region, attributed to π→π* and n→π* electronic 
transitions [24,25]. In dithiocarbamate-based 
complexes, absorption in the 310 - 400 nm range is 
indicative of n→π* transitions within the N=C=S group. 

Additional absorption bands observed at 400 - 423 nm 
for Ni(II) and 400 - 437 nm for Zn(II) complexes 
suggest the occurrence of charge transfer (CT) 
transitions between the ligand and metal center (ligand-
to-metal and metal-to-ligand). Furthermore, absorption 
in the 643 - 674 nm range for Ni(II) and 530 - 697 nm 
for Zn(II) indicates an extended conjugation system in 
the complexes compared to the free ligands, as well as 
the presence of d-d transitions characteristic of 
transition metal complexes [26]. These observations 
collectively confirm the formation of metal-ligand 
bonds in the synthesized complexes.
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Figure 4 UV-Vis absorption spectrum of Ser-Tyr Dtc, Ni(II) and Zn(II) serine-tyrosine dithiocarbamate complexes. 
 
 
FTIR Characterization 
 

 
Figure 5 FTIR spectrum of Ser-Tyr Dtc, Ni(II) and Zn(II) serine-tyrosine dithiocarbamate complexes. 

 
 
Fourier Transform Infrared (FT-IR) spectroscopy 

was conducted in the wavenumber range of 4,000 - 300 
cm⁻¹ to identify the characteristic absorption bands of 
Ni(II) Ser-Tyr Dtc and Zn(II) Ser-Tyr Dtc (Figure 5). 
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An absorption band observed at 3205.69 cm-1 
corresponds to the stretching vibration of hydroxyl 
groups (Ar–OH) from the aromatic moiety, indicating 
their involvement in complex formation [27-29]. The 
peak at 1514.12 cm-1  is attributed to the C=N stretching 
vibration. Absorption bands at 1043.49 cm-1  for Ni(II) 
Ser-Tyr Dtc and 1041.56 cm-1  for Zn(II) Ser-Tyr Dtc 
confirm the presence of C=S groups from the 
dithiocarbamate ligands and suggest bidentate 
coordination of the C=S group to the metal center. The 
band at 379.98 cm-1 corresponds to metal–sulfur (M–S) 
interactions. Additionally, new absorption peaks at 
433.98 cm-1 for Ni(II) and 432.05 cm-1 for Zn(II) are 
indicative of metal–nitrogen (M–N) bonding [30,31]. 

The absorption at 530.42 cm-1 further supports the 
presence of metal–oxygen (M–O) interactions. The FT-
IR spectra clearly show the coordination of Ni(II) and 
Zn(II) ions with Ser-Tyr Dtc ligands. The observed M-
S (≈380 cm-1), M-N (≈433 cm-1), and M-O (≈530 cm-1) 
bands confirm the direct metal binding to the sulfur atom 
of the dithiocarbamate group, nitrogen of the peptide 
backbone, and oxygen of the tyrosine hydroxyl group. 
The shifts and new peaks appearing on the Ni(II) and 
Zn(II) complexes compared to the free ligands indicate 
successful complexation. A summary of the FT-IR 
spectral data for the synthesized complexes is presented 

in Table 2.

 
 

Table 2 Infrared absorption data of metal complex compounds. 

Compound/Funcional group Ser-Tyr Dtc Ni(II) Ser-Tyr Dtc Zn(II) Ser-Tyr Dtc 

v(M-S) cm-1 - 379.98 s 379.98 m 

v(M-N) cm-1 - 433.98 w 432.05 w 

v(M-O) cm-1 - 530.42 s 530.42 m 

v(C=S) cm-1 1027.07 m 1043.49 m 1041.56 m 

v(C=N) cm-1 1599.19 s 1589.34 s 1589.34 s 

V(C-H) cm-1 2948.68 m 2961.61 m 2961.61 m 

v(O-H) cm-1 3205.69 s 3205.69 s 3205.69 s 

s = strong; m = medium; w = weak 
 
 

XRD characterization 
The diffractograms obtained from X-ray 

Diffraction (XRD) analysis illustrate the crystalline 
nature of the synthesized complexes, as evidenced by 
the appearance of sharp diffraction peaks at 2θ regions 
around (17, 83°, 20.10°, 24.56°, 44.05°, and 64.43°) for 
Ni(II)Ser-Tyr Dtc and (17.82°, 20.09°, 24.55°, 44.05°, 
and 64.42°) for Zn(II)Ser-Tyr Dtc indicating an 

orthorhombic crystal system. The formation of this well-
defined crystal structure is due to the coordination 
interaction between the metal ion and ligand during 
complexation. The crystallinity of the compound is 
further supported by the physical characteristics of the 
synthesized product, which appears as a yellowish-
white solid (Figure 6).

. 
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Figure 6 XRD diffractogram of Ser-Tyr Dtc, Ni(II) and Zn(II) serine-tyrosine ditiocarbamate complexes. 

 
SEM-EDS characterization 
Surface morphology analysis using Scanning 

Electron Microscopy (SEM) at 1,000× magnification 
revealed that both Ni(II) Ser-Tyr Dtc and Zn(II) Ser-Tyr 
Dtc complexes exhibit orthorhombic crystal structures, 
along with the presence of surface impurities and 
irregular particle distributions (Figure 7). Elemental 
composition was further confirmed through Energy 
Dispersive X-ray Spectroscopy (SEM-EDS) analysis 
(Figure 8), which detected the presence of carbon (C), 
oxygen (O), nitrogen (N), sulfur (S), and the respective 

metal ions (Ni and Zn) in the samples. The EDS 
spectrum of the Ni(II) Ser-Tyr Dtc complex indicated 
the following elemental composition: Ni (24.96%), C 
(8.88%), O (12.11%), N (2.27%), and S (51.33%). 
Meanwhile, the Zn(II) Ser-Tyr Dtc complex showed Zn 
(16.12%), C (47.56%), O (26.31%), N (3.83%), and S 
(6.17%). These results confirm the successful 
incorporation of Ni(II) and Zn(II) ions into the Ser-Tyr 
DTC ligand, indicating the formation of metal-ligand 
complexes.
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Figure 7 SEM Morphology of Ni(II) and Zn(II) serine-tyrosine ditiocarbamate complexes. 
 

 
Figure 8 SEM-EDS of Ni(II) and Zn(II) serine-tyrosine ditiocarbamate complexes. 
 

Lipinski rule and ADMET analysis results 
Lipinski’s Rule of 5 is widely employed to identify 

potential drug-like compounds [32]. This rule assists in 
predicting the biological and pharmacokinetic 
suitability of a compound based on its physicochemical 
properties, which influence its potential to act as an 

orally active drug in humans. According to this 
guideline, a compound is considered a viable oral drug 
candidate if it satisfies at least 3 out of the 5 specified 
criteria [33]. The evaluation results of the tested 
compounds based on Lipinski’s parameters are 
presented in Table 3.

 
Table 3 Lipinski’s rule analysis results of synthesized compounds. 

Compounds Molecular Weight (g/mol) Log P Donor H Akseptor H 

Ni(II)Ser-Tyr Dtc 400.08 0.17 2 6 

Zn(II)Ser-Tyr Dtc 407.77 0.05 3 6 

Ser-Tyr Dtc 344.41 0.57 5 5 

Isoniazid (INH) 137.14 −0.35 2 3 

Value requirement ≤ 500 ≤ 5 ≤ 5 ≤ 10 
 

 

Based on Table 3, chemical compounds capable 
of penetrating biological cell membranes typically 
possess a molecular weight below 500 g/mol. Exceeding 
this threshold generally reduces the compound’s ability 

to diffuse across the membrane [34]. The log p-value 
represents the lipophilicity of a compound, indicating its 
solubility in a biphasic system such as octanol and 
water. Negative log p-values reflect a relatively 

Ni(II)Ser-Tyr Dtc Zn(II)Ser-Tyr Dtc 
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hydrophilic nature, which enhances solubility in 
aqueous environments but may hinder membrane 
permeability. In contrast, moderately positive log p-
values suggest a favorable balance between aqueous 
solubility and membrane permeability. However, 
excessively high log p-values indicate strong 
lipophilicity, which increases the compound’s tendency 
to dissolve in hydrophobic environments, such as lipid 
bilayers [35]. This can lead to a higher toxicity profile 
due to prolonged retention in lipid membranes, resulting 
in tissue accumulation and reduced selectivity toward 
specific biological targets, such as enzymes or receptors. 

Furthermore, the number of hydrogen bond donors and 
acceptors is associated with the compound’s ability to 
form hydrogen bonds. An increased number of these 
groups often correlates with higher energy requirements 
during the absorption process [36]. As shown in Table 
3, all designed compounds satisfy the criteria of 
Lipinski’s Rule, indicating favorable potential as oral 
drug candidates. Therefore, subsequent analysis 
proceeded to the evaluation of their ADMET 
(Absorption, Distribution, Metabolism, Excretion, and 
Toxicity) profiles. The results of the ADMET analysis 
for the complex compounds are presented in Table 4.

 
Table 4 ADMET analysis results using pkCSM. 

Property Model name INH Ser-Tyr Dtc Ni(II)Ser-Tyr Dtc Zn(II)Ser-Tyr Dtc Unit 

Absorption Water solubility 0.09 −2.703 −3.514 −2.866 mol/L 

Caco2 permeability 0.153 −0.359 0.243 0.235 Papp in 10-6 cm/s 

Intestinal absorption (human) 82.954 21.66 89.485 76.553 % Absorbed 

Skin Permeability −3.496 −2.735 −3.598 −3.255 Kp 

P-glycoprotein substrate Yes Yes Yes Yes Yes/No 

P-glycoprotein I inhibitor No No No No Yes/No 

P-glycoprotein II inhibitor No No No No Yes/No 

Distribution VDss (human) −0.348 −1.596 −0.163 0.027 L/kg 

Fraction unbound (human) 0.635 0.578 0.402 0.475 Fu 

BBB permeability 0.004 −1.633 −1.048 −1.176 BB 

CNS permeability −2.784 −3.704 −3.032 −3.644 PS 

Metabolism CYP2D6 substrate No Yes No No Yes/No 

CYP3A4 substrate No No Yes No Yes/No 

CYP1A2 inhibitior No No No No Yes/No 

CYP2C19 inhibitior No No No No Yes/No 

CYP2C9 inhibitior No No No No Yes/No 

CYP2D6 inhibitior No No No No Yes/No 

CYP3A4 inhibitior No No No No Yes/No 

Excretion Total Clearance 0.718 0.105 −0.289 −0.453 mL/min/kg 

Renal OCT2 substrate No No No No Yes/No 
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Property Model name INH Ser-Tyr Dtc Ni(II)Ser-Tyr Dtc Zn(II)Ser-Tyr Dtc Unit 

Toxicity AMES toxicity No No Yes No Yes/No 

Max. tolerated dose (human) 1.407 1.006 −0.223 −1.273 mg/kg/day 

hERG I inhibitor No No No No Yes/No 

hERG II inhibitor No No No No Yes/No 

Oral Rat Acute Toxicity 
(LD50) 

2.436 2.05 2.931 2.427 Mol/kg 

Oral Rat Chronic Toxicity 
(LOAEL) 

2.433 2.225 1.356 1.413 mg/kg_ bw/day 

Hepatotoxicity No Yes No No Yes/No 

Skin Sensitisation No No No No Yes/No 

T.Pyriformis toxicity −0.512 0.285 0.325 0.342 ug/L 

Minnow toxicity 3.387 2.372 1.895 2.049 mM 

 
Based on Table 4, the water solubility of all 

compounds ranges from –3.514 to 0.09, indicating low 
solubility in water and a tendency to dissolve in non-
polar solvents [19]. However, these values are still 
above the minimum limit for oral drug candidates (> 
−6) [37]. Caco-2 permeability values for all compounds 
were below the required threshold of 0.9, including INH 
(0.153), suggesting low intestinal permeability [19]. 
Despite this, all compounds except the ligand showed 
good human intestinal absorption, exceeding the 
standard of 30% [38]. Skin permeability values ranged 
from –3.598 to –2.735, which indicates low transdermal 
absorption and supports oral use [39]. All compounds 
were predicted to be P-gp substrates but not inhibitors, 
indicating low risk of transporter-related toxicity or drug 
interactions [40]. 

The distribution analysis shows that the complexes 
and INH have low VDss values (–1.596 to 0.027). 
According to pkCSM, log VDss values < −0.15 are 
considered low, while > 0.45 are considered high [19]. 
Based on this, only the Zn(II) complex falls within the 
acceptable range, while ligand, Ni(II) and INH do not. 
The fraction of unbound drug (Fu) shows how much of 
the compound is free in plasma. All compounds had Fu 
values between 0.402 to 0.635, indicating they are 
pharmacologically active (Fu > 0.1) [41]. In terms of 
blood–brain barrier (BBB) penetration, only INH 
showed a borderline log BB value (0.004), while the 

others were below –1, suggesting they do not cross the 
BBB-an advantage for drugs not targeting the brain [39]. 
CNS permeability (log PS < –2) was observed in all 
compounds, indicating low brain penetration and 
reduced risk of neurotoxicity. 

All compounds did not inhibit major CYP 
enzymes (CYP1A2, CYP2C19, CYP2C9, CYP2D6, and 
CYP3A4) except the ligand, which is beneficial as it 
lowers the risk of drug interactions [42]. The Ni(II) 
complex was found to be a substrate of CYP3A4, which 
is still acceptable if it does not cause excessive enzyme 
competition. In general, the absence of CYP inhibition 
indicates good metabolic safety, reducing the risk of 
toxicity and interactions with other drugs [43]. Thus, all 
compounds showed favorable metabolic profiles as 
potential drug candidates. 

Excretion is the process of eliminating waste or 
toxic substances from the body, mainly through the 
kidneys or liver [44]. Total clearance reflects how 
efficiently a compound is removed from the body, 
combining renal and hepatic clearance. A low clearance 
value indicates higher risk of compound accumulation. 
Renal excretion involves the Organic Cation 
Transporter 2 (OCT2), which facilitates drug removal 
via urine. Based on Table 4, all compounds showed low 
total clearance and were not OCT2 substrates, 
suggesting limited renal excretion and a higher potential 
for accumulation [39]. 
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The AMES test evaluates a compound’s potential 
mutagenicity using bacteria [19,39]. The Ni(II) complex 
tested positive, indicating possible mutagenic activity, 
while ligand, Zn(II) and INH were negative. Based on 
Table 4, all metal complexes had negative bioactivity 
values, suggesting low biological activity, while INH 
showed a value of 1.407 and ligand 1.006, indicating it 
is likely active at the intended dose. All compounds 
tested negative as hERG I and II inhibitors, suggesting 
low risk of causing ventricular arrhythmias [45]. All 
compounds, except for ligands, showed no signs of 
hepatotoxicity or skin sensitization, indicating good 
liver and skin safety [19]. Regarding environmental 
toxicity, all compounds were within the safe range for 
T. pyriformis (log µg/L > −0.5), but exceeded the 
toxicity threshold for Minnow (log mM < −0.3), 
indicating potential toxicity to that species. 

Molecular docking of metal complex on enoyl-
ACP reductase 

In this study, redocking produced the best 
conformation in conformation 1, with the lowest RMSD 
value of 1.6791 Å. Enoyl-ACP reductase was selected 
as the primary target for tuberculosis therapy due to its 
essential role in the biosynthesis of mycolic acid, a 
major component of the Mycobacterium tuberculosis 
cell wall (strain ATCC 25618/ H37Rv) [46]. The 
interaction between the synthesized complexes and this 
enzyme is expected to disrupt mycolic acid synthesis, 
leading to cell wall damage and inhibition of bacterial 
growth. Docking scores and interaction patterns for the 
positive control 5-Hexyl-2-(2-Methylphenoxy)Phenol, 
Ni(II)Ser-Tyr Dtc, Zn(II)Ser-Tyr Dtc, and INH with 
Enoyl-ACP reductase are shown in Table 5 and Figures 
9 - 13.

 
Table 5 Docking score of metal complexes. 

Compounds Score docking 

Control 5-Hexyl-2-(2-Methylphenoxy)Phenol −98.8828 kJ/mol 

Ni(II)Ser-Tyr Dtc −95.0923 kJ/mol 

Zn(II)Ser-Tyr Dtc −89.1673 kJ/mol 

Ser-Tyr Dtc −98.49 kJ/mol 

INH −65.8232 kJ/mol 

 
 

 
Figure 9 Docking visualization of 5-Hexyl-2-(2-Methylphenoxy)Phenol (control+) on Enoyl-ACP reductase. 

 
The positive control compound, 5-Hexyl-2-(2-

Methylphenoxy)Phenol, showed strong binding to 
Enoyl-ACP reductase with a binding energy of 
−98.8828 kJ/mol, indicating high affinity and stable 

complex formation. It formed multiple hydrophobic 
interactions (alkyl and π-alkyl) with key active site 
residues such as LEU A:218, PHE A:149, PRO A:193, 
VAL A:203, MET A:199, ALA A:198, MET A:161, and 
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ILE A:202. Additionally, π-sulfur interactions were 
observed with MET A:103, along with several van der 

Waals interactions, further stabilizing the ligand-
enzyme complex.

 

 

Figure 10 Docking visualization of Ni(II)Ser-Tyr Dtc on Enoyl-ACP reductase. 
 
 

 

Figure 11 Docking visualization of Zn(II)Ser-Tyr Dtc on Enoyl-ACP reductase. 
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Figure 12 Docking visualization of Ser-Tyr Dtc on Enoyl-ACP reductase. 
 
 

The Ni(II)Ser-Tyr Dtc complex showed a binding 
energy of −95.0923 kJ/mol with Enoyl-ACP reductase, 
indicating strong affinity and stable complex formation. 
It formed conventional hydrogen bonds with residues 
THR A:196, MET A:199, ALA A:191, ILE A:194, TYR 
A:158, and PRO A:156, enhancing ligand stability at the 
active site. Additional interactions included π-sulfur 
with MET A:155, along with π-π stacking and π-alkyl 
interactions contributing to hydrophobic binding 
(Figure 10). The Zn(II)Ser-Tyr Dtc complex showed a 
binding energy of −89.1673 kJ/mol, indicating fairly 
strong affinity for Enoyl-ACP reductase. The complex 
is stabilized by hydrogen bonds with ILE A:21, SER 
A:94, and THR A:196. It also forms π-π T-shaped 
interaction with PHE A:149, π-alkyl interaction with 
MET A:199, and electrostatic interaction with LYS 
A:165, contributing to binding stability. Additional van 
der Waals interactions with nearby residues further 
support the complex structure. One unfavorable 
positive-positive interaction was also observed (Figure 
11).  

The Ser-Tyr Dtc compound showed the lowest 
binding energy of -98.49 kJ/mol, indicating high affinity 
to the Enoyl-ACP reductase protein. Conventional 

hydrogen interactions with residues PRO A:156, THR 
A:196, ILE A:194, TYR A:158, and ASP A:148 also 
strengthen the stability of the ligand-protein complex. In 
addition, there are π-anion, π-cation (with PHE A:149), 
π-π T-shaped, and π-alkyl interactions that indicate the 
involvement of aromatic binding, as well as other 
additional interactions (Figure 12). Despite showing the 
highest binding affinity, the Ser-Tyr Dtc compound is 
potentially toxic, especially to the liver based on the 
results of ADMET analysis. This confirms that high 
affinity does not always go hand in hand with biological 
safety, hence the need for structural modifications to 
reduce the risk of toxicity. Molecular docking results 
show that all designed metal complexes interact with 
Enoyl-ACP reductase, each involving different active 
site residues. This indicates their potential as Enoyl-
ACP reductase inhibitors. Additionally, the complexes 
demonstrated better binding affinity than Isoniazid 
(INH), a known anti-TB drug, which had a lower 
docking score of −65.8232 kJ/mol. The docking results 
for INH are shown in Figure 13. The main interactions 
on INH compounds involve conventional hydrogen 
bonds with ILE residue A:194 and π-π T-shaped 
interactions with PHE A:149.
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Figure 13 Docking visualization of INH on Enoyl-ACP reductase. 
 

 
Antituberculosis activity of metal complex 

compounds 
The inhibitory activity of the synthesized metal 

complexes against M. tuberculosis H37Rv was assessed 
over an 8-week period. Isoniazid serves as a positive 
control because its mechanism is similar to metal 
complexes in that it targets the bacterial cell wall by 
interacting with oxygen atoms on the hydroxyl and 
carbonyl groups of mycolic acid [47]. Week 8 inhibition 

results are shown in Figure 14 and Table 6. DMSO was 
used as a negative control since it lacks antibacterial 
properties, allowing normal bacterial growth [48]. The 
antituberculosis effect depends on disrupting the 
structure of mycolic acid in the bacterial cell wall. Metal 
ions can bind to hydroxyl and carbonyl oxygen atoms in 
mycolic acid. In this study, dithiocarbamate ligands 
acted as chelators, enabling metal interaction with 
mycolic acid and weakening the bacterial cell wall [49].
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Figure 14 Antituberculosis test results (X) DMSO negative control, (Y) INH positive control, (L) Ser-Tyr Dtc ligand L1-
L5, (A) Ni(II)Ser-Tyr Dtc B1-B5, and (B) Zn(II)Ser-Tyr Dtc C1-C5. 
 
 
Table 6 Results of LJ test observations. 

Compounds Consentration 
(mg/L) 

Observation of colony growth of M. tuberculosis H37Rv 

d10 d20 d30 d40 d50 d60 
DMSO (negative control) 4000 ─ ─ + ++ +++ +++ 

Isoniazid (positive control) 4000 ─ ─ ─ ─ ─ ─ 

Ser-Tyr Dtc L1 150 ─ ─ ─ *** *** *** 

Ser-Tyr Dtc L2 250 ─ ─ ─ ─ ─ ─ 

Ser-Tyr Dtc L3 500 ─ ─ ─ *** *** *** 

Ser-Tyr Dtc L4 1000 ─ ─ ─ ─ ─ ─ 

Ser-Tyr Dtc L5 1500 ─ ─ ─ ─ ─ ─ 

Ni(II)Ser-Tyr Dtc B1 150 ─ ─ ─ ─ ─ ─ 

Ni(II)Ser-Tyr Dtc B2 250 ─ ─ ─ ─ ─ ─ 

Ni(II)Ser-Tyr Dtc B3 500 ─ ─ ─ ─ ─ ─ 

Ni(II)Ser-Tyr Dtc B4 1000 ─ ─ ─ ─ ─ ─ 

Ni(II)Ser-Tyr Dtc B5 1500 ─ ─ ─ ─ ─ ─ 

L A B 

Y X 
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Compounds Consentration 
(mg/L) 

Observation of colony growth of M. tuberculosis H37Rv 

d10 d20 d30 d40 d50 d60 
Zn(II)Ser-Tyr Dtc C1 150 ─ ─ ─ ─ ─ ─ 

Zn(II)Ser-Tyr Dtc C2 250 ─ ─ ─ ─ ─ ─ 

Zn(II)Ser-Tyr Dtc C3 500 ─ ─ ─ ─ ─ ─ 

Zn(II)Ser-Tyr Dtc C4 1000 ─ ─ ─ ─ ─ ─ 

Zn(II)Ser-Tyr Dtc C5 1500 ─ ─ ─ ─ ─ ─ 

Description :  +     = slight growth                                     ***  = contaminated (spoiled) 
                     ++    = moderate growth                                   ─  = sensitive (no growth) 
                     +++  = confluent growth (resistant)                  dx = day-x 

 
 
The synthesized metal complexes showed strong 

antituberculosis activity, indicated by the absence of M. 
tuberculosis colonies (no yellow color or granular spots 
on the media). However, contamination was observed in 
2 Ser-Tyr Dtc ligands (L1 at 150 mg/L and L3 at 500 
mg/L), likely due to microbial overgrowth turning the 
media fully yellow. Notably, 2 ligand-only samples 
(Ser-Tyr Dtc L1 and L3 at 150 and 500 mg/L) exhibited 
a uniformly yellow medium, suggesting possible 
microbial contamination. These findings may reflect 
instability of the free ligand under test conditions or 
technical error during sample preparation. These 
contaminated samples were excluded from the 
interpretation of the antimicrobial results. Importantly, 
none of the metal complex samples showed signs of 
contamination. The absence of M. tuberculosis growth 
at the lowest tested concentration (150 ppm) suggests 
that the MIC value of the metal complexes is lower than 
150 ppm. However, further studies using lower 
concentration ranges (e.g., 10–150 ppm) are needed to 
determine the exact MIC value. 

 
Conclusions 

The Ni(II)Ser-Tyr Dtc and Zn(II)Ser-Tyr Dtc 
complexes were successfully synthesized via an in situ 
method, yielding solid products. The synthesis yields 
were 57.22% for Ni(II)Ser-Tyr Dtc and 68.77% for 
Zn(II)Ser-Tyr Dtc. The metal complexes were 
characterized using FT-IR, UV-Vis, XRD, and SEM-
EDS, all confirming their structural features. The 
formation of the metal complexes was confirmed by 
SEM-EDS through elemental identification, while FT-
IR, UV-Vis, and XRD analyses provided supportive 

evidence for their structural characteristics. Molecular 
docking revealed strong interactions with the target 
enzyme Enoyl-ACP reductase, primarily through 
hydrogen bonding. The Ni(II)Ser-Tyr Dtc complex 
achieved the highest docking score (-95.0923 kJ/mol), 
outperforming the standard drug isoniazid (INH), which 
scored −65.8232 kJ/mol. In vitro tests using the 
Lowenstein–Jensen method also showed effective 
inhibition, with no M. tuberculosis H37Rv colony 
growth observed. 
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Highlights 
• Ni(II) and Zn(II) metal complexes with serine-tyrosine dithiocarbamate ligands were successfully synthesized

and characterized (UV-Vis, FT-IR, XRD, SEM-EDS).
• The metal complexes met Lipinski’s rule and most ADMET criteria, with Ni(II)Ser-Tyr Dtc showing the

strongest binding to Enoyl-ACP reductase, outperforming isoniazid.
• In vitro assays confirmed antituberculosis activity, indicated by the absence of M. tuberculosis H37Rv colony

growth.
• The results highlight the potential of these metal complexes as promising antituberculosis drug candidates.
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