
����������
�������

Citation: Alosaimi, E.H.

Spectroscopic Characterization,

Thermogravimetry and Biological

Studies of Ru(III), Pt(IV), Au(III)

Complexes with Sulfamethoxazole

Drug Ligand. Crystals 2022, 12, 340.

https://doi.org/10.3390/

cryst12030340

Academic Editors: Assem Barakat,

Alexander S. Novikov and

Changquan Calvin Sun

Received: 27 January 2022

Accepted: 26 February 2022

Published: 2 March 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the author.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

crystals

Article

Spectroscopic Characterization, Thermogravimetry and
Biological Studies of Ru(III), Pt(IV), Au(III) Complexes with
Sulfamethoxazole Drug Ligand
Eid H. Alosaimi
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Abstract: Complexes of Ru(III), Pt(IV), and Au(III) with sulfamethoxazole (SMX) were experimentally
produced. The resulted formations of novel metal complexes were discussed using several techniques,
such as effective magnetic moment molar conductivity, IR, UV, and 1H NMR spectra, elemental
analyses, thermal analysis, microscopic and XRD analyses. The X-ray diffraction patterns of the solid
powders of the synthesized sulfamethoxazole complexes indicated their identical formulation. The
surface uniformity of the complexes’ samples was confirmed by SEM images. These complexes appear
as spots, dark in appearance, with particle sizes of 100–200 nanometers in transmission electron
microscopy (TEM) pictures. The sulfamethoxazole ligand was shown to be bidentate coordinated
to the metallic ions with sulfonyle oxygen and amido nitrogen groups, according to IR spectral
data. Both Ru(III) and Au(III) complexes have an electrolytic nature, but the Pt(IV) complex has
non-electrolytic properties. TG and DTG experiments proved the assigned composition and provided
information regarding the thermal stability of complexes in a dynamic air atmosphere, according to
the thermal analysis. The effect of the novel prepared complexes was examined for antibacterial and
antifungal activity in vitro against a variety of pathogens, and they exceeded the sulfamethoxazole
ligand in antibacterial activity. It was observed that the Pt(IV) complex has the ultimate activity
versus all the assessed organisms relative to all compounds.

Keywords: sulfamethoxazole; transition metals; nanoparticles; spectroscopy; SEM; TEM

1. Introduction

Sulfamethoxazole (SMX) (4-Amino-N-(5-methylisoxazol-3-yl)-benzenesulfonamide) is
a sulfonamide bacteriostatic antibiotic most commonly used in a 5:1 synergistic combination
with trimethoprim in co-trimoxazole, also known by commercial names, such as Bactrim,
Septrin, or Septra; in Eastern Europe, it is known as Biseptol. Its primary priorities are
sensitive types of Streptococcus, Staphylococcus aureus, E. coli, Haemophilus influenzae, and oral
anaerobes [1–9].

Antibacterial drugs, known as sulfonamides, include sulfamethoxazole (SMX), sul-
fadimethoxine (SDMX), and sulfadiazine, as well as others. Heavy metal is required for
all forms of life. Heavy metals’ antimicrobial effect makes them more important in field
medicine. The antimicrobial and antibacterial activities of sulfonamides in association
with heavy metals have enhanced their importance in the field of sulfonamide metal
complexes [3].

Antibiotic sulfamethoxazole (SMX) is used to treat bacterial infections, such as bronchi-
tis, prostatitis, pneumonia, urinary tract infections, middle ear infections and others. It also
inhibits Gram-positive and Gram-negative bacteria, such as Escherichia coli and Staphylococ-
cus aureus [10]. Sulfonamides have recently played a major role as an active functional group
of (SMZ) medications, as well as via the combination of other functional groups, allowing
the generation of various pharmacological compounds with anti-diabetic, antibacterial, and
anti-tumor properties. [11–14]. Sulfamethoxazole (SMX) molecules include donating atoms
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(O, N, and S) at many locations, allowing them to function as multi-dentate ligands. As a
result, they can chelate with a variety of metal ions and structural kinds [15]. It was also
reported that coordination with metal ions improves the pharmacological activity of these
compounds [16–19]. For example, the Ag(I)-sulphadiazine complex can be used to treat
skin burns [20,21], while the Zn(II) complex can be used to prevent the infections caused by
bacteria in dead animals from fires [22,23]. The biochemical interaction of copper complexes
with non-steroidal anti-inflammatory medications (NSAIDs) has been taken into account.
Numerous Cu(II) complexes of NSAIDs with better antiulcerogenic and anti-inflammatory
activity have been shown to minimize gastrointestinal toxicity [24]. Vanadium compounds
have also been studied for their potential medicinal anti-diabetic effects [25,26]. From the
literature, we did not find any biological features of nickel complexes [27–30]. Adamo
et al. in [31] compared the activity of SMX and the complexes of (Co(II)) and Cu(II) against
S. aureus and E. coli; they found that the hazard of the activity was improved. The im-
proved performance of the complexes is due to chelation, with the increase in lipophilic
properties ultimately decreasing the polarity of the metal atom, allowing it to permeate
through the bacterial membrane’s lipid layers [32,33]. As a result, [Co(C10H11N3O3S)] and
[Cu(C10H11N3O3S)] could be used as lead compounds for developing antibiotics against
the bacteria strains studied (S. aureus and E. coli) [31].

The biological features of sulfamethoxazole complexes with Au(III), Cd(II), Ni(II), and
Zn(II) have been investigated in many papers [29–40]. It is worth noting that sulfamethox-
azole Au(I) and Ag(I) compounds were earlier synthesized and described using X-ray
diffraction, with the influence of these complexes on Gram-negative and Gram-positive
microorganisms being examined [30]. The composition and characteristics of synthesized
silver nanoparticles (AgNPs) and the MTT assay recorded the low cytotoxicity of the stud-
ied AgNPs; these nanoparticles are incredibly valuable as anti-biofilm and disinfectant
components [34,35].

The current study is organized as follows: In Section 2, the synthesis and antimicrobial
assay of the proposed complexes are presented. The results and discussion, including
structural interpretations, thermal analysis and antibacterial activity of all the complexes, is
investigated in Section 3. Section 3 concludes the findings of the paper.

These results encouraged us to create novel therapeutic transition metal complexes,
with Au (III), Pt(IV), Ru(III), and complexes being particularly relevant medically to
study the combined antimicrobial activity effect of drug chelation in conjunction with
the metal ions.

2. Experimental Methods
2.1. Chemicals and Equipment

In this work, the purity of the used chemicals was very high and did not require any
additional purification. Sigma-Aldrich Chemical Company, (St. Louis, MO, USA) provided
sulfamethoxazole, CaCl2, ZnCl2, RuCl3, PtCl4, and AuCl3. The prepared complexes were
structured and analyzed by the following equipment (Table 1).

2.2. Method of Synthesis

Three sulfamethoxazole compounds were prepared through combining 1.0 mM RuCl3,
PtCl4, AuCl3 in 30 mL methanol with 1.0 mM sulfamethoxazole medicine in 30 milliliters of
methanol. The reactant blends were refluxed for approximately three hours on a hotplate
to produce the stained precipitates. The resultant complexes were purified, rinsed in hot
methanol, dehydrated, and placed in a desiccator after cooling. Around 75–79% was the
yield of the product. The component achieved has a greater melting point > 237 ◦C. Table 1
summarizes the physical data of the prepared complexes.
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Table 1. Equipment used for measurements of data analyzed.

Type of Analysis Models

Analyses of the elements Perkin Elmer CHN 2400
Conductance Jenway 4010 conductivity meter
FTIR spectra Bruker FTIR Spectrophotometer
Raman laser Bruker FT Raman with laser 50 mW

1H NMR spectra Varian Mercury VX-300 NMR spectrometer, 300 MHz
Electronic spectra UV2 Unicam UV/Vis Spectrophotometer
Magnetic moment Balance of Magnetic Susceptibility

SEM Quanta FEG 250 equipment
XRD X ‘Pert PRO PANanalytical, with copper target
TEM JEOL 100 s microscopy

2.3. Antimicrobial Assay

The antimicrobial action of the SMX and its metal ligands against bacteria (B. subtilis,
S. aureus, E. coli, and P. aeruginosa) was investigated, utilizing the disc diffusion method [9].
Each mixture was solubilized in dimethylsulfoxide (DMSO) to form a solution of 110−3 M.
The diffusion discs were infused with 10 microliters of the complex amount and put on
the immunized coagulated form (Muller Hinton Agar). The dishes were kept at room
temperature for 1 h before being incubated at 37 ◦C for 24 h. At the end of an incubation
cycle, the inhibition zones (mm) were measured. Samples with DMSO were used as
a control.

2.4. Estimation of Cytotoxic Impacts of Particular Chemical Complex

Mammalian cell lines: MCF-7 cells (cancer cell line of human breast) and HepG-2
cells (human hepatocellular carcinoma) were attained from the VACSERA Tissue Culture
Section.

Materials: Dimethyl sulfoxide (DMSO), trypan blue dye and crystal violet were
obtained from Sigma Aldrich (St. Louis, MO, USA).

DMEM, RPMI-1640, fetal bovine serum, L-glutamine, HEPES buffer solution, gen-
tamycin and 0.25% Trypsin-EDTA were purchased from Lonza, Switzerland.

Stain of crystal violet (1%): The stain comprised 0.5% (w/v) crystal violet and 50%
methanol, later filled to the mark to volume with dist.H2O and purified with a filter paper
of Whatman No.1.

Cell line Propagation: The cells were reproduced 0in Dulbecco’s altered Eagle’s
medium (DMEM) accompanied in addition to 10% thermal-deactivated embryonic bovine
serum, 1% L-glutamine, HEPES buffer and 50 µg/mL gentamycin. The whole cells were
retained at 37 ◦C in a saturated atmosphere with 5% CO2 and were sub-cultured twice in
seven days.

Evaluation of cytotoxicity through practicality assay: In order to evaluate the cytotoxi-
city assay, the cells were planted in 96-well plate at a cell dilution of 1 × 104 cells per well
in 100 microliters of growth medium. Freshly prepared growth media comprising distinct
amounts of the analysis were incorporated in the manner of 24 h of seeding. Sequential
two-fold concentrations of the analyzed biological components were included by merging
cell monolayers distributed into 96-well, flat-bottomed microtiter plates (Falcon, Middlesex,
NJ, USA) using a multichannel pipette. The microtiter plates were incubated at 37 ◦C in
a humidified oven with 5% CO2 for an interval of one complete day. Three wells were
utilized for every single strength of the assessment trial. The standard cells’ so-called
control were incubated, not including the analyzed sample and without or with solvent
DMSO. The small percentage of DMSO that appeared in the wells (maximal 0.1%) was
found not to influence the trial. Later, incubation of the cells was performed at 37 ◦C for
24 h; the possible cells recovery was characterized by a spectrophotometer method. In
summary, following the result of the incubation period, media were extracted, and the crys-
tal violet solution (1%) was incorporated to individual wells for at least half an hour. The
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stain was separated, and the plates were cleansed utilizing distilled water until the whole
additional stain was separated. Glacial acetic acid (30%) was subsequently incorporated
to all wells and blended comprehensively, and then again, the absorbance of the samples
was determined after being softly stirred on a Microplate reader (TECAN, Inc., Männedorf,
Switzerland), utilizing a wavelength of 490 nm. The complete outcomes were corrected for
background absorbance identified in wells, not including the stain. The samples after treat-
ment were evaluated with the cell control in the non-existence of the tested compounds. All
experiments were carried out in triplicate. The cell cytotoxic influence of the individually
analyzed complex was assessed. The optical density was determined by the microplate
reader (SunRise, TECAN, Inc., Morrisville, NC, USA) to calculate the number of viable
cells, and the proportion of possibility was considered as [(ODt/ODc)] × 100%, where ODt
is the mean optical density of wells activated with the sample of interest and ODc is the
mean optical density of cells not treated, on the other hand. The correlation among the
remaining cells and dose of the drug strength is mapped to obtain the persistence curve of
each tumor cell line after treatment with the particular mixture, the 50% inhibition strength
(IC50), the amount desired to cause toxic properties in 50% of integral cells, was assessed
from graphic plots of the dosage response curve for each conc., using Graph pad Prism
software (San Diego, CA, USA) [7,8].

3. Results and Discussion
3.1. Conductance and Microanalytical Studies

The latest Au(III), Pt(IV), Ru(III) and metal complexes with SMX were stable, colorful,
and non-hygroscopic in nature. In dimethyl sulfoxide and dimethyl formamide, the
complexes were soluble. The superb tangible characteristics and distinct information of the
synthesized ligand and its existing metal complexes were quantified. Au(III), Pt(IV), Ru(III)
and complexes have the usual formulas [Ru(smx)(H2O)2Cl2]Cl (1), [Pt(smx)(H2O)Cl3] (2),
and [Au(smx)Cl2]Cl·H2O (3), correspondingly, according to elemental studies (Table 1). The
molar conductance of SMX in the free state is 0.170 Ω−1 mol−1 cm2 at room temperature,
whereas the identical data point for metal complexes is described to range from 0.200 and
47.60 Ω−1 mol−1 cm2. In contrast to SMX, conductance data showed that the Ru(III) and
Au(III) complexes were electrolytes, but Pt(IV) was a non-electrolyte [38]. The complexes’
elemental analyses results (Table 2) are compared with the complexes’ postulated structures,
as indicated in Scheme 1.
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Table 2. Physico-analytical and elemental analysis data for sulfamethoxazole and its metal complexes.

Complex (MF) Mwt. Yield% mp/◦C Color Magnetic
Moment (BM)

Conductance
(ohm−1·cm2·mol−1) Element Calc. Found

(C10H11N3O3S) (smx)
(253) - 140 White Diamagnetic 0 %C

%H
47.43
4.34

46.21
3.22

%N 16.60 15.36
%M - -
%S - -
%Cl - -

[Ru(C10H11N3O3S)(H2O)2Cl2]Cl
(496.74) 85 337 Dark

green 1.65 46.80 %C
%H

24.18
3.04

24.34
3.11

%N 8.46 8.79
%M 20.35 20.14
%S 6.46 6.22
%Cl 21.41 21.01

[Pt(C10H11N3O3S)(H2O)Cl3]
572.73 90 258 Brown Diamagnetic 0.200 %C

%H
20.97
2.29

20.23
2.32

%N 7.34 7.25
%M 34.06 34.03
%S 5.60 5.58
%Cl 18.57 18.00

[Au(C10H11N3O3S)Cl2]Cl·H2O
574.62 88 216 Pale

yellow Diamagnetic 47.60 %C
%H

20.90
2.28

20.54
2.25

%N 7.31 7.46
%M 34.28 34.45
%S 5.58 5.45
%Cl 18.51 18.51

3.2. FT-IR Spectral Studies

As KBr discs, the IR bands of Au (III), Pt(IV), Ru(III) and complexes, as well as free
sulfamethoxazole, were examined (Figure 1). The complexes’ infrared spectra are compared
to that of free SMX to establish the position of coordination that may be implicated in
chelation. The functional groups contributing to the coordination are allocated stretching
vibration bands (Table 3). The free ligand shows two strong bands at 3466 cm−1, 3377 cm−1

and 3298 cm−1, relating to the asymmetric and symmetric stretching vibrations of the
aromatic amino group (NH2) and sulfonamide (NH), respectively [39]. After chelation, the
C=N stretching vibration peak in SMX shifted to elevated frequency values at 1693 cm−1

designed for Ru(III) and to lower frequency values at 1606 cm−1 and 1608 cm−1 used for
Pt(IV) and Au(III) complexes, correspondingly [3]. Here, the S=O group’s asymmetric
and symmetric stretching vibrations of SMX were found at 1365 cm−1 and 1091 cm−1,
respectively [40]. The shift of the asymmetric stretching vibration of S=O to lower values
at 1330 cm−1, 1330 cm−1 and 1314 cm−1 in the Ru(III), Pt(IV), and Au(III) complexes,
correspondingly, indicates that SMX is linked to the metal ion by a single oxygen atom
in the sulfonyl group (S=O). Stretching of the phenyl ring (C=C) gives infrared bands at
1596 cm−1 and 1503 cm−1. The phenyl ring vibrations were noted to be comparatively
unshifted in the spectra of metal complexes, and isoxazole ring vibrations were observed
in the free sulfa molecule spectrum at 1471 cm−1 and 1438 cm−1. For metal complexes,
the comparatively unshifted band at 1471 cm−1 and 1438 cm−1 with regard to isoxazole
ring vibrations revealed a slight or weak interface among the isoxazole nitrogen and metal
ion. New bands in regions of 545–578 cm−1 and 412–499 cm−1 in the complex’s spectra are
designated to M–O and M–N stretching vibrations, correspondingly. The non-existence of
these bands as of the spectrum of SMX validates the bonding of the metal ion over the NO
linkage of C=N and S=O groups.
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Table 3. IR frequencies (cm−1) and provisional positions for sulfamethoxazole, Au-sulfamethoxazole,
Pt-sulfamethoxazole, and Ru-sulfamethoxazole complexes.

IR Frequencies
Assignments

SMX Au(III) Pt(IV) Ru(III)

3466 3549 3508 3495 νas(NH2), aniline
3377 3357 - - νs(NH2), aniline
3298 - 3156 3211 ν(-NH), sulfonamide
3143 - 3094 3193 ν(C-H), isoxazole ring
2989 2956 2968 - ν(CH3)
1621 1608 1606 1693 ν(C=O) isoxazole ring
1596 1487 1520 1594 ν(C=N)
1503 1462 1470 1495 isoxazole ring vibrations
1383 1386 1392 1390 νas(SO2); asymmetric
1266 1262 1266 1277 νs(C-N) sulfonamide
1091 1089 1089 1083 νs(SO2); symmetric
927 929 933 914 ν(S-N)
884 883 887 894 ν(C-H) isoxazole ring
831 821 828 828
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3.3. Electronic Spectra

UV-visible spectra confirmed the development of the metal sulfamethoxazole com-
plexes. Table 4 reveals the microelectronic absorption spectra of SMX, as well as the Au (III),
Pt(IV) and Ru(III) complexes, in the wavelength ranging from 200 to 800 nm. Free SMX is
reproduced at 298,322 nm and 366 nm, which can be accredited to n-π* and π-π* transitions.
These shifts occur when unsaturated hydrocarbons with ketone groups are present [41].
The disappearance of the band at 298 nm in complexes; the shift of the reflection bands to
elevated numbers (bathochromic shift); and the occurrence of new bands in the absorption
spectra of complexes revealed the development of their metal complexes [30]. Bands in the
region of 396 nm to 418 nm were also seen in the complexes, which are attributed to the
ligand-to-metal charge transfer [41,42].

Table 4. UV-Vis. spectrum of sulfamethoxazole, Au(III), Pt(IV), Ru(III), and complexes.

Assignments (nm) SMX
SMX Complex with

Ru(III) Pt(IV) Au(III)

n-π* transitions 366 378 376 386
π-π* transitions 298,322 338 338 336
d–d transitions - 572 570 -

Ligand–metal charge
transfer - 396 418 400

3.4. 1H NMR Spectra

NMR (nuclear magnetic resonance) spectroscopy confirmed the hypothesized molecu-
lar structures of the metal complexes. Figure 2 represents the 1H NMR spectra of Au(III),
and Pt(IV) complexes carried out in DMSO-d6 as a solvent. The 1H NMR spectra of sul-
famethoxazole (Table 5) showed at δ: 2.25–2.50 ppm relating to -CH3, at δ: 6.32 ppm
according to -NH2 group, at δ: 7.50 ppm for -CH aromatic and at δ: 10.99 ppm due to
SO2–NH group. When the main peaks of SMX are compared to their complexes, it is
detected that all of the peaks of the free ligand appear in the spectra of the complexes
with shifts as a result of complexation. New peaks are observed at δ: 3.95, which could be
attributed to the presence of water molecules in the complexes [43–45].
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Table 5. 1H NMR data (ppm) and tentative transitions for (A) sulfamethoxazole; (B) [Pt(smx)(H2O)Cl3]
(2), and (C) [Au(smx)Cl2]Cl·H2O.

A B C Assignments

2.25, 2.50 2.21, 2.49 2.26, 2.49 δ H, (s,3H,-CH3)
- 3.95 3.95 δ H, (s,2H,H2O)

6.32 6.56 6.62 δ H, (m,2H,NH2)
7.50 7.41–7.74 7.90 δ H, (m,5H,Ar-CH)
10.99 11.50 11.10 δ H, (s,H,SO2-NH)

3.5. Thermal Analysis

To confirm the structures of [Ru(smx)(H2O)2Cl2]Cl (1), [Pt(smx)(H2O)Cl3] (2) and
[Au(smx)Cl2]Cl·H2O (3) (Figure 3). TG analyses were carried out under nitrogen at 10 ◦C
min−1. Table 6 shows the results of the weight loss, lost species under the effect of the
variations of temperature. According to the results, sulfamethoxazole breakdown began at
25 ◦C and ended at 795 ◦C. SMX decomposition peaks at 113, 266 and 378 ◦C, resulting in
a loss of weight of about 77.7%, equivalent to the loss in weight of 3C2H2 + CH4 + HCN
+ NO2 + NO and S + 2C in the final thermal decomposition product obtained. There are
two degradation steps in the thermal decomposition of the [Ru(smx)(H2O)2Cl2]Cl complex.
When two coordinated water molecules are heated to a highest temperature of 169 ◦C
in the first stage, the Ru(III) complex is lost, along with weight loss (7.25%). The second
stage of deterioration takes place at extreme temperatures of 312 ◦C and 402 ◦C and is
escorted by a loss in weight (73.22%) subsequent to the loss of 5C2H2 + HCl + Cl2 + 1.5N2
+ SO; then, the decisive thermal decomposition product obtained is RuO2. There are two
degradation steps in the thermal decomposition of the [Pt(smx)(H2O) Cl3] complex. The
Pt(III) complex loss upon heating one coordinated molecule of water in the initial step at
highest temperature 175 ◦C is associated with a loss in weight of 3.14%. The next step of
decomposition, which ensues at highest temperatures of 226 ◦C and 287 ◦C, is accompanied
by weight loss (60.35%), which corresponds to the loss of 5C2H2 + 3HCl + 1.5N2 + SO2, then
the concluding thermal decay product achieved is PtO2. The thermal decomposition of
[Au(smx)Cl2]Cl·H2O complex exhibits two degradation steps. At an extreme temperature
of 100 ◦C, the first step of decomposition appears, which is attended by a loss of weight
(3.13%), this relates to the loss of one water molecule. The second stage of decomposition
takes place at temperatures between 242 and 476 degrees Celsius and is attended by a
weight loss of 62.60%, which resembles the decrease in 5C2H2 + 3HCl + N2O + NO + SO2;
then, the ultimate thermal decomposition product obtained is Au.
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Table 6. The extreme temperature Tmax (◦C) and weight deficiency data of the decomposition stages
for sulfamethoxazole, Pt(IV), RU(III)and Au(III) complexes.

Compounds (M. F) M.wt Decomposition
Weight Loss (%)

Tmax (◦C) Lost Species
Found Calc.

Sulfamethoxazole (smx)
253 (C10H11N3O3S)

First step
Total loss
Residue

77.87
77.77
22.13

78.85
78.85
21.15

113, 266, 378 3C2H2 + CH4 + HCN + NO2 + NO
S + 2C

[Ru(C10H11N3O3S)(H2O)2Cl2]Cl (1)
496.74 (RuC10H15Cl3N3O5S)

First step
Second step

Total loss
Residue

7.15
65.90
73.05
26.95

7.25
65.96
73.22
26.78

169
312, 402

2H2O
5C2H2 + HCl + Cl2 + 1.5N2 + SO

RuO2

[Pt(C10H11N3O3S)(H2O)Cl3] (2)
572.73 (PtC10H13Cl3N3O4S)

First step
Second step

Total loss
Residue

3.10
57.00
60.10
39.90

3.14
57.21
60.35
39.65

175
226, 287

H2O
5C2H2 + 3HCl + 1.5N2 + SO2

PtO2

[Au(C10H11N3O3S)Cl2]Cl·H2O (3)
574.62 (AuC10H13Cl3N3O4S)

First step
Second step

Total loss
Residue

3.11
62.79
65.90
34.10

3.13
62.60
65.73
34.27

100
242, 476

H2O
5C2H2 + 3HCl + N2O + NO + SO2

Au

3.6. Morphological Studies

To study the surface morphology of our synthesized complexes, Au(III), Pt(IV), and
(Ru(III), sulfamethoxazole), (XRD) X-ray powder diffraction, transmission electron mi-
croscopy (TEM) and scanning electron microscopy (SEM) were utilized. The morphology
and particle size of the studied complexes were assessed using SEM. The SEM images of
the samples are displayed in Figure 4; all complexes have a uniform shape. The Ru(III),
Pt(IV), and Au(III) sulfamethoxazole complexes’ TEM images indicate particle sizes of
100 nm, 200 nm, and 100 nm, respectively (Figure 5). The complexes’ powder XRD patterns
reveal strong crystalline peaks, indicating that they are in the crystalline phase. Scherr’s
equation [46] can be used to determine the crystallite size of these complexes (D) as patterns
of XRD from full width at half maximum of the distinctive peak. These complexes have
crystallite sizes of 100 nm, 200 nm, and 100 nm, according to XRD.
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3.7. Biological Activity

To assess the biological capability of SMX and their metal complexes, they were
investigated with different bacterial strains. The effect of the novel prepared complexes on
the bacterial activity is reported in Table 7 and Figure 6. The results revealed that the newly
synthesized complexes have noticeable bactericidal activity and their activities increased
when complexed with the metal ions. The biological activity of our prepared complexes
was tested in comparison with the SMX ligand. The sequence of inhibitory capacities
growth was: Ampicillin > Pt(IV) > Au(III) > SMX > Ru(III) (for B. subtilis), Ampicillin >
Pt(IV) > Au(III) > SMX > Ru(III) (for S. aureus), Ampicillin > Pt(IV) > Au(III) > SMX > Ru(III)
(for E. coli), Ampicillin > Pt(IV) > Au(III) > Ru(III) > SMX (for P. aeruginosa). We concluded
from these results that metal complexes have a remarkable activity against pathogenic
bacteria and that explained on the basis of chelation theory the chelation could facilitate
the ability of a complex to cross a cell membrane of the pathogens and also ease their
diffusion through the lipid layer of spore membrane to the site of action and ultimately
killing them [44,45,47].
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Figure 5. TEM images of Au (III) Pt (IV), and Ru(III), complexes.

Table 7. Results of antibacterial activity of the prepared complexes.

Compounds
Microbial Species

B. subtilis S. aureus E. coli P. aeruginosa

SMX 10 ± 0.2 15 ± 0.11 9 ± 0.03 6 ± 0.22
Ru(III)-SMX 9NS ± 0.11 11NS ± 0.01 9NS ± 0.02 10+1 ± 0.33
Pt(IV)-SMX 19+2 ± 0.5 19+1 ± 0.11 17+2 ± 0.6 17+3 ± 0.22
Au(III)-SMX 12+1 ± 0.1 15NS ± 0.2 13+1 ± 0.1 13+2 ± 0.02

Control (DMSO) 0 0 0 0
Ampicillin 26 ± 0.3 21 ± 0.02 25 ± 0.11 26 ± 0.05

Statistical significance PNS; P not significant, p < 0.05; P+1; P significant, p > 0.05; P+2; P highly significant, p > 0.01;
P+3; P very highly significant, p > 0.001; student’s t-test (Paired).

Anticancer activities of the synthesized sulfamethoxazole complexes are given in
Table 8. Anticancer activity of the complexes follows the order: Au(III)-SMX > Au(III)-SMX
> Ru(III)-SMX. The Au(III)-SMX complex showed higher inhibition activity than that of
other Pt(IV)-SMX and Ru(III)-SMX complexes.



Crystals 2022, 12, 340 13 of 15
Crystals 2022, 12, x FOR PEER REVIEW 14 of 16 
 

 

 
Figure 6. Statistical interpretation for biological action of sulfamethoxazole and its metal complexes. 

Anticancer activities of the synthesized sulfamethoxazole complexes are given in Ta-
ble 8. Anticancer activity of the complexes follows the order: Au(III) -SMX > Au(III) -SMX 
> Ru(III) -SMX. The Au(III) -SMX complex showed higher inhibition activity than that of 
other Pt(IV) -SMX and Ru(III) -SMX complexes. 

Table 8. Results of Anticancer activity of the prepared complexes. 

Sample Code IC50 Values (µg/mL) 
 HepG-2 MCF-7 

Au(III) -SMX 30 ± 2.1 41 ± 2.6 
Ru(III) -SMX 110 ± 8.2 124 ± 9.7 
Pt(IV) -SMX 70.9 ± 5.7 81 ± 6.1 

4. Conclusions 
SMX reactions with Ru(III), Pt(IV), and Au(III) ions resulted in the formation of new 

mononuclear complexes. Various analytical and spectral techniques were used to charac-
terize the metal complexes and clarify their structures. The data revealed that SMX acted 
as a bidentate ligand. The latest results encourage the proposed octahedral architecture of 
metal complexes and result in a beneficial arrangement of molecules. The metal complexes 
surpassed the ligands in terms of bactericidal activity against various strains of bacteria, 
including P. aeruginosa, E. coli, S. aureus, and B. subtilis. The preliminary in vitro antibac-
terial screening activity revealed that the Pt(IV) complex showed moderate activity 
against tested bacterial strains and higher activity compared to the ligand, SMX. Accord-
ing to the molar conductivity data, the Ru(III) and Au(III) complexes are electrolytes, 
whereas Pt(IV) is not. The stoichiometry of 1:1 (M:L) is supported by the analytical data. 
The surface morphology and grain size of SMX complexes are between 100 and 200 na-
nometers in size. 

0

5

10

15

20

25

30

smx Ru(III) -
smx

Pt(IV) -
smx

Au(III) -
smx

Ampicillin

in
hi

bi
ta

tio
n 

di
am

et
er

s z
on

e,
 m

m

Tested compounds

B. subtilis

S.aureus

E.coil

P.aeruginosa

Figure 6. Statistical interpretation for biological action of sulfamethoxazole and its metal complexes.

Table 8. Results of Anticancer activity of the prepared complexes.

Sample Code IC50 Values (µg/mL)

HepG-2 MCF-7

Au(III)-SMX 30 ± 2.1 41 ± 2.6

Ru(III)-SMX 110 ± 8.2 124 ± 9.7

Pt(IV)-SMX 70.9 ± 5.7 81 ± 6.1

4. Conclusions

SMX reactions with Ru(III), Pt(IV), and Au(III) ions resulted in the formation of
new mononuclear complexes. Various analytical and spectral techniques were used to
characterize the metal complexes and clarify their structures. The data revealed that
SMX acted as a bidentate ligand. The latest results encourage the proposed octahedral
architecture of metal complexes and result in a beneficial arrangement of molecules. The
metal complexes surpassed the ligands in terms of bactericidal activity against various
strains of bacteria, including P. aeruginosa, E. coli, S. aureus, and B. subtilis. The preliminary
in vitro antibacterial screening activity revealed that the Pt(IV) complex showed moderate
activity against tested bacterial strains and higher activity compared to the ligand, SMX.
According to the molar conductivity data, the Ru(III) and Au(III) complexes are electrolytes,
whereas Pt(IV) is not. The stoichiometry of 1:1 (M:L) is supported by the analytical data. The
surface morphology and grain size of SMX complexes are between 100 and 200 nanometers
in size.
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