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Abstract

Background/Aims: The naturally occurring phenolic chemical curcumin (CUR), which was
derived from the Curcuma longa plant, has a variety of biological actions, including anti-
inflammatory, antimicrobial, antioxidant, and anticancer activities. Curcumin is known for
its restricted bioavailability due to its hydrophobicity, poor intestinal absorption, and quick
metabolism. To boost the biological effects of these bioactive molecules, it is necessary to
raise both their bioavailability and their solubility in water. Aim: The aim of this study is to
synthesize and characterize hybrid organic-inorganic complexes of copper and cobalt, and
to evaluate their antimicrobial potential against a range of pathogenic microorganisms.
Methods: The synthesis of metal curcumin complexes (Cu-CUR and Co-CUR) was achieved
by mixing curcumin with copper acetate monohydrate. The solid residue was isolated,
filtered, and dried in an oven. X-ray diffraction analysis was used to identify the structure and
phase of the prepared samples. FTIR spectra were recorded using a Shimadzu 2200 module.
The antimicrobial activity of the prepared complexes was evaluated against four bacterial
strains and two Candida species. The chemical materials were dissolved in DMSO to a final
concentration of 20%, and the plates were incubated at 37°C for 24 hours. The results showed
that the prepared complexes had antimicrobial activity against the tested microorganisms.
Results: The study compared the Powder X-ray diffraction (XRD) patterns of prepared copper
and cobalt complexes to pure curcumin, revealing new, isostructural complexes. The FTIR
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analysis showed that the Cu-CUR and Co-CUR complexes varied in their inhibitory effect
against microorganisms, with Co-CUR being more effective. The results are consistent with
previous studies showing the cobalt-curcumin complex was effective against various bacterial
genera, with inhibition activity varying depending on the species and strains of microorganisms.
Conclusion: Copper and cobalt curcumin complexes, synthesized at room temperature,
exhibit high crystallinity and antimicrobial activity. Co-CUR, with its superior antibacterial
potential, outperforms pure curcumin in inhibiting microbes. Further investigation is needed

to understand their interaction mechanisms with bacteria and fungi.

© 2024 The Author(s). Published by
Cell Physiol Biochem Press GmbH&Co. KG

Introduction

Curcumin, which is known as diferuloylmethane and identified by the IUPAC as (1E,6E)-
1, 7-bis(4-hydroxy-3-methoxyphenyl)-1, 6-heptadiene-3, 5-dione. It, is a yellow chemical
found in plants of the Curcuma longa as shown in Fig. 1 [1].

Curcumin is the main curcuminoid in turmeric (Curcuma longa), which belongs to the
ginger family, Zingiberaceae. This ingredient is sold as an herbal supplement, cosmetic
ingredient, flavoring agent, and food colorant (Akbar et al,, 2018) [2].

Turmeric is said to have been widely utilized for medicinal treatments of many illnesses.
The main active component of turmeric, orange-yellow curcumin, is principally responsible
for its significance in medicinal therapy. Turmeric powder contains 2-5% curcumin, a
lipophilic polyphenol substance [2, 3].

Curcuminresearch hasrevealed that the chemical structure of this polyphenol compound
has antibacterial, antioxidant, anti-inflammatory, antiplatelet aggregation, antiangiogenic,
and antimutagenic characteristics [3-5].

Curcumin has been shown to provide preventative and preventive effects against
several illnesses, including autoimmune, cancer, neurological, liver, lung, metabolic, and
cardiovascular diseases (CVDs), due to its characteristics. Polyphenol compounds have
received a great deal of attention recently because of their effects on a variety of degenerative
disorders, including cancer [4, 6, 7].

Curcumin has a low bioavailability in the body and its use is restricted due to poor
absorption by the body, rapid excretion, and rapid metabolism. Curcumin has not been
marketed as a medicinal medicine, mostly because of the pharmacokinetic restrictions of
curcumin, which makes its anti-inflammatory impact in clinical use less than optimal. When
curcumin is taken orally, the majority of it is eliminated with metabolites and only a tiny
quantity enters the bloodstream for use. This amount is far less than what is needed to
inhibit most of the curcumin’s anti-inflammatory targets [8, 9].

Curcumin might be categorized as a class 4 substance by the Biopharmaceutics
Classification System (BCS) due
to its low water solubility and
restricted permeability across
intestinal membranes. The poor
water solubilityand sensitivity of
curcumin to alkaline conditions,
heat, light, enzymes, oxygen,
and ascorbic acid, among other
things, frequently restricts its
practical usage. In this way,
curcumin is a prospective
option for the creation of novel
natural materials, to improve
its stability against the above-

mentioned causes [10, 11]. Fig. 1. The Chemical Structure of Curcumin (top) and The
Turmeric plant (Curcuminoids).
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Some techniques are being researched to improve curcumin’s bioavailability. These
techniques include using curcumin nanoparticles, phospholipid complexes, liposomal
curcumin, and complexation of curcumin with metal ions. Several complexes of transitional
metal ions such as VO (IV), Cu (II), Co (III), Fe (III), Pt (1I), and Nd (III) with curcumin
and a variety of co-ligands have been prepared and all these complexes are potential
photochemotherapeutic [1, 12-14].

Some metals have a reputation for having antibacterial properties, and in some
situations, they can be used as powerful therapeutic agents to treat bacterial illnesses. One
of the significant trace elements that is less toxic than non-essential metals and is considered
a necessary element for people is cobalt. Occasional studies on the antibacterial effects of
cobalt complexes have been published, with Co (II) complexes receiving the most attention,
perhaps because of their aqueous stability, availability, and simplicity of production. It has
also been demonstrated that the Co (III)-curcumin complex is biologically more potent
against cancer than free curcumin [15-19].

It has been demonstrated that cobalt-curcumin has stronger antibacterial properties
than either cobalt alone or curcumin alone. Another study of the Co (II) curcumin complex
showed a modest antibacterial action toward B. subtilis, P. aeruginosa, and S. aureus. Where
the B-diketone moiety of curcumin generally interacts with copper (II) to form curcumin-
copper (II) complexes [16, 20, 21].

Curcumin creates complexes of type 1:1 and 1:2 when combined with copper. Curcumin-
copper (II) complexes have been demonstrated that they have more antioxidant action than
curcumin. As a result, the overall structure and the physical-chemical characteristics of
curcumin are changed as a result of the interaction of copper with its ligand, which improves
the biological potency of curcumin. where Copper (Cu) is an essential element that is
redox-active, present in many tissues, and is important for the efficient operation of several
biological processes [5, 22, 23].

It has been demonstrated that the Curcumin-copper (II) complexes have higher
superoxide scavenging activities than free curcumin. Additionally, Curcumin-copper (II)
complexes enhance the activities of antioxidant enzymes, such as catalase, superoxide
dismutase, and glutathione peroxidase so the Curcumin-copper (II) complexes have a
positive effect. Moreover, the Curcumin-copper (II) complexes combination demonstrated
the strongest antibacterial activity, as well as the most effective anthelmintic activity against
Pheretima posthuma [24, 25].

Also, Fthe Curcumin-copper (II) complexes combination demonstrated greater
antifungal activity than curcumin alone, Aspergillus flavus and Penicillium digitatum were
used as test subjects for antifungal activity. Also, the antimicrobial activity of the Curcumin-
copper (II) complexes combination was investigated against S. aureus, E. Coli, P. aeruginosa,
B. subtilis, A. flavus, and C. albicans. However, it does not exhibit much microbial inhibition.
The curcumin-copper (II) complexes combination has also been suggested to be developed
into a vaginal microbicidal gel against viral infections due to its good microbicidal activity.
Also, the antiviral activity of a Curcumin-copper (II) complex was demonstrated against
multiple viruses, including herpes simplex virus strains, vesicular stomatitis virus, and
vaccine virus. As a result, the Cu-curcumin complex has desirable antiviral activity against a
variety of viruses [26-28].

Due to the potent association between copper and curcumin, prior research has shown
the significance of curcumin-copper (II) complexes in DNA damage because of the strong
interaction between curcumin and copper (II). The pro-oxidant properties of Curcumin-
copper (II) complexes, on the other hand, are demonstrated by the production of reactive
oxygen species at high levels of free copper in a reducing atmosphere, this situation causes
cancer cells to experience DNA damage and the inhibition of vital signaling pathways, which
causes apoptosis. In essence, curcumin plays a dual role in the presence of copper, acting as
both an antioxidant and a prooxidant. These interesting phenomena considerably contribute
to the wide range of therapeutic actions of curcumin [29, 30].
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Materials and Methods

Synthesis of CUR Complexes

Synthesis of metal curcumin complexes (Cu-CUR- and Co-CUR) was prepared by mixing curcumin (0.5
g) and copper acetate monohydrate Cu (CH3C00),.H,0 (0.338 g) or Co(CH,CO,),-4H,0 (0.271 g) in ethanol
(20 mL) and stirred, at ambient temperature, using ultrasonic stirring machine for 6 h. The obtained solid
residue was isolated by filtration and dried in an oven at 60°C for 24h.

Analytical instruments

The structure and phase identification of the prepared samples were carried out using X-ray
diffraction analysis device (PanAlytical MPDPRO diffractometer) equipped with CuKa radiation (AKal/a2
=1.540560,/1.544330A). X-ray diffraction patterns are obtained in the 26 range of 10-60 °, the step size is
0.02 and the time per step is 30 s.

FTIR spectra were recorded by using spectrochemical studies based on Fourier-transform
infrared (FTIR) (Shimadzu 2200), in the 4000-400 cm-1 region, module (IR SPIRIL-T), Serial Number
(A22415801447AE).

Biological methods

Screening for antimicrobial activity. Two different metal curcumin complexes prepared Co-CUR and
Cu-CUR were evaluated for their antimicrobial activity at a concentration of 0.6 g/ml (W/V) the chemical
materials were dissolved in 3 ml dimethyl sulfoxide (DMSO) to a final concentration of 20%, using agar well
diffusion technique (Wayne, 1999) against four bacterial strains and two Candida species they included;
Pseudomonas aeruginosa ATCC 27853, Escherichia coli ATCC25922, and Staphylococcus epidermidis ATCC
12228, Staphylococcus aureus ATCC 25923, Candida tropicalis ATCC 13803 and Candida albicans ATCC
14053 all microorganisms were provided from King Fahd Hospital in Al Khobar city - Saudi Arabia.
Inoculums of the microbes were prepared from an overnight culture grown in Nutrient Broth and microbial
turbidity was adjusted between 0.63-1.8x108 CFU/ml which represented 0.5- 0.63 McFarland standards,
using Biomerieux DensiCHEK plus meter device. Half melilite from pre-adjusted microbial inoculum was
transferred induvial to Petri plates and about fifteen ml of permeated Mueller-Hinton Agar media was
poured gently over the microbial inoculums, the plates were rotated carefully to ensure an even distribution
of the microbial inoculums, then cultures were left at room temperature to solidify for 2-5 minutes. Three
wells size 8mm were made in each Petri plate using a sterile cork-borer, and then 100 pL of each chemical
sample was transferred directly to the wells individually. DMSO was used as a negative control, and antibiotic
erythromycin (CN10pg) and nystatin (100 mg) were used as positive controls for the bacteria and fungi,
respectively. Plates were kept in the refrigerator for one hour to allow better diffusion for the chemicals in
the culture agar media. Then plates were incubated at 37 °C for 24 h, and the clear area without microbial
growth around the well was measured using a digital caliper.

Results

XRD analysis

The Powder X-ray diffraction (XRD) patterns of the prepared copper and cobalt
complexes are given in Fig. 2. These patterns are compared to the X-ray pattern of pure
curcumin on one hand and checked with the international crystal database (ICDD) on the
other hand. This comparison leads to the conclusion that the prepared complexes are new
since no known phase has been identified. Furthermore, copper and cobalt complexes seem
to be isostructural since their X-ray patterns are almost identical.
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Fig. 2. X-ray diffraction patterns of pure Curcumin (as a

reference), cobalt, and copper curcumin complexes (20 ‘MM
CaCUR
Degree).

Intansity (au)
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The crystallite size ‘D’ is determined from XRD diffracted patterns through the Scherrer
equation

B

D= BocosB

[37, 38] where, K = (.89 is a constant,
L =154064, and are the diffraction angle and

the corresponding full width at half-maximum (FWHM) of the observed peak,
respectively. the calculated sizes are given in Table 1. These values show that pure curcumin
and cobalt and copper complexes are at the nanometric scale. The contribution of the
amorphous and crystalline phases was investigated by the XRD method [37, 39, 40] to determine
the Crystallinity Index (CI).
crystalline peak area

Of =
C1% cristalline and amorphous area X 100

The CI calculated values indicate an increase from the pure curcumin to the prepared copper
and cobalt curcumin complexes.

FTIR analysis

The FTIR spectrum of pure Curcumin (as a reference), cobalt, and copper curcumin
complexes are given in Fig. 3.

O-H Vibrations: Band absorption due to stretching vibrations of hydroxyl groups are
observed around 3520 cm™. The in-plane deformation vibration and the out-of-plane
vibration of hydroxyl groups appear in the regions 1440-1260 cm™ and 700-600 cm?,
respectively. The bands observed around 3550 and 1430 cm™ have been assigned to OH
stretching and OH in-plane deformation vibrations, respectively [31].

C=0 Stretching vibrations: The absorption bands corresponding to stretching vibrations
of C=0 bonds give paramount structural information. It occurs as a very strong band and is
easily recognized. C=0 stretching vibration was observed in the region 1850-1450 cm™. In
this region, the bands observed at 1515, 1453, and 1421 cm™ have been assigned to carbonyl
stretching vibrations. All the observed bands corresponding to C-C, C=C, and C-H appeared
at approximately the same frequencies except those of the C=0 group which were shifted to
lower frequency indicating the formation of bridged bonds C=0-Cu-0=C in the case of Cu-
CUR and Co-CUR samples.

C-0 Stretching vibrations: The presence of bands corresponding to alcohol C-O groups
is proof that Cu or Co were bonded to the curcumin via oxygen of carbonyl groups. The
stretching vibration corresponding to alcohol C-O groups is observed normally in the region
1200-1000 cm™. A strong band and a medium-strong band observed at 1275 and 1230 cm™,
respectively in all spectra have been assigned to C-O stretching vibrations. The assignments
are in good agreement with the literature [31].
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Biological activity study

Curcumin, an active ingredient, has
attracted a lot of interest as a plant-
based substance with pharmacological
characteristics that are pleiotropic,
antioxidant, Anti-inflammatory,
hypoglycaemic, neuroprotective,
immunomodulatory and antimicrobial.
However, curcumin’s poor water
solubility, low serum levels, restricted
tissue distribution, quick metabolism,
and excretion limit its effectiveness as
a medicinal and limit its bioavailability,
for these purposes, the complexes of
cobalt or copper with curcumin were
considered (Fig. 4) [5, 26, 32].

Our results showed that the tested
Cu-CUR and Co-CUR varied in their
inhibitory effect against microorganisms.
In general, the Cu-CUR and Co-CUR can
inhibit microorganisms, this may be due
to the high crystallinity index, which
ranged from 70% to 75% for Co-CUR
and Cu-CUR, respectively, compared to
the crystallinity index for pure curcumin,
which was 51% (Table 1).

Furthermore, the Co-CUR was
more effective than Cu-CUR as the
Co-CUR was able to inhibit all six test
microbes at different levels. Whereas
Cu-CUR was only effective against both
Gram-positive bacteria (Staph. aureus
ATCC 25923 and Staph. epidermidis
ATCC 12228) and P aeruginosa ATCC
27853  bacterium  while the E. coli
and fungi were resisters. Moreover,
gram-positive bacteria showed more
sensitivity to both chemicals than gram-
negative bacteria (Table 2, Fig. 5 and 6).
This may be attributed to the fact that
cobalt has better magnetic properties
than the copper compound, which
would help the cobalt adhere better than
the copper compound to the surfaces
of microorganisms, as the surfaces
of bacteria have negative charges.
These negative charges increase on
the surfaces of Gram-positive bacteria
because of the presence of teichoic acids
in the peptidoglycan layer compared to
Gram-negative bacteria [33].

CUR-Ref

Cu-CUR M 1281
W
% { co-cur M"‘ e
g |
_,g _WW - ‘I[p, Jl
I
H - |

1
4000 3500 3000 2500 2000 41500

Wave number {cm )

1

1
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Fig. 3. FTIR spectra of pure Curcumin (as a reference),

cobalt, and copper curcumin complexes.

Fig. 4. The expected structure of curcumin copper (or

cobalt) complexes.
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Table 1. Crystallite size and “Sample

Crystallite size (nm)  Crystallinity Index (%)

crystallinity index for the prepared CUR (pure curcumin)

samples Co-CUR
Cu-CUR

43 51
32 70
26 75

Table 2. Antimicrobial activity of Co-CUR and Cu-CUR at 600 mg/ml, against pathogenic microorganisms
using agar well diffusion technique, compared with pure curcumin in reference studies. * Negative control

was DMSO showed zero activity

Inhibition zone (mm) using well diffusion technique + SD

Test Microbes

Co-CUR Cu-CUR Positive control  Pure Curcumin with references
Gram-Negative Bacteria
0at1,2,3,4 mg/ml
. 11.1+0.3 at 6 mg/ml
+ +
E. coli ATCC25922 13.8+0.53 0 13.33+0.84 (Girish et al, 2019)
P. aeruginosa ATCC 27853 11.4+0.2 9.1+0.72 11.98+0.76 _
Gram-Positive Bacteria
0at1,2,3 mg/ml
14.4+0.2 at 6 mg/ml
Staph. aureus .
ATCC 25923 14.7+0.30 9.7+0.72 12.05+0.25 (Girish et al, 2019)
0at1,5,15 mg/ml
(Khoa, Hao 2021)
Staph. epidermidis ATCC 12228 18.37+1.07 13.67+1.40 14.88+0.78 _
fungi
Can. tropicalis ATCC 13803 14.70+0.20 0 17.97+0.29 _
Can. albicans ATCC 14053 11.43+0.25 0 14.60+£0.70

Fig. 5. Antimicrobial activity of Cu-CUR, against
pathogenic microorganisms using agar well
diffusion technique: (a) Cu-CUR, (b) negative
control DMSO, (c) Positive control.
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E. coli with Co-CUR P. aeruginosa with Co-CUR

Staph. aureus with Co-CUR Staph. epidermidis with Co-CUR

Can. tropicalis with Co-CUR Can. albicans with Co-CUR

Fig. 6. Antimicrobial activity of Co-CUR, against pathogenic microorganisms using agar well diffusion
technique: (a) Co-CUR (b) negative control DMSO, (c) Positive control.

Discussion

The high susceptibility of Gram-positive bacteria to the tested materials may be because
they do not contain an outer membrane that may play a role in protecting the bacterial
cell from chemicals, the inhibitory activity of tested chemicals may relate to their ability to
penetrate the cell wall of the microbes, additionally, another study showed Gram-positive
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bacteria exhibit a substantially higher level of sensitivity than Gram-negative bacteria,
where the hydrophilic lipopolysaccharides that are abundant in gram-negative bacteria’s
outer membrane serve as a barrier to the efficient penetration of a range of hydrophobic
antibacterial substances . Moreover, the results showed that the inhibitory effect of the Co-
CUR. E.coli and Staph aureus which may make this substance a good alternative to some
antibiotics with weak or non-existent effects [26].

Our currentresults are consistent with a study conducted by Girish etal. 2019 where they
showed that the cobalt-curcumin complex was effective against numerous bacterial genera
like Escherichia coli, Bacillus subtilis, Klebsiella pneumoniae, Shigella flexneri, Salmonella
typhi, Staphylococcus aureus, and Proteus vulgaris, and the inhibition activity related to the
concentrations as they found that low concentrations do not show antibacterial activity and
the Co(II) curcumin were higher than Curcumin. Moreover, our results agree with a recent
study by researchers Hoa and Hoang 2021 that copper (II)-curcumin complex can inhibit
the growth of Staph. aureus ATCC 6538 while the pure curcumin had no inhibitory effect at
concentrations of 1, 5,15 mg/mL so we can conclude that pure Curcumin has a weak or non-
ability to inhibit bacterial [34, 35].

Adamczak et al., 2020, found that curcumin had weak antimicrobial activity against
several pathogenic clinical microbes. It was also found that curcumin showed poor activity
against clinical Candida spp. and it showed good inhibition activity against some genera,
and they concluded that the effectiveness of curcumin varies significantly depending on
the species and strains of microorganism. Another study by Chandrasekar et al., 2014,
found that curcumin requires higher concentrations to inhibit the bacteria Staph. aureus,
Bacillus subtilis, E. coli, P aeruginosa, and Salmonella typhi, comparing to curcumin Co and Cu
complexes. Therefore, scientists are currently seeking to modify the structure of curcumin
with metals, this may improve its solubility in water such a process may increase uptake by
microbes leading to increases in its inhibitory ability [26].

Conclusion

Copper and cobalt curcumin complexes have been synthesized at room temperature
and were characterized by X-ray diffraction and Infrared spectroscopy. The prepared
complexes have a nanometric scale since no heat treatment was applied in the synthesis
method. The obtained complexes are characterized by high crystallinity compared to
curcumin. The prepared metal curcumin complexes Co-CUR and Cu-CUR were evaluated
for their antimicrobial activity at a concentration of 0.6 g/ml (W/V). The obtained results
showed that the two curcumin complexes were capable of inhibiting the microbes’ growth,
possibly due to their high percentage of crystallinity index (70% - Co-CUR), (75% Cu-CUR)
compared to the pure curcumin (51%). The Co-CUR had a higher ability to inhibit all six
isolates than the Cu-CUR. This may be related to its magnetic properties, which increase
its ability to adhere to the surfaces of bacteria and Candida. Our results indicated that Co-
CUR exhibited superior antibacterial potential compared to the antibiotic against E. coli and
Staph. aureus, Hence, Co-CUR can be considered a good alternative to some antibiotics with
weak or non-existent effects.

The present study shows promising outcomes concerning copper and cobalt curcumin
complexes. Further investigation of the biological importance of these metal complexes
is needed to understand the mechanism of interaction with bacteria and fungi. Moreover,
in-vitro and in-vivo studies are needed for the successful development and applications of
prepared complexes.
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