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Abstract: We reviewed scientific literature on the synthesis of acetaminophen and ibuprofen, as well as their derivatives and biological
properties. The synthesis of acetaminophen involves the acetylation of 4-aminophenol and acetic anhydride, while ibuprofen is
synthesised by reacting isobutyl benzene and acetic anhydride in four continuous reaction stages, which are Friedel-Crafts acylation,
carbonyl reduction, chloride substitution, and Grignard reaction. To obtain their derivatives, modifications have been made either by
complexing the main structure of the drug compound with metal elements or adding certain desired moieties, such as thiourea, amide,
ammonium, halogen, silicon, and 1,3,4-oxadiazole. Ibuprofen and acetaminophen have been recognised as effective painkillers and anti-
inflammatories. Recently, their derivatives have been implicated in a variety of biological effects. The biological activities of
acetaminophen and ibuprofen derivatives have been reported to exhibit urease inhibition and inflammatory inhibition, as well as inhibit
the proliferation of breast cancer cells MCF-7. Overall, this review article describes the synthesis of acetaminophen and ibuprofen
derivatives, complete with their biological activities such as antimicrobial, antifungal, anti-inflammatory, urease inhibitors, and anticancer.
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1. Introduction

Human and diseases are inseparable. It is not an exaggeration
to say that the plagues that happened over centuries are actually
the humans' fault (Kiriiri et al., 2020). On the bright side, due to
these phenomena, researchers have identified several ailments
and listed a large range of herbal and other treatments. For
instance, anaesthetic was one of the first synthetic chemicals ever
made. This led to the development of synthetic organic chemistry,
which led to the growth of the pharmaceutical industry (Hill &
Rang, 2013). Pharmaceutical chemists are employed by the sector
to design pharmaceuticals, perform drug research, and oversee
quality assurance procedures. Nevertheless, issues with the
efficacy and toxicity of medicinal drugs have impeded their
success in clinical use, leading to the introduction of
molecular/chemical modification. There exists a range of
chemical modifications that can enhance various biological
properties, including stability, cellular uptake, and potency
(Corey, 2007). Drug designing can alter the chemical structure of
the established drugs and integrate the principle of organic
compounds, producing a tailored drug (Hughes et al., 2011). This
approach establishes new research avenues and also introduces
a novel compound with demonstrable therapeutic effect
(Akhondzadeh, 2016).

There are many reasons on why therapeutic effect is
important to the human body. For example, inflammation is
common as it is adaptive immune response to infection. If left
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unchecked for a certain time, it may result in neurodegenerative
disease or cancer (Dinarello, 2010). Therefore, anti-inflammatory
drug is required. On the other hand, antimicrobial resistance is
rapidly increasing, making infections from Gram-positive and
Gram-negative pathogens difficult to almost impossible to treat
(Collignon et al., 2016). Unsurprisingly, inappropriate prescription
and poor antimicrobial control have also contributed to massive
resistance issues (Reygaert, 2018). Another therapeutic effect is
antiproliferative, which is used to inhibit cell growth on cells,
especially tumours. This is an alternative approach in finding safe,
effective, and stable drug modifications to treat or prevent cancer
(AIKhalil et al., 2020).

Acetaminophen is known to have a mild antimicrobial activity
due to the absence of enzyme that contributes to the mechanism
of pain alleviation in microorganisms (Verma et al.,, 2020).
Meanwhile, ibuprofen has low anticancer effects against several
cancer cell lines (He et al., 2021; Pedro-Hernandez et al., 2017)
and does not inhibit urease by itself (Seraj et al., 2021). It is
necessary to make structural modifications to increase drug
potency and selectivity (Guo, 2012). Therefore, this review article
documents, discusses, and compares the biological activities of
the derivatives or metal complexes of acetaminophen and
ibuprofen with their parent drugs, which can help researchers
identify chemical modification variables. It also provides the
understanding of the current state of knowledge in this area and
identifies potential future explorations by understanding the
factors (ligands, type and position of halogen, etc.) that affect
biological activity.
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2. Acetaminophen

Acetaminophen (Figure 1), which is also known by the name
paracetamol, is the non-prescription analgesic and antipyretic
medication that is purchased in the greatest quantity worldwide.
It has attracted interest as the first line of pharmacological
therapy because it is more promising in terms of its safety profile
compared to other treatment alternatives. A diverse variety of
acute and chronic, severe symptoms are treated with
acetaminophen (Ennis et al., 2016; Roberts et al., 2016).

Unlike non-steroidal anti-inflammatory drugs (NSAIDs) like
aspirin and ibuprofen, it has no anti-inflammatory properties due
to weak inhibition of cyclooxygenase (COX) enzyme in the
peripheral tissues (Ohashi & Kohno, 2020). Acetaminophen does
not bind to the active site of COX-1 or COX-2 enzyme, but it rather
reduces the activity pathway of COX that inhibits the synthesis of
prostaglandin in the central nervous system, making it a
2023).
However, due to its availability, acetaminophen may lead to
overdose, which can cause hepatotoxic (Bateman et al., 2014;
Caparrotta et al., 2018; Ramachandran & Jaeschke, 2019). As it is
eradicated through various metabolic pathways, acetaminophen

is metabolised by several cytochrome P450 enzymes to the

prominent analgesic and antipyretic agent (Gerriets et al.,

potentially toxic, chemically reactive metabolite N-acetyl-p-
benzoquinone imine (NAPQI), and a small portion of it is excreted

SR

di. H2504
NaNO4

2020). NAPQI
causes toxic metabolites as it is covalently bonded to protein, thus
contributing to liver failure (Ozawa et al., 2019).

through urine as unchanged drug (Mian et al.,
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Figure 1. Structure of acetaminophen

Acetaminophen contains hydroxyl and amide functional
groups. The incorporation of a hydroxyl group can make a
molecule more lipophilic (Syahri et al., 2017), hence influencing
its pharmacokinetic, pharmacodynamic, and toxicological profiles
(Lobo, 2020).

Acetaminophen is synthesised in three stages, beginning with
phenol with the addition of diluted sulphuric acid and sodium
nitrate (NaNOs), producing nitrophenol. Following that, sodium
borohydride (NaBH4) reduction is used to convert the nitro group
on the para-substituted nitrophenol to an amine. Finally, acetic
anhydride is reacted with the obtained para-aminophenol to
produce acetaminophen via acetylation (Scheme 1) (Khosroshahi
et al., 2016; Kingsley Ogemdi, 2019).

OH OH OH OH
C 0
i NO, i i AR i
NaBH, O
+ — _
NO, NH, HN

Scheme 1. Synthesis of acetaminophen

Acetaminophen with Metal Complexes
Metal complexes are
coordination with metals (Amin et al.,

important in drug design for
2017), which are potent
against cancer cells and can act as drug-resistant bacteria (Malik
2018; Nandanwar & Kim, 2019). Metals seem to target a
variety of different cellular processes, which results in the

pleiotropic effect on bacterial cells (Turner, 2017). Complex metal

et al.,

(1) such as cobalt, nickel, copper, and zinc are potent against
certain species of microorganisms, such as Escherichia coli,
Bacillus cereus, and Pseudomonas aeruginosa (Damilola et al.,
2019). These complex metals in the form of metal-based drugs
possess modified pharmacological and toxicological potential.
They form low molecular weight complexes which are more
advantageous against numerous diseases (Rizzotto, 2012). There
is a wide variety of modes of action for metal complexes, including
ligand exchange or release, reactive oxygen species (ROS)
production, coordination spheres, and redox activation, which
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can influence the kinetic and thermodynamic aspects of biological
receptors (Malik et al., 2018; Zuegg et al., 2020). Metal complexes
exert their effect by inhibition of cell membrane functions,
arresting cell cycle, inhibiting enzymes, enhancing lipophilicity,
etc. (Malik et al., 2018).

Antimicrobial Activity of Novel Metal Complexes of

Piperaquine-Acetaminophen

Piperaquine (Figure 2) is a bisquinoline used in conjunction
with dihydroartemisinin as a potential antimalarial agent (Assefa
2021).
derivative of quinine (Ayipo et al., 2016), and is a highly lipophilic
base that increases the oral bioavailability of drug when

et al., It belongs to the 4-aminoquinoline group, a

administered together with fat (Annerberg et al., 2011; Iseh et al.,
2017). Although piperaquine derivatives are well-known for their
antimalarial properties (Ma et al., 2019; Permala et al., 2017;

Rasmussen et al., 2017), other derivatives also showed potential
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in antibacterial (Ayipo et al., 2021) and antimicrobial studies
(Ayipo et al., 2016).
Cl

Cl

Figure 2. Structure of piperaquine

Although NSAIDs, like acetaminophen, have no antibiotic
activity when used alone at therapeutic concentrations, they can
enhance the inhibitory potential of antibiotics when co-
administered with them. This joint administration can either
impede bacterial growth or modify resistance mechanisms,

resulting in more effective treatment (Singh et al., 2021). As metal
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Cl

complexes and piperaquine derivatives showed high potential in
antimicrobial drugs, a metal-piperaquine-acetaminophen drug
was investigated (Ayipo et al., 2016; Malik et al., 2018).

The procedure involved the combination of metal salt,
piperaquine phosphate, and acetaminophen in a 1:1:1 mole ratio.
The resulting mixed ligands were dissolved in a solution of 5%
lactic acid and added to the previously prepared metal salt
solutions in ethanol. 10% methanolic ammoniacal solution was
added to maintain the pH of the mixture solution. The mixture
was then refluxed for several hours and cooled in a refrigerator to
facilitate the crystallisation of the metal. The resulting crystals
were filtered, and the unwanted reactants and products were
removed by washing them with diluted lactic acid and distilled
water. The final products were then dried in a desiccator for
several days. The same procedure was applied for all metal salts.
The synthesised metal complexes piperaquine-acetaminophen
(Figure 3) were evaluated for biological activity against E. coli and
S. aureus (Ayipo et al., 2016).
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Figure 3. Proposed structures of metal complexes piperaquine-acetaminophen, where M = Fe(ll), Cu(ll), Zn(l1), and Co(ll)

that
acetaminophen metal complexes are stronger against Gram-

Antimicrobial  activities  signify piperaquine-
positive bacteria (S. aureus) compared to the parent drug,
acetaminophen. The result of the antimicrobial activities can be

seen in Table 1.

Table 1. Antibacterial Activity of Acetaminophen, Piperaquine,
and Their Metal Complexes

Inhibition Zone (mm)
Compound / Complexes

S. aureus
Cu(PQ)(Ac)Cl, 5.00
Co(PQ)(Ac)(OAc), 4.20
Zn(PQ)(Ac)SO4 4.80
Fe(PQ)(Ac)Cl, 5.20
Piperaquine (PQ) 3.55
Acetaminophen (Ac) 2.50

Among the piperaquine-acetaminophen metal complexes
tested, Fe(ll) showed the highest inhibition against S. aureus (5.20
mm), followed by Cu(ll) (5.00 mm), Zn(Il) (4.80 mm), and Co(ll)

88

(4.20 mm). The inhibition zone of piperaquine-acetaminophen
against S. aureus increased significantly compared to the parent
drug (Ayipo et al., 2016).

Chelation is effective in reducing the polarity of metal (ll)
complexes by sharing the metal's positive charge with ligand
donor groups and delocalising the electron across aromatic rings.
As a result, the metal atom's polarity weakens. It has increased
the lipophilicity of the bacterial cell membrane, making it easier
for it to get through the lipid layers of the bacterial membrane
(Osowole et al., 2014). This shows that metal complexes of
piperaquine and acetaminophen perform better against
microorganisms than acetaminophen alone (Ayipo et al., 2016).
Besides, heavy metals are known to be able to form secondary
metabolites that can inhibit the growth of bacteria and are also
toxic to organisms (Chudobova et al., 2015; Garza-Cervantes et

al., 2017).

Antibacterial and Antifungal Activity of Cu(ll) and Co(ll) of

Prednisolone-Acetaminophen

Prednisolone (Figure 4) is a synthetic cortisol glucocorticoid
that works as analogue cortisol, a natural hormone that is
produced by adrenal gland and used for many disease treatments
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to suppress inflammations and various allergies (Straub & Cutolo, Prednisolone solution was prepared in distilled water-isopropyl
2016). Prednisolone is also potentially a good anti-inflammatory alcohol medium and mixed in Cu(ll) sulphate pentahydrate. The
agent as it can inhibit prostaglandin and leukotriene (Kumria et mixture was stirred for 1 h and then mixed with acetaminophen
al., 2016; Santis & Saad, 2016; Motwani et al., 2018). solution. The stirring continued for several hours. The mole ratio

for metal salt, prednisolone, and acetaminophen was 1:1:1. The
mixture was filtered and then washed using distilled water-
isopropyl alcohol. The residue obtained was left to dry in a
desiccator for several days and weighed. The process was
repeated for Co(ll) chloride (Damilola et al., 2019).
Gram-negative bacteria like Xanthomonas axonopodis (A),
Streptococcus faecalis (B), Pseudomonas aeruginosa (C),

Chromobacterium liusdium (D), and Erwinia carotovora (E) were

Figure 4. Structure of prednisolone used for antibacterial activity determination. The results showed

that the inhibition zones of the synthesised drugs were higher

The synthesis of Co(ll) and Cu(ll) of prednisolone- compared to the parent paracetamol (Damilola et al., 2019). The
acetaminophen used the same method (i.e., direct mixing). results of the antibacterial activity are tabulated in Table 2.

Table 2. Antibacterial Activity of Acetaminophen, Prednisolone, Their Metal Complexes, and Streptomycin Sulphate

Compound/ Zone of Inhibition (mm)

Complexes A B C D E

Cu(Pd)(Ac)(H.0) 15.00 15.00 13.00 10.00 3.50

Co(Pd)(Ac)(H0) 20.00 19.00 17.00 17.50 18.50

Prednisolone (Pd) 10.00 1.00 6.00 3.50 0.00

Acetaminophen (Ac) 12.00 10.00 5.50 5.00 2.00

Streptomycin sulphate 27.00 31.00 31.00 33.00 22.00

The results showed that the metal complexes Antimicrobial Activity of Mg(ll) Complex of Acetaminophen
acetaminophen-prednisolone demonstrated higher inhibition Mg(ll) acetaminophen (Figure 5) was synthesised by the
against microbials, especially Co(Pd)(Ac)(H;0). It gives an almost addition of MgCl,-6H,0 to acetaminophen in distilled water and
comparable value with the control when used against E. Although then heated for a few hours. It was left overnight to allow
the results of the metal complexes of acetaminophen- precipitation. The precipitate was filtered, washed, and allowed
prednisolone may not be as robust as the standard control (i.e., to dry for a few days. The final product was taken for the
streptomycin sulphate), they still demonstrate satisfactory antimicrobial activity study by oral administration in rats (Paul et
performance when compared with acetaminophen and al., 2018). The microorganisms tested were S. aureus, Bacillus
prednisolone. The Co(ll) and Cu(ll) of prednisolone- subtilis, E. coli, Salmonella typhi, P. aeruginosa, Candida albicans,
acetaminophen showed more inhibition due to the antimicrobial and Aspergillus niger (Table 3).
mode of action. Different properties of metal ions gave higher H
activity of metal complexes due to chelation. This caused a Y
decrease in the polarity of the metal ions by the overlapping of lo
ligand orbitals and the partial sharing of the metal ion's positive o ',"
charge with the donor group. Therefore, chelation facilitates }2_‘“/]'9'2,0’_[2 2ck
complexes' penetration of lipid membranes and is more effective
in inhibiting metal binding sites in bacterial enzymes (Al-Amiery O"/ @]
et al, 2012). )|\
N

Figure 5. The proposed structure of Mg(ll) acetaminophen
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Table 3. Antimicrobial Activity of Acetaminophen, Mg(Il) Acetaminophen Complex, and Control

Zone of Inhibition (mm) at Varying Concentrations (mg/mL)

Organism Tested Compound/
6.25 12.5 25 50
Complex
Ac 0.0 0.0 0.0 0.0
S. aureus Mg(I1)Ac 0.0 13.0 15.0 19.0
Cp 20.0 25.0 30.0 38.0
Ac 0.0 0.0 0.0 0.0
B. subtilis Mg(I1)Ac 0.0 0.0 0.0 0.0
Cp 25.0 28.0 32.0 39.0
Ac 0.0 0.0 0.0 0.0
E. coli Mg(I1)Ac 0.0 0.0 0.0 0.0
Cp 19.0 22.0 25.0 30.0
Ac 0.0 0.0 0.0 0.0
S. typhi Mg(Il)Ac 0.0 0.0 12.0 15.0
Cp 25.0 28.0 32.0 37.0
Ac 0.0 0.0 15.0 18.0
P. aeruginosa Mg(I1)Ac 0.0 13.0 18.0 27.0
Cp 16.0 18.0 21.0 25.0
Ac 0.0 0.0 0.0 0.0
C. albicans Mg(I1)Ac 0.0 0.0 0.0 0.0
Fl 25.0 28.0 32.0 36.0
Ac 0.0 0.0 0.0 0.0
A. niger Mg(Il)Ac 0.0 0.0 0.0 0.0
Fl 13.0 15.0 20.0 25.0
Note:- Ac: Acetaminophen, Mg(ll)Ac: Magnesium complex of Antimicrobial  Activity of Metal Complexes of

acetaminophen, Cp: Ciprofloxacin, Fl: Fluconazole

The results showed that the parent drug (acetaminophen) did
not inhibit bacterial growth at any concentration (6.25, 12.5, 25,
and 50 mg/mL) except P. aeruginosa at 25 and 50 mg/mL (Paul et
al., 2018). The antibacterial effects of acetaminophen have been
reported to be negligible (Singh et al., 2021). However, the
inhibition zones of S. aureus, S. typhi, and P. aeruginosa increased
proportionally to the concentration of Mg(ll) acetaminophen
2018). Although Mg(ll)
acetaminophen exhibits less potency than the standard control, it
shows a noteworthy improvement in comparison to the isolated

being administered (Paul et al.,

effects of acetaminophen. Tweedy's chelation hypothesis
predicted that the polarity of the metal atom would decrease with
chelation, mostly as a result of the metal's positive charge being
partially shared with donor groups and perhaps resulting in
electron delocalisation over the whole ring. This increased the
lipophilic nature of the chelates, which made it more possible for
them to penetrate through the lipid layers of the bacterial

membrane (Al-Amiery et al., 2012).
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Acetaminophen-Ascorbic Acid

Ascorbic acid (Figure 6), commonly known as vitamin C or
ascorbate, is made up of an enediol that is conjugated to the
carbonyl group in the lactone ring. This enediol provides an
electron for ascorbic acid's function as an antioxidant (Barba et
al., 2014). It is a renowned water-soluble antioxidant that plays an
essential part in several physiological processes in the human
body (Attia et al., 2020). It can control the gastrointestinal
absorption of iron ions and stabilise iron-binding protein, as well
as post-translational hydroxylation of collagen, carnitine
biosynthesis, and tyrosine metabolism (Golonka et al., 2017).
Ascorbic acid is widely recognised as a strong antioxidant and free
radical scavenger (Njus et al., 2020), but people do not seem
aware of its other biological activities, such as anticancer (Shenoy
et al., 2018), antitumor (Mata et al., 2016), antiviral (Biancatelli et
al., 2020), and antimicrobial properties (Hernandez-Patlan et al.,
2017; Sangcharoen et al., 2017; Verghese et al., 2018). As metal
ions like cobalt, nickel, and zinc are known for their effectiveness
against several diseases, the combination of analgesic-antioxidant
drug metal complexes is being studied.

DOl:https//doi.org/10.22452/mjs.vol43n01.8
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Figure 6. Structure of ascorbic acid
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(a)
M= Ni, Co, Fe (3mmol synthesis) and X= Cl,
M= Ni, Cu, Co (5mmol synthesis) and X= Cl,
M= Zn (5mmol synthesis) and X= SO,

Acetaminophen-ascorbic acid metal complexes (Figure 7) are
synthesised by the preparation of metal chlorides (Ni, Co, Fe, Cu)
sulphate (Zn) in Then,
acetaminophen and ascorbic acid were mixed in their appropriate

and metal aqueous solution.
solvent. The mixture was refluxed, and the resulting precipitate
filtered, solvent-washed, air-dried, stored. The
experiment was conducted in 3.0 and 5.0 mmol concentrations.

The antimicrobial activity of acetaminophen, ascorbic acid, and

was and

acetaminophen-ascorbic acid metal complexes can be seen in
Table 4.

OH |«

ow
T

(b)

M= Cu (3mmol synthesis) and X= Cl,
M= Zn (3mmol synthesis) and X= SOy4

Figure 7. Proposed structures of acetaminophen-ascorbic acid metal complexes

Table 4. Antimicrobial Activity of Acetaminophen, Ascorbic Acid, and Acetaminophen-Ascorbic Acid Metal Complexes

Compound/ Complex

Inhibition Zones (mm)

Conc. (mmol) A B C D E
3.0 5.0 0.0 2.0 3.0 2.0
Co(Ac)(Asc)Cl,
5.0 6.0 0.0 6.0 6.0 0.0
. 3.0 14.0 9.0 5.0 10.0 2.0
Ni(Ac)(Asc)Cl,
5.0 0.0 4.0 1.0 3.0 11.0
3.0 2.0 6.0 4.0 0.0 0.0
Cu(Ac)(Asc)Cl,
5.0 31.0 32.0 15.0 0.0 0.0
3.0 1.0 0.0 3.0 0.0 0.0
Fe(Ac)(Asc)Cly
5.0 - - - - -
3.0 7.0 0.0 10.0 0.0 0.0
Zn(Ac)(Asc)Cl,
5.0 0.0 0.0 0.0 0.0 0.0
. 3.0 2.0 4.0 5.0 3.0 9.0
Acetaminophen (Ac)
5.0 - - - - -
. . 3.0 5.0 0.0 5.0 9.9 2.0
Ascorbic acid (Asc) 0

Biological assays of the complexes were experimented on for
3 days against Enterococcus faecalis (A), S. aureus (B), Clostridium
difficile (C), Klebsiella spp. (D), and Helicobacter pylori (E).
Different concentrations of complexes were found to give
different results.

At 3.0 mmol,
complexes did not exhibit antimicrobial activity on the first day.

the acetaminophen-ascorbic acid metal

Meanwhile, at a concentration of 5.0 mmol, acetaminophen-
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ascorbic acid with copper complex, Cu(Par)(Asc)SO, against S.
aureus (32 mm) and acetaminophen-ascorbic acid with cobalt
complex, Co(Par)(Asc)SO4 against H. pylori (31 mm) showed the
best antimicrobial activity. Both complexes showed higher
itself.
However, the complexes' inhibition decreased on the third day
due to the reduction in the concentration of the drug (Babamale

inhibition compared to the parent acetaminophen

et al., 2016). This is due to the population of bacteria exposed to

DOl:https//doi.org/10.22452/mjs.vol43n01.8
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an inadequate concentration of a specific drug as they can
develop resistance to the drug (Kowalska-Krochmal & Dudek-
Wicher, 2021).

3. Ibuprofen

Ibuprofen (2-(4-isobutylphenyl) propionic acid) (Figure 8) is a
common over-the-counter drug used as an analgesic and
antipyretic agent. It is consumed to inhibit COX, thus reducing the
level of prostaglandin in the human body, which is used to treat
inflammation or pain and can also be used as a fever reliever. It is
usually used to treat headaches, menstrual cramps, minor injury,
toothaches, and blood clotting, and to control blood pressure.
The adverse effect of ibuprofen is likely due to frequent and
widespread usage (Gomaa, 2018). Ibuprofen exerts its anti-
inflammatory effect based on the inhibition of COXs in
prostaglandin synthesis (Amir et al., 2016). It also has an
antibacterial effect, especially on E. coli, which is a major
pathogen causing urinary tract infection (Ahmed et al., 2016). The

o) HO
HF NaBH,
Ac,0 CH40H

presence of carboxyl and aromatic groups in the molecular
structure of ibuprofen has been reported to contribute to its
biological properties (Martinez et al., 2017).

O

OH

Figure 8. Structure of ibuprofen

The synthesis of ibuprofen can be accomplished using isobutyl
benzene and acetic anhydride with four continuous reactions,
which are Friedel-Craft acylation, carbonyl reduction, chloride
substitution, and Grignard reaction (Kilburg & Tyler, 2017)
(Scheme 2).

cl CIMg G

Mg 1) CO,
2) HCl

Scheme 2. Synthesis of ibuprofen

Urease Inhibition of Co(ll) Complex of Ibuprofen-Thiourea

Derivatives

Thiourea derivative is known for its biological activities, such
as antimicrobial (Stratan et al.,, 2018; Vedavathi et al., 2017),
antituberculosis (Stratan et al., 2018), and analgesic (Shoaib et al.,
2017). It has a variety of uses outside of pharmaceuticals,
including as a fungicide and herbicide, a growth inhibitor for
plants, and as a substance used to control insect and insect-
related growth (Shakeel, 2016). It has also been considered as a
particularly good chelating agent for transition metal complexes
by inhibiting enzymes due to their specific molecular architecture
(Mumtaz et al., 2018). Urease is a nickel-based metalloenzyme
that is present throughout the human body (Seraj et al., 2021). It
catalysed the hydrolysis of urea to produce ammonia and carbon

dioxide, which were subsequently protonated to produce
ammonium (Rizvi et al., 2019). This assists in an increase of pH in
the stomach. Urease enzyme can promote the growth of H. pylori
that caused many pathological conditions including peptic ulcer,
hepatic encephalopathy, and urinary stone formation, which
answered the growing interest of urease inhibitor in the medicinal
field in recent years (Kafarski & Talma, 2018; Mumtaz et al., 2018;
Seraj et al., 2021).

Mumtaz et al. (2018) studied urease inhibition by introducing
metal ligands into ibuprofen-thiourea. Ibuprofen-thiourea with
halogen substitutes obtained were characterised and underwent
reaction with metal complex (Figure 9) (Mumtaz et al., 2018). The
synthesis of Co(ll) complex of ibuprofen-thiourea is represented
below (Scheme 3).
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Scheme 3. Synthesis of Co(ll) complex of ibuprofen-thiourea
cl Br %j
HN HN
>=S o) >=S /L_S O
N \Co/ N N >CQ/O M, >CO
N\ \§ Ny \
o '\S_J\ o s=< =<
NH NH NH
cl Br
cl cl
(a) (b) (c)

Figure 9. Proposed structure of Co(ll) complex of ibuprofen-thiourea: (a) chloro substituent, (b) bromo substituent, and (c) dichloro
substituent

Urease inhibition of ibuprofen-thiourea derivatives were
compared with jack bean urease. The enzyme activity was
determined by the amount of ammonia produced measured by
the indophenol method and the absorbance was recorded
(Mumtaz et al., 2018). The collected data indicated that ibuprofen
was unable to inhibit urease enzyme. However, the incorporation
of thiourea moiety into ibuprofen has increased the inhibition
potency of enzyme activity (Seraj et al., 2021). Therefore, thiourea
has been used as a standard for urease inhibition. Table 5 shows
the results for urease inhibition of Co(ll) complex of ibuprofen-
thiourea.

Table 4. Urease Inhibition Activity of Co(ll) Complex of
Ibuprofen-Thiourea Derivatives

Compound ICs0 (ULM) + SEM
(a) 14.6+3.3
(b) 32.9+14.1
(c) 24.6 £7.45
Standard (thiourea) 21.1+1.23

Ibuprofen -
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Ibuprofen-thiourea derivative with metal ligand bearing -Cl
exhibited the most potent inhibition against urease enzyme.
Ibuprofen-thiourea metal-containing bromine atom showed
2018). Although
both -Cland -Br belong to the electron-withdrawing group (EWG),

lower urease inhibition than -Cl (Mumtaz et al.,
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-Cl is more electronegative and has smaller atomic size than -Br,
which may affect the urease inhibitory activity (Rashid et al.,
2020). Moreover, -Br exhibits inadequate inhibition of enzyme
due to extended bulkiness of the compound, which resulted in
longer and more labile bonds (metal ligand easily broken), thus
unsuitable for drug candidates, whereas the presence of -Cl has
altered the volume and shape of the compound, allowing for
positioning in deep cavities of enzyme (Fejzagi¢ et al., 2019).
Compound (c) containing two -Cl at meta-para position showed a
moderate result compared to the standard and compound (b).
This shows that the position of halogens determines the inhibitory
activity instead of the number of halogen present (Ashraf et al.,
2019).

Antibacterial Activity of Metal Complexes with Isoniazid-

Ibuprofen

Formerly, metal has been used as an antimicrobial agent that
is highly beneficial in the medical field. Normal cell metabolism
requires many metals, but higher concentrations may cause
health risks. According to the oligodynamic effect, heavy metal
can bind to thiol or amine moiety of cellular protein, leading to
deactivation and precipitation of proteins. As proteins are
strongly attracted to metal ions, it results in cellular concentration
growth and cell death (Mittapally et al., 2018). As antibiotics are
developed, the use of metals as antimicrobials is gradually being
phased out. However, the emergence of several reports related
to antibiotic resistance became a reason for the development of
metals used as antibiotic conjugates (Hegde et al.,, 2021;
Mittapally et al., 2018).

Isoniazid (Figure 10), also called isonicotinyl hydrazide (INH),
is an antibiotic consisting of a pyridine ring with hydrazine moiety
that has a narrow spectrum antimicrobial against Mycobacterium
tuberculosis (Hegde et al., 2021).

94

NH,
= H/
N~

Figure 10. Structure of isoniazid

It is a pro-drug activated by KatG (a biological enzyme
presents in mycobacteria) to generate isonicotinoyl radical.
Nicotinamide adenine dinucleotide (NAD+) and this free radical
interact to form a complex called NAD-INH, which functions as a
competitive inhibitor of InhA. The inhibition interrupts the entire
process of mycolic acid synthesis, which is responsible for the
formation of mycobacterial cell wall. Furthermore, the inhibition
process resulting in NADH accumulation and ATP burst that is
toxic to the mycobacterial itself ( Shetty & Dick, 2018; Hegde et
al., 2021).

Isoniazid has been used as an antituberculosis agent for more
than 6 decades until the emergence of resistance cases.
Numerous researchers have established isoniazid derivatives to
combat INH resistance using newly discovered mycobacterial
targets and host-directed treatment (Torfs et al., 2019). The
combination of isoniazid-pyrrole hybrid LL-3858 resulting in a
promising compound for tuberculosis treatment (Hu et al., 2017).
Isoniazid embedded with triazole moiety induces antitubercular
and antimicrobial activities. Mixed isoniazid-ibuprofen metal
complexes also showed antibacterial activities (Bamigboye et al.,
2019).

The synthesis of isoniazid-ibuprofen metal complexes (Figure
11) started with isoniazid in methanol and ibuprofen in ethanol,
which were mixed in metal chloride salts (Cu?*, Zn?*, Ni?*, and
Cd?*) and dissolved in solvents. After being refluxed for a short
period of time at a certain temperature, the mixture was cooled
to room temperature, allowed to precipitate, filtered, and
washed with a mixture of solvents. The product was dried in a
desiccator and used in antibacterial screening against E. coli, S.
aureus, and P. aeruginosa (Bamigboye et al., 2019).
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Figure 11. Proposed structure of isoniazid-ibuprofen metal

The antibacterial activity of metal complexes (Ni, Cu, Cd, and Co) isoniazid-ibuprofen compounds resulted in higher inhibition zones
against E. coli, S. aureus, and P. aeruginosa compared to the parent ibuprofen. The results (Table 6) indicated that ibuprofen and isoniazid
themselves did not inhibit bacteria at 20 and 40 uL/mL (except for isoniazid against S. aureus at 40 uL/mL) (Bamigboye et al., 2019).

Table 5. Antibacterial Activity of Complexes, lbuprofen, and Isoniazid

Inhibition Activity at 20 and 40 uL/mL Concentration

Compound/Complexes E. coli S. aureus P. aeruginosa

20.0 40.0 20. 40.0 20.0 40.0
Ni(Iso)(Ibu)Cl, 11.0 14.0 8.0 12.0 8.0 13.0
Cu(Iso)(Ibu)Cl, 4.0 16.0 5.0 24.0 14.0 19.0
Cd(1so)(Ibu)Cl; 22.0 29.0 13.0 14.0 13.0 16.0
Co(Iso)(Ibu)Cl; 9.0 12.0 11.0 11.0 17.0 18.0
Isoniazid (Iso) - - - 11 - -

Ibuprofen (lbu) - -

Meanwhile, the existence of metals in the complex enhanced
the effectiveness of ligand to inhibit bacterial growth. This
increasing antimicrobial activity can be linked to the chelation
theory. Chelation usually results in ligand acting as a more
effective bactericidal agent (Damilola et al.,, 2019). The donor
atoms in the ligands partially share some of the positive charge of
the metal, as in the complex, and may contribute to electron
delocalisation in the chelate ring. This factor contributes to the
lipophilicity of the central metal atom, which improves its
hydrophobicity and solubility in lipids, allowing it to permeate
through the lipid layer of bacterial membrane (Abd El-Halim et al.,
2018).

Anti-Inflammatory and Ulcerogenic Activity of lbuprofen

Bearing Ammonium Moieties

Drugs containing carboxylic acid have an essential function in
the medical treatment of pain and diseases. One of the roles is
acting as a solubiliser to modulate lipophilicity and cell
permeation (Badea & Radu, 2018). However, some claim that the
damage caused by NSAIDs containing a carboxylic group
(ibuprofen, aspirin) is more potent (Mehta et al., 2010). It has
been questioned whether NSAIDs require the presence of
carboxylic acid group. One of the test drugs is ibuprofen. The
carboxylic acid-free group of ibuprofen can cause gastrointestinal
(Gl) toxicity (erosion or bleeding) due to its pharmacological
mechanism that inhibits COX-1 and COX-2, thus decreasing the
formation of prostaglandin and thromboxane systematically
(Bhandari et al., 2008; Ullah et al., 2016).

The synthesis of ibuprofen bearing ammonium moieties is
depicted below (Scheme 4).
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Scheme 4. Synthesis of ibuprofen bearing ammonium derivatives. Reagents and conditions: (i) oxalyl chloride, DCM, 25 °C, 3—12 h; (ii)
pyrrolidine or L-proline, DCM, 25 °C, 3 h; (iii) 2-hydroxyethylamine, DCM, 25 °C, 3 h; (iv) LiAlH4, THF, 25 °C for 3d, reflux (a) for 3 h; and (v)
dry HCl, ether, N,, 25 °C

The subsequent ammonium salt was taken for anti- respectively, whereas celecoxib gave 0.02 pM. This indicates that
inflammatory and ulcerogenic assay. Based on the in vitro results, these drug modifications are not as potent as celecoxib as the
compounds 2e, 3e(i), and 3e(ii) (Figure 12) gave the half-maximal selective COX-2 inhibitor.

inhibitory concentration (ICso) values of 28.1, 22.2, and 20.7 uM,

Hz / /
H
(b)

()

CH,OH
(@)

Figure 12. Structure of ibuprofen-ammonium derivatives

Meanwhile, in the findings of in vivo anti-inflammatory activity (Table 7), the compounds (a) and (b) had a statistically relevant anti-
inflammatory impact in comparison to the control group, whereas compound (c) had no effect (Ullah et al., 2016). Drugs containing
ammonium salts could improve solubility in body fluids (Ouellette & Rawn, 2018). The ammonium salts made from ibuprofen have shown
that NSAIDs are not required to include carboxylic acid groups (Ullah et al., 2016). Nevertheless, further study needs to be done to increase
the potency.

Table 6. COX-1 and COX-2 Inhibition of Ibuprofen Derivatives without Carboxylic Acid Group

ICs0 (M)
Compounds

COX-1 COX-2
(a) >100 28.1
(b) >100 22.2
(c) >100 20.7
Celecoxib >100 0.02

96 DOl:https//doi.org/10.22452/mjs.vol43n01.8

Malaysian Journal of Science 43(1): 86-112 (March 2024)



Malaysian Journal of Science

Regular Issue

Anti-Inflammatory and Anticancer Activity of lbuprofen-

Amide Derivatives

Studies found that amide derivatives of NSAIDs contributed to
antitumor activity (Zhang et al., 2021). Compared to the parent
NSAIDs itself, amide derivatives are said to be potent inhibitors of
cell proliferation. A compound comprises amide linkage is said to
be anticancer, antimicrobial, antinociceptive, and anti-
inflammatory (Haider et al.,, 2018). It is well-known that
heterocyclic compounds containing nitrogen are a valuable

source of therapeutic agents (Figure 13) (Ansari et al., 2017).

OH

DCC o

Figure 13. Structure of amide

Anti-Inflammatory Activity of with 1,3,4-Thiadiazolyl-
Propanamide Ibuprofen Derivatives

Alkabodi et al. (2016) aimed to derive a potential ibuprofen-
amide derivatives drug with selective COX-2 inhibition having a
low ulcerogenic effect. The synthesis of the ibuprofen-amide
derivatives is shown below (Scheme 5):

s—m
\
HQN/L\NIN

o N— N\
reflux /Il\
m S
()
N
reflux O l A\ CFs
cF N /l\ s
S \r 3 H
HN— |
NN (b)

Scheme 5. Synthesis of ibuprofen-amide derivatives

The experiment continued with the anti-inflammatory activity test using the ovalbumin paw edema method of albino rats and ulcerogenic
index screening, and the results obtained are as shown in Table 8 (Alkabodi et al., 2016).

Table 8. Percentage Inhibition of Paw Edema and Ulcer Index to Determine the Anti-Inflammatory Activity of Ibuprofen with 1,3,4-

Thiadiazol Amide Derivatives

Compound % Inhibition of Paw Edema Ulcer Index
(a) 45.0 5.8

(b) 44.0 8.3
Diclofenac 41.0 -

Celecoxib - 6.0
Indomethacin - 17.0

The inhibition of compounds (a) and (b) resulted in a decent
anti-inflammatory activity (45% and 44%, respectively) compared
to the standard drug, diclofenac (41%) (Alkabodi et al., 2016).
Meanwhile, the ulcerogenic screening showed that compounds
(a) and (b) gave 5.8 and 8.3 ulcer index while celecoxib produced
an ulcer index of 6.0. The activity of ibuprofen-amide derivatives
was compared to diclofenac and celecoxib (selective COX-2
inhibitors). Overall, it was discovered that compound (a) gave
better results in comparison to celecoxib. The difference between
compound (a) and celecoxib is the presence of amide functional
group (Alkabodi et al., 2016). Several studies found that the amide

97

derivatives have increased the anti-inflammatory activity (Ahmadi
et al., 2017; Narsinghani & Sharma, 2017).

Compounds (a) and (b) also consist of thiadiazol, which may
contribute to COX-2 inhibition. Several studies on thiadiazol
derivatives showed promising scaffolds for potent selective COX-
2 inhibitors (Maddila et al., 2016; Ragab et al., 2017; Murahari et
al., 2019).

The difference between these two compounds is the presence
of ethyl in compound (a) and trifluoromethyl in compound (b). A
study found that trifluoromethyl may affect the electrical
properties of the target chemicals, and its lipophilicity can

DOl:https//doi.org/10.22452/mjs.vol43n01.8
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promote membrane permeability (Cong et al., 2021). However,
(b) to non-selective COX inhibitor
indomethacin, the Gl side effects for compound (b) are less severe

but not as efficient as a COX-2 inhibitor, celecoxib.

comparing compound

Hence, the presence of amide and 1,3,4-thiadiazol in
ibuprofen-amide derivatives (compound (a)) has improved the
anti-inflammatory effect on the edema paw of albino rats and
gives better tolerance against the ulcerogenic of albino rats

compared to celecoxib.

Anti-inflammatory Activity of Ibuprofen-Amide Derivatives

as Dual FAAH/COX Inhibitor

Ibuprofen can initiate gastrointestinal toxicity after a long
time of usage, and the pharmaceutical industry will design a new

HO

drug candidate with improved therapeutic properties compared
2010). The suppression of both
COX-1 and COX-2 caused gastrointestinal damage. In order to

to the parent drug (Mehta et al.,

overcome this phenomenon, the inhibition of fatty acid amide
hydrolase (FAAH) alongside COX inhibitors is introduced (Deplano
2019; Goodman et al., 2018). FAAH is a serine hydrolase
that is important in controlling the endogenous level of

et al.,

anandamide, an endocannabinoid mediator with analgesic and
tissue protective function, and works as a pain and inflammation
reliever (Dainese et al., 2020; Deplano et al., 2019; Sasso et al.,
2015; Scarpelli et al., 2016). A dual-action FAAH-COX inhibitor is
reported to give useful therapeutic properties. The synthesis of
ibuprofen-amide derivatives is shown below (Scheme 6).

N;\ /?

O
NH,
R
3 N EDC, HOBt,
_ MeCN, rt. 36 h

HN R
o
R=ClI, Br, |, CF3

Scheme 6. Synthesis of ibuprofen-amide derivatives

Figure 14 shows the proposed structure of ibuprofen-amide

derivatives  with  different  substituents (halogen and
trifluoromethyl). The first endogenous ligand discovered to
interact with cannabinoid receptors is N-

arachidonoylethanolamine (AEA). FAAH enzyme breaks down

55

AEA to arachidonic acid and ethanolamine in most rat tissues (Ahn
et al.,, 2009; Marrs & Stella, 2009). The ibuprofen-amide
derivatives were tested towards rat brain FAAH-catalysed
hydrolysis of AEA. The inhibition of the ibuprofen-amide
derivatives at ICso was analysed (Table 9) (Deplano et al., 2020).

8%

Figure 14. Structure of ibuprofen-amide derivatives (Cl, Br, |, CFs3)
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Table 9. ICso Values for the Inhibition of Rat Brain FAAH
Catalysed Hydrolysis of AEA by Ibuprofen-Amide Derivatives

Compound ICsp (LM)
(a) 0.910
(b) 0.083
(c) 0.120
(d) 0.360

lbuprofen -

The presence of -Cl, -Br, and -I resulted in bulky compounds,
which blocked the active sites or affected the permeability of cell
membranes. Even though brominated compounds were said to
be longer with a more labile bond, it allowed for easier
incorporation into molecules (Fejzagi¢ et al., 2019). This explains
the highest potency of ibuprofen-amide derivatives starting with
(b), which has -Br at 0.083 puM, followed by (c) with -1 at 0.120 pM,
(d) with -CF3 at 0.360 uM, and lastly (a) with -Cl at 0.910 uM
(Deplano et al., 2020). These results indicated the presence of
halogen, which increased the potency of ibuprofen-amide

derivatives as FAAH inhibitors but still retained its ability as a
selective COX-2 inhibitor. The presence of EWG such as halogen
and trifluoromethyl gives higher activity compared to ibuprofen
itself.

Anticancer Activity of Dexibuprofen-Amide Derivatives

Anhydrous benzene is present when a reaction took place
between thionyl chloride and dexibuprofen, producing the
In  the
dexibuprofen acid chloride underwent condensation with
substituted amines in the presence of dry acetone to obtain the

corresponding acid chloride. second stage, the

required dexibuprofen-amides (a—d). After being synthesised,
each dexibuprofen-amide derivative was subjected to flash
chromatography to achieve purity and their structures were
validated using spectroscopic data.

The dexibuprofen amides with halogen substituted on
aromatic moieties improved the antitumor activities. These
compounds (Figure 15) were evaluated against breast carcinoma
cells (MCF-7).

Cl Cl
N

()

(a) (b)
Cl Cl Cl
i 1T LT
(d)

Figure 15. Structure of dexibuprofen-amide derivatives with different positions of chloro-halogen: (a) 2-Cl, (b) 2,5-dichloro, (c) 4-choro, and
(d) 2,4-dichloro

Compound (a) with 2-chloro, (b) with 2,5-dichloro, (c) 4-
chloro, and (d) 2,4-dichloro substituted gave excellent I1Csq results
for MCF-7 (Table 10). Both compounds (a) and (b) exhibited
excellent outcomes against the cancer cells, but neither

compound was cytotoxic to normal breast cells.

Table 10. Cytotoxic Activity against MCF-7 Cell Line by the
Synthesised Dexibuprofen Amides, Erlotinib, and Doxorubicin

Compounds 'Cso (uM/mL)
MCEF-7
(a) 0.03 £ 0.004
(b) 0.01 £ 0.002
(c) 6.57 + 1.54
(d) 1.02 +0.15
Erlotinib 0.02 £ 0.003
Doxorubicin 0.04 + 0.006

For compounds (a) and (b), the chloro substituent at the
ortho-position of the phenyl ring is crucial to the anticancer
activity of these derivatives. Under these circumstances, the
chlorine substituents' steric and/or electronic actions caused

99

localised electronic attraction or repulsion, as well as steric
interference with any nearby amino acids of the target proteins.
(Fang et al., 2019). Compound (c) with a para-chloro substituent
has reduced the cytotoxicity. Due to the increasing number of
chloro-substituents, compound (d) demonstrated the least
inhibition. It can be concluded that the location of the halogens,
not their quantity, is the determining factor of inhibitory action
(Ashraf et al., 2019).

Even though ibuprofen was not evaluated in this study,
previous research has shown that it provides limited inhibitory
effect against MCF-7 (Pedro-Hernandez et al.,, 2017). Several
amide derivatives of ibuprofen have shown enhanced
antiproliferative effects when compared to the parent drug
(Abourehab et al., 2021). This supports that dexibuprofen-amide
derivatives are more effective in inhibiting MCF-7 than the parent

drug, ibuprofen (He et al., 2021).

Anti-Inflammatory Activity of Ibuprofen Conjugated with

Silicon

In 2017, novel silicon-containing amides derived from
ibuprofen were successfully synthesised and investigated for their
anti-inflammatory efficacy against nuclear transcription factor kB
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(NF-kB). There were four potential derivative compounds of
silicon-containing amide derivatives that offered better activities
for inhibiting NF-kB when compared to ibuprofen as the parent
drug. The presence of better biological activity coordinated with
the increase in the derivative compound's lipophilicity supports

H .
N\/SWIeZPh

~

3.8

(b)

H
N SiMe,PhOMe

)\/W
(c)
N~ SiMe;
O
(d)

its ability to pass through the cell membrane, making it easier to
reach cytosol as the target area of NF-kB activation. From these
results, it appeared that the conversion of ibuprofen to the form
of amides can affect their anti-inflammatory activity (Pérez et al.,
2017).

H :
N\/Sil\fle3
H

Figure 16. Chemical structure of silicon-containing amide derivatives of ibuprofen

Other studies conducted a modification at the alkyl side chain
of ibuprofen by substituting silicon. The synthesis of silicon
ibuprofen conjugate, which was later named sila-ibuprofen, was

done by reacting 2-[(4-bromo-methyl) phenyl] propionic acid and
dimethylchlorosilane (Me,SiCIH) in a one-pot reaction (Scheme 7)
(Kleemiss et al., 2020).

' \mo
Hol o
_c OH
1

1. NEty/Me,SiCIH
O 2. Mg/Me,SiCIH d O
» Ho | g+
Br OH 3. H0 _Si OH
2

Scheme 7. Synthesis of silicon ibuprofen conjugate

Although there was no significant enhancement in its anti-
inflammatory activity as a COX inhibitor, the substitution of silicon
onto ibuprofen's structure showed the improvement of physical
properties, especially in its solubility. Sila-ibuprofen has four
times higher solubility in physiological media than ibuprofen and
this property can be useful for further development (Kleemiss et
al., 2020).

Anticancer Activity of Ilbuprofen with N-Acyl-1,3,4-

Oxadiazole Derivatives

Researchers in the field of medical and pharmaceutical
chemistry are interested in heterocyclic compounds with nitrogen
atoms. Examples of these types of molecules include oxadiazole
moieties. Due to its versatility in terms of its effects on living

things, the 1,3,4-oxadiazole heterocyclic ring is regarded as one of
the most important heterocyclic moieties (Ahsan, 2018; Siwach &
Verma, 2020). 1,3,4-oxadiazole derivatives have been reported to
exhibit therapeutic activities, such as antibacterial (Glomb &
Swigtek, 2021), anti-inflammatory (Chawla et al., 2018),
antioxidant (Mihailovi¢ et al., 2017), and antitumor (Nayak et al.,
2021). The compounds have different mechanisms of action that
are significant in perceiving the resistance of tumours to standard
drug treatment (Glomb et al., 2018).

It was discovered that ibuprofen that is associated with 1,3,4-
oxadiazole derivatives with halogen, methoxy, and nitro-
substituents exhibited promising results in anticancer studies
(Alderawy et al., 2020). The synthesis of the compounds can be
summarised as below (Scheme 8).
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Scheme 8. Synthesis of ibuprofen-N-acyl-1,3,4-oxadiazole

Compounds (a)—(d) (Figure 17) were studied against MCF-7, and it was found that most of the compounds gave high percentage inhibition
(Table 11) (Alderawy et al., 2020).

II
—H c— N—N-C—

*@ QL
(a) (b)
II
N—N C— N—N C—
gy *@M
(c) (d)
Figure 17. Structure of ibuprofen-N-acyl-1,3,4-oxadiazole with (a) 4-NO,, (b) 4-Fl, (c) 4-Cl, and (d) 4-OCHs
Table 11. Percentage Inhibition of MCF-7 by Ibuprofen-N-acyl- and substitute are quite common in compound derivatives to
1,3,4-Oxadiazole Derivatives study the anticancer and antiproliferation activities and were
Compound % Inhibition of MCF-7 found to be successful in several studies, especially against MCF-
() 84.9 7 cell line (Alghamdi & Nazreen, 2020; Hassanzadeh et al., 2020;
Khanam et al., 2017; Yadav et al., 2020). It has been demonstrated
(b) 851 that derivatives containing aromatic rings and nitro groups exhibit
() 74.7 significant cytotoxicity, especially when used against MCF-7
(d) 83.8 cancer cells.
Control 0 As 4-methoxy is introduced as a substitute, there was a slight
decrease in antitumor activity to 83.8% (Alderawy et al., 2020).
Among all the tested compounds, compound (b) containing 4- Studies found that the methoxy group can contribute to positive
fluoro gave the highest inhibition against MCF-7 cell line (85.1%) results in anticancer activity (Bonakdar et al., 2017; El-Sayed et al.,
(Alderawy et al., 2020). The presence of 4-fluoro on 1,3,4- 2017). The number and positioning of the methoxy substituent
oxadiazole derivatives exhibited great focal adhesion kinase are also crucial in cytotoxicity (Novilla et al., 2019).
(FAK), which is a common intracellular kinase that regulates Previous research demonstrated that ibuprofen has limited
signalling pathways related with cellular migration, proliferation, effectiveness (<20%) against MCF-7 (Pedro-Hernandez et al,,
and survival, making it a significant aim in developing anticancer 2017), but this was not evaluated in the current study. However,
drugs (Liew et al., 2020). the result indicates that the presence of N-acyl-1,3,4-oxadiazole
As presumed, NO, and 1,3,4-oxadiazole gave one of the contributes to the anticancer effect against breast cancer cells.

highest inhibitions among derivatives, up to 84.9%. These moiety
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Anticancer  Activity of Organoselenides-lbuprofen
Derivatives
Compounds containing organoselenium are becoming more

significant in the fields of enzymology, medicine, and bio-organic

relevant analytes, such as ROS. Production of ROS is linked to
Alzheimer, Parkinson, and cancer, where excess production is a
key cause (Kumawat et al., 2021; Madibone et al., 2020). The
organoselenides-ibuprofen derivatives are synthesised according

chemistry (Mugesh et al, 2001). Organoselenium-based to Scheme 9.
molecular probes allow accurate detection of physiologically
A~ KSeCN A~ &
HO Br HO SeCN 4+ DCC, DCM
CH4CN, o _—
DMAP
A
@]
TBAF, TMSCF q
NN ’ g
© SeCN 07 ™>"secF;
THF
(a) (b)

Scheme 9. Synthesis of organoselenides-ibuprofen derivatives. Compound (a) cyano substituted and compound (b) trifluoromethyl
substituted

The capability of organoselenides-ibuprofen derivatives to
suppress the development of human tumour cell lines, such as
CaCO; (human epithelial colorectal adenocarcinoma cell line),
BGC-823 (human gastric cancer cell line), MCF-7, and PC-3
(human prostate cancer cell line) was examined, and the results
are presented in Table 12. MTT assay was used to evaluate
anticancer activities in vitro while the positive control used was 5-
fluorouracil as it is often used in cancer treatment, both adjuvant
and palliative.

Table 7. Cytotoxic Activity against CaCO,, BGC-823, MCF-7, and
PC-3 by Organoselenides-Ibuprofen Derivatives, Ibuprofen, and
5-Fluorouracil

ICso (UM)
Compounds CaCoO, BGC- MCF-7 PC-3
823
(a) 145+18 173 + 89+08 112 ¢
2.3 2.3
(b) 11.3+15 82+07 7.7+06 104 %
0.9
Ibuprofen >50 >50 >50 >50
5-Fluorouracil 7.8+3.1 154 + 123 + 95
1.8 2.2 1.1

Although compound (a) was effective in inhibiting CaCO,,
BGC-823, and PC-3 cancer cells, it could not surpass the
performance of 5-fluorouracil. However, it was still superior to
standard ibuprofen.

Compound (b) was discovered to have higher inhibitory
efficacy against CaCO,, BGC-823, MCF-7, and PC-3 cells when the
derivatives were compared to ibuprofen. The drug showed lower
ICsp values against BGC-823 and MCF-7 cells in comparison to the
standard anticancer drug, 5-fluorouacil. Compound (b) contains
trifluoromethyl (-CF3), which is known to have anticancer effects.
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It is possible that this factor contributed to the suppression of
cancer cells (Lanquist et al., 2021; Olszewska et al., 2020; Scattolin
et al.,, 2020; Wang et al.,, 2019). Fluorine-containing groups,
notably perfluorinated fragments, can drastically modify
pharmacological characteristics (Scattolin et al., 2020).

Anticancer Activity of Ibuprofen-Organotin Complexes

Figure 18 illustrates an example of an organotin compound,
which is defined as bearing at least one covalent connection
between a carbon (C) atom and a tin (Sn) atom. They are usually
denoted by the formula RaSnXs.; (a = 1-3, R = aryl or alkyl, X =
halogen ion or carboxylate, etc.) (Ghani & Yousif, 2021).

) I R
R-Sln—x R-Sln—R R-Sln—X
X X R

Figure 18. Chemical structure of organotin

Organotin compounds have two stable states, which are (l1)
and (IV) (Ghani & Yousif, 2021). Since the past few years, organic
tin(IV) complexes have been used in the field of cancer treatment
and have proven their effectiveness to treat lung cancer (A-549),
cervical cancer (Hela), and breast adenocarcinoma (MDA-MB-
231) (Hazra et al.,, 2016). Lately, the cytotoxicity effect of
organotin(lV) has been reported to have great complex synergy
with NSAIDs (Antonenko et al., 2022). Complexes of ibuprofen
with triorganotin(IV), IBF-dimethyltin(IV), and IBF-dibutyltin(IV)
were successfully synthesised by Kumari et al. in 2020. In the
same year, Farooqi et al. (2020) also reported on the synthesis
of triphenyltin(IV) ibuprofen. The synthesis was done through a
single-step reaction by reacting the mixture of triphenyltin
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hydroxide and ibuprofen in dry ethanol under 7 h reflux. The yield
of the product was favourable and it was characterised
spectroscopically (Farooqi et al., 2020).

The synthesised compounds (Figure 19) were tested against

human cancer cell lines viz. prostate cancer (DU145), colon

adenocarcinoma (HCT-15), colorectal cancer (CaCO;), breast
cancer (MCF-7), androgen-sensitive prostate adenocarcinoma
(LNCaP), and Hela (Kumari et al., 2020).

(@] / @]
Sn— n R 0
RJ\O/ \ R)J\O/ NN @
(a) (b) (c)
o R
T R
Sn o) O=<
R O !O\*‘b({/ 0
:S{‘F—-d\ 5 /\/\Sr/]\/\/
O )\'c*a‘{\/ O/
\\
):O >=O R=
R R
(d) (e)

Figure 19. Chemical structure of organotin(lV) complexes with ibuprofen

According to the results (Table 13), the complexes exhibited
several activities against various cell lines. Except for compound
(a) [MesSn(IBF)], all the compounds (b, c, d, and e) induced the
cytotoxicity in the researched cancer cell lines. Compound
(c) [PhsSn(IBF)] exhibited the greatest cytotoxicity against
colorectal cancer (CaCO,), with an ICsg value of 1.21 uM, which
was superior compared to cisplatin, followed by compound (b)
[BusSn(IBF)] (ICso = 2.48 uM) and compound (d) [[Me2Sn(IBF)],0,]
(ICsp = 13.38 uM). Furthermore, IBF demonstrated potent
cytotoxicity only against prostate cancer cells (DU145) (ICso = 1.65
uM) while being non-cytotoxic (ICso 100 uM) against HCT-15 and
CaCoO; cell lines. In terms of 1Csg value against DU145, compound

(d) and (e) [BuaSn(IBF);] demonstrated approximately 2.6-4.0
times higher activity than 5-fluorouracil. Compound (c) was
moderately cytotoxic to DU145. Compound (d) (ICso = 2.188 uM)
also demonstrated the greatest cytotoxicity against colon cancer
cells (HCT-15), which was approximately 6 and 2 times greater
than 5-fluorouracil and cisplatin, respectively. As a result,
compound (d) was highly cytotoxic, with the greatest cytotoxicity
against prostate and colon cancer cell lines among compound (a)—
(e), whereas compound (c) was very cytotoxic to colorectal cancer
cell lines (Kumari et al., 2020).

Table 8. Cytotoxicity of Synthesised Compounds against Tested Cancer Cell Lines

ICso (LM)
Compounds DU145 HCT-15 Caco,
(a) 100 100 100
(b) 100 100 2.48+0.1
(c) 19.22+0.8 100 1.21+0.84
(d) 3.97+0.81 2.188 + 0.67 13.38+1.5
(e) 5.92+1.54 3232+2.1 100
Ibuprofen 1.65+0.2 100 100
5-Fluorouracil 15.4+0.8 12.2+0.5 -
Cisplatin - 5.04+1.4 96.38 £ 32.03
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4. Conclusions

The modification of drugs to find other or better biological
activities that can benefit humankind has become increasingly
common. This review article offers a comprehensive synthesis
and analysis of common drugs, including their modifications and
effects on potential biological activities. The introduction of metal
(Cu, Co, Mg, etc.)
modification, especially acetaminophen and ibuprofen, enhanced
the effectiveness of ligands to inhibit bacterial growth. The

complexes in over-the-counter drug

antimicrobial activities of M-piperaquine-acetaminophen, M-
prednisolone-acetaminophen, Mg(ll)acetaminophen, and M-
acetaminophen-ascorbic acid against Gram-positive and Gram-
negative bacteria are higher compared to standard
acetaminophen. The metal complex of ibuprofen-thiourea is a
great urease inhibitor compared to ibuprofen, especially at meta-
position with chloro-substituent. Chlorine is more electronegative
and has smaller atoms, which may affect the urease inhibitory
activity. The removal of carboxylic acid in ibuprofen (affect
gastrointestinal) is replaced by ammonium moieties, which are
slightly better than ibuprofen in terms of anti-inflammatory
activity. lbuprofen-amide derivatives also showed positive anti-
inflammatory results compared to standard celecoxib, and the
presence of halogen (Br) affected cell permeability, thus
the potency of FAAH/substrate-selective COX
inhibitors. Ibuprofen silicon conjugate has high antioxidant

activity. Ibuprofen with 1,3,4-oxadiazole gives promising results in

increasing

the anticancer activity of breast cancer cells, especially in

halogen-, methoxy-, and nitro-substituted compounds.
Furthermore, ibuprofen with organotin complexes has better
anticancer activity compared to the parent drug. According to the
findings of this review article, the majority of the derivatives or
metal complexes of acetaminophen and ibuprofen exhibited
promising biological activities, although further research is
necessary to fully exploit the potential of these compounds in
developing novel therapeutics. This includes studying their safety,
pharmacokinetics, and pharmacodynamics, as well as optimising
novel modifications or metal complexes of current
acetaminophen and ibuprofen to improve their therapeutic

applications.
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