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Abstract 

Curcumin (Diferuloylmethane) a phenolic compound, an active component of turmeric, has been extensively 

explored for its wide range of biological activities due it its nontoxic nature even at high concentrations. It 

has been reported to demonstrate anti-inflammatory, antimalarial, anti-oxidant, anti osteoporosis, anti-

bacterial, anti-fungal, anti-cancerous properties. This compound has excellent therapeutic potential but the 

facts which constrains its use as a therapeutic agent include poor stability in vivo, low bioavailability and 

high rate of metabolism. In vivo studies established the fact that curcumin gets degraded into inactive 

metabolites. Many modifications have been done in curcumin to improve drawbacks of natural curcumin 

among which one approach is to modify 7 carbon spacer (C-7) diketone moiety by 5 carbon spacer (C-5) 

moiety and preparing its open chain, homocyclic and heterocyclic analogues to study its implications on 

biological activities. The promising biological activities of such derivatives prompted medicinal chemists to 

further explore the possible modification in thrust to get lead molecule for further studies. The various 

modifications included symmetrical and unsymmetrical C-5 analogues. The modification was also done by 

preparing acyclic as well as cyclic analogues of C-5 curcumin including homocyclic and heterocyclic 

analogues. Promising and diverse biological activities of these derivatives further encouraged medicinal 

chemists to explore the molecule and elicit the therapeutic potential of molecules obtained. In current review 

exhaustive study of various methods to obtain such curcuminoids are reported along with the biological 

activity data of revamped molecules. 
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Introduction 

A primary yellow-orange coloured natural 

polyphenol called diferuloylmethane, known 

widely as curcumin (1,7-bis(4-hydroxy-3-

methoxyphenyl)-1,6-heptadiene-3,5-dione), is a 

constituent found in the rhizome of Curcuma 

longa Linn which is grown in tropical climatic 

regions.  

 

 
Figure 1: Dried Turmeric in which Curcumin is 

present 

 

Curcumin is soluble in organic solvents like 

methanol, dimethyl sulfoxide, acetone, ethanol 

etc. Curcumin decomposes in organic solvents 

when exposed to light[1–3]. It has a melting 

temperature of 183°C and a molecular mass of 

368.37g. [4]. Due to its antimutagenic, anticancer, 

antibacterial, and anti-inflammatory qualities, 

turmeric has a longstanding experience of 

utilisation as a medicine in Asian nations. 

Turmeric's active ingredients are the flavonoid 

curcumin (diferuloylmethane) and a variety of 

volatile oils such as turmerone, atlantone, and 

zingiberene.[5]. Curcumin (77%), 

demethoxycurcumin (17%), and 

bisdemethoxycurcumin (3%), collectively known 

as curcuminoids, are the three main components 

of commercial Curcumin (Figure 1)[6]. 

 

 
Figure 2: Various available forms of curcumin 

 

In solution, curcumin exists as tautomer which are 

an enol and a keto form which is further solution 

acidity dependent (Figure 2) [7]. In neutral and 

acidic environments, keto predominates, whereas 

enol occurs in alkaline media. Resonance-assisted 

hydrogen bonding stabilises the enol form [8,9].  

 

 
Figure 3: Keto-Enol tautomerism in Curcumin 

 

Curcumin has three varied pKa values, according 

to reports. The first two values i.e., 7.8, 8.5 are 

derived from the two -OH groups that are phenolic 

in nature, and the third value i.e., 9.0 is derived 

from the enolic proton. Curcumin has an octanol-

water partition coefficient of 3.29 [10–13]. Rapid 

hydrolytic degradation of the compound occurs 

while dissociating at pH which is higher than 7. 

The major breakdown products have previously 

been reported as ferulic acid, feruloyl methane, 

and vanillin, with the latter being a subsequent 

degradation product created by feruloyl methane 

hydrolysis. The outstanding therapeutic 

effectiveness of curcumin has been related to its 

low toxicity profile, and it has been established 

that curcumin is non-toxic even at large oral 

dosages of 12 g/day [14]. Despite its safety profile 

& desirable biological properties, curcumin has 

not been approved as a therapeutic agent due to 

poor bioavailability. Curcumin's uses are 

circumscribed owing to its low solubility in water, 

that leads to poor bioavailability, quick excretion 

from the body post expeditious metabolism into 

inactive metabolites [15] and poor systemic and 

oral bioavailability [16][17]. Curcumin’s β-

diketone functionality is well known as an aldo-

keto reductase precursor in the liver, which could 
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be among one of the explanations for curcumin's 

fast catabolism in vivo [18,19]. Furthermore, 

curcumin forms a complex with several targets, 

including albumin [20] and is thus seldom 

detected unbound/free in vivo. Another 

impediment is curcumin's limited cellular 

absorption due to its hydrophobic nature. 

Curcumin has a proclivity to infiltrate the cellular 

membrane and bind to the lipid membranes' fatty 

acyl chains through hydrogen bonding and 

hydrophobic interactions, leading to decreased 

curcumin availability within the cytoplasm 

[21,22].Various groups of researchers took these 

aspects into consideration and created five carbon 

enone mimics of curcumin (C-5 curcuminoids) 

having 1,5-diaryl-3-oxo-1,4-pentadienyl 

pharmacophore to replace seven carbon enone 

moiety (C-7 curcuminoids) in the hopes of 

retaining its activity while enhancing 

bioavailability [23–25]. When compared to 

curcumin and other C7-curcuminoids, C5-

curcuminoids and their analogues have a stronger 

pharmacological profile, including enhanced 

bioavailability, high potency, and improved 

metabolic stability [26–29]. The results 

demonstrated that analogues with a 5-carbon 

spacer can significantly boost the biological 

activity of curcumin analogues [30]. Curcumin 

mono-carbonyl analogues (MAC) carry the 

potential anti-invasive chemotypes, cure to 

Alzheimer’s disease [31], antibacterial [32], anti-

inflammatory [33], anticancer [34], anti-obesity 

[35], antileishmanial [36], antioxidant [37], anti-

tubulin activities [38], proinflammatory and 

lipoxygenase cytokines [39], topoisomerase-II 

alpha inhibitors [40] and antiparasitic [41] 

activities. Several of the mono-carbonyl curcumin 

analogues are said to have a superior 

pharmacokinetic profile & improved in vivo 

stability [42].  Concept of designing hybrid 

molecules for better efficacy is being adopted by 

medicinal chemists for drug discovery [43–50].  

 

 
Figure 4: Sites for modification in Curcumin and modified analogues 

 

Cancer targeting C-5 curcuminoids 

The typical, healthy body's 37.2 trillion cells 

coexist in a complex yet co-ordinated relationship 

through which they control one another's growth. 

Healthy and normal cells only multiply when 

prompted to do so by neighbouring cells. This 

continuous collaboration ensures that each tissue 

retains the dimensions and structure required by 

the body. Mammalian cells typically multiply and 

spread via a process referred to as cell division to 

generate new cells when the demand is made by 

the human body.  New cells take the place of the 

cells that die due to age or injury. Cancer is a 

medical condition that arises when certain cells in 

the body multiply rapidly and spread to other 

places of the body. In reality, the term "cancer" 

refers to more than 100 different types of the 

illness. Cancer may appear in almost any region of 

the human body. Damaged or abnormal cells grow 

and multiply when this well-ordered machinery 

breaks down. These cells can join to form tissue 

lumps which are called tumours. Tumours may be 

benign or malignant i.e., it could either be 

cancerous or not. Although a healthy body kills 

the cells with damaged DNA before they become 

malignant then also almost every tissue in the 

body has the potential to become cancerous. Every 

cancer has distinct characteristics. Our bodies' 

capability to accomplish this task declines as we 

grow old which further contributes to the 
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increased risk of cancer later in life. Each patient's 

cancer has a unique set of genetic changes. As the 

cancer advances, other changes will occur. 

Distinct cells within the given tumour may have 

genetic changes that are poles apart. Cancer is one 

of the most lethal diseases in modern history, 

claiming the lives of many people each year. In 

2020, approximately 0.0193 billion new cancer 

cases emerged globally out of which 0.0181 

billion cases were there excluding skin cancer of 

non-melanoma cells and over 0.01 billion cancer 

deaths were reported out of which 0.0099 billion 

were there excluding skin cancer that is non-

melanoma. With a projected 11.7% of all new 

cases, female breast cancer became the most 

frequently diagnosed malignancy (2.3 million). It 

was further followed by 10% colorectal cancer 

cases, 11.4% cases of lung cancer, 5.6% cases of 

stomach cancer & 7.3% cases of prostate cancer. 

With 0.0018 billion deaths the primary cancer-

causing factor is lung cancer mortality, then 9.4% 

of cancer cases related to colorectal, 8.3% liver 

cancer cases, 7.7% stomach cancer cases, and 

6.9% female breast cancer cases. In accordance 

with a recent assessment issued by the NCRP 

which stands for National Cancer Registry 

Programme, the number of cancer cases is 

expected to rise to 15.7 lakh by 2025 as compared 

to 13.9 lakh in 2020, which makes it a surge of 

almost 20%. 

 

 
Figure 5: Cancer cell activities causing drug resistance. 

 

 
Figure 6: Mechanism of action of anti-cancer drugs 

 

Anthwal et al. synthesised C-5 curcumin 

analogues with general structure 1 and did 

variations in nucleus of C-5 curcumin by replacing 

-H atom with methoxy group along with which 

benzylamide derivatives and substituted aromatic 

amide were employed in amido-ether linker. 

Investigators examined their cytotoxicity on 

colorectal cancer (HCT116) and chronic myeloid 

leukaemia cell lines (KBM5). When curcumin 

analogues were combined with derivatives of 

benzylamide, the produced molecule with -OCH3 

substitution in the C-5 curcumin core as well as 

the aromatic ring displayed significant activity. It 

showed 83.63 ± 0.34 % growth inhibition in 

chronic myeloid leukaemia (KBM5) and 57.96 ± 

0.24% growth inhibition in cancer cell lines of 

colon (HCT116) at 5 𝜇M. Curcumin analogues 

with aromatic amides molecules and chloro 

substituents at 4 and 3 positions, correspondingly, 

demonstrated greater cytotoxicity than curcumin 

in two cancer cell lines under study. The molecule 

containing the -OCH3 group on the C-5 curcumin 

has been reported to be the most active. A 

molecule having a -OCH3 group on the C5 

curcumin ring that was substituted by -CH3 

groups at the 2 and 6-position in aromatic ring of 

amide generated promising results [51] .
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Figure 7: Curcumin analogues showing growth inhibition in KBM5 and HCT116 cell lines 

 

Monocarbonyl analogues of curcumin 2 and 3 that 

Sanabria-Ríos et al. synthesised have a immediate 

cytotoxic effect on CCL-229 (colon cancer) cells 

& impede their dose-dependent in vitro 

proliferation. Three compounds were the most 

effective conjugates against CCL-229 out of the 

ten C-5-Cur-FA (C-5-curcumin-fatty acid) 

examined, with IC50 values that ranged from 56.1 

to 22.5 µg/mL. The ability of C-5-Cur-FA to fight 

cancer rises when fatty acyl chain's carbon atom 

count decreases. C-5-Cur-FA conjugates with 

cyclohexanone moiety had lower antitumor 

efficacy against CCL-229 cells. The introduction 

of the -OMe group in a C-5-Cur-FA compound 

demonstrates anti-cancer properties and influences 

its anti-cancer activity against CCL-229. The 

addition of -OMe group at position that is para in 

curcuminoids in combination with chain length of 

16 carbon fatty acids moieties improves their 

anticancer efficacy. The para location of the 

methoxy group reduces its antitumor action. The 

fatty acid moiety plays a major role in C-5-Cur-

FA conjugates anticancer action against colorectal 

cancer cells [52]. According to Singh et al., 

conjugating fatty acids to C-5 curcumin is 

intended to improve half-life, enhance 

lipophilicity, improve cellular uptake, and lowers 

metabolism rate by carboxyesterase within the 

cell, ensuring low toxicity and high bioavailability 

as fatty acids are naturally occurring constituents 

of cell membranes. The inclusion of a fatty acid 

moiety in curcumin, as well as the removal of a -

C=O group, diminishes the cytotoxicity of C-5-

Cur-FA moiety when applied to PBMC 

(peripheral blood mononuclear cells)[53]. 

 

 
Figure 8: Monocarbonyl curcumin analogues with cytotoxic effect on CCL-229 

 

According to the study results, presence -OMe 

moiety in the aromatic ring of the 2-Indanone is 

responsible for the cytotoxic effect. A curcumin 

derivative called IND-4 showed strong 

cytotoxicity against all types of cell lines and 

revealed that curcumin was outperformed by IND-

4 in terms of anti-proliferative and cytotoxicity 

activities by 20 folds. Zhou et al. discovered that a 

curcumin derivative incorporating 2-Indanone 

effectively demonstrated potent activity against 

BxPC-3 cells (cancer of pancreas), PC-3 cells 

(cancer of prostate), HT-29 cells (cancer of colon), 

RWPE-1 cells (epithelium cells in the human 

prostate that are not cancerous) and H1299 cell 

(lung cancer). Moreover, research found that more 

interaction between a curcumin derivative and the 

DNA of cancer cells via decreased steric 

hindrance demonstrated excellent anticancer 

activity [54]. 
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Figure 9: IND-4 effectively used against BxPC-3 

cells, PC-3 cells, HT-29 cells, RWPE-1 cells and 

H1299 cells 

 

Helal et al. investigated the anti-proliferative 

effect of curcumin versus 5-Fluorouracil 

analogues (3,5-bis(benzylidene)-4-piperidone 

analogue), against HCT116 (colorectal cancer 

cells). By interfering with mitochondrial 

functioning, 3,5-bis (benzylidene)-4-piperidone 

analogues demonstrated remarkable capacity to 

inhibit proliferation by decreasing oxygen 

consumption and increasing ROS production. Das 

et al. carefully examined the effects of dimeric 3, 

5-bis(arylidene)-4-piperidones, one of the 

derivatives of curcumin, on HT29 and HCT116 

cell lines and compared them to curcumin and 5-

fluorouracil. The study established the fact that 

curcumin analogues had IC50 values in the 

nanomolar to sub-micromolar range, and amidic 

carbonyl groups contributed considerably to its 

cytotoxic effect. Nevertheless, it has been 

proposed that inserting an electron withdrawing 

group that is strong in nature within the aryl rings 

might improve the efficiency of the curcumin 

counterpart.[55,56] 

 

 
Figure 10: Mono-carbonyl analogue of curcumin with potential against HT29 and HCT116 cancer cell lines 

 

Lin et al. examined a novel curcumin analogue 

(GO-Y030) that enhanced apoptosis efficacy by 

suppressing STAT3 phosphorylation by starting 

caspase-3 and PARP cleavages, lowering cell 

viability, and preventing tumoursphere 

development. Furthermore, the findings indicated 

that the STAT3 derivative that is targeted give 

potential apoptosis in colorectal cancer cell lines. 

[57]. 

 

 
Figure 11: Structure of curcumin analogue GO-Y030 

 

A piperidone linkage has been substituted for the 

di-carbonyl group of curcumin in generic structure 

4 which was further found to be endowed with 

anticancer action .The GI50 of compound  with a 

benzyl moiety has been demonstrated to be closer 

to 10-3 M against every types of cancer cells 

tested[58].Adams et al. developed and synthesised 

new curcumin derivatives based on curcumin's 

structure, with compound EF24 being the most 

efficient in triggering apoptosis in human cancer 

cells from the prostate and breast among  100 

produced analogues. The thorough investigation 

indicated that EF24 serves as Michael's acceptor, 

producing cell cycle halt by mitochondrial 

membrane ruptures. H4073 was produced when a 

fluorine atom was placed in the para position with 

improved anti-ovarian cancer cell activity [59]. 

EF31 performed marginally superior than EF24, 
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where the aryl moiety connected to the core ring 

in EF24 was substituted with a pyridine nucleus. 

In Tu212 SCC, (Squamous cell cancer) cells, the 

in vitro cytotoxic effects of EF31 and EF24 

compounds were determined to be 7μM & 8μM, 

respectively [60]. UBS 109 was produced as a 

result of the central piperidon-4-one ring in EF31 

being N-methylated. When pancreatic cancer cell 

lines were examined for their ability to inhibit 

angiogenesis, it was discovered to adversely 

influence NF-κB causing the DNMT-1 gene to be 

down-regulated (DNA methyltransferase-1). In 

pancreatic cancer, the important cell proliferation 

regulator DNMT-1 is overexpressed. Head and 

neck SCC cancers have also been treated with 

UBS 109 [61,62]. In ovarian cancer cell lines, EF-

31 inhibits NF-κB activity[63,64]. A variety of N- 

acylated or alkylated 3,5-bis(arylidene)-4-

piperidones (DAP were synthesized using Claisen 

Schmidt condensation of piperidin-4-one with the 

appropriate aldehyde. Studies were done on the 

cytotoxic effects of the compounds generated as 

well as their preference for the MCF-7 lines of 

cancer cells and A2780 over both healthy and 

normal cell lines. DAP derivatives have been 

discovered as strong curcumin equivalents that 

fight cancer. HO3867 outperformed the other 

derivatives created and was selected to be the key 

molecule for future investigation. [65]. By its 

antioxidant effect, this derivative has been shown 

to reduce the expression of STAT3 in malignant 

cells whilst safeguarding healthy cells. 

 

 
Figure 12: Cyclic curcumin analogues with potent biological activities 

 

The most active compound 5 with pyridine rings 

linked by an acetone linker exhibited cytotoxicity 

against a variety of cancer cell types[66]. The 

anticancer properties of diarylpentanoid analogues 

were examined in cancer cell lines of liver by 

Xiao et al. The most effective compound, GL 63 

i.e. (1E,4E)-1,5-bis(2-bromophenyl)penta-1,4-

dien-3-one, suppressed cells of hepatocellular 

cancer at a concentration significantly lower than 

curcumin. [67]. Further research on the function of 

GL63 in ovarian cancer by Qu et al. revealed that 

it exhibited cytotoxic effects that vary with dosage 

on the HO8910 cell line.[68]. GL63 also inhibits 

the JAK2/STAT3 signalling mechanism. Tumour 

development was inhibited in wistar rats and mice 

experiments[69,70]. As compared to the parent 

medicine(curcumin), compound 6 has showed 

considerable inactivation of DU145 and PC-3 

prostate cancer cell lines [71] .By shifting the 

compound's hydroxyl group from position 3 to 

position 2, another potent molecule 7 was created, 

with EC50 values of 1.03±0.5 μM & 2.6±0.9 μM in 

CaSki & HeLa cell lines, correspondingly[72]. A 

comprehensive analysis of the way that 

synthesized diarylpentanoid analogues work, 

specifically 1,5-bis(2,3-dimethoxyphenyl)penta-

1,4-dien-3-one 8 revealed that stimulation of the 

stress signalling mechanism in the endoplasmic 

reticulum is critical in demonstrating cytotoxic 

activity [73]. A novel diarylpentanoid analogue of 

curcumin 9 exerts anti-neoplastic actions in non-

small cell cells of lung cancer through an ER 

stress-mediated pathway [74].In contrast to earlier 

research that indicated symmetry to be a crucial 

factor in identifying anti-cancer activity, Zhang et 

al. discovered WZ35, an asymmetric curcumin 

derivative that was earlier synthesized and shown 

to be 9.5 times as powerful than curcumin [75]. 
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Figure 13: Acyclic curcumin analogues showing anticancer activity 

 

When PGV-0 and PGV-1 were combined, they 

displayed increased sensitivity to MCF-7 cells that 

were resistant to doxorubicin [76] .In MDA-MB-

231 breast cancer cells, RL91 showed excellent 

outcomes with an EC50 value of 1.10 µM. Its 

derivative triggered apoptosis by suppressing the 

cell cycle at G2/M [77]. Yadav et al. went on to 

synthesis a variety of compounds and put them to 

the test in ER-negative cell lines of breast cancer, 

Compound 10 explains substantial cytotoxic 

effects on MBA-MB-231 cell lines with EC50 

value equivalent to 3.2 µM [78]. This compound 

has also been found to exhibit anticancer 

properties in human prostate cancer cells, although 

through mechanism of oxidative stress[79]. It was 

shown that curcumin alone was not as effective as 

the other analogues used in the study, but also 

compound 11 was also effective in inhibiting the 

NF-κB driven pathway. [80]. The most effective 

derivative, synthesised compound 12 demonstrates 

IC50 values 117, 46 and 72fold higher 

than curcumin moiety against growing colon, 

pancreatic, and prostate cancer cells, respectively 

[81]. In HeLa cells, the cyclohexanone-based new 

compound 13 had an IC50 of 0.64 µM, that was 

significantly lesser than that of the well-known 

anticancer agent doxorubicin[82] .Using terminal 

phenol and benzimidazole moieties as well as a 

cyclohexanone linker, another new asymmetric 

curcumin derivative, IHCH, displayed 

effective proliferation-resistant  in lung cancer 

cells (A549) at 40 µM. [83] .   

 

 
Figure 14: Cyclic curcuminoids with anticancer activity 

The G2/M stage of colorectal and breast cancer 

cells' cell cycles is retarded by an analogue of 

curcumin known as PAC i.e., 5-Bis-(4-hydroxy-3-

methoxybenzylidene)-N-methyl-4-piperidone. In 

two varieties of mentioned cells and the mouse 

model, it reduces tumour development and 
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prevents the transition of epithelial cells to mesenchymal cells[84,85]. 

 

 
Figure 15: PAC retards G2/M stage cell cycles of colorectal and breast cancer cells 

 

For pancreatic, colorectal, breast, neck and head 

squamous cell cancer lines, FLLL12 and FLLL11 

are curcumin analogues that exhibit comparable 

behaviour. They particularly trigger the apoptosis-

inducing process through caspase-3 and PARP 

cleavage by activating the apoptotic signalling 

system[86]. 

 

 

 
Figure 16: Compounds used against pancreatic, colorectal, breast, neck and head squamous cell cancer lines 

 

To assess the cytotoxicity of the comparable 

ruthenium arene compounds 15a-b and 16a-b and 

the organic MAC entities 14a-b, the MTT assay 

was performed using the human acute 

lymphoblastic cell line MOLT-4[87]. It was 

discovered that the anticancer efficacy of the 

ruthenium and MAC analogues, which comprised 

of the cyclopentanone moiety in their structural 

motif, rose by an order of magnitude as more 

organo-ruthenium centres were linked to the 

ligand [88]. IC50 values for a set of ruthenium and 

MAC compounds that use cyclohexanone as a 

linker are comparable throughout all complexes 

and similar to that discovered for the reference 

medication cisplatin in terms of magnitude. 

According to earlier studies, comparable 

compounds with the cyclopentanone structural 

motif had less inhibitory effect on the proliferation 

of cancer cell lines and the androgen receptor than 

organic MACs with cyclohexanone linkers. These 

results concur with those of our investigation[89–

91]. 

 

 
Figure 17: Ruthenium and MAC derivatives with potent anti-cancer activity 
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The anticancer effects of a newly synthesised 

curcumin analogue (JZ534) on lung cancer cell 

lines have been studied. By suppressing growth, 

causing apoptosis, & increasing the expression of 

proteins associated with apoptosis, including 

caspase 3, Bax, and p53, it demonstrated strong 

anti-lung cancer action. Moreover, at the same 

dose, JZ534 had greater anticancer efficacy than 

curcumin[92]. 

 

 
Figure 18: MAC demonstrating strong potential against lung cancer cells 

 

By examining how the novel curcumin analogues 

RL121 and RL118 affected DU145 and PC3 cells, 

Chen and colleagues discovered that they have a 

strong cytotoxic impact on the CRPC. Both 

analogues were shown to trigger apoptosis, raise 

the proportion of cells in the G2/M cell cycle 

stage, and suppress nuclear factor production, 

according to their findings[93]. The most effective 

test substances were the symmetrical 

hexamethoxy-diarylpentadienones (17 and 18), 

which had IC50 values of 3.4 ± 0.1 and 1.9 ± 

0.1µM and were 11- and 20- fold more powerful 

than curcumin, respectively when tested for have a 

strong cytotoxic impact on the CRPC using the 

SRB assay [94] 

 

 
Figure 19: Compounds having strong cytotoxic impact on the CRPC 

 

It was discovered that Far Upstream Element-

Binding Protein 2/KH-type Splicing Regulatory 

Protein which is the nuclear protein, binds to GO-

Y086. The c-Myc protein, which is necessary for 

cellular growth, is prevented from being produced 

by it through covalent binding to Cys 500 of 

FUBP2 [95].  

  

Independent research group studied activity of 

compound 19 on A2780, an ovarian cancer cell 

line, and CP70, its cisplatin-resistant mutant. 

Compound 19 effectively and dose-dependently 

inhibited cell growth in CP70 cells during the 

course of the 24-hour treatment period. The 

findings showed that 19 is more effective than 

cisplatin-sensitive cancer cell lines in preventing 

ovarian cancer cell line proliferation. By using 

flow cytometry, it is also more successful in 

causing apoptosis in CP70 cells[96]. 

One significant mono-carbonyl curcumin 

analogue, 1- (4-hydroxy-3-methoxyphenyl)-5-

(nitrophenyl) penta-1, 4-dien3-one (20) exhibited 

effective anticancer properties in vivo as well as in 

vitro investigations on cell lines associated with 

colon cancer. In a mouse model using CT26 

xenografts, it exhibited very remarkable efficacy 

in preventing tumour development. Its anticancer 

activity was ascribed to the activation of cell 

apoptosis caused by endoplasmic reticulum (ER) 

stress, suggesting that it induces the production of 

ROS and could serve as a beneficial method for 

treating colon cancers [97]. 

 

The benzylidine cyclohexanone analogues 21 with 

moieties that are non-polar in nature, including 

propoxy, ethoxy, methoxy and alkoxy groups 

were evaluated on animal models of the tumours 

to see how effectively they inhibited esophageal 
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squamous cell carcinoma (KYSE30) and gastric 

adenocarcinoma (AGS). These compounds were 

synthesised in the presence of ethyl alcohol and 

hydrochloric (HCl) gas by reacting cyclohexanone 

with aromatic aldehydes in the appropriate ratios. 

In vitro tests on cancer cells from the stomach and 

oesophagus, on comparison with curcumin, all 

synthesised substances exhibited improved 

activity, greater effectiveness in inducing 

apoptosis, and G1 cell cycle arrest. After 48 hours 

of incubation, the bispropoxy analogue 21a was 

found to be 17 times more hazardous than 

curcumin [98]. 

To ascertain the efficacy of the potent drugs used 

to treat CNS cancers, the synthesised cyclic C5-

curcuminoids' carcinogenic consequences were 

examined on neuroblastoma and astrocytoma 

cells. Neuroblastoma cells responded three times 

more favourably to 22 and 23. IC50 for 24 was 

0.26 µM on astrocytoma cells, while 19b was 0.26 

µM on neuroblastoma cells. The current 

cytotoxicity tests validate our previous 

observation that the p-position of benzylidene 

rings containing a halogen atom or atoms 

increased cytotoxicity when compared to alkyl or 

alkyloxy[99].

 

 
Figure 20: Structures of compound GO-Y086 and other MACs 

 

Allylated MACs were developed as a unique 

molecularly targeted treatment for bile duct cancer 

(cholangiocarcinoma). Against RBE human 

cholangiocarcinoma cell line, the most of 

produced molecules demonstrated promising 

antiproliferative activity, and of all the 

compounds, 25b showed the strongest 

& significant anti-cancer activity with IC50 values 

of 8.9 µM against REB,9.3 µM against QBC-

939,8.7 µM against HUCCA. These data indicated 

that allylated MACs hold considerable 

possibilities for the development of novel 

anticancer drugs. Over 24 h, the four compounds 

25a,25b and 25c inhibited RBE cell growth the 

most, with IC50 values of 8.1,15.0 & 14.4 µM 

correspondingly. With IC50 values of 8.9 , 8.7 and 

9.3 µM, respectively, 24-hour treatment with 25b 

significantly promoted for bile duct cancer cell 

death in RBE, HUCCA, QBC939 values were 

much lower than those of 5-FU [5-Fluorouracil], a 

chemotherapy drug used to treat cholangio-

carcinoma. Meanwhile, the IC50 values 

demonstrate that compound 25b exhibits very 

minor cytotoxic effects in the healthy cell lines 

HIBEC (IC50 = 9.5 µM) & HL7702 (IC50 = 9.7 

µM) when particularly in comparison to its 

anticancer capacity against cholangiocarcinoma 

cell lines, indicating its potential as an anti-cancer 
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medication. This research demonstrated that the 

cell development inhibition caused by 25b was 

affiliated with the activation of G2/M phase arrest. 

Importantly, 25b at a concentration of 10 µM 

dramatically increased cell apoptosis after 24 

hours of treatment in RBE, QBC939 and HUCCA 

cells than in curcumin at a dosage of 20 µM. Cell 

apoptosis was detected using fluorescence-

activated cell sorting and the Annexin V/PI 

protocol [100]. 

 

 
Figure 21: Allylated MAC targeted on treatment 

of bile duct cancer 

 

Without having any discernible effects on parental 

cells, compound 28 was more effective than CUR 

at blocking BCRP-mediated efflux of probe 

substrates. All of these compounds effectively 

restored BCRP-mediated resistance to anticancer 

medicines. While BCRP-transfected cells were as 

vulnerable to their antiproliferative effects as 

parental cells, it does not appear that 26 or 27 are 

transported chemicals. Instead, they both reduced 

BCRP activity in a non-cell line and non-

substrate-specific way. The reduction of BCRP 

activity by 26, 27, and 28 was verified in 

membrane vesicle uptake experiments, suggesting 

that they directly reduced BCRP activity without 

the need for intracellular conversion process to an 

active metabolite (Caffeic acid, for example, is an 

ABC transporter inhibitor)[101]. Analogue 27 

could potentially be able to overcome opposition 

to cancer treatments effluxed via a variety of 

transporters since it inhibits MRP1 and MRP5. 

Furthermore, the former is efficacious against 

colorectal, pancreatic and prostate cancer cells, the 

analogues 27 and 28 were antiproliferative in 

TNBC cell lines [102–106]. 

 

 
Figure 22: MAC derivatives active against BCRP 

 

N-substituted compounds 29a-g had significantly 

greater average IC50 values equivalent to 44 µM. 

Consequently, the cytotoxicity of this class of 

drugs is much greater in N-substituted 

counterparts, and the SAR favourably corresponds 

with the size of the aryl substituents. For 29a-g, 

electronic characteristics were judged the most 

relevant factor impacting cytotoxicity [107]. 

Compound 30, which is adorned with 3 OMe 

groups at ortho and para locations of the terminal 

rings, is very appealing, with an IC50 of 106 µM, 

equivalent to an inhibitory efficacy more than 50 

times that of curcumin. Among the molecules 

reported, 31 and 32 inhibited numerous human 

tumour cell lines significantly. According to 

investigations on the COLO 205 cell line's 

mechanism, compound 31 activates caspases 9 

and 8, as well as effector caspase 3, to varying 

degrees. This indicates occurrence of an apoptotic 

process together with the DNA fragmentation. 

Compound 32 causes caspase 3 activation, DNA 

fragmentation and annexin positivity, as predicted. 

Caspase 8 is activated, but not caspase 9, which 

points to an extrinsic apoptotic mechanism [108]. 
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Figure 23: MAC with diverse anticancer activity 

Compound 33(IC50 = 0.82 µM) with a trimethoxy 

phenyl ring as was nearly three times more active 

than 34 (IC50 = 2.34 µM), with a dimethoxy 

phenyl ring, the 2nd most powerful hybrid against 

the THP-1 cell line. The cytotoxicity data for these 

created hybrids, revealed an intriguing SAR: (i) 

the location of the naphthyl ring, which acted as a 

stand-in for the dimethoxy substituted phenyl ring 

(ii) a greater number of -OMe substituents, such as 

monomethoxy phenyl<dimethoxy phenyl< 

trimethoxy phenyl, on the phenyl ring resulted in a 

stronger effect. (iii) the activity profile was 

enhanced by replacing the unsubstituted phenyl 

ring with a heteroaryl ring, such thiophene or 

furan iv) it was shown that the cytotoxicity of 

hybrids with a monomethoxy substituted phenyl 

ring as Ring X was equivalent to that of the hybrid 

with a heteroaryl ring substituted. (v) The 

cytotoxic potential is greatly increased when a 

methoxy substituted phenyl ring is used. The 

favoured form of phenyl is trimethoxy phenyl, 

which is favoured above dimethoxy phenyl. These 

other forms include naphthyl, monomethoxy 

phenyl, furan, thiophene, and lastly phenyl. In 

addition, the length of the carbon-bridge between 

the coumarin moiety and triazole ring has a 

substantial impact on the activity. When the 

carbon-bridge chain length increases, cytotoxicity 

significantly decreases. With an IC50 value of 1.55 

µM, compound 33 containing trimethoxy phenyl 

ring also has the highest anti-tubulin action. 33 

also markedly reduced tubulin polymerization, 

with an IC50 value equal to 2.88 µM. Docking 

studies show that 32 fits well at the junction of 1/2 

tubulin subunits and is maintained by numerous 

electrostatic interactions. D-R interactions 

involved residues from both subunits (1 and 2). 

The trimethoxy-phenyl ring is positioned in a 

cavity produced by the polar residues leu242, 

Ala991, Pro721, and Arg22 (a nonpolar residues). 

In this case, the Arg22’s -NH function (donor of 

H-bonds) interacts with methoxy group (-O: 

H=bond acceptor; d=2.995). The aromatic phenyl 

ring (ring X) has three methoxy groups (-OCH3) 

that provide the inhibitor 32 a special combination 

of polarity and hydrophobicity. Via interactions 

with dispersion and van der Waals, this functional 

group greatly boosts inhibitor protein binding 

[109]. Combretastatin, podophyllotoxin and 

colchicine are all tubulin inhibitors that include 

the trimethoxy-phenyl group. As a consequence, 

32's increased activity may be ascribed to 

trimethoxy-phenyl group's presence.[110] 

 

 
Figure 24: Potent MACs used on THP-1 cell line 

 

Compounds 35a, 35c, 35d, 35g, and 35h were 

very toxic (LC50 > 30-100 µg/mL), whereas 35e 

and 35i were extremely toxic (LC50 30 

µg/mL)[111,112]. The vast majority of the 

chemicals synthesised exhibited cytotoxic action 

against HeLa cell lines, with IC50 values ranging 

from 40.65 to 95.55 µM. In contrast to HeLa cell 

lines, all produced compounds had stronger 

cytotoxic action on Vero cell lines with IC50 

values in the range of 3.94-16.15 µM). Because of 

this, the selectivity index of the produced 

compounds was below one, indicating that they 

were more harmful to normal cells than to cervical 

cancer cells. The majority of AMACs (35f-35j) 

diethylamine mannich base derivatives displayed 

somewhat better & greater cytotoxic activity than 

the parent chemicals (35a–35e) against Hela cell 

lines. Compounds 35f-35i had IC50 values that 

were between of 3.94-7.28 µM to Vero cell lines. 

The MTT test findings revealed that 35a has 

noncytotoxic sort of action when used on MCF7 

cell lines as they had IC50 value greater than 100 

µM, but IC50 values for analogues 35b–35e and 

35j ranged from 7.86 to 35.88 µM, indicating 

cytotoxicity. According to the results, on 

comparison with HeLa cell lines, MCF7 cells are 

more susceptible to the cytotoxic effects of the 

compound produced. Compound 35b, with a SI of 

1.96 and an IC50 equal to 7.86 µM , was the most 

cytotoxic and selective against MCF7 cell lines 

among the synthetic compounds studied. The 

compound's cytotoxic activity was somewhat 
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higher than that of cisplatin and curcumin (IC50 

value: 7.86 µM) (IC50 values 10.47 and 12.85 µM, 

respectively). Nonetheless, as compared to 

doxorubicin, which has an IC value of 2.94 µM, 

the cytotoxicity was quite low. Also, compared to 

curcumin and cisplatin , which had SI values of 

1.96, 3.00, and 6.61, respectively, the compounds' 

selectivity index (SI) to Vero and MCF7 was 

lower. Safer chemicals have high SI number. 

Moreover, the most advantageous modification for 

a compound's cytotoxic activity was found to be a 

mild electron-donating substitution at the 4-

position.[113,114] The research indicates that the 

electron-withdrawing substitution at position 4 

decreased cytotoxic activity. The outcome is 

distinct from that of the electron-withdrawing 

substitution at position 2, which increases 

cytotoxic activity. [114].

 

 
Figure 25: Compounds having stronger cytotoxic action on Vero and MCF7 cell lines. 

 

Mono-carbonyl curcumin analogues targeting inflammation 

 
Figure 26: Mechanism through which anti-inflammatory drugs work 

 

Cyclovalone(36a), along with three of its 

analogues (39b, 37a-b) possessing a linker 

between the two phenyl rings that is either 

cyclohexanone or cyclopentanone, exhibited anti-

inflammatory action by inhibiting 

cyclooxygenase. Curcumin was outperformed by 

analogues 36b, 37a-b in terms of potency. The fact 

that analogues 36b and 37b were di-methylated 

and were thus more effective than analogues 1a 

and 2a, respectively, shows the addition of methyl 

groups to the phenyl rings were added to increase 

activity against inflammation. By substituting the 

cyclopentanone in 37a, and cyclohexanone in 36a 

, the inhibitory efficacy of cyclooxygenase was 

enhanced. 
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Figure 27: Compounds exhibiting anti-inflammatory action by inhibiting cyclooxygenase 

 

As compared to the LPS control, compound 38a-e 

had the largest inhibitory effects on LPS-induced 

IL-6 production, with respective inhibitory rates of 

98%, 96%, 90%, 90%, and 89%. The anti-

inflammatory efficacy seems to be increased by 

benzene rings having electron-withdrawing 

halogen substituent. Halogenated compounds 38f-

jcontaining benzene rings in the 2-position shown 

excellent action. The methoxyl group is always in 

favour of the actions that reduce inflammation. 

With IC50 values < 5 µM,38a,38c,38k,38d,38e 

show excellent dose-dependent suppression of 

LPS-induced IL-6 release. The most active 

compound is compound  

 

 

38d, and its IC50 is less than 1 µM. This finding 

further supports the idea that MCACs containing 

piperid-4-one have anti-inflammatory properties. 

Compound 38d appears to have anti-inflammatory 

effects in part through blocking the NF-κB and 

ERK pathways, whereas compound 38e inhibits 

inflammatory cytokines while also inactivating 

NF-κB, ERK, and JNK. Yet, it's possible that NF-

κB/MAPKs are not necessary for the bioactivities 

of 38a and 38c. Compounds 38a,38c,38k,38d,38e 

inhibited IL-6 expression after exposure to LPS in 

a dose-dependent manner, and pre - treatment with 

38d and 38e extended life in a mouse model of 

acute inflammation brought on by LPS[115]. 

 

 
Figure 28: Curcumin mono-carbonyl analogues with 4-piperidone as anti-inflammatory drugs 

 

By the induction of cytokine expression and 

release, macrophage activation by the bacterial 

endotoxin (LPS) results the induction of an 

inflammatory response. The effectiveness 

of curcumin and 32 semi-conservative MACs to 

prevent TNF-α release in mouse RAW 264.7 

macrophages was tested earlier. Macrophages 

were exposed to the compounds for 2 hours at a 

concentration of 10 µM before being activated 

with LPS for 22 hours. TNF-α level in the medium 

were measured using the enzyme-linked 

immunosorbent assay (ELISA), and cytokine 

levels were restored to baseline using cell protein 

concentrations extracted from growth plates. 
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According to preliminary screening, curcumin has 

less potent anti-inflammatory properties than most 

MACs that are semi-conservative at a 

concentration of 10 µM. 39a-d in particular almost 

totally blocked the release of TNF- α. 4d 

decreased the IκB-α degradation brought on by 

LPS in a dose-dependent approach. By raising the 

compound's concentration, the quantity of P65 

dropped in the nucleus (P65N) but rose in the 

cytoplasm (P65C). NF-κB capacity to bind the 

DNA in the nucleus of stimulated- LPS 

RAW264.7 cells that had been pre-treated with a 

variable dose of 39d was also discovered by 

EMSA test. 39d substantially and dose-

dependently reduced NF-ability to bind to DNA. 

Our findings show that compound 39d inhibits 

LPS-induced NF-κB activation, which may 

contribute to its anti-inflammatory effects. 

According to reports, sepsis has been linked to 

LPS, a representative endotoxin, as a major cause. 

The evidence indicates that 39d has anti-

inflammatory properties in vivo. The six active 

substances 39e-h as well as 39d shown 

considerable suppression on inflammatory gene 

expression in addition to dose-dependent 

reduction on TNF- α and IL6 production. The NF-

κB pathway was shown to be involved in the most 

effective compound's anti-inflammatory action, 

39d, and pretreatment with 39d might increase the 

survival rate in a mouse model of acute 

inflammation brought on by LPS. This finding 

suggests that MACs that are semi-conservative 

might be used as possible therapeutics for 

inflammatory disorders that are causing acute 

inflammation [116].  

  

 

 
Figure 29: MACs' showing signs of anti-inflammation in macrophages of RAW 264.7 

 

Investigations were also conducted on mono-

carbonyl curcumin derivatives with allyl moieties 

at the phenolic rings. The anti-inflammatory 

capabilities of mono-carbonyl curcumin analogues 

were improved by adding allyl or prenyl groups. 

Most of them suppress the production of TNF- 

and IL-6, especially IL-6, which is stimulated by 

LPS. Compound 5a, the most effective molecule, 

displayed significant resistance to LPS-induced 

death in infected mice. Quantitative Structure 

Activity Relationship analysis revealed that 

asymmetric analogues outperformed their 

symmetric counterparts in terms of anti-

inflammatory activity. Compound 5b (containing 

cyclopentanone moiety) demonstrated efficient 

defence against LPS-induced mortality. The 

symmetric and asymmetric allylated analogues (6 

and 7) that include a piperidone fragment were 

developed using it as a lead molecule. By treating 

3-allyl4-hydroxybenzaldehyde with substituted 

piperidones in HCl gas as a catalyst, the 

symmetric analogues (6) were created. The 

findings indicated that compound 7a was the most 

effective substance as it had a significant reducing 

effect on the Wet/Dry ratio in the lungs and 

protein concentration in bronchoalveolar lavage 

fluid. Moreover, it resulted in the suppression of 

several inflammatory cytokines in Beas-2B cells 

following a challenge with lipopolysaccharide 

(LPS), including, IL-1b, IL-6, VCAM-1 and TNF-

α [117]. 
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Figure 30: Curcumin derivatives with anti-inflammatory activity 

 

The capacity of curcumin and its 33 synthetic 

counterparts to prevent the production of IL-6 and 

TNF-α from LPS-activated RAW 264.7 murine 

macrophages already examined [118]. The study 

revealed that curcumin can potentially reduce the 

production of IL-6 and TNF-α at 10mM dose of 

LPS. IL-6 and TNF-α expression induced by LPS 

were decreased by curcumin around 35.6% and 

75.7%, respectively. The majority of the 33 

substances evaluated decreased TNF- α and IL-6 

expression caused by LPS to varying degrees. The 

top curcumin (35.6%) was outperformed by 

compounds MK1, MK4, OK3, M52, and M56 in 

terms of their capacity to suppress LPS-induced 

TNF-α expression. TNF- α production was 

inhibited by compounds NK2, MK3, MK4, N52, 

N57, M57, M58, O51, O55, and O59 in a 20-

35.6% range. As compared to the LPS-treated 

control, the substituted amino-containing 

analogues MK1-3 demonstrated a 50% reduction 

of IL-6. M57 also demonstrated 51.1% IL-6 

suppression, while derivatives M56 & M58 

showed effectiveness against IL-6 release 

equivalent to that of curcumin. Moreover, IL-6 

expression was inhibited by more than 30% by 

compounds NK4, MK4, N55, and M52 on 

comparison with LPS control. Particularly, 

compounds NK1 and M56 were more effective in 

inhibiting IL-6 and TNF-α expression induced by 

LPS than curcumin at the same dose. As compared 

to the LPS control, NK1 had the highest inhibitory 

impact on LPS-induced IL-6 and TNF-α 

production with inhibitory rates of 92.7 and 

67.5%%, respectively. Several research teams 

have experimented with chemical alterations as 

well as the manufacture of curcumin analogues to 

determine the SAR conclusion and improved leads 

for the treatment of inflammatory illnesses. Few 

considerably powerful mimics, however, were 

discovered to be in the latter stages of 

pharmacological development. 33 mono-carbonyl 

analogues were also created concurrently, and 

their capacity to suppress the production of TNF- 

α and IL-6 was assessed. It has been noted 

previously that compared to cyclopentanone-

derived N-class and cyclohexanone-derived O-

class counterparts, acetone-derived M-class 

analogues are more efficient. particularly when it 

comes to inhibiting LPS-induced IL-6 expression. 

This finding suggests that the structure of a 5-

carbonyl linker may be involved in such activities. 

Nonetheless, it was asserted that NK1 showed the 

greatest resistance to LPS-induced IL-6 

release[118]. 

 



Recent Advances In C-5 Curcuminoids: Derivatives And Their 

Pharmacological Interventions.                                                                                                                          Section A-Research paper 

 

Eur. Chem. Bull. 2023, 12(Special Issue 5), 2743 – 2784 2760 

 
Figure 31: Structure of MAC exhibiting ant-inflammatory activities 

The majority of the synthesised compounds had 

more inhibitory efficacy than curcumin, and all of 

them had IL-6 suppression with inhibition ratios 

ranging within 20-95%. Yet, due to their very 

modest activity, it is challenging to examine the 

SAR of mono-carbonyl analogues of curcumin 

connected to TNF-α inhibition. In comparison to 

symmetric analogues (series 44), the asymmetric 

MACs (series 45) often shown more action against 

IL-6 production. The analogues in series 44 that 

include cyclopentane or cyclohexane, such as 44c-

e, were less potent than their acetone derivative 

counterparts, 44a and 44b. The most active 

compound was compound 44b which has an ortho 

positional 4-hydroxyl group on the 5-allyl moiety. 

Its inhibition ratio was 96.4%. As a result, it may 

be concluded that the -OH in this position is 

advantageous for anti-inflammatory function. 

Comparing the asymmetric MACs 45a and 45b 

led to a similar conclusion. In comparison to 

curcumin, compounds 44b, 45c, 45d, and 45e 

showed a higher suppression of IL-6 and TNF-α. 

Notably, with rates of inhibition of 91.1% and 

67.5%, respectively, on LPS-induced IL-6 and 

TNF-α production, 45c had strongest impact 

[119].

 

 
Figure 32: Prenylated and allylated mono-carbonyl derivative of curcumin as anti-inflammatory agents 
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Many illnesses, including cancer, diabetes, 

cardiovascular disease, and neurological disorders 

all include inflammation as a major contributor to 

their aetiology. NF-κB plays a significant part in 

the signal transduction pathways that are 

implicated in inflammatory disorders, in addition 

to other mediators. As a result, it is believed that 

NF- represents a possible therapeutic target for 

many illnesses. A number of researches have 

confirmed that curcumin significantly suppresses 

NF-, which has an anti-inflammatory impact. 

Several inflammatory cytokines like IL-8, TNF, 

IL-6, IL-1, interferon, and certain other 

chemokines are downregulated by curcumin, 

according to previous research. After synthesising 

a curcumin analogue (DM1) and assessing its 

impact on inflammatory mediators, Paulino and 

colleagues discovered that this analogue has the 

capacity to inhibit iNOS and COX2 [120]. 

 

 
Figure 33: Analogue of curcumin with strong anti-inflammatory properties 

 

Analogues showing anti-oxidant properties 

 
Figure 34: Mechanism through which anti-oxidant drugs work 

 

There is widespread agreement about the 

significance of oxidation in human body and food. 

In order to survive, cells require an oxidative 

metabolism. This dependency has the unintended 

side effect of producing oxidative alterations are 

brought on by reactive oxygen species such free 

radicals. When there are too many free radicals, 

they can overpower preventive enzymes like 

peroxidase, superoxide dismutase and catalase and 

cause damaging and deadly cellular consequences 

like apoptosis by oxidising DNA, enzymes, 

cellular proteins, and membrane lipids, which 

stops cells from respiring. Any molecule that, in 

low levels as comparison to the oxidizable 

substrate, considerably slows down or stops that 

substrate from oxidation. is considered an 

antioxidant. Quenchers of secondary oxidation 

products, inactivators of peroxides, reactive 

oxygen species, free radical scavengers, metal ion 

chelators, inhibitors of pro-oxidative enzymes and 

singlet oxygen quenchers are a few examples of 

antioxidants that work to prevent the oxidation 

processes through a variety of actions and 

mechanisms. They may typically be categorised 

into primary and secondary antioxidants based on 

how they function. They may typically be 

categorised into main and secondary antioxidants 

based on how they function. Primary antioxidants, 

like certain phenolic substances and tocopherols, 

prevent the chain reaction of oxidation by acting 

as free radical acceptors or hydrogen donors and 

by generating more stable radicals. Synthetic 

compounds such as butylated hydroxyanisole and 

butylated hydroxytoluene as well as, natural 

substances such as flavonoids and phenolic acids, 

comprise the principal anti-oxidant category. 

Secondary antioxidants inhibit or slow oxidation 

by decreasing oxidation promoters such as pro-

oxidative enzymes, metal ions, singlet oxygen, 

and other oxidants. Antioxidant enzyme cofactors 

such as Se and coenzyme Q10 and metal chelators 

such as ethylenediaminetetraacetic acid (EDTA) 
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are frequently included in the secondary 

antioxidant group.  Redox processes enable 

reducing agents, also known as oxygen 

scavengers, to diminish lipid peroxides and 

associated oxidants. Certain secondary 

antioxidants, like ascorbic acid, can refill 

hydrogen atoms in primary antioxidants to renew 

them. This prevents the loss of vital primary 

antioxidants. Some secondary antioxidants either 

help hydroperoxides convert into non-radical 

species or absorb UV radiation or to shield fatty 

acids from UV-induced photooxidation. Different 

antioxidants operate as mechanisms for protecting 

against the effects of excessive oxidation, and it is 

well known that antioxidant activity must be 

assessed. Antioxidant activity cannot be tested 

directly, but rather by the antioxidant's ability to 

regulate the degree of oxidation. Techniques are 

quite diverse. Some procedures require a discrete 

oxidation phase followed by assessment of the 

result, such as linoleic acid oxidation followed by 

diene conjugation determination. In some cases, 

there is no apparent demarcation between the 

procedure's multiple stages. A substrate, an 

oxidant and an initiator, intermediates, and end 

products are all characteristics of oxidation, and 

measuring any of these may be used to determine 

antioxidant activity. For assessing antioxidant 

activity in vitro, the DPPH technique is most 

widely employed, while LPO was shown to be the 

most used in vivo antioxidant test.  

 

 
Figure 35: Various in-vivo methods used for antioxidant assessment 
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Figure 36: 19 in-vitro methods used for antioxidant assessment 

 

The in-vitro radical scavenging ability of all 

produced analogues (46a-i, 47a-c and 48a-d) was 

assessed using the DPPH radical scavenging test. 

DPPH stands for 1, 1-diphenyl-2-picrylhydrazyl. 

BHT was employed as a positive reference for 

antioxidant activity with IC50 value of 16.47±0.18 

µg/ml. These findings imply that the mono-

carbonyl curcumin nucleus in the produced 

analogues contributed to the radical scavenging 

function via resonance. As compared to 

conventional BHT, all produced MACs had 

antioxidant efficacy that was either 2-3-fold 

higher or similar. Compounds 46e (IC50 = 05.39± 

0.14 µg/ml) and 47b (IC50 = 06.37± 0.55 µg/ml) 

have three times the antioxidant potential of 

conventional BHT. Compounds 1h (IC50 = 

07.44±0.16 µg/ml), 47a (IC50 = 08.92± 0.18 

µg/ml), 47c(IC50 = 09.62 ± 0.76 µg/ml)and 

48b(IC50= 09.66±0.53 µg/ml) have two times the 

antioxidant potential. Additionally, structural 

activity data demonstrated that -

Cl(chloro) modification on the quinoline scaffold 

significantly increases antioxidant activity as 

shown in compound 46e, which has one less 

chloro substitution than compound 46a. It was 

shown that replacement at position 7 of the 

quinoline scaffold had a greater influence on 

antioxidant potential than other places, 

additionally as seen by IC50 values; open chain 

linkers such as acetone show a potential increase 

in activity, followed by cyclopentanone, 

cyclohexanone, and N-methyl piperidone spacer 

[121]. 
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Figure 37: Monocarbonyl curcumin analogues derived from quinoline as potential antioxidant agents 

 

Comparing compounds 49a,49b,50a and 50b to 

the standard antioxidant ascorbic acid reveals 

probable IC50 values for each of the compounds. 

DPPH radical scavenging activity was used to 

assess the antioxidant activity of each and every 

synthesised molecule. The IC50 value of 

49a,49b,50a and 50b are 5.9± 0.1 µg/ml, 4.1±0.1 

µg/ml,5.5±0.1 µg/ml and 7.7±0.05 µg/ml 

respectively. As compared to ascorbic acid, a 

commonly used medication, Analogs of mono-

carbonyl curcumin were produced using cyclic 

linkers such N-methyl piperidone and 

cycloheptanone have superior radical scavenging 

efficacy. The IC50 value of ascorbic acid is 

0.009±0.002 µg/ml.  Moreover, compared to 

acyclic linkers like acetone, mono-carbonyl 

curcumin analogues with cyclic linkers have 

increased activity [122]. 

 

 
Figure 38: Cyclic linker-containing mono-carbonyl curcumin analogues 

 

Diarylpentanoid analogues of curcumin were 

evaluated by Bukhari et al. for their ability to 

prevent the generation of reactive ROS. Isolated 

PMNs and human whole blood were used in the 

chemiluminescence experiment. It was noted that 

compounds 51a and 51b, with IC50 values ranging 

from 4.2 to 6.2 mol, strongly inhibited both 

intracellular and extracellular ROS generation at 

12.5 µg/ml. As a result, the study demonstrated 

that a 2-methyl-4 aniline substituent was required 

to stop the generation of intracellular and 

extracellular ROS[123]. 

 

 
Figure 39: Curcumin mono-carbonyl analogues with diarylpentanoid moiety 

 

C-5 curcuminoids 52a and 52b, with 

corresponding IC50 values of 53.29± 2.13µg/mL 

and 82.43 ±2.17 µg/ml, had the greatest reaction 

against DPPH free radicals in the in-vitro 

antioxidant testing when compared tocopherol 

which had an IC50 value of 9.16 ±1.14 µg/mL. 

Corresponding to this, in the ABTS (Azinobis-(3-

ethylbenzothiazoline-6-sulfonic acid) experiment, 
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52b had a much higher antioxidant response with 

an IC50 value of 70.21±1.26 µg/mL than the 

reference medication tocopherol, which had an 

IC50 of 13.18 ±1.16 µg/mL. In an in vitro test, 

these substances demonstrated strong antioxidant 

activity. Methoxy (-OCH3) and hydroxyl (-OH) 

substituted derivatives were shown to have 

antioxidant properties, according to research 

[124]. The methoxy substituted group in the 

derivatives of mono-carbonyl curcumin showed a 

considerable antioxidant activity, which was in 

line with published findings [125,126]. 

 

 
Figure 40: Mono-carbonyl curcumin that displayed anti-oxidant properties and had methoxy group and 

chlorine as substituents 

 

In an attempt to discover novel substances with 

potent antioxidant action, several curcumin 

derivatives have been produced during the past 20 

years. Three types of curcumin analogues(53a-c) 

were produced by Shang and colleagues, and their 

antioxidant efficacy was compared to that of 

curcumin. They discovered that the antioxidant 

activity of compounds with O-dimethoxy-

phenoxyl and O-diphenoxyl groups was 

substantially greater than that of compounds 

without these groups. They came to the additional 

conclusion that the scavenging capabilities require 

the 7-carbon spacer, and that lowering the carbon 

to 5 atoms significantly decreased the act of 

scavenging. They added that the lipid solubility 

that comes from adding more carbon atoms was 

crucial for the antioxidant action[127].  

 

 
Figure 41: Curcumin analogues with O-dimethoxy-phenoxyl and O-diphenoxyl groups 

 

Gallic acid was used as a reference molecule to 

measure the DPPH free radical scavenging 

activity of all the produced compounds' in vitro 

antioxidant activities. With an IC50 of less than 50 

µg/mL, a handful of the compounds (54a, 54c-54f, 

and 56e) demonstrated strong antioxidant activity. 

A thorough examination of the structure activity 

relationship (SAR) investigations of the 

symmetrical C5-curuminoids (54a-g) set showed 

that the antioxidant activity often decreased as the 

alkyl chain length increased from 2 to 3. Most of 

the compounds there in unsymmetrical C5-

curcuminoid set (55, 56a-f) had IC50 values more 

than 50 µg/mL, suggesting that they were less 

efficient at promoting antioxidant activity than 

symmetrical C5–curcuminoids (54a-g). 

Nevertheless, neither of the tested compounds 

were found to be as efficient as gallic acid, which 

was utilised as a reference in this assay (IC50 = 

15.43 µg/mL)[128] 
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Figure 42: Symmetrical and unsymmetrical C5-curcuminoid promoting antioxidant activity 

 

It makes sense to use a powerful antioxidant to 

combat oxidative stress caused by Alzheimer’s 

disease (AD). The antioxidant properties of 

compound 57 and curcumin were investigated in 

an initial study [129]. The compound 57 has its 

IUPAC name as (2E,6E)-2,6-Bis(3,5-

dimethoxybenzylidene) cyclohexanone. The 

substance exhibits more stability and improved 

anti-oxidative activity in vitro than curcumin. The 

endogenous antioxidant enzyme activity was 

found to protect PC12 cell lines, a prototype for 

neurological cells under Aβ oxidative stress, from 

H2O2 injury by searching for oxygen species that 

are reactive, preventing cells from being damaged 

by cytotoxicity induced from H2O2, and 

preventing cells from dying. [130]. 

 

 
Figure 43: A powerful antioxidant to combat oxidative stress caused by Alzheimer’s disease 

 

Dinkova-Kostova et al. developed mono-carbonyl 

analogues of curcumin (58a-f) and evaluated the 

results of quinine reductase inhibition and free 

radical eradication in their hunt for the new 

antioxidant [131,132]. According to the results, 

the analogues with the -OH in the ortho position 

of the benzene ring were able to both remove 

superoxide from the system as well as strongly 

limit the activity of quinine reductase. Compounds 

58d and 58e, for example, boosted their activity 

by 3 - 200 times more than analogue 58a-c and 

58f, which did not include a hydroxyl in the ortho 

position [133]. 

 

 
Figure 44: Mono-carbonyl analogue with and without the -OH in the ortho position of the benzene ring 
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Anti-microbial property displaying Mono-carbonyl Analogues of Curcumin  

 
Figure 45: Mechanism through which anti-microbial drugs work 

 

The in-vitro antifungal efficacy of each 

synthesised analogue of mono-carbonyl curcumin 

with 2-chloroquinoline was evaluated. Five 

distinct fungus strains, including, NCIM 1332 

(Fusarium oxysporum), NCIM 3471 (Candida 

albicans), NCIM 1196 (Aspergillus niger), NCIM 

576 (Cryptococcus neoformans) and NCIM 539 

(Aspergillus flavus) were used to test the 

antifungal efficacy of produced analogues. 

Miconazole was employed as a reference to 

compare antifungal activity. As a solvent 

reference, dimethyl sulfoxide was employed. 

Several of the newly synthesised compounds were 

discovered to have superior antifungal action 

when compared to the conventional medication 

miconazole. According to the antifungal data 

information, the majority of the synthesised 

compounds demonstrated promising antifungal 

ability against all fungal strains. In particular, 

compounds 59 and 60 were found to be most 

effective when tested against all of the fungal 

strains under investigation, demonstrating the 

broad spectrum of activity of these analogues 

against the majority of fungal strains. The 

structure activity relationship demonstrated that 

the usage of cyclopentanone and acetone spacers 

results in a significant increased activity when 

compared to the miconazole (positive control). 

Additionally, piperidone and N-methyl piperidone 

spacers boost activity by a factor of two to three. 

The quinoline scaffold's electron donor groups 

were changed, perhaps increasing the antifungal 

potency.as shown by MIC values. A comparison 

of the fungicidal capability of newly synthesised 

curcumin analogues with the positive reference 

miconazole clearly shows that most of the 

produced MACs have 2-3 times greater potential 

than regular miconazole[121]. 

 

 
Figure 46: 2-chloroquinoline mono-carbonyl curcumin analogue possessing anti-fungal properties 

The most common non-viral sexually transmitted 

infection, trichomoniasis, is brought on by the 

protozoan Trichomonas vaginalis. Curcumin 

analogues were tested for anti- Trichomonas 

vaginalis action using MIC and IC50. The anti- 

Trichomonas vaginalis activity was determined by 

treating 2.6x105 trophozoites/mL with the 

derivatives of curcumin, first at 10-4 M and then 

diluted in dimethyl sulfoxide. 3 controls were 

used: one containing 0.6% Dimethyl sulfoxide (for 

solubilization), and one containing just 

trophozoites, one containing 100 µM of 

(metronidazole). The IC50 and MIC values against 

Trichomonas vaginalis were determined using 

curcumin analogues at various concentrations 

ranging from 6.25- 3x102µM. After being 

incubated at the appropriate MIC for 96 hours, the 

vitality of the trophozoites was assessed under a 

light microscope. Analysis of growth were 

performed at 96, 72, 48, 24, 12, 6, and 1 hour. The 

experiment to determine the IC50 and MIC values 

against Trichomonas vaginalis revealed that 
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compounds 62, 61b and 61a had the best anti-

Trichomonas vaginalis action at concentrations 

(MIC value) of 0.000 2 M, 9×10-5 M & 8×10-5 M, 

respectively. Derivatives 61a and 61b had an IC50 

value equivalent to 5×10-5 M, whereas 62 had an 

IC50 value equivalent to 7×10-5 M [134]. 

Three most powerful curcuminoids (63a-c), 

demonstrated MIC values that lie in the range of 

8-32 mg/mL against E. coli ATCC 25922, 4 

mg/mL against Methicillin Resistant of 

Staphylococcus aureus  (MRSA) and 2 mg/mL 

against Methicillin Sensitive Staphylococcus 

aureus (MSSA). These molecules (63a–c) were 

most effective active compounds and had an 

azepan-1-yl moiety present at the locations of the 

chain that are terminal and linked to the aromatic 

rings. Compared to its counterparts, due to large 

ring size of the azepan-1-yl moiety at the terminal 

position and their non-polar nature, curcuminoids 

may have a stronger antibacterial effect. These 

curcuminoids were tested against clinically 

isolated strains of MRSA & Escherichia coli 

demonstrated robust action against the selected 6 

clinical variants of MRSA tested, with MICs 

ranging from 4 to 16 mg/mL. Also, the outcomes 

against clinical E. coli variations were quite 

positive with MIC values ranging from 16 to 32 

mg/mL[135]. 

High antibacterial activity was demonstrated by 

curcuminoid analogue 64, which had the lowest 

MIC value of 8-16 µg/mL against clinical isolates 

of MRSA, 16 µg/mL against MRSA and 8 µg/mL 

against MSSA. In less than 4 hours, it completely 

eliminated staphylococcal cells (5 x 105 

CFU/mL)[136]. 

 

 
Figure 47: Mono-carbonyl analogue with potent anti-bacterial properties 

 

The antibacterial ability of the produced hybrids 

was tested against two strains of human 

pathogenic bacteria, both gram-negative and gram 

positive. Gram-negative bacteria taken were 

Escherichia coli and Pseudomonas aeruginosa 

and Gram-positive taken were Enterococcus 

faecalis and Staphylococcus aureus. The most 

susceptible and resistant bacterial strains were S. 

aureus and E. coli. respectively, to the synthetic 

molecules. Hybrids having the highest 

antibacterial activity across all strains and the 

greatest effectiveness were 65 and 66 with S. 

aureus showing the greatest activity. The 

inhibition zones for 66 and 65 were 31and 29 mm, 

respectively, and the MICs were 6.25 µg/mL and 

12.50 µg/mL, correspondingly. Coumarin/isatin 

and triazole molecule connected by a 2-carbon 

alkyl chain. seems to be well tolerated, according 

to the structure-activity relationship. Para-

methoxy substitution in curcumin-coumarin 

hybrids on curcumin ring, chloro substitution on 

para position in curcumin-isatin and bromo 

substitution on isatin's fifth position are the most 

appropriate for anti-bacterial action. In S. aureus, 

dihydrofolate is reduced to tetrahydrofolate by the 

enzyme DHFR (Dihydrofolate Reductase) using 

NADPH., which is involved in the processes that 

produce intracellular purines (guanine and 

adenine). When DHFR is completely inhibited, S. 

aureus cannot replicate its DNA and dies. As a 

result, with regard to S. aureus in particular, 

DHFR is a well-validated target for the creation of 

antibacterial drugs. The interactions of the most 

powerful drugs (65 and 66) with the DHFR 

enzyme of S. aureus were studied using molecular 

modelling [137]. To highlight their ability to 

inhibit DHFR, many of the docking contacts 

between 65 and 66 and S. aureus DHFR active 

site is simplified. According to the overall binding 

behaviour of compounds 65 and 66, which 

involves interactions with binding site residues, 

both substances are quite well stabilised by a 

number of electrostatic interactions and fit 

comfortably inside the cavity [138]. 
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Figure 48: Mono-carbonyl derivatives with high potential against pathogenic bacteria 

 

Using agar diffusion technique, the antibacterial 

activity of novel compounds was examined 

against, E. coli, Vibrio cholera, S. aureus and 

Salmonella typhi [139]. When the substances were 

examined for antibacterial potential, compound 

67b outperformed curcumin in its ability to 

combat S. typhi and V. cholera. The 2-hydroxy-3, 

5-dichloro-phenylsulfonamide derivatives (67-c) 

all shown promising action against S. typhi and V. 

cholera [140]. 

 

 
Figure 49: 2-hydroxy-3, 5-dichloro-phenylsulfonamide derivatives of curcumin possessing anti-bacterial 

properties 

 

Several compounds (68, 69, and 70) shown 

considerable bactericidal activity when used in 

vitro to combat Staphylococcus aureus and 

Pseudomonas aeruginosa [128].  

 

 
Figure 50: Mono-carbonyl analogues displaying anti-bacterial activity against Staphylococcus aureus and 

Pseudomonas aeruginosa 

 

Gram-positive bacteria which include 

Staphylococcus epidermidis, Micrococcus luteus, 

Staphylococcus aureus, and Staphylococcus 

saprophyticus and gram-negative bacteria such as 

Escherichia coli, Enterococus sp. & Enterobacter 

cloacae were chosen. For contrast, a standard anti-

bacterial drug, ampicillin, was tested under 

comparable circumstances. Of the phenolic 

compounds, 1,4-pentadiene-3-one analogues (71a-

b) had strong activity against 4 bacterial strains 

that were gram positive. Majority of mono-

carbonyl curcumin derivatives were effective 

against the ampicillin-resistant Gram-negative E. 

cloacae. and heterocycle or long-chain 

substituent’ were shown to improve the activity of 

curcumin analogues[141]. 

According to antimicrobial test findings, Gram-

positive bacteria like Bacillus cereus and Bacillus 

subtilis were impacted by compound 72 and 73. 

The MIC values of compounds 72 and 73, which 

have an antibacterial effect, were computed and 

were found to be 9.76 µg/mL and 19.53 µg/mL, 

respectively, against B. subtilis and 625 µg/ml and 

1250 µg/ml for B. cereus. After evaluating the 

antibacterial properties, it can be shown that these 

compounds have some structural traits. Two 

domains are included inside two aromatic or 

Michael acceptor and two cyclotriphosphazene 
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rings, with aromatic rings contained within 

unsaturated C=C bonds bordering the carbonyl 

groups. 72 and 73 may obtain antibacterial 

properties as a result of these qualities. This is 

expected to influence the antibacterial activity of 

the chemical [142,143]. 

Compound 74 displayed significant activity 

against E. faecalis, P. aeruginosa, Acinetobacter 

baumannii, MRSA, MSSA, Staphylococcus 

epidermidis, and Mycobacterium tuberculosis 

(125 µg/mL≥MIC≥0.9µg/mL) demonstrating that  

substituting -OH at meta position by replacing -

OMe enhanced the range of potency and action . 

Furthermore, a comparison of compound 74 

MIC/MBC values against MRSA (MIC/MBC = 

15.6 µg/mL) & MSSA (MIC/MBC = 125 µg/mL) 

demonstrated that the resistant strain was more 

susceptible to being impacted by chemical 74. The 

major cause of TB is M. tuberculosis [144]. On 

A549 cells and MRC-5, compound 74 has been 

less hazardous (IC50 79.4 µmol/L and 87.6 

µmol/L, respectively). Also, compound 74 posed 

around 120 & 50 times less of a threat to MRC-5 

and A549 cells than doxorubicin did. The 

selectivity indices (SI) of selected medications 

were determined as the ratio of the IC50 and MIC 

values against A. baumannii and M. tuberculosis 

to evaluate the effects on eukaryotic and 

prokaryotic cells. Compound 74 was more 

selective as comprehended by looking at the SI 

values that ranged from 5.4 to 15.6. Candidates for 

novel antitubercular drugs, according to Orme and 

colleagues, must have a SI value of 10. Since it 

possesses higher SI values, compound 74 appears 

to be more effective against tuberculosis. MRC-5 

and A549 cells' SI values for compound 74 were 

15.6 and 14.2, respectively [145,146].

 

 
Figure 51: Compounds with potent activity against diverse pathogenic bacteria. 

 

An effective series of new mono-carbonyl 

curcumin analogues based on quinolines was 

created, and its antimycobacterial activity against 

MTB and M. bovis BCG was tested in vitro with a 

better selectivity for the latter. Compounds 75a–d 

from this study was the most effective against M. 

bovis BCG, with MIC90 values in the range 2.7 - 

9.4 µg/mL. With a MIC90 value of 7.8 µg/mL, 

75d is the most potent against MTB of all the 

substances examined [147].  

  
Figure 52: Quinoline based mono-carbonyl 

curcumin analogues with antibacterial activity 
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Compound 76b was the only one in the 

preliminary screening that could stop the 

proliferation of microbiological indicator strains, 

S. aureus and E. coli. It had MIC values of 250 

µg/mL and 500 µg/mL, respectively. For gram-

positive bacteria, compound 76a had MIC value 

62.5 µg/mL and proved to be a good inhibitor. As 

compared to the positive control, ciprofloxacin, 

compounds 76a had MIC value 62.5 µg/mL and 

76b had MIC value equivalent to 250 µg/mL for S. 

aureus had reduced MIC values. Upon 

considering structure, it can be seen that 76a has 

one para -OMe substitution in aromatic ring X 

while 76b has 2 N, N-dimethyl substitutions at 

para positions in both ring X and Y. Compound 

76a was determined to be the most effective 

against gram positive, gram negative, and fungal 

bacteria. Moreover, the chemical 76a exhibited 

good bioactivity against Candida albicans, 

Candida krusei, Staphylococcus aureus, and 

Staphylococcus saprophyticus. Compound 76b 

displayed the same antibacterial properties as 

compound 76a. Two available electron-donating 

substituent’s, according to the study's findings, 

exhibited strong activity of inhibition even 

stronger than ciprofloxacin. The size and length of 

the side chains, as well as the presence of non-

polar or polar hydrophilic groups, are additional 

parameters that can affect the activity of the 

chalcone compounds. It is interesting that the 

polar character of several chemicals, which 

prevented membrane penetration, is connected to 

the limited antibacterial action [148]. 

 
Figure 53: Mono-carbonyl analogue of curcumin 

displaying anti-bacterial activity against several 

bacterial strains 

 

Miscellaneous 

Alzheimer's disease (AD) is a neurodegenerative 

brain illness that has no effective treatment. Its 

origin and pathophysiology are still unknown, 

despite the fact that it developed as a result of 

several different circumstances rather than a 

singular cause. Aggregation of extracellular 

amyloid plaques is the main pathogenic 

characteristic found in AD. A growing body of 

evidence suggests that biometals like iron have a 

role in the deposition and generation of ROS, as 

well as the extensive oxidative damage seen in the 

brains of Alzheimer's disease patients. Subsequent 

analysis indicated that the derivative 79 performed 

better than the studied curcumin derivatives, and 

these results strongly advised that 79's structure be 

optimised further to generate more effective 

multifunctional anti-Alzheimer medicines [149]. 

Chen and colleagues produced and tested a 

number of curcumin derivatives for their 

usefulness in the treatment of Alzheimer's disease. 

These compounds outperformed curcumin in 

terms of inhibitory efficacy. They also 

outperformed the reference substance Trolox as 

antioxidants, metal chelators (iron and copper), 

and suppressors of metal-induced aggregation. 

Subsequent analysis indicated that the derivative1 

performed better than the studied curcumin 

derivatives, and these results strongly advised that 

79's structure be optimised further in order to 

generate more effective multifunctional anti-

Alzheimer medicines [149][150]. Aiming to aid in 

the early identification of Alzheimer's disease, 

1,5-diphenyl-1,4-pentadien-3-one analogues (80, 

81) were created to be tested as imaging agents for 

the detection of β-amyloid (αβ) plaques in the 

brain (AD). The investigations showed a strong 

propensity for these derivatives to bind to αβ 

plaques, and compound 81a was shown to visibly 

stain ab plaques in sections of AD brain. The 

biodistribution test revealed radioiodinated ligand 

3a had good clearance from the brain and high 

brain uptake [151].  
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Figure 54: Mono-carbonyl analogue of curcumin displaying activity against Alzheimer's disease 

 

Certain curcumin mono-carbonyl analogues were 

investigated for their antimalarial efficacy against 

Plasmodium falciparum strains that were CQ-

resistant (W2 clone) and CQ-sensitive (D6 clone). 

As compared to the conventional medicine 

chloroquine, compounds 82a-f (in which the 

amine probe is linked through ethylene/butylene 

linker with cyclopentanone ring) showed the most 

action against the CQ-resistant strain of P. 

falciparum (IC50 values ranging from 0.37-0.63 

µM) (CQ). These compounds also showed 

moderate to excellent activity against P. 

falciparum isolates that were susceptible to CQ, 

with IC50 values that ranged from 0.35-0.69 µM. 

As none of the chemicals were hazardous to Vero 

cells, this indicates that they are all suitable for 

use with mammalian cells [152]. 

 

 

 
Figure 55: Mono-carbonyl analogue of curcumin with activity against P. falciparum 

 

To test the validity of these findings, a few drugs 

were used to prevent Tat-induced HIV LTR 

transactivation in HeLa Tat-Luc cells, in which 

the HIV-1 Tat protein directly activates the 

Human immunodeficiency virus-1 (HIV-1) LTR. 

The most effective substance was the C5-analogue 

83 (IC50 = 4.7 µM). These findings gave 

justification for further research into 

curcuminoids' ability to suppress HIV-1. The 

pNL4-3 HIV-1 clone pseudotyped with the 

vesicular stomatitis virus (VSV) envelope was 

used to infect Jurkat cells, bypassing the cells' 

normal mode of HIV-1 entrance and enabling 

strong HIV-1 replication [153].  
 

 
Figure 56: MAC used against HIV-1 

 

For the treatment of glaucoma, a number of 

medications containing sulfonamide moieties were 

utilised as inhibitors of CA (carbonic anhydrase) 

isozyme II. Sulfonamide analogues of 

curcumin (Compound 84) were created and tested 

for their ability to inhibit CA against the following 

four isoforms: hCA I (involved in some eye 

diseases), II (a drug target for treating glaucoma), 

IX (a drug target for treating cancer), and XII 

(antiglaucoma and anticancer drug target). 4-

Sulfamoyl benzaldehyde and chalcones. Based on 

the biological tests, compound 6a exhibited 

higher selectivity against the hCA II isoform than 

the hCA IX and hCA XII isoforms (by about a 

factor of 9), and compound 84b demonstrated 

greater selectivity (by about 3 and 70 times, 

correspondingly) against the hCA II isoform than 

the hCA IX and hCA XII isoforms[154]. 

 

 
Figure 57: MAC used as anti-glaucoma drug 

 

Conclusion This literature raises the prospect that curcumin's 

mono-carbonyl equivalents could be used as 
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therapeutic treatments for a range of ailments. The 

potential for the many synthetic MACs to be 

developed into medicines is encouraging. A 

methodology for restructuring curcumin molecule 

into mono-carbonyl analogues was done via 

synthetic routes in order to facilitate a positive 

change in its medicinal capacity. This was 

accomplished by inserting various types of 

substituents into different locations. When each 

moiety was inserted in a different location of the 

skeleton of the mono-carbonyl analogue of 

curcumin, it revealed a distinct type of property. 

The foregoing discussion included several more 

qualities in addition to the anti-cancerous, anti-

inflammatory, and anti-microbial ones. Against a 

number of human tumour cell lines, analogues 

created for anti-cancer purposes significantly 

inhibited growth. There were various analogues of 

the mono-carbonyl curcumin family that were 

more active than the actual curcumin. The MAC's 

created particularly for inflammations were used 

to suppress several pro-inflammatory cytokines, 

including TNF-α, IL-6, and IL-1β, which are 

involved in the pathological pain (inflammation) 

process. The synthesised MAC's demonstrated 

bactericidal action against both Gram-negative & 

Gram-positive bacteria based on the MBC, ZOI 

(zone of inhibition), and MIC values. Based on the 

synthesised analogues' antimicrobial activity, the 

isolates' growth is inhibited in a specific zone. 

Curcumin analogues' antioxidant capabilities and 

activities have been investigated in various in-

vitro and in-vivo experimental models. The 

findings of the current study have demonstrated 

that they are effective antioxidants in addition to 

curcumin. The C5 curcumin analogues were 

discovered to be genuine chemicals/drugs in 

treating a variety of ailments due to its excellent 

antioxidant and anti-inflammatory effects. Various 

beneficial properties of the synthesised symmetric 

as well as asymmetric mono-carbonyl analogues 

are attributed to be due to structural changes such 

as structure's inclusion of various functional 

groups, alteration in the length of carbon chain, 

changes in ring size, presence/absence of 

heterocyclic rings etc. 
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