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Abstract: In the current era of eco-preservation, global research has focused on using raw and 

sustainable natural products with new clean technologies. New pharmaceutical or pharmaceutical 

agents from renewable sources are considered as essential as pure chemicals or certified fragments. A 

variety of natural phytoconstituents have been shown to reduce the risk of certain diseases and disorders, 

for example, diabetes, heart disease, cancer, neoplastic, and other health disorders. And, therefore, 

ongoing efforts to identify specific chemicals in these foods may contribute to their positive effects on 

beans/grains, fruits, vegetables, etc. Many of the phytochemicals that occurred as natural products in 

medicinal plants offer many opportunities in natural product research due to their versatile uses and 

various formulation. Curcuminoids are polyphenols found in the under-soil rhizome of Curcuma longa 

L. and have been used for centuries for spice, culinary, and food coloring purposes, and description also 

documented in the alternative system of medicines such as Indian Ayurveda, Sidha, Unani, and Chinese 

medicine system. It has been observed from the literature that the C. longa rhizome or commonly known 

as turmeric has several phytochemicals to possess anti-inflammatory, hepatoprotective, 

neuroprotective, antioxidant, anticancer, cardioprotective properties, and many more. The review 

highlights the recent progress of curcumin and its derivatives as promising bioactive and pharmaceutical 

agents with emphasis on future research dimensions required to propose curcuminoids as promising 

candidates for therapeutic and pharmacology-related sectors. 
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1. Introduction 

The hydrophobic bioactive ingredient, Curcumin (diferuloylmethane), is found mainly in the 

rhizome of C. longa. Owing to several biological and pharmacological actions, curcumin has 

obtained great attention amongst the scientific community working on natural products.  

Curcumin is a pigment from the spice turmeric (Curcuma longa), found effective as a 

natural preservative and ingredient of common food items that belong to the Zingiberaceae 

family [1]. Turmeric is mainly composed of a group of three curcuminoids: curcumin 

(diferuloylmethane), demethoxy-curcumin, and bisdemethoxycurcumin, as well as volatile oils 

(tumerone, atlantone, and zingiberone) (Fig. 1), sugars, proteins, and resins[2]. About 2–8% of 

turmeric by weight is curcumin. Curcumin and some of its analogs, fat-soluble polyphenolic 

pigments, are responsible for the vibrant yellow color of turmeric[3]. 
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The chemical structure of curcumin was known way back in 1913, but biological 

properties of curcumin have been reported only in 1970s [4,5]. It contains diferuloyl methane 

moiety [1,7-bis (4-hydroxy-3-methoxy phenyl)-1,6-heptadiene-3,5-dione)] with two ferulic 

acid residues connected by a methylene bridge. The three main functional groups are the 

aromatic o-methoxy phenolic group, α,β-unsaturated β-diketo moiety, and a seven-carbon 

linker[6]. Curcumin is a lipophilic polyphenol that is nearly insoluble in water [7] but is quite 

stable in the acidic pH of the stomach [8]. 

Turmeric is being consumed by the people of the Asia continent as a spice, preservative 

for various kinds of food items, and even as a remedy for many minor and major ailments 

forlong time. The interesting and exceptional medicinal properties of turmeric are also 

inscribed in ancient Indian literature. Several medicinal properties of turmeric attracted 

researchers to look into the therapeutic potential of its main constituent, Curcumin (CUR). It 

exhibits a wide range of fruitful biological properties[9,10]. Curcumin and its derivatives have 

shown strong antioxidant, free radical scavenging activities [11,12], anti-infectious [13,14], 

anti-inflammatory [15] and anticancer properties [16]. A schematic overview of turmeric is 

shown in Scheme 1, describing the biological properties of curcuminoids and derivatives 

(Table 1). 

 
Figure 1. Chief phytochemicals reported in turmeric (phenolics/terpenoids). 

Initially, the research was based on understanding its antioxidant role [17]. It took 

another way to identify its potential to interact with the transcription factor involved in the 

inflammatory response, nuclear factor-kappa β. This prompted researchers to pursue the anti-

inflammatory and anti-tumor effects of curcumin [18]. Previous studies proved that curcumin 

has chemo-preventive and therapeutic potential against varieties of cancers [10]. It inhibits 

different types of kinases, inflammation-promoting enzymes (cyclooxygenase and 

lipoxygenase), cytokines (IL-6, IL-8, and TNF-α), and induces apoptosis in cancer cells[18]. 
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In addition to its promising therapeutic potential against numerous chronic diseases, curcumin 

and its derivatives also exhibit to accelerate wound healing in cutaneous [15], excisional [19], 

and chronic wounds [20]. Curcumin has been known to target multiple signaling molecules, 

which indicates its activity at the cellular level and employs it in numerous health benefits[21]. 

It has also been shown to relieve metabolic syndrome [22], severe pain [23], and degenerative 

eye conditions [24]. In addition, it has the properties to benefit the kidneys[25]. Apart from its 

countless therapeutic benefits, most of the benefits are due to its antioxidant and anti-

inflammatory activities[26]. Also, it has been used by various folks to treat many diseases such 

as diabetes, Alzheimer's disease, and rheumatoid diseases [2]. 

Several forms of curcumin are available, including capsules, tablets, ointments, energy 

drinks, soaps, and cosmetics. Curcuminoids have been approved by the US Food and Drug 

Administration (FDA) as Generally Recognized As Safe (GRAS)[21]. Also, good tolerability 

and safety profiles have been exhibited by clinical trials, even at doses 4000- 8000 mg/day [27] 

and of doses up to 12,000 mg/day of 95% concentration of three curcuminoids: curcumin, 

bisdemethoxycurcumin, and dimethoxy-curcumin [28]. The major challenges limiting the 

pharmaceutical and therapeutic feasibility of curcumin areits poor aqueous solubility, chemical 

instability, and low oral bioavailability, mainly due to its inadequate absorption in the blood, 

transmembrane permeation, and rapid metabolism (via conjugation – glucuronidation and 

sulfation) [26]. Even after administration in gram quantities, only a nanogram of curcumin is 

found in the plasma [29]. Also, photo-degradation is another limitation to effective CUR 

delivery [30]. In recent decades, several approaches have been employed to reduce 

pharmaceutical issues related to the productive delivery of CUR that includes micellar 

solubilization [31], cyclodextrin complexation [32], crystal modification (e.g., metastable 

polymorphs, salt formation, and amorphization), prodrug strategies and reduction of particle 

size. However, none of the strategies has been completely successful. Recently, 

nanotechnology-based approaches have gained attention due to their potential in increasing in 

vitro and in vivo activities of CUR [33]. Many agents have been tested to alleviate curcumin’s 

bioavailability by addressing various mechanisms. For example, piperine, a known 

bioavailability enhancer, is the major active component of black pepper [34] and increases 

curcumin's bioavailability by 2000%. Hence, the issue of poor bioavailability can be improved 

by adding agents such as piperine resulting in a curcumin complex [35]. 

The purpose of this review is to provide a brief overview of the research related to the 

therapeutic potential of curcumin and its derivatives with recent advancements. Due to the great 

extent of literature available, this review article specifically focuses on the anti-microbial, anti-

cancer, anti-Alzheimer, anti-oxidant, anti-inflammatory, therapeutic effects against corona 

virus and neuroprotective applications of curcumin and its analogs. Over the next few years, 

numerous clinical trials are currently in progress that will provide an even deeper understanding 

of the therapeutic potential of curcumin. 

2. Biological Properties 

2.1. Antimicrobial. 

The antimicrobial properties of curcumin can be improved by visible blue light. It 

disrupted the membrane of microbes by inhibiting ATPase activity which opened its way for 

application in clinical dermatology [36]. It also inhibits the proliferation of bacterial cells by 

restricting the cytokinetic Z-ring assembly from FtsZ protofilaments, which play critical roles 
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in bacterial cytokinesis [37],  membrane permeabilization [38], production of ROS and 

antioxidant depletion [39], and biofilm initiation [40]. Hydrogen bonding and charge 

delocalization are curcumin's two main physicochemical properties for promoting the 

interactions with the outer bacterial cell wall [41]. Also, Hydroxyl and methoxy groups present 

in the curcumin play a vital role in its antimicrobial properties. Curcumin exhibits antimicrobial 

activity in vitro against several microbes, including several pathogenic gram-positive bacteria, 

for example; Bacillus cereus, Bacillus subtilis, Staphylococcus aureus, Streptococcus mutans, 

Staphylococcus epidermidis and gram-negative bacteria for example; Escherichia coli, 

Pseudomonas aeruginosa, Yersinia enterocolitica,and Shigella dysenteriae and also against 

several funguses such as Aspergillus níger, Candida albicans, Penicillium notatum and molds 

[42]. Gram-positive bacteria represent significantly more sensitive to curcumin than gram-

negative bacteria. In gram-negative bacteria, the penetration of hydrophobic antimicrobial 

compounds couldn’t occur effectively due to the presence of hydrophilic lipopolysaccharides 

in its outer membrane [41].  

Streptococcus pyogenes causes many life-threatening infections such as sepsis, rheumatic 

fever, and TSLS syndrome (toxic-shock-like syndrome).  

The diffusion method was employed to compare the antimicrobial effects of curcumin 

and antibiotic ciprofloxacin against S. mutans and S. pyogenes. Minimal inhibitory 

concentration (MIC) demonstrated that curcumin reduced the growth of S. mutans and S. 

pyogenes with inhibition zones of 9.7 mm and 10.2 mm, respectively. However, the inhibition 

zone of antibiotic ciprofloxacin was observed as 15.52 mm and 13.4 mm against S. mutans and 

S. pyogenes respectively.  

Furthermore, curcumin has also been shown to inhibit the dental biofilm formation 

subsequently, dental carries formation [43]. The skin commensally and opportunistic pathogen 

Staphylococcus epidermidis, coagulase-negative Gram-positive bacteria, are the main 

causative agent of nosocomial infections and acne vulgaris. It can form new anti-biotic strains 

and biofilm on medical devices that require higher doses of antibiotics. Curcumin has 

synergistic effects with other phytochemicals. The synergistic combination of curcumin and 

cinnamaldehyde was discussed, and detected that it has an efficient antimicrobial potency 

against S. epidermidis and hinders biofilm growth. MIC of curcumin and cinnamaldehyde were 

obtained as 3.12µg/ml and 15.62µg/ml, respectively. The fractional inhibitory concentration 

index (FICI) was reduced to half compared to FICI against a planktonic culture equal to 0.5. It 

altered the membrane permeability for killing the bacteria as determined by β-galactosidase 

assay on E. coli ML-35p [44]. Also, the curcumin-loaded myristic acid microemulsions showed 

antimicrobial properties against S. epidermidis. The physiochemical properties of curcumin 

microemulsions were determined by interfacial tension, size distribution, and viscosity data of 

the microemulsions. The Dermal curcumin accumulation and transdermal curcumin 

penetration were observed at 326 µg/g skin and 87 µg/cm2/d, respectively, which were 

analyzed using confocal laser scanning microscopy. The concentration of 0.86 µg mL-1 

curcumin in the microemulsion could reduce 50% of the bacterial growth [45].  

Due to curcumin’s durability, curcumin dyed on cotton suppressed the growth of E. coli 

and Staphylococcus aureus, where the rate of inhibition was directly varied with the 

concentration of curcumin. However, it was observed that curcumin showed better 

antimicrobial activity towards S. aureus than E. coli. A very low concentration of curcumin, 

around 0.01%, was required to inhibit 77% of S. aureus, while at least 0.1% of curcumin was 
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required even to detect the inhibition of E. coli [46]. Hyperbranched epoxy/silver–reduced 

graphene oxide–curcumin nanocomposites were also employed to detect antimicrobial activity 

against S. aureus and C. albicans in surgical infection sites with minimum inhibitory 

concentrations of 38 and 41µg mL-1 at 3% delivering of nanohybrid. The strong mechanical 

properties of nanocomposites were due to tensile strength of 54–65 MPa.  

The investigations of nanocomposite curcumin determined that the amount of green 

microalgae Chlorella sp. also get reduced on its surface. Hence, it has acceptable antimicrobial 

potential in biomedical and marine applications [47]. The treatment of burn wounds is limited 

due to toxicity, insufficient penetration, and increasing agents' resistance. To tackle the poor 

aqueous solubility of curcumin, its encapsulation was done, which improved its activity in 

treating infected burn wounds. Its administration obstructed in vivo growth of Methicillin-

resistant S. aureus (MRSA) and Pseudomonas aeruginosa, which increased wound healing in 

vivo murine wound model. The CFU quantification concluded that curcumin nanoparticles 

caused a 97% reduction of MRSA growth while 59.2% reduction of P. aeruginosa [48]. To 

control the pre- and post-harvest Salmonella and E. coli food pathogens in poultry meat and 

avoid chlorine toxicity, safer compounds with minimal side effects were needed. It led to the 

promising potential of curcumin in inhibiting the growth of Salmonella and E. coli by assisting 

the macrophages and their ATPase activity which was examined by BacTiter-Glotm Cell 

Viability Assay. It was found that the amount of ATP present in both the bacteria was reduced 

after the treatment with curcumin. The growth percentages of curcumin were inversely 

proportional to the concentration or doses of curcumin, and  100% of inhibition was observed 

at  200 µM of Curcumin for both the bacteria [49]. 

2.2. Anticancer. 

Cancer is considered globally as one of the major public health issues and the second 

leading cause of death. Despite the great advances in cancer therapeutics, there was not much 

difference in the mortality rate seen. In this context, several anticancer drugs/agents have been 

synthesized. Alternatively, due to better eco-friendliness, a number of naturally-derived 

compounds have been extracted from different plants such as Betula alba, Cephalotaxus 

species, Erythroxylum Pervillei, Curcuma longa, and many others. Among them, curcumin has 

received great intention due to its promising results in several different types of cancer, such 

as prostate, colorectal, breast, pancreatic, brain, head, and neck cancers[51]. The main 

mechanisms of action due to which curcumin exhibits efficient anticancer activity include 

promoting apoptosis and inhibiting proliferation and invasion of tumors by restricting the 

variety of cellular signaling pathways or intracellular transcription factors. These factors 

mainly include NF-κB, activator protein 1 (AP-1), cyclooxygenase II (COX-2), nitric oxide 

synthase, matrix metalloproteinase-9 (MMP-9), and STAT3. Curcumin disturbs the balance in 

the potential of the mitochondrial membrane, which increases the suppression of Bcl-xL 

protein leading to the improvement in apoptotic signals [52]. The anticancer properties of 

curcumin are mainly attributed to its structure. The modifications in the chemical structure of 

curcumin affect the binding of receptors and pharmacological property of a drug molecule and 

alter its pharmacokinetics and physiochemical activities. Dimethylcurcumin is one of the 

widely used curcumin analogs that enhances the degradation of androgen receptors and has 

applications in treating prostate cancer [53]. In addition to this, it has also shown a significant 

antiproliferative effect against estrogen-dependent breast cancer cells [54]. Although 

methylation has improved the targetability and activity of the molecule, it has also greatly 
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increased its hydrophobicity compared to curcumin, which has limited its administrable dose 

in cancer therapy. Curcumin analogs were synthesized by modifications in the aryl side chains 

of curcumin, and their anti-cancer activities were analyzed. These compounds offered an 

impetus to anticancer strategies by reducing the growth of cultured BGC-823, SGC-7901, and 

MFC gastric cancer cells present in MTT assay [55]. Novel Aza-aromatic curcuminoids, i.e., 

the pyridine-, indole-, and pyrrole-based curcumin analogs, possess better biological activities 

towards various cancer lines in comparison to curcumin and bisdemethoxycurcumin. These 

compounds improve water solubility, antioxidant potential, and biological influences like 

mitochondrial activity [56]. The differential potency for inhibition of cancer cell invasion 

varied as BDMC > DMC > CUR. Zymography analysis showed that CUR, DMC, and BDMC 

significantly down-regulated urokinase plasminogen activator, active MMPs from the cells in 

a dose-dependent manner, in which BDMC and DMC showed higher potency than CUR. Three 

forms of curcuminoids significantly inhibited collagenase, MMPs. DMC and BDMC exhibited 

higher anti-metastasis potency than curcumin by differentially down-regulation of ECM 

degradation enzymes [57]. Based on natural proportions, integration effects of curcuminoids 

were studied by chemical markers’ technique and metabolomics. By chemical markers’ 

technique, the combination of CU, curcuminoids (CE), BDMC, DMC having natural 

proportion possess synergistic anti-lung cancer activity on A549 cells, which resulted in the 

variations in 25 metabolites such as glycerophospholipid catabolism, sphingolipid metabolism, 

and fatty acid metabolism, etc. Moreover, CE group and BDMC, DMC greatly affected 

glycerophospholipid catabolism and sphingolipid metabolism, respectively [58]. RT-PCR and 

Western blot were implemented to reveal the reaction of CUR on HIF-1α in cisplatin (DDP) 

sensitive A549 and resistant A549/DDP cell lines. Curcumin endorsing its usefulness as 

therapy for lung cancer which obstructed A549/DDP cells proliferation, reversed DDP 

resistance, and activated apoptotic death by operating HIF-1αdegradationand inducing 

caspase-3, respectively [59]. 

Curcumin and resveratrol (derived from Polygonum cuspidatum) exhibited a combined 

anti-cancer effect in colon cancer by suppressing the proliferation of Hepa1-6 cells and 

increasing its intracellular reactive oxygen. This synergistic combination also inhibited  XIAP 

and surviving expression, which was utilized as the anti-cancer strategy in treating liver cancer 

[60]. Curcumin has also improved the anti-cancer activity of Trichostatin A in SkBr3 and 

435eB breast cancer cells by decreasing the phosphorylation of ERK and Akt and arresting 

G0/G1 cell cycle. It resulted in the up-regulation of protein expression of Bax and Bcl2 and 

down-regulation of p53 activity, which was traced by JNK signaling pathway [61]. These 

compounds hinder the activity of Na-K-ATPase, which is the reason behind this synergy [62]. 

It was revealed that the Curcuminoids-PDT could be a novel therapeutic agent in the inhibition 

of breast cancer lines. DMC-PDT was employed as a photosensitizer in photodynamic therapy 

(PDT) which activated early autophagy and late apoptosis. The outcome of DMC-PDT 

treatment was the reversion of cell viability, decrease in LC3 conversion, and PARP cleavage. 

The cells were treated with 4 µM DMC followed by blue light illumination leading to the 

formation of extensive vacuoles iDMC-PDT group at 24 h (Fig. 2A). As shown in Fig. 2B, 

DMC-PDT treatment elevated the conversion of LC3-I to LC3-II, and the maximum 

conversion was observed at 6 h. Cells were stained with MDC to confirm the effect of DMC-

PDT on autophagosome formation. The increased number and distribution of spots could be 

observed in DMC-PDT (Fig. 2C). The conversion of LC3-I to LC3-II could be observed in the 

cells exposed to DMC with illumination but was not observed in those cells exposed to either 
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DMC or illumination (Fig. 2D). This data represents that illumination is required for DMC-

induced autophagy. It means that DMC-PDT induced autophagy in a light dose-dependent 

manner (Fig. 2E). This literature indicates that DMC-PDT induces the conversion of LC3-I to 

LC3-II, which plays an important role in autophagy [63]. 

 
Scheme 1. Schematic overview of biological properties of Curcuminoids and their derivatives. 

 
Figure 2. Effect of DMC-PDT on apoptosis in MDA-MB-231 cells. (A) The cells were treated with 4 µM DMC 

with blue light and lysed at the indicated times. PARP cleavage was measured by Western blot analysis. (B) Cells 

were treated with 4 µM DMC with or without blue light at 24 h incubation, respectively. The total lysates of cells 

were analyzed for PARP cleavage using Western blot analysis in the absence of DMC, in the presence of PDT 

alone, in the presence of DMC alone, or in the presence of DMC and PDT. (C) The cytosolic faction lysates were 

analyzed for cytochrome C on Western blot analysis after DMC-PDT. (D) The total cell lysates of cells were 

analyzed for DR 4 and DR 5 on Western blot analysis after DMC-PDT. (E) The total cell lysates were analyzed 

for caspase 3, caspase 9, and caspase 8 on Western blot analysis after DMC-PDT. β-Actin was used as the loading 

control. Reproduced with modification from Ref. [63] under the Creative Commons CC-BY-NC-ND license, 

Elsevier 2015; Inset: Schematic raw turmeric, powder, and extract.  

Curcumin supplementation in patients with colorectal cancer was observed to decrease 

the M (1) G levels in the malignant colorectal cells without affecting the COX-2 protein levels. 

Moreover, it reduced the activity of the miR-21 gene by obstructing the binding of activator 
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protein, i.e., AP-1, to the miR-21 promoter[64]. However, various nanoparticles have been 

formulated using different nanotechnologies to improve curcumin properties and targetability. 

Mucoadhesive particles have been observed to elevate the anticancer effect of curcumin in 

colorectal cancer. Curcumin-containing chitosan nanoparticles (CUR-CS-NP) were found to 

be effective in colorectal cancer cells. The in vitro effect of mucoadhesive interaction between 

nanoparticles and colorectal cancer cells and the ex vivo mucoadhesion of the nanoparticles 

were demonstrated. Curcumin-containing chitosan nanoparticles (CUR-CS-NP) have better 

mucoadhesion than chitosan nanoparticles (CS-NP) which showed that it is absorbed 

efficiently by colorectal cancer cells. The lowering in percentage cell viability, arresting cell 

cycle at G2/M phase, and IC50 indicated the effective mechanism for colorectal cancer treatment 

[65]. Poly (lactic-co-glycolic acid)-CUR nanoparticles (PLGA-CUR NPs) were also 

developed, leading to improved anticancer effects in tumor xenograft tissues.  It suppressed the 

expressions of nuclear β-catenin and AR and also regulated the activity of miR-21 and miR-

205. Therefore, curcumin is a promising novel anticancer strategy for prostrate cancer [66]. 

2.3. Anti-Alzheimer. 

Alzheimer’s disease (AD), a progressive and chronic neurodegenerative disorder, 

affecting mainly the cortex and limbic system. Patients with AD show memory loss, cognitive 

and behavioral changes.AD is the major cause of dementia that leads to deterioration in 

thinking. The scopolamine-induced dementia models are considered most consistent in AD 

researches [67]. The introduction of -CH2COOC(CH3)3 group on the central atom of di-ketonic 

component of curcumin broughtabout the formation of K2T derivatives which improved its 

pharmaceutical applications [68]. The accumulation of extracellular amyloid plaques 

composed of β-amyloid (Aβ) peptides and intracellular neurofibrillary tangles (NFT) 

containing hyperphosphorylated tau protein are the pathological hallmarks of Alzheimer’s 

disease[69]. The high levels of some metal ions like Fe3+, Cu2+, Al3+, Zn2+, Hg2+ and Mn2+ 

present in the brain bind strongly to the N-terminus, metal-binding sites in Aβ peptides, and 

resulted in the accumulation of Aβ. It causes oxidative stress and neuronal cell death [70]. Due 

to curcumin's potent anti-inflammatory and antioxidant activities, it appeared to represent 

promising targets for the treatment of AD. The number of in vitro and in vivo studies proved 

that curcumin exhibits anti-amyloid activity [71]. Curcumin binds to the non-polar regions of 

the Aβ oligomers by hydrophobic interactions, which prevented the aggregation of Aβ and 

down-regulated the toxicity of the Aβ oligomer. Curcumin also has acceptable metal-chelating 

properties, due to which it binds to the metal ions present in the brain and form stable 

complexes which prevent the Aβ aggregation. As a result, it reduces the formation of peptide-

metal complexes [72]. It was reported that strong interaction exists between curcumin and 

metal ions in curcumin-metal complexes where metal ions can be Cu2+, Al3+, and Hg2+[73]. 

Several imidazole-containing curcumin analogs were synthesized and could be a useful 

candidate as an inhibitor that can reduce the crosslinking of Aβ induced by Cu2+[74]. The 

oxygen radical absorbance capacity (ORAC) method and a cell-based assay using DCFH-DA 

revealed that the synthesized metal complexes of the curcumin had a higher inhibitory effect 

against deposition of amyloid-β than curcumin. It decreases metal-induced amyloid-β 

deposition by chelating metals such as iron, manganese, and copper, which was observed by 

various spectroscopic and analytical methods, such as elemental analysis, TG, AAS, FT-IR, 

etc. The results strongly encouraged the synthesis of the curcumin-iron complex for enhancing 

memory and their acceptable latent period values [75,76]. Administration of scopolamine leads 
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to the degeneration of Akt and GSK-3β phosphorylation in the hippocampus, responsible for 

memory loss. Curcumin reverses the hallmarks of Alzheimer’s disease and prevents these 

changes [77]. As compared with curcumin, the loss of cholinergic neurons can be controlled 

competently by probiotic Lactobacillus rhamnosus. 

Consequently, curcumin with probiotics strengthened the memory and antioxidant 

system [78]. The mouse model of APP/PS1 and wild-type (WT) C57BL/6J of Alzheimer’s 

disease has been used for studying these symptoms on curcumin’s administration. The memory 

improvement was observed in the curcumin-treated mice—elevation in lactate content, as well 

as MCT2 protein in the cerebral cortex and hippocampus, were determined. Supplementation 

of curcumin improved the supply of lactate, which ameliorated the memory function of 

APP/PS1 mice. The two analytical techniques, i.e., western blotting and immunochemistry, 

were used to examine MCT2 expression in the cerebral cortex and hippocampus [79]. 

 

 
Scheme 2. Various pathways of action of curcuminoids in Alzheimer's disease (AD) treatment. 

To overcome the problem of curcumin’s low solubility, polymeric nanoparticle 

encapsulated curcumin (NanoCurc) was synthesized. Aggregation of amyloid-β plaques reacts 

with activated microglia, which contributes to reactive oxygen species (ROS) production. 

Curcumin’s administration reduced the levels of H2O2, actions of pro-apoptotic enzyme 3, and 

caspase 7 in the brain, which was accompanied by an increase in the concentration of 

glutathione. NanoCurc protected the viability of differentiated human neuroblastoma (SK-N-

SH) cells from ROS in a dose-dependent manner. So, curcuminoids analogs appear to be more 

beneficial as anti-Alzheimer agents [80]. Scheme 2 depicts curcuminoids' various accepted 

pathways of action in Alzheimer's disease (AD) treatment [8,72-76]. Eight 

dimethylaminomethyl-substituted curcumin derivatives were synthesized and evaluated as 

potential agents for the treatment of AD. Their properties were determined by the oxygen test. 

It showed that compound (A) (Fig. 3)  had better inhibitory properties against the accumulation 

of Aβ than lead compound curcumin. In addition, compound (A) exhibited higher stability in 

phosphate-buffered solution in the presence or absence of  0.1% FBS (at pH = 7.4) and showed 

capability to penetrate the blood-brain-barrier [81]. 

 
Figure 3. Chemical structure of dimethylaminomethyl-substituted derivative of curcumin (auxochromes are 

presented in blue color). 
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2.4. Antioxidant and anti-inflammatory. 

Curcuminoids, a phenolic antioxidant which wereobserved by NMR analysis. 

Curcumin (CUR) and its two derivatives, i.e., bis-demethoxycurcumin and 

demethoxycurcumin, exhibit antioxidant activity due to its ···CH3 ··· H–O hydrogen bonds, 

which were extracted from curcumin longa [82]. The compound consists of seven 

curcuminoids, and chalcones were synthesized, and it was observed that antioxidant potential 

depends on the phenolic group at ortho and/or para position. Hence, o-substituted methoxy 

functionalization only increased antioxidant potential when the methoxy group was not bonded 

to the β-diketone moiety as a proton acceptor.  The more phenolic nature of the compound 

indicates more antioxidant activity [83]. The free radical reaction centers of curcumin were due 

to the presence of two phenolic groups and the enol form of the diketone moiety and extended 

conjugated structure [74].  

Curcumin is also reported to be an effective oxidative stress blocking agonist through 

multiple pathways.  Curcumin inhibited the unregulated DNA damage by promoting Akt and 

MAPK pathways. It also stimulated the activities of several antioxidant enzymes, including 

SOD, catalase, GPx, GST, GR, and iNOS enzymes. However, it restricted the processes which 

are caused by the rotenone or paraquat and are responsible for causing oxidative stress. These 

processes involved the inhibition of Nrf2, NFĸB translocation in the cytosol, and the 

degradation of IĸB, hence exerting the antioxidant activity in the body. It leads to research on 

other formulations of curcumin to enhance the bioavailability of curcumin [84]. Micelles as a 

novel carrier system cause 70- and 180-fold increase in curcumin plasma as compared to free 

curcumin[85].  

As single curcuminoids are less soluble, the antioxidant activities of compounds of 

curcuminoids were determined using Ferric-reducing power (FRAP assay) and ABTS assay, 

which has critical importance in reducing ABTS radical cation. The antioxidant properties of 

isolated curcuminoids varied as phospholipid complexquercetin>trolox> curcuminoids > 

curcumin-cyclodextrin complex > curcumin [86]. Bisdemethoxycurcumin (BDMC) has better 

free radical scavenging ability in erythrocytes and good redox activity comparative to 

curcumin. All the parameters (SOD, MAD, diet, excreta, etc.) returned close to baseline levels 

after treatment with curcumin and bisdemethoxycurcumin by activating the Nrf2 signaling 

pathway [87]. BDMC inhibits oxDL uptake, which is responsible for fatty streaks in 

atherosclerosis, and CUR inhibits CD36, scavenger receptor A [88].  

Furthermore, curcuminoids were co-administered with piperine at the dose of 

1000mg/day and 10 mg/day, respectively, for 8 weeks in the patients suffering from type II 

diabetes mellitus (T2DM). Additionally, it was concluded that it inhibited oxidative species 

and elevated antioxidant activities, which restricted diabetic issues [89]. Since encapsulation 

of curcuminoids improves the antioxidant and cytotoxic activity in an aqueous medium, it was 

performed to reduce the in vitro activity of two enzymes, i.e., acetylcholinesterase (AChE), a 

neurotransmitter, and glutathione S-transferase (GST) and cytotoxic effects against non-tumor 

and tumor cell lines [90]. Many studies have demonstrated that the curcumin metal complexes 

have better antioxidant activity as compared to free curcumin. It was observed that metal 

complexes of curcumin with several divalent metals such as Cu2+, Fe2+, Mn2+, Mg2+, B2+, Se2+, 

and Zn2+ improved their antioxidant activity [91].   

Curcumin increased the expression of antioxidant genes and proteins, heme oxygenase 

1 (HO-1), glutamate-cysteine ligase (GCL), and quinine oxidoreductase 1 (NQO1), but only in 
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Nrf2+/+ cells [92]. It inhibited the H2O2-induced activation of transient receptor potential 

melastatin-like 2 (TRPM2) and hence decreased the TRPM2 protein levels. It also down-

regulated the levels of ROS in transfected cells and non-transfected cells. It was concluded that 

curcumin reduced apoptosis and inhibited oxidation via the TRPM2 channels[93]. Jonathan 

Ibrahim evaluated oxidative stress and antioxidant parameter in CCl4 injured rats treated with 

curcuminoids. Higher levels of aspartate transaminase, alanine transaminase, alkaline 

phosphatase, and lower levels of super oxide dismutase, glutathione, catalase caused increased 

oxidative stress in the patients with liver diseases such as liver cancer, cirrhosis, which could 

be controlled by supplementing the drugs of curcuminoids. Its administration elevated the 

concentrations of total proteins and albumins [94]. Oxidative stress is an emerging component 

of osteoarthritis. Supplementation with curcuminoid-piperine combination significantly 

enhanced serum activities of superoxide dismutase (SOD) as well glutathione (GSH) and 

reduced the concentrations of MDA as compared with placebo, which in turn improved 

oxidative status in patients with osteoarthritis [95]. Curcuminoids-piperine combination has 

also been proposed as a feasible approach to preventing metabolic syndrome (MetS), and it 

does wonder to the oxidative as well inflammatory complications which are the components of 

MetS [96].  

Several studies have proved that curcumin can be utilized as a promising anti-

inflammatory agent. It was reported that curcumin had pronounced anti-inflammatory 

properties on activated microglia, macrophages present in CNS, by bringing down the activity 

of the PI3K/Akt signaling pathway, which in turn inhibited LPS-induced inflammatory 

responses. Anti-inflammatory properties of curcumin are attributed to suppression of 

prostaglandin synthesis and inhibition of COX2, LOX, iNOS, cytokine production, and 

transcription factors [97]. Several studies proved that curcumin can prevent COX2 expression 

[98]. Dimethyl-amino curcuminoid derivatives were found to be more potent anti-

inflammatory agents than parent CUR [99]. Curcumin supplementation effectively mitigates 

inflammation in patients suffering from chronic lung injury and cutaneous complications 

caused by exposure to sulfur mustard. It down-regulated the cytokines through the ERK 

pathway [100,101]. Atherosclerosis is an inflammatory response of the arterial wall to the 

injuries promoted by risk factors such as dyslipidemia, diabetes, hypertension, and others. 

Inflammation plays a critical role in all the stages of atherosclerosis. Therefore, curcumin was 

employed to reduce the inflammatory conditions. It regulated the cholesterol transport 

homeostasis and inflammatory response in M1 macrophages [102]. It was also reported to 

increase thrombospondin-4 (THBS-4) in mouse macrophages treated with oxidized low-

density lipoprotein. There is evidence representing the regulating effects of curcumin on 

macrophage chemoattractant protein-1 (MCP-1), which is involved in the pathogenesis of 

several inflammatory diseases, for example, atherosclerosis [103].  

Moreover, it was demonstrated that curcumin could be effective in patients with 

diabetes-related atherosclerosis [104]. The controlled mean pulmonary artery pressure resulted 

in the improvement of chronic obstructive disease (COPD) condition. It could be done by 

reducing the number of smooth muscle cells, which facilitated this goal. Curcumin promotes 

apoptotic cell death in smooth muscle cells by upregulation and down-regulation of BAX and 

Bcl-2, respectively. It inhibits the JAK2/STAT3 signaling pathway, which is influenced by the 

expression of SOCS-3 [105]. 

 Curcumin was shown to be able to protect human synovial fibroblast cell line MH7A 

and fibroblast-like synoviocytes (FLS) by preventing both IL-1β and PMA-induced IL-6 
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expression in patients who have rheumatoid arthritis (RA). Curcumin’s inhibition of NF-κB 

and persuading dephosphorylation of ERK1/2 play a significant role in reducing chronic 

inflammatory symptoms like RA [19]. Also, it could serve as a proper tool for curing chronic 

asthma [106]. It was proved to be a promising therapy for diabetes by reducing oxidative stress 

and producing inflammatory cytokines. It improved the symptoms of vascular inflammatory 

diseases by obstructing the release of high mobility group box 1 (HMGB1) by 

lipopolysaccharide and the surface receptor of the cell for HMGB1 present in human 

endothelial cellscytokines[107]. It was investigated that CUR has an anti-inflammatory effect 

in the Mdr1a−/− mouse model of human inflammatory bowel disease by enabling α-catenin. 

Its anti-inflammatory activity was verified by multiple molecular pathways, reduced immune 

response, higher xenobiotic metabolism, and elevated barrier modeling. The 2D gel 

electrophoresis and LCMS protein recognition were utilized for evaluating the level of the 

colon mRNA transcript. In this literature, colon RNA from four Mdr1a−/− mice on the control 

diet [(high colon histological injury score (HIS)] and colon RNA from four FVB mice on the 

control diet (low colon HIS) was compared. Colon RNA from four Mdr1a−/− mice on the AIN-

76A diet (selected for high colon HIS) was compared with colon RNA from four Mdr1a−/− 

mice based on curcumin-supplemented diet (selected for lower colon HIS). [108]. Anti-

inflammatory effects of CUR and Solid lipid CUR particles (SLCP) in vitro and in vivo 5xFAD 

models of Alzheimer’s disease proved that SLCP exhibits more anti-inflammatory response 

than CUR due to greater reduction misfolded Aβ aggregation [109]. Anti-inflammatory 

responses of synthesized mono-carbonyl analogs of curcumin were proposed in the mouse 

RAW264.7 macrophages which down-regulated LPS-induced secretion of TNF-α and 

interleukin-6 [110]. Liposomal formulations of CUR and curcuminoid increase their 

antioxidant and anti-inflammatory activities, which are employed as a chemopreventive in 

treating vaginal inflammation. Results of the HPLC technique showed their anti-inflammatory 

potential and resolution by analyzing the inhibition of lipopolysaccharide-induced nitric oxide, 

interleukin-1βand TNF-αproduction in macrophage RAW 264.7 cells [111]. 

2.5. Neuroprotective aspects. 

Neurodegenerative diseases (NDDs) are the second leading cause of deaths globally 

and becoming significant global health burdens. Amongst all the NDDs AD (discussed above) 

has a lethal factor of the largest severity. Most NDDs, including Huntington's disease (HD), 

Parkinson's disease (PD), hippocampal injury, amyotrophic lateral sclerosis (ALS), and prion 

diseases, remain essentially incurable. They all have almost similar pathological mechanisms 

characterized by amyloid protein aggregation in intra or extracellular matrices. Numerous 

factors including neuroinflammation, aging, oxidative damage and aggregated fibrillar protein 

deposits, resulting in age-related gradual decline in the neurological function leading to the cell 

death [112]. Curcumin crosses the blood-brain barrier and is neuroprotective in various 

neurological disorders. It has been reported to provide neuroprotection and regulate 

biochemical pathways caused by the symptoms of neurodegenerative disorders. Parkinson’s 

disease is an age-associated neurodegenerative disorder that is characterized by the reduction 

in substantia nigra (SN), showing the symptoms, specifically stiffness, tremor, slowness of 

movement, and postural instability. Iron catalyzed the formation of highly toxic free radicals 

via the Fenton reaction leading to cell death. The pathogenetic processes of PD lead to severe 

damage to the hippocampus in the cerebral region, which leads to memory loss.  
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Curcumin has the potential to bind with α-synuclein restricting its aggregation and thus 

might be a novel therapeutic approach to treat Parkinson’s disease (PD)[113]. Its therapeutic 

potential was explored in a 6-hydroxydopamine-lesioned rat model of PD both in vitro and in 

vivo. In this model, rats were initially treated with curcumin for 24 days, and after that6-

hydroxydopamine (6-OHDA) lesioning was conducted on day 4 of curcumin treatment. It 

protected substantia nigra neurons and improved striatal dopamine levels through HPLC assay 

with electrochemical detection. Curcumin reduced the toxic effects of (6-OHDA) on the SN–

striatum system. It attenuated the oxidative stress due to its iron-chelating properties and 

suppressed the tyrosine hydroxylase (TH) containing immunoreactive neurons, which was 

analyzed by immunohistochemistry [114]. Using HPLC, it was observed that curcumin 

prevented hippocampal injury prevention. As shown in Western blot analysis, curcumin 

increased dopamine and norepinephrine contents in hippocampal homogenate and operated 

BDNF/TrkB-dependent pathway for maintaining the neuron survival (BDNF:Brain-derived) 

neurotrophic factor) [115]. CUR has potential as an effective neuroprotective therapy in 

arsenic-induced cholinergic dysfunctions in brains. Its protective effect may be attributable to 

regulating oxidative stress, neurotransmitter, and dopamine levels. Compared to only arsenic-

treated rats, the result demonstrated better learning and memory performance due to higher 

binding of 3H-QNB and improved acetylcholinesterase’s activity in the hippocampus and 

frontal cortex with the treatment of curcumin as well (100 mg/kg body weight, p.o., 28 days). 

The supplementation of both arsenic and curcumin was shown to improve the 

immunoreactivity and expression of choline acetyltransferase, staining of Nissl body in the 

hippocampal region [116]. It also protected ketamine-induced bipolar disorder (BD), the 

psychiatric disorder, by modulating behavioral and oxidant damage during mania episodes. 

Treatment with the curcumin (20 and 50 mg/kgfor 14 days) increased the activity of the two 

antioxidant enzymes, i.e., superoxidase dismutase and catalase, in the hippocampus [117].  

CUR has long been advocated for the treatment of traumatic brain injury (TBI). It 

regulated the Nrf2 pathway, which was assessed by Western blot and qRT-PCR after 24hrs of 

treatment. Its effect is associated with reducing ipsilateral cortex injury, neutrophil infiltration, 

and microglia activation, promoting neural regeneration against TBI-induced apoptosis [118]. 

To overcome the problems of less bioavailability and less drug concentration in the 

brain, nanotechnology has modified the surface of nanocarriers to elevate their delivery to the 

brain. Various nanocarriers like liposomes, magnetic nanoparticles, lipid nanoparticles, 

miscellaneous nanocarriers, polymeric micelles, and polymeric nanoparticles were employed 

to improve curcumin delivery to the brain in the treatment of several neurodegenerative 

disorders[119,120].  

Lipid nanoparticles are preferred over other nanocarriers due to their number of 

properties such as high encapsulation, lipophilic nature, drug targeting, etc. Curcumin-loaded 

PLGA nanoparticles (cur-NPs) crossed the blood-brain barrier and increased the concentration 

of curcumin in the brain. It was reported that Curcumin nanocarrier (CN) containing D-α-

tocopherol polyethylene glycol 1000 succinate (TPGS) and Pluronic F127 used as a candidate 

neuroprotective drug for the patients of glaucoma and other eye diseases. Administration of 

CN twice-daily for three weeks increased the solubility of curcumin up to 4.5mg/ml. In return, 

it helped in down-regulating the loss of retinal ganglion cells (RGCs) in the rat models of optic 

nerve disease, ocular hypertension (OHT), and partial optic nerve transection (pONT) [121]. 
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Table 1. The potential of curcuminoids and their derivatives in various biological activities. 
Curcuminoids and 

Derivatives/Activity 

Diseases curing Effects of Curcuminoid Treatment Dose Ref. 

CUR/Anti-inflammatory Rheumatoid arthritis  Inhibition of NF-κB and persuading dephosphorylation 
of ERK1/2 

12.5 μM [19] 

CUR Lung cancer Reverses cis-platin resistance and induces human lung 
adenocarcinoma A549/DDP cell apoptosis  

µM [59] 

CUR  Alzheimer’s Disease Restored Akt and GSK dephosphorylation 50 and 100mg/kg [77] 

Polymeric nanoparticle 

encapsulated curcumin 

Alzheimer’s Disease Reduces levels of H2O2, pro-apoptotic enzymes 3, and 

caspase 7 

25mg/kg twice 

daily 

[80] 

a. Curcumin-cyclodextrin 

b. Curcumin-phospholipid  
c. Curcuminoids  

Targets ABTS radical 

cation. 

Reduces ABTS radical cation 21.4 µg/ml ± 0.7 

42.3 µg/ml ± 0.5 
32.6 µg/ml ± 2.3 

[86] 

CUR and BDMC/Antioxidant Intestinal health and 
animal production 

 Nrf2 signaling pathway 150 mg/kg [87] 

Curcuminoids/Antioxidant  T2DM Reduction of MDA and elevation in TAC and SOD 
activities 

 1000 mg/day [89] 
 

 

Curcuminoids-

piperine/Antioxidant 

Osteoarthritis Elevation of SOD and GSH, and reduction of MDA 

concentrations 

15 mg/day [95] 

Curcuminoids-

piperine/Antioxidant 

MetS Increases glucose homeostasis parameters and insulin 

resistance 

1gm/day [96] 

     

CUR/Anti-inflammatory Neuroinflammation PI3K/Akt signalling pathway 10 to 50μM [122] 

CUR/ Anti-inflammatory Vascular inflammation Inhibition of HMGB1 5 µM [107] 

BDMC/Anti-inflammatory Human inflammatory 

bowel disease 

 Inhibition of calmodulin dependent protein kinase II 

resulted in the reduction of LPS induced inducible nitric 

oxide synthase 

10 µM [108] 

Monocarbonylanalogs of 
CUR/ Anti-inflammatory 

Sepsis Inhibition of TNF-α and IL-6 10 µM [110] 

CUR, DMC and BDC Alzheimer’s Disease Inhibition in frontal cortex and hippocampus. 3-10mg/kg [123] 

CUR, DMC and BDC  Alzheimer’s Disease Aβ+ ibotenic acid injected leads to reduction of GFAP 

levels in the hippocampus. 

3-10mg/kg [124] 

     

CUR and DMC  Alzheimer’s Disease Inhibition in APP and Tau IRES activity. 1-40 µM [125] 

Curcumin PLGA nanoparticle Metabolic syndrome Elevates plasma concentration 5mg/kg/day for 8 

weeks 

[126] 

Oral curcumin DOMS Down-regulates blood cytokines activity and up-

regulates blood IL-6 concentration. 

2.5gm twice daily [127] 

Curcumin BPH Lowering in prostate weight and prostrate volume 20 mg/kg [128] 

3. Therapeutic Effects of Curcuminoids Against COVID-19 

In December 2019, a novel deadly corona virus emerged in Wuhan, China, caused by 

the Severe Acute Respiratory Syndrome Corona Virus-2(SARS-CoV-2) and spreads 

worldwide. It is one of the most alarming pandemic outbreaks in the 21st century [129]. Several 

drugs are prescribed to patients, but no current effective antiviral drug has minimal side effects. 

During this scenario, various studies have discussed the therapeutic potential of curcumin and 

its mechanism in the treatment of the corona virus [130]. Curcumin plays a major role against 

a number of viruses such as influenza A virus, Human Immunodeficiency Virus (HIV), 

enterovirus 71 (EV71), herpes simplex virus (HSV), hepatitis C virus (HCV), Chikungunya 

virus, Ebola virus, and human papillomavirus (HPV) with numerous mechanisms which made 

it valuable for antiviral therapies. Due to the broad-spectrum and low toxicity of curcumin, it 

can be used as an antiviral agent against SARS-CoV-2 [131]. Curcumin can regulate the 

number of molecular targets, which play a major role in viral infections. The molecular targets 

could be summarized as(i) transcription and replication regulation [132], (ii) obstruction of 

proteases (iii) obstruction of attachment and virus entrance into the cells [133] (iv) inactivation 

and attack of the virus’s structures [134]. In silico, preliminary studies have been performed to 

examine various medical plant compounds as inhibitors for SARS-CoV-2 main protease (Mpro), 
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which plays an essential role in the viral multiplication and can represent potential targets for 

the treatment of COVID-19.  

 
Docking results of (i) Salvianolic acid A: (a) 3D Docking and (b) Bonding interactions 

 
Docking results of (ii) curcumin: (a) 3D Docking and (b) Bonding interactions 

 
Docking results of (iii) Lopinavir: (a) 3D Docking and (b) Bonding interactions 

 
Figure 4. Lopinavir, a peptidomimetic molecule showing antiretroviral protease inhibitor action against HIV and 

COVID-19 virus. Lopinavir exhibited high binding affinity (−9.8 kcal/mol), forming four hydrogen bonds with 

HIS164, SER144, LEU141, and GLY143 with bond lengths of 2.62, 3.09, 1.96, and 2.01 Å, respectively). A 

docking comparison of lopinavir with salvianolic acid A and curcumin revealed competing binding affinities 

suggesting the in silico potentiality of the three compounds as Mpro inhibitors. Reproduced from Ref.[135] under 

open permission WHO-COVID database with rights for unrestricted research re-use and analyses, Elsevier 2020.  

Using docking calculations, it was observed that curcumin has a high potency as 

Mproinhibitor, showing the binding energy equal to -9.2 kcal/mol. It was mainly due to its 

capability to form six hydrogen bonds with the bond lengths ranging from 1.90 to 2.85 Å, 

hydrophobic and pi (π)-based interactions, van der Waals interactions with the amino acids 

near to Mpro’s active site. The scheme showing the interaction between the curcumin and amino 

acid residues of SARS-CoV-2 viral protein is shown in Fig. 4 [135].  

Instead of its biological benefits and potential as a medication in treating COVID-19 

due to its inhibition of SARS-CoV-2 viral pathways, curcumin’s physiochemical activities 

reduce its bioavailability. Some of the prominent physiochemical activities are poor water 

solubility, which is around 11 ng/ml, low stability in aqueous media, especially in alkaline pH. 
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It has shown that the transformation of curcumin into nanosystems could boost its solubility, 

transport through biological membranes, and protect drugs from chemical and metabolic 

degradation [136]. During this pandemic of COVID-19, only a few nanotechnological 

curcumin-based products are available in the market, mainly in the form of polymeric 

nanoparticles (Nanocurc™), liposomes (Lipocurc™), and nanomicelles (Sinacurcumin®) 

[137].  

In vivo study highlighting the efficiency of curcumin-loaded nanosystems against 

COVID-19 was conducted by Saber-Moghaddam and collaborators [138]. They concluded that 

the nano-formulation of curcumin (Sinacurcumin®, a soft gel capsule containing 40 mg of 

curcuminoids in nanomicelles) with a dose of 80 mg twice daily was able to reduce most of the 

symptoms in patients with mild and moderate COVID-19. The improvement in the recovery 

time and lymphocyte count after 7 to 14 days was also observed [138]. In this study  

Saber-Moghaddam et al. observed a p-value based on Fisher's exact test for lungs CT 

0.332 whereas found 0.996 for TT-PCR [138]. A randomized, double-blind, placebo-controlled 

study was conducted to evaluate the effects of Sinacurcumin® 40 mg on the regulation of 

inflammatory cytokines in COVID-19 patients with a dose of 4 capsules daily for 14 days. The 

expression of mRNA and levels of cytokine secretion of IL-1β, IL-6, TNF-α, and IL-18 were 

determined by Real-time PCR and ELISA, respectively. It was concluded that Sinacurcumin® 

up-regulated the rate of inflammatory cytokines, especially the IL-1β and IL-6 mRNA 

expression and cytokines secretion in patients with COVID-19, which can improve the 

inflammatory condition of patients [139]. 

Despite several positive conclusions from the in vivo studies of Sinacurcumin® in the 

treatment of COVID-19, this formulation mainly focuses on controlling the symptoms and 

regulating the inflammatory responses. It was observed that other nano-systems have many 

advantages like easy cell uptake, higher permeability, biodegradability, etc., and nanoparticles 

mainly exhibit the advantages of easy customization and functionalization. The replication of 

SARS-CoV-2 is a complex process involving synthesizing RNA, proofreading, and capping 

[140]. It was observed that curcumin-loaded silver nanoparticles (AgNPs) enhanced the 

antiviral activity compared to curcumin. Curcumin-AgNP disrupted the replication of SARS-

CoV-2 by attaching to the viral DNA or RNA, inhibiting the virus replication inside the host’s 

cells [141]. In addition to this, curcumin-carbon dots were synthesized, which can repress the 

entrance of virus into the cell and the viral-RNA of porcine epidemic diarrhea virus 

(Coronaviridae family) [142]. 

SARS-CoV-2 is a beta-coronavirus which develop severe pneumonitis. The 

inflammation in COVID-19 pathogenesis has resulted from up-regulation in the levels of 

inflammatory cytokines (TNF, IL-1β, IL-6, IL-8), colony-stimulating factors (G-CSF and GM-

CSF), and inflammatory chemokines (MCP1, IP10, and MIP1α) and destruction or down-

regulation in the levels of inflammatory monocytes and macrophages [143].  It was studied that 

the TGF-β can be a good therapeutic target for COVID-19. It was observed that curcumin plays 

a significant anti-inflammatory role in the patients with COVID-19 by controlling the cytokine-

induced damages. It represses the activity of interleukin-6 (IL-6) by down-regulating the 

STAT3 [144]. Also, it inhibits the TGF-β1 and decreases the production levels of pro-

inflammatory cytokines such as TNF-α and MPC-1[145].  

Inflammasomes are one of the most important components of innate immunity, which 

worsen inflammation by increasing the production of IL-1β, IL-18, and gasdermin D [146]. 

The direct and indirect activation of inflammasome caused by the proliferation of SARS-CoV-
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2 in the number of cells. Its activation causes severe cytokine storm and acute respiratory 

distress syndrome (ARDS), leading to death. Curcumin stimulates nuclear factor erythroid 2-

related factor 2 (NRF2), a transcription factor, which in turn obstructed the activity of NLRP3 

inflammasome as a basic signaling complex in exacerbating inflammation. Most of the 

COVID-19 patients suffered not only lymphopenia but also a phenomenon called T cell 

exhaustion. Curcumin has proved its capability to inhibit the loss of T cells, which enhances 

effector memory T cell populations and also decreases the suppressive activity of Treg cells by 

down-regulating the TGF-β and IL-10 synthesis. It was also reported that curcumin improved 

the paraquat (PQ) (N, N′-dimethyl-4,4′- bipyridinium dichloride) induced acute lung injury 

(ALI) by inhibiting NLRP3 inflammasome and restricting the increment in the levels of Notch1 

and inflammatory cytokines[147]. 

4. Alternative Medicine 

At a dose of 2.5 gm twice daily, Oral curcumin lowered pain associated with delayed 

onset muscle soreness (DOMS), caused by muscle damage or high-intensity eccentric exercise, 

by down-regulating blood cytokines activity up-regulating blood interleukin-6 (IL-6) 

concentration. It led to muscle regeneration and improvement in damage markers [127]. 

Systemic treatment with curcumin reduced the expressions of VEGF, TGF-ß1, and IGF1 

among growth factors in prostate tissue, which were examined by immunohistochemistry and 

western-blot. It was orally administered at the concentration of 50 mg/kg for 4 weeks. It is 

efficient against testosterone-induced benign prostatic hyperplasia (BPH), multifactorial 

disease, and prostrate volume in the rat model [128]. Meriva, a novel lecithin-based deliver a 

form of curcumin, can be regarded as adjuvant therapy in people affected by psoriasis Vulgaris. 

Due to its interaction with the main pathogenic pathways of this disease, i.e., T cell-mediated 

inflammation by the obstruction of nuclear factor kappa B (NF-𝜅B), keratinocyte proliferation 

which in return inhibited phosphorylase kinase (PhK) [148].  Some patients were assigned to 

12 weeks of treatment with oral curcumin and steroids, whereas others were treated with the 

steroid alone. It was observed that there was a significantly higher reduction in the serum levels 

of IL-22 in the patients treated with both oral curcumin and steroid [149]. 

Tetrahydrocurcuminoids(THCs), the natural antioxidants, have displayed higher 

bioavailability and physiological stability and a wide spectrum of therapeutic activities. 

Patients are suffering from canker sore and gingivitis (a gum disease) treated with 2 chewable 

tablets per day (each tablet containing 100mg of THCs) for 3 weeks. The results demonstrated 

that THCs reduced canker sore-induced features, including great reduction in redding at the 

site, trouble in swallowing, and chewing. It was also demonstrated that THCs could be regarded 

as a safe and effective ingredient, useful for treating patients with gingivitis. THCs 

downregulated the gingival appearance, bleeding, inflammation in the gingival patients without 

any side effects [150]. There is an increasing interest in using bisdemethoxycurcumin (BDMC) 

to prevent disorders associated with aging and cellular senescence. It was marked that BDMC 

could obviate t-BHP induced cellular senescence and elevate the level of both Sirt1 protein and 

mRNA, which in turn increased the AMPK phosphorylation after 48hrs of treatment. These 

effects are considered as the important link between cell metabolism and stress response [151]. 
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5. Others 

Inflammation and oxidative stress are the two causes of metabolic syndrome[152]. The 

bioavailability, solubility, and physiological response of curcumin can be enhanced by 

curcumin nanoparticle formulations in poly (lactic–co–glycolic acid) (PLGA). It was 

concluded that low-dose curcumin nanoparticles (5mg/kg/day for 8 weeks) produced the same 

physiological responses as high-dose curcumin suspension (100mg/kg/day for 8 weeks), 

showing that a lower dose of curcumin nanoparticles have a protective role in metabolic 

syndrome. Curcumin PLGA nanoparticles reduced blood pressure, enhanced left ventricular 

function and liver fat deposition but caused basic improvement in high-carbohydrate and high-

fat diet-fed rats due to lower doses. These physiological responses led to higher plasma 

concentrations, which attenuated metabolic syndrome [126]. Several studies proved that 

curcumin administration could be considered a promising agent in the treatment of 

cardiovascular diseases. The anti-inflammatory properties, inhibition of oxidative stress, and 

activation of associated cardioprotective pathways contribute to the cardioprotective activities 

of curcumin. Cardiovascular diseases result in cardiac fibrosis, and it is known that curcumin 

exhibits anti-fibrotic impacts. Curcumin plays a vital role in suppressing myocardial infarction 

and normalizing blood pressure. The cell hypertrophy and nucleus enlargement in the left 

ventricular of the heart can be controlled by chitosan-encapsulated curcumin [153]. It was 

reported that the curcumin-loaded nanoparticles could improve the functions of the heart, 

including cardiac systolic and diastolic functions [154]. Furthermore, curcumin acts as a barrier 

for the RhoA/Rho-kinase pathway, leading to the deactivation of NF-κB and mitogen-activated 

protein kinase pathways that promote myocardial hypertrophy and hypertension, and heart 

failure. In addition, curcumin accelerated the activation of the mammalian target of rapamycin, 

which further inhibits autophagy and security against cardiac hypertrophy [155]. Natural 

products and many formulations derived from flora and fauna have been observed to have 

excellent biological and pharmaceutical functions owing to the presence of several active 

compounds with enhanced unique functional abilities[156-169] (Table 2). 

Table 2. Curcuminoids based formulations and their biological applications. 

Formulations Study Parameters Activity     Outcomes of Curcumin Treatment     Ref. 

Ferrous and ferric salt 

solution + Tween-60 + 

sodium hydroxide + 
acetone + CUR 

Physicochemical 

characteristics 

Anti-inflammatory 

and Antioxidant 

Higher 1,1- -diphenyl-2-picrylhydrazyl radical 

scavenging and superoxide dismutase activities. 

Suppress synthesis of lipopolysaccharide-
induced nitric oxide and release of interleukin-

1β and tumor necrosis factor-α. 

[31] 

Chemically modified 

curcumin analogs 

Cytotoxicity 

 

Anti-Microbial 1,7-bis(4-hydroxy-3- methoxyphenyl) hept-4-

en-3-one exhibited most antileishmanial activity 

[156] 

Structurally modified to 55 

CUR, DMC, and BDMC 

analogs 

Cytotoxicity Anti-Microbial The presence of a p-alkoxyl (-OR) group on the 

Aromatic ring in close proximity to the nitrogen 

function of the isoxazole ring and a free p-

hydroxyl (-OH) group on another ring increases 
the biological activity 

[157] 

C5-curcumin-2-
hexadecynoic acid 

Cytotoxicity Anti-Microbial The conjugate was active against eight 
Methicillin-resistant S. aureus strains at MICs 

due to the presence of 2-hexadecynoic acid and 

also increased 4-8 times its antibacterial activity 

[158] 

Curcumin-chitosan blend 

film 

Physicochemical 

characteristics 

 

Anti-Microbial Elevates antibacterial activity against 

Staphylococcus aureus and Rhizoctoniasolani 

[159] 

Tf-CUR-SLNPs Cytotoxicity and cell 

viability 

Anti-cancer  Cell uptake increased compared to CUR and 

CUR loaded SLNPs against MCF-7 breast 
cancer cells 

[160] 
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Formulations Study Parameters Activity     Outcomes of Curcumin Treatment     Ref. 

CUR-PTX (paclitaxel) 
administered in oil-in-

water nano-emulsion 

Nano-emulsion 
formulations delivery 

systems 

Anti-cancer Enhanced anti-tumor activity against SKOV3 
tumor-bearing nu/nu female mice 

[161] 

Carboxymethylcellulose-

THC conjugates 

Cytotoxicity and cell 

viability 

Anti-cancer Selective cytotoxicity against Human colon 

adenocarcinoma cell lines (HT-29) 

[162] 

Cyclic CUR analogs + 

aromatic aldehyde 

In vitro bioassays Anti-cancer Cytostatic activity against murine and human 

cancer cell lines 

[163] 

Soy phosphatidylcholine + 

sodium hyaluronate + 

CUR + ultrasonic 

disintegrator 

Skin permeation and 

cell viability  

Anti-inflammatory 

and Antioxidant 

Improvement in antioxidant and free radical 

scavenging activity which decreased MPO 

activity. 

[164] 

CUR bisacetamides In vitro release and 

Cytotoxicity 

Anti-inflammatory 

and Antioxidant 

Significant improvement in Bovine serum 

albumin assay and A549 cancer cell line 

[165] 

3(5)-trifluoromethyl-5(3)- 

substituted-styryl-1H-
pyrazoles derived from 

curcuminoids 

In vitro determination Anti-inflammatory NOS inhibitory activity was higher by 50% [166] 

Ferrocenyl-substituted 

CUR derivatives 

Cytotoxicity Antioxidant Protective effects against DPPH, ABTSþ and 

galvinoxyl radical. 

[167] 

CUR loaded 

nanostructured lipid 

carriers 

Encapsulation 

efficiency 

Neuroprotective 

aspects 

Decreases histone acetylation in the CNS and 

induces a marked hypoacetylation of histone 4 

(H4) at lysine 12 (K12) in the spinal cord. 

[168] 

CUR derivatives Pharmaceutical agents  Neuroprotective 

aspects 

CUR stimulated GLP-1 secretion in 

GLUTagcellswhich leads to an increase in Ca2+-

CaMKII pathway. 

[169] 

6. Conclusion and Future Dimension  

Curcuminoids are an active ingredient of the Curcuma longa rhizome that has been 

utilized since ancient times as spices and food additive colorants. In the past few years, this 

species has been explored extensively for its biological and pharmaceutical activities such as 

anti-inflammatory, antidiabetic, anticancer, antioxidant, hepatoprotective, neuroprotective, 

cardioprotective, etc. The documental records also found the use of turmeric in alternative 

systems of medicines like Indian Ayurveda, Sidha, Unani, and the Chinese medicine system. 

Recent progress of curcumin and its derivatives as promising bioactive and pharmaceutical 

agents with emphasis on future research dimensions required to propose curcuminoids as 

promising candidates for therapeutic and pharmacology-related sectors have been explored in 

this review. However, curcumin showed top-level pharmacological, biological, and therapeutic 

properties, yet there are still several issues to be concentrated on regarding mainly its 

bioavailability, potency, and specificity for the target tissue. Further researches are needed on 

the modern trends via futuristic medicinal chemistry approaches. These opportunities in the 

natural products might provide realistic future directions, particularly towards the nano-

formulations based on curcuminoids, alone or in a combination of another suitable candidate 

performing biological and pharmaceutical functionalization.   
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