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ABSTRACT 

Background 

Curcumin, a polyphenolic compound extracted from turmeric, has emerged as a 

promising natural anticancer agent due to its potent bioactive properties. However, its 

clinical application has been overdue by challenges such as limited bioavailability and 

stability. Nanoemulsion-based delivery systems have emerged as a viable strategy to 

address the limitations of curcumin. These systems offer enhanced solubility, 

absorption, and efficacy of curcumin, thereby improving its therapeutic potential in 

cancer treatment. This review comprehensively examines the use of curcumin 

nanoemulsions as anticancer agents, focusing on various formulation strategies 

employed to optimize their physicochemical properties. Additionally, it explores the 

pharmacokinetic profile of curcumin nanoemulsions and their therapeutic efficacy in 

different cancer models. Furthermore, the review delves into the underlying 

mechanisms of action responsible for curcumin's anticancer effects within 

nanoemulsion formulations. Moreover, it provides a concise overview of patented 

formulations, ongoing clinical trials, and commercially available products, all serving 

to substantiate the efficacy and applicability of curcumin in cancer therapy. In 

conclusion, this review underscores the potential of curcumin nanoemulsions as 

promising candidates for cancer therapy. Despite current challenges, such as limited 

clinical translation, the review emphasizes the importance of translational research 

and personalized medicine approaches in advancing the clinical application of 

curcumin nanoemulsions. Overall, this comprehensive overview serves as a valuable 

resource for researchers and clinicians seeking to connect the therapeutic benefits of 

curcumin nanoemulsions in cancer treatment. 

Keywords: Curcumin, cancer, nanoemulsion, drug delivery, structural activity 

relationship (SAR) 
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Background 

Cancer remains a significant global health challenge, ranking as a leading cause of morbidity and 

mortality worldwide [1–4] , In 2020 alone, nearly 10 million deaths were attributed to cancer. 

The most prevalent types of cancer in terms of new cases recorded in 2020 included breast, lung, 

colon and rectum, prostate, non-melanoma skin, and stomach cancers. The total estimated cases 

of all cancer type up to 2022 reached 19,976,499, with a projected increase to 13,114,359 by 

2050, marking a substantial rise of 65.6%. Similarly, the estimated deaths from all cancers up to 

2022 amounted to 9,743,832, with an anticipated increase to 8,434,223 by 2050, representing an 

86.6% rise (WHO). Projections from the International Agency for Research on Cancer (IARC) 

indicate a further escalation in cancer cases and deaths by 2030, with an estimated 21.4 million 

new cancer cases and 13.2 million cancer-related deaths. This surge underscores the urgent need 

for enhanced preventive measures, early detection strategies, and effective treatment 

interventions to address the growing burden of cancer, particularly among the elderly population, 

where a 67% increase in cancer incidence is anticipated [5]. The anticipated 67 percent increase 

in cancer incidence among individuals aged 65 or older underscores a significant demographic 

shift in cancer prevalence [6]. This phenomenon reflects the pressing need for a deeper 

understanding of the underlying causes of cancer, a question that has captivated researchers for 

generations [7]. Cancer is a complex class of disorders characterized by the uncontrolled 

proliferation of abnormal cells, a process that disrupts the delicate balance between cell death 

and cell proliferation [8,9]. This imbalance is widely recognized as one of the primary 

contributors to the development and progression of cancer [10]. The dysregulation of cell death 

pathways, particularly the evasion of apoptosis, is a hallmark feature underlying various cancer 

types [11]. Two main pathways, intrinsic and extrinsic, are responsible for initiating apoptotic 

signals. The intrinsic pathway acts by modulating mitochondrial membrane integrity and 

downregulating anti-apoptotic proteins such as B-cell lymphoma-extra large (Bcl-xL) and B-cell 

lymphoma 2 (Bcl-2) [12,13]. Conversely, the extrinsic pathway is activated by death receptors 

(DRs) on cell surfaces, initiating the tumor necrosis factor (TNF)-related apoptosis cascade [14]. 

Notably, a 1950 World Health Organization (WHO) symposium highlighted significant regional 

disparities in cancer incidence, pointing to environmental exposures as primary contributors to 

cancer development rather than solely genetic factors [15]. Curcumin (CUR), the principal 

bioactive constituent derived from the Curcuma longa plant, has attracted considerable scientific 



Page 3040 of 3085 

Ayush Dubey /Afr.J.Bio.Sc. 6(13)(2024).3038-3085  

 
 

attention due to its wide-ranging therapeutic properties, including antioxidant, inflammatory 

diseases [16], diabetes [17], lung and chronic kidney diseases [18,19], neurological disorders 

[20], metabolic disease [21], liver problems [22], cardiovascular disease [23], digestive disorders 

[24], and anticancer properties [25]. Derived from turmeric rhizomes, this hydrophobic, orange-

yellow phytochemical is primarily found in the Indian subcontinent and Southeast Asia [26]. 

Recognized as a safe polyphenolic compound for human consumption, CUR has garnered 

significant attention for its potential as an anticancer agent [27]. Its antioxidant properties are 

attributed to its ability to inhibit reactive oxygen species (ROS) [28,29], enabling it to scavenge 

these highly reactive molecules. This antioxidative activity extends to normal cells, where CUR 

demonstrates a Michael addition reaction [30], functioning as a Michael acceptor. This structural 

attribute enhances CUR’s efficacy as an anticarcinogenic agent [22,31] and influences multiple 

cellular signaling pathways implicated in growth, cytokine regulation, and apoptosis. CUR exerts 

its anticancer effects by inhibiting the activation of NF-kappa B, a pivotal factor in promoting 

cancer cell survival. Moreover, it hinders cancer cell proliferation by downregulating cyclin D 

expression, suppressing p21-activated kinase 1 (PAK1) activity, and arresting cells at the G2/M 

phase. Additionally, CUR induces apoptosis by activating caspase-3 and impeding the 

Akt/mTOR/p70S6 pathway. Furthermore, it targets other critical pathways such as NF-κB, 

STAT3, and COX-2, thereby augmenting its anticancer properties [28,29]. Despite the extensive 

evidence supporting CUR's potential as an anticancer agent from numerous in vitro, in vivo, and 

clinical studies, there remains a critical need for further comprehensive research. This includes 

meticulously designed clinical trials aimed at elucidating its efficacy, safety profile, and optimal 

therapeutic dosages across different types of malignancies in the human population [12]. 

However, the clinical application of CUR is hindered by several challenges, including its poor 

aqueous solubility, chemical instability, limited bioavailability, and rapid metabolic degradation. 

Addressing these challenges is essential to fully realize the therapeutic potential of curcumin in 

cancer treatment [32]. The classification of curcumin as a PAINS, or pan-assay interference 

compound, is a subject of debate. PAINS compounds are characterized by their tendency to 

display activity across various assays by interfering with assay readouts rather than through 

specific interactions with compound targets. Curcumin has been observed to exhibit several 

behaviors typical of PAINS compounds, including covalent labeling of proteins [33–35], metal 
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chelation, redox reactivity, aggregation, membrane disruption, interference with fluorescence, 

and structural decomposition [36–40].  

The limitations inherent in conventional drug delivery systems, such as tablets, capsules, and 

emulsions, significantly compromise their therapeutic effectiveness. These systems often result 

in systemic adverse effects due to unregulated biodistribution and release profiles, leading to 

inconsistent plasma drug concentrations [41]. dditionally, many formulations exhibit poor 

bioavailability, necessitating higher doses or frequent administrations, thereby negatively 

impacting patient adherence and convenience. Furthermore, the absence of targeted drug 

delivery mechanisms contributes to nonspecific drug distribution, diminishing overall therapeutic 

efficacy and potentially affecting unintended areas of the bodsy [42]. These challenges 

underscore the critical need for innovative drug delivery technologies to enhance the overall 

efficacy, safety, and patient adherence to drug therapies [43]. Nanoemulsion-based delivery 

systems present numerous advantages over conventional topical dosage forms like ointments and 

gels. Composed of safe and well-characterized ingredients, nanoemulsions (NEs) are engineered 

to produce stable emulsions. They enhance the solubility of drugs with poor water solubility by 

encapsulating them within the core of NE droplets [44]. Addressing drug stability concerns is 

paramount in product development, and NEs excel in improving the stability of chemically 

unstable compounds by shielding them from oxidative and photolytic degradation. Moreover, 

NEs facilitate targeted drug delivery by transporting agents to specific areas. Their unique size 

range enables droplets to navigate through skin pores and hair follicles, reaching mucosal 

membranes without disrupting normal tissues. These characteristics position NE-based delivery 

systems as promising candidates for enhancing drug delivery across various applications [9]. 

Conventional nanosystems hold particular appeal for drugs classified under the 

Biopharmaceutics Classification System (BCS) as class IV, such as CUR, which necessitate 

enhancements in solubility, pharmacokinetics, and permeation [45,46]. Established 

pharmaceutical formulation techniques have been adapted for the development of CUR-

containing formulations (see fig.1), including nanoparticle-based delivery systems [47], 

liposomal delivery systems [48], self-microemulsifying drug delivery systems [49], 

gastroretentive floating drug delivery systems [50], micelles, and phospholipid complexes [51]. 

While strides have been made in various approaches, achieving a fundamental and clinically 

significant enhancement in oral bioavailability continues to be a challenging objective [52]. The 
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emergence of nanotechnology has transformed drug delivery, presenting avenues to enhance the 

effectiveness of traditional chemotherapeutic drugs while mitigating multidrug resistance, 

reducing toxicity, and prolonging product efficacy. Nanoparticles, characterized by their nano-

scale dimensions, possess distinctive pharmacokinetic attributes and can be customized to 

navigate biological barriers, facilitating precise delivery to designated organs, cells, or 

organelles. In the case of CUR, the dimensions of the nanosystem have been demonstrated to 

significantly impact its biodistribution [45]. NEs represent a widely employed colloidal delivery 

system for encapsulating lipophilic bioactive compounds. These systems consist of oil droplets 

dispersed within an aqueous solution and stabilized by an emulsifier, resulting in particles 

typically ranging in size from 20 nm to 200 nm [53,54]. Their unique properties make them 

promising candidates as carriers for hydrophobic compounds such as CUR, as they can 

significantly enhance its solubility, sometimes by as much as 1400-fold [55]. NEs are favored for 

enhancing the oral bioavailability of various bioactive compounds due to their exceptional 

physical stability, excellent dispersibility, straightforward production process, low opacity, and 

high surface area.  

       

Figure 1. Diagram illustrating the constraints of curcumin bioavailability and advancements in 

delivery facilitated by nano-carriers (created via Biorender.com) 
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Main Text 

Historical Significance of Curcumin and Its Role in Traditional Medicine 

Cancer treatments, including immunotherapy, chemotherapy, radiotherapy, and surgery, while 

effective, often come with significant side effects [56–58]. As a result, there is growing interest 

in natural products, such as fruits, vegetables, tea, and spices, for their potential role in cancer 

prevention and management [59–66]. Among these natural remedies, CUR, a yellow pigment 

derived from the rhizome of Curcuma longa (Family: Zingiberaceae), stands out as a major 

component of turmeric. Curcumin has gained widespread recognition for its diverse beneficial 

activities and is being explored for its potential therapeutic applications in cancer [67]. Turmeric 

contains a class of compounds known as curcuminoids, consisting of curcumin, 

demethoxycurcumin, and bisdemethoxycurcumin, with curcumin being the predominant 

curcuminoid, constituting approximately 2-5% of turmeric. It not only imparts the characteristic 

yellow color to the spice but also accounts for the majority of its therapeutic effects [68,69]. 

Recognized as the active ingredient of the Curcuma longa plant [70], CUR has garnered 

considerable attention for its medicinal properties. With a rich historical and cultural legacy 

spanning over two millennia in Asian medicinal practices, particularly in Ayurveda in India and 

traditional Chinese medicine, CUR has been extensively utilized for its therapeutic benefits. In 

Ayurvedic traditions, it was employed to address various conditions ranging from eye infections 

to skin ailments. Additionally, the consumption of a turmeric-based drink postpartum has been a 

longstanding tradition in Indian culture [71]. Its awareness in the Western world grew 

significantly from Marco Polo's 14th-century observations and Vasco de Gama's explorations, 

underscoring its global significance in both traditional and modern medicine [72,73]. Curcuma 

has undergone continuous cross-breeding and selection processes, resulting in the development 

of numerous known species within the Curcuma genus [41]. Over 100 species have been 

reported to date, with Curcuma longa (syn. Curcuma domestica), Curcuma aromatica, and 

Curcuma xanthorrhiza being among the most common [74]. These species are cultivated 

extensively in tropical and subtropical regions worldwide, particularly in Asian countries such as 

India, Burma, Bangladesh, China, Indonesia, Japan, Taiwan, Thailand, and Vietnam. Curcumin, 

a bioactive compound derived from Curcuma [25,75,76]. It has been extensively studied for its 

potential therapeutic effects on various human carcinomas, including melanoma, head and neck, 
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breast, colon, pancreatic, prostate, and ovarian cancers [77–82]. Its potent antioxidant properties 

and ability to scavenge free radicals play a crucial role in inhibiting the initial stages of 

carcinogenesis. Studies have demonstrated that curcumin can suppress UV irradiation-induced 

DNA mutagenesis and the induction of cellular SOS functions, highlighting its potential as a 

preventive and therapeutic agent against cancer development and progression [83]. On the other 

hand, CUR has been shown to stimulate the expression of Phase II enzymes responsible for the 

detoxification of harmful metabolites. These enzymes include glutathione S-transferase, 

glutathione peroxidase, and glutathione reductase. Through this mechanism, CUR exhibits an 

inhibitory effect on carcinogenesis, as evidenced by studies conducted in numerous animal 

models representing various tumor types. These models include oral cancer, mammary 

carcinoma, and intestinal tumors, among others [69,84,85].  

Chemistry and Mechanisms of Curcumin as an Anti-Cancer Agent 

CUR, with a chemical formula of C21H20O6 and a molecular weight of 368.37 g/mol, exhibits 

hydrophobic properties and has a melting point of 183°C. Its maximum absorption (λ max) 

occurs at 430 nm in methanol and at 415–420 nm in acetone [86,87]. Separation of CUR from 

CUR mixtures, which include demethoxycurcumin and bisdemethoxycurcumin, can be achieved 

through column chromatography using silica gel and various solvent mixtures such as 

dichloromethane/acetic acid or methanol/chloroform. This process yields three distinct fractions, 

with curcumin further purified using eluents like chloroform/dichloromethane and 

ethanol/methanol mixtures on silica gel [88]. The structural elucidation and synthesis of CUR 

were conducted by Milobedeska et al. and Lampe et al., respectively [89,90]. The IUPAC name 

of CUR is (1E,6E)-1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione. It belongs to 

the linear diarylheptanoid class of natural products, characterized by two oxy-substituted aryl 

moieties linked through a 7-carbon chain. As depicted in fig.2A, CUR features two hydrophobic 

phenyl groups connected by a relatively flexible linker. This structural arrangement enables the 

molecule to adopt various conformations, facilitating optimal interactions with aromatic and 

hydrophobic amino acid residues of proteins, including p–p and van der Waals interactions [91]. 

Chemically, CUR is a bis-α, β-unsaturated β-diketone, commonly referred to as 

diferuloylmethane. It displays keto–enol tautomerism, as illustrated in fig.2B, with a 

predominant keto form observed in acidic and neutral solutions, as well as within the cell 
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membrane. This preference arises from the heptadienone linkage between two methoxyphenol 

rings, containing a highly activated carbon atom [86,92] and in alkaline medium, CUR stabilizes 

in its enol form. Commercial CUR typically comprises approximately 77% diferuloylmethane, 

17% demethoxycurcumin, and 6% bisdemethoxycurcumin [93], collectively referred to as 

curcuminoids. 

The central β-diketone functionality of CUR is flanked by sterically demanding unsaturated 

phenolic groups, forming a wide and flat β-diketone ligand -CHQCH-C6H4(OH)(OMe)-3,4. 

This structural arrangement gives CUR a shape reminiscent of an eagle, with two large wings 

attached to the β-diketone unit [94]. CUR possesses two distinct hydroxyl groups: one in the 

form of a phenolic moiety and the other as an enolic moiety [95]. These phenolic -OH groups 

serve as additional centers of reactivity, facilitating the interconversion between the keto and 

enol forms of CUR. The transformation between these forms is highly influenced by the polarity 

of the surrounding environment, allowing CUR to traverse various barriers encountered during 

biochemical processes (see table. 1). Furthermore, the presence of the phenolic group enhances 

CUR's antioxidant activity by augmenting its capacity to scavenge radicals [95].  Studies have 

revealed that the keto form of CUR predominates in acidic environments, while the enol form is 

favored in alkaline conditions. In a neutral medium, CUR typically exists in its keto form. 

Furthermore, in non-polar and moderately polar solvents, the enol form tends to be more 

stabilized compared to the keto form, with a stabilization energy ranging from 5 to 8 kcals/mol, 

depending on the solvent's characteristics. The computed dipole moment of CUR in its ground 

state is measured at 10.77 D [88]. Sandur et al. demonstrated that CUR exhibits superior potency 

in suppressing tumor necrosis factor (TNF)-induced nuclear factor-kappa B (NF-kB) activation 

compared to its derivatives, desmethoxycurcumin and bisdesmethoxycurcumin. This finding 

suggests a critical role of the methoxy groups present on the phenyl rings of CUR [96]. 

Interestingly, the combination of curcuminoids has shown increased nematocidal activity 

compared to individual compounds, indicating a potential synergistic effect [89]. 
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Figure 2. diagram illustrating [A] major constituents of curcuma longa with their chemical 

structure [B] various isoforms of CUR 

The structure-activity relationship (SAR) of CUR elucidates how its chemical structure 

correlates with its biological activity, particularly its anticancer properties, and how 

modifications can enhance its effectiveness as in fig.3: 

1. The presence of α, β-unsaturated carbonyl groups in the central structure of CUR are crucial 

for its biological activity. 

2. Phenolic groups and the α-diketone motif in CUR's structure are considered essential for its 

antioxidant potential. 

3. The α, β-unsaturated carbonyls in CUR serve as Michael acceptors, facilitating nucleophilic 

additions under biological conditions, thereby potentially enhancing its bioavailability and 

activity. 

4. Structural modifications, such as substitutions in the side aryl rings (e.g., furan motifs), have 

been shown to enhance inhibitory effects on enzymes involved in cancer pathways. 

5. CUR analogs, including pyrazole and isoxazole derivatives, have demonstrated increased anti-

tumor potency against breast cancer cells compared to CUR itself, as evidenced by lower IC50 

values, indicating higher efficacy [72,86,94].  
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Figure 3. The main pharmacophores and potential substitution positions in CUR structure 

Table 1. Table presenting different curcumin derivatives with varied chemical modifications and 

their corresponding activities. 

CUR Derivative Chemical Modification Activities Ref. 

Dimethyl curcumin 

(ASC-J9) 

Methyl groups substitution on 

R2 and R4 

Enhanced activity toward prostate and 

breast cancer 

[97–99] 

Vanadium, gallium, 

and indium 

complexes 

Metal complexation by the β-

diketones 

Enhanced cytotoxic activity [100] 

Tetrahydrocurcumin 

(THC) 

Hydrogenated diketone moiety Enhanced antioxidant activity but loss 

of DNA binding and STAT3 
a
 

inhibition properties 

[101,10

2] 

Modified aromatic 

rings curcumin 

compounds 

Introduction of cyclohexane 

bridge 

Improved mitochondrial membrane 

permeability during lymphoma therapy 

[103] 
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Metallo-curcumin 

(Cu2+/Ni2+/Zn2+) 

Metal complexation by the β-

diketones 

Enhanced water-solubility and 

improved DNA binding 

[104] 

Glycosylated 

curcumin derivative 

Glycol groups substitution on 

the aromatic rings 

Higher potency, aqueous solubility, 

and chelating properties 

[105] 

Cu
2+ 

conjugate of 

synthetic curcumin   

analogues 

Conjugation reaction on the 

keto-enol moiety 

Stronger inhibition of TNF 
b
-induced 

NF-κB 
c 
activation in leukemic KBM-5 

cells 

[106] 

Cyclic curcumin 

derivatives 

Boron trioxide-mediated aldol 

condensation 

Enhanced cytostatic, antitumor, and 

antioxidant activity 

[107] 

Curcumin carbocyclic 

analogues 

Introducing carboxyl group at 

the diketone moiety 

Enhanced antioxidant activity and 

stronger inhibition of HIV 
d 
1 protease 

[23] 

Hydrazinocurcumin Replacing the diketone moiety 

with hydrazine derivative 

Higher efficacy in inhibition of colon 

cancer progression via antagonism of 

Ca
2+

/CaM 
e 
function 

[108,10

9] 

Semicarbazone Introducing NNHCONH2 at 

the keto-enol moiety 

Enhanced antioxidant, antiradical, and 

antiproliferative activity 

[110] 

a 
STAT3: signal transducer and activator of transcription 3; 

b 
TNF: Tumor necrosis factor; 

c 
NF-κB: nuclear 

factor κ-light-chain-enhancer of activated B cells; 
d 

HIV: Human immunodeficiency virus; 
e 

Ca
2+

/CaM: 

calcium/calmodulin 

Mechanism of curcumin 

CUR demonstrates potent anti-inflammatory properties by effectively inhibiting key 

inflammatory pathways such as NF-κB and COX-2, which play pivotal roles in the onset and 

advancement of malignancies [95,111–114]. Its diverse interactions with transcription factors, 

growth factors, and intracellular biomolecules, including DNA, RNA, and proteins involved in 

cellular signaling cascades, collectively contribute to suppressing tumor cell proliferation as 

depicted in fig.4 [1,72,95,115]. Serving as a robust antioxidant, CUR attenuates oxidative stress 

by scavenging free radicals, thereby preserving genomic integrity and hindering oncogenic 

progression. Additionally, CUR directly interacts with proteins such as cyclooxygenase-2 (COX-

2), lipoxygenase, GSK3b, and various other regulatory enzymes, while also modulating 

intracellular redox balance [116–118]. CUR triggers apoptosis in cancer cells through both 
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intrinsic and extrinsic pathways [111,119]. Intrinsic apoptosis is initiated by CUR through the 

activation of the tumor suppressor p53, leading to the up-regulation of pro-apoptotic proteins 

such as Bcl-2 and Bax. Extrinsic apoptotic pathways are activated by CUR through TNF receptor 

activation [95]. Furthermore, CUR regulates the expression of key proteins involved in cancer 

progression, including cyclin D1, MMPs, COX-2, and nuclear NF-κB, thereby inhibiting 

uncontrolled cell proliferation (see fig.5) [120]. Additionally, CUR disrupts cancer cell cycle 

progression, inhibiting uncontrolled growth [111,121], and suppresses angiogenesis, a process 

vital for tumor sustenance and metastasis [95]. Furthermore, CUR diminishes cell proliferation 

and migration by attenuating signaling molecules like STAT3 phosphorylation, consequently 

restraining downstream targets associated with metastasis [122]. Additionally, the modulation of 

pivotal signaling pathways including PI3K/Akt, MAPK, and Wnt/β-catenin contributes to the 

suppression of cancer cell survival and proliferation by CUR. Notably, CUR induces epigenetic 

alterations that intricately remodel gene expression patterns, exerting profound effects on tumor 

growth dynamics [111]. Recent research has uncovered CUR's anticancer efficacy through the 

inhibition of the Warburg effect, characterized by reduced glucose uptake and lactate production 

in cancer cells. This effect is achieved by downregulating pyruvate kinase M2 (PKM2) via 

suppression of the mammalian target of rapamycin-hypoxia-inducible factor 1α (TOR-HIF1α) 

pathway [14,94].                                           
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Figure 4. Mechanism of action of CUR as an anti-cancer molecule involving its ability to block 

or suppress various phases of tumor progression, including [A] transformation, [B] proliferation, 

and [C] invasion. 
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Figure 5. Pictorial representation of CUR inhibiting various factors, receptors, enzymes, and 

inflammatory mediators involved in cancer progression.  

Nanotechnology-based delivery systems for Curcumin  

Nanotechnology has significantly enhanced the safety and efficacy of cancer therapy through the 

development of drug delivery systems known as nanocarriers. These nanocarriers, owing to their 

minute size, are well-suited for passive targeting of chemotherapeutic agents via the enhanced 

permeability and retention (EPR) effect. Additionally, they have the capability to achieve active 

targeting through receptor-mediated uptake by specific cell types and host tissues [123]. 

encompass a range of structures, including liposomes, colloidal associations, small-scale 

emulsions, and others listed in table.2.  

Table 2. A list detailing different nanoformulations containing CUR and the polymers/excipients 

commonly used in their composition. 

S. 

No 

Curcumin 

nanoformulations 

Description Polymer/ Excipients Referenc

es 

1 Liposomes Liposomes, spherical vesicles comprising 

single or multiple phospholipid bilayers 

surrounding aqueous units, closely mimic the 

structure of cell membranes. They 

effectively solubilize curcumin within the 

phospholipid bilayer, facilitating its 

distribution in aqueous media and enhancing 

its effectiveness. 

Phosphatidylcholine, 

cholesterol, sodium cholate, 

span 60, span 80, tween 60, 

tween 80, Polyethylene glycol 

(PEG), hydrophilic polymers 

[124,125] 

 

 

2 Polymers Polymers serve as an effective drug delivery 

system for CUR, significantly enhancing its 

oral bioavailability and solubility. 

Poly(lactic acid), 

poly(glycolic) acid, chitosan, 

Hydroxypropyl methyl 

cellulose (HPMC), 

polycaprolactone, tween 80, 

lecithin, polyvinyl alcohol 

(PVA), polyvinylpyrrolidone 

(PVP), PEG 

[126] 

3 Gold nanoparticles Gold nanoparticles possess distinct physical 

and chemical properties along with diverse 

Sodium borohydride, sodium 

citrate, sodium dodecyl 

[127,128] 
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surface functionalities, making them a 

versatile platform for drug delivery, 

including CUR. 

sulfate (SDS), 

cetyltrimethylammonium 

bromide (CTAB), PVA, PVP, 

Lipids, functionalized 

polymers 

4 Magnetic 

nanoparticles 

Magnetic nanoparticles serve multiple 

purposes, including drug delivery, 

hyperthermia, and high-quality imaging, 

making them versatile tools in various 

biomedical applications, including the 

delivery of CUR. 

SDS, CTAB, PVA, PEG, 

chitosan, dextran 

[129,130] 

5 Solid lipid 

nanoparticles 

(SLNs) 

Solid lipid nanoparticles (SLNs) feature a 

lipid core matrix capable of solubilizing 

drugs such as CUR, stabilized by 

emulsifiers. Typically, SLNs exhibit a 

spherical shape, facilitating their application 

as drug delivery carriers. 

Compritol 888, cetyl alcohol, 

stearic acid, glyceryl 

monooleate (GMO), 

tripalmitin, tristearin, 

poloxamer, tween 80, ethanol, 

propylene glycol, glycerol, 

PEG-400 

[131,132] 

6 Conjugates A conjugate refers to the complex formed 

through the joining together of two or more 

molecules, often via covalent bonds. 

Conjugating CUR with small molecules and 

hydrophilic polymers enhances its solubility 

and oral bioavailability. 

PEG, poly(lactic-co-glycolic 

acid), poly(ε-caprolactone), 

chitosan,  

phosphatidylcholine, 

cholesterol, SDS, CTAB 

[133,134] 

 

7 Cyclodextrins Cyclodextrins are oligosaccharides with a 

bucket-shaped structure, renowned for their 

solubilizing and stabilizing properties. They 

can solubilize CUR within their lipophilic 

cavity, while their outer hydrophilic surface 

aids in dispersing the formulation more 

effectively. 

- [135,136] 

8 Solid dispersions Solid dispersions involve one or more active 

components dispersed within a suitable 

matrix. They are effective in enhancing the 

bioavailability of poorly water-soluble drugs 

such as CUR. 

PVP, copovidone, PEG, 

HPMC, hydroxypropyl 

methylcellulose acetate 

succinate (HPMCAS), 

polyvinyl caprolactam-

[137]  
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polyvinyl acetate-

polyethylene glycol 

9 Micelles Micelles, typically ranging from 20 to 100 

nm, are colloidal dispersions composed of 

amphiphilic molecules. They play a crucial 

role in improving the solubilization and 

targeted delivery of CUR. 

PVP, copovidone, PEG, 

HPMC, HPMCAS 

[138,139] 

 

10 Nanospheres Nanospheres refer to solid matrix particles 

where the main component (drug) is evenly 

dispersed, while microcapsules consist of an 

internal core encapsulated within an outer 

polymeric shell. 

PVP, copovidone, PEG, 

HPMC, HPMCAS 

[140,141] 

11 Nanogels A nanogel is a nanoparticle comprised of a 

hydrogel, synthesized through either physical 

or chemical cross-linking of polymers under 

controlled conditions. The cross-linked 

structure of nanogels provides a robust 

foundation for drug storage and release. This 

technique is viable for preparing and 

delivering active drugs such as CUR to cells, 

thereby preserving their activity, enhancing 

stability, and preventing drug 

immunogenicity. 

Chitosan, hyaluronic acid, 

thiolated chitosan, thiolated 

hyaluronic acid 

[142,143] 

 

12 Nanodisks Nanodisks are bilayers shaped like disks, 

stabilized and self-assembled by 

apolipoproteins. They enhance the solubility 

and enable targeted release of CUR. 

Chitosan, hyaluronic acid, 

thiolated chitosan, thiolated 

hyaluronic acid 

[144] 

 

Nanoemulsions 

Nanoemulsions are particles typically in the sub-micron range, often cited as being between 400 

and 800 nm. However, particles within this size range are usually thermodynamically unstable 

and require mechanical energy input for formation. Additionally, they tend to be opaque [145]. 

NEs offer several benefits, including controlled release of drugs, enhanced drug stability, and 

resolution of water solubility issues associated with hydrophobic drugs [146]. Many 

nanotechnologists now align on the definition of a nanoemulsion as meeting specific criteria: 
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optical isotropy, thermodynamic stability, and a diameter less than 100 nm. Nanoemulsions, a 

form of nanoparticles, are typically dynamic structures formed from surfactants containing an 

encapsulated inner phase [147]. The integrity of these particles can be upheld by a complex 

blend of low molecular weight surfactants (emulsifiers) or polymers, including block copolymers 

and globular proteins. Some formulations may incorporate a synergistic mix of both polymer and 

emulsifier [148]. The overall characteristics of a nanoemulsion are influenced by factors such as 

individual particle size, shape (which may not be regular), surfactant residence time at the 

nanoemulsion surface, electrochemical properties, and interactions between particles and the 

dispersion medium components [145]. In contrast, the primary advantages of nanoemulsions lie 

in their composition. They are formulated using biocompatible components that are generally 

recognized as safe (GRAS), and their production is valuable to scalability and ease of 

manufacturing [149]. Furthermore, nanoemulsions offer additional advantages beyond those 

commonly associated with nanosystems. They boast a high encapsulation capacity for 

hydrophobic drugs, exceptional physicochemical stability, potentially heightened bioavailability, 

and reduced inter- and intra-individual variability in drug pharmacokinetics [150,151]. Notably, 

this versatile system is applicable across various administration routes. When orally 

administered, nanoemulsions shield drug molecules from degradation along the gastric and gut 

walls, thereby circumventing first-pass metabolism [152]. Nanoemulsions exhibit stability akin 

to liposomes, ethosomes, or microspheres, yet they possess the added benefit of enhancing the 

solubility and absorption of poorly bioavailable molecules. An in vivo study comparing the brain 

accumulation of lipid nanoparticles and nanoemulsions demonstrated that nanoemulsions 

significantly prolonged retention time compared to lipid nanoparticles [123]. Major components 

while manufacturing NE include: 

Oil/lipids 

The selection of oils in nanoemulsion (NE) development hinges significantly on the drug's 

solubility in the oil phase. Oils serve as pivotal excipients in NE formulation, not only for their 

capacity to solubilize substantial quantities of lipophilic drugs but also for their ability to 

enhance the transport of lipophilic drugs via the intestinal lymphatic system, thereby augmenting 

drug absorption from the gastrointestinal (GI) tract contingent upon the molecular properties of 

the oils [153]. Water-in-oil (w/o) NEs are deemed preferable for hydrophilic drugs, whereas oil-
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in-water (o/w) NEs are more suitable for solubilizing lipophilic drugs. The loading of drugs in 

NE formulations emerges as a critical design parameter in the development of NEs for poorly 

soluble drugs, contingent upon the drug's solubility in various formulation components. 

Although edible oils are infrequently employed in NE development due to their limited capacity 

to dissolve large quantities of lipophilic drugs, formulating NEs with oils possessing low drug 

solubility would necessitate the incorporation of additional oil to achieve the target drug dose, 

thereby requiring higher surfactant concentrations to facilitate oil solubilization. This, in turn, 

could escalate system toxicity. Novel semi-synthetic medium-chain derivatives, acting as 

amphiphilic compounds, are progressively and effectively supplanting conventional medium-

chain triglyceride oils in NE formulations [154]. 

Surfactants 

Surfactants play a crucial role in the dispersion process by reducing interfacial tension to a 

minimal level and forming a flexible film that can easily conform around droplets. Their 

lipophilic nature ensures the appropriate curvature at the interfacial region, thereby facilitating 

the formation of the desired type of nanoemulsion, whether it be oil-in-water (o/w), water-in-oil 

(w/o), or bicontinuous [155]. Surfactants with low hydrophilic-lipophilic balance (HLB) values 

(ranging from 3 to 6), such as Spans, are typically employed in the development of w/o 

nanoemulsions. Conversely, surfactants with high HLB values (ranging from 8 to 18), such as 

Tweens, are favored for the creation of o/w nanoemulsion systems. Some of the commonly 

utilized surfactants and emulsifiers in the preparation include: Cationic surfactants, such as 

quaternary ammonium salts, represent a well-known class within this category. 

Hexadecyltrimethylammonium bromide (CTAB) and didodecylammonium bromide (DDAB) are 

among the commonly utilized cationic surfactants. These surfactants are primarily recognized for 

their applications as antiseptics or disinfectants and find widespread use in ophthalmic 

formulations [156], Anionic surfactants, on the other hand, find extensive use in topical routes, 

with sodium bis-2-ethylhexylsulphosuccinate (AOT) being the most prevalent. AOT, 

characterized by twin-tailed structure, is particularly adept at stabilizing water-in-oil (w/o) 

nanoemulsions [157], and In the realm of nonionic surfactants, sorbitan fatty acid esters like 

Spans and polyoxyethylene derivatives such as Tweens are predominant. These surfactants are 

frequently employed owing to their desirable properties in various applications [158]. 
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Cosurfactants: 

Achieving transient negative interfacial tension typically requires the incorporation of a 

cosurfactant in addition to a single surfactant. When a cosurfactant is absent, the surfactant alone 

forms a rigid film, limiting the formation of nanoemulsions to a narrow concentration range. 

However, the presence of cosurfactants imparts flexibility to the interfacial film, enabling it to 

adopt various curvatures necessary for nanoemulsion formation across a broader composition 

range  [159]. Single-chain surfactants alone lack the ability to sufficiently reduce the interfacial 

tension in oil-in-water (o/w) systems to facilitate nanoemulsion formation. Medium-chain length 

alcohols, commonly employed as cosurfactants, play a pivotal role in further reducing interfacial 

tension while enhancing interface fluidity and increasing system entropy [160]. 

Aqueous Phase 

The droplet size and stability of nanoemulsions are significantly influenced by the composition 

of the aqueous phase. Therefore, careful consideration must be given to the pH and ionic content 

of the aqueous phase during the design of nanoemulsions. The physiological environment 

encompasses diverse pH ranges, spanning from acidic conditions (pH 1.2 in the stomach) to 

neutral to slightly basic conditions (pH 7.4 and above in the blood and intestine). Additionally, 

the presence of various ions in the physiological milieu can exert a notable influence on the 

properties of nanoemulsions. Electrolytes, in particular, are known to impact nanoemulsion 

characteristics such as droplet size and physical stability. Consequently, it is recommended to 

assess nanoemulsions and their resulting characteristics in aqueous phases with varying pH 

and/or electrolyte concentrations, tailored to the specific application requirements [161]. 

Formulation of NEs 
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Figure 6. Diagrammatic representation of commonly employed method for development of NEs 

Methods for producing nanoemulsions are typically categorized into high-energy and low-energy 

approaches. High-energy methods encompass techniques such as high-pressure homogenization 

and microfluidization, which are applicable at both laboratory and industrial scales. Additionally, 

ultrasonication is a high-energy method primarily utilized at the laboratory scale (see fig.6) 

[162,163]. High-energy methods, while effective in reducing droplet size, are not ideal for labile 

drugs and macromolecules such as proteins and nucleic acids due to the potential for 

degradation. In such cases, low-energy emulsification methods are preferred. These include 

spontaneous emulsification, the solvent-diffusion method, and the phase-inversion temperature 

(PIT) method [163,164]. Hydrophilic drugs can be solubilized in the aqueous phase, while 

lipophilic drugs can be incorporated into the oil phase during the formulation process. Co-

solvents may also be employed, if necessary, to facilitate drug solubilization. During high-

pressure homogenization, the initial coarse dispersion of the oil and aqueous phases is forced 

through a small inlet orifice under operating pressures ranging from 500 to 5000 psi. This 

process subjects the emulsion mixture to intense turbulence and hydraulic shear, resulting in the 

formation of a fine emulsion characterized by an extremely small droplet size [165]. In 

microfluidization, a high-pressure positive displacement pump is employed, operating at 

exceptionally high pressures of up to 20,000 psi. This pump drives the emulsion product through 

the interaction chamber, comprised of a series of microchannels. As the emulsion traverses these 

microchannels, it reaches an impingement area where it undergoes intense shearing forces, 

resulting in the formation of extremely fine emulsion droplets [166]. The particle size of the fine 
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emulsion in microfluidization is determined by the operating pressure and the number of passes 

of the coarse emulsion through the interaction chamber of the microfluidizer. Higher operating 

pressures and an increased number of passes result in smaller droplet sizes in the final emulsion. 

Subsequently, to eliminate any large particles present, the resulting nanoemulsion is filtered 

through a 0.2 μm filter under nitrogen, yielding a uniform nanoemulsion. High-energy 

emulsification methods are capable of producing both oil-in-water (o/w) and water-in-oil (w/o) 

nanoemulsions. Conversely, in low-energy emulsification methods, such as solvent diffusion and 

the phase-inversion temperature (PIT) method, o/w nanoemulsions are generated, while 

spontaneous emulsification yields w/o nanoemulsions [163]. Rapid cooling of the microemulsion 

in the phase-inversion zone or dilution with water, regardless of temperature, enables the 

production of highly stable oil-in-water (o/w) nanoemulsions. Dilution with water is considered 

more practical and adaptable, making it the preferred method for industrial and pharmaceutical 

applications. Recent studies have demonstrated that, under specific conditions, the phase-

inversion temperature (PIT) method can also yield water-in-oil (w/o) nanoemulsions. This 

process involves incorporating a lipophilic polyethylene glycol (PEG) surfactant to generate a 

microemulsion within the phase-inversion zone, which, upon dilution with suitable oil, produces 

highly monodispersed w/o nanodroplets [163]. Nanoemulsions featuring an aqueous core are 

experiencing growing demand for the delivery and targeting of hydrophilic drugs, particularly 

peptides and proteins [9]. 

Patented, Clinical investigations, and commercially available curcumin-based formulations 

Table 3 presents various patented nanotechnology-enabled formulations containing CUR as 

active ingredients, while Table 4 outlines the clinical trial status of commercial products in the 

drug discovery tunnel. Together, these tables offer insights into the current trends, progress, and 

significance of curcumin in the prevention and treatment of various types of cancer. 

Furthermore, Table 5 provides an overview of different preparations seeking approval from 

regulatory agencies. 

 

 

 

 



Page 3059 of 3085 

Ayush Dubey /Afr.J.Bio.Sc. 6(13)(2024).3038-3085  

 
 

Table 3. Table outlining various patents filed in the domain of CUR-based formulations for 

anticancer activities 

S.no. Patent No. Invention’s field Year Title Ref. 

1 US10272053B2 Method of delivering a 

compound to the lungs by 

i.v. injection 

2019 Nanoparticle targeted drug delivery 

to the lungs using extra-testicular 

sertoli cells 

[167] 

2 ES2885052T3 Wound healing and 

anticancer 

2021 Multifunctional formulation 

composed of natural ingredients 

and its preparation / manufacturing 

method 

[168] 

3 US20230025663A1 Herbal nanoformulations 2023 Nanoformulation with diverse 

functional molecules from turmeric 

and process for preparation of the 

same 

[169] 

4 WO2013175507A1 Novel highly bioavailable, 

water soluble, sustained 

release nanoformulation 

2013 Novel highly bioavailable, water 

soluble and sustained release 

nanoformulations of hydrophobic 

plant derived compounds and 

extracts 

[170] 

5 CN112469444A Solubilisate comprising 

curcumin 

2021 Solubilizates containing curcumin 

and at least cannabinoid THC as 

other active substances 

[171] 

6 US10485768B2 Compositions and 

methods for treating 

glioblastomas 

2019 Treatment for glioblastoma [172] 

7 US10182997B2 Cancer therapeutics 2019 Liposomal curcumin for treatment 

of cancer 

[173] 

8 US7842705B2 Compounds useful for the 

treatment of cancer 

2010 Curcumin analogs with anti-tumor 

and anti-angiogenic properties 

[174] 

9 US9775919B2 curcumin coated 

magnetite nanoparticles 

2016 Curcumin coated magnetite 

nanoparticles for biomedical 

applications 

[175] 

Table 4. List of clinical trials categorized as completed, active, or withdrawn, involving CUR or 

CUR-based formulations for cancer treatment. 

Disease Study Title  Voluntee Study type, Clinical trial Status, 
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rs 

enrolled 

location no., Year Ref 

Lung cancer Phase II trial to modulate 

intermediate endpoint 

biomarkers in former and 

current smokers 

75 Interventional, 

United states 

NCT03598309, 

2024 

Recruiting, 

[176]  

Gastrointestin

al cancer 

Curcumin in preventing 

gastric cancer in patients 

with chronic atrophic 

gastritis or gastric 

intestinal metaplasia 

50 Interventional, 

(Honduras, 

Puerto Rico) 

NCT02782949, 

2024 

Active, 

[177] 

Breast cancer Curcumin in reducing 

joint pain in breast 

cancer survivors with 

aromatase inhibitor-

induced joint disease 

42 Interventional, 

United states 

NCT03865992, 

2024 

Active, 

[178] 

Acute 

lymphoblastic 

leukemia, 

pediatric 

Safety and efficacy of 

curcumin in children 

with acute lymphoblastic 

leukemia 

(CurcumPedALL) 

30 Interventional, 

Egypt 

NCT05045443, 

2024 

Completed

, [179] 

Glioblastoma Study of liposomal 

curcumin in combination 

with RT and TMZ in 

patients with newly 

diagnosed high-grade 

gliomas 

30 Interventional, 

United states 

NCT05768919, 

2023 

Recruiting, 

[180] 

Colon cancer Study investigating the 

ability of plant exosomes 

to deliver curcumin to 

normal and colon cancer 

tissue 

35 Interventional, 

United states 

NCT01294072, 

2023 

Recruiting, 

[181] 

Colon cancer Curcumin in combination 13 Interventional, NCT02724202, Unknown, 
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with 5FU for colon 

cancer 

United states 2020 [182] 

Breast cancer Pilot study of curcumin 

for women with obesity 

and high risk for breast 

cancer 

29 Interventional, 

United states 

NCT01975363, 

2019 

Completed

, [183] 

Metastatic 

cancer 

A phase IB dose 

escalation study of 

Lipocurc in patients with 

cancer 

30 Interventional, 

Austria 

NCT02138955, 

2018 

Completed

, [184] 

Colorectal 

cancer 

Curcumin for the 

chemoprevention of 

colorectal cancer 

56 Interventional, 

United states 

NCT00118989, 

2017 

Terminate

d, [185] 

Colon cancer Curcumin for the 

prevention of colon 

cancer 

36 Interventional, 

United states 

NCT00027495, 

2012 

Completed

, [186] 

Breast cancer Curcumin for the 

prevention of radiation-

induced dermatitis in 

breast cancer patients 

35 Interventional, 

United states 

NCT01042938, 

2011 

Completed

, [187] 

Colon cancer The effects of 

curcuminoids on aberrant 

crypt foci in the human 

colon 

60 Interventional, 

United states 

NCT00176618, 

2007 

Completed

, [188] 

Table 5. Marketed preparations investigating the use of CUR-containing products in cancer 

prevention and treatment.  

Sl. 

No. 

Product 

type 

Description Supplier Ref. 

1. CEM Curcumin-containing product (480 mg) and quercetin 

(20 mg) using Oxy-Q tablets 

Farr Laboratories 

(Santa Clarita, CA, 

USA) 

[189] 

2. CUR  100% pure curcumin (CUR) N/A [190] 
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3. TE Pure curcumin (CUR) powder; 98.0% by HPLC Sabinsa Corp. (East 

Windsor, NJ, USA) 

[191] 

4. TE C3 curcuminoid granule stick-packs (Allepey finger 

turmeric); each curcumin-containing product stick-

pack contained 4,000 mg of curcuminoids (3,600 mg 

of curcumin [CUR], 320 mg of demethoxycurcumin, 

and 80 mg of bisdemethoxycurcumin) 

Sabinsa Corp. (East 

Windsor, NJ, USA) 

[192] 

5. CEM Curcumin-containing product, reconstituted with 

turmeric oil and dispensed in capsules (BCM95–

Biocurcumax) 

Arjuna Natural 

Extracts Ltd. 

(Kerela, India) 

[193] 

6. CUR Curcumin-containing product (not further described) Sigma Aldrich 

(Shanghai, China) 

[194] 

 

7. CEM Phytosomal preparation of curcuminoids Meriva; Indena 

S.p.A (Milan, Italy) 

[195] 

8. TE A preparation containing CUR (87.2%); 

demethoxycurcumin (10.5%); and 

bisdemethoxycurcumin (2.3%) 

Sabinsa Corp. 

(Piscataway, NJ, 

USA) 

[196] 

9. TE Curcumin-containing product in microbead form, 

containing a mixture of curcuminoids (Curcumin C3 

Complex) that contains curcumin (CUR; 73%), 

demethoxycurcumin (22%), and 

bisdemethoxycurcumin (4%) 

Sabinsa Corp. 

(Piscataway, NJ, 

USA) 

[197] 

10. TE Turmeric extract capsules (BCM-95/Curcugreen) 

containing essential oils of turmeric 

Arjuna Natural, 

Aluva (India) 

[198] 

CEM= further processed curcuminoid-enriched materials, CUR= curcumin as a single-chemical entity, TE= 

hybrid of a CEM and Turmeric essential oil 

 

 Conclusions 

This review delves into the dynamic landscape of cancer epidemiology, emphasizing the urgent 

need for innovative therapeutic approaches. It examines global cancer trends and highlights the 

pharmacological properties of curcumin, underscoring its potential in cancer management. 

Understanding the intricate mechanisms of curcumin's anticancer effects and the development of 
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advanced drug delivery platforms are essential for effective cancer treatment. Moreover, 

nanoemulsion-based drug delivery systems play a significant role in optimizing therapeutic 

outcomes. Recent research has focused on elucidating the kinetics and mechanisms of curcumin's 

actions, particularly in mitigating metal toxicity. However, the complexity of curcumin-metal 

complexes requires further investigation. Formulations incorporating natural biopolymers and 

nanotechnology-based delivery systems show promise in overcoming challenges in curcumin 

bioavailability. Nanoemulsions offer versatile capabilities, including cancer cell recognition and 

real-time efficacy assessment. Exploring different administration routes for nanoemulsions 

carrying cancer drugs holds potential for advancing anticancer drug delivery strategies. 

Additionally, vaccine carriers in nanoemulsion formulations targeting tumors represent a 

promising avenue for late-stage cancer therapeutics. 

List of abbreviations 

CUR- Curcumin 

COX-2 - Cyclooxygenase-2 

G2/M phase - Growth-2/Mitotic phase  

STAT3 - signal transducer and activator of transcription 3 

Bcl-2 - B-cell lymphoma 2 

PAINS – Pan Assay interference compound 

PIT - Phase-inversion temperature 

HLB - Hydrophilic-lipophilic balance 

O/W - Oil-in-water 

W/O - Water-in-oil 

HPMC - Hydroxypropyl methyl cellulose 

HPMCAS - hydroxypropyl methylcellulose acetate succinate 

PEG - Polyethylene glycol 
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PVP - Polyvinylpyrrolidone 

SDS - Sodium dodecyl sulfate 

TMZ - Temozolomide 

RT - Radiotherapy 

5FU - 5-fluorouracil 

NF-kB - nuclear factor-kappa B 

PI3K/Akt - Phosphatidylinositol 3-kinase/ protein kinase B  

MAPK - Mitogen-activated protein kinases 

MMPs - Matrix metalloproteinases 

Acknowledgments 

Not applicable. 

Author contributions 

A Dubey & M Ovais: Conceptualization, reviewed the literature, drawn figures, drafted, edited, 

and proofread the manuscript. S Maurya, K Singh, and A Porwal wrote separate topics and 

proofread the manuscript. A Rajendiran edited the manuscript, guided, and administered the 

work. 

Funding 

Not applicable. 

Availability of data and materials 

Not applicable. 

Declarations 

Ethics approval and consent to participate 

Not applicable. 

Consent for publication 

All authors gave their full consent for publication and submission to this journal. 



Page 3065 of 3085 

Ayush Dubey /Afr.J.Bio.Sc. 6(13)(2024).3038-3085  

 
 

Competing interests 

The authors affirm they have no known financial or personal conflicts and interests. 

References  

1. Ahmad MZ, Alkahtani SA, Akhter S, Ahmad FJ, Ahmad J, Akhtar MS, et al. (2016) 

Progress in nanotechnology-based drug carrier in designing of curcumin nanomedicines 

for cancer therapy. Current state-of-the-art. J Drug Target 24(4):273–293. https:// doi. 

org/ 10.3109/1061186X.2015.1055570. 

2. Ahmad MZ, Akhter S, Rahman Z, Akhter S, Anwar M, Mallik N, et al. (2013) 

Nanometric gold in cancer nanotechnology: current status and future prospect. J Pharm 

Pharmacol 65(5):634–651. https:// doi. org/ 10.1111/jphp.12017 

3. Akhter S, Ahmad I, Ahmad MZ, Ramazani F, Singh A, Rahman Z, et al. (2013) 

Nanomedicines as cancer therapeutics: current status. Curr Cancer Drug Targets 

13(4):362–378. https:// doi. org/ 10.2174/1568009611313040002 

4. Lyon (2024) Global cancer burden growing, amidst mounting need for services. 

https://www.who.int/news/item/01-02-2024-global-cancer-burden-growing--amidst-

mounting-need-for-services. Accessed 6 May 2024 

5. Ferlay J, Shin H-R, Bray F, Forman D, Mathers C, Parkin DM (2010) Estimates of 

worldwide burden of cancer in 2008: GLOBOCAN 2008. Int J cancer 127(12):2893–

2917. https://doi.org/10.1002/ijc.25516 

6. Praveen Kumar G (2015) Nanoemulsion Based Targeting in Cancer Therapeutics. Med 

Chem (Los Angeles) 5(6):272–284. https:// doi. org/ 10.4172/2161-0444.1000275 

7. Shafiq-un-Nabi S, Shakeel F, Talegaonkar S, Ali J, Baboota S, et al. (2007) Formulation 

development and optimization using nanoemulsion technique: a  technical note. AAPS 

PharmSciTech 8(2):Article 28. https:// doi. org/ 10.1208/pt0802028 

8. Mathur V, Satrawala Y, Rajput MS, Kumar P, et al. (2010) Solid lipid nanoparticles in 

cancer therapy. Int J Drug Deliv 2(3):192–199 

9. Khatri S, Lohani P, Gandhi S (2013) Nanoemulsions in Cancer Therapy. Indo Glob J 

Pharm Sci 03(02):124–133. https:// doi. org/ 10.35652/IGJPS.2013.14 

10. Wong RSY (2011) Apoptosis in cancer: from pathogenesis to treatment. J Exp Clin 

Cancer Res 30(1):87. https:// doi. org/ 10.1186/1756-9966-30-87 

https://www.who.int/news/item/01-02-2024-global-cancer-burden-growing--amidst-mounting-need-for-services.%20Accessed%206%20May%202024
https://www.who.int/news/item/01-02-2024-global-cancer-burden-growing--amidst-mounting-need-for-services.%20Accessed%206%20May%202024


Page 3066 of 3085 

Ayush Dubey /Afr.J.Bio.Sc. 6(13)(2024).3038-3085  

 
 

11. Bauer JH, Helfand SL (2006) New tricks of an old molecule: lifespan regulation by p53. 

Aging Cell 5(5):437–440. https:// doi. org/ 10.1111/j.1474-9726.2006.00228.x 

12. Kabir MT, Rahman MH, Akter R, et al (2021) Potential role of curcumin and its 

nanoformulations to treat various types of cancers. Biomolecules 11(3):1–39. https:// 

doi. org/ 10.3390/biom11030392 

13. Tuorkey MJ (2014) Curcumin a potent cancer preventive agent: Mechanisms of cancer 

cell killing. Interv Med Appl Sci 6(4):139–146. https:// doi. org/ 

10.1556/IMAS.6.2014.4.1 

14. Tomeh MA, Hadianamrei R, Zhao X (2019) A review of curcumin and its derivatives as 

anticancer agents. Int J Mol Sci. doi: 10.3390/ijms20051033 

15. Blackadar CB (2016) Historical review of the causes of cancer. World J Clin Oncol 

7(1):54–86. https:// doi. org/ 10.5306/wjco.v7.i1.54 

16. Huang S, Beevers (2011) Pharmacological and clinical properties of curcumin. Bot 

Targets Ther 1:5–18. http://dx.doi.org/10.2147/BTAT.S17244 

17. Shome S, Talukdar A Das, Choudhury MD, Bhattacharya MK, Upadhyaya H (2016) 

Curcumin as potential therapeutic natural product: a nanobiotechnological  perspective. J 

Pharm Pharmacol 68(12):1481–1500. https:// doi. org/ 10.1111/jphp.12611. 

18. Gupta SC, Patchva S, Aggarwal BB (2013) Therapeutic roles of curcumin: lessons 

learned from clinical trials. AAPS J 15(1):195–218. https://doi.org/10.1208/s12248-012-

9432-8 

19. Trujillo J, Chirino YI, Molina-Jijón E, Andérica-Romero AC, et al. (2013) 

Renoprotective effect of the antioxidant curcumin: Recent findings. Redox Biol 

1(1):448–456. https:// doi. org/ 10.1016/j.redox.2013.09.003. 

20. Aggarwal BB, Sung B (2009) Pharmacological basis for the role of curcumin in chronic 

diseases: an age-old  spice with modern targets. Trends Pharmacol Sci 30(2):85–94. 

https:// doi. org/ 10.1016/j.tips.2008.11.002 

21. Panahi Y, Alishiri GH, Parvin S, Sahebkar A (2016) Mitigation of Systemic Oxidative 

Stress by Curcuminoids in Osteoarthritis:  Results of a Randomized Controlled Trial. J 

Diet Suppl 13(2):209–220. https:// doi. org/ 10.3109/19390211.2015.1008611 



Page 3067 of 3085 

Ayush Dubey /Afr.J.Bio.Sc. 6(13)(2024).3038-3085  

 
 

22. Nabavi SF, Daglia M, Moghaddam AH, Habtemariam S, Nabavi SM (2014) Curcumin 

and Liver Disease: from Chemistry to Medicine. Compr Rev food Sci food Saf 

13(1):62–77. https:// doi. org/ 10.1111/1541-4337.12047. 

23. Bhullar KS, Jha A, Youssef D, Rupasinghe HPV (2013) Curcumin and its carbocyclic 

analogs: structure-activity in relation to  antioxidant and selected biological properties. 

Molecules 18(5):5389–5404. https:// doi. org/ 10.3390/molecules18055389 

24. Bhowmik D, Chiranjib, Kumar KPS, Chandira M, Jayakar B (2009) Turmeric: a herbal 

and traditional medicine. Arch Appl Sci Res 1:86–108. https:// doi. org/ 

10.1208/pt0802028 

25. Karthikeyan A, Senthil N, Min T (2020) Nanocurcumin: A Promising Candidate for 

Therapeutic Applications. Front Pharmacol 11(487):1–24. 

https://doi.org/10.3389/fphar.2020.00487 

26. Moorthi C, Kathiresan K (2013) Curcumin–Piperine/Curcumin–Quercetin/Curcumin–

Silibinin dual drug-loaded nanoparticulate combination therapy: A novel approach to 

target and treat multidrug-resistant cancers. J Med Hypotheses Ideas 7(1):15–20. https:// 

doi. org/ 10.1016/j.jmhi.2012.10.005 

27. Amekyeh H, Alkhader E, Sabra R, Billa N (2022) Prospects of Curcumin 

Nanoformulations in Cancer Management. Molecules 27(2):361. 

https://doi.org/10.3390/molecules27020361 

28. Park W, Ruhul Amin ARM, Chen ZG, Shin DM (2013) New perspectives of curcumin 

in cancer prevention. Cancer Prev Res 6(5):387–400. https://doi.org/ 10.1158/1940-6207 

29. Giordano A, Tommonaro G (2019) Curcumin and cancer. Nutrients 11(10):1–20. 

https://doi.org/10.3390/nu11102376  

30. Mather BD, Viswanathan K, Miller KM, Long TE (2006) Michael addition reactions in 

macromolecular design for emerging technologies. Prog Polym Sci 31(5):487–531. 

https://doi.org/ 10.1016/j.progpolymsci.2006.03.001 

31. Noureddin SA, El-Shishtawy RM, Al-Footy KO (2019) Curcumin analogues and their 

hybrid molecules as multifunctional drugs. Eur J Med Chem 182:111631. 

https://doi.org/10.1016/j.ejmech.2019.111631 



Page 3068 of 3085 

Ayush Dubey /Afr.J.Bio.Sc. 6(13)(2024).3038-3085  

 
 

32. Mehanny M, Hathout RM, Geneidi AS, Mansour S (2016) Exploring the use of 

nanocarrier systems to deliver the magical molecule;  Curcumin and its derivatives. J 

Control Release 225:1–30. https://doi.org/ 10.1016/j.jconrel.2016.01.018. 

33. Fang J, Lu J, Holmgren A (2005) Thioredoxin reductase is irreversibly modified by 

curcumin: a novel molecular  mechanism for its anticancer activity. J Biol Chem 

280(26):25284–25290. https://doi.org/10.1074/jbc.m414645200 

34. Jurrmann N, Brigelius-Flohé R, Böl G-F (2005) Curcumin blocks interleukin-1 (IL-1) 

signaling by inhibiting the recruitment of  the IL-1 receptor-associated kinase IRAK in 

murine thymoma EL-4 cells. J Nutr 135(8):1859–1864. 

https://doi.org/10.1093/jn/135.8.1859 

35. Jung Y, Xu W, Kim H, Ha N, Neckers L (2007) Curcumin-induced degradation of 

ErbB2: A role for the E3 ubiquitin ligase CHIP  and the Michael reaction acceptor 

activity of curcumin. Biochim Biophys Acta 1773(3):383–390. 

https://doi.org/10.1016/j.bbamcr.2006.11.004 

36. Schneider C, Gordon ON, Edwards RL, Luis PB (2015) Degradation of Curcumin: From 

Mechanism to Biological Implications. J Agric Food Chem 63(35):7606–7614. 

https://doi.org/ 10.1021/acs.jafc.5b00244 

37. Nelson KM, Dahlin JL, Bisson J, Graham J, Pauli GF, Walters MA (2017) The Essential 

Medicinal Chemistry of Curcumin. J Med Chem 60(5):1620–1637. 

https://doi.org/10.1021/acs.jmedchem.6b00975. 

38. Chin D, Huebbe P, Frank J, Rimbach G, Pallauf K (2014) Curcumin may impair iron 

status when fed to mice for six months. Redox Biol 2:563–569. 

https://doi.org/10.1016/j.redox.2014.01.018  

39. Duan D, Doak AK, Nedyalkova L, Shoichet BK (2015) Colloidal aggregation and the in 

vitro activity of traditional Chinese medicines. ACS Chem Biol 10(4):978–988. 

https://doi.org/10.1021/cb5009487 

40. Priyadarsini KI (2009) Photophysics, photochemistry and photobiology of curcumin: 

Studies from organic solutions, bio-mimetics and living cells. J Photochem Photobiol C 

Photochem Rev 10(2):81–95. https://doi.org/ 10.1016/j.jphotochemrev.2009.05.001 



Page 3069 of 3085 

Ayush Dubey /Afr.J.Bio.Sc. 6(13)(2024).3038-3085  

 
 

41. Esatbeyoglu T, Huebbe P, Ernst IMA, et al. (2012) Curcumin--from molecule to 

biological function. Angew Chem Int Ed Engl 51(22):5308–5332. 

https://doi.org/10.1002/anie.201107724 

42. Ingólfsson HI, Thakur P, Herold KF, et al (2014) Phytochemicals Perturb Membranes 

and Promiscuously Alter Protein Function. ACS Chem Biol 9(8):1788–1798. 

https://doi.org/10.1021/cb500086e 

43. Adepu S, Ramakrishna S (2021) Controlled drug delivery systems: Current status and 

future directions. Molecules 26(19):1–45. https://doi.org/ 10.3390/molecules26195905 

44. Yilmaz E, Borchert H-H (2006) Effect of lipid-containing, positively charged 

nanoemulsions on skin hydration,  elasticity and erythema--an in vivo study. Int J Pharm 

307(2):232–238. https://doi.org/ 10.1016/j.ijpharm.2005.10.002 

45. Araya-Sibaja AM, Salazar-López NJ, Romero KW, Vega-Baudrit JR, et al. (2021) Use 

of nanosystems to improve the anticancer effects of curcumin. Beilstein J Nanotechnol 

12:1047–1062. https://doi.org/ 10.3762/bjnano.12.78 

46. Gelperina S, Kisich K, Iseman MD, Heifets L (2005) The potential advantages of 

nanoparticle drug delivery systems in chemotherapy of tuberculosis. Am J Respir Crit 

Care Med 172(12):1487–90. https://doi.org/10.1164/rccm.200504-613pp 

47. Bisht S, Feldmann G, Soni S, Ravi R, Karikar C, Maitra A, Maitra A (2007) Polymeric 

nanoparticle-encapsulated curcumin (‘nanocurcumin’): a novel strategy for human 

cancer therapy. J Nanobiotechnology 5(1):3. https://doi.org/ 10.1186/1477-3155-5-3 

48. Li L, Braiteh FS, Kurzrock R (2005) Liposome-encapsulated curcumin: in vitro and in 

vivo effects on proliferation,  apoptosis, signaling, and angiogenesis. Cancer 

104(6):1322–1331. https://doi.org/ 10.1002/cncr.21300 

49. Cui J, Yu B, Zhao Y, Zhu W, Li H, Lou H, Zhai G (2009) Enhancement of oral 

absorption of curcumin by self-microemulsifying drug delivery  systems. Int J Pharm 

371(1–2):148–155. https://doi.org/ 10.1016/j.ijpharm.2008.12.009 

50. Shishu, Gupta N, Aggarwal N (2008) Bioavailability enhancement and targeting of 

stomach tumors using  gastro-retentive floating drug delivery system of curcumin--"a 

technical note". AAPS PharmSciTech 9(3):810–813. https://doi.org/ 10.1208/s12249-

008-9096-y 



Page 3070 of 3085 

Ayush Dubey /Afr.J.Bio.Sc. 6(13)(2024).3038-3085  

 
 

51. Ma Z, Shayeganpour A, Brocks DR, Lavasanifar A, Samuel J (2007) High-performance 

liquid chromatography analysis of curcumin in rat plasma:  application to 

pharmacokinetics of polymeric micellar formulation of curcumin. Biomed Chromatogr 

21(5):546–552. https://doi.org/ 10.1002/bmc.795. 

52. Zhang F, Koh GY, Jeansonne DP, Hollingsworth J, et al. (2011) A novel solubility-

enhanced curcumin formulation showing stability and  maintenance of anticancer 

activity. J Pharm Sci 100(7):2778–2789. https:// doi. org/ 10.1002/jps.22512 

53. Zheng B, McClements DJ (2020) Formulation of More Efficacious Curcumin Delivery 

Systems Using Colloid Science:  Enhanced Solubility, Stability, and Bioavailability. 

Molecules (Basel, Switzerland), 25(12), 2791. https:// doi. 

org/10.3390/molecules25122791 

54. Gonçalves RFS, Martins JT, Abrunhosa L, et al (2021) Nanoemulsions for enhancement 

of curcumin bioavailability and their safety evaluation: Effect of emulsifier type. 

Nanomaterials. 23;11(3):815 https://doi.org/10.3390/nano11030815 

55. Li J, Hwang I-C, Chen X, Park HJ (2016) Effects of chitosan coating on curcumin 

loaded nano-emulsion: Study on stability and in vitro digestibility. Food Hydrocoll 

60:138–147. https://doi.org/10.1016/j.foodhyd.2016.03.016 

56. Mayor S (2015) Side-effects of cancer drugs are under-reported in trials. Lancet Oncol 

16(3):e107. https://doi.org/10.1016/S1470-2045(15)70023-9 

57. Williams PA, Cao S, Yang D, Jennelle RL (2020) Patient-reported outcomes of the 

relative severity of side effects from cancer  radiotherapy. Support care cancer  Off J 

Multinatl Assoc  Support Care Cancer 28(1):309–316. https://doi.org/10.1007/s00520-

019-04820-2 

58. Citrin DE (2017) Recent Developments in Radiotherapy. N Engl J Med 377(11):1065–

1075. https://doi.org/10.1056/NEJMra1608986 

59. Li Y, Li S, Meng X, Gan R-Y, et al (2017) Dietary Natural Products for Prevention and 

Treatment of Breast Cancer. Nutrients. 9(4):367 https://doi.org/10.3390/nu9040367  

60. Zheng J, Zhou Y, Li Y, Xu D-P, Li S, Li H-B (2016) Spices for Prevention and 

Treatment of Cancers. Nutrients 8(8):495. https://doi.org/10.3390/nu8080495 



Page 3071 of 3085 

Ayush Dubey /Afr.J.Bio.Sc. 6(13)(2024).3038-3085  

 
 

61. Zhou Y, Li Y, Zhou T, Zheng J, Li S, Li H-B (2016) Dietary Natural Products for 

Prevention and Treatment of Liver Cancer. Nutrients 8(3):156. 

https://doi.org/10.3390/nu8030156 

62. Shang A, Cao S-Y, Xu X-Y, Gan R-Y, Tang G-Y, Corke H, Mavumengwana V, Li H-B 

(2019) Bioactive Compounds and Biological Functions of Garlic (Allium sativum L.). 

Foods (Basel, Switzerland) 8(7):246. https://doi.org/10.3390/foods8070246 

63. Mao Q-Q, Xu X-Y, Cao S-Y, Gan R-Y, Corke H, Beta T, Li H-B (2019) Bioactive 

Compounds and Bioactivities of Ginger (Zingiber officinale Roscoe). Foods (Basel, 

Switzerland) 8(6):185. https://doi.org/10.3390/foods8060185 

64. Zhou D-D, Luo M, Huang S-Y, Saimaiti A, Shang A, Gan R-Y, Li H-B (2021) Effects 

and Mechanisms of Resveratrol on Aging and Age-Related Diseases. Oxid Med Cell 

Longev 2021:9932218. https://doi.org/10.1155/2021/9932218 

65. Mao Q-Q, Xu X-Y, Shang A, Gan R-Y, Wu D-T, Atanasov AG, Li H-B (2020) 

Phytochemicals for the Prevention and Treatment of Gastric Cancer: Effects and  

Mechanisms. Int J Mol Sci 21(2):570. https://doi.org/10.3390/ijms21020570 

66. Yang Z, Huang S, Zhou D, Xiong R, Zhao C, Fang A, Zhang Y, Li H, Zhu H (2022) 

Effects and Mechanisms of Curcumin for the Prevention and Management of Cancers : 

An Updated Review. Antioxidants (Basel, Switzerland) 11(8):1481. 

https://doi.org/10.3390/antiox11081481 

67. Wadhwa J, Asthana A, Shilakari G, Chopra AK, Singh R (2015) Development and 

evaluation of nanoemulsifying preconcentrate of curcumin for colon delivery. Sci World 

Journal 2015:541510. https://doi.org/10.1155/2015/541510 

68. Jurenka JS (2009) Anti-inflammatory properties of curcumin, a major constituent of 

Curcuma longa: a  review of preclinical and clinical research. Altern Med Rev 

14(2):141–153 

69. Wilken R, Veena MS, Wang MB, Srivatsan ES (2011) Curcumin: A review of anti-

cancer properties and therapeutic activity in head and neck squamous cell carcinoma. 

Mol Cancer 10(1):12. https://doi.org/10.1186/1476-4598-10-12 

70. Tomeh MA, Hadianamrei R, Zhao X (2019) A Review of Curcumin and Its Derivatives 

as Anticancer Agents. Int J Mol Sci 20(5):1033. https://doi.org/10.3390/ijms20051033 

https://doi.org/10.3390/ijms20051033


Page 3072 of 3085 

Ayush Dubey /Afr.J.Bio.Sc. 6(13)(2024).3038-3085  

 
 

71. Hatcher H, Planalp R, Cho J, et al  (2008) Curcumin: from ancient medicine to current 

clinical trials. Cell Mol Life Sci 65(11):1631–1652. https://doi.org/10.1007/s00018-008-

7452-4 

72. Salem M, Rohani S, Gillies ER (2014) Curcumin, a promising anti-cancer therapeutic: A 

review of its chemical properties, bioactivity and approaches to cancer cell delivery. 

RSC Adv 4(21):10815–10829. https://doi.org/ 10.1039/c3ra46396f 

73. Aggarwal BB, Sundaram C, Malani N, Ichikawa H (2007) Curcumin: the Indian solid 

gold. Adv Exp Med Biol 595:1–75. https://doi.org/10.1007/978-0-387-46401-5_1. 

74. Itokawa H, Shi Q, Akiyama T, et al (2008) Recent advances in the investigation of 

curcuminoids. Chin Med 3:11. https://doi.org/10.1186/1749-8546-3-11 

75. Chattopadhyay I, Biswas K, Bandyopadhyay U, Banerjee RK (2004) Turmeric and 

curcumin: Biological actions and medicinal applications. Curr Sci 87(1):44–53 

76. Damalas CA (2011) Potential uses of turmeric (Curcuma longa) products as alternative 

means of pest management in crop production. Plant Omics 4(3):136–141 

77. Aggarwal S, Takada Y, Singh S, Myers JN, Aggarwal BB (2004) Inhibition of growth 

and survival of human head and neck squamous cell carcinoma  cells by curcumin via 

modulation of nuclear factor-kappaB signaling. Int J cancer 111(5):679–692. 

https://doi.org/10.1002/ijc.20333 

78. LoTempio MM, Veena MS, Steele HL, Ramamurthy B, et al (2005) Curcumin 

suppresses growth of head and neck squamous cell carcinoma. Clin cancer Res  an Off J 

Am Assoc  Cancer Res 11(19 Pt 1):6994–7002. https://doi.org/10.1158/1078-0432.ccr-

05-0301 

79. Wang D, Veena MS, Stevenson K, et al (2008) Liposome-encapsulated curcumin 

suppresses growth of head and neck squamous cell  carcinoma in vitro and in xenografts 

through the inhibition of nuclear factor kappaB by an AKT-independent pathway. Clin 

cancer Res  an Off J Am Assoc  Cancer Res 14(19):6228–6236. 

https://doi.org/10.1158/1078-0432.CCR-07-5177  

80. Mehta K, Pantazis P, McQueen T, Aggarwal BB (1997) Antiproliferative effect of 

curcumin (diferuloylmethane) against human breast  tumor cell lines. Anticancer Drugs 

8(5):470–481. https://doi.org/10.1097/00001813-199706000-00010 



Page 3073 of 3085 

Ayush Dubey /Afr.J.Bio.Sc. 6(13)(2024).3038-3085  

 
 

81. Hanif R, Qiao L, Shiff SJ, Rigas B (1997) Curcumin, a natural plant phenolic food 

additive, inhibits cell proliferation and  induces cell cycle changes in colon 

adenocarcinoma cell lines by a prostaglandin-independent pathway. J Lab Clin Med 

130(6):576–584. https://doi.org/10.1016/s0022-2143(97)90107-4 

82. Elattar TM, Virji AS (2000) The inhibitory effect of curcumin, genistein, quercetin and 

cisplatin on the growth of oral cancer cells in vitro. Anticancer Res 20(3A):1733–8. 

https://doi.org/ 

83. Oda Y (1995) Inhibitory effect of curcumin on SOS functions induced by UV 

irradiation. Mutat Res 348(2):67–73. https://doi.org/ 10.1016/0165-7992(95)00048-8 

84. Krishnaswamy K, Goud VK, Sesikeran B, Mukundan MA, Krishna TP (1998) 

Retardation of experimental tumorigenesis and reduction in DNA adducts by  turmeric 

and curcumin. Nutr Cancer 30(2):163–166. https://doi.org/10.1080/01635589809514657 

85. Collett GP, Robson CN, Mathers JC, Campbell FC (2001) Curcumin modifies Apc(min) 

apoptosis resistance and inhibits 2-amino  1-methyl-6-phenylimidazo[4,5-b]pyridine 

(PhIP) induced tumour formation in Apc(min) mice. Carcinogenesis 22(5):821–825. 

https://doi.org/10.1093/carcin/22.5.821 

86. Padhye S, Chavan D, Pandey S, Deshpande J, Swamy KV, Sarkar FH (2010) 

Perspectives on Chemopreventive and Therapeutic Potential of Curcumin Analogs in 

Medicinal Chemistry. Mini-Reviews Med Chem 10(5):372–387. 

https://doi.org/10.2174/138955710791330891 

87. Goel A, Kunnumakkara AB, Aggarwal BB (2008) Curcumin as ‘Curecumin’: from 

kitchen to clinic. Biochem Pharmacol 75(4):787–809. 

https://doi.org/10.1016/j.bcp.2007.08.016 

88. Priyadarsini KI (2014) The chemistry of curcumin: From extraction to therapeutic agent. 

Molecules 19(12):20091–20112. https://doi.org/10.3390/molecules191220091 

89. Naksuriya O, Okonogi S, Schiffelers RM, Hennink WE (2014) Curcumin 

nanoformulations: A review of pharmaceutical properties and preclinical studies and 

clinical data related to cancer treatment. Biomaterials 35(10):3365–3383. 

https://doi.org/10.1016/j.biomaterials.2013.12.090 

90. Lampe V, Milobedzka J (1913) Studien über Curcumin. Berichte der Dtsch Chem 

Gesellschaft 46(2):2235–2240. https://doi.org/10.1002/cber.191304602149 



Page 3074 of 3085 

Ayush Dubey /Afr.J.Bio.Sc. 6(13)(2024).3038-3085  

 
 

91. Salem M, Rohani S, Gillies ER (2014) Curcumin, a promising anti-cancer therapeutic: a 

review of its chemical properties, bioactivity and approaches to cancer cell delivery. 

RSC Adv 4(21):10815-10829. https://doi.org/10.1039/C3RA46396F 

92. Bandyopadhyay U, Das D, Banerjee RK (1999) Reactive oxygen species: Oxidative 

damage and pathogenesis. Curr Sci 77(5):658–666.  

93. Anand P, Kunnumakkara AB, Newman RA, Aggarwal BB (2007) Bioavailability of 

curcumin: Problems and promises. Mol Pharm 4(6):807–818. 

https://doi.org/10.1021/mp700113r 

94. Gupta AP, Khan S, Manzoor MM, Yadav AK, et al (2017) Anticancer Curcumin: 

Natural Analogues and Structure-Activity Relationship, 1st ed. Stud Nat Prod Chem. 

54:355-401. https://doi.org/10.1016/B978-0-444-63929-5.00010-3 

95. Kaur G, Kaur M, Bansal M (2021) New insights of structural activity relationship of 

curcumin and correlating their efficacy in anticancer studies with some other similar 

molecules. Am J Cancer Res 11(8):3755–3765 

96. Sandur SK, Pandey MK, Sung B, Ahn KS, et al. (2007) Curcumin, demethoxycurcumin, 

bisdemethoxycurcumin, tetrahydrocurcumin and turmerones differentially regulate anti-

inflammatory and anti-proliferative responses through a ROS-independent mechanism. 

Carcinogenesis 28(8):1765–1773. https://doi.org/10.1093/carcin/bgm123 

97. Cheng MA, Chou F-J, Wang K, Yang R, Ding J, Zhang Q, Li G, Yeh S, Xu D, Chang C 

(2018) Androgen receptor (AR) degradation enhancer ASC-J9(®) in an FDA-approved  

formulated solution suppresses castration resistant prostate cancer cell growth. Cancer 

Lett 417:182–191. https://doi.org/10.1016/j.canlet.2017.11.038 

98. Lin T-H, Izumi K, Lee SO, Lin W-J, et al (2013) Anti-androgen receptor ASC-J9 versus 

anti-androgens MDV3100 (Enzalutamide) or  Casodex (Bicalutamide) leads to opposite 

effects on prostate cancer metastasis via differential modulation of macrophage 

infiltration and STAT3-CCL2 signaling. Cell Death Dis 4(8):e764. 

https://doi.org/10.1038/cddis.2013.270 

99. Soh SF, Huang C-K, Lee SO, Xu D, Yeh S, Li J, et al. (2014) Determination of 

androgen receptor degradation enhancer ASC-J9(®) in mouse sera  and organs with 

liquid chromatography tandem mass spectrometry. J Pharm Biomed Anal 88:117–122. 

https://doi.org/10.1016/j.jpba.2013.08.020 



Page 3075 of 3085 

Ayush Dubey /Afr.J.Bio.Sc. 6(13)(2024).3038-3085  

 
 

100. Mohammadi K, Thompson KH, Patrick BO, Storr T, et al.(2005) Synthesis and 

characterization of dual function vanadyl, gallium and indium  curcumin complexes for 

medicinal applications. J Inorg Biochem 99(11):2217–2225. 

https://doi.org/10.1016/j.jinorgbio.2005.08.001 

101. Anand P, Thomas SG, Kunnumakkara AB, et al. (2008) Biological activities of 

curcumin and its analogues (Congeners) made by man and  Mother Nature. Biochem 

Pharmacol 76(11):1590–1611. https://doi.org/10.1016/j.bcp.2008.08.008 

102. Hahn Y-I, Kim S-J, Choi B-Y, et al (2018) Curcumin interacts directly with the 

Cysteine 259 residue of STAT3 and induces  apoptosis in H-Ras transformed human 

mammary epithelial cells. Sci Rep 8(1):6409. https://doi.org/10.1038/s41598-018-

23840-2 

103. Thompson KH, Böhmerle K, Polishchuk E, Martins C, et al.  (2004) Complementary 

inhibition of synoviocyte, smooth muscle cell or mouse lymphoma  cell proliferation by 

a vanadyl curcumin complex compared to curcumin alone. J Inorg Biochem 

98(12):2063–2070. https://doi.org/10.1016/j.jinorgbio.2004.09.011 

104. Vellampatti S, Chandrasekaran G, Mitta SB, et al. (2018) Metallo-Curcumin-

Conjugated DNA Complexes Induces Preferential Prostate Cancer  Cells Cytotoxicity 

and Pause Growth of Bacterial Cells. Sci Rep 8(1):14929. 

https://doi.org/10.1038%2Fs41598-018-33369-z 

105. Benassi R, Ferrari E, Grandi R, et al. (2007) Synthesis and characterization of new 

beta-diketo derivatives with iron chelating  ability. J Inorg Biochem 101(2):203–213 

106. Zambre AP, Kulkarni VM, Padhye S, et al. (2006) Novel curcumin analogs targeting 

TNF-induced NF-kappaB activation and  proliferation in human leukemic KBM-5 cells. 

Bioorg Med Chem 14(21):7196–7204. https://doi.org/10.1016/j.bmc.2006.06.056 

107. Youssef D, Nichols CE, Cameron TS, Balzarini J, et al. (2007) Design, synthesis, and 

cytostatic activity of novel cyclic curcumin analogues. Bioorg Med Chem Lett 

17(20):5624–5629 

108. Shim JS, Kim DH, Jung HJ, et al. (2002) Hydrazinocurcumin, a novel synthetic 

curcumin derivative, is a potent inhibitor  of endothelial cell proliferation. Bioorg Med 

Chem 10(9):2987–2992. https://doi.org/10.1016/s0968-0896(02)00129-3 



Page 3076 of 3085 

Ayush Dubey /Afr.J.Bio.Sc. 6(13)(2024).3038-3085  

 
 

109. Shim JS, Lee J, Park H-J, et al. (2004) A new curcumin derivative, HBC, interferes 

with the cell cycle progression of  colon cancer cells via antagonization of the 

Ca2+/calmodulin function. Chem Biol 11(10):1455–1463. 

https://doi.org/10.1016/j.chembiol.2004.08.015 

110. Dutta S, Padhye S, Priyadarsini KI, Newton C (2005) Antioxidant and antiproliferative 

activity of curcumin semicarbazone. Bioorg Med Chem Lett 15(11):2738–2744. 

https://doi.org/10.1016/j.bmcl.2005.04.001 

111. M. Yallapu M, Jaggi M, C. Chauhan S (2013) Curcumin Nanomedicine: A Road to 

Cancer Therapeutics. Curr Pharm Des 19(11):1994–2010. 

https://doi.org/10.2174/138161213805289219 

112. Abdel-Hafez SM, Hathout RM, Sammour OA (2021) Attempts to enhance the anti-

cancer activity of curcumin as a magical oncological agent using transdermal delivery. 

Adv Tradit Med 21(1):15–29. https://doi.org/10.1007/s13596-020-00439-5 

113. Basnet P, Skalko-Basnet N (2011) Curcumin: an anti-inflammatory molecule from a 

curry spice on the path to cancer  treatment. Molecules 16(6):4567–4598. 

https://doi.org/10.3390/molecules16064567 

114. Teiten M-H, Eifes S, Dicato M, Diederich M (2010) Curcumin-the paradigm of a 

multi-target natural compound with applications in  cancer prevention and treatment. 

Toxins (Basel) 2(1):128–162. https://doi.org/10.3390/toxins2010128 

115. Shehzad A, Lee YS (2013) Molecular mechanisms of curcumin action: signal 

transduction. Biofactors 39(1):27–36. https://doi.org/10.1002/biof.1065 

116. Ji J-L, Huang X-F, Zhu H-L (2012) Curcumin and its Formulations: Potential Anti-

Cancer Agents. Anticancer Agents Med Chem 12(3):210–218. 

https://doi.org/10.2174/187152012800228733 

117. Gafner S, Lee S-K, Cuendet M, Barthélémy S, Vergnes L, et al. (2004) Biologic 

evaluation of curcumin and structural derivatives in cancer  chemoprevention model 

systems. Phytochemistry 65(21):2849–2859. 

https://doi.org/10.1016/j.phytochem.2004.08.008 

118. Hong J, Bose M, Ju J, Ryu J-H, Chen X, et al. (2004) Modulation of arachidonic acid 

metabolism by curcumin and related beta-diketone  derivatives: effects on cytosolic 



Page 3077 of 3085 

Ayush Dubey /Afr.J.Bio.Sc. 6(13)(2024).3038-3085  

 
 

phospholipase A(2), cyclooxygenases and 5-lipoxygenase. Carcinogenesis 25(9):1671–

1679. https://doi.org/10.1093/carcin/bgh165 

119. Mulik RS, Mönkkönen J, Juvonen RO, et al. (2010) Transferrin mediated solid lipid 

nanoparticles containing curcumin: enhanced in  vitro anticancer activity by induction of 

apoptosis. Int J Pharm 398(1–2):190–203. https://doi.org/10.1016/j.ijpharm.2010.07.021 

120. Anand P, Sundaram C, Jhurani S, et al. (2008) Curcumin and cancer: an ‘old-age’ 

disease with an ‘age-old’ solution. Cancer Lett 267(1):133–164. 

https://doi.org/10.1016/j.canlet.2008.03.025 

121. Chiu SS, Lui E, Majeed M, Vishwanatha JK, et al. (2011) Differential distribution of 

intravenous curcumin formulations in the rat brain. Anticancer Res 31(3):907–11 

122. Ono M, Higuchi T, Takeshima M, et al.  (2013) Antiproliferative and apoptosis-

inducing activity of curcumin against human  gallbladder adenocarcinoma cells. 

Anticancer Res 33(5):1861–1866 

123. Sánchez-López E, Guerra M, Dias-Ferreira J, et al. (2019) Current applications of 

nanoemulsions in cancer therapeutics. Nanomaterials. doi: 

https://doi.org/10.3390/nano9060821 

124. Basnet P, Hussain H, Tho I, Skalko-Basnet N (2012) Liposomal delivery system 

enhances anti-inflammatory properties of curcumin. J Pharm Sci 101(2):598–609. 

https://doi.org/10.1002/jps.22785 

125. Huang M, Liang C, Tan C, Huang S, et al. (2019) Liposome co-encapsulation as a 

strategy for the delivery of curcumin and  resveratrol. Food Funct 10(10):6447–6458. 

https://doi.org/10.1039/c9fo01338e 

126. Chaurasia S, Chaubey P, Patel RR, et al. (2016) Curcumin-polymeric nanoparticles 

against colon-26 tumor-bearing mice:  cytotoxicity, pharmacokinetic and anticancer 

efficacy studies. Drug Dev Ind Pharm 42(5):694–700. 

http://dx.doi.org/10.3109/03639045.2015.1064941 

127. Elbialy NS, Abdelfatah EA, Khalil WA (2019) Antitumor Activity of Curcumin-Green 

Synthesized Gold Nanoparticles: In Vitro Study. Bionanoscience 9(4):813–820. 

https://doi.org/10.1007/s12668-019-00660-w 



Page 3078 of 3085 

Ayush Dubey /Afr.J.Bio.Sc. 6(13)(2024).3038-3085  

 
 

128. Nambiar S, Osei E, Fleck A, at al. (2018) Synthesis of curcumin-functionalized gold 

nanoparticles and cytotoxicity studies in human prostate cancer cell line. Appl Nanosci 

8(3):347–357. https://doi.org/10.1007/s13204-018-0728-6 

129. Yallapu MM, Othman SF, Curtis ET, et al. (2012) Curcumin-loaded magnetic 

nanoparticles for breast cancer therapeutics and imaging  applications. Int J 

Nanomedicine 7:1761–1779. https://doi.org/10.2147/ijn.s29290 

130. Aeineh N, Salehi F, Akrami M, et al. (2018) Glutathione conjugated polyethylenimine 

on the surface of Fe(3)O(4) magnetic  nanoparticles as a theranostic agent for targeted 

and controlled curcumin delivery. J Biomater Sci Polym Ed 29(10):1109–1125. 

https://doi.org/10.1080/09205063.2018.1427013 

131.  Kakkar V, Muppu SK, Chopra K, Kaur IP (2013) Curcumin loaded solid lipid 

nanoparticles: an efficient formulation approach for  cerebral ischemic reperfusion injury 

in rats. Eur J Pharm Biopharm  Off J  Arbeitsgemeinschaft fur Pharm Verfahrenstechnik 

eV 85(3 Pt A):339–345. https://doi.org/10.1016/j.ejpb.2013.02.005 

132. Fathy Abd-Ellatef G-E, Gazzano E, Chirio D, et al (2020) Curcumin-Loaded Solid 

Lipid Nanoparticles Bypass P-Glycoprotein Mediated  Doxorubicin Resistance in Triple 

Negative Breast Cancer Cells. Pharmaceutics, 12(2):96. 

https://doi.org/10.3390/pharmaceutics12020096 

133. Manju S, Sreenivasan K (2011) Conjugation of curcumin onto hyaluronic acid 

enhances its aqueous solubility and  stability. J Colloid Interface Sci 359(1):318–325. 

https://doi.org/10.1016/j.jcis.2011.03.071 

134. Brahmkhatri VP, Sharma N, Sunanda P, D’Souza A, Raghothama S, Atreya HS (2018) 

Curcumin nanoconjugate inhibits aggregation of N-terminal region (Aβ-16) of an 

amyloid beta peptide. New J Chem 42(24):19881–19892. 

https://doi.org/10.1039/C8NJ03541E 

135. Yallapu MM, Othman SF, Curtis ET, Bauer NA, Chauhan N, Kumar D, Jaggi M, 

Chauhan SC (2012) Curcumin-loaded magnetic nanoparticles for breast cancer 

therapeutics and imaging  applications. Int J Nanomedicine 7:1761–1779. 

https://doi.org/10.2147/IJN.S29290 

136. Maria DN, Mishra SR, Wang L, Abd-Elgawad A-EH, et al. (2017) Water-soluble 

Complex of Curcumin with Cyclodextrins: Enhanced Physical  Properties For Ocular 



Page 3079 of 3085 

Ayush Dubey /Afr.J.Bio.Sc. 6(13)(2024).3038-3085  

 
 

Drug Delivery. Curr Drug Deliv 14(6):875–886. 

https://doi.org/10.2174/1567201813666160808111209 

137. Teixeira CCC, Mendonça LM, Bergamaschi MM, Queiroz RHC, Souza GEP, Antunes 

LMG, Freitas LAP (2016) Microparticles Containing Curcumin Solid Dispersion: 

Stability, Bioavailability  and Anti-Inflammatory Activity. AAPS PharmSciTech 

17(2):252–261. https://doi.org/10.1208/s12249-015-0337-6 

138. Adhikary R, Carlson PJ, Kee TW, Petrich JW (2010) Excited-state intramolecular 

hydrogen atom transfer of curcumin in surfactant  micelles. J Phys Chem B 

114(8):2997–3004. https://doi.org/10.1021/jp9101527 

139. Raveendran R, Bhuvaneshwar G, Sharma CP (2013) In vitro cytotoxicity and cellular 

uptake of curcumin-loaded  Pluronic/Polycaprolactone micelles in colorectal 

adenocarcinoma cells. J Biomater Appl 27(7):811–827. 

https://doi.org/10.1177/0885328211427473 

140. Arunraj TR, Sanoj Rejinold N, Mangalathillam S, Saroj S, Biswas R, Jayakumar R 

(2014) Synthesis, characterization and biological activities of curcumin nanospheres. J 

Biomed Nanotechnol 10(2):238–250. https://doi.org/10.1166/jbn.2014.1786 

141. Huo X, Zhang Y, Jin X, Li Y, Zhang L (2019) A novel synthesis of selenium 

nanoparticles encapsulated PLGA nanospheres with  curcumin molecules for the 

inhibition of amyloid β aggregation in Alzheimer’s disease. J Photochem Photobiol B 

190:98–102. https://doi.org/10.1016/j.jphotobiol.2018.11.008 

142. Mangalathillam S, Rejinold NS, Nair A, Lakshmanan V-K, Nair S V, Jayakumar R 

(2012) Curcumin loaded chitin nanogels for skin cancer treatment via the transdermal  

route. Nanoscale 4(1):239–250. https://doi.org/10.1039/c1nr11271f 

143. Amanlou N, Parsa M, Rostamizadeh K, Sadighian S, Moghaddam F (2019) Enhanced 

cytotoxic activity of curcumin on cancer cell lines by incorporating into gold/chitosan 

nanogels. Mater Chem Phys 226:151–157. 

https://doi.org/10.1016/j.matchemphys.2018.12.089 

144. Ghosh M, Singh ATK, Xu W, Sulchek T, Gordon LI, Ryan RO (2011) Curcumin 

nanodisks: Formulation and characterization. Nanomedicine Nanotechnology, Biol Med 

7(2):162–167. https://doi.org/10.1016/j.nano.2010.08.002 



Page 3080 of 3085 

Ayush Dubey /Afr.J.Bio.Sc. 6(13)(2024).3038-3085  

 
 

145. Sarker D (2005) Engineering of Nanoemulsions for Drug Delivery. Curr Drug Deliv 

2(4):297–310. https://doi.org/10.2174/156720105774370267 

146. Ngandeu Neubi GM, Opoku-Damoah Y, Gu X, Han Y, Zhou J, Ding Y (2018) Bio-

inspired drug delivery systems: an emerging platform for targeted cancer therapy. 

Biomater Sci 6(5):958–973. https://doi.org/10.1039/C8BM00175H 

147. Bisen AC, Biswas A, Dubey A, et al (2024) A review on polymers in ocular drug 

delivery systems. MedComm - Biomater Appl 3(2):e77. . 

https://doi.org/10.1002/mba2.77 

148. Biswas A, Kumar S, Choudhury AD, et al. (2024) Polymers and their engineered 

analogues for ocular drug delivery: Enhancing therapeutic precision. Biopolymers 

e23578. https://doi.org/10.1002/bip.23578 

149. Ma Y, Liu D, Wang D, Wang Y, Fu Q, Fallon JK, Yang X, He Z, Liu F (2014) 

Combinational delivery of hydrophobic and hydrophilic anticancer drugs in single  

nanoemulsions to treat MDR in cancer. Mol Pharm 11(8):2623–2630. 

https://doi.org/10.1021/mp400778r 

150. Mahato R (2017) Nanoemulsion as targeted drug delivery system for cancer 

therapeutics. J Pharm Sci Pharmacol 3(2):83–97. https://doi.org/10.1166/jpsp.2017.1082 

151. Chrastina A, Baron VT, Abedinpour P, et al. (2018) Plumbagin-Loaded Nanoemulsion 

Drug Delivery Formulation and Evaluation of  Antiproliferative Effect on Prostate 

Cancer Cells. Biomed Res Int 2018:9035452. https://doi.org/10.1155/2018/9035452 

152. Biswas A, Choudhury AD, Agrawal S, et al. (2024) Recent insights into the 

etiopathogenesis of diabetic retinopathy and its management. J Ocul Pharmacol Ther 

40(1):13–33. https://doi.org/10.1089/jop.2023.0068 

153. Charman WN, Stella VJ (1991) Transport of lipophilic molecules by the intestinal 

lymphatic system. Adv Drug Deliv Rev 7(1):1–14. https://doi.org/10.1016/0169-

409X(91)90046-F 

154. Shakeel F, Haq N, Alanazi FK, Alsarra IA (2013) Impact of various nonionic 

surfactants on self-nanoemulsification efficiency of two grades of Capryol (Capryol-90 

and Capryol-PGMC). J Mol Liq 182:57–63. https://doi.org/10.1016/j.molliq.2013.03.011 



Page 3081 of 3085 

Ayush Dubey /Afr.J.Bio.Sc. 6(13)(2024).3038-3085  

 
 

155. Huang M, Horwitz TS, Zweiben C, Singh SK (2011) Impact of extractables/leachables 

from filters on stability of protein formulations. J Pharm Sci 100(11):4617–4630. 

https://doi.org/10.1002/jps.22670 

156. Mehta SK, Kawaljit (1998) Isentropic compressibility and transport properties of 

CTAB-alkanol-hydrocarbon-water microemulsion systems. Colloids Surfaces A 

Physicochem Eng Asp 136(1):35–41. https://doi.org/10.1016/S0927-7757(97)00321-X 

157. Osborne DW, Musakhanian J (2018) Skin Penetration and Permeation Properties of 

Transcutol®—Neat or Diluted Mixtures. AAPS PharmSciTech 19(8):3512–3533. 

https://doi.org/10.1208/s12249-018-1196-8 

158. Porras M, Solans C, González C, Gutiérrez JM (2008) Properties of water-in-oil (W/O) 

nano-emulsions prepared by a low-energy emulsification method. Colloids Surfaces A 

Physicochem Eng Asp 324(1):181–188. https://doi.org/10.1016/j.colsurfa.2008.04.012 

159. Warisnoicharoen W, Lansley AB, Lawrence MJ (2000) Nonionic oil-in-water 

microemulsions: the effect of oil type on phase behaviour. Int J Pharm 198(1):7–27. 

https://doi.org/10.1016/s0378-5173(99)00406-8 

160. Lawrence MJ (1994) Surfactant systems: Microemulsions and vesicles as vehicles for 

drug delivery. Eur J Drug Metab Pharmacokinet 19(3):257–269. 

https://doi.org/10.1007/BF03188929 

161. Azeem A, Rizwan M, Ahmad FJ, Iqbal Z, Khar RK, et al. (2009) Nanoemulsion 

components screening and selection: a technical note. AAPS PharmSciTech 10(1):69–

76. https://doi.org/10.1208/s12249-008-9178-x 

162. Saito K, Miyake K, McNeil PL, Kato K, Yago K, Sugai N (1999) Plasma membrane 

disruption underlies injury of the corneal endothelium by  ultrasound. Exp Eye Res 

68(4):431–437. https://doi.org/10.1006/exer.1998.0626 

163. Cho C-W, Liu Y, Cobb WN, Henthorn TK, Lillehei K, Christians U, Ng K-Y (2002) 

Ultrasound-induced mild hyperthermia as a novel approach to increase drug uptake  in 

brain microvessel endothelial cells. Pharm Res 19(8):1123–1129. 

https://doi.org/10.1023/a:1019837923906 

164. Hernot S, Klibanov AL (2008) Microbubbles in ultrasound-triggered drug and gene 

delivery. Adv Drug Deliv Rev 60(10):1153–1166. 

https://doi.org/10.1016/j.addr.2008.03.005 



Page 3082 of 3085 

Ayush Dubey /Afr.J.Bio.Sc. 6(13)(2024).3038-3085  

 
 

165. Huang S-L (2008) Liposomes in ultrasonic drug and gene delivery. Adv Drug Deliv 

Rev 60(10):1167–1176. https://doi.org/10.1016/j.addr.2008.03.003 

166. Apfel RE, Holland CK (1991) Gauging the likelihood of cavitation from short-pulse, 

low-duty cycle diagnostic  ultrasound. Ultrasound Med Biol 17(2):179–185. 

https://doi.org/10.1016/0301-5629(91)90125-g  

167. Kumar A, Mohapatra SS., Cameron DF (2009) Nanoparticle targeted drug delivery to 

the lungs using extra-testicular sertoli cells. WO2009105278A2, 27 Aug 2009  

168. Datt R., Kumar R., Pandey S., Shrivastava P. (2016) Multifunctional Formulation 

Composed of Natural Ingredients and Its Preparation/Manufacturing Method. 

ES2885052T3, 16 June 2021 

169. RAVIKANTI S, CHITRABHANU L (2023) Nanoformulation with diverse functional 

molecules from turmeric and process for preparation of the same. EP4119126A1, 18 Jan 

2023 

170. Sripathy R, Mandapati Venkata NSRR, Ajay G, Somashekara N, Chaniyilparampu RN, 

Gokaraju RR, Gokaraju GR, Bhupathiraju K, Anjana D (2013) Novel highly 

bioavailable, water soluble and sustained release nanoformulations of hydrophobic plant 

derived compounds and extracts. EP2852379A1, 1 Apr 2015 

171. 达留什·贝赫纳姆 (2021) Solubilizates containing curcumin and at least cannabinoid 

THC as other active substances. CN112469444A, 9 Mar 2021 

172. Sordillo LA., Sordillo PP., Helson L (2019) Treatment for glioblastoma. United States 

Patent; US10485768B2, 26 Nov 2019.   

173. Kurzrock R, Li L, Mehta K, Aggarwal B (2019) Liposomal curcumin for treatment of 

cancer. US10182997B2, 22 Jan 2019. 

174. Snyder JP., Davis MC., Adams B, Shoji M, Liotta DC., Ferstl EM., Sunay UB (2010) 

Curcumin analogs with anti-tumor and anti-angiogenic properties. US7842705B2, 30 

Nov 2010 

175. Pattayil AJ, Jayaprabha KN (2017) Curcumin coated magnetite nanoparticles for 

biomedical applications. US9775919B2, 3 Oct 2017 

176. H. Lee Moffitt Cancer Center (2024) NCT03598309 Phase II Trial to Modulate 

Intermediate Endpoint Biomarkers in Former and Current Smokers,  



Page 3083 of 3085 

Ayush Dubey /Afr.J.Bio.Sc. 6(13)(2024).3038-3085  

 
 

https://clinicaltrials.gov/study/NCT03598309?cond=Lung%20Cancer&term=NCT03598

309&rank=1. Accessed 10 May 2024  

177. National Cancer Institute (NCI) (2024) NCT02782949 Curcumin in Preventing Gastric 

Cancer in Patients With Chronic Atrophic Gastritis or Gastric Intestinal Metaplasia, 

https://clinicaltrials.gov/study/NCT02782949?cond=Lung%20Cancer&term=NCT02782

949&rank=1. Accessed 10 May 2024 

178. City of Hope Medical Center (2024) NCT03865992 Curcumin in Reducing Joint Pain 

in Breast Cancer Survivors With Aromatase Inhibitor-Induced Joint Disease, 

https://clinicaltrials.gov/study/NCT03865992?cond=Lung%20Cancer&term=NCT03865

992&rank=1. Accessed 10 May 2024 

179. Fatma Soliman Elsayed Ebeid, MD ASU (2024) NCT05045443 Safety and Efficacy of 

Curcumin in Children With Acute Lymphoblastic Leukemia, 

https://clinicaltrials.gov/study/NCT05045443?cond=Lung%20Cancer&term=NCT05045

443&rank=1. Accessed 10 May 2024 

180. SignPath Pharma I (2023) NCT05768919 Study of Liposomal Curcumin in 

Combination With RT and TMZ in Patients With Newly Diagnosed High-Grade 

Gliomas, 

https://clinicaltrials.gov/study/NCT05768919?cond=Lung%20Cancer&term=NCT05768

919&rank=1. Accessed 10 May 2024 

181. Gerald W. Dryden, Jr. U of L (2023) NCT01294072 Study Investigating the Ability of 

Plant Exosomes to Deliver Curcumin to Normal and Colon Cancer Tissue, 

https://clinicaltrials.gov/study/NCT01294072?cond=%20Cancer&term=NCT01294072

&rank=1. Accessed 10 May 2024   

182. Baylor Research Institute (2020) NCT02724202 Curcumin in Combination With 5FU 

for Colon Cancer, 

https://clinicaltrials.gov/study/NCT02724202?cond=Lung%20Cancer&term=NCT02724

202&rank=1. Accessed 10 May 2024   

183. Steven Clinton OSUCCC (2019) NCT01975363 Pilot Study of Curcumin for Women 

With Obesity and High Risk for Breast Cancer, 

https://clinicaltrials.gov/study/NCT01975363?cond=Lung%20Cancer&term=NCT01975

363&rank=1. Accessed 10 May 2024   



Page 3084 of 3085 

Ayush Dubey /Afr.J.Bio.Sc. 6(13)(2024).3038-3085  

 
 

184. SignPath Pharma I (2022) NCT02138955 A Phase IB Dose Escalation Study of 

Lipocurc in Patients With Cancer, 

https://clinicaltrials.gov/study/NCT02138955?cond=Lung%20Cancer&term=NCT02138

955&rank=1. Accessed 10 May 2024   

185. University of Pennsylvania (2017) NCT00118989 Curcumin for the chemoprevention 

of colorectal cancer, 

https://clinicaltrials.gov/study/NCT00118989?cond=Lung%20Cancer&term=NCT00118

989&rank=1. Accessed 10 May 2024   

186. University of Michigan Rogel Cancer Center (2012) NCT00027495 Curcumin for the 

Prevention of Colon Cancer, 

https://clinicaltrials.gov/study/NCT00027495?cond=Lung%20Cancer&term=NCT00027

495&rank=1. Accessed 10 May 2024   

187. Julie Ryan U of R (2011) NCT01042938 Curcumin for the Prevention of Radiation-

induced Dermatitis in Breast Cancer Patients, 

https://clinicaltrials.gov/study/NCT01042938?cond=Lung%20Cancer&term=NCT01042

938&rank=1. Accessed 10 May 2024   

188. Rutgers TSU of NJ (University of M and D of NJ (2009) NCT00176618 The Effects of 

Curcuminoids on Aberrant Crypt Foci in the Human Colon, 

https://clinicaltrials.gov/study/NCT00176618?cond=Lung%20Cancer&term=NCT00176

618&rank=1. Accessed 10 May 2024   

189. Cruz-Correa M, Shoskes DA, Sanchez P, Zhao R, et al. (2006) Combination treatment 

with curcumin and quercetin of adenomas in familial adenomatous polyposis. Clin 

Gastroenterol Hepatol 4(8):1035–1038. https://doi.org/10.1016/j.cgh.2006.03.020 

190. Cruz-Correa M, Hylind LM, Marrero JH, et al. (2018) Efficacy and Safety of Curcumin 

in Treatment of Intestinal Adenomas in Patients  With Familial Adenomatous Polyposis. 

Gastroenterology 155(3):668–673. https://doi.org/10.1053/j.gastro.2018.05.031 

191. Carroll RE, Benya R V, Turgeon DK, et al (2011) Phase IIa clinical trial of curcumin 

for the prevention of colorectal neoplasia. Cancer Prev Res (Phila) 4(3):354–364. 

https://doi.org/10.1158/1940-6207.CAPR-10-0098 

192. Golombick T, Diamond TH, Manoharan A, Ramakrishna R (2012) Monoclonal 

gammopathy of undetermined significance, smoldering multiple myeloma,  and 



Page 3085 of 3085 

Ayush Dubey /Afr.J.Bio.Sc. 6(13)(2024).3038-3085  

 
 

curcumin: a randomized, double-blind placebo-controlled cross-over 4g study and an 

open-label 8g extension study. Am J Hematol 87(5):455–460. 

https://doi.org/10.1002/ajh.23159 

193. Kuriakose MA, Ramdas K, Dey B, et al (2016) A Randomized Double-Blind Placebo-

Controlled Phase IIB Trial of Curcumin in Oral  Leukoplakia. Cancer Prev Res (Phila) 

9(8):683–691. https://doi.org/10.1158/1940-6207.capr-15-0390 

194. He Z-Y, Shi C-B, Wen H, Li F-L, et al (2011) Upregulation of p53 expression in 

patients with colorectal cancer by  administration of curcumin. Cancer Invest 29(3):208–

213. https://doi.org/10.3109/07357907.2010.550592 

195. Panahi Y, Saadat A, Beiraghdar F, Sahebkar A (2014) Adjuvant therapy with 

bioavailability-boosted curcuminoids suppresses systemic  inflammation and improves 

quality of life in patients with solid tumors: a randomized double-blind placebo-

controlled trial. Phytother Res 28(10):1461–1467. https://doi.org/10.1002/ptr.5149 

196. Dhillon N, Aggarwal BB, Newman RA, Wolff RA, Kunnumakkara AB, et al (2008) 

Phase II trial of curcumin in patients with advanced pancreatic cancer. Clin cancer Res  

an Off J Am Assoc  Cancer Res 14(14):4491–4499. https://doi.org/10.1158/1078-

0432.ccr-08-0024 

197. Kanai M, Yoshimura K, Asada M, et al (2011) A phase I/II study of gemcitabine-based 

chemotherapy plus curcumin for patients  with gemcitabine-resistant pancreatic cancer. 

Cancer Chemother Pharmacol 68(1):157–164. https://doi.org/10.1007/s00280-010-1470-

2 

198. Arun P, Sagayaraj A, Azeem Mohiyuddin SM, Santosh D (2020) Role of turmeric 

extract in minimising mucositis in patients receiving  radiotherapy for head and neck 

squamous cell cancer: a randomised, placebo-controlled trial. J Laryngol Otol 

134(2):159-164. https://doi.org/10.1017/S0022215120000316 

 

 

  

 


