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Abstract:  

In 1815, a remarkable discovery was made about a compound called curcumin, derived from the 

plant Curcuma Longa. Curcumin, a polyphenolic phytochemical, exhibited a wide array of 

biological activities that captivated the attention of researchers worldwide. Not only did it 

display potent anticancer properties, but it also demonstrated anti-inflammatory, antioxidant, 

antimicrobial, and antiviral effects. Curcumin's extraordinary potential in cancer treatment 

sparked great interest, although challenges remained. Its poor solubility and mysterious 

mechanisms of action in killing cancer cells prompted further investigation. Nevertheless, 

curcumin has long been a staple in Asian cuisine, particularly in India, where it is regularly 

incorporated into daily meals. Researchers have unraveled multiple mechanisms through which 

curcumin acts on cancer cells. Its unique properties enable it to interfere with various cellular 

pathways and signaling molecules, leading to the suppression of tumor growth and the induction 

of cancer cell death. However, maximizing curcumin's therapeutic benefits required overcoming 

its limitations. To address the solubility issue and enhance curcumin's efficacy, scientists have 

explored innovative approaches involving novel carriers known as nanocarriers. These 

nanocarriers offer a promising alternative for targeted cancer therapy, as they can improve 

curcumin's delivery characteristics. By encapsulating curcumin within these nanocarriers, its 

bioavailability and stability can be significantly enhanced, leading to improved therapeutic 

outcomes. The present review highlights the exciting developments in utilizing multifunctional 

nanocarriers for cancer targeting. These nanocarriers not only ensure the efficient delivery of 

curcumin to cancer cells but also provide additional functionalities, such as sustained release and 

specific tumor targeting. This combination of curcumin's potent properties and the advanced 
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capabilities of nanocarriers holds great promise for eradicating cancer and improving patient 

outcomes. 
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1. Introduction 

Cellular growth alterations generate abnormal cell masses, making cancer the worst disease. 

Cancer cases fell 1991–2018. Cancer awareness fell 31%. 2021 killed 60,8,570. Smoking and 

chemical exposure increased lung cancer, but prostate, colon, and breast cancer rates declined in 

the US [1]. Cancer survival depended on COVID-19 therapy. Cancer patients are virus-prone. 

Big hospitals are safe. 

India has greater cancer rates than developed countries due to ignorance and class-based 

healthcare. 2,250,000 Indians have cancer. Cancer killed 7,84,821 in 2018 [3]. Before 75, males 

were 7.34% cancer-prone, women 6.28%.  2019 WHO forecasts rank India 3rd–4th in fatalities 

over 70. Population and elderly patients grew. India may be cancerier. 29.9% HDI, 17.7% 

population increase. India has significant male oral cancer and female breast cancer mortality 

[4].   

Long-term chemotherapy, radiation, surgery, photothermal, and hyperthermia were advanced 

cancer therapies. Chemotherapy follows diagnosis. Conventional therapy may lower immunity. 

Drug-resistance hinders cancer therapy. Chemotherapy-induced genetic alteration may cause 

multidrug-resistant cancer.   Combination therapy briefly reverses MDR [5,6]. 

Chemotherapeutics and phytochemicals reduced MDR and side effects.  Phytoconstituents alter 

physiology. To prevent sickness, enzymes, proteins, amino acids, hormones, etc. were activated, 

deactivated, encouraged, or dysregulated. Vedic India used phytoconstituents. Insoluble 

phytoconstituents heal several disorders. [5]. 

Recent studies examined phytochemical cancer treatment. Phytochemicals degraded. 

Phytochemicals (plant macerates) healed numerous illnesses. Chemotherapy limits 

phytochemicals. Low solubility, permeability, and bioavailability. Most phytochemicals 

breakdown first-pass, making oral delivery problematic. Phytochemicals' effectiveness, 

specificity, and therapeutic index restrict clinical application. Organs store phytochemicals. 

Pharmaceutics enhance phytotherapy. Nanocrystalization, polymeric nanoparticles, liposomes, 

carbon-based nanocarriers, mesoporous material, salt generation, etc. are unique approaches. 

Healing occurred. [5,7] 

Curcumin won. Indian rhizomes produce curcumin. India uses turmeric. Traditional herbal 

medicine, spices, and colouring employ curcumin most. Antioxidant, wound-healing, anti-

inflammatory, detoxifying, antiviral, and anticancer curcumin. Insoluble curcumin.  
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Nanonization increases hydrophobic drugs like curcumin's solubility, targetability, 

bioavailability, and anticancer properties. Curcumin's physicochemical alteration enhances 

therapy.  

 

 

Curcumin treatment 

Curcumin is phytotherapeutic. It blocks molecular targets, cancer cell proliferation, and 

metastasis. Controls IL-1β, IL-1, and IL-12. Curcumin boosts cancer-fighting beta cells, EGFR, 

and TNF-alpha. Matrix metalloprotease activation restricts cell growth [8,9]. 

Curcumin's structure enhances biointerface interactions. Curcumin's 1,3-diketone and phenyl 

ring have antioxidant methoxy groups. Curcumin is 10 times antioxidant than Vitamin E [10]. 

Curcumin increases glutathione S-transferase complex activity to scavenge free radicals [11]. 

Reduces lipid peroxidation and boosts DPPH antioxidants. Curcumin-treated macrophages 

eliminated superoxide radicals to avoid lipid peroxidation [12].  

1.1. Therapeutic potential of curcumin 

Phytotherapeutic curcumin treats several ailments. It inhibits molecular targets, cancer cell 

growth, and metastasis. It controls IL-1β, IL-1, and IL-12. Curcumin stimulates beta cells, 

EGFR, and TNF-alpha to fight cancer. Matrix metalloprotease activation limits cell proliferation 

[8,9]. 

Curcumin's structure promotes biological and biointerface interactions. Curcumin has an 

antioxidant methoxy group on its 1,3-diketone and phenyl ring. Curcumin is 10 times more 

antioxidant than Vitamin E [10]. Curcumin inhibits and scavenges free radicals by increasing 

glutathione S-transferase complex activity [11]. It reduces lipid peroxidation and enhances 

DPPH antioxidants. Curcumin-treated macrophages removed superoxide radicals to prevent lipid 

peroxidation [12]. 

Table 1 elaborates the different expression or suppression of biocomponents after delivery of 

curcumin in cancer cell lines.  

Table 1. Detailed analysis of expression in cancer upon curcumin therapeutic action 

Sr. 

No. 

Types of 

Cancer 

Expression Analysis after delivering curcumin Cell lines used 

during the 

study 

1 Lung 

Cancer 

Wnt/β-catenin Pathway [13] 

VEGF0 and NF-kB [14] 

Enhances zeste homolog 2 (EZH2) Decrease in Notch 1 gene [15] 

G2/M Arrest   

DNA damage signalling pathway by ROS [16] 

Rearranges Anaplastic Lymphoma Kinase (ALK) [17] 

A549 
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75% Reduction in Extracellular signal-regulated kinase (ERK) 

pathway [18] 

Downregulate MAPK/AP-1 dependent pathway [19] 

Increases Tap63α expression 

2 Breast 

Cancer 

Inhibit phosphorylation of Akt/mTOR [20] 

Suppress nuclear translocation of NF-kB - downregulate levels of 

p100 and p52 [21] 

Upregulate spermidine/spermine N1-acetyltransferase (SSAT) gene 

[22] 

Prevent autocrine growth hormone signaling pathway -Suppression 

of miR-182-96-183 cluster 

Downregulate Bcl-2 and Bcl-xL [23] 

Downregulate Flap endonuclease 1 (FEN1) 

Downregulate MDR-1 gene expression [24] 

T47D  

MCF7 

MDA-MB-453 

3 Prostate 

cancer 

Downregulate Bcl-2, Bcl-xL, IL-6, and COX-2 [25] 

n downregulates C-X-C motif chemokine ligand 1 (CXCL-1) and 

CXCL-2 [26] 

Inhibit expression of HSD3B2 and CYP11A1 [27] 

Suppress AP-1 protein 

Reduction in JNK levels/H3K4  

Inhibit expression of NF-κB, AKT and p-AKT [28] 

androgen-

independent 

prostate cancer 

(AIPC) cells 

LNCaP cells 

PC-3 

DU-145 cells 

4 Brain 

Tumors 

Inhibit miR-21 [29] 

Inhibit STAT3 and IAP dependent pathway  

Activate MAPK pathway 

JAK/STAT pathways 

PI3K/Akt dependent pathway [30] 

Glioblastoma 

stem cells 

5 Pancreatic 

Cancer 

Inhibit PI3K/Akt Pathway 

Induce forkhead box O1 [31] 

Decreases IAP protein and mRNA expression [32] 

Inhibit Cell division cycle 20 (Cdc20) by regulation of Bcl-2 like 

protein11 (Bim) and 21 [33] 

Panc-1 BXPC-3 

L36pl 

6 Gastric 

cancer 

Downregulate NF-kB, TNF-α, interleukins and chemokines [34] 

Increase p53 gene expression, 

PI3K pathway [35] 

Wnt3 a/β-catenin/EMT pathway, Bcl-2/caspase pathway [36] 

SGC-7901 and 

BGC-823, 

MKN45 and NCI 

N87 cells lines. 

 

Curcumin phytotherapy addresses several disorders. Curcumin inhibits molecular targets, cancer 

cell growth, and metastasis. Anti-inflammatory IL-1(1), IL-12. Beta cells, EGFR, TNF-alpha, 

and curcumin affect anticancer actions. Curcumin stimulates matrix metalloprotease, inhibiting 

cell proliferation [8,9]. 

Structure enhances biointerface. Curcumin's 1,3-diketone antioxidant methoxy group. Curcumin 

was 10 times antioxidant than Vitamin E [10]. Antioxidant curcumin. Glutathione S-transferases 

neutralise free radicals [11]. Curcumin reduces lipid peroxidation and increases DPPH 

antioxidants. Curcumin's superoxide radical elimination in macrophages prevented lipid 

peroxidation [12].  

 Curcumin possesses strong inhibition potential against a number of cancers as shown in (Figure 

1).  

2. Curcumin – Sources, Structure and Doses 
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Polyphenolic 1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione from numerous 

Zingiberaceae species. Rhizome of Curcuma Longa L. Asians utilised curcumin for 2000 years. 

Turmeric heals skin, GIT, eye, inflammation, edoema, and more. Raw turmeric macerates 3% 

active curcumin. Figure 1 shows curcumin's structure. Aqueo-alcoholic macerates have three 

components. 75%, 20%, and 5% were curcumin I, demethoxy-curcumin, and 

bisdemethoxycurcumin. Curcumin's limited water solubility increases dose. 10–12 g/day reduced 

systemic levels. 12g curcumin plasma 0.051 mcg/mL [41]. Oral curcumin provided mice 1%. 

Curcumin's limited solubility, large molecular structure, quick metabolism, excretion, and 

clearance limit its therapeutic potential [42].  

 

Figure 1. Chemical Structure of curcumin and its therapeutic activity against multiple cancer cells 

 

In alkaline circumstances, curcumin breaks down into vanillin, ferulic acid, feruloylmethane, and 

Trans-6-(40-hydroxy-30-methoxyphenyl)-2,4-dioxo-5-hexanal. Curcumin destroyed quicker at 

alkaline pH.   

Curcumin solubility and effectiveness may improve with transformation. Sulphate/glucuronol 

attachment, hydrogenation, and double bond reduction occur. Recent research examined 

computation-based transformation. Dihydrocurcumin, tetrahydrocurcumin, hexahydrocurcumin, 

octahydrocurcumin, and others result from curcumin derivatization. In-vivo curcumin 

metabolism reduces with phenolic group conjugation with sulphate or glucuronide [43]. 

Tetrahydrocurcumin is stronger than curcumin [44].    
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3. Modified conventional drug delivery systems 

Phytotherapeutic curcumin inhibits molecular targets, cancer cell proliferation, and metastasis. 

To combat cancer, it regulates anti-inflammatory cytokines such IL-1β, IL-1, and IL-12 and 

activates beta cells, EGFR, and TNF-alpha. Antioxidant curcumin's structure helps biological 

interactions. Its 1,3-diketone and phenyl ring methoxy group makes it 10 times more antioxidant 

than Vitamin E. Curcumin suppresses free radicals, enhances glutathione S-transferase complex 

activity, decreases lipid peroxidation, and increases DPPH antioxidants. Curcumin reduces lipid 

peroxidation because macrophages remove superoxide radicals. 

4. Vesicular Carrier System 

Lipid-based nanocarriers are considered as promising carriers due to easy transportation across 

cell barriers. Details of the recent vesicular carrier were discussed in the following section and 

outcome analysis was represented in (Table 2). 

4.1. Liposome 

 

Liposomes are self-assembled colloidal aggregates with water-filled hydrophobic lipid bilayers 

that hold promise in drug delivery [51]. They can carry both hydrophilic and hydrophobic drugs 

and have flexible, biocompatible, and biodegradable properties [52]. PEGylation, which involves 

the addition of polyethylene glycol, can stabilize liposomes and improve their circulation in the 

blood and water [53]. Liposomes can passively target drugs to optimize pharmacokinetics, 

solubilization, and controlled release [56]. The size and composition of liposomes impact their 

drug dispersion and clearance from the body [55, 57]. PEGylated liposomes can accumulate in 

cancerous tissues due to increased permeability and retention, enhancing drug delivery [60]. 

Liposomes can be surface-engineered or coated with pH-sensitive polymers for selective release 

in specific settings, such as colon cancer treatment [61]. Targeting cancer cells through receptors, 

such as CD44, shows promise, and aptamer-modified liposomes have demonstrated efficacy in 

delivering curcumin to prostate cancer cells [62]. 
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Figure 2. Confocal images of cellular uptake of free CUR (A), CUR LPs (B), and A15-CUR LPs (C) by DU145 

cells. Incubation time was 2 hrs. (D) Fluorescence intensity of the three groups. (E) Changes of tumour volume in 

nude mice transplanted with human adenocarcinoma cell line DU145 on 7th day. (adapted with permission from 

[62]). 

Combination chemotherapy appeals. Multiple chemotherapeutics may synergistically influence 

cancer cell signalling pathways, enhancing therapy. Capsaicin suppresses HSC development. Qi 

and colleagues created Curcumin-Capsaicin co-loaded liposomes to minimise aHSC drug 

resistance and metastasis. Liposomal glycyrrhetinic acid and galactose treated liver cancer.  

Optimised liposomes decreased extracellular matrix deposition, cancer angiogenesis, HSC 

activation, and metastasis. Dual-targeting liposomes may treat liver cancer [63].    

4.2. Phytosome 

Curcumin, milk thistle, and Boswellia have limited effectiveness in treating disorders due to poor 

absorption. However, the use of phytosomal phytolecithin can overcome this limitation by 

improving stability and absorption [64, 65]. Phytosomal curcumin, along with 5-fluorouracil, 

shows promise in reducing tumor size in breast cancer [29]. Phytosomal curcumin exhibits 

various beneficial effects, including inhibition of cell invasion, cell cycle progression, 

angiogenesis, and oxidative stress in colorectal cancer [29, 66, 67]. In Glioblastoma, phytosomal 

curcumin enhances M1-type macrophages and NK cells while suppressing tumor-promoting 

proteins [68]. A novel phytosome-loaded curcumin-chitosan microsphere improves oral 

absorption and residence time of curcumin [69]. 

4.3. Niosome 

Nonionic surfactant-based bilayer lipid carriers, known as niosomes, are water-insoluble 

liposomes used for drug delivery. They can encapsulate hydrophobic drugs, including curcumin, 

and surfactants enhance their payload capacity. Niosomes can be modified for targeted delivery 

and have been extensively studied for curcumin delivery [70]. CU-NC nanocarriers developed by 

Akbarzadeh et al. showed efficacy in killing breast cancer cells. These nanocarriers, containing 

curcumin-like phytopharmaceuticals within a calcium alginate shell, exhibited selective toxicity 

towards breast cancer cells while being safe for normal breast cells. Curcumin-loaded niosomes 

inhibited breast cancer cell growth by modulating gene expression and inducing apoptosis [71]. 

PEGylated niosomes, incorporating doxorubicin (DOX) and curcumin, were produced through 

thin-film hydration. The addition of a penetrating peptide (tLyp-1) and PEGylation improved the 

surface activity of the niosomes. These modified niosomes demonstrated cytotoxic effects 

against cancer cells at specific concentrations [72]. Niosomes are stable amphiphilic vesicles 

formed by nonionic surfactants. Their bilayer composition can be optimized to enhance drug 

encapsulation. Researchers focus on factors such as skin penetration, vesicle fusion with the 

stratum corneum, drug reservoir formation, and delayed drug release. Modifications, such as 

hyperbranched arginine cores and positively charged lysine, can enhance niosome penetration 

into cells. Lysine-modified niosomes loaded with curcumin showed cytotoxicity and higher 

uptake in malignant cells compared to normal cells [73, 74, 75, 76]. 
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 Compared to 1,2-dioleoyl-3-trimethylammonium-propane (DOTAP) treatment, nanocarriers 

increased green intensity (Figure 3).  

  

Figure 4.  Cellular uptake images of A270cp-1 incubated with the modified niosomal NPs for 4 h (a), Cellular 

uptake images of A270s incubated with the modified niosomal NPs for 4 h (b). (adapted with permission from [76] 

under CC BY 4.0) 

 

Curcumin, when used in combination with other therapeutic agents, has shown promising results 

in cancer treatment. A formulation of cationic PEGylated niosomes containing paclitaxel and 

curcumin demonstrated improved drug entrapment, extended release, stability, and transfection 

efficiency. Curcumin enhanced the cell growth inhibition of paclitaxel, resulting in better 

efficacy compared to free options in breast cancer treatment [76]. Aerosolized lung cancer 

therapy utilizing cationic niosomal curcumin has advantages over oral and parenteral treatments. 

It allows for enhanced therapeutic administration, sustained release, and stability in the lungs, 

leading to consistent bioavailability at the targeted site. Cationic niosomal curcumin exhibited 

increased uptake, accumulation, and apoptosis in A549 lung cancer cells compared to non-

cationic niosomes and curcumin solution [77, 78]. Overall, niosomes hold potential as a viable 

drug delivery system, including for curcumin, in the treatment of various cancers. 

4.4 Cubosomes 

Cubosomes, revolutionary bicontinuous liquid crystalline nanoparticles, show potential in 

pharmaceutical delivery. They can carry various substances such as BCS class II drugs, 

macromolecules, nutraceuticals, phytochemicals, and degradable drug-like particles. Studies 
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have examined curcumin-loaded cubosomes, which demonstrated cytotoxic effects on melanoma 

cells without altering the cubosome structure [80]. 

Cubosomes are submicron nanostructures with a discontinuous cubic liquid-crystalline phase. 

They possess water-soluble bilayers that allow for controlled release of medications [81, 82]. 

Compared to liposomes, cubosomes exhibit advantages in terms of physical structure, drug 

encapsulation, and in vitro cytotoxicity of loaded pharmaceuticals [83]. In preclinical trials, 

cubosomes have shown improved transportation of anti-cancer medications. Oral cubosomes 

containing curcumin and piperine demonstrated enhanced bioavailability, with a significant 

increase in Tmax and Cmax compared to curcumin suspension alone [84]. 

Table 2. A summary of investigations on Curcumin loaded vesicular nanocarriers for the 

treatment of cancer 

Disease 

or 

condition 

Formulation 

or ligand used 

Composition  Preparation 

technique 

Physicochemic

al 

characteristics 

Cell line 

or 

animal 

model 

used 

Outcomes Ref 

Breast 

cancer 

Arginine-

Glycine-

Aspartic acid 

tripeptide 

(RGD) 

modified 

liposomes 

RGD, DPPC, 

cholesterol, 

dipalmitoyl-

GRGDSPA 

Thin-film 

hydration 

method 

Particle size: 97 

nm; PDI: 0.3; 

EE: 99.5% 

MCF-7 

cells 

Improved 

cytotoxicity, 

apoptosis, and 

activated caspase 

3/7. 

[54] 

Breast 

cancer 

Intercalated 

curcumin into 

liposomal 

cisplatin 

DPPC, 

cholesterol 

Thin-film 

hydration 

method 

Particle size: 

100 nm; EE: 

99.8% 

MCF-7 

cells 

Demonstrated 

concentration-

dependent 

cytotoxicity, 

triggered apoptosis 

about 10-folds 

higher than 

cisplatin 

liposomes. 

[85] 

Cancer 

theranosti

cs 

Carbon dots 

and curcumin-

loaded CD44-

Targeted 

liposomes 

DMPC, 

Phosphatidylet

hanolamine, 

cholesterol 

Thin-film 

hydration 

method 

Particle size: 

81.12 nm; PDI: 

0.728; Zeta: -

18; EE 

(curcumin)- 

86% 

U-87MG 

and 

HaCaT 

Enhanced effect on 

cancer cells. This 

could be a good 

tool for real-time 

diagnostic. 

[86] 

Hepatocel

lular 

carcinoma 

Galactose-

morpholine 

modified 

liposomes 

loaded with 

curcumin 

Soy 

phosphatidylch

oline, 

cholesterol 

Thin-film 

hydration 

method 

Particle size: 

76.1 nm; PDI- 

0.20; EE- 

87.9% 

Kunming 

mice 

Modified 

liposomes showed 

enhanced 

lysosomal targeting 

and high biosafety. 

[87] 

Cervical 

cancer 

Ruthenium 

(II)-curcumin 

liposome 

[RuCl2(DMSO

)4,   

L-α-

Phosphatidylc

holine, 

cholesterol 

Reflux 

reaction 

followed by a 

thin-layer 

evaporation 

method 

Particle size:  

350–390 nm; 

Drug loading: 

91.9% 

HeLa Improved drug 

solubility, Inhibit 

cell proliferation, 

and enhanced 

cytotoxicity toward 

the cancerous cell. 

[88] 
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5. Polymeric nanocarrier for curcumin delivery 

Advances in polymeric nanocarriers were exploited due to their unique physicochemical 

characteristics, biodegradable, non-toxic nature. The vast utilization of nanocarriers for the 

delivery of hydrophobic components was elaborated in the following section with advancements 

were highlighted in table 3. 

5.1. Polymeric Nanoparticles  

Polymeric nanoparticles enhance drug delivery by improving biocompatibility, bioavailability, 

and biodegradability. Hydroxyapatite nanoparticles, when encapsulated in chitosan, effectively 

target and suppress brain cancer cells [93]. Biodegradable nanoparticles like PLGA and PLA 

have proven effective in delivering chemotherapeutics [94, 95]. pH-sensitive nanocarriers 

containing curcumin show enhanced targeting of acidic cancer cells [96, 97]. Curcumin-loaded 

chitosan-protamine nanoparticles exhibit superior anti-tumor activity [98]. PNPs enable targeted 

drug delivery for lung cancer treatment, reducing toxicity [99]. NIPAAm-MAA nanoparticles 

loaded with curcumin inhibit lung cancer cell growth [100]. PEGylated PLGA nanoparticles 

carrying curcumin and chrysin synergistically inhibit colorectal cancer cell growth [101]. For 

breast cancer therapy, PEG-PLGA-based nanoparticles covalently linked with Cy5.5 for imaging 

and embedded with cRGDfK for targeting have been studied with paclitaxel and curcumin. 

These nanoparticles enable specific targeting of breast cancer and carcinoma cells [102]. 

Hepatocel

lular 

carcinoma 

Phytosomal 

curcumin 

Curcumin-

phosphatidylch

oline complex 

containing 

20% 

curcuminoids 

Marketed 

Product: 

Meriva®  

               - Transgen

ic mice 

Enhanced 

suppression of 

hepatocellular 

carcinoma 

formation, 

reduction of total 

tumour volume. 

[89] 

Ovarian 

cancer 

Niosomal 

curcumin 

Span 80, 

Poloxamer 

188, Tween 80  

Solvent 

evaporation 

Particle size: 

84.15 nm; zeta 

potential: 30 

mV; EE: 92.3% 

A2780 

cells 

Enhanced 

cytotoxicity and 

apoptosis against 

ovarian cancer 

cells. 

[90]  

Breast 

cancer 

Folic acid 

functionalized 

curcumin/letro

zole co-loaded 

niososmes 

Folic acid, 

Span 80 

Solvent 

evaporation 

Particle size: 

200-350 nm; 

EE: 80-90% 

MCF-7 

and 

MDA-

MB-231 

Selective 

internalization 

through folate 

mediated 

endocytosis, 

enhanced apoptosis 

and anticancer 

efficacy. 

[91] 

Glioblasto

ma 

Niosomal 

curcumin 

Span 60, 

Tween 60, 

cholesterol, 

diacetyl 

phosphate 

Thin-film 

hydration 

method 

Particle size: 90 

nm; Zeta 

potential; 35 

mV; EE:  ~ 

80% 

Glioblast

oma 

stem-like 

cells 

(GSCs) 

Reduces the 

invasiveness of 

GSCs via MCP-1-

mediated 

pathways.  

[92] 
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 NIRF traced nanostructures. 3 days experiment, fluorescent signals from NPs and pure drug 

were observed in rats (Figure 4A).  

 

 

Figure 4: In vivo and ex vivo biodistribution. (A) In vivo whole animal images of mice bearing 4T1 tumours at 

different time points and (B) quantitative analysis of fluorescence intensities at different time points. (C) Ex vivo 

fluorescence images of the harvested major organs and tumours 72 h post-injection and (D) quantitative analysis of 

the fluorescence intensity in each organ and tumour. Data were expressed as mean ± SD (n = 3). * represents p ≤ 

0.05 (adapted with permission from [102] 

In Kim et al.'s study, Cy5.5-cRGDfK-NPs/PTX + CUR exhibited higher fluorescence intensity in 

tumour sites compared to Cy5.5-NPs/PTX + CUR. The accumulation of Cy5.5-cRGDfK-

NPs/PTX + CUR in tumour tissue was significantly higher, with nearly a 1.87-fold increase in 

fluorescence intensity. These findings indicate the strong affinity of cRGDfK for the integrin of 

4T1 tumours. Moreover, in vivo results demonstrated that Cy5.5-cRGDfK-NPs/PTX + CUR 

effectively reduced tumour growth and increased cell death, highlighting its promising potential 

for breast cancer theranostics [102].  

5.2 Protein-based nanoparticles 

Proteins, as natural alternatives to synthetic polymers, offer biodegradability and nutritive 

properties for nanoparticle synthesis [103]. Whey protein has been found to improve the 

pharmacokinetics and dynamics of curcumin [104]. Jayaprakasha et al. developed whey protein-

based nanostructures with encapsulated curcumin, demonstrating increased cytotoxicity against 

colon cancer cells and improved intracellular fluorescence [105]. In targeting HER2-positive 

breast cancer cells, Saleh et al. incorporated an aptamer into curcumin-loaded HSA 
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nanoparticles, resulting in enhanced cytosolic absorption and higher cytotoxicity against breast 

cancer cells [106]. Similarly, Sing et al. developed folate-anchored HSA nanoparticles carrying 

curcumin, showing increased anticancer efficacy and selective cancer cell targeting [107]. 

Curcumin-loaded BSA-chitosan nanoparticles exhibited cytotoxicity against colorectal 

adenocarcinoma cells by inhibiting NF-KB [108]. Silk fibroin nanoparticles loaded with 

curcumin demonstrated the ability to destroy neuroblastoma cells [109]. These studies highlight 

the potential of protein-based nanoparticles, such as whey protein, HSA, BSA-chitosan, and silk 

fibroin, in enhancing the anticancer effects of curcumin and targeting specific cancer cells. 

5.3 Dendrimers 

Dendrimers, nano-sized, highly ordered, radially symmetric molecules with well-defined, 

homogeneous, and monodisperse structures, can improve cancer therapy safety and efficacy. 

Glioblastoma cells received curcumin from surface-modified polyamidoamine (PAMAM) 

dendrimers. MTT demonstrated that modified dendrimers decreased glioblastoma cell line 

viability compared to pure medicine [110]. In another work, Wang et al. encapsulated curcumin 

(G5-Ac/Cur) in poly(amidoamine) dendrimer with acetyl terminal groups for cancer cell 

delivery. Dendrimers enhanced curcumin solubility and drug release 200-fold. Curcumin's anti-

proliferative effects were weaker in vitro. (Figure 5a). The cell uptake study also supports in-

vitro data as the dendrimer formulation after treatment with A549 cells showed strong green 

fluorescence (Figure 5b) compared to pure curcumin-treated cells. Furthermore, reduction in the 

mitochondrial membrane potential and increase in the generation of intracellular ROS (Figure 

5c) leads to enhanced apoptosis [111]. 
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Figure 5: (a) The effect of curcumin and G5-Ac/Cur on cell proliferation (b) 4 Images of A549 cells as visualized 

under the fluorescent microscope. a) Untreated. b) Curcumin. c G5- Ac/Cur (c) The effect of curcumin and G5-

Ac/Cur on reactive oxygen species (ROS) generation. A549 cells were treated by different samples for 24 h. The 

data are expressed as mean ± SD. (adapted with permission from [111]). 

5.4 Nanocrystals 

Nanotechnology shows promise for targeted cancer therapy using carrier-free nanocrystals. 

Curcumin-loaded PVA/CNCs effectively suppressed breast and liver cancer cell growth while 

maintaining non-toxicity to normal cells. Additionally, they exhibited antimicrobial activity, 

suggesting their potential for cancer-associated wound healing [112, 113, 114]. To overcome 

limitations, hyaluronic acid-modified Cur-NCs (HA@Cur-NCs) were developed, demonstrating 

expanded biodistribution, increased intracellular accumulation in CD44-overexpressing cells, 

and improved pharmacokinetics. HA@Cur-NCs showed promising antitumor efficacy in breast 

cancer models, utilizing bioactive interactions and pH-dependent release for enhanced 

solubilization and targeted therapy [115]. In colorectal and prostate cancer cell lines, curcumin-

cyclodextrin/cellulose nanocrystals exhibited improved antiproliferative effects compared to pure 

curcumin, enhancing cellular uptake and cytotoxicity. These findings highlight the potential of 

nanocrystals as effective carriers for curcumin in cancer treatment, improving therapeutic 

outcomes and drug delivery [116]. 

5.5. Hydrogel 

Nanotechnology-based delivery technologies, including carrier-free nanocrystals, offer targeted 

tumor treatment with high drug loading and no need for organic solvents or emulsifiers. They 

have been extensively studied for diagnostic and therapeutic drug delivery [112][113]. 

Hydrogels, porous polymers with water retention, have shown potential in drug delivery, 

offering benefits such as improved bioavailability and controlled release [117][118]. Curcumin-

loaded PVA/CNCs have demonstrated effectiveness in suppressing breast and liver cancer cell 

growth, with minimal toxicity to normal cells, making them promising for cancer-associated 

wound healing [114]. Modified nanocrystals, such as HA@Cur-NCs, show improved 

biodistribution and antitumor efficacy, while pH-dependent release enables targeted therapy. 

Curcumin-cyclodextrin/cellulose nanocrystals exhibit enhanced antiproliferative effects in 

colorectal and prostate cancer cells [115][116]. 

Table 3. A summary of investigations on Curcumin loaded particulate nanocarriers for the 

treatment of cancer 

Disease 

or 

condition 

Formulation or 

ligand used 

Composition  Preparation 

technique 

Physicochemi

cal 

characteristic

s 

Cell line 

or 

animal 

model 

used 

Outcomes Ref 
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Human 

Colorectal 

Cancer 

Polymeric NPs 

containing   Curc

umin and Chrysin 

PLGA/PEG, 

Poly vinyl 

alcohol  

Oil-in-water 

emulsion-

solvent 

evaporation 

Particle size:  

210nm; PDI: 

0.168; EE: 

67.45% 

Caco-2 

cells 

The formulation showed 

dose-dependent 

cytotoxicity, synergistic 

antiproliferative effect, and 

arrested the growth of 

cancer cells. 

[101] 

Colon 

cancer 

Curcumin loaded 

PNPs 

Eudragit E 100 Emulsification-

diffusion-

evaporation 

method 

Particle size: 

248.40 nm; 

EE: 65.77% 

Colon-26 Cell growth inhibited by 19 

folds compared to pure drug 

whereas 91-fold increase in 

Cmax. 

[123] 

Breast 

Cancer 

Polymeric NPs 

containing   Paclit

axel and 

Curcumin  

Poly (ε-

caprolactone)-

poly (ethylene 

glycol)-poly(ε-

caprolactone) 

(PCLPEG-

PCL, PCEC) 

Ring opening 

polymerization 

followed by 

rotary 

evaporation 

Particle size: 

27.97 nm; 

PDI: 0.197;  

MCF-7 

cells 

Significantly inhibited 

tumour growth with 

prolonged survival time.  

Lower Ki67 expression, and 

improved apoptosis. 

[124] 

Ovarian 

cancer 

Curcumin loaded 

biodegradable 

PNPs 

PLGA, PVA Emulsion–

diffusion–

evaporation 

technique 

Particle size: 

201.8 nm; 

PDI: 0.09; 

Zeta: -5.43 

mV 

SK-OV-

3 

Improved serum stability, 

higher cytotoxicity and 

apoptosis. 

[125] 

Breast 

cancer 

PNPs for delivery 

of bortezomib 

and curcumin 

Methoxy-poly 

(ethylene 

glycol)-block-

polylactic acid 

(mPEG-b-

PLA) 

copolymers 

 

 

Nanoprecipitati

on method 

Particle size: 

100-150 nm; 

Drug loading 

content: 2.5% 

HeLa, 

MCF-7 

and 

MDA-

MB 231 

Higher cytotoxicity 

compared to a pure drug, 

improved anticancer 

efficacy. 

[126] 

Osteosarc

oma 

Curcumin-

encapsulated 

PNPs 

(mPEG-

PLGA/PCL) 

Solvent 

evaporation 

Particle size:  

~66.8 nm; 

Drug loading 

efficiency: 

72.8% 

Osteosar

coma 

143B 

Reduced expressions of c-

Myc and MMP7.  Inhibit 

proliferation and invasion of 

143B cells. 

[127] 

Breast 

cancer 

HSA-curcumin 

NPs 

HSA, 

glutaraldehyde 

Desolvation 

technique 

Particle size:  

220nm; Zeta: 

30 mV; Drug 

loading 

efficiency: 

70% 

MCF7 

and SK-

BR3 

Higher toxicity toward 

cancerous cells and less 

toward normal cells 

compared to pure curcumin. 

[128] 

Breast 

cancer 

Curcumin loaded 

PEG400-OA NPs 

PEG400-OA, 

polyethylene 

glycol 

Solvent 

evaporation 

- MDA-

MB-231 

Reduced migration of 

MDA-MB-231 cells, 

suppression of miR-125b 

and miR-182, enhanced 

induction of apoptosis. 

 

[129] 

Liver 

cancer 

Curcumin-soy 

protein 

nanocomplex 

Soy protein 

isolate 

Spray drying Particle size: 

82.2 nm  

HepG2 

cells 

Arrested cancerous cells in 

the G2/M phase, improved 

anticancer activity 

 

[130] 

Colon 

cancer 

Curcumin loaded  

soybean 

polysaccharide 

NPs 

Soybean 

polysaccharide

s 

                - Particle size: 

200-300 nm; 

EE: 90% 

MCF-7 Enhanced cellular uptake 

and antiproliferative 

activity. 

 

[131] 
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6. Micelle and Nanoemulsion 

6.1. Micelle 

 

Nanotechnology-based delivery technologies utilize carrier-free nanocrystals for targeted tumor 

treatment. These nanocrystals have high drug loading and lack organic solvents or polymeric 

components. Studies have demonstrated the anticancer efficacy of curcumin-loaded PVA/CNCs 

against breast and liver cancer cells, while preserving normal cells and exhibiting antimicrobial 

activity [112][113][114]. 

Polymer-based micellar aggregates, such as pluronic and polycarboxybetain micelles, offer 

improved drug delivery. Surface grafting with biopolymers enhances their blood circulation 

properties [137]. Micellar aggregates efficiently encapsulate curcumin and have shown 

synergistic effects with DOX in reducing IC50 [138]. Micelles loaded with curcumin have 

demonstrated internalization and cell death in cancer cells [139]. In animal models, micellar 

curcumin has shown promise in reducing gut inflammation and colorectal tumor formation 

[140]. 

 6.2. Nanoemulsion 

The emulsification process was considered to be a prominent approach in the delivery of the 

hydrophobic drug by encapsulating inside the oil globule. The globule size was reduced to a 

nanometer scale with more emphasized on utilization of surfactant and cosurfactant system may 

produce nanoemulsion. Based on phase behaviour and type of drug encapsulated oil in water 

(o/w) or water in oil (w/o) system can be categorized [141]. Unlike simple emulsions, 

Colorectal 

cancer 

Rice bran 

albumin NPs 

containing 

curcumin 

 

Rice bran 

albumin 

- Particle size: 

136.3 nm; 

Zeta: -36.3 

mV 

HCT-

116, 

HepG2, 

and 

MCF-7 

Improved solubility, 

bioavailability, anti-

inflammatory, antioxidant 

and antiproliferative 

activity. 

[132] 

Hepatocel

lular 

cancer 

Mitochondria-

targeted 

Curcumin loaded    

Polyamidoamine 

Dendrimer 

PAMAM G4, 

TPP, 

triethylamine 

Ionic 

crosslinking 

Particle size: 

100 nm 

HuH-7, 

Jurkat T, 

Hepa1-6, 

Selectively induce apoptosis 

and cell cycle arrest at 

G2/M increased ROS level. 

[133]  

Breast 

cancer 

Curcumin loaded  

poly (Propylene 

imine) dendrimer 

poly 

(propylene 

imine) 

- Particle size: 

20-60 nm 

BRC-9 Reduction in cell viability 

by 50%. Improved 

anticancer efficacy. 

 

[134] 

Breast 

cancer 

Curcumin loaded 

dendritic micelles 

MPEG-PCL 

diblock 

copolymer,  

Thin-film 

hydration 

Particle size: 

108.3 nm; EE: 

92.5% 

Hela and 

HT-29  

Improved solubility and 

pharmacokinetic properties. 

[135] 

Breast 

cancer 

Curcumin loaded 

bow-tie cationic 

carbosilane 

dendritic 

Di-propargyl-

curcumin 

-              - MCF-7 Improved solubility, 

bioavailability. Induce cell 

death via non-apoptotic 

pathways. 

[136] 
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nanoemulsions are transparent and thermodynamically stable. The nanoemulsion is in the 

category of a nonequilibrium system as requires energy during the formation of nanosized 

globules. Two major methods are employed as low and high energy methods based on the type 

of drug encapsulated. The low energy methods adopt the utilization of lower energy during the 

formation of oil droplets. The low energy method has control over interfacial tension between 

two phases and is completely reliant on the type of stabilizer used. The high energy method 

utilizes high energy forces specifically disruptive forces (e.g. vibration energy or high energy 

pulse mode) break down the dispersed phase into small droplets and distribute equally in a 

continuous phase[142]. In this context, Kumar et al explored the anticancer potential of curcumin 

and resveratrol co-loaded TPGS stabilized nanoemulsion developed by ultrasonication approach. 

The optimized nanoformulation exhibited enhanced effect against different bacterial strains and 

cancer cell lines (MDA-MB 231 and Hep G2) thereby evolving as a promising approach in the 

treatment of breast cancer [143]. Similarly, Bharmoria and colleagues have tested curcumin 

loaded Protein-olive oil-in-water nanoemulsion against MDA-MB-231 cells and found 

preferential disintegration of MDA-MB-231 breast cancer cells treated with nanoemulsion [144].   

6.3. SMEDDS 

The self micro emulsifying system was a trending drug delivery carrier for hydrophobic drugs. 

The system was easy to scale up with the least transformational challenges. The self micro 

emulsifying drug delivery system (SMEDDS) improve the drug loading capacity, solubilization 

potential and release characteristics of a drug candidate. For curcumin delivery using SMEDDS, 

the extrusion spheronization technique was used to achieve the desirable solidification by 

understanding pseudoternary diagram of Ethyl Oleate, Cremophore, and Transcutol P. The 

curcumin containing solidified pellet was optimized by orthogonal optimized design and 

provided apparent sustained release pattern. After encapsulation curcumin bioavailability was 

increased by 289.03% compared to bare curcumin suspension [145]. In another work, Kanwal 

and colleagues have designed curcumin loaded SMEDDS by optimizing the concentration of 

surfactant (Tween 80), co-surfactant (PEG 200) and oil (cinnamon oil) in combination with 

permeation enhancer. There formulation demonstrated enhanced curcumin solubility, 

bioavailability and cell uptake after oral administration for the treatment effect colon cancer 

[146]. Similarly, Kazi and co-workers have developed curcumin loaded bio-based SMEDDS 

comprising black seed oil, medium-chain mono- and diglycerides, and surfactants. Optimized 

formulation showed enhanced cell cytotoxicity compared to a pure drug, and conventional 

SMEDDS [147].  

7. Inorganic nanocarrier 

Metal nanocarriers are rigid, stable and easy to synthesize. The surface tuning can be possible for 

metal-based carriers and modified as per the requirement for drug delivery applications. 

Magnetic guided therapy or magnetic stimuli-responsive release of drug can be prepared by 

utilizing magnetic core-shell nanoparticles for drug delivery. Magnetic nanoparticles improve the 
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drug delivery characteristics with additional features like targeted therapy, contrast agent, 

hyperthermia, photothermal therapy, etc. improves cancer-targeting approaches [148,149]. The 

curcumin was delivered using magnetic nanoparticles encapsulated with beta-cyclodextrin and 

stabilized by pluronic F68 polymer. The lowest particle size increases the internalization and 

inhibition of breast cancer cells (MDA-MB-231). The presence of beta CD improves the 

solubility of curcumin and pluronic support the stability of magnetic nanoparticles. [150]. 

Targeted approaches can be modulated using grafting biomolecules on the surface of 

nanoparticles. The biomolecules like folic acid, transferrin, etc. have a high affinity to their 

respective overexpressed receptors in the cancer cell. The folic acid grafted zinc oxide (ZnO) 

iron oxide nanoparticles were used for the delivery of curcumin. The aminated started was used 

as an intermediate to provide a stabilized coating on the surface of ZnO coated magnetic 

nanoparticles. The encapsulated magnetic nanocomposite provides a sustained release effect and 

inhibits cancer growth in HepG2 liver and MCF-7 breast cancer cell lines. The presence of folic 

acid enhances targetability towards cancer cells and increases cell uptake [151]. 

Mesoporous structures containing silica are biocompatible and provide high loading efficiency 

[152]. Additionally, mesoporous silica (MSN) surfaces can be engineered using biomolecules for 

active targeting therapeutics. An attempt has been made for active targeted drug delivery using 

hyaluronic acid modified mesoporous silica nanoparticles for the prompt delivery of curcumin. 

The hyaluronic acid has a high affinity towards the CD44 receptor overexpressed in the cancer 

cell with a high rate of inhibition due to multiple molecular targets. The mesoporous silica has a 

particle size around 75 nm and achieved 14.76% curcumin loading. The prepared targeted 

mesoporous silica nanoparticles inhibit breast cancer cells MDA-MB-231 cells by multiple 

mechanistic pathways like NF-kB, Bax mediated pathways along with ROS generation and cell 

cycle arrest. The in-vivo performance suggests the mesoporous silica loaded curcumin greatly 

reduces tumour volume [153].  

Electrospun nanofiber-based therapies rapid acquire the conventional therapeutic delivery. The 

curcumin encapsulated MSN inoculated into PLGA electrospun nanofibers for effective 

management of post-surgical breast cancer. The nanofibers loaded MSN releases 57.3% of 

curcumin at the end of 72 h and extend the release for 20 days. The cytotoxicity analysis on 

MCF7 cells suggests dose-dependent toxicity of curcumin. The PLGA nanofibers with MSN 

were a slightly toxic effect without curcumin. Inhibitory concentration at 12 mcg/mL suggest the 

increase in inhibition potential towards MCF7 cells [154].  

A similar study was analyzed by Xu l. et.al, suggest the potential of electrospun fibres containing 

polycaprolactone and gelatin encapsulated curcumin loaded MSN is considered to be a good 

candidate for drug delivery. The resultant system generates a nanofibrous scaffold and is 

effective against MDA-MB-231 cells. The scaffold is considered to be the best alternative for 

post-operative breast cancer treatment and provide superior release characteristics with better 

treatment outcome [155].   



Recent progress on Nano-assemblies for the delivery of curcumin for cancer therapy            Section A-Research paper 

Eur. Chem. Bull. 2023,12( issue 8),8760-8790                                                                                                          8777 
 

Naphthoquinone (NQ) and curcumin conjugated to form a theranostic module by encapsulating 

into MSN. The open channel porous structure was encapsulated the curcumin NQ and promotes 

a sustained-release effect. The nanoparticles were engulfed by enhanced permeation and 

retention effect with fluorescence detection system provides visualization of the nanocarrier. The 

MSN encapsulates a high percentage of curcumin and the average particle size was found to be 

108 nm. The MSN loaded CurcuminNQ shows pH-dependent release characteristics. In acidic 

pH conditions, 57% of curcumin was released while at pH 7.4 only 31.5% release was observed 

at the end of 96 h. Anticancer activity of MSN loaded curcuminNQ was active against multiple 

cell types such as  OVCAR-5, CACO-2, CHLA, and MCF-7 with 50% inhibition was observed 

at the lowest concentration [156].  

Core-shell nanoparticles containing curcumin was fabricated using magnetic Fe3O4 and MSN. 

The magnetic MSN encapsulated curcumin inside the core and provide a sustained release effect 

with pH-dependent release characteristics. The MSN retard the release of curcumin due to 

mesoporous structure and release 40% curcumin at the end of 5 days. The hyperthermia effect 

analyzed for the presence of magnetic Fe3O4 nanoparticles provides high magnetization 

intensity of 28 kAm-1 and a frequency of 120kHz. The cell viability study suggest the MSN 

loaded curcumin inhibits 26.7% of MCF7 cells at a concentration of 40 mcg/mL [157]  

A two modal nanoplatform was constructed for the delivery of curcumin using gadolinium and 

hollow silica sphere. The platform utilization sonodynamic with phytochemotherapy to increase 

the inhibition of cancer cells. The carboxymethyl dextran promotes encapsulation and solubility 

enhancement of curcumin. The theranostic platform has high efficiency for the production of 

relative oxygen species by release of gadolinium metal ion with the effect of ultrasound. The 

presence of gadolinium serves as a contrast-enhancing agent in magnetic resonance imaging and 

provides image-guided therapy for drug delivery. The in-vivo animal study suggests that 85.6 % 

of tumour growth was inhibited by multiple activities governed by multifunctional 

nanoplatforms [158].   

Hollow Mesoporous Titania (HMT) nanoparticles use for the delivery of curcumin with a surface 

decorated with polyethyleneimine (PEI) and Folic acid (FA). The PEI promotes stabilization for 

curcumin encapsulated HMT and avoid premature release. The folic acid was act as active 

targeting towards folate receptor overexpressed in MCF7 cells. The presence of FA grafting on 

the surface of HMT promotes enhancement in the cellular uptake by MCF7 cells [159].  

Silver nanoparticles were easy to synthesize using the coprecipitation method. Recently many 

methods elaborates the green synthesis of silver nanoparticles using the natural polyphenolic 

compound act as reducing agents [160]. Silver has unique functional properties with a wide 

range of applications in cancer therapy. The silver nanoparticles act as a theranostic modem for 

cancer treatment. The natural gums like gum acacia stabilized the silver nanoparticles by 

encapsulation mechanism. The gum encapsulated silver nanoparticles were used as a carrier for 

the delivery of curcumin and promotes anticancer effect against MM-138, FM-55 and MCF7 
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cells. The IC50 values for curcumin loaded silver nanoparticles were 61.6 mcg/mL 

comparatively [161]  

Aluminium silicate clays (Al2Si2O5(OH) 2H2O) forms Hollow tubular structure is called 

Halloysite nanotubes. The inorganic clay has a wide surface area and its porous nature can allow 

maximum loading of hydrophobic drugs. The pore volume, pore size, the wide surface area can 

be tuned using an acid activation mechanism to make a good candidate for the incorporation of 

hydrophobic drugs like curcumin. The halloysite nanotubes can encapsulate 77.42% of curcumin 

via electrostatic interaction between positively charged aluminium ion and negatively charges 

curcumin [162].   

8. Carbon-based nanocarriers 

Carbon-based nanocarriers include graphite, graphene oxide, graphene quantum dots, carbon 

nanotubes, fullerenes, diamonds, etc. The carbon-based materials can have the capability to load 

the maximum amount of drug and possibly provide surface tuning characteristics [163]. Carbon-

based materials possess prominent interaction at biointerfaces and promote the diffusion of drugs 

across cellular barriers. Few carbon-based materials also promote therapeutic potential against 

severe diseases by generating relative oxygen species due to the presence of oxygenated surface 

functional groups. The carbon-based materials are easily synthesized using a wide variety of 

methodologies available at a laboratory scale.  

The designing nanocomposite was very critical and requires a complete understanding of all 

components used for the fabrication process. All components provide complete synergistic to 

promote the drug delivery applications. The chitosan (CS)-magnetite (Fe3O4)-reduced graphene 

oxide(rGO) use for targeted delivery of curcumin. The nanocomposite has superparamagnetic 

behaviour with target-specific inhibition of MCF7 cells. The nanocomposite shows pH-

dependent release for curcumin and shows high release in acidic media may simulate the hypoxic 

tumour [164]. 

Carboxylated graphene oxide was conjugated with Aptamer AS1411 using carbodiimide 

chemistry. The simultaneous codelivery of Curcumin and Doxorubicin (DOX) was attempted 

using Aptamer conjugated GO (AGO). The elemental analysis and zeta potential easily preclude 

the formation of AGO using carbodiimide chemistry. The curcumin and DOX have high 

encapsulation more than 80% for both bio-actives. The formulation shows pH-dependent and 

temperature release characteristics. In an acidic environment, 14.97% and 81.36% of curcumin 

and DOX was released at 420C. The lowest release was due to π-π* stacking interaction with 

curcumin. The two major transportation pathways were elucidated from cell uptake analysis 

verifies diffusion mechanism and endocytosis. The plain carboxylated GO has dose-dependent 

toxicity. The IC50 value for co-delivered formulation was 14.02 after 48 h incubation which is 

very high compared to pure curcumin and DOX. The gene expression analysis suggests the 

codelivery of curcumin and DOX enhances the expression of specialized genes like RB1, CDK2, 
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AKT and NF-kB, etc. The presence of AS1411 effectively targets and inhibit AGS cell lines 

[165].   

Mammosphere formation assay validates the efficiency of nanomaterials used for the targeted 

delivery in breast cancer treatment. The assay measures sensitivity and tumour behaviour during 

chemotherapeutic response. The GO and GQDs were used as a carrier for drug delivery 

applications due to their unique structure and physicochemical properties. The GO and GQDs 

explored many areas in biomedical science.  Jafarinejad-Farsangi S. et. al. analyzed the curcumin 

loaded GO and GQD in MCF7 cells and primary tumour cells using a mammosphere formation 

assay. The gene expression analysis suggests that expression of miR-21, miR-29a, Bax and Bcl-2 

genes were observed after incubation with curcumin encapsulated GO and GQDs. The Kerman 

male breast cancer/71 and MCF7 cells did not show any inhibition after incubation with bare GO 

and GQDs. While curcumin loaded GO and curcumin loaded GQDs reduce 50% growth of 

tumour cells. The GQDs loaded curcumin (99% inhibition) shows high inhibition potential 

compared to GO loaded curcumin (21 % inhibition) in presence of KMBC/71 and MCF7 cells 

respectively. Variable inhibition and gene expression may be due to the instant release of 

curcumin from GQDs compared to GO [166].  

Surface modified nanoassembled structure increases targetability towards cancer cells. The 

Tryptophan was covalently attached to carboxyl functionalized GQDs using carbodiimide 

chemistry. The curcumin was loaded using a passive loading approach and was effective against 

breast cancer cell lines (MCF7). The presence of Tryptophan increases loading efficiency on the 

surface of GQDs and shows 23% conjugation. The nanoassembled structure shows pH-

dependent release characteristics, comprising pseudo-second-order release kinetics. The 

cytotoxicity analysis demonstrates the prominent inhibition in presence of tryptophan 

conjugation [167].  

Graphene quantum dots (GQDs) possess dual characteristics as a carrier for drug delivery and 

supports imaging capability due to the photoluminence effect. The glucosamine grafted GQDs 

are used for tumour targeting and traceability of nanocarriers. The curcumin loaded on 

glucosamine grafted GQDs provide pH-responsive release along with theranostic for complete 

eradication of tumour cells. The glucosamine receptor was overexpressed in the cancer cell and 

considered to be an active target for selectivity towards tumour cells. The oxidizing method 

provides the least size GQDs with 20-30 nm and the presence of a few graphene layers promotes 

a sustained release effect for curcumin. The pH-dependent release pattern was analyzed at pH 

5.5, 7.4 releases curcumin 37% and 17% release for 150 h respectively. The glucosamine grafted 

GQDs have high targetability and internalization in MCF7 cells compared to non-grafted GQDs 

[168]. The modulated transport mechanism of glucosamine grafted GQDs was highlighted in 

figure 6. 
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Figure 6. Synthesis and cell targeting and curcumin release pattern of glucosamine grafted GQDs permission 

requires (adapted with permission from [168]). 

The fluorescence potential of GQDs was used to improve the drug delivery system with 

supportive cell imaging capability. Advancement in the active delivery system helps to improve 

the targetability and therapeutic outcome from the therapy used for cancer treatment. The 

carbodiimide chemistry approach was used to covalently cross-linked hyaluronic acid with 

dopamine hydrochloride and then react with GQDs to make an efficient carrier for the loading 

and delivery of curcumin. The smallest particle sizes (5-8 nm) can encapsulate 98% curcumin. 

The presence of hyaluronic acid potentially inhibits the cell growth in HeLa and L929 cells 

suggest uptake was due to overexpression of the CD44 receptor. The conjugation between 

surface hyaluronic acid and CD44 receptor was analyzed on cell uptake study [169]. 

Carbon nanocages have high interaction with drug molecules and can be delivered at the targeted 

site. The B12N12 fullerenes significantly improve the solubility and stability of curcumin after 

the encapsulation process. The platinum atom interacts at the surface and promotes the 

adsorption of curcumin. The computational analysis reveals the interaction between curcumin 

and B12N12 fullerenes using density function theory and time-dependent density function 

theory. For adsorption of curcumin requires larger binding energy after platinum decorated 

B12N12 fullerenes. The presence of boron and platinum ions inhibit tyrosine kinase 2 and 

human epidermal growth factor receptor which results in cell disruption observed in the in-silico 

experiment [170] 

9. Miscellaneous 

Drug delivery polymers include nanofibers. Nanofibers are tiny, high-payload filaments. 

Variable charge electrostatic surface electrospinning creates unique structure. Polymeric 
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solutions and charged surfaces generate uniform nanostructures. PLGA and chitosan nanofibers 

load curcumin. Hydrogen bonding maintains electrospinning crystallinity. Thermally stable 

nanofibers release pH-dependently. Nanofiber insertion boosts curcumin antioxidant potential 

from 40.91 to 85.16%. Curcumin-loaded PLGA/Chitosan nanofibers emit bursts within 30 

minutes and then slowly. 24h incubation lowers HT-29 cell viability [171]. 

The hydrophilic polymeric network can efficiently transport hydrophobic medicines like 

curcumin. The stable colloidal hydrophilic network of gelatin and hydroxyapatite efficiently 

loads hydrophobic curcumin. Calcium binds polymeric chains and generates a hard porous 

structure that contains curcumin. In acidic conditions, network polymeric channels release 

curcumin continuously. The hydrophilic network releases 27% of curcumin at pH 4.0 over 72%, 

compared to 8% at pH 7.4.   The formulation increases A549 cell cytotoxicity, a potential drug 

delivery carrier. Free curcumin at equal dose inhibits 65% of cells after 24h, whereas the 

formulation inhibits 40%. Hydroxyapatite and gelatin-curcumin hydrogen bonding increased 

cellular internalisation. Gelatin improves biocompatibility and inhibits human lung fibroblast 

cells (WI-26 VA4) less. Long-term storage creates reconstitution dispersion with polymeric 

network properties [172].  

Due to its synergistic therapeutic potential, MOF has garnered interest in medication delivery. 

By modifying chemical composition, the MOF may modify toxicology. Surface tweaking 

prepares drug delivery carriers and cell interaction. Click chemistry anchors folic acid (FA) to 

MOF and encapsulates it with curcumin to generate a N3-bio-MOF-100 system. The improved 

method proposes stimuli-responsive curcumin release for cancer microenvironment targeting. 

4T1 breast cancer cells are biocompatible [173].  

PNIPAM co-grafted to chitosan with thermoresponsive gold nanoparticles (AuNPs) forms the 

multifunctional nanogel. Co-grafted polymer releases curcumin pH-dependently from the 

nanogel. Photothermal action from gold nanoparticles may release curcumin from the inner 

compartment. The lowest hydrodynamic diameter (167nm) nanogel can encapsulate and release 

a high concentration of curcumin over 72 h. Curcumin-encapsulated nanogel inhibits MDA-MB-

231 cells more, suggesting concentration-dependent inhibition. Nanomedicine delivery was safer 

due to MCF10A cell survival and proliferation. Curcumin-loaded nanogels block photothermal 

treatment less than free curcumin. Stimuli-responsive release and sustained release from 

crosslinked polymers may reduce inhibition[174]. 

 10. Conclusion and future prospects 

Designing nanoassembled structures was very critical with additional knowledge of each 

component necessary. The nanoassemblies are specifically designed to enhance the 

characteristics properties of poorly soluble bioactive like curcumin. Curcumin played important 

role in the human lifestyle starting from food ingredients to cancer therapeutics. Curcumin 

performs almost multiple functions and provides healthy attributes to human health. The 

multifaceted role of curcumin starting from anti-inflammatory to treating life-threatening 
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diseases promoting its utilization as therapeutically potent molecules. The derivatives or 

modifications associated with curcumin will promisingly increase the chances of recovery. 

Curcumin possesses synergistic activity along with many chemotherapeutic agents and 

researchers exploring its potential effects. The curcumin potentially damages the unhealthy cells 

by destructuring cells or DNA. Most of all the nanoassembled structures were designed to 

integrate the physicochemical characteristics of curcumin with more efficacious biological 

effects for the management of cancer. In future, most equivocal contributions with multimodal or 

multitherapeutic approaches evolved to understand the role of phytopharmaceuticals and increase 

its therapeutic potency.  
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