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Curcumin (Curcuma Longa) and Quercetin Nanoparticles 
as Anticancer Agents for HepG2 and HCT116 Human Cell 
Lines

Abstract
Curcumin and quercetin are very poor water solubility, it could be these bio products useful and important in condition therapy related with cancer, oxidative stress and can 
used it to develop functional foods and to improve the foods shelf life. The objective was to prepare Curcumin and quercetin nanoparticles (CurNPs and QurNPs) give highly 
stable and soluble in water. The DPPH radical scavenging activity, HepG2 and HCT116 human cell lines (human cancer liver and colon) and antimicrobial of CurNPs and 
QurNPs were determined. The results showed that the CurNPs and QurNPs had the highest DPPH free radical scavenging activity at concentrate 1000 µg/ml were 94.91 
and 98.11%, these results equal or nearly from ascorbic acid as at positive control at the same concentrate was 98.69%. CurNPs and QurNPs were significantly increased 
cell cytotoxicity, from the minimum to maximum concentrations ranging from 6.25 to100 μg/ml in HepG2 human cell lines (human cancer liver) which inhibition these cells at 
concentrate 100 μg/ml were 87.434 and 87.848% and the viability cells were 12.566 and 12.152%, IC50 = 31.15, 5.80, respectively. Meanwhile, the HCT116 human cell lines 
(human cancer colon), results found that the inhibition cells were 93.112 and 92.893% and the viability cells were 7.888, 7.1075 and IC50 = 22.65, 6.68, respectively. The 
highest inhibition zone in gram-positive bacteria than gram-negative bacteria was at 100µg/ml. Therefore, it could be recommended that drugs within nanoparticles enhance 
the entry of drugs within tumor tissues in vivo and antimicrobial by the enhanced retention and permeation effect.
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Introduction
Curcumin has been widely used as a therapeutic potential as an anti-

inflammatory, anti-oxidant and anti-cancer agent [1], antiaging, lowering 
diabetes, anti-microorganisms, anti-vascular diseases, and anti-blood pressure 
[2]. Curcumin prevents lipid peroxidation and maintains the level concentration 
of intracellular antioxidant enzymes, and scavenges free reactive species 
effectively [3]. These nutritional characteristics of curcumin are likely to be 
referred to the methoxy, hydroxyl, α, an unsaturated carbonyl group [4].

Colorectal cancer is the third most common type of cancer diagnosed 
globally. Clinically, chemotherapeutic agents are the mainstay of treating 
colorectal cancer. However, the side effects of chemotherapeutics encourage 
advancing adjuvants, which exhibit the best safety, such as turmeric extract 
(TE), which has been an inhibitory influence on colon cancer [5].

Curcumin inhibited colon cancer being developed by preventing cell 
proliferation and cell survival, improving cell uptake, activating the caspases 
cascade, demonstrating controlled release at physiological pH, and enhancing 
endogenous apoptotic signaling [6]. The results were revealed that curcumin 
inhibited the viability of Huh‑7, MHCC‑97H, and HepG2 cells and the growth of 
HepG2 xenograft tumors in rats [7].

Li et al. [8] showed that curcumin suppressed HCC growth in vivo and 
prevented HCC cell proliferation and caused cell apoptosis. MiR-21 inhibition 
increased the influence of curcumin on cell proliferation prevention, apoptosis, 
and TGF-β1/smad3 signaling by prevention in HepG2 and HCCLM3 cells.

Quercetin (3,3,4,5,7-pentahydroxy flavone) (QUE), soluble in the fat 
compounds. It decreases fat hydro-peroxide production and is also able to 

inhibit fat damage, inhibits bio-molecular oxidation and radical scavenging, and 
alters antioxidant defense by in vivo and in vitro [9]. QUE is a flavonoid found 
in many foods and is known to be current in elevated ratios in onions, apples, 
broccoli, and green tea [10]. Numerous researches has concentrated on the 
beneficial characteristics of QUE, as anti-production, anti-microorganisms, 
anti-inflammatory, anti-cancer, and anti-aging influences, encouragement of 
antioxidant enzymes in the human body [11].

In addition, QUE is a difficult molecule that may be caused to its poor water 
solubility. It was synthesized but its bioavailability was only 20% [12]. and it has 
weak absorption in the gastrointestinal tract. All this highlights the necessity 
for became better formulation preparing QUE with improved solubility, and 
therefore, its absorption can be significantly important. Thus, Micro- and 
nanoparticle are being the most of great significance approaches which 
studied these days to become better bioavailability [13]. Nanoparticles are 
beneficial in drugs to help for water-insoluble compounds like ellagic acid and 
coenzyme Q10 may be due to elevating the absorption and the bioavailability 
of the delivered drug. NPS with various starting amounts of quercetin were 
utilized to estimate how the amount of quercetin influences the characteristics 
of nanoparticles and anti-microorganism efficacy [14,15].

Therefore, this study aimed to assess the antioxidant activity potential 
(DPPH) of CurNPs and QurNPs, also, its effect in the prevention and tries the 
treatment cancer Hepatocellular and colon; in addition, their effect on gram-
positive and negative bacteria.

Materials and Methods

Materials

Quercetin and curcumin were purchased from Sigma-Aldrich, 
Singapore, and used as received. All reagents used were of technical 
grade. The absolute ethanol (99.5-99.8%) was obtained from J.T. Baker 
(Avantor Performance materials, Phillipsburg, NJ). Poly (D,L-lactic-
co-glycolic acid) (PLGA) (Resomer R503H; MW 35-40 kDa), poly (vinyl 
alcohol) (PVA) (MW 30–70 kDa).

HCT-116 cells (human colon cancer cell line), and HepG-2 cells (human 
Hepatocellular carcinoma) obtained from VACSERA Tissue Culture Unit. 1, 
1- diphenyl-2-picrylhydrazyl radical (DPPH), was purchased from Sigma- 
Aldrich (St. Louis, MO, USA). L-ascorbic acid was purchased from Merck Co. 
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(Darmstadt, Germany). All of the chemicals and reagents used in this study 
were of analytical grade. 

Methods

Preparation of quercetin nanoparticles (QUNPs)

Quercetin was prepared by adding ethanol 70%, under magnetic stirring 
(1000 rpm) according to the nano participation technique according to Kakran 
et al. [16] and Abd El-Rahman and Al-Jameel [17].

Preparation of Curcumin nanoparticles (CurNPs) 

Nanoparticles loaded with curcumin were prepared by a modified emulsion 
diffusion evaporation method according to Devadasu et al. [18]. Curcumin (7.5 
mg) and Poly (lactide -co- glycolide) acid (PLGA) (50 mg) were dissolved in 
2.5 ml of ethyl was continued for 5 min at 15,000 rpm. The supernatant was 
separated and the pellet was redispersed in 20 ml water, then the curcumin 
nanoparticles with Polyvinyl alcohol (PVA) (50 mg), used as a stabilizer, were 
dissolved in 5 ml distilled water.

Determination of antioxidant activity (Scavenging Activ-
ity of DPPH Radical) 

The DPPH free radical scavenging of CurNPs and QurNPs was measured 
according to Emile et al. [19]. Different concentrations of CurNPs and QurNPs 
(10, 50, 100, 500, and 1000 μg /ml) were compared with ascorbic acid. The 
decrease in absorbance was measured at λ = 517 nm.

Mammalian cell lines

Potential Mammalian cell lines: HCT-116 cells (human colon cancer cell 
line), and HepG-2 cells (human Hepatocellular carcinoma) were tested using 
the method of Gomha et al., [20].

Antimicrobial activity

The antimicrobial activity of samples was determined using the method 
Scott [21] CurNPs and QurNPs size were tested against Gram-positive 
bacteria like Streptococcus aureus, Streptococcus penoenumoia and Bacillus 
substilis, in addition, Gram-negative bacteria as Escherichia coli, Salmonella 
typhimrium and Pseudomonas aeruginosa.

CurNPs and QurNPs size were dissolved in a 70% ethanol solution of in 
a final concentration of f10 mg/mL. In addition, the CurNPs and QurNPs size 
solvent was assayed at concentrations of 25, 50, 75, and, 100 µg/L.

Method of testing

The sterilized media were poured onto the sterilized Petri dishes and 
wells of 6 mm diameter were made in the Petri dishes medium. A sterile 
swab was used to evenly distribute microbial suspension over the surface 
of solidified media and the different concentrations were added to each well 
using a micropipette and incubated at 37°C for 24 hrs. moreover, the zones of 
inhibition were measured on an mm. Scale.

Statistical analysis 

Statistical analysis Means ± SD of the results are analyzed utilizing one-
way analysis of difference (ANOVA), which was used for all statistical analyses 
according to Silva and Azevedo [22].

Results and Discussion

Effect of CurNPs and QurNPs on DPPH scavenging activ-
ity

Definition of antioxidant is the efficiency to neutralize free radicals that are 
generated in increase caused to environmental effects. The body’s defense 
mechanisms usually demand support in inhibiting the influences of oxidative 
stress [23].

The effects antioxidant activity as DPPH on CurNPs and QurNPs and 
compared with ascorbic acid which has been at different concentrations were 
measured and the results are shown in Table 1. The results observed that the 
highest concentration from CurNPs and QurNPs had the highest DPPH free 
radical scavenging activity at concentrate 1000 µg/ml were 94.91 and 98.11%, 
these results equal or nearly from ascorbic acid as at positive control at the 
same concentrate was 98.69%.

Curcuminoid is a compound in natural antioxidants that scavenging free 
radicals [24]. The antioxidative activity of Curcumin compounds is 20, 9, and 8 
times higher compared with α-tocopherol [25].

Quercetin (C15H10O7), 3, 3ʹ, 4ʹ, 5, 7-pentahydroxyflavone, is one of the 
flavonoids, which has been widely utilized for its antioxidant, anti-inflammatory, 
and anti-cancer characteristics [26]. Prevention of radical action and chelating 
characteristics was enhanced when quercetin and catechin nanoparticles [27].

CurNPs and QurNPsonliver cancer human cell lines

Effect of CurNPs and QurNPs extract and compared with Wish Cells 
(Human normal cells) on different concentrations were determined on Hepato-
cellular Carcinoma (HCC) (HEPG-2 Cells) and the results are shown in Table 
2. From the results, it could be noticed that the effect of Wish Cells (Human 
normal cells) on the HEPG-2 Cells at concentrate 100 µg/ ml, viability HEPG-2 
Cells was the lowest (3.275%), which means the highest inhibition ratio was 
96.725%. Whilst, the results from CurNPs and QurNPs sizes extract at the 
same concentration the viability HEPG-2 Cells was 12.566, 12.152% and IC50 
= 31.15, 5.80, respectively, to give the same inhibition ratio to HEPG-2 Cells. 
Furthermore, the results observed that at a high concentration of CurNPs 
and QurNPs extract to award the greatest response the size of CurNPs and 
QurNPs extract may be caused as natural antioxidant compounds against 
cancer. 

Other concentrations for CurNPs and QurNPs at 6.25, 12.5, 25.0, and 
50.0 µg/ ml, the results were observed that viability HEPG-2 Cells for CurNPs 
were 88.262, 72.498, 51.279, and 48.044%, as well as, viability HEPG-2 Cells 
for QurNPs were 44.338, 43.681, 38.807 and 37.509%, respectively. Recent 
studies have demonstrated that curcumin has anticancer characteristics in 
different cancer cell models and objects a variety of biological by included in 
cell cycle regulation, apoptosis, mutagenesis, angiogenesis, and metastasis 
[28].

Curcumin has shown powerful antitumor activities with low cytotoxicity 
to normal cells [29]. Curcumin has been observed to prevent the spread of 
different kinds of cancer, including Hepatocellular Carcinoma (HCC). Curcumin 
exerts potent anticancer characteristics by regulating a series of signaling 
pathways and molecular objects [30]. Although more mechanisms have been 
suggested regarding curcumin as an against HCC agent, the exact mechanism 
of curcumin is not fully understood. 

Quercetin is a flavonoid with beneficial influences in numerous human 
troubles, including liver cancer. More studies confirmed that quercetin is a 
promising antitumor agent, not only as a single therapy but also beneficent 
current therapeutic options against advanced HCC [31].

From the IC50 results, it could be found that the CurNPs and QurNPs 
preserved the anticancer activity of liver cancer cell lines.

CurNPs and QurNPson colon cancer human cell lines

The cytotoxicity of CurNPs and QurNPs was tested on colon cancer HCT 
116 cell lines at concentrations from zero to 100 µg/ ml and the results are 
reported in Table 3.

From the results, it could be noticed that the effect of QurNPs on colon 
cancer HCT 116 cell lines gives the best results viability during the gradually 
concentrations 6.25, 12.5, 25.0, 50.0 and 100.0 µg/ ml, the viability was 46.857, 
41.253, 39.555, 35.689 and 7.107%, respectively. The nanoparticles used as 
carriers for the delivery of quercetin into target cells have been evaluated in 
different diseases [32]. On the one hand, nanoparticles alone offer a system 
that causes damage to specific cells by mechanisms such as oxidative stress, 
lipids and proteins oxidation, and high toxicity due to their physicochemical 
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Concentration
µg/ml

Scavenging activity %

CurNPs QurNPs Ascorbic acid (positive control)
10 9.23 62.47 47.72
50 20.60 91.16 92.63
100 42.42 95.90 95.81
500 92.82 96.29 97.91
1000 94.91 98.11 98.69

Table 1: DPPH scavenging activity forCurNPs and QurNPs.

Concentration µg/ ml CurNPs QurNPs Wish Cells (Human normal cells)
0 100 100 100

6.25 88.2619 44.3379 80.3506
12.5 72.4981 43.6795 68.5417
25 51.2792 38.8073 58.7748
50 48.0436 37.5094 37.9503

100 12.5658 12.1520 3.2749
IC50 31.15 5.80 26.66

Table 2: Effect of CurNPs and QurNPs on Viability of HEPG-2 Cells (Liver Cancer).

Concentration µg/ ml CurNPs QurNPs Wish Cells (Human normal cells)
0 100 100 100

6.25 85.553 46.857 66.4309
12.5 59.001 41.253 58.8761
25 45.373 39.555 54.8009
50 40.843 35.689 48.7719

100 7.888 7.107 45.8318
IC50 22.65 6.68 4.68

Table 3: Effect of CurNPs and QurNPs on Viability of HCT116 Cells (Colon Cancer).

characteristic as the superficial charge [33]. In some cases, like cancer, central 
nervous degeneration, and cardiovascular diseases damage is generated by 
oxidative stress [34].

Li et al. [35] emphasized the powers of quercetin to inhibit cancer 
advancement by impeding the inflammation-producing enzymes and 
decreasing the production of pro-inflammatory mediators. Therefore, it 
plays become better role in immunity and fungal infections and is gradually 
considered an important factor in several stages of cancer development [36].

Whilst, the effect of CurNPs colon cancer HCT 116 cell lines at the same 
concentrations found that the viability was 85.553, 59.001, 45.373, 40.843, 
7.888%, respectively. Curcumin nanoparticles were examined for their 
anticancer activity on colon cancer HCT-116 lines, lung cancer cell line A549, 
and prostate cancer cell line PC3. The safety of the preparation was tested on 
the fibroblasts' cell lines. The results demonstrated that curcumin nanoparticles 
proved to be safe on the normal fibroblast cell lines, and maintained anticancer 
activity against A549, HCT116, and PC3 cell lineages [37].

CurNPs and QurNPs as antimicrobial agent

Antibacterial activity was studied with the ethanol extract from CurNPs at 
different concentrations 25, 50, 75, and100 µg/ml were determine the zone of 
inhibition of gram-positive and gram-negative bacterial growth, and the results 
are reported in Table 4. 

The results in Table 4 indicated that the CurNPs extract was gradually 
inhibiting zone from concentration 25µg to 100µg in gram-positive and gram-
negative. In addition, the highest inhibition zone at 100 µg concentration in 
gram-positive bacteria was Bacillus subtitles, Streptococcus penoenumoia. 
And Streptococcus aureus was 70.8, 42.3 and 40.5 mm respectively. Whilst, 
in gram-negative bacteria the highest inhibition zone at 100 µg concentration 
for Escherichia coli and Salmonella typhimrium was 50.5 and 35.7 mm, and 
also the CurNPs extract at 100 µg had not been detected on Salmonella 
typhimrium. Singh et al. [38] found that the nano-curcumin is freely dispersible 

in water and this dispersion of nano-curcumin was more effective than 
curcumin against gram-positive and negative bacteria. The results showed that 
the antimicrobial activity of curcumin nanoparticles has significantly become 
better. Furthermore, the activity of nano-curcumin was more pronounced 
against Gram-positive bacteria than Gram-negative bacteria. The mechanism 
of the antibacterial influence of curcumin nanoparticles was observed that 
these particles entered the inside of the bacterial cell by completely breaking 
the cell wall, which led to cell death.

The mechanism of the antibacterial activity of curcumin seems to differ 
depending on the strain. Therefore, the CurNPs showed that stronger 
antibacterial activity against Escherichia coli [39].

The result in Table 5 shows the effect of QurNPs as an antimicrobial 
agent (gram- positive and gram-negative bacteria). The results observed that 
the highest inhibition zone in gram-positive bacteria was Bacillus subtitles, 
Streptococcus penoenumoia and Streptococcus aureus, at concentrate 100µg 
were 62.5, 47.4, and 45.3 mm, respectively. Meanwhile, in gram-negative 
bacteria the highest inhibition zone at concentrate 100µg was Escherichia coli 
and Salmonella Typhimrium by 60.2 and 40.8 mm, respectively, and also the 
QurNPs extract at 25, 50 and 75 µg had not been detected on Salmonella 
typhimrium at 100µg.

The results confirmed that the antimicrobial activity of both quercetin NPs 
and free quercetin was effective on gram-positive strains [14].

Conclusion 

Curcumin and quercetin nanoparticles had the highest contained 
antioxidant activity. Therefore, it exhibits anticancer influence against HepG2 
and HCT116 human cell lines (human cancer liver and colon) in addition to 
antimicrobial gram-positive and gram-negative bacteria. Thus, the role of 
Curcumin and quercetin nanoparticles in health status may be due to bioactive 
compounds as natural antioxidants. Therefore, nutritional factors to be taken 
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very seriously by increased care as a preventative and lower considerable side 
effect of cancer chemical drugs.
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