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Abstract

 Nanotechnology-based techniques be-
comea privilege to the phytochemicals which 
have poor bioavailability but potential biolog-
ical activities. Curcumin is categorized among 
them that having vast medicinal properties but 
its hydrophobicity limits its clinical acceptance. 
The study aimed to evaluate the antioxidant 
and antibacterial potentials of synthesized and 
characterized curcumin nanoformulation (CN) 
and to evaluate its toxicity on human red blood 
cells and invertebrate brine shrimps. The cur-
cumin nanoformulation was synthesized and 
confirmed by dynamic light scattering and chro-
matographic methods. The antioxidant potential 
of the synthesized CN was analyzed by 2,2-di-
phenyl-1-picrylhydrazyl (DPPH) assay, while 
antibacterial activity was assessed by following 
the agar well diffusion protocol using Gram-pos-
itive and Gram-negative bacteria. The hemo-
lysis assay and brine shrimp lethality assay 
were performed to evaluate the ex vivo toxicity 
of the synthesized CN.The data revealed that 
the synthesized CN had a very small particle 
size (6.06 ± 1.7 nm) with polydispersity index 
and zeta potential value of 0.219 and -11.8 ± 
3.89 mV respectively. The antioxidant and an-

tibacterial potential of the synthesized CN were 
improved as compared to the pure curcumin. 
The hemolytic and brine shrimp lethality activity 
of the synthesized CN wassignificantly minimal 
as compares to its respective positive controls.
These findings suggested that the synthesized 
CN with potential antioxidant and antibacterial 
activities and almost no toxicity could be a prom-
ising therapeutic option in various antimicrobial 
and free radical toxicity treatments. Moreover, 
after a detailed safety analysis of synthesized 
CN, it can be applied in various formulations and 
treatments.

Keywords:Antibacterial, Antioxidant, Brine 
shrimp, Curcumin, DPPH, Hemolysis.

Introduction

 Curcumin is plant based bioactive 
polyphenolic agent found in the Curcuma lon-
ga plant(1,2). It was most studied and valuable 
spice in the ancient history of Indiafor its excel-
lent medicinal properties such as antioxidant(3), 
antimicrobial(4), antimalarial(5), anticancer(6), 
anti-inflammatory(7)and wound healing(8).Al-
though its wide range of medicinal properties, 
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it has poor aqueous solubility andlimited bio-
availability, as evidenced by poor levels in se-
rum, limited tissue distribution, along with rapid 
metabolism that further greatly restricts its phar-
macological approaches(9).Researchers have 
investigated the practice of curcumin nanofor-
mulation as an efficient drug delivery system to 
circumvent these limitations. Since curcumin is 
a potent therapeutic drug, it is desirable to syn-
thesize novel formulation methods to boost its-
pharmaceutical potential.

 Nanoformulations have particle size var-
ies from 1-100 nm and have key qualities due to 
their size and surface area(10).Curcumin nano-
formulation can improve curcumin’s solubility, 
stability, and bioavailability, perhaps resulting 
in greater therapeutic effects. Curcumin nano-
formulations have been receiving considerable 
interest in the field of cancer research in the last 
few years. Numerousfindings have shown that 
curcumin nanoformulations have the potential 
to be an effective anticancer agent(11–15). Cur-
cumin nanoformulation can cause cancer cells 
to undergo apoptosis(16),inhibit tumor devel-
opment(17)we propose previously developed, 
self-assembling dextran-curcumin nanopar-
ticles for the treatment of prostate cancer in 
combination therapy with Doxorubicin (DOXO, 
and prevent metastasis(18). Curcumin nanofor-
mulations have been proven to improve the ef-
ficacy of traditional chemotherapy and radiation 
therapy(19–21)developing nanobiomaterials for 
combination of radiotherapy and chemotherapy 
is required for more powerful and successful 
cures. Because of the amazing X-ray sensiti-
zation proficiency of Bi based nanoparticles, in 
this work, we synthesized and used Bi2S3 as 
an enhancer of X-ray radiation therapy, and fur-
thermore, Bi2S3 served as carrier of curcumin 
(CUR. 

 Curcumin nanoformulations have broad 
spectrum antibacterial potential against var-
ious bacterial species due to the disruption of 
the bacterial cell membrane, leading to bac-
terial death(22–25).Furthermore, curcumin 
nanoformulations outperform free curcumin in 

terms of antioxidant activity. This has prompt-
ed significant interest in the practice of curcum-
in nanoformulations as a possible therapeutic 
management for various oxidative stress-re-
lated diseases, involving cancer, diabetes, 
and neurological disorders(26).This area has 
drawn considerable interest in current history, 
and many researchers have found that curcum-
in nanoformulations have potential antioxidant 
properties(27–30)but it is practically water-in-
soluble and has low bioavailability; a possible 
solution to this obstacle would be formulations 
of curcumin nanoparticles. Surfactants such as 
tween 80 can be used to stabilize low-solubility 
molecules preventing particle aggregation. The 
objectives of this study were the preparation of 
a suspension with curcumin nanoparticles in 
tween 80, the testing of pure curcumin solubility 
and of a simple mixture of curcumin with tween 
80 and nanosuspension in water and ethanol as 
solvents, and finally the assessment of the an-
tioxidant activity. We prepared the nanosuspen-
sion by injecting a curcumin solution in dichloro-
methane at low flow in water with tween 80 
under heating and ultrasound. The analysis of 
particles size was conducted through dynamic 
light scattering; the non-degradation of curcum-
in was verified through thin-layer chromatogra-
phy. The analyses of antioxidant activity were 
carried out according to the DPPH method. The 
method applied to reduce the particles size was 
efficient. Both the curcumin suspension and 
nanosuspension in tween 80 increased its sol-
ubility. Curcumin and the formulations present-
ed antioxidant activity.”,”container-title”:”Food 
Science and Technology”,”DOI”:”10.1590/1678
-457X.6515”,”ISSN”:”0101-2061, 1678-457X”,”-
journalAbbreviation”:”Food Sci. Technol”,”lan-
guage”:”en”,”note”:”publisher: Sociedade 
Brasileira de Ciência e Tecnologia de Alimen-
tos”,”page”:”115-119”,”source”:”SciELO”,”ti-
tle”:”Production, solubility and antioxidant activ-
ity of curcumin nanosuspension”,”URL”:”http://
www.scielo.br/j/cta/a/MngxC7yjbmBGnY4P-
GwQkKkh/?lang=en”,”volume”:”35”,”author”:[{“-
family”:”Carvalho”,”given”:”Deivis de Mo-
raes”},{“family”:”Takeuchi”,”given”:”Katiuchia 
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dropping-particle”:”de”},{“family”:”Torres”,”-
given”:”Maria Célia Lopes”}],”accessed”:{“-
date-parts”:[[“2023”,4,22]]},”issued”:{“date-parts
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67F”] , ” i temData”:{“ id” :1760,” type”:”art i-
cle-journal”,”abstract”:”Abstract Encapsulation 
of bioactive compounds has been carried out 
to improve bioavailability and to protect them 
against harm conditions. However, encapsu-
lation processes are often aggressive and it is 
important that encapsulated substances keep 
their biological activity. In this work curcumin 
was nanoencapsulated using dichloromethane 
as solvent and ultrasound as dispersion device. 
Nanoparticles were obtained using different cur-
cumin concentrations and encapsulants (PLLA 
and Eudragit S100. 

 Despite the potential therapeutic ben-
efits of curcumin nanoformulations, their toxic-
ity needs to be evaluated to ensure their safe 
use during drug development.Various curcum-
in nanoformulations were evaluated for their 
biocompatibility as well as in vitro and in vivo 
toxicity before clinical application(31–33).The 
ability of a substance to cohabit with the bio-
logical cells without generating any detrimental 
consequences is referred to as biocompatibili-
ty. Toxicity evaluation, on the contrary side, ex-
amines the possible harm that a material may 
produce to a biological system. Moreover, due 
to the associated harmful effects of greater dos-
es and longer exposure, toxicity studies of cur-
cumin nanoformulations are continues to be an 
emerging topic of research. 

 The study aimed to assess the poten-
tial biological activities of synthesized curcumin 
nanoformulation (CN) such as antioxidant and 
antibacterial activities for its therapeutic applica-
tions. Further, this study is also designed to as-
sess the preliminary toxicity of the synthesized 
CN if any.

Materials and methods

Materials

 Curcumin, TPGS, methanol, chloro-
form, 0.2μm filters, andTLC silica gel plate were 
procured from Sigma Aldrich (Merck KGaA, 
Darmstadt, Germany). Formic acid, toluene, eth-
yl acetate, ascorbic acid, 2,2-diphenyl-1-picrilh-
hydrazyl (DPPH), dimethyl sulfoxide (DMSO), 
phosphate buffer saline (pH 7.4), andnutrient 
agar from Himedia (India), bacterial cultures 
ofStaphylococcus aureus(NCIM 2079; equiva-
lent ATCC 6538P), Bacillus subtilis(MTCC 736), 
Pseudomonas aeruginosa (NCIM 2200; equiv-
alent ATCC 9027),and Escherichia coli(NCIM 
2065; equivalent ATCC 8739) were procured 
from National Collection of Industrial Microor-
ganisms (NCIM), Pune, India.

Preparation of curcumin nanoformulation 
(CN)

 To obtain curcumin nanoformulation, 
0.01% stock solution of curcumin (0.01 g/ml)
in methanol) was added into 0.1% solution of 
TPGS (0.1g/mlin chloroform) in successive titra-
tion with magnetic stirring. After evaporation of 
all the solvent the dried film was rehydrated with 
autoclaved MiliQwater. The sample was then 
centrifuged at 14000RPM for 20-25minutes at 
4˚C in cooling centrifuge. Supernatant was col-
lected and filtered through 0.2μm filter to elim-
inate any unencapsulated curcumin particles. 
Filtrate was considered as a curcumin nanofor-
mulation, and it was stored in glass vials at 4˚C 
under dark condition.

Particle size, polydispersity index (PDI) and 
zeta potential

 The particle size of CN was measured 
by dynamic light scattering measurement in the 
Zetasizer Nano-ZS (Malvern Panalytical, Mal-
vern, United Kingdom). 1 mg/ml of CN was dis-
solved in nanopure water and 10 μl of this sus-
pension was diluted to 1 ml for analysis. Zeta 
potential and PDI were measured by Zetasizer 
Nano ZS90 (Malvern Panalytical, Malvern, Unit-
ed Kingdom) at ambient temperature. For this 
assessment, 1 ml of the CN was taken in clear 
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disposable zeta cells to know the surface charge 
of the synthesized CN. All measurements were 
performed in triplicates.

Thin layer chromatography (TLC) analysis

 Thin layer chromatography was per-
formed by the method of Rohman et al(34)safe-
ty, and efficacy. In this study, thin layer chroma-
tography (TLC. It was carried out to determine 
if the curcumin molecules were degraded 
throughout the CN synthesis. The curcumin and 
TPGS were taken as standards while synthe-
sized CN as a sample. We used the methanol: 
formic acid: toluene: ethyl acetate (0.7:0.8:3:4 
v/v/v/v) as mobile phase and TLC Silica gel 
plate as a stationary phase. The Rf value was 
calculated according to the given equation:

High performance thin layer chromatogra-
phy (HPTLC) analysis

 High performance thin layer chromatog-
raphy (HPTLC) was implemented by following 
the method of Kushwaha et al(35). It isa pow-
erful analytical technique used to obtain a chro-
matographic imprint ofthe important molecule. 
The samples were applied on to the HPTLC 
plate precisely using a Hamilton microliter sy-
ringe and the plate was left to dry. The plates 
were then placed in a glass chamber (20 cm 
× 20 cm) containing 10 ml of mobile phase of 
methanol : formic acid : toluene : ethyl acetate 
(0.7:0.8:3:4 v/v/v/v) for 20 minutes at ambient 
temperature. The dried plate was scanned at 
254 nm using Cammag TLC scanner IV with vi-
sionCATS system (version 2.5.18262.1). 

2,2-diphenyl-1-picrilhydrazyl (DPPH) assay

 The antioxidant activity of the synthe-
sized CN was performed by the protocol of Nak-
suriya and Okonogi(36).100 μM of methanolic 
solution of DPPH was prepared and kept in dark 
at 4ºCbefore analysis. 1 mg/ml stock solution of 
curcumin, CN, TPGS, and ascorbic acid (pos-
itive control) were diluted to varying concen-
trations (10-100 μg/ml) in methanol or distilled 
water according to their solubility and added 

in 12-well plate in triplicate concentration with 
blank and positive control. 200 µl of 1.5 M Tris-
HCL was added to each well and subsequently 
1 ml DPPH was added then kept it covered with 
alluminium foil for 30 minutes then the absor-
bance was taken at 540 nm using microplate 
readers(AgilentBioTek, California, USA).The 
DPPH inhibition activity was calculated using 
the given equation:

Antibacterial activity

 The antibacterial efficacy of the synthe-
sized CN was analyzed by an agar well diffusion 
protocol given by Valgas et al(37).The antibac-
terial activity of the synthesized CN was tested 
against Gram-positive cocci Staphylococcus 
aureus, Gram-positive rods Bacillus subtilis, 
Gram-negative rods Pseudomonas aeruginosa 
and, Gram-negative rods Escherichia coli. The 
bacterial cultures were prepared from the stock 
cultures and final concentration was adjusted 
to 108 CFU/ml. The bacterial suspensions were 
inoculated onto the surface of the agar medium 
plates. Wells of around 6-8 mm in diameter were 
created in the agar using a sterile cork borer. 
The samples of DMSO (1%), curcumin, synthe-
sized CN, and TPGS were loaded at 10mg/ml 
concentrations into the wells. The plates were 
incubated for 24 hours at 37˚Cthat allowed the 
growth of bacteria and diffusion of the samples. 
After the incubation period, the plates were ob-
served for the presence of a zone of inhibition 
around the wells and measured in millimeters 
using ruler.

Brine shrimp toxicity assay 

 The brine shrimp toxicity assay was 
analyzed by using method of Meyer et al(38).
Briefly, the brine shrimp cysts were added into 
a petri plate filled with artificial sea water (3.3% 
w/v). The cysts were hatched after the overnight 
incubation at an ambient temperature, and the 
hatched larvae, known as nauplii, were used for 
assay. Further, 10 nauplii were added into each 
well of the 12-well plate with artificial sea water. 
The synthesized CN with concentrations of 1 to 
10 mg/ml was added into 12-well plate and in-
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cubated for overnight in the presence of visible 
light. After incubation, the live and dead nauplii 
were calculated for each dose and control (arti-
ficial sea water). The percentage of lethality was 
calculated using given equation:

Hemolysis activity

The hemolytic efficiency of the synthe-
sized CN was assessed by following the proto-
col of Ayubi et al(32).Fresh blood sample (5ml) 
was collected in heparinized tubes and centri-
fuged at 2000 RPM for 5minutes. After discard-
ing plasma, the red blood cells were washed 
three times with phosphate buffer saline. The 
2% solution of red blood cells was prepared 
in phosphate buffer saline for the analysis. To 
study the hemolytic activity, 500 µL of the red 
blood cells solution was added to each micro-
centrifuge tube containing10mg/mlof curcumin, 
TPGS, and synthesized CN. Phosphate buffer 
saline was taken as a negative control and Tri-
ton X-100 (10% v/v) as a positive control. The 
samples were incubated at 37ºC for 3-4 hours 
on shaker, following the centrifugation at 2000 
RPM for 5minutes and the release hemoglobin 
content was scanned at 540 nm. Hemolysis (%) 
was calculated by the given equation:

Statistical analysis

All the experiments were performed 
and analysed three times. The analyzed data 
were calculated as mean ± standard deviation 
(SD) and analyzed by GraphPad Prism 8 soft-
ware (version 8.0.1 for Windows 2010;Graph-
Pad Software, Inc., San Diego, CA).One-way 
analysis of variance (ANOVA) was performed 
by standard procedures. Significant differences 
between means were determined by Dunnett’s 
multiple comparison tests,and P< 0.05 was re-
garded as significant value.

Results and Discussion

Particle size,polydispersity index (PDI) and 
zeta potential

Particle size, polydispersity index (PDI), 
and zeta potential are important parameters 

that can affect the stability, cellular uptake, and 
biological activity of curcumin nanoformula-
tion(39–41).Smaller particle size tends to have 
improved bioavailability and cellular uptake due 
to their increased surface area and ability to 
cross membranes(42).The analysis was carried 
out using dynamic light scattering determined 
the average particle size of synthesized CN as 
6.06 ± 1.77 nm with 91.9% intensity (Fig. 1A). 
It indicated that the synthesized CN has signifi-
cantly smaller particle size than other curcumin 
nanoparticles with particle size of 9 nm(43)and 
10 nm(44).Fig. 1 showed the low polydispersi-
ty (PDI) value of the synthesized CN 0.219,it 
was between the 0 (monodisperse sample) and 
1 (polydisperse sample) compared to the oth-
er curcumin nanoformulations with PDI values 
of 0.596(45).Such low PDI value of nanoparti-
cles indicated more homogeneous and stable 
nanoparticle population(46)or lipidic carriers, 
are being extensively employed to enhance 
the bioavailability of poorly-soluble drugs. They 
have the ability to incorporate both lipophilic 
and hydrophilic molecules and protecting them 
against degradation in vitro and in vivo. There 
is a number of physical attributes of lipid-based 
nanocarriers that determine their safety, stabil-
ity, efficacy, as well as their in vitro and in vivo 
behaviour. These include average particle size/
diameter and the polydispersity index (PDI.The 
synthesized CN has zeta potential value of -11.8 
± 3.89 mV (Fig. 1B) which was comparable with 
the -12 mV zeta potential value of nanocurcum-
in(47) indicated moderate stability of curcumin 
nanoparticles.

Fig. 1Particle size and Polydispersity index 
(PDI) A) Zeta potential B) analysis of synthe-
sized curcumin nanoformulation (CN).
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Thin layer chromatography (TLC) 

The thin layer chromatography analy-
sis of the synthesized CN was carried out using 
pure curcumin as a standard to verify wheth-
er there had been any alterations in curcumin 
during its nanoformulation synthesis procedure. 
Fig. 2 shows the TLC chromatogram of curcum-
in, D-α-tocopheryl polyethylene glycol 1000 suc-
cinate (TPGS) and synthesized curcumin nano-
formulation (CN).The synthesized CN showed 
two spots, one spot matched with the same Rf 
value of curcumin (0.91) and second matched 
with the same Rf value of TPGS (0.98) (Fig. 2). 
The Rf value of curcumin was also comparable 
with results found by Fatima et al(48).The sharp 
spot of curcumin and light spot of TPGS in the 
lane of synthesized CN showed that curcumin 
was dominant(49)as compared toTPGS in the 
synthesized CN. It also suggested that the syn-
thesis process of curcumin nanoformulation did 
not degrade curcumin and TPGS. Additionally, 
curcumin rendered its biological activities due to 
maintained chemical structure without any deg-
radation during the synthesis procedure.

Fig. 2 TLC chromatogram of the curcumin, 
TPGS, and synthesized curcumin nanoformula-
tion (CN) with Retention factor (Rf) values.

High performance thin layer chromatogra-
phy (HPTLC) 

The high performance thin layer chro-
matography analysis of the synthesized CN was 
carried out to confirm the presence of curcumin 
and TPGS in the synthesized CN which sup-

ports the data obtained from TLC analysis. Fig. 
3 showed the HPTLC chromatogram of curcum-
in, TPGS, and synthesized CN indicates that 
the two peaks obtained in the chromatogram of 
the synthesized CN (blue) were matched with 
the peak of curcumin (red) and peak of TPGS 
(pink). The result confirmed that the presence of 
curcumin and TPGS does not hindered by the 
synthesis procedure of curcumin nanoformula-
tion. It also described the synthesis procedure 
might also preserved its biological properties. 

Fig. 3The peaks of curcumin (red), TPGS 
(pink), and synthesized curcumin nanoformula-
tion (CN) (blue) showed HPTLC chromatogram.

Antioxidant activity of the synthesized CNby 
2,2-diphenyl-1-picrilhydrazyl (DPPH) assay

The DPPH assay is a widely used an-
tioxidant parameter to evaluate the free radicle 
scavenging efficiency of the antioxidants, and 
the degree of DPPH inhibition is directly propor-
tional to the antioxidant potential of the tested 
compounds. In this study, the DPPH inhibition 
action of the synthesized CN was tested and 
compared with ascorbic acid, curcumin, and 
TPGS. Fig. 4showed that the synthesized CN 
exhibited highest DPPH inhibition of 98% than 
ascorbic acid (83%) (positive control), curcumin 
(56%), and TPGS (68%) at 50 μg/ml concen-
tration (Fig. 4). This result could be described 
by the unique properties of the synthesized 
CN, such as nanosize, increased solubility that 
could facilitate their interaction with reactive ox-
ygen species (ROS) and other free radicals by 
neutralized their damaging effects(50–52).
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Fig. 4 Evaluation of DPPH inhibition (%) activ-
ity of curcumin, TPGS (D-α-tocopheryl polyeth-
ylene glycol 1000 succinate), synthesized cur-
cumin nanoformulation (CN), and ascorbic acid 
with their IC50 (μg/ml) ± standard deviation (SD) 
values.

Antibacterial potential of the synthesized CN

The antimicrobial efficiency of the syn-
thesized CN was examined against Pseudo-
monas aeruginosa, Escherichia coli, Bacillus 
subtilis and Staphylococcus aureus using the 
agar well diffusion assay. The bacterial growth 
was inhibited by the antibacterial actions of cur-
cumin, synthesized CN, and TPGS in terms of 
zone of inhibition (Fig. 5). The zone of inhibi-
tion for tested bacterial species was measured 
and evaluated the antibacterial potential of the 
synthesized CN (Fig.6). The results showed 
that the synthesized CN exhibited greater zone 
of inhibition (21 mm) against Gram-positive coc-
ci S.aureus. It could be explained by the action 
of synthesized CN on bacterial cell membrane 
disruption by leakage of intracellular contents 
leading to the cell death(53,54).P.aeruginosa
and B.subtilis had moderate sensitivity towards 
synthesized CN based on the zone of inhibition 
of 18 mm and 17 mm respectively. This could 
be explained by the inhibition of certain enzyme 
that involved in the bacterial cell survival(54,55).
Moreover, the synthesized CN can cause inhibi-
tion of bacterial cell proliferation by blocking the 
assembly dynamics of FtsZ in the Z ring(56,57).
The present results also showed that synthe-
sized CN was least effective on Gram-negative 

rods E.coli (16 mm). One possible mechanism 
for the least effect of synthesized CN against 
E.coli could be related to the structure of cell 
wall, which contains lipopolysaccharides (LPS) 
that act as a protective barrier against external 
agents, including antimicrobial compounds. Ad-
ditionally, E.coli is known to have efficient efflux 
pumps, which can actively pump out foreign 
compounds, including antimicrobial agents, 
from the bacterial cell(58).This may also con-
tribute to the reduced efficacy of the synthe-
sized CN against E.coli. The effectiveness of 
the synthesized CN against the tested bacterial 
species showed as:S. aureus >P.aeruginosa > 
B. subtilis >E. coli(Fig. 5 and 6).

Fig. 5 Antibacterial activity of the DMSO (vehicle 
control), curcumin, synthesized curcumin nano-
formulation (CN), and TPGS against E. coli (A) 
B. subtilis (B) S.aureus (C) P. aeruginosa (D).

Fig. 6 Zone of inhibition of the DMSO (vehicle 
control), curcumin, synthesized curcumin nano-
formulation (CN), and TPGS.

Brine shrimp toxicity analysis of the synthe-
sized CN

The brine shrimp toxicity assay is afford-
able and accessible assay for assessing toxicity 
of nanomaterials that might be applied in vari-
ous treatments(59–61).The brine shrimp toxicity 
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assay is widely used simple and inexpensive to 
check the toxicity profile of the chemicals. The 
assay could also be used in the preliminary 
phases of the drug design or for environmen-
tal monitoring to assess the effective toxicity of 
the chemical. The LC50 values of potassium di-
chromate or K2Cr2O7 (positive control), curcum-
in, TPGS, and synthesized CN were shown in 
the Fig. 7. The LC50 values of the tested com-
pounds wereevaluated according to the Meyer 
and Clarkson toxicity index(38,62). According to 
this toxicity index, the compounds with less than 
1 mg/mlLC50 values are considered as toxic, and 
LC50 values higher than 1 mg/ml are considered 
as non-toxic(38,62,63)utilizing brine shrimp (Ar-
temia salina Leach.Results of the present study 
showed that the LC50values of K2Cr2O7 was 
0.363 ± 0.025, curcumin was 4.462 ± 0.660 mg/
ml, synthesized CN was 8.076 ± 0.616 mg/ml 
and TPGS was 8.702 ± 0.272 mg/ml (Fig. 7). 
Hence, tested compounds pure curcumin, syn-
thesized CN, and TPGS were non-toxic.

Fig. 7 LC50 graph of brine shrimp toxicity analy-
sis. Comparison of K2Cr2O7 with curcumin, syn-
thesized CN and, TPGS gives statistical signif-
icant P values. Where, ****P<0.0001 and n=3. 
Statistical Analysis was performed using multi-
ple comparisons (one way ANOVA) with Tukey’s 
test.

Hemolytic activity of the synthesized CN

Hemolysis assay is a commonly used 
test to evaluate the potential toxicity of com-
pounds on red blood cells. The assay examined 

the released hemoglobin from the lysis of red 
blood cells. The hemolytic activity of the synthe-
sized CN was shown in the Fig. 8. The results 
revealed that control (untreated) red blood cells 
showed 0% hemolysis, phosphate buffer saline 
(negative control) showed 0.13%, dimethyl sulf-
oxide (vehicle control) showed 1.79%, curcumin 
showed 1.20%, TPGS showed 0.56%, and syn-
thesized CN showed only 0.23% of hemolysis.
While, triton X-100 (positive control) showed 
97.97%of hemolysis.The % hemolysis of alone 
curcumin and alone TPGS were slightly more 
than the synthesized CN which was synthe-
sized from curcumin and TPGS. Moreover, the 
% hemolysis of tested compounds was negligi-
ble when compared to triton X-100. According 
to the regulatory guidelines provided by ISO-
10993-4(64), if the compound causes less than 
2% hemolysis, it is considered as non-hemolytic 
compound and safe for the in vivo application. It 
indicatedthat the synthesized CN could be con-
sidered as non-hemolytic and safe for the fur-
ther in vivo applications.

Fig. 8 Hemolytic activity of the various test com-
pounds.

Conclusion

The study results showed that the cur-
cumin nanoformulation (CN) was successfully 
synthesized and characterized using parame-
ters like particle size, PDI value and zeta po-
tential. The TLC and HPTLC analysis of synthe-
sized CN confirmed that curcumin molecules 
did not degrade during the synthesis process 
and hence retained the biological properties of 
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curcumin as well. The synthesized CN showed 
significant antioxidant activity, greater than the 
pure curcumin, TPGS, and ascorbic acid which 
indicated that reduction in the particle size might 
improve the antioxidant potential. Moreover, the 
synthesized CN exerted high antibacterial ef-
ficacy against Gram-positive cocci S. aureus. 
Thus, enhanced biological activitiesof the syn-
thesized CN were explained by the conversion 
of curcumin into its nanoformulation with unique 
qualitiessuch as size and increased biological 
potential. Furthermore, the study highlights the 
safety profile based on the results obtained from 
the brine shrimp toxicity analysis and hemolytic 
analysis ensured that the synthesized CN could 
be potential candidate for the therapeutic treat-
ment and prevention of the bacterial infections 
and oxidative stress-related diseases. The great 
antibacterial and antioxidant potencies of the 
synthesized CN with no in vitro toxicity made 
them an attractive alternative to conventional 
curcumin formulations. In addition, subsequent 
to a comprehensive biological potential and 
safety analysis of the synthesized CN, it is re-
ferred as a suitable for the therapeutic interven-
tions.  

References

1. Kocaadam, B. and Şanlier, N. (2017). Cur-
cumin, an active component of turmeric 
(Curcuma longa), and its effects on health. 
Critical Reviews in Food Science and Nu-
trition, 57(13):2889–2895. 

2. Saranya, T.S. Rajan, V.K., Biswas, R., Jay-
akumar, R., Sathianarayanan, S. (2018). 
Synthesis, characterisation and biomed-
ical applications of curcumin conjugat-
ed chitosan microspheres. International 
Journal of Biological Macromolecules, 
110:227–233. 

3. Mahmood, K.,Zia, K.M., Zuber, M., Sal-
man, M., Anjum, M.N. (2015). Recent 
developments in curcumin and curcumin 
based polymeric materials for biomedical 
applications: A review. International Jour-

nal of Biological Macromolecules, 81:877–
890.

4. ZorofchianMoghadamtousi, S.,Abdul 
Kadir, H., Hassandarvish, P., Tajik, H., 
Abubakar, S., Zandi, K. (2014). A Review 
on Antibacterial, Antiviral, and Antifungal 
Activity of Curcumin. BioMed Research In-
ternational, 2014:e186864. 

5. Alkandahri, M.Y. Patala, R., Berbudi, A., 
Subarnas, A. (2021). Antimalarial activity 
of curcumin and kaempferol using struc-
ture-based drug design method. Journal 
of Advanced Pharmacy Education And Re-
search, 11(4): 86–90. 

6. Mohanty, S.,Tirkey, B., Jena, S.R., Saman-
ta. L., Subuddhi. U. (2023). Exploring Ste-
roidal Surfactants as Potential Drug Carri-
ers for an Anticancer Drug Curcumin: An 
Insight into the Effect of Surfactants’ Struc-
ture on the Photophysical Properties, Sta-
bility, and Activity of Curcumin. Langmuir, 
39(5): 1852–1869. 

7. Chamani, S.,Moossavi, M., Naghiza-
deh, A., Abbasifard, M., Kesharwani, P., 
Sathyapalan, T., et al. (2023). Modulatory 
properties of curcumin in cancer: A narra-
tive review on the role of interferons. Phy-
totherapy Research, 37(3): 1003–1014. 

8. Rezkita, F., Wibawa, K.G.P. and Nugraha, 
A.P. (2020). Curcumin loaded Chitosan 
Nanoparticle for Accelerating the Post Ex-
traction Wound Healing in Diabetes Melli-
tus Patient: A Review. Research Journal of 
Pharmacy and Technology, 13(2): 1039–
1042. 

9. Hegde, M.,Girisa, S., BharathwajChet-
ty, B., Vishwa, R., Kunnumakkara, A.B. 
(2023). Curcumin Formulations for Better 
Bioavailability: What We Learned from 
Clinical Trials Thus Far? ACS Omega, 
8(12):10713-46. 



Current Trends in Biotechnology and Pharmacy
Vol. 17(4) 1370-1382,October 2023, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2023.4.71

Curcumin Nanoformulation: Antioxidant,Antibacterial, and Toxicity Assessment

1379

10. Khan, I., Saeed, K. and Khan, I. (2019). 
Nanoparticles: Properties, applications 
and toxicities. Arabian Journal of Chemis-
try, 12(7): 908–931. 

11. Bechnak, L.,Khalil, C., Kurdi, R.E., 
Khnayzer, R.S., Patra, D. (2020). Cur-
cumin encapsulated colloidal amphiphilic 
block co-polymeric nanocapsules: colloi-
dal nanocapsules enhance photodynamic 
and anticancer activities of curcumin. Pho-
tochemical &Photobiological Sciences, 
19(8): 1088–1098. 

12. Kumari, M.,Sharma, N., Manchanda, R., 
Gupta, N., Syed, A., Bahkali, A.H.,et al. 
(2021). PGMD/curcumin nanoparticles for 
the treatment of breast cancer. Scientific 
Reports, 11(1): 3824. 

13. Rajasekar, A.,Devasena, T., Suresh, 
S., Senthil, B., Sivaramakrishnan, R., 
Pugazhendhi, A. (2022). Curcumin nano-
spheres and nanorods: Synthesis, charac-
terization and anticancer activity. Process 
biochemistry, 112: 248–253. 

14. Bolat, Z.B.,Islek, Z., Sahin, F., Ucisik, M.H. 
(2023). Delivery of curcumin within emul-
some nanoparticles enhances the an-
ti-cancer activity in androgen-dependent 
prostate cancer cell. Molecular Biology 
Reports, 50(3): 2531–2543. 

15. Lin, X.,Wang, Q., Du, S., Guan, Y., Qiu, J., 
Chen, X., et al. (2023). Nanoparticles for 
co-delivery of paclitaxel and curcumin to 
overcome chemoresistance against breast 
cancer. Journal of Drug Delivery Science 
and Technology, 79: 104050.

16. Dong, Y.,Yang, Y., Wei, Y., Gao, Y., Jiang, 
W., Wang, G., et al. (2020). Facile synthet-
ic nano-curcumin encapsulated Bio-fab-
ricated nanoparticles inducesROS-me-
diated apoptosis and migration blocking 
of human lung cancer cells. Process Bio-

chemistry, 95: 91–98. 

17. Bevacqua, E.,Curcio, M., Saletta, F., Vit-
torio, O., Cirillo, G., Tucci, P. (2021). Dex-
tran-Curcumin Nanosystems Inhibit Cell 
Growth and Migration Regulating the Ep-
ithelial to Mesenchymal Transition in Pros-
tate Cancer Cells. International Journal of 
Molecular Sciences, 22(13): 7013. 

18. Prasad, S.,Saha, P., Chatterjee, B., 
Chaudhary, A.A., Lall, R., Srivastava, A.K. 
(2023). Complexity of Tumor Microenvi-
ronment: Therapeutic Role of Curcumin 
and Its Metabolites. Nutrition and Cancer, 
75(1): 1–13. 

19. Nosrati, H.,Charmi, J., Salehiabar, M., 
Abhari, F., Danafar, H. (2019). Tumor Tar-
geted Albumin Coated Bismuth Sulfide 
Nanoparticles (Bi2S3) as Radiosensitizers 
and Carriers of Curcumin for Enhanced 
Chemoradiation Therapy. ACS Biomate-
rials Science & Engineering, 5(9): 4416–
4424. 

20. Talakesh, T.,Tabatabaee, N., Atoof, F., 
Aliasgharzadeh, A., Sarvizade, M., Far-
hood, B., et al. (2022). Effect of Nano-Cur-
cumin on Radiotherapy-Induced Skin 
Reaction in Breast Cancer Patients: A 
Randomized, Triple-Blind, Placebo-Con-
trolled Trial. Current Radiopharmaceuti-
cals, 15(4): 332–340. 

21. Meabed, O.M.,Shamaa, A., Abdelrah-
man, I.Y., El-Sayyed, G.S., Mohammed, 
S.S. (2023). The Effect of Nano-chitosan 
and Nano-curcumin on Radiated Parot-
id Glands of Albino Rats: Comparative 
Study. Journal of Cluster Science, 34(2): 
977–989. 

22. Praditya, D.,Kirchhoff, L., Brüning, J., 
Rachmawati, H., Steinmann, J., Stein-
mann, E. (2019). Anti-infective Properties 
of the Golden Spice Curcumin. Frontiers in 



Current Trends in Biotechnology and Pharmacy
Vol. 17(4) 1370-1382,October 2023, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2023.4.71

Parmar et al

1380

Microbiology, 10.

23. YasbolaghiSharahi, J.,AliakbarAhovan 
Z., TaghizadehMaleki, D., Riahi Rad, Z., 
Goudarzi, M., et al. (2020). In vitro anti-
bacterial activity of curcumin-meropenem 
combination against extensively drug-re-
sistant (XDR) bacteria isolated from burn 
wound infections. Avicenna Journal of 
Phytomedicine, 10(1): 3–10.

24. Sundaramoorthy, N.S., Sivasubramanian, 
A., and Nagarajan, S. (2020). Simultane-
ous inhibition of MarR by salicylate and 
efflux pumps by curcumin sensitizes colis-
tin resistant clinical isolates of Enterobac-
teriaceae.Microbial Pathogenesis, 148: 
104445. 

25. Taghavifar, S., Afroughi, F., and Saada-
tiKeyvan, M. (2022). Curcumin Nanopar-
ticles Improved Diabetic Wounds Infected 
With Methicillin-Resistant Staphylococcus 
aureus Sensitized With HAMLET. The In-
ternational Journal of Lower Extremity 
Wounds, 21(2): 141–153. 

26. Yallapu, M.M., Jaggi, M., and Chauhan, 
S.C. (2012). Curcumin nanoformulations: 
a future nanomedicine for cancer. Drug 
Discovery Today, 17(1–2): 71–80. 

27. Carvalho, D. de M.,Takeuchi, K.P., Geral-
dine, R.M., Moura, CJ de, Torres, M.C.L. 
(2015). Production, solubility and antioxi-
dant activity of curcumin nanosuspension. 
Food Science and Technology, 35: 115–
119. 

28. Silva-Buzanello, R.A. da,Souza, M.F de, 
Oliveira D.A de, Bona, E., Leimann, F.V., 
Cardozo Filho, L., et al. (2016). Prepara-
tion of curcumin-loaded nanoparticles and 
determination of the antioxidant potential 
of curcumin after encapsulation. Polímer-
os, 26: 207–214. 

29. Patil, P.,Parit, S.B., Waifalkar, P., Patil, S.P., 
Dongale, D.T., Sahoo, S., et al. (2018). pH 
triggered curcumin release and antioxi-
dant activity of curcumin loaded γ-Fe 2 O 3 
magnetic nanoparticles. Materials Letters, 
223: :178-181.

30. Abu-Taweel, G.M. Attia, M.F., Hussein, J., 
Mekawi, E.M., Galal, H.M., Ahmed, E.I. et 
al. (2020). Curcumin nanoparticles have 
potential antioxidant effect and restore tet-
rahydrobiopterin levels in experimental di-
abetes. Biomedicine & Pharmacotherapy 
= Biomedecine&Pharmacotherapie, 131: 
110688. 

31. Sherin, S.,Sheeja, S., Sudha Devi, R., 
Balachandran, S., Soumya, R.S., Abra-
ham, A. (2017). In vitro and in vivo phar-
macokinetics and toxicity evaluation of 
curcumin incorporated titanium dioxide 
nanoparticles for biomedical applications.
Chemico-Biological Interactions, 275: 35–
46. 

32. Ayubi, M.,Karimi, M., Abdpour, S., Ros-
tamizadeh, K., Parsa, M., Zamani, M., et 
al. (2019). Magnetic nanoparticles dec-
orated with PEGylated curcumin as dual 
targeted drug delivery: Synthesis, toxicity 
and biocompatibility study. Materials Sci-
ence and Engineering: C, 104: 109810. 

33. Abdullah, S.N.S.,Subramaniam, K.A., Mu-
hamadZamani, Z.H., Sarchio, S.N.E., MdY-
asin, F., Shamsi, S. (2022). Biocompati-
bility Study of Curcumin-Loaded Pluronic 
F127 Nanoformulation (NanoCUR) against 
the Embryonic Development of Zebrafish 
(Daniorerio). Molecules, 27(14): 4493. 

34. Rohman, A.,Wijayanti, T., Windarsih, A., 
Riyanto, S. (2020). The Authentication of 
Java Turmeric (Curcuma xanthorrhiza) 
Using Thin Layer Chromatography and 
1H-NMR Based-Metabolite Fingerprinting 
Coupled with Multivariate Analysis. Mole-



Current Trends in Biotechnology and Pharmacy
Vol. 17(4) 1370-1382,October 2023, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2023.4.71

Curcumin Nanoformulation: Antioxidant,Antibacterial, and Toxicity Assessment

1381

cules, 25(17): 3928. 

35. Kushwaha, P.,Shukla, B., Dwivedi, J., 
Saxena, S. (2021). Validated high-perfor-
mance thin-layer chromatographic analy-
sis of curcumin in the methanolic fraction 
of Curcuma longa L. rhizomes. Future 
Journal of Pharmaceutical Sciences, 7(1): 
178. 

36. Valgas, C.,Souza, S.M. de, Smânia, E.F.A., 
Smânia, Jr. A.(2007) Screening methods 
to determine antibacterial activity of natu-
ral products. Brazilian Journal of Microbiol-
ogy, 38: 369–380. 

37. Meyer, B.N.,Ferrigni, N.R., Putnam, J.E., 
Jacobsen, L.B., Nichols, D.E., McLaugh-
lin, J.L. (1982). Brine shrimp: a convenient 
general bioassay for active plant constitu-
ents. PlantaMedica, 45(5): 31–34. 

38. Faraji, A.H., and Wipf, P. (2009). Nanopar-
ticles in cellular drug delivery. Bioorganic 
& Medicinal Chemistry, 17(8): 2950–2962. 

39. Zhang, S., Li, J., Lykotrafitis, G., Bao, G., 
Suresh, S. (2009). Size-Dependent Endo-
cytosis of Nanoparticles. Advanced mate-
rials (Deerfield Beach, Fla.), 21: 419–424. 

40. Albanese, A., Tang, P.S., and Chan, 
W.C.W. (2012). The effect of nanoparticle 
size, shape, and surface chemistry on bi-
ological systems. Annual Review of Bio-
medical Engineering, 14: 1–16. 

41. Hoshyar, N.,Gray, S., Han, H., Bao, G. 
(2016). The effect of nanoparticle size on 
in vivo pharmacokinetics and cellular inter-
action. Nanomedicine, 11(6): 673–692. 

42. Kabiriyel, J.,Jeyanthi, R., Jayakumar, K., 
Amalraj, A., Arjun, P., Shanmugarathinam, 
A., et al. (2023). Green synthesis of car-
boxy methyl chitosan based curcumin 
nanoparticles and its biological activity: 

Influence of size and conductivity. Carbo-
hydrate Polymer Technologies and Appli-
cations, 5: 100260.

43. Ch, L.,Goel, N., Datta, K., Addlagatta, A., 
Ummanni, R., Reddy, B. (2013). Green 
Synthesis of Curcumin Capped Gold 
Nanoparticles and Evaluation of Their Cy-
totoxicity.Nanoscience and Nanotechnolo-
gy Letters, 5(12):1-8.

44. Hosseinzadeh, S.,Nazari, H., Esmaeili, E., 
Hatamie, S. (2021). Polyethylene glycol 
triggers the anti-cancer impact of curcum-
in nanoparticles in sw-1736 thyroid cancer 
cells. Journal of Materials Science: Materi-
als in Medicine, 32(9): 112. 

45. Danaei, M.,Dehghankhold, M., Ataei, S., 
HasanzadehDavarani, F., Javanmard, R., 
Dokhani, A., et al. (2018). Impact of Par-
ticle Size and Polydispersity Index on the 
Clinical Applications of Lipidic Nanocarrier 
Systems. Pharmaceutics, 10(2): 57. 

46. Hanna, D.H., and Saad, G.R. (2020). 
Nanocurcumin: preparation, characteriza-
tion and cytotoxic effects towards human 
laryngeal cancer cells. RSC Advances, 
10(35): 20724–20737.

47. Fatima, S. Mittapelly P, Gandu S, Poo-
sala R, Mateti A(2017). Journal of Glob-
al Trends in Pharmaceutical Sciences. 
8(4):4554-4557.

48. Singh, P.A., Bajwa, N., and Baldi, A. (2021). 
A Comparative Review on the Standard 
Quality Parameters of Turmeric. Indian 
Journal of Natural Products, 35(1): 2-8.

49. Chang, C.,Meikle, T.G., Su, Y., Wang, X., 
Dekiwadia, C., Drummond, C.J., et al. 
(2019). Encapsulation in egg white protein 
nanoparticles protects anti-oxidant activity 
of curcumin. Food Chemistry, 280: 65–72. 



Current Trends in Biotechnology and Pharmacy
Vol. 17(4) 1370-1382,October 2023, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2023.4.71

Parmar et al

1382

50. Ezati, P., and Rhim, J.W. (2020). pH-re-
sponsive pectin-based multifunctional 
films incorporated with curcumin and sul-
fur nanoparticles. Carbohydrate Polymers, 
230: 115638. 

51. Zhang, J.,Zou, X., Zhai, X., Huang, X., Ji-
ang, C., Holmes, M. (2019). Preparation of 
an intelligent pH film based on biodegrad-
able polymers and roselleanthocyanins for 
monitoring pork freshness. Food Chemis-
try, 272: 306–312. 

52. Tyagi, P.,Singh, M., Kumari, H., Kumari, A., 
Mukhopadhyay, K. (2015). Bactericidal ac-
tivity of curcumin I is associated with dam-
aging of bacterial membrane. PloS One, 
10(3): e0121313.

53. Jaiswal, S., and Mishra, P. (2018). Antimi-
crobial and antibiofilm activity of curcum-
in-silver nanoparticles with improved sta-
bility and selective toxicity to bacteria over 
mammalian cells’, Medical Microbiology 
and Immunology, 207(1): 39–53. 

54. Bahari, S.,eighami, H., Mirshahabi, H., 
Roudashti, S., Haghi, F. (2017). Inhibi-
tion of Pseudomonas aeruginosa quorum 
sensing by subinhibitory concentrations of 
curcumin with gentamicin and azithromy-
cin. Journal of Global Antimicrobial Resis-
tance, 10: 21–28. 

55. Rai, D.,Singh, J.K., Roy, N., Panda, D. 
(2008). Curcumin inhibits FtsZ assembly: 
an attractive mechanism for its antibac-
terial activity. The Biochemical Journal, 
410(1): 147–155. 

56. Kaur, S.,Modi, N.H., Panda, D., Roy, N. 
(2010). Probing the binding site of cur-
cumin in Escherichia coli and Bacillus 
subtilis FtsZ--a structural insight to unveil 
antibacterial activity of curcumin. Europe-
an Journal of Medicinal Chemistry, 45(9): 
4209–4214. 

57. Huang, L., Wu, C., Gao, H., Xu, C., Dai, M., 
Huang, L., et al. (2022). Bacterial Multidrug 
Efflux Pumps at the Frontline of Antimicro-
bial Resistance: An Overview. Antibiotics, 
11(4): 520. 

58. Hughes, J. Rees, S., Kalindjian, S., Phil-
pott, K. (2011). Principles of early drug dis-
covery’, British Journal of Pharmacology, 
162(6): 1239–1249. 

59. Zhang, Y.,Mu, J., Han, J., Gu, X. (2012). 
An improved brine shrimp larvae lethality 
microwell test method. Toxicology Mecha-
nisms and Methods, 22(1): 23–30. 

60. Rajabi, S.,Ramazani, A., Hamidi, M., Naji, 
T. (2015). Artemiasalina as a model or-
ganism in toxicity assessment of nanopar-
ticles. DARU Journal of Pharmaceutical 
Sciences, 23(1): 20. 

61. Siddhardha, B., Dyavaiah, M. and Ka-
sinathan, K. (2020). Model Organisms to 
Study Biological Activities and Toxicity of 
Nanoparticles (1st edition),Springer, Singa-
pore, pp. 401–415.

62. Clarkson, C.,Maharaj, V.J., Crouch, N.R., 
Grace, O.M., Pillay, P., Matsabisa, M.G., et 
al. (2004). In vitro antiplasmodial activity of 
medicinal plants native to or naturalised in 
South Africa. Journal of Ethnopharmacolo-
gy, 92(2–3): 177–191. 

63. Hamidi, М.R., Jovanova, B., and Panovs-
ka, Т.K. (2014). Toxicоlogical evaluation of 
the plant products using Brine Shrimp (Ar-
temiasalina L.) model. Macedonian Phar-
maceutical Bulletin, 60(1): 9-18. 

64. International Organization for Standard-
ization. ISO 10993-4:2017(En). Biological 
Evaluation of Medical Devices-Part 4: Se-
lection of tests for interactions with blood. 
Geneva: ISO; 2017 Apr. Available on-
line:https://www.iso.org/standard/63448.
html


