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ARTICLE INFO ABSTRACT

Curcumin, which is derived from the turmeric rhizomes (curcuma longa) as a

Article History: natural polyphenol, is a substantially lipophilic molecule. This commonly used
Received 17 April 2019 substance is employed as a coloring agent and spice in food and contains potent
Accepted 22 May 2019 antioxidant, as well as anti-inflammatory, and anti-proliferative tumor activities.
Published 15 June 2019 The developed nanomicelle formulations of curcumin are used to promote

the bio-availability and solubility of the above-mentioned lipophilic molecule.
Keywords: The present investigation aimed to examine the anti-proliferative activity of

nanomicelle and free curcuminoids by using different cancer and normal cells
using a tetrazolium dye-based assay. To this end, various cell lines were treated

Cancer Cell

Curcumin > ’ >>Y : .

Vicelle with nanomicelle or free curcuminoids at different concentration of 5, 10, 20, 30,
and 40 uM for 48 hours at 37 °C. Our results demonstrated that the half maximal

MTT Assay inhibitory concentrations of the micellar form of curcuminoids for different

cancer cell lines were as high as its levels measured for its free form but in normal
cells, the toxicity of nanomicelles is lower than free form of curcuminoids.
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INTRODUCTION

Curcuminoids are a class of natural polyphenolic
compounds derived from turmeric (Curcuma
longa), which belong to the Zingiberaceae (ginger
family). Among them a yellowish compound,
curcumin, is the most abundant composition and
one of the most active constituents of turmeric (1, 2).

Itis widely consumed by people around the world
in the Traditional Chinese Medicine, cooking as
well as the food industry. Curcuminoids have been
introduced to have an array of biological effects,
namely as “anti-inflammatory”, “antioxidant’,
“antimicrobial, lipid modifying”, “anticancer”, and
“anti-angiogenic” “(2-8).

Various studies in recent years showed that these
class of compounds can act as a potent preventive
* Corresponding Author Email: jafarimr@mums.ac.ir

substance in the initiation and promotion of tumors
formed and induced by chemical carcinogen in
animals (3-5). Curcuminoids have been reported
by numerous researchers as a cancer chemo-
preventive in various types of animal tumors,
including colon (7, 9), duodenal (10), stomach (2),
prostate (11), and breast (12) both in vitro and in
vivo.

They are shown to have certain growth inhibition
and also apoptosis induction effects on the human
cancerous cells. Moreover, these substances target
multiple cellular signaling pathways without
toxicity induction in the normal cells (9, 13). For
further information, there is an in-depth review
of literature that introduces curcumin, the most
active curcuminoids, as an excellent alternative
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among the diverse natural compounds used for
cancer therapy (14).

According to numerous reports, curcumin
is also capable of effectively modulating the
expression of a large number of genes that are
responsible for various phases of proliferation,
angiogenesis, invasion, and metastasis of cancerous
cells. Furthermore, it is capable of suppressing the
progression and metastasis of tumors by blocking
a range of signal transduction pathways including
“p53, Ras, Wnt-f, MAPKs, ERK, PI3K, and Akt” in
the cancerous cells (2).

This substance is reported to influence CSCs
(Cancer Stem Cells) through diverse mechanisms,
such as deactivation of “transcriptional factors and
inflammatory cytokines”, or by suppressing various
protein kinases activities. Other mechanisms
include modulation of the activity of enzymes that
are in charge of inflammation and tumorigenesis,
inhibition of the receptors signaling cytokine as well
as growth factors. Moreover, the suppression of the
“expression of adhesion molecules” and inhibition
of “anti-apoptotic proteins and other targets” are
also mentioned. According to a set of clinical trials
exploring its safety or toxicity, the acceptable dose
of curcumin for achieving the optimal therapeutic
effects is reportedly between 4 and 8 grams per day
that is the tolerable dose for human beings. On
the other hand, it imposes “limited toxicity on the
Neural Stem Cells (NSCs)”, but exerts remarkable
“cytotoxic effects on the CSCs” (2). Furthermore,
curcumin is capable of lowering the concentration
of the “circulating TNF-a” that is a multifunctional
cytokine associated with different cell events
such as immunity, inflammation, cell survival
and apoptosis (15, 16). Curcumin also acts as “a
MicroRNA regulator in cancer” (34-36).

The fact that curcumin, as the major component
of curcuminoids, can be prescribed up to 8 g per
day in human clinical trials without any limitations
imposed by the dose-toxicity reveals how effective

it might well be in the prevention and treatment of
cancers (17, 18).

However, a major limitation of these compounds
is their low solubility in water (i.e., 0.0004 mg/
mL at pH 7.3 for curcumin) and their extreme
sensitivity at physiological pH (14, 16-20). What
is more, the low bioavailability of curcumin has
been reported in many pre-clinical and clinical
research conducted on mice, rats, and humans
(16). In a study conducted on humans, the oral
administration of 10 or 12 g/day curcumin led to
the observation of curcumin level of 50 ng/mL in
serum. Nevertheless, this lowered the availability of
curcumin in blood circulation to the minimum (19).
Another study revealed that the use of nanomicelles
highly promoted both the in-vitro cellular uptake
and the in-vivo corneal permeation and enhanced
the anti-inflammatory efficacy, compared to the
employment of a free curcuminoids solution (2).

With this background, the present study was
performed with the aim of examining the efficiency
of curcuminoid nanomicelles on cancer and
normal cells.

To this end, the study investigated the "anti-
proliferative effects» of free and curcuminoid
nanomicelles through a tetrazolium dye-based
(MTT) assay on ten different cell lines (Table 1).

MATERIALS AND METHOD

Nanomicelle containing curcuminoids is
registered as SinaCurcumin® obtained from
Exir Nano Sina Company, Tehran, Iran (IRC:
1228225765).The  curcuminoids powder was
purchased from Sami Lab Limited (Bengaluru,
Karnataka, India).

In addition, U-87-MG (human glioblastoma cell
line), NTH 3T3 (mouse embryonic fibroblast cells),
A549 (human fetal lung fibroblast cell line), and
Hela (human cervical carcinoma) were purchased
from the National Cell Bank of Iran (Pasteur
Institute, Tehran, Iran). Furthermore, BI16F0

Table 1. Cancer cell lines and normal cell line data in this study

Cell line Tissue Type Tissue Phenotype Primary
NIH Mouse Fibroblast Adherent No
4T1 Mouse Breast/Mammary Adherent No
TUBO Mouse Breast/Mammary Adherent No
SKBR3 Human Breast/Mammary  Adherent No
MDA-MB -231 Human Breast/Mammary Adherent No
B16F0 Mouse Adherent No
HELA Human Cervix Adherent No
J774 Mouse Macrophage Adherent No
U87-mg Human Astrocyte Adherent No
A549 Human Lung Adherent No
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(melanoma cell line) was obtained from the Sigma-
Aldrich (USA). Above-mentioned cell lines were
maintained in Dulbecco’s Modified Eagle medium
(DMEM, Sigma), supplemented with 10% (v/v)
fetal cow serum (FCS) (Gibco, BRL), 100 IU/mL
penicillin and 100 mg/mL streptomycin, and 2 mM
L glutamine and incubated at 37°C in “a humidified
atmosphere” containing “5% CO, and 95% air”.
TUBO, a cloned cell line overexpressing the
rHER?2/ neuprotein, was kindly provided by Doctor
Pier-Luigi Lollini from the Department of Clinical
and Biological Sciences, University of Turin,
Orbassano, Italy. This cell line was cultured in the
DMEM supplemented with 20% FCS. Other cell lines
included SK-BR-3 (human breast adenocarcinoma
cells), MDA-MB-231 (human breast adenocarcinoma
cells), and 4T1 (mouse mammary tumor cell line),
purchased from the National Cell Bank of Iran and
were cultured in “RPMI 1640 medium containing
25 mM HEPES’, as well as “2 mM L-glutamine
supplemented with 10% (v/v) heat-inactivated” FCS,
“100 IU/mL penicillin, and 100 mg/mL streptomycin
(all from Gibco)” and incubated in the humidified
atmosphere of 5% CO,and 95% air, at 37°C.

Cell Proliferation Assay

The cancer and normal cell proliferations in “the
presence of various concentrations of nanomicelle
and free curcuminoids” were determined through
the MTT assay (Roche Applied Sciences, Germany).
Briefly, “monolayer cultures were trypsinized in the
exponential growth phase”, after which by using
trypan blue exclusion, the viable cell were counted.
Subsequently, the seeding of the cells was conducted
in “96 well flat-bottom microtitration plates (SPL
Life Sciences, South Korea) at an appropriate
density of cells/well (200 pL media/well)”.

After 24 h incubation to reach 85% confluence,
cells treated with various concentrations of
nanomicelle and free curcuminoids. Firsta standard
“stock solution of curcuminoids” (10 mg/ml) was
prepared in extra pure dimethyl sulfoxide and
diluted with free FCS medium. Nanomicelles were
diluted directly in free-FCS medium. Afterwards,
the nanomicelle and free curcuminoids were added
to the cells at different concentrations (i.e. 5, 10, 20,
30, and 40 uM). After 48 h incubation, cells were
washed twice with “fresh and free-FCS medium.
Subsequently, a fresh FCS-containing medium was
used to remove nanomicelle or free curcuminoids
remained at the cell surface and then they were
incubated again for 48 hours. This step was added
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to eliminate the reducing effect of these compounds
on MTT and interference with the spectroscopic
measurments in the final step. After 48 hours of
incubation, the complete medium was replaced
with 100 pL of free FCS medium that contained 10
puL MTT (5 mg/ml in PBS). After incubating the
cells “for 4 hours at 37°C”, the medium was carefully
substituted with 200 uL dimethyl sulfoxide in order
to solve formazan crystals. Finally, with the help of
a spectrophotometric micro plate reader (Bio Tek
Elx. 808), the optical density was assessed “at a wave
length of 570 nm with background subtraction at
630 nm”. The viability of the cells was calculated
using the following formula:

OD toxin exposure X 1 00

control

Cell viability (%) =
where OD represents optical density.

RESULTS AND DISCUSSION

In the present study, the time-dependent
cytotoxicities of free and nanomicelle form of
curcuminoids were measured on different cancer
cells. The nanomicelle form of curcuminoids,
SinaCurcumin®, is marketed by Exir Nano Sina
Company in Tehran, Iran (IRC: 1228225765).
The encapsulation efficiency of curcuminoids in
nanomicelles is almost 100%. The mean diameter
of nanomicelles is around 10 nm, according to
dynamic light scattering. The curcuminoid content
and size distribution of nanomicelles remains
constant for at least 24 months. The oral absorption
of SinaCurcumin is at least 59 times more than the
conventional powder of curcumin in mice (21)

The different cell lines including 4T1, HELA,
and SKBR3, TUBO, MDA-MB-231, J774, B16F0,
U87-MG, A549 and also on a normal cell line,
NIH3T3, were used (Table 1). The Half maximal
inhibitory concentration (denoted as IC50s) of
the curcuminoids during the 48-hour incubation
period of time is presented in Table 1. Data
represented as UM + standard deviation (SD),
(n=3). As depicted in Table 1, the cytotoxicity of
the drugs varied among different cell lines with
the highest in 4T1 and the lowest for normal cells,
NIH3T3. Also, the results indicated that except for
a significant difference between cytotoxicity of free
and nanomicelle form of curcuminoids in NIH3T3
cells (p<0.007), there was no statistical difference,
observed in other cell lines. A comparison of IC50s
of two different forms of curcuminoids between
studied cell lines is shown in Fig. 1.
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Fig. 1. Normal and cancer cells Half maximal inhibitory concentration (IC50; uM) of free and nanomicelle form of curcuminoids
after the 48-hour incubation period (**: P-value <0.01).

Table 2. Normal and cancer cells Half maximal inhibitory concentration (IC50; uM) of free and nanomicelle form of curcuminoids
after the 48-hour incubation period.

1C5oxSD (uM)

Cell line NC FC P-value
NIH 38.71+2.88 19.37+6.05 0.007
4T1 5.64+0.40 8.23+2.21 0.117
TUBO 12.774£10.58 11.66+6.89 0.886
SKBR3 10.88+4.68 11.43+5.66 0.904
MDA-MB -231 15.83+7.88 12.59+2.83 0.54
B16F0 13.57+7.64 9.53+£3.11 0.305
HELA 10.77£2.74 12.48+1.40 0.515
J774 10.52+3.14 5.82+1.47 0.31
U87-mg 22.5745.45 15.85+1.54 0.235
A549 30.82+2.33 17.9442.63 0.106

NC: curcuminoids nanomicelle, FC: free curcuminoids

Statistically Significant: P-value <0.05

Different in vitro experiments have shown
the cytotoxic impacts of curcuminoids on
cancer cells at high concentrations. After taken
orally, however, these concentrations are never
provided in the tumor microenvironment due to
its low bioavailability and extensive metabolism.
Therefore, this limits the potential impact of oral
curcuminoids prescription on cancer treatment.
So far, different strategies have been developed to
overcome these limitations and many formulations
have been further studied to increase solubility
and enhance the bioavailability of curcuminoids,
such as prescription of curcuminoids with
piperine, synthetic analogues of curcumin, and
nanotechnology-based drug delivery systems,
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which include curcumin phytosomes, liposomes,
polymeric nanoparticles, etc. (22-28). Sina
Curcumin is a recently developed formulation
of curcuminoids introduced by Nano Exir Sina
Company (Tehran. Iran), based on nano micellar
form of curcuminoids.

Various in vitro experiments have revealed
that by being exposed to high doses of
curcuminoids, ranging from 5-50 puM, cancer
cells would die. The results of the present study
also confirmed different cytotoxic effects of
free and nanomicelles form of curcuminoids,
Sina Curcumin, on various cancer cell lines.
According to these findings, the highest IC50
value was observed in normal cell line, NTH3T3,
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meaning lower toxicity, which could be related to
the less harvesting of curcuminoids by these cells
because of their lower proliferation rate. In this
cell line, a lower significant toxicity was observed
for curcuminoids nanomicelles compared to
its free form (P<0.01) as well, which could be
related to slow releasing of curcuminoids from
the nanomicelles resulting in slow harvesting of
the drug.

As mentioned before, there is a wide range
of reports confirming that curcumin and other
curcuminoids may lead to cell death under certain
conditions. Goodpasture and Arrighi have shown
that in several mammalian cell lines, turmeric
could induce chromosome aberrations in terms of
dose and time dependence (29). According to the
accumulated data, DNA damage and chromosomal
alterations induced by curcumin occurs at doses
similar to those reported to exert beneficial
effects (30-35). These reports raise concerns
about “curcumin safety”, due to the importance
of “DNA alterations” in carcinogenesis. There is
an abundance of evidence that «reactive oxygen
species» (ROS) may have a significant role in
molecular mechanisms underlying its negative
effects. Some researchers showed that although
curcumin induce antioxidant effects at lower
concentrations, it can increase the cellular levels
of ROS at higher concentrations (36-39). “Two
a,B-unsaturated” ketone groups in the curcumin
chemical structure are known to be involved in a
reaction, called Michael addition. In this reaction,
these unsaturated ketone groups covalently react
with “ thiol groups of cysteine residues” of an
array of proteins. It can explain the reason why
curcumin generates ROS through irreversible
modification of “the antioxidant enzyme
thioredoxin reductase”, and why it causes other
protein in-activations such as topoisomerase
II, tumor suppressor protein p53 and exert its
cytotoxic effects at high concentrations. (27).

CONCLUSION

The results of present study confirmed the
cytotoxic effects of free and nanomicellar form
of curcumin in both normal and cancer cells.
However, it should be noted that the effects on
normal cells reduced for nanomicells compared
to free curcuminoids and this finding requires
further studies to clarify the probable mechanisms
through which different dosage forms of curcumin
induce such effects.
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