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Summary

In Cuba, Curcuma longa, is originally found in the mountainous regions of Pinar del Rio
and Santiago de Cuba. Since ancient times this plant has been used primarily in Asia as a
food, cosmetic and herbal medicine, nevertheless in our country there is not report of the
traditional use. Due to population aging and the increase of chronic non communicable
diseases, the development of nutraceuticals has become of interest in our country. In the
present work we evaluated a nutraceutical prepared with Curcuma longa cultivated in the
Artemisa region. We determined the antioxidant activity by DPPH and FRAP methods, the
anti-inflammatory activity in vivo in the cotton disc-induced granuloma model, the cytotoxic
effect in the human tumor line NCI-H460 and the lipid-lowering properties in knockout
ApoE mice. The results showed that the nutraceutical is capable of sequestering DPPH
depending on the concentration used, with a mean inhibitory concentration of 150ug/ml
and high ferroreductive activity even at the concentration of 0.25mg/ml. In the granuloma
model in mice the nutraceutical reduced systemic inflammation and cell infiltration and
inhibited the formation of granuloma in a dose-dependent effect with an average effective
dose of 3,245mg/kg, which is interesting in a natural product. It also showed cytotoxic
potential in the human tumor cells NCI-H460 with a high anti-proliferative activity in
this line. The trials with APOE knockout mice indicated that the nutraceutical not only
promotes lipid lowering and atheroma decreasing, but also improves vessel wall condition
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Introduction

In Cuba, Curcuma longa (C. longa) is originally found in the
mountainous regions of Pinar del Rio and Santiago de Cuba but there
are not reports about the traditional use of this plant. Recently, as the
benefits of C. longa'> are known in our country, its cultivars have
been extended and currently we can find it in different regions of the
country, including the central region where there are large cultivar
areas.

C. longa, common name turmeric, is a herbaceous plant native
from southwest India and belonging to Zingiberacea family. The most
important chemical components of turmeric are a group of compounds
called curcuminoids, which include curcumin (diferuloylmethane),
demethoxycurcumin and bisdemethoxycurcumin. The best studied
compound is curcumin, which constitutes 3.14% (on average) of
turmeric powder.® In addition there are other important volatile
oils such as turmeron, atlantone and zingiberene. Some general
constituents are sugars, proteins and resins.

In order to find the potential therapeutic or preventive effects
numerous studies have been focused on the phytochemicals contained
in of C. longa. Diseases such as arthritis, diabetes’ and cancer®'’have
been the focus of this research. Curcumin has been shown to inhibit

protein kinase C and the expression of several oncogenes in murine
skin cancer models.® Other results show the anti-carcinogenic and
chemo-preventive activity of turmeric in colorectal cancer and other
types of malignant and inflammatorylesions.”! Some researchers
even suggest the existence of epigenetic mechanisms involved in
the chemo-preventive and anti-inflammatory effects of C. longa
metabolites."!

Currently the development of nutraceuticals with high therapeutic
or preventive properties is an important topic in Cuba. A nutraceutical,
according to definition, is a dietary supplement, presented in a non-
food matrix (pills, capsules, powder, etc.), of a concentrated natural
bioactive substance usually present in food and which, taken in a
dose higher than that existing in that food presumably has a favorable
effect on health, greater than what normal food could have. Since
2016, the development of a nutraceutical from C. longa is a research
project associated to the National Program of Natural and Traditional
Medicine of the Cuban Ministry of Public Health.

Due to the population aging the impact on chronic non
communicable diseases and on the oxidative stress directly associated
to these pathologies, are a focus for the use of nutraceuticals.
Oxidative stress is caused by a short-term or long-term imbalance
between antioxidants and pro-oxidants, in favor of oxidants, which
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causes disruption of signaling and cellular control mechanisms.'
Although high levels of reactive oxygen species (ROS) can damage
a wide variety of molecules, the production of ROS is essential for
the physiology of normal cells."*The balance between ROS and the
antioxidant capacity of cells is very important for normal metabolism,
signal transduction and regulation of cellular functions.'

In the case of cancer, the relationship with oxidative stress
has been the subject of intense debate due, mainly, to the well-
documented fact that tumor cells have high levels of ROS compared
to normal cells.”> However, numerous antioxidant compounds and
molecules have demonstrated cytotoxic and antitumor capacity,
indicating that there is more than one mechanism involved in this type
of pharmacologicalactivities.!®!” Natural extracts obtained from both
marine and terrestrial plants are rich in poly-phenolic compounds with
high antioxidant and anti-inflammatoryactivity.!” Oxidative stress has
been correlated with the ability to induce mutations in tumor cells,
since ROS can form adducts, modify the primary structure and cause
DNA damage, increasing themutationrate."*These modifications and
oxidative damage to DNA are closely related to the inflammatory
process and carcinogenesis."”

In the present work we evaluated the antioxidant, anti-
inflammatory, cytotoxic and lipid-lowering properties using in vitro
and in vivo models, of a nutraceutical of C. longa cultivated in Cuba
in the Artemisa region.

Methods

Nutraceutical

The nutraceutical was prepared from C. longa harvested in
the Province of Artemisa, with Good Production Practices. It was
approved for the use according to Cuban Standard Regulations.

Cell line

The tumor line INCI-H460 (non-small cell human lung
adenocarcinoma) was acquired from ATCC and cultured in RPMI
medium 10% fetal bovine serum and 1% penicillin / streptomycin,
according to the manufacturer’s recommendations. The cells were
maintained in exponential phase of growth at 37°C and 5% CO,,.

Animals

The experiments were approved by the Ethic Committee of
the institutions participant in the study. Balb/c mice and ApoE
knockout mice were used in this study. The animals were obtained
from the National Center for the Production of Laboratory Animals
(CENPALAB), they were received with their corresponding
certificates of hygienic-sanitary and genetic quality. The animals were
kept in the Finlay Institute bioterium in groups of three animales,
with free access to food and water. The temperature, humidity and
light were controlled (22+1°C; 55+5%; and light/dark cycle 12 h/12
h, respectively). To select the experimental groups, it was taken into
account that the animals were clinically healthy and that the weights
were homogeneous, assigning the treatments randomly.

Determination of antioxidant activity
o-o-Diphenyl-p-picrilhydrazyl (DPPH) method

The antioxidant activity was evaluated by determining the
sequestration activity of the DPPH radical by the Brand-Williams
method, with some modifications.?
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Plasma Ferroreductive Activity (FRAP)

This method evaluated the antioxidant capacity of the nutraceutical
according to its ability to reduce ferric iron (Fe3 +) present in a
complex with 2,4,6-tri (2-pyridyl)-s-triazine (TPTZ) tothe ferrous
form (Fe2 +), which has a maximum absorbance at a wavelength
between 590-595nm.?!

Determination of anti-inflammatory activity

It was performed by the method of granuloma induced by
cotton discs. Groups of 10 male Balb/c mice each were used. The
anesthetized animals received two 2 cm incisions in the inter-scapular
region of each animal (on each flank of the animal), and a sterile and
cotton disc was introduced in each incision. The average weight of the
cottons was10+2 mg. The wound was then sutured and post-surgical
sepsis prevention was performed by topical application of procaine
penicillin.

From the next day after cotton implantation and for 8 consecutive
days, the nutraceutical of C. longa was administrated at 6 different
concentrations (0.1, 1, 10, 50, 100 and 200mg/kg) using intragastric
cannula. The euthanasia of the animals was performed, the granulomas
formed were removed from the tissue, and placed in Petri dishes to
be weighed in analytical balance to determine their wet weight (this
value indicates the action of the substance at the level of edema in
the inflammation). Subsequently, they were dried in an oven for
24 hours and weighed again to determine their dry weight (related
to the amount of connective tissue present). Control animals only
received 0.5% carboxy methyl cellulose (CMC), which constituted
the vehicle in which the products were solubilized. Dexomethasone
was used as a positive control of the experiment and was administered
in a reference group at 3 mg/kg, intra-peritoneally approximately 3 h
before sacrifice.

Determination of cytotoxic activity
Cell viability test

To determine the cytotoxic effect of the products under study
on the human tumor line, the cells were treated with increasing
concentrations of eachextract (0.1-1000ug/mL) and the cell viability
of the culture was determined after 48h incubation. Concentrations
were tested in triplicate and cell viability was determined by the violet
crystal method.?

Lipid lowering effect

Groups of 5 female mice of the 42-week ApoE knockout line were
used. The nutraceutical equivalent to 200 mg/ kg was supplied daily
orally daily with intragastric cannula for three months. Determinations
of cholesterol and triglycerides were performed at the end of the test
with the extraction of blood samples through the retro-orbital plexus.

Pathological investigations were carried out by conventional
methods. The macroscopic alterations were collected in protocols
established for this purpose, while for histo-pathological studies were
performed by fixing the selected fragments of tissues in 10% neutral
formalin. The samples obtained were processed by the inclusion
technique and paraffin sections, and colored with Hematoxylin Eosin
(H.E). In addition, atheroma and vessels were analyzed with a system
(hardware and software) designed in our laboratory for pathological
studies.
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Statistical analysis

In all the cases the graphs and values were generated using
GraphPrism 5 software. For the anti-inflammatory activity with the
granuloma animal model the statistical analysis was performed for p
<0.05,p <0.01 and p <0.001 (Anova and the Dunnett test a posteriori).
In the case of lipid lowering experiments, for the biochemical and
histological parameters with knockout mice, the level of statistical
significance was p <0.05 in all the cases. All ANOVA results are
detailed in the legends of the figures for easier reading.

Results
Determination of antioxidant activity

The ability to sequester free radicals is one of the primary criteria of
antioxidant activity. In this sense, C. longa extracts were evaluated for
their ability to sequester the DPPH radical in vitro. Figure 1 shows the
concentration-response curves of the inhibition percent of this radical
by the nutraceutical. As it is shown in the graph, the nutraceutical is
capable of sequestering DPPH depending on the concentration used,
with an IC50 of 150ug/ml.
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Figure | DPPH radical sequestration by the nutraceutical of C.longa.
The inhibition percent of the radical as a function of the logarithm of the
concentration is shown and the calculated IC50 value is specified. The IC50
graphs and values were generated using GraphPrism 5 software.

The antioxidant capacity of these extracts was also evaluated
according to their Fe3 + reducing activity through the FRAP test, since
iron in ferric form is able to react with free radicals contributing to the
formation of ROS. Table 1 shows the equivalent values of ascorbic
acid determined by this method, that show a high ferroreductive
activity even at the concentration of 0.25 mg/ ml. Different authors
have determined in extracts of C. longa that there is a positive linear
correlation between the total phenolic content and the reducing
activity. They have also shown that the anti-radical activity in the
plant is a consequence of the concentration of some of its secondary
metabolites specifically, the curcuminoids.?®** It has also been proven
that geographical variation, in addition to other factors such as soil
type, climate, cultivation method, rainfall, drastically affect the
content of curcumin in C. longa® and consequently its antioxidant
activity.
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Determination of anti-inflammatory activity

The nutraceutical was evaluated for its anti-inflammatory effects
in a granuloma model induced by cotton discs in Balb/c mice. Figure
2 shows the granuloma weight values in mg for the doses evaluated,
which were compared with control animals and with animals
administered with Dexamethasone as an anti-inflammatory control.
Similarly, the nutraceutical dose-response behavior was evaluated
from the granuloma weight data obtained from the previous model.
The nutraceutical is able to inhibit the formation of granuloma in a
dose-dependent effect with an average effective dose of 3,245 mg/kg
(Figure 3). These results together demonstrate that the nutraceutical
has anti-inflammatory activity, being able to reduce in vivo local and
systemic inflammation and cell migration induced by a foreign body.
In this model of chronic inflammation, the nutraceutical from C.
longa showed activity in a dose lower than 10 mg/ kg, which is very
interesting considering that it is a natural product.
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Figure 2 Effect of the nutraceutical of C. longa on granuloma formation. The
average granuloma weight of the animals treated with each dose is shown.
The control group was only administered with 0.5% carboxymethyl cellulose.
Animals treated with 3 mg/kg i.p. Dexamethasone 3 h before sacrifice
constitutes a positive control of the experiment. A significant decrease in
granuloma weight is observed for the groups treated with doses of 10, 50, 100
and 200 mg/kg (Anova and the Dunnett test a posteriori) *p<0.05, **p<0, 0|
and ¥**p<0.001.
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Figure 3 Dose-response curve of the anti-inflammatory activity of the
nutraceutical of C. longa. The average weight of the granuloma of the treated
animals is shown according to the logarithm of the dose in mg/kg. The
nutraceutical inhibits granuloma formation in this model in a dose-dependent
manner. Inhibition parameters were calculated using GraphPrism 5 software
and an average effective dose (ED50) of 3,245 mg/kg body weight was
determined.
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Oxidative stress is closely related to inflammation and it is
known that free radicals are capable of causing damage to different
biomolecules such as DNA, lipids and proteins. These oxidative
damages promote cell death, the release of pro-inflammatory
substances and increase the activity and recruitment of cells of
the immune system, which determines the development of the
inflammatory response. The close relationship between the processes
of inflammation and oncogenesis has also been demonstrated. These
processes modulate each other and have common molecular targets.
Therefore, it is expected that a product with high anti-inflammatory
activity also has antioxidant and cytotoxic/ antitumor properties.

Determination of cytotoxic activity

In another experimental block, cytotoxicity as a criterion of its
potential antitumor activity, was evaluated in the NCI-H460 line (non-
small cell human lung adenocarcinoma). Cell viability was determined
by vital staining with violet crystal. The Figure 4 shows that the
nutraceutical is able to decrease the cell viability of the treated cells
with respect to untreated cells or cells incubated with 1% DMSO as a
control (vehicle in which the extracts are solubilized). The low mean
inhibitory concentration (IC50) demonstrates the anti-proliferative
effect of the nutraceutical (Table 3). C. longa is rich in curcuminoids
and other bioactive substances with high antioxidant activity, as
showed in this work, capable of modulating molecular targets of the
inflammatory cascade and related to malignant transformation.
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Figure 4 Cytotoxicity of the nutraceutical of C. longa in NCI-H460 cells.The
percentage of cell viability of the NCI-H460 line, untreated (control), treated
with 1% DMSO or exposed to concentrations of 100 and 250ug/ml is shown;
*p<0.05 and **p<0.01 with respect to control cells (Anova and the Dunnett
test a posteriori). The cells were incubated with the products for 48 h, in
triplicate. The graph was generated using GraphPrism 5 software.
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Table | Ferroreductive activity of the nutraceutical of C. longa

Concentration (mg/ml) UM equivalents of ascorbic acid®

| 369,56
0,5 302,89
0,25 176,22

“The ability to reduce Fe3 + as a function of the concentration tested is shown
as uM equivalent of ascorbic acid

Table 2 Antiinflamatory activity

Dosis (mg/ TW GAT

Treatment AA (%)<

kg) (mgy  (mg) )
Control CMC (0,5%) 88,85 18,38

0,1 89,57 18,97 4,40

| 85,51 16,63 4,23

10 66,10 ** 17,21 28,85
Nutraceutical

50 64,57 ** 14,5 |+ 30,79

100 60,34 ** I11,55%% 36,15

200 60,33 ¥k 12,40%%% 36,17
Dexamethasone 3 26,12 ¥ 9,95%k 69,56

“TW: Transudative Weight. (Wet granuloma weight-Dry weight). It represents
the formed edema

"TAG: Granuloma Associated Tissue. (Dry weight-Cotton disc weight).
Represents cell infiltration

‘AA: Anti-inflammatory Activity. (Granuloma weight control-Granuloma
weight treated) x 100/granuloma weight control

*p<0.05, **p<0.01 and ***p<0.001 (ANOVA and Dunnett a posteriori)

Table 3 IC50 values for nutraceutical in cells NCI-H460

Cellular line Cl,, *(ng/mL)

NCI-H460 140

*Concentration that decreases cell viability by 50%
Lipid lowering effect

In the present study we demonstrate the effects of the nutraceutical
on the atherosclerotic pathological processes in knock out APOE
mice, as well as its possible safety in this animal species. During the
daily observations, the animals did not present clinical alterations
and there was no mortality in any of the experimental groups which
indicate the safety of the nutraceutical in the doses and frequencies
used in the test protocol.

The biochemistry analysis showed a significant decrease in
cholesterol and triglyceride values for animals treated with the
nutraceutical (Figure 5). The pathological lesions observed in ApoE
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mice showed all known phases of atherogenesis and the accompanying
inflammatory response that has been observed in different species
such as rabbits, non-human and human primates. It was observed
that in the treated animals the measurements of the artery wall were
lower than that of the untreated animals. On the other hand, the size of
the atheroma located in the vascular wall was larger in the untreated
animals than in the animals that received the nutraceutical. In the
same way the wall / atheroma ratio is higher in the animals that did
not receive the treatment (see Figures 6, 7 and 8 and Tables 4, 5).
The initial alterations of the vascular walls consisted of accumulations
of muco polysaccharide-rich substances at the level of the intima of
the arteries, while the internal elastic membrane presented irregular
contours, partial duplications and risk of cardiovascular events.

14’00 Control
12,00
10,00
8,00
6,00
4,00
2,00
0,00

* P<0.005

. Nutraceutical

*

mmol/L

Cholesterol

Triglycerides

Figure 5 Cholesterol and triglyceride determinations in ApoE knockout mice
treated with the nutraceuticals compared to controls (n=5, *p <0.05, Anova
test).

Figure 6 ApoE mouse without treatment, observe thickening of the vascular
walls and presence of large atheromas in the lumen of the vessel. H.E.x120.

Dyslipidaemia is characterized by increased blood levels of total or
LDLcholesterol and triglycerides, or decreased HDL cholesterol levels,
and is a risk factor for cardiovascular disease. The anti-atherogenic
effects of the nutraceutical from C. longa that are due mainly to the
curcumin concentration arise from multiple mechanisms, including
direct curcumin’s antioxidant potential for scavenging various ROS.
The putative linkage of free-radicals-to-blood lipid peroxidation, such
as ox-LDL, is the major cause in the pathogenesis of atherosclerosis
and cardiovascular diseases. The cardio-protective properties of
curcumin are primarily attributed directly to its inhibitory effects
on inflammation and oxidative stress.”® Oxidative stress arises from
the excessive formation of ROS, which are endogenously formed
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as byproducts of metabolic reactions. Curcumin has been shown to
be effective in eliminating a variety of ROS including superoxide
anion radicals, hydroxyl radicals, and nitrogen dioxide radicals.?® It
is assumed that the unique conjugated structure of curcumin acts as
a radical-trapping structure as well as a chain-breaking antioxidant.

Figure 7 ApoE knock out mouse treated with the nutraceutical, observe
atheroma with smaller dimensions than untreated animals. H.E.x120.
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0,000 T 1 T T 1
0,000 0,100 0,200 0,300 0400 0,500

Vessel wall

Figure 8 Ratio vessel wall/atheroma in APOE knockout mice (n=5,* p <0.05,
Anova test).The ratio for the treated animals are significative lower that non-
treated animals which confirm the anti atherogenic effect of the nutraceutical.

Table 4 Quantitative study of pathological lesions in non-treated (control)
ApoE knockout mice

Control (non treated animals)

Reference Relative ratio to the reference line

Line Vessel wall ~ Atherome  Vessel wall + Atheroma
| 0.15

2 0.18 0.46 0.64

3 0.27 0.49 0.76

4 0.16

Mean value 0.19 0.475 0.7
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Table 5 Quantitative study of pathological lesions in treated ApoE knockout
mice

Treated animals

Reference Relative ratio to the reference line

Line Vessel wall ~ Atherome  Vessel wall + Atheroma
| 0.02 0.07 0.08

2 0.0l 0.04 0.05

3 0.02 0.06 0.08

5 0.0l 0.03 0.04

7 0.34 0.16 0.5

9 0.0l 0.06 0.07

10 0.01 0.04 0.05

Mean Value 0.059 0.066 0.124

As a conclusion, the nutraceutical from C. longa showed anti-
inflammatory activity in the cotton disc-induced granuloma model,
reducing systemic inflammation and cell infiltration. It also showed
cytotoxic potential in the human tumor line NCI-H460 with a high anti-
proliferative activity in this line. It would be interesting to evaluate the
crude extract of C. longa in other inflammation models in a dose range
that includes the determined average effective dose and to confirm at
cellular and molecular level, the possible mechanisms responsible for
the observed anti-inflammatory, antioxidant and cytotoxic activity. The
trials with APOE knockout mice demonstrated the nutraceutical lipid
lowering effects as demonstrated by biochemical and pathological
tests. The nutraceutical promoted a significant decrease in cholesterol
and triglyceride levels in favor of treated animals. This corresponds
to the decrease in lesion processes at the cardiovascular system level
in the animals that received the treatment. Although the beneficial
effects of the nutraceutical are related to their lipid lowering actions,
the histo-pathological observations suggest the existence of various
beneficial effects on the vascular wall, beyond the lipid reduction.
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