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Abstract:
Background: Immunity and Longevity
Methods: A water extract of Curcuma longa (L.) [vern. Turmeric] roots (TurmericImmune™) standardized for a
minimum 20 % of turmeric polysaccharides ukonan A, B, C and D was evaluated for its biological properties
in in vitro tissue culture studies.
Results: The water extract of turmeric (TurP) exhibited induced-nitric oxide (NO) production in RAW264.7
macrophages. These results suggested the immunomodulatory effects of TurP. In addition, the polysaccha-
rides up-regulated function of telomerase reverse transcriptase (TERT) equally to the phenolic compound from
turmeric, curcumin.
Conclusions: The ukonan family of polysaccharides may assist in promoting cellular immune responses, tissue
repair and lifespan by enhancing immune response and telomere function.
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Introduction

Curcuma longa (L.), also known as turmeric, is a perennial tropical plant belonging to the ginger family native
to southern and southeastern tropical Asia. Rhizomes or roots are the parts of the plant used for nutrition
(curry), personal care and health-care applications [1]. The most researched components of turmeric rhizomes
are the yellow phenolic compounds, curcumin and its derivatives (chemically, diferuloylmethane), their hy-
drogenated counterparts tetrahydrocurcumin and its derivatives (white to pale yellow in color) and the water-
soluble polysaccharides described in literature as ukonan A, ukonan B, ukonan C and ukonan D. The polysac-
charides are composed of L-arabinose: D-xylose: D-galactose: D-glucose: L-rhamnose: D-galacturonic acid in
the molar ratios of 12:4:12:1:4:10 (ukonan A), 12:4:12:1:2:4 (ukonan B) and 8:3:6:14:2:3 (ukonan C). Ukonan D is
composed of L-arabinose, D-galactose, D-glucose and D-mannose in the molar ratio of 1:1:12:0.2, in addition to
small amounts of peptide moiety [1–4].

Old Hindu texts have described turmeric as an aromatic stimulant and carminative. Turmeric powder
mixed with slaked lime is a household remedy for the treatment of sprains and swelling caused by injury,
applied locally over the affected area. Mixed with borax as a paste, turmeric is applied to reduce tissue swelling
from inflammation. A decoction of turmeric (one ounce of turmeric to 20 ounces of water) is applied as anti-
inflammatory and anti-bacterial eyewash in a purulent eye condition known in India as “country sore eye.” In
pemphigus and shingles, turmeric paste with mustard oil is used to alleviate pain, inflammation and to speed
healing. Boiled with milk and sugar, turmeric roots have been a traditional remedy for colds. Current traditional
Indian medicine uses turmeric for anorexia, cough, diabetic wounds, trauma wounds, hepatic and biliary tract
disorders, rheumatism, inflammation of the eye, sore throat, sinusitis, urticaria and skin allergy [5].
Vladimir Badmaev is the corresponding author.
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In all these diversified applications the entire root, extracts from the root or some form of preparation of
the root in a paste have been used with success and benefit to overall health. This traditional practice of using
turmeric root has been recently discussed by nutritionists, medical practitioners and scientists in view of the
fact that turmeric holds a significant promise for human health [1, 5].

The epidemiological, preclinical and clinical data place turmeric as one of the most promising ingredients
against cancer and chronic degenerative conditions, extending healthy and productive years of human lives
[6, 7]. In the current study we have evaluated turmeric root water extract standardized for a minimum 20 %
of turmeric polysaccharides as well as polyphenolic compounds derived from turmeric roots standardized for
95 % curcumin.

Materials and methods

Measurement of nitric oxide (NO) production in the tissue culture in presence of TurP

Cell culture

RAW 264.7 cells derived from murine macrophages were obtained from the American Type Culture Collection
(Rockville, MD, USA). RAW 264.7 cells were grown in Dulbecco’s modified Eagle’s medium (DMEM) con-
taining 10 % endotoxin-free, heat-inactivated fetal bovine serum (GIBCO, Grand Island, NY, USA), 100 μg/mL
streptomycin and 100 U/mL penicillin in a humidified atmosphere containing 5 % CO2 at 37 °C. The cells were
cultured in a serum-free medium for the induced-NO production experiments. TurP was dissolved in PBS and
LPS (100 ng/mL) was added to the cell culture. Cells were treated with PBS as the vehicle control.

Nitrite assay

The nitrite concentration in the culture medium was measured as an indicator of NO production according to
the Griess reaction. After centrifugation at 1,000×g for 10 min, 100 μL of each supernatant was mixed with the
same volume of Griess reagent (1 % sulfanilamide in 5 % phosphoric acid and 0.1 % naphthylethylenediamine
dihydrochloride in water). Absorbance of the mixture at 550 nm was measured with an enzyme-linked immune
sorbent assay plate reader (Dynatech MR-7000; Dynatech Laboratories, Chantilly, VA, USA). The results were
divided by the results from corresponding control.

Measurement of TERT and telomerase in the tissue culture in presence of TurP and curcumin

Cell line

The clone-9 rat hepatocytes were obtained from American Type Culture Collection (Rockville, MD), grown in
90 % Ham’s F12K medium and 10 % fetal bovine serum (GIBCO BRL, Grand Island, NY), supplemented with
2 mM glutamine (GIBCO BRL), 1 % penicillin/streptomycin (10,000 units of penicillin/mL and 10 mg strepto-
mycin/mL).

Treatment

Cells were seeded into 10-cm petri dishes in Ham’s F-12K medium and incubated at 37 °C overnight. Cells
then were treated with indicated concentrations of 20 % turmeric polysaccharides extracted with water (TurP),
95 % curcumin ethanol extract (E) and 95 % curcumin ethyl acetate extract (EA) for 24 h. The 20 % turmeric
polysaccharides and 95 % curcumin were provided by the American Medical Holdings Inc., NY, USA.

Semiquantitative RT-PCR

Total RNA was isolated from clone-9 hepatocytes by using Trizol Reagent according to instructions from the
manufacturer (Invitrogen, Carlsbad, CA, USA). Changes in the steady-state concentration of mRNA in TERT
were assessed by reverse-transcription polymerase chain reaction (RT-PCR). Total of 2 µg RNA was transcribed
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into cDNA using SuperScript II Reverse Transcriptase (Invitrogen, Renfrewshire, UK) in a final volume of 20 µL.
RT reactions were performed at 50 °C for 50 min and 70 °C for 15 min in Gene Cycler thermal cycler (Bio-Rad).
The thermal cycle conditions were initiated at 95 °C for 1 min, and 30 cycles of amplification (94 °C for 30 s,
58 °C for 25 s, and 72 °C for 1 min), followed by extension at 72 °C for 3 min. The PCR products were separated
by electrophoresis on a 2 % agarose gel and visualized by ethidium bromide staining. Amplification of β-actin
was served as a control for sample loading and integrity. PCR was performed on the cDNA using the following
sense and antisense primer: TERT, forward primer 5-GACATGGAGAACAAGCTGTTTGC-3, reverse primer 5-
ACAGGGAAGTTCACCACTGTC-3; β-actin, forward primer 5-TGAAGGTAGGTGTGAACGGATTTGGC-3, re-
verse primer 5-CATGTAGGCCATGAGGTCCACCAC-3. Confirmation of the correct amplicons was obtained
by direct DNA sequencing of the PCR products.

Statistical analysis

Results are expressed as the mean ± standard error of the mean (SEM). Statistical analyses were performed us-
ing a two-way analysis of variance (ANOVA) with a subsequent Bonferroni post hoc test for pairwise compar-
isons between various combinations of two groups. A p-value of <0.05 was considered statistically significant.

Results

Using LPS as a positive control, we examined the effects of TurP on the NO production by RAW264.7 cells. As
shown in Figure 1, LPS treatment markedly induced NO production in the medium, but all three concentrations
(0.1, 0.5 and 1 μg/mL) of the TurP statistically significantly enhanced NO levels in a dose-dependent manner
(p<0.05) compared with the untreated control. These results suggested that TurP exhibited the immunomodu-
latory effects via stimulating the NO production by the RAW264.7 macrophages.

Figure 1: Effects of turmeric polysaccharides (TurP) on NO production in RAW264.7 macrophages.
The RAW264.7 cells were treated with 100 ng/mL LPS alone or TurP (0.05 μg/mL–1 μg/mL). After incubation for 24 h,
100 μL samples of culture media were collected for the nitrite assay. Each bar represents the average of triplicate determi-
nations. Statistical significance *p<0.05 compared with the control group.

The telomerase reverse transcriptase (TERT) and dependent telomerase enzyme are major components
of the telomere and have been shown to reduce replicative senescence and extend the lifespan of numerous
cell types. As shown in Figure 2, all samples were positive for β-actin, a control reagent confirming that the
RT-PCR products had not degenerated. The TERT gene expression was detected at 24 h of tissue culture.
Turmeric polysaccharides (TurP) and curcumin ethyl acetate (EA) but not curcumin ethanol (E) treatments,
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dose-dependently up-regulated TERT gene expression in rat clone-9 hepatocytes as compared to the untreated
control (p<0.05). The curcumin extracted with ethyl acetate (EA) and curcumin extracted with ethyl alcohol
(E), were both standardized for 95 % phenolic compounds, however they showed different biological activ-
ity in regulating TERT gene expression. This difference in biological activity needs to be elucidated in future
experiments.

Figure 2: Effects of turmeric polysaccharides and curcumin on TERT activity in rat clone-9 hepatocytes.
The gene expression of TERT was determined at the mRNA level by RT-PCR. Clone 9 cells were treated with 0.01 or 0.05
μg/mL turmeric polysaccharides (TurP) or curcumin (EA – ethyl acetate extract or E- ethyl alcohol extract) for 24 h and
lysed in CHAPS lysis buffer. TurP (0.05 μg/mL) and curcumin (EA) (0.01 and 0.05 μg/mL) up-regulated TERT gene ex-
pression statistically significantly in comparison with the control group (p<0.05).

Discussion

Water extracts (decoctions) and ethanol extracts (tinctures) of nutritional plants like turmeric have played im-
portant roles in practicing traditional Oriental medicine. For example, in the Tibetan Medical textbook decoc-
tion is described as an “extraction of the essence of medicine by boiling down (in water).” [8].

In general, the water extract from the plant or decoction in translation to modern terminology of medicinal
action offers better pharmacokinetics and pharmacodynamics and is considered to be more biologically active,
more bioavailable and quicker in action as compared to the whole plant. In current study we have evaluated
water and organic extracts of turmeric roots for their potential roles enhancing the immune and regeneration
mechanisms.

Nutritional support to innate and adaptive immune responses could be decisive for healthy aging and sur-
vival. Natural or innate immunity is particularly important in the aging process and is based on macrophages,
the immune cells crucial for first line anti-microbial defense and removal of bacteria as well as cellular and
metabolic debris – the first step in healing the damaged tissue by allowing repair and regenerative mecha-
nisms to take over. In addition, the macrophage-produced NO would play a role in innate immune response
in defense against infection and in killing microorganism, such as Leishmania major [9]. The water extractible
from turmeric root containing polysaccharides ukonan A, ukonan B, ukonan C and ukonan D are known to
activate the reticulo-endothelial-system (RES) and the phagocytic activty in vitro [2–4]. Further evidence of the
polysaccharides activating innate immune response comes from the current experiment showing induction of
NO production by the macrophages in the presence of (TurP) polysaccharides in vitro.

There is a new outlook on the biological mechanisms that operate in cellular homeostasis including immune
mechanisms and cell longevity (Figure 3). These mechanisms are collectively referred to as “epigenetics” and
reflect abilities of the body to regenerate damaged cells, tissues and organs, tapping genes to be activated or
suppressed in their respective functions, via consumption of compounds found in e.g. vegetables and fruits
[10–13]. It is now well recognized by the medical community that a diet rich in fruits and vegetables contributes
to healthy life, dramatically reduces risks of diseases and may extend lifespan [11, 12].

Brought to you by | Cornell University Library
Authenticated

Download Date | 5/20/17 5:44 AM

http://rivervalleytechnologies.com/products/


Au
to

m
at

ica
lly

ge
ne

ra
te

d
ro

ug
h

PD
Fb

yP
ro

of
Ch

ec
kf

ro
m

Ri
ve

rV
al

le
yT

ec
hn

ol
og

ie
sL

td
DE GRUYTER Pan et al.

Figure 3: Proposed biological mechanisms of polysaccharides ukonans A, B, C and D (TurP).
1. Ukonans A, B, C and D activate phagocytosis and innate immunity, assisting tissue repair. 2. Ukonan polysaccharides
activate telomerase reverse transcriptase (TERT), which enhances tissue regenerative properties. 3. Ukonan polysaccha-
rides inhibit inflammation. 4. Ukonans operate as biological response modifiers.

Various vegetable- and fruit-derived ingredients have been found to facilitate repair mechanisms of the
genetic material, the cellular DNA, which commands information for cellular repair and regeneration from
various forms of stress and chronic inflammation. The long and healthy life depends on a structure found in
our genes called telomere, an indispensable part of the cellular genome. The epigenetic effects of nutrition are
possible by maintaining the function of telomere.

Telomere itself is made of DNA and has its own repair “team” that involves synthesis and regeneration of
telomere’s DNA with the help of a telomerase enzyme that rebuilds the telomere. Telomerase enzyme is the
RNA complex, which requires telomerase reverse transcriptase (TERT) for its proper function.

The age-related shortening of telomere has been linked to cellular senescence, aging and the disease state.
Hence, regulation of telomere length and function has been considered as one of the important approaches in
maintaining health and longevity. In the current in vitro study we have shown that the activity of TERT can be
enhanced with polysaccharides and phenolic compounds from turmeric roots.

Based on this study the composition of natural compounds found in turmeric root may exemplify epige-
netic factors contributing to cellular health and longevity and preventing disease. The epigenetic control can
be exerted safely with dietary intervention with turmeric which is broadly utilized in cooking, in food and
beverages and the food supplements.
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