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Cytotoxicity, antioxidant and anti-inflammatory
activities of Curcumins I-III from Curcuma longa.
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Summary

Curcumin I, curcumin II (monodemethoxycurcumin) and curcumin ill (bisdemethoxycurcumin) from
Curcuma tonga were assayed for their cytotoxicity, antioxidant and anti-inflammatory activities. These
compounds showed act ivity against leukemia, colon, CNS, melanoma, renal, and breast cancer cell lines,
The inhibition of liposome peroxidation by curcumins I-III at 100 ug/ml were 58, 40 and 22 %, re
spectively. The inhibition of COX-I and COX-II enzymes by the curcumins was observed. Curcumins
I-III were active against COX-I enzyme at 125 ug/ml and showed 32, 38.5 and 39.2 % inhibition of the
enzyme, respectively. Curcumins I-III also showed good inhibition of the COX-II enzyme at 125 mg/ml
with 89.7, 82.5 and 58.9 % inhibition of the enzyme, respectively.

Key words: Curcuma tonga, curcumin, mon odemeth oxycurcumin , bisdemethoxycurcumin, turmeric,
anticancer, antioxidant, an ti-inflamma tory

Introduction

Curcuma tonga L. belongs to the family Zingiberaceae
and is a perennial, tropical herb that is cultivated wide
ly in Asia. Its rhizome is used extensively for imparting
color and flavor to foods . Turmeric, a powder from the
dried rh izomes, is used for medicinal purposes (Srima l,
1997). Turm eric, the powdered rhizo me, is repo rtedly
used as an antiseptic, a cure for poisoning, to eliminate
body waste products, for treating dyspesia, and respi
ratory disorders, as a cure for some skin diseases, in
cluding wound healing, and as a household remedy for
treating sprains and swellings caused by injury (Srimal,
1997; Ammon and Wahl, 1991),

Extracts, as well as purified compo unds fro m the rhi
zomes and aerial parts of C. tonga have shown a num
ber of biological activities includ ing anti microbial, an
ticancer, an d topoisomerase-inh ibitory activities, and
have been reported as antioxidant and anti-inflamma
tory agents (Srimal, 1997; Ammon and Wahl, 1991;
Roth et al., 1998; Kawamori et al., 1999; Rao et al.,
1995; Kuttan et al., 1985; Anto et al., 1996). There
have been a number of rep orts on the anti-inflamrnato-

ry activity of naturally occurring curcumins and their
synthetic analogues. Most of the studies, however were
conducted using animal or in vitro tissue homogenates
(Huang et al., 1991; Anto et al., 1998; Huang et al.,
1992; N urfina et al., 1997; Iyengar et al., 1994). Simi
larl y, the antioxidative effects of the curcumins and re
lated compo unds, including extracts from C. tonga,
were evaluated using different model systems such as
rat liver microsomes and linoleic acid as substrate in an
ethanol/wa ter system (Osawa et al., 1995; Masuda et
al., 1993) and an iro n-catalyzed lipid peroxidation in
rat bra in homogenate and ra t liver microsomes (Sree
jayan and Rao, 1994; Selvam et aI., 1995), and by de
termining its superoxide and hydroxyl radical scaveng
ing activities (Anto et aI., 1995).

In this stu dy, we have evalua ted the cytotoxicity on
cancer cell lines, antioxidant and anti-inflammatory ac
tivities, of curcumin I, curcumin II (monodemethoxy
curcumin) and curcumin III (bisdemethoxycurcumin)
isolated from C. tonga rhizomes. The in vitro cell-bas ed
anticancer efficacy of I-III was evaluated by the Na-
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tional Cancer Institute, Bethesda, MD, where the com
pounds were screened against several cancer cell lines.

Materials and Methods

and Plant Pathology, Michigan State University. The
rhizomes were collected, washed with water, cut into
small pieces and lyophilized, milled and stored at -20
DC in Ziploc bags until extraction.

Isolation of curcumins I-III
The dried, milled powder of the rhizomes (100 g) was
extracted sequentially and exhaustively using hexane
(500 mL, x2, 24h), ethyl acetate (500 mL, x2, 24h),
and methanol (500 mL, x2, 24h) in an extraction col
umn. Each extract was evaporated to dryness, yielding
1.11,4.75, and 5.5 g of hexane EtOAc and MeOH ex
tracts, respectively. Analysis of each extract via analyt
ical TLC against curcumin standard purchased from
Aldrich Chemical Co. revealed that the EtOAc extract
contained the curcumins. The EtOAc extract (600 mg)
was purified by preparative TLC using CHCliacetic
acid (9:1) as the developing solvent to yield curcumin I
(90 mg, R f 0.70), monodemethoxycurcumin (curcumin
II, 84 mg, R, 0.50) and bisdemethoxycurcumin (cur
cumin III, 47 mg, R, 0.30), respectively. The structures
of curcumins were confirmed using lH NMR spec
troscopy and were identical to those of published data
(Roth et a!., 1998).

National Cancer Institute In Vitro Bioassays for Cyto
toxicity
Curcumins I-III were evaluated by Ncr using various
cancer cell lines for activity. The cell panel consisted of
60 cell lines against which compounds were tested at a
minimum of five concentrations. A 48 h continuous
drug exposure protocol was used and a sulforho
damine B (SRB) protein assay was used to estimate cell
viability or growth. The measured effect of the test
compound on a cell line or percentage growth (PG) was
calculated according to the procedures established by
NCI screening protocol (Boyd and Paull, 1995; Grever
et a!., 1992; Monks et a!' 1991).

The dose-response curve was created by plotting the
PGs against the loglO value of the corresponding con
centration for every cell line. The cell line curves were
grouped by subpanel. Horizontal lines were provided
at the PG values of +50 and -50 (Boyd and Paull, 1995;
Grever et a!., 1992; Monks et al. 1991).

Mean graphs representing the activity of test com
pounds facilitate visual scanning of data for potential
patterns of selectivity for particular cell lines or for par
ticular subpanels with respect to a selected response pa
rameter. Differences in apparent selectivity patterns
may occur for the same compound against the same
cell lines when different parameters are compared
(Boyd and Paull, 1995; Grever et a!., 1992; Monks,
1991). For simplicity, we have not included the graphi
cal representation of the cell assays.

HO

Curcumin II

o OH

o OH

o OH

Curcumin III

Curcumin I

General Experimental
lH NMR spectra were recorded on a Varian INOVA
300 spectrometer (300 MHz for 'H). Chemical shifts
were recorded in DMSO-d6 and the values are present
ed in () (ppm) based on () residual of DMSO-d6 2.49 for
'H NMR. Preparative TLC was done over silica gel GF
glass plates (20 x 20 ern, 500 mm, Analtech, Inc.,
Newark, DE). All positive controls (aspirin, ibuprofen,
naproxen, vitamin E, tert-butylhydroquinone, butylat
ed hydroxyanisole, butylated hydroxytoluene) and
chemicals used in the antioxidant and anti-inflammato
ry assays were purchased from Sigma Chemical Com
pany unless otherwise stated. All solvents were ACS
reagent grade and were purchased from Aldrich Chem
ical Co., Inc.

Plant Material
Turmeric plants (Curcuma longa) were grown in large
plastic pots, using a 1:1 mixture of loamy and bacto
soils. The plants were grown in the Bioactive Natural
Products Laboratory greenhouse at Michigan State
University. A voucher plant specimen was filed with the
Beal-Darlington Herbarium, Department of Botany
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Results

Time (min)

Fig. 1: Antioxidant activities of curcumins I-III at 100 ug/ml,
as determined by the liposome oxida tion assay using fluores
cence spectroscopy. Relat ive fluore scence (F/Fol was calculat
ed by dividing the fluorescence value at a given time point (Fll
by that at (=0 min (Fol.

The cytotoxic ities of curcumins l-Ill were evaluated
agains t severa l panels of cancer cell lines. In the
leukemia panel, good activity was observed against the
CCRF-CEM cell line by all th ree curcumins. Curcumin
I showe d excellent activity against leukemia cell lines
SR, HL-60(TB), RPMI -8226 and MOLT-4. Curcumin
II showed strong activity aga inst RPMI-8226 and SR
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+

or the test compounds. The positiv e controls BHA,
BHT, TBH Q and a-tocopherol (Vitamin E) were all
tested at a final concentrat ion of 10 mM. Fluore scence
intensit ies of these liposome solutions were measured
at an excitatio n wavelength of 384 nm every 3 min over
a period of 21 min using a Turne r Model 450 Digital
Fluorometer (Barnstead Thermolyne, Dubuqu e, IA).
The decrease of relative fluore scence intensity with
time indica ted the rate of peroxidation (Arora and
Stras burg, 1997).

Antioxidant assay
Antioxidan t bioassays were conduc ted on the purified
compounds by analysis of mode l liposo me oxidation
using fluores cence spectroscopy. A mixture containing
5urnol of I- steroyl-2-linoleoyl-sn-glycerol -3-phospho
choline ( Avanti Polar Lipids, Inc., Alabaster, AL) and
Surnol of the fluorescence probe 3-[p-(6-phenyl)-1,3,5
hexat rienyl]phenylpropionic acid (Mo lecular Probes,
Inc., Eugene, OR) was dried under vacuum using a ro
tary evaporator at roam temperature. The result ing
lipid film was suspended in 500 ul, of a buffer solution
containing 0.15 M NaCI, and 0.1 mM EDTA, 0.01 M
MOPS and subjected to ten freeze thaw cycles using a
dr y ice/ethanol bath . Th is buffer solution was treated
with chelating resin Chelex 100 to remo ve trace metal
ions . The lipid-buffer suspension was then extruded
twenty-nine times th rough a LiposoFast extru der
(Avestin, Inc., Ottawa, Canada ) containing a polycar
bonate membrane (pore size 100 nm ) to pro duce large
unilamellar liposomes (LUV's). A 20-~lL aliquot of th is
liposome suspension was diluted to a final volume of 2
mL in Chelex lOa-treated HEPES buffer (100 ul., pH
7.0), 1 M NaCl (200 ilL), N2 sparged water (Millipore,
1.64 mL) an d DMSO solution containing the test com
pound (20 ~L) vortexed and placed in the cuvette hold
er (23°C) of the spectrophotometer. Peroxidation was
then initiated by the add ition of 20 ul. of 2 mM stock
FeCl2 solution to achieve a final concentration of 20

Anti- inflammatory assay
Cyclooxygenase I activity (CO X-I) was measured using
an enzyme preparation ( ca. 0.46 mg prot ein/mL in 30
mM Tris buffer, pH 7.0), from ram semina l vesicles
(Oxford Biomedical Research, Inc., Oxford, MI). Cy
clooxygenase II activity (COX-II) was measured using
an enzyme preparation from insect cell lysate and di
luted with Tris buffer (pH 7) to yield an approx imate
fina l concentration of 1.5 mg protein/mL. Cyclooxyge
nase assays were perform ed at 37°C by monitoring the
initial rate of O2 uptake using an Instech micro oxygen
chamber and electrode (Instech Laboratories, Ply
mouth Meeting, PAl attached to a YSI model 5300 bi
ological oxygen monitor (Yellow Springs Instrument,
Inc., Yellow Springs, OH). Each assay mixture con
tained 0.6 mL of 0.1 M Tris buffer (pH 7), 1 mmol phe
nol, 85 ~g hemoglobin and 100 urnol arachidonic acid.
DMSO solutions containing the pure compounds or
DMSO alone (20 ~L) were added to the reaction cham
ber. Reactions were initiated by adding 5 to 25 ~lg of
microsomal protein in a volume of 10-20 ul., The da
ta was recorded using Qu ickLog for Windows data ac
quisition and control software (Straw berry Tree, Inc.,
Sunnyvale, CAl. (Laneuville et al., 1994; Mea de et al.,
1993).
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Discussion

Fig.3: Cyclooxygenase II enzyme inhibition activities of cur
cuminsI-III at 125 ug/rnl.,

ug/ml, and showed 32 j: 2,38.5 j: 2.9 and 39.2 j: 3.2 %
inhibition of the enzyme, respectively. The positive con
trols aspirin (180 ug/ml.), ibuprofen (2.06 ug/ml.) and
naproxen (2.52 ug/ml.) showed 41.13 j: 3.1 %,44.26 ±

2.9 % and 51.96 ± 3.7 % inhibition, respectively,
against COX-I. Curcumins I-III shaved good inhibition
of COX-II at 125 ug/ml, with 89.7 ± 2.6, 82.5 ± 1.9
and 58.9 ± 3.9 % inhibition of the enzyme, respective
ly.The positive controls aspirin (180 ug/rnl.), ibuprofen
(2.06 ug/ml.) and naproxen (2.52 ug/ml.) showed 40 ±

4.1 %, 34.26 ± 3.9 % and 29.96 ± 2.3 % inhibition, re
spectively, against COX-II.

Curcumins I-III are the major compounds in turmeric
responsible for imparting the bright orange-yellow col
or. Turmeric powders and pastes have found many us
es in cooking and the food industry and have been used
in folkloric remedies. Thus the evaluation of the con
stituents of C. tonga for its medicinal and biological
properties is very important. These compounds showed
moderate growth inhibition of various cancer cell lines,

I10

20

30

40

60

50

, ~ <$'
~~ ~~ '$'

~,;.:~ c:~ ~~
'l ,.~ ~t;v (;~

Fig. 2: Cyclooxygenase I enzyme inhibition activities of cur
cumins I-III at 125 ug/ml.,

cell lines. Similarly, curcumin III showed good activity
against MOLT-4 and SR cell lines. Moderate activity
was observed against colon cancer cell lines HCC
2998, HCT-116, and SW-620 by curcumins I-III. In the
panel of CNS cancer, good activity was seen for the cell
line SNB- 75 by curcumins I and II. Among melanoma
cell lines, only curcumin I showed activity against SK
MEL-28, M14, and UACC-62. In the renal cancer pan
el, activity was observed for the cell lines A498, and
RXF 393. Curcumin I exhibited strong activity against
A498 whereas curcumins II and III gave moderate ac
tivity against RXF 393. In the panel of breast cancers,
activity was observed for the cell lines MDA-N and T
47D by curcumins I and II.

The antioxidant assay used an iron-catalyzed lipo
some model and fluorescence spectroscopy to evaluate
the inhibition of lipid peroxidation by curcumins I-III
(Figure 1). Antioxidant properties of curcumins I-III at
100 ug/ml. were 58,40, and 22 %, respectively. At 33
ug/ml., the % inhibition of liposome peroxidation for
curcumins I-III were 35, 24, and 10 %, respectively.
The positive controls TBHQ (1.66 ug/rnl.), BHA (1.80
ug/ml.), BHT (2.20 ~g/mL) and vitamin E (4.31
ug/ml.) showed inhibitionat 90, 91, 81 and 7 %, re
spectively.

The cyclooxygenase I and II enzyme inhibitory activ
ities were determined using a biological oxygen moni
tor and a micro oxygen electrode (Figures 2 and 3).
Curcumins I-III were active against COX-I at 125
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with curcumin I being the most efficacious. Also, the
general trend that was observed for these compounds is
that as the polarity increased from curcumin I to cur
cumin III, the activity decreased. It appears as a result
that the methoxy groups are very important for the cy
toxicity exhibited by the curcumins.

Similarly, the evaluation of antioxidant activities of
the curcumins revealed that curcumin I, the most non
polar curcumin studied, was the best antioxidant.
However, in the anti-inflammatory studies curcumin II
exhibited the highest activity against COX-I, while cur
cumin I showed the best activity against COX-II en
zyme. Also, a greater inhibition of COX-II enzyme was
demonstrated by all three curcumins when compared
to COX-I at the same test concentration.

The consumption of turmeric or powdered rhizomes
of C. tonga in food as an additive or an ingredient in
food preparation may contribute to potential health
benefits as an antioxidant or in reducing inflammation.
Also, the activities reported here partially support the
anecdotal claims and the ayurvedic and folkloric uses
of turmeric or concoctions containing turmeric for
treating various ailments. However, additional in vivo
studies with curcumins in humans are required to sub
stantiate such claims.
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