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Abstract

Eight synthetic curcuminoids were investigated for their cytotoxic and tumoricidal activities as well as for their free
radical scavenging activity. All the curcuminoids were found to be cytotoxic to cultured L929 cells; concentration
needed for 50% inhibition being around 1 ug/ml (3.9-2.5 uM). As antitumour agents, veratryl curcuminoid and
salicyl curcuminoid increased the life span of animals by 100.6 and 86.9%, respectively. All the curcuminoids inhibited
in vitro lipid peroxidation and scavenged superoxides and hydroxyl radicals. Curcuminoids with a free hydroxyl
group on the phenyl ring, such as salicyl curcuminoid, were found to be most active. Compounds which did not have
free hydroxyl group such as veratryl curcuminoid, had lower activity in vitro but showed comparable activity in vivo.
The results indicated that synthetic curcuminoids, like natural curcumin are potent antioxidants.
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1. Introduction

Curcumin, an active ingredient from Curcuma
longa is reported to have cytocidal activity to-
wards tumour cells (Kuttan et al., 1985) and is
reported to have antitumour activity in animals
(Soudamini and Kuttan, 1988). It inhibited pro-
duction of oxygen free radicals (Elizabeth and
Rao, 1990) and is a potent inhibitor of lipid
peroxidation (Nishigaki et al., 1992; Soudamini et
al., 1992). It has been reported to be anticarcino-
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genic (Huang et al., 1988; Soudamini and Kuttan,
1989) and antimutagenic (Nagabushan et al,
1987). It is being tried as a chemopreventive drug
by National Cancer Institute, USA (Kelloff et al.,
1994). Its activity against HIV virus also has been
reported recently (Li et al., 1993). Other natural
curcuminoids obtained from Curcuma longa were
also found to have similar or even higher activity
as compared to curcumin (Ruby et al., 1995).
These findings indicated that the general structure
of curcumin i.e., the conjugated diene with an
adjacent phenolic group has the general property
to act as a potent antioxidant compound. In the
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and antitumour activity of several synthetic cur-
cuminoids.

2. Materials and methods

Eagle’s minimum essential medium and trypsin
were obtained from Hi-media Laboratories Pri-
vate Ltd., Bombay. L-Phosphatidyl choline was
purchased from Sigma Chemical Company, St.
Louis, MO. Phorbol-12-myristate-13-acetate was
a gift from Dr. Allan Conney, USA, and nitrob-
lue tetrazolium (NBT) from Sisco Research Labo-
ratories Pvt. Ltd., Bombay. p-Nitrosodimethyl
aniline (PNDA) and thiobarbituric acid was ob-
tained from BDH Chemicals, Poole, England. All
other chemicals and reagents used were of analyt-
ical reagent quality. The curcuminoids were syn-
thesised by the method reported previously
(Dinesh Babu and Rajasekharan, 1994). Structure
of curcuminoids used in the present study is
shown in Fig. 1. As the molecular weights of the
curcuminoids did not vary very much (Mol. wt.
256-396) all the concentrations were expressed as

pg/ml.

2.1. Determination of in vitro cytotoxicity of
curcuminoids

Ehrlich ascites carcinoma cells and Dalton’s
lymphoma ascites cells which were originally pro-
cured from the Cancer Research Institute, Bom-
bay and the Cancer Institute, Madras,
respectively, were maintained as ascites tumours
in Swiss albino mice. L929 Cells obtained from
the National Facility for Animal Tissue and Cell
Culture, Pune, were maintained in culture using
minimum essential medium containing 10% goat
serum.

The short term in vitro cytotoxicity studies were
done using Ehrlich ascites cells (Kuttan et al.,
1985). Different concentrations of the curcumi-
noids were incubated with tumour cells (1 million)
suspended in PBS and cytotoxicity was deter-
mined after 3 h by the trypan blue exclusion
method.

2.2. Determination of cytotoxicity of
curcuminoids in tissue culture

The effect of curcuminoids on the growth inhi-
bition of tissue cultured cells were studied using
L929 cells (Kuttan et al., 1988). Different concen-
trations of the curcuminoids (2-20 ug/ml) were
incubated with 5 x 10* cells in minimum essen-
tial medium containing 10% goat serum. After
incubation, the cells were detached by trypsiniza-
tion (0.2%) and the percentage of live cells were
calculated and compared with that of the control.
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Fig. 1. Structure of curcuminoids. (1) Curcumin. (2) Salicyl
curcuminoid. (3) Furfural curcuminoid. (4) Pyridine-3. (5)
Indole-3. (6) Veratryl. (7) Dimethylamino. (8) p-Anisyl. (9)
Piperonal.
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Table 1
Cytotoxicity of curcuminoids towards tissue cultured 1.929 cells

Name of the compound

Percentage control (7/C x 100)

10 (ug/ml) 5 (ug/ml) 2 (ug/ml) 1 (pg/ml)

Furfural curcuminoid 38 9.6 17.2 26.1
Salicyl 1.27 10.5 12.03 26.09
Pyridine-3 274 36.8 459 51.5
Indole-3 15.2 37 47.8 63.04
Veratryl 0.725 6.7 348 48.6
Dimethylamino 5.8 21.01 43.48 53.62
p-Anisyl 15.04 25.19 32.5 444
Piperonal 15.7 274 329 36

2.3. Liposome encapsulation of curcuminoids

‘Neutral unilamellar liposomes of the curcumi-
noids were prepared by the method of Bangham
et al. (1974).

2.4. Determination of the activity of curcuminoids
in reducing ascites tumour

Swiss albino mice (six per group) were injected
intraperitoneally with Ehrlich ascites tumour (10°
cells). Liposomally encapsulated curcuminoids
(12.5 mg/kg) were injected intraperitoneally 24 h
after tumour implantation and continued on alter-
nate days for 10 days. The death pattern of
animals due to tumour burden was noted and the
percentage increase in life span was calculated
(Kuttan et al., 1988).

2.5. Determination of superoxide scavenging
activity

Superoxide scavenging activity of the curcumi-
noids were determined by the method of McCord
and Fridovich (1969) which depends on the light
induced superoxide generation by riboflavin and
the corresponding reduction of NBT. The assay
mixture contained different concentrations of the
curcuminoids and EDTA (6 mM containing 3 ug
NaCN), NBT (50 uM) riboflavin (2 uM) and
phosphate buffer (58 mM. pH 7.8) in a total
volume of 3 ml. The tubes received uniform illu-
mination for 15 min and, thereafter, optical den-

sity was measured at 560 nm. The percentage
inhibition of superoxide production by the cur-
cuminoids was evaluated by comparing the ab-
sorbance of the control and experimental tubes.

2.6. Determination of lipid peroxidation inhibiting
activity

Different concentrations of the curcuminoids
were incubated at 37°C with a 25% mice liver
homogenate (0.1 ml) containing 30 mM KClI,
Tris—HCI buffer (0. 04 M, pH 7.0), ascorbic acid
(0.06 mM) and ferrous iron (0.16 mM) in a total
volume 0.5 ml for | h (Bishayee and Balasubrama-
niam, 1971). Inhibition of lipid peroxidation was
determined by the thiobarbituric acid method
(Ohkawa et al., 1979).

2.7. Determination of hydroxyl radical scavenging
activity

Hydroxyl radicals generated through Fenton
reaction bleach p-nitrosodimethyl aniline (PNDA)
specifically. The activity of the curcuminoids in
scavenging these free radicals was measured by
the extent of inhibition of bleaching of PNDA in
presence of the curcuminoids (Unnikrishnan and
Rao, 1990).

2.8. Inhibition of superoxide generation by
macrophages activated with PMA

Peritoneal macrophages elicited by sodium ca-



4 R.J. Anto et al. | International Journal of Pharmaceutics 131 (1996) 1-7

seinate were activated on the fifth day by injection
of PMA (100 ng/animal/kg, i.p.) in the presence
and absence of the curcuminoids (50 mg/kg, i.p).
After 3 h the peritoneal macrophages were har-
vested. The inhibition produced by the curcumi-
noids on the superoxide generation by the
macrophages was measured by the nitroblue tetra-
zolium reduction (Dwivedi et al., 1992). In short,
0.5 ml of the mixture (6:2:4) of NBT (0.2% in PBS
pH 7.4), dextrose (5%) and Hank’s balanced salt
solution was mixed with 0.5 ml of peritoneal
macrophages (1 x 10° cells/ml) and incubated
for 45 min at room temperature. The mixture was
centrifuged and the cell pellet was boiled with 2
ml pyridine for 10 min. The optical density of the
supernatant was measured at 515 nm which is a
measure of the amount of formazan produced by
the peritoneal macrophages.

3. Results

Salicyl curcuminoid produced 50% cell death at
a concentration of 8.5 ug/ml and indole-3-cur-
cuminoid produced the same effect at a concentra-
tion of 18.6 ug/ml. All the other curcuminoids
required 50 pg/ml or more to produce 50% cell
death (data not shown). The insolubility of the
curcuminoids in PBS may be the reason for the
low activity. However, all of them were found to
be cytotoxic to tissue-cultured 1.929 cells at con-
centrations around 1 xg/ml (Table 1).

Most of the curcuminoids when administered as
liposomes intraperitoneally could increase the life
span of mice bearing ascites tumour. The increase
in life span produced by veratryl, salicyl, piper-
onal, p-anisyl and dimethyl amino curcuminoids
was 100.6, 86.9, 69.7, 61.5 and 55.2% respectivety
(Table 2).

The compounds were investigated for their abil-
ity to inhibit the ferrous ion-induced peroxidation
of rat liver homogenate. Salicyl and piperonal
curcuminoids produced 50% inhibition of lipid
peroxidation at concentrations of 19.5 and 20
ug/ml, while p-anisyl and indole-3- curcuminoids
produced the same inhibition at concentrations of
31 and 37 pg/ml, respectively. The concentration
required by all other curcuminoids was around 50

Table 2
Effect of curcuminoids on reducing ascites tumour

Name of the Average Increase in lifespan
sample lifespan (%%0)
Control 172 + 1.2

Furfural 2283 + 43 30.5
curcuminoid

Salicyl 327 + 13.7 86.9
Pyridine-3 253 + 64 44.6
Indole-3 207 + 3 18.3
Veratryl 345 + 8 100.6
Dimethylamino 267 + 1.2 55.2
p-Anisyl 27.8 + 2.1 61.5
Piperonal 292 + 4.6 69.7

Values are means + S.D. of six determinations. Dose of the

sample given: 12.5 mg/kg body weight/day for 5 alternate
days.

ug/ml (Fig. 2).

Superoxides produced by the photosensitization
of riboflavin was inhibited by salicyl, p-anisyl and
piperonal curcuminoids. Salicyl curcuminoid pro-
duced 50% inhibition of superoxide production at
a concentration of 2.5 ug/ml while p-anisyl and
piperonal curcuminoids produced the same effect
at a concentrations of 3.3 and 5.2 ug/ml, respec-
tively. All the others required more than 24 yg/ml
to produce 50% inhibition (Fig. 3).
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Fig. 2. Effect of curcuminoids on inhibition of lipid peroxida-
tion. Salicyl curcuminoid (4). Piperonal (). Pyridine-3 (@®).
Furfural (O). p-Anisyl (A). Veratryl (A). Indole-3 (M)
Dimethylamino (J).
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Fig. 3. Effect of curcuminoids on inhibition of superoxide
production (refer to Fig. 2 for the symbols).

Hydroxyl radicals produced by Fenton’s reac-
tion were effectively scavenged by Salicyl, piper-
onal and p-anisyl curcuminoids which produced
50% inhibition at 2.8, 3.4 and 5.2 ug/ml, respec-
tively. Fig. 4 shows the inhibition produced by
various curcuminoids to the hydroxyl radical pro-
duction.

The antioxidant activity was further evaluated
in vivo by the inhibition of the production of
superoxides by macrophages activated with phor-
bol-12-myristate-13-acetate (PMA). Administra-
tion of 50 mg/kg body weight of salicyl
curcuminoid into the peritoneal cavity of mice,
pre-treated with 0.2% casein (i.p.) and PMA (100
ng; i.p.) to elicit and activate macrophages, pro-
duced 70.5% inhibition on the production of su-
peroxides while veratryl curcuminoid produced
62.7% inhibition at this dose. With the exception
of dimethyl amino curcuminoid (11.9%) all other
curcuminoids produced an inhibition of 40-50%
(Table 3).

4. Discussion

Earlier studies from our laboratory have shown
that the natural curcuminoids isolated from Cur-

cuma longa reduced animal tumours and are good
antioxidants (Ruby et al., 1995). Because of this
we conducted further studies on synthetic curcum-
inoids having similar structure, but different sub-
stituents. Salicyl curcuminoid, which is the ortho
isomer of curcumin III was found to be the most
active compound in this group. The latter was the
most active of the curcuminoids isolated from
Curcuma longa (Ruby et al., 1995). Some com-
pounds such as veratryl curcuminoid which was
found to reduce ascites tumour and scavenge the
superoxides produced by activated macrophages
in vivo, did not show significant activity in the in
vitro experiments. This suggests the metabolism
of this compound to an active intermediate in the
body.

p-Anisyl curcuminoid, having only one
methoxy group was found to be active, both in
vitro and in vivo. Removal of a methyl group
from the methoxy radical can change the com-

INHIBITION

PERCENT
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Fig. 4. Effect of curcuminoids on inhibition of hydroxyl radi-
cal production (refer to Fig. 2 for the symbols).
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Table 3
Effect of curcuminoids on inhibiting superoxides produced by
activated macrophages

Name of the curcumnioid Percentage inhibition

Furfural curcuminoid 475 + 6.6
Salicyl 70.5 + 44
Pyridine-3 413 + 3.8
Indole-3 433 + 76
Veratryl 62.7 + 2.8
Dimethylamino 119 + 4.2
p-Anisyl 484 + 2.1
Piperonal 463 + 36

Values are means + S.D. of three determinations. Curcumi-
noids (50 mg/kg body weight) were given intraperitoneally in a
liposome-encapsulated form to each experimental mouse just
before administration of 100 ng of PMA (i.p). Peritoneal
macrophages were collected 3 h later.

pound to curcumin III. Piperonal curcuminoid,
whose —OH groups are bridged by a —CH, group
was also found to be a potent anticancer agent
and antioxidant. The breakage of the methylene
bridge can yield two free hydroxy groups on each
benzene ring. In general, compounds which are
shown to be active may yield phenolic derivatives
upon metabolism and compounds which cannot
produce phenols have lower activity.

These observations suggest that the activity of
these curcuminoids is essentially due to the phe-
nolic group, which can react with a free radical to
form the phenoxyl radical. The high activity of
these compounds may be also due to the presence
of a double bond in conjugation with the phenyl
ring, through which the stability of the phenoxyl
radical is increased by electron delocalization.

Free radical intermediates such as superoxide
anion and hydroxyl radical are produced in living
system by various sources such as ionization of
water, by X-rays and by inflammatory phago-
cytes. These activated oxygen species induce DNA
strand breaks and chromosomal aberrations
(Cerutti, 1991) in mammalian cells.

Curcumin has been reported to be a potent
inhibitor of arachidonic acid metabolism (Conney
et al., 1991) and ornithine decarboxylase activity
(Rao et al., 1993). It also inhibits phorbol-12-
myristate-13-acetate-induced DNA  synthesis
(Huang et al., 1988) and BP-DNA adduct forma-

tion in vitro (Mukundan et al., 1993). It is also
suggested that curcumin, as an antioxidant, facili-
tates or enhances the activity of the natural an-
tioxidant system protecting the cells against the
oxidative challenge involved in carcinogenesis
(Perchellet and Perchellet, 1989). The well known
anti-inflammatory activity (Satoskar et al., 1986)
of curcumin may be attributed to its antioxidant
activity.

As the synthetic curcuminoids, especially those
having the phenolic structure, possess the anti-
cancer and antioxidant activities evinced by cur-
cumin, they may also act as potent antipromoters.
In fact, preliminary work done in our laboratory
indicated that salicyl and piperonal curcuminoids
inhibit carcinogenesis (data not published) in
mice.
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