
Oxidative stress plays a major role in the pathogenesis of
various diseases including neurodegenerative diseases, my-
ocardial ischemia-reperfusion injury and cancer. Curcumin
[1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5,-
dione], the principal yellow pigment isolated from turmeric
(Curcuma longa Linn), is known as a potent antioxidant
comparable to a-tocopherol. Its antioxidant activities have
been studied in several in vitro models.1) Despite its poor
bioavailability,2—4) the therapeutic benefits of curcumin in an-
imals have been demonstrated in several oxidative stress
models such as Alzheimer’s disease,5) ethanol induced oxida-
tive injury in brain, liver, heart and kidney,6,7) and myocardial
ischemic damage.8) It is possible that the metabolites of cur-
cumin could mediate major antioxidant activities in vivo.

In mouse, curcumin is first biotransformed to dihydrocur-
cumin (DHC) and tetrahydrocurcumin (THC) and these com-
pounds are subsequently converted to monoglucuronide con-
jugates including curcumin-glucuronide, dihydrocurcumin-
glucuronide and tetrahydrocurcumin-glucuronide.9) In human
and rat hepatocytes, curcumin is metabolized into curcumin
glucuronide, curcumin sulfate, THC, hexahydrocurcumin
(HHC) and octahydrocurcumin (OHC).10,11)

Antioxidant activities of THC have already been studied
both in vitro and in vivo. Venkatesan et al.12) reported that
THC had higher activity than curcumin in protecting the 
nitrite induced oxidation of haemoglobin and lysis of ery-
throcytes. THC has also been demonstrated to be more po-
tent than curcumin in protection against ferric nitrilotriac-
etate (Fe-NTA) induced oxidative renal damage in mice.13)

THC produces this protective effect to cells against oxidative
stress by scavenging of free radicals,14) inhibition of lipid

peroxidation and formation of hydroperoxides.15) To the best
of our knowledge, the antioxidant activities of HHC and
OHC have not been reported.

We are also interested in the antioxidant activities of natu-
ral demethoxyl derivatives of curcumin, demethoxycurcumin
(Dmc) and bisdemethoxycurcumin (Bdmc), which are always
found together with curcumin in tumeric extracts and in com-
mercial preparation of curcumin. Antioxidant activities of
Dmc and Bdmc have been reported in the model systems of
hydroxyl radical induced DNA damage,16) DPPH radical
scavenging activity17) and recently in lipid peroxidation.18)

However, to date, there has been no comparative study on the
antioxidant activities of curcumin with its natural demethoxy
derivatives and metabolite hydrogenated derivatives. In par-
ticular, the ability to provide protection against lipid and cell
membrane damage of all of those derivatives has not yet
been reported.

The aim of this study is to compare the antioxidant activi-
ties of curcumin, its demethoxy derivatives (Dmc and
Bdmc), and hydrogenated derivatives (THC, HHC and OHC)
using three in vitro models: radical scavenging activity by
DPPH (2,2-diphenyl-1-picrylhydrazyl) assay, AAPH [2,2�-
azobis(2-amidinopropane)dihydrochloride] induced linoleic
acid oxidation and AAPH induced red blood cells hemolysis.
The relationship between chemical structure and ability to
protect against lipid and cell membrane damage was also
demonstrated in this study.

MATERIALS AND METHODS

Separation of Curcumin, Demethoxycurcumin and Bis-
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The antioxidant activities of curcumin, its natural demethoxy derivatives (demethoxycurcumin, Dmc and
bisdemethoxycurcumin, Bdmc) and metabolite hydrogenated derivatives (tetrahydrocurcumin, THC; hexahy-
drocurcumin, HHC; octahydrocurcumin; OHC) were comparatively studied using 2,2-diphenyl-1-picrylhydrazyl
(DDPH) radical, 2,2�-azobis(2-amidinopropane)dihydrochloride (AAPH) induced linoleic oxidation and AAPH
induced red blood cell hemolysis assays. Hydrogenated derivatives of curcumin exhibited stronger DPPH scav-
enging activity compared to curcumin and a reference antioxidant, trolox. The scavenging activity significantly
decreased in the order THC�HHC=OHC�trolox�curcumin�Dmc���Bdmc. Stronger antioxidant activities
toward lipid peroxidation and red blood cell hemolysis were also demonstrated in the hydrogenated derivatives.
By the model of AAPH induced linoleic oxidation, the stoichiometric number of peroxyl radical that can be
trapped per molecule (n) of hydrogenated derivatives were 3.4, 3.8 and 3.1 for THC, HHC and OHC, respec-
tively. The number (n) of curcumin and Dmc were 2.7 and 2.0, respectively, which are comparable to trolox, while
it was 1.4 for Bdmc. The inhibition of AAPH induced red blood cell hemolysis significantly decreased in the
order OHC�THC�HHC�trolox�curcumin�Dmc. Results in all models demonstrated the lower antioxidant
activity of the demethoxy derivatives, suggesting the ortho-methoxyphenolic groups of curcumin are involved in
antioxidant activities. On the other hand, hydrogenation at conjugated double bonds of the central seven carbon
chain and bb diketone of curcumin to THC, HHC and OHC remarkably enhance antioxidant activity.
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demethoxycurcumin Curcumin, demethoxycurcumin
(Dmc) and bisdemethoxycurcumin (Bdmc) were separated
from curcuminoids (Government Pharmaceutical Organiza-
tion, Bangkok, Thailand). Curcuminoids were subjected to
silica gel column chromatography using 10% (v/v) MeOH/
CHCl3 as the eluting solvent. The eluted solution was sub-
jected to thin layer chromatography on silica gel using chlo-
roform–ethanol (25 : 1 (v/v)) as the mobile solvent. Three or-
ange bands were separated, and were eluted with acetone.
After evaporation and crystallization from ethanol, the top
band gave curcumin as orange yellow needles. The middle
band crystallized from methanol gave demethoxycurcumin
as orange crystals and the lowest band crystallized from an
ethyl acetate–methanol mixture gave bisdemethoxycurcumin
as orange powder.16) The compounds were identified by using
MS and NMR spectra. Curcumin, MS m/z: 368 (M�), 1H-
MNR (CDCl3), d�7.26 (2 H, d, J�16 Hz), 7. 13 (2 H, d, J�
8 Hz), 7.05 (2 H, S), 6.92 (2 H, d, J�8 Hz), 6.70 (2 H, d, J�
16 Hz), 5.85 (1 H, s), 3.95 (6 H, s).19) Demethoxycurcumin,
MS m/z: 338 ( M�), 1H-MNR (CDCl3), d�7.63 (2 H, d , J�
16 Hz), 7.48 (H, d, J�8 Hz), 6.46 (2 H, d, J�16 Hz), 7.26 (H,
d, J�8 Hz), 7.01 (H, d, J�8 Hz), 7.13 (H, d, J�8 Hz), 6.87
(d, J�8 Hz), 3.91 (3 H, s).20) Bisdemethoxycurcumin, MS 
m/z: 308 (M�), 1H-MNR (CDCl3), d�7.61 (2 H, d, J�16
Hz), 7.43 (4 H, d, J�8 Hz), 6.90 (4 H, d, J�8 Hz), 6.5 (2 H,
d, J�16 Hz), 5.81 (1 H, S, 1-H).18)

Synthesis of Tetrahydrocurcumin, Hexahydrocurcumin
and Octahydrocurcumin Curcumin was converted to
tetrahydrocurcumin (THC) by hydrogenation with palladium-
carbon (Pd/C) as the catalyst.19) Hexahydrocurcumin (HHC)
and octahydrocurcumin (OHC) were synthesized from
tetrahydrocurcumin by reduction with sodium borohydride,20)

and the products were confirmed using MS and NMR spec-
tra. Tetrahydrocurcumin, MS m/z: 372 (M�), 1H-MNR
(CDCl3), d�6.82 (2 H, d, J�8 Hz), 6.69 (2 H, s), 6.65 (2 H,
d, J�8 Hz), 5.51 (2 H), 5.43 (1 H, s), 3.87 (6 H, s), and 2.5-3
(8 H, m).19) Hexahydrocurcumin, MS m/z: 374 (M�), 1H-
MNR (CDCl3), d�6.81 (2 H, d, J�8 Hz), 6.61 (2 H, s), 6.65
(2 H, d, J�8 Hz), 5.50 (2 H), 4.00 (1H), 3.81 (6H, s), 2.5—
2.9 (8H, m), 1.7 (2 H, m).19) Octahydrocurcumin, MS m/z:
376 (M�), 1H-MNR (CDCl3), d�1.68 (2 H, m), 2.15 (4 H,
m), 2.45—2.78 (4 H, m), 3.80 (6 H, s), 3.91 (2 H, br s), 5.98
(2 H, s), 6.64 (2 H, d, J�8 Hz), 6.68 (2 H, br s), 6.80 (2 H, bd,

J�8 Hz).21)

The structures of curcumin and the demethoxy and hydro-
genated derivatives are shown in Fig. 1.

DPPH Radical Scavenging Assay The hydrogen donat-
ing or radical scavenging ability of curcumin and its deriva-
tives was evaluated by using a stable radical, DPPH.22) Cur-
cumin and its derivatives were dissolved in methanol into
various concentrations. An aliquot of 0.2 ml of antioxidant
was mixed with 0.1 ml of 0.16 mM DPPH solution (Sigma,
St. Louis, MO, U.S.A.) in a total volume of 3 ml made up of
methanol. Final concentrations of the test antioxidants were
12.5 to 200 mM. The decrease in absorbance at 515 nm was
determined continuously for 15 min with a spectrophotome-
ter (UV–Visible Spectrometer GBC Cintra 4.0). Trolox
(Sigma, St. Louis, MO, U.S.A.) was used as a standard an-
tioxidant. All determinations were performed in triplicate.
The percentage of inhibition (% inhibition) was calculated
following the equation: % inhibition�[1�(Ab515 sample/
Ab515 control)]�100. The IC50 value (the inhibition concen-
tration of sample at 50% fall in absorbance of DPPH) was
used to compare DPPH scavenging activity.

Inhibition of AAPH Induced Linoleic Acid Oxidation
Inhibitory activity toward lipid peroxidation was determined
according to the method of Liegois et al.23) The linoleic acid
peroxidation was thermally initiated at physiological temper-
ature by a water soluble azo initiator, AAPH. The linoleic
acid emulsion was prepared by adding drop wise 0.25 ml
linoleic acid (Cayman Chemical, Ann Arbor, MI, U.S.A.) to
5 ml of 0.05 M borate buffer (pH 9) containing 0.25 ml of
Tween 20. The resulting dispersion was clarified by adding
1 ml of 1 N sodium hydroxide. The volume was adjusted to
50 ml with additional borate buffer. The 16 mM linoleic acid
solution was stored at 4°C in the dark under a nitrogen atmo-
sphere until needed. Thirty microliters of the 16 mM linoleic
acid dispersion was added to a cuvette containing 2.81 ml of
0.05 M phosphate buffer, pH 7.4, prethermostated at 40°C.
The oxidation reaction was initiated at 37°C under air by the
addition of 150 m l of 40 mM AAPH solution (Cayman Chem-
ical, Ann Arbor, MI, U.S.A.). Oxidation was carried out in
the presence of 10 m l aliquots of the test antioxidants in
methanol (final concentration in test solution�1—12 mM). In
the assay without antioxidant, lipid oxidation was measured
in the presence of the same amount of methanol.
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Fig. 1. Chemical Structures of Curcumin and Its Demethoxy and Hydrogenated Derivatives



The rate of oxidation at 37°C was monitored by recording
the increase in absorption at 234 nm caused by conjugated
diene hydroperoxide formation. A molar extinction coeffi-
cient of 28000 m�1 cm�1 was used to calculate diene forma-
tion. In all cases, the measurements were run in duplicate
against the buffer and compared with a separate AAPH-free
control to check for any spontaneous oxidation. AAPH has a
relatively high absorbance below 260 nm, therefore, its ab-
sorbance measured in a separate cuvette in the absence of
linoleic acid was subtracted from each experimental point.

Inhibitory Effects on Red Blood Cell Hemolysis The
inhibitory activity of free radical induced red blood cell dam-
age was evaluated as described by Dang et al.24) Blood sam-
ples were obtained by venipuncture from healthy volunteers
and collected in heparinized tubes. After centrifugation at
2500 rpm for 10 min, the plasma and buffy coat were re-
moved. Erythrocytes were washed three times with 10 mM

phosphate buffer saline (PBS), pH 7.4. During the last wash-
ing the cells were centrifuged at exactly 2500 rpm for 10 min
to obtain a constantly packed cell volume. The 5% (v/v) sus-
pension of washed erythrocytes was incubated at 37°C for
5 min and then a PBS solution of AAPH was added to initi-
ate hemolysis. The reaction mixture was shaken gently while
being incubated at 37°C. At 30 min intervals, a volume of
400 m l of reaction mixture was removed and diluted with
3.6 ml of 0.9% (w/v) NaCl, and centrifuged at 2000 rpm for
10 min to separate the red blood cells. The absorbance (A) of
the resulting supernatant was measured at 540 nm using a
spectrophotometer (UV–Visible Spectrometer GBC Cintra
4.0). Similarly, the reaction mixture was treated with 3.6 ml
of distilled water to obtain complete hemolysis, and the ab-
sorbance (B) of the supernatant was analyzed under the same
conditions at 540 nm. To study the antioxidant effect, the test
antioxidants were dissolved in dimethyl sulfoxide (DMSO)
to a final concentration of 10—30 mM. The final concentra-
tion of DMSO was 0.1% (v/v). An aliquot of 5 m l of the an-
tioxidant was added and incubated at 37°C for 5 min before
addition of AAPH. The percentage hemolysis was calculated
from ratio of (A/B)�100. Antioxidant activity is expressed
as the time to 50% of maximal hemolysis (HT50) by plotting
between the percentage hemolysis and incubation time. Since
DMSO can scavenge free radical,25) the effect of DMSO at
the same concentration of the antioxidant solution was also
determined.

Statistical Analysis Statistical analyses were carried out
using SPSS version 11.5. Differences among the tested an-
tioxidants were analyzed by using one-way ANOVA using
Tukey’s test as a post test. Values are expressed as the
mean�S.D. and differences between groups were considered
to be significant at p�0.05

RESULTS

DPPH Radical Scavenging Activities The results of the
DPPH scavenging activity of curcumin, its demethoxy deriv-
atives (demethoxycurcumin, Dmc and bisdemethoxycur-
cumin, Bdmc) and hydrogenated derivatives (tetrahydrocur-
cumin, THC; hexahydrocurcumin, HHC; octahydrocur-
cumin; OHC) are shown in Table 1. The IC50 value indicated
that the scavenging activity of curcumin was comparable to
trolox, the water soluble derivative of vitamin E. Dmc and

Bdmc were about 2 and 7 fold less potent than curcumin. In-
terestingly THC, HHC and OHC were remarkably more po-
tent than curcumin. The scavenging activity of curcumin and
its derivatives significantly decreased in the order: THC�
HHC�OHC�trolox�curcumin�Dmc��Bdmc.

Inhibition of AAPH-Induced Linoleic Acid Oxidation
A kinetic curve of the conjugated diene formation during
linoleic acid oxidation is shown in Fig. 2. Addition of cur-
cumin to the reaction decreased the rate of conjugated diene
formation. From this curve the initial oxidation rate in the
presence (Rinh) and absence of antioxidant (Ro), as well as the
inhibition time (Tinh) of each concentration of antioxidants,
were obtained. The first antioxidant index was the ratio
Rinh/Ro as shown in Table 2. A lower Rinh/Ro value indicates a
higher antioxidant activity. Comparing across the same con-
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Table 1. IC50 Values of Curcumin, Its Derivatives and Trolox on DPPH-
Radical Scavenging Activity

Antioxidant IC50 (mM)a)

Curcumin 35.1*
Dmc 53.4*,**
Bdmc �200*,**
THC 18.7*,**
HHC 21.6*,**,†

OHC 23.6*,**,†

Trolox 31.1

a) 50% inhibition concentration; concentration of antioxidant required to quench 50%
of DPPH radical. A lower IC50 indicates greater antioxidant activity. ∗ p�0.05 compared
with trolox. ∗∗ p�0.05 compared with curcumin. † p�0.05 compared with THC.

Table 2. Antioxidant Activities of Curcumin, Its Derivatives and Trolox by
AAPH Induced Linoleic Acid Oxidation

Antioxidant Rinh/Ro
a) Antioxidant activity (min/mM)b) nc)

Curcumin 0.09�0.01* 46.2�8.1* 2.7
Dmc 0.26�0.02*,** 20.3�2.8** 2.0
Bdmc 0.30�0.01*,** 10.0�1.2** 1.4
THC 0.13�0.01*,** 69.3�6.6*,** 3.4
HHC 0.20�0.03*,**,† 30.8�3.3*,**,† 3.8
OHC 0.19�0.02*,**,† 40.3�8.3*,† 3.1
Trolox 0.51�0.03 16.0�1.2 2.0

Values are expressed as the mean�S.D. of 3 independent experiments. ∗ p�0.05
compared with trolox. ∗∗ p�0.05 compared with curcumin. † p�0.05 compared with
THC. a) The initial rates of oxidation in the presence of 3mM antioxidant (except Bdmc
12 mM) compared to the control. b) Slope of the plot between (inhibition time) Tinh ver-
sus antioxidant concentrations. c) n represents the stoichiometric number of peroxyl
radicals trapped per molecule of antioxidant.

Fig. 2. Formation of Conjugated Dienes during the Oxidation of Linoleic
Acid (0.16 mM) at pH 7.4 and 37°C, Initiated with 2 mM AAPH

Line (a) control, without antioxidant; (b) in the presence of Dmc (3 mM); (c) in the
presence of curcumin (3 mM).



centration (3 mM), THC, HHC, OHC, curcumin and Dmc
were about 2 to 6 fold more potent than trolox in inhibiting
conjugate diene formation. However, high concentrations of
Bdmc were needed for its antioxidant activity.

The much more informative parameters were antioxidant
activity and the stoichiometric coefficient n, which represents
the number of peroxyl radicals trapped by each molecule of
antioxidant (Table 2). The antioxidant activity was obtained
from the slope of the curve between Tinh versus the antioxi-
dant concentration. This value indicates the quantitative abil-
ity of 1 mM antioxidant to inhibit lipid peroxidation in a 
period of time. Curcumin and its derivatives, except DMc
and Bdmc, showed significantly higher antioxidant activities
than trolox. THC has the highest activity among the test
compounds. The antioxidant activity significantly decreased
in the order: THC�curcumin��OHC��HHC�Dmc��
trolox�Bdmc.

Using trolox as a reference inhibitor removing 2 peroxyl
radicals per added molecule, n of each antioxidant (x) was
calculated by the following equation: Ri(x) ·Tinh(x) · 2[trolox]/
Ri(trolox) ·Tinh(trolox) · [x]. The results showed that 1 molecules of
THC, HHC or OHC can trap more than 3 molecules of per-
oxyl radicals. The ability to trap peroxyl radicals by cur-
cumin and Dmc was equal to trolox (n about 2), whereas that
of Bdmc was lower.

Inhibition of AAPH Induced Red Blood Cell Hemolysis
The protective effect of curcumin and its derivatives against
AAPH induced red blood cell hemolysis is expressed as the
time to 50% of maximal hemolysis (HT50) and is shown in
Table 3. All of the test antioxidants significantly prolonged
the HT50 compared to the control. As with the other models,
the hydrogenated derivatives, THC, HHC and OHC showed a
significantly higher protective activity than trolox, curcumin
and Dmc. On the other hand, curcumin and Dmc had a sig-
nificantly lower activity than trolox. Bdmc had no activity at
the test concentrations up to 30 mM. It should be noted that
DMSO, as a solvent, had only a slight effect in this model.
The protective activity on AAPH induced red blood cell he-
molysis significantly decreased in the order: OHC�THC�
HHC�trolox�curcumin�Dmc.

DISCUSSION

The antioxidant activities of curcumin, the natural
demethoxy derivatives (Dmc and Bdmc) and metabolite hy-
drogenated derivatives (THC, HHC and OHC) have been

compared using three in vitro models. The DPPH scavenging
assay is a widely used method to primarily evaluate free radi-
cal scavenging activity. The effects of antioxidants on DPPH
stable radical are thought to be due to their hydrogen donat-
ing ability.26) Biomolecules such as lipid, protein and DNA
are the target sites of free radical damage in living organ-
isms, and, therefore, a potential antioxidant in vivo should
have inhibitory effects against lipid peroxidation and mem-
brane damage. In this study, AAPH induced linoleic acid
peroxidation and RBC hemolysis were used as lipid peroxi-
dation and biomembrane damage models, respectively. The
peroxidation was initiated by AAPH that could decompose at
physiological temperature and generate alkyl radicals to initi-
ate lipid peroxidation. Since AAPH is water-soluble and the
generation rate of free radicals from the decomposition of
AAPH can be easily controlled and measured,23) the highly
informative parameter, namely the number of peroxyl radical
trapped per molecule of the antioxidant (n), can be estimated.

In all three of our study models, curcumin demonstrated
antioxidant activities comparable to trolox. Hydrogenated 
derivatives of curcumin showed a remarkably higher activity
than curcumin, suggesting that the hydrogenation at conju-
gated double bonds of the central seven carbon chain and b-
diketone of curcumin improved antioxidant activities. The
number (n) of THC, HHC and OHC was 3.4, 3.8 and 3.1, re-
spectively while it was 2.7 for curcumin. Even though the hy-
drogenated derivatives of curcumin have less polarity than
curcumin, they showed higher protective activity toward
AAPH induced red blood cell hemolysis. Sugiyama et al.27)

have reported that THC showed a greater inhibitory effect
than curcumin on lipid peroxidation of erythrocyte mem-
brane ghosts induced by tert-buthylhydroperoxide. Moreover,
this study has suggested that the b-diketone moiety of THC
exhibits antioxidant activity by cleavage of the C–C bond at
the active methylene carbon between two carbonyls in the b-
diketone moiety.

On the other hand, lower antioxidant activity was found in
the demethoxy derivatives. Bdmc has negligible antioxidant
activity, especially in the red blood cell hemolysis model.
The number (n) of Dmc and Bdmc was 2.0 and 1.4, respec-
tively. In agreement with other studies17,18,24,28,29) curcumin
was more effective than Dmc and Bdmc at scavenging DPPH
radicals, and inhibiting free radical induced lipid peroxida-
tion, red cell hemolysis, and protein oxidation.

It is controversial with respect to whether the phenolic 
hydrogen or the central methylenic hydrogen in the hepa-
dienone moiety is responsible for the antioxidant mecha-
nisms of curcumin. Jovanovic et al.30) studied the antioxidant
mechanism of curcumin by laser flash photolysis and pulse
radiolysis, and demonstrated that in acidic and neutral aque-
ous solutions (pH 3 to 7) curcumin is a superb H-atom donor,
donating the H-atom from the central methylenic group
rather than from phenolic group. In contrast, Priyadasrini 
et al.31) reported that curcumin showed much greater ablility
to inhibit lipid peroxidation than its dimethoxy counterpart,
suggesting that the phenolic group is essential for the antiox-
idant activity. Recently, Chan et al.29) demonstrated that the
antioxidant activity of curcumin is due not only to the num-
ber of phenolic groups but also the ortho-methoxyphenolic
functionality. The ortho-methoxy group can form an in-
tramolecular hydrogen bond with the phenolic hydrogen,
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Table 3. Comparison of Time to 50% of Maximal Hemolysis (HT50) of
Curcumin, Its Derivatives and Trolox at 30 mM

Antioxidant HT50 (min)

Control 125.5�0.6
DMSO 133.7�1.7
Curcumin 184.8�7.5*
Dmc 181.1�1.3*
THC 215.1�0.3*,**
HHC 212.7�2.4*,**
OHC 224.7�3.1*,**,†

Trolox 195.7�2.0

Values are expressed as the mean�S.D. of 3 independent experiments. ∗ p�0.05
compared with trolox. ∗∗ p�0.05 compared with curcumin. † p�0.05 compared with
THC.



making the H-atom abstraction from the ortho-methoxyphe-
nols surprisingly easy. In our study, therefore, the decreasing
antioxidant activities of Dmc and Bdmc could be caused by
the lack of an ortho-methoxy group.

Our comparative study demonstrated that the antioxidant
activities of curcumin and its derivatives can arise both from
the ortho-methoxyphenol and from a central methylenic hy-
drogen in the central seven carbon chain and b-diketone moi-
ety. However, we found that the decrease of one methoxy
group of curcumin caused a great decrease in antioxidant ac-
tivities while the addition of a H atom to THC caused only a
slightly change in antioxidant activities. Even though there
are 2 and 4 additional H atoms in HHC and OHC, respec-
tively, the increased antioxidant activities of THC, HHC and
OHC were not in the order of the addition of H atoms.

In conclusion, the results demonstrate that the ortho-
methoxyphenolic group is important for the antioxidant ac-
tivity of curcumin. However, hydrogenation of the heptadiene
moiety of curcumin remarkably enhanced antioxidant activ-
ity. All of the metabolite hydrogenated derivatives of cur-
cumin (THC, HHC and OHC) showed greater DPPH scav-
enging activity, inhibition of linoleic acid peroxidation and
free radical induced red blood cell hemolysis than their cur-
cumin parent compound. The good antioxidant and pharma-
cological properties of curcumin in vivo could be mediated
principally via its active metabolites such as THC, HHC and
OHC.
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