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The oxidation of low-density lipoprotein (LDL) is believed to be the initiating factor for the development
and progression of atherosclerosis. The active ingredients of spices such as chili and turmeric
(capsaicin and curcumin, respectively) have been shown to reduce the susceptibility of LDL to
oxidation. One of the techniques used to study the oxidation of LDL is to isolate LDL and subject it
to metal-induced (copper or iron) oxidation. However, whole serum may represent a closer situation
to in vivo conditions than using isolated LDL. We investigated the effects of different concentrations
(0.1-3 µM) of capsaicin, dihydrocapsaicin, and curcumin on copper-induced oxidation of serum
lipoproteins. The lag time (before initiation of oxidation) and rate of oxidation (slope of propagation
phase) were calculated. The lag time increased, and the rate of oxidation decreased with increasing
concentrations of the tested antioxidants (p < 0.05). A 50% increase in lag time (from control) was
observed at concentrations between 0.5 and 0.7 µM for capsaicin, dihydrocapsaicin, and curcumin.
This study shows that oxidation of serum lipids is reduced by capsaicinoids and curcumin in a
concentration-dependent manner.
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INTRODUCTION

Oxidation of low-density lipoprotein (LDL) is believed to
contribute to the development and progression of atherosclerosis.
Highly cytotoxic oxidized LDL induces changes in endothelial
cells and enhances proliferation of monocytes and smooth
muscle cells (1, 2). Chili extracts, capsaicin (the active ingredient
of chili), and other capsaicinoids (such as capsiate and dihy-
drocapsiate), when incubated with isolated LDL cholesterol and/
or oils and fats, increase their resistance to oxidation by delaying
the initiation and/or slowing the rate of oxidation (3-5).
Similarly, curcumin, the active ingredient of turmeric, has been
shown to increase the resistance of LDL to oxidation (5).
Capsaicin, dihydrocapsaicin, and curcumin are fat-soluble
compounds (6). In rats, the absorption of the capsaicinoids has
been found to be about 60-80% (7), while that of curcumin
has been found to be about 13-60% (8, 9).

A common procedure used for measuring the resistance of
LDL to in vitro oxidation is to determine the lag time for
conjugated diene formation. Using isolated LDL as an indicator
of in vivo resistance to oxidation has limitations because of the
absence of the serum water-soluble antioxidants and pro-
oxidants. These may be important in resisting or augmenting
the oxidation process. Similarly, high-density lipoprotein (HDL)
with antioxidative, anti-inflammatory, and antiaggregatory

properties (10) is also removed when testing isolated LDL.
Hence, whole serum used for oxidation tests may provide a
better representation of the in vivo situation than isolated LDL
cholesterol.

In the present study, we investigated the effect of different
concentrations of capsaicin, dihydrocapsaicin, and curcumin on
copper-induced oxidation of lipids in serum.

MATERIALS AND METHODS

Fasting venous blood samples from six healthy individuals (three
men and three women; mean age, 34( 10 years), collected in tubes
without anticoagulant, were allowed to clot in the dark at room
temperature and were then centrifuged at 2500 rpm (1335g) at 4 °C
for 20 min. The separated serum was frozen at-80 °C for later analysis
of serum lipoprotein oxidation.

Copper-induced oxidation of serum was undertaken using the method
described by Schnitzer et al. (11). Briefly, serum was thawed and diluted
50-fold in phosphate-buffered saline (pH 7.4), incubated with increasing
concentrations (0.1, 0.5, 0.7, 1, 2, and 3µM) of capsaicin (purityg
98.5%; Tocris, United States), dihydrocapsaicin (purityg 90%; Fluka,
Switzerland), and curcumin (purityg 95%; Fluka), and subjected to
copper (100µM)-induced oxidation. Oxidation kinetics were determined
for each serum sample in duplicate by measuring the absorbance at
245 nm at 37°C using a multiposition spectroscope (Cintra 10E UV-
vis, GBC scientific equipments, Victoria, Australia) every 10 min for
300 min. Each run of 300 min consisted of two control samples and
four samples (two duplicates for two different concentrations) of
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antioxidants. Absorbance data were plotted against time. Lag time, an
indicator of the resistance of the serum lipoproteins to oxidation, was
calculated as the intercept between the baseline (time zero) and the
tangent of the absorbance curve during the propagation phase. The rate
of oxidation was calculated as the slope of the propagation phase. The
maximum change in absorbance was calculated as the absorbance
difference between time zero and time 300 min.

Freeze-thawing of serum may affect the natural defense of the serum.
However, our studies have shown that freezing for up to 12 weeks at
-80 °C has no significant effect in the kinetic profile of oxidation as
compared with fresh serum (data not shown). Similar results were
reported by Schnitzer et al. (12) for serum stored at-15 °C.

To avoid any investigator bias, the lag phase (before initiation of
oxidation) and slope of the propagation phase (rate of oxidation) were
calculated by an observer who was blinded to the individual compounds
and concentrations. Repeated measurements of analysis of variance
(ANOVA) using general linear modeling (GLM) (STATA version 8.2,
StataCorp LP, United States) were used to test for any differences
between the controls and the individual concentrations of capsaicin,
dihydrocapsaicin, and curcumin. Because of the small sample size, the
results were also confirmed with OLOGIT analysis, the statistical test
used for nonparametric data. The data are presented as means(
standard deviations unless otherwise reported.

Figure 1. Copper-induced oxidation curves for serum with different concentrations (9, 0 µM; 2, 0.1 µM; 1, 0.5 µM; [, 0.7 µM; b, 1 µM; 0, 2 µM;
and ∆, 3 µM) of capsaicin, dihydrocapsaicin, and curcumin. Values are shown as means ± SEM for six duplicate determinations with each concentration
of capsaicin, dihydrocapsaicin, and curcumin.
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RESULTS

Oxidation curves for serum incubated with increasing con-
centrations of capsaicin, dihydrocapsaicin, and curcumin are
shown in Figure 1. A decrease in overall absorbance was
observed with the increasing concentration of all three com-
pounds. The maximum change in absorbance (from 0 to 300
min) for capsaicin, dihydrocapsaicin, and curcumin tests ranged
from 0.33( 0.06 abs for the control to 0.09( 0.01 abs for 3
µM capsaicin, 0.32( 0.06 abs for the control to 0.08( 0.03
abs for 3µM dihydrocapsaicin, and 0.34( 0.07 abs for the
control to 0.12( 0.04 abs for 3µM curcumin. The maximum
change in absorbption for all concentrations (0.1-3 µM) of
capsaicin was significantly (p < 0.03) lower than the control.
For dihydrocapsaicin, the minimum concentration to show a
significantly lower maximum change in absorbption was 0.5
µM, while for curcumin, it was 0.7µM. At the highest
concentration (3µM) of capsaicin, dihydrocapsaicin, and
curcumin, the maximum change in absorbption was 72.8, 75.2,
and 65.1% lower than the control, respectively. An increase in
lag time (as compared to the control) was observed with
increasing concentrations of all three antioxidants. As we were
unable to distinguish between the lag phase and the propagation
phase at higher concentrations (i.e., 2-3 µM for capsaicin, 1-3
µM for dihydrocapsaicin, and 3µM for curcumin), the lag time
at these concentrations was not determined; however, the lag
times at the lowest (0.1µM) concentration of the three
compounds were significantly (p < 0.001) longer than the
respective controls. The lag time increased from 56.7( 5.7
min for the control to 91.7( 7.6 min at 1µM capsaicin.
Similarly, the lag time increased from 57.5( 5.8 min for the
control to 93.2( 9.0 min at 0.7µM dihydrocapsaicin, and at
2 µM curcumin, the lag time increased from 54.0( 2.2 min
(control) to 168.0( 19.8 min. The concentrations of capsaicin,
dihydrocapsaicin, and curcumin that increased the lag time by
50% were between 0.5 and 0.7µM. Similar to lag time, the
rate of oxidation could not be accurately determined at higher
concentrations. The rate of oxidation was significantly lower
at all concentrations of capsaicin and dihydrocapsaicin, whereas
for curcumin, the lowest concentration required to produce a
significant reduction in the rate of oxidation was 0.5µM. At a
concentration of 0.7µM, the rate of oxidation was reduced by
42, 45, and 14% for capsaicin, dihydrocapsaicin, and curcumin,
respectively. No significant effects of age and gender were
apparent on the kinetic profiles with the three antioxidants.

DISCUSSION

This study shows that capsaicin, dihydrocapsaicin, and
curcumin increase lag time and decrease total in vitro oxidation
of serum lipoproteins at concentrations ranging from 0.1 to 3
µM. Although earlier studies have reported the effects of chili
extracts/capsaicin and curcumin on LDL oxidation (4, 5, 13),
to our knowledge, this is the first study to investigate the effects
of these compounds on whole serum, which more closely
reflects the in vivo situation than isolated LDL. The presence
of methoxylated phenol in the structure of capsaicin, dihydro-
capsaicin, and curcumin may be responsible for the antioxidative
action through its radical-trapping ability as a chain-breaking
antioxidant. Although Murakami et al. (4) reported that a lower
concentration of capsaicin than dihydrocapsaicin resulted in the
same reduction in peroxidation (as measured by thiobarbituric
acid reactive substances), we did not observe this difference.
The concentration of capsaicin and dihydrocapsaicin that
increased the lag time by 50% was similar (∼0.6 µM). The
differences in the results from the two studies are probably due
to the differences in the medium tested and assay used to study

oxidation. For example, the present study examined the effect
of copper-induced oxidation on whole serum lipids at 245 nm,
and Murakami et al. (4) investigated the effects of iron-induced
oxidation on liver microsome lipids at 234 nm.

Earlier studies have reported a reduction in serum lipid
peroxides by 33% with regular consumption of 500 mg/day of
curcumin (95% purity) for 7 days in healthy human volunteers
(14). We have also recently reported that 4 weeks of regular
consumption of 30 g/day chili blend (55% cayenne chili;
capsaicin content, 33 mg) reduces the rate of copper-induced
oxidation (∼10.5%) in the serum of men and women (15). In
addition, women but not men demonstrated an increase (∼14%)
in the lag phase after the chili diet. We assumed that this
difference was probably due to a higher intake of chili/capsaicin
per kg body weight in women as compared to men (mean 0.4
mg/day/kg body weight as compared to 0.5 mg/day/kg body
weight). The results of the present study confirm our assumption,
since the effects of capsaicin and dihydrocapsaicin on serum
lipid oxidation were found to be concentration-dependent. The
results of the above-mentioned ex vivo and the present in vitro
study suggest that a relatively small amount of chili may be
required to produce a modest 10-15% change in overall
oxidation.

Although spices such as chili and turmeric have traditionally
been an integral part of Asian cuisine, their use in Western
cooking has increased dramatically over the last 2-3 decades.
Because such “spices” provide some antioxidant activity and
hence may have some implications for reducing the risk of
coronary heart disease, further research is warranted to evaluate
the minimum amounts of combinations of these spices (as often
used together in curries) required to be consumed for a modest
reduction in serum lipid oxidation.

ABBREVIATIONS USED

ANOVA, analysis of variance; GLM, general linear modeling;
LDL, low-density lipoprotein; HDL, high-density lipoprotein.

LITERATURE CITED

(1) Esterbauer, H.; Gebicki, J.; Puhl, H.; Jurgens, G. The role of
lipid peroxidation and antioxidants in oxidative modification of
LDL. Free Radical Biol. Med.1992, 13, 341-390.

(2) Diaz, M. N.; Frei, B.; Vita, J. A.; Keaney, J. F., Jr. Antioxidants
and atherosclerotic heart disease.N. Engl. J. Med.1997, 337,
408-416.

(3) Salleh, M. N.; Runnie, I.; Roach, P. D.; Mohamed, S.; Abey-
wardena, M. Y. Inhibition of low-density lipoprotein oxidation
and up-regulation of low-density lipoprotein receptor in HepG2
cells by tropical plant extracts.J. Agric. Food Chem.2002, 50,
3693-3697.

(4) Murakami, K.; Ito, M.; Htay, H. H.; Tsubouchi, R.; Yoshino,
M. Antioxidant effect of capsaicinoids on the metal-catalyzed
lipid peroxidation.Biomed. Res.2001, 22, 15-17.

(5) Naidu, K. A.; Thippeswamy, N. B. Inhibition of human low
density lipoprotein oxidation by active principles from spices.
Mol. Cell Biochem.2002, 229, 19-23.

(6) Govindarajan, V. S.; Sathyanarayana, M. N. Capsicum-produc-
tion, technology, chemistry, and quality. Part, V. Impact on
physiology, pharmacology, nutrition, and metabolism; structure,
pungency, pain, and desensitization sequences.Crit. ReV. Food
Sci. Nutr.1991, 29, 435-474.

(7) Kawada, T.; Iwai, K. In ViVo and In Vitro metabolism of
dihydrocapsaicin, a pungent principle of hot peppers, in rats.
Agric. Biol. Chem.1985, 49, 441-448.

(8) Holder, G. M.; Plummer, J. L.; Ryan, A. J. The metabolism and
excretion of curcumin (1, 7-bis-(4-hydroxy-3-methoxyphenyl)-

Copper-Induced Oxidation of Human Serum Lipids C



1, 6-heptadiene-3, 5-dione) in the rat.Xenobiotica1978, 8, 761-
768.

(9) Ravindranath, V.; Chandrasekhara, N. Absorption and tissue
distribution of curcumin in rats.Toxicology1980, 16, 259-265.

(10) Barter, P. J.; Nicholls, S.; Rye, K. A.; Anantharamaiah, G. M.;
Navab, M.; Fogelman, A. M. Antiinflammatory properties of
HDL. Circ. Res.2004, 95, 764-772.

(11) Schnitzer, E.; Pinchuk, I.; Bor, A.; Fainaru, M.; Samuni, A. M.;
Lichtenberg, D. Lipid oxidation in unfractionated serum and
plasma.Chem. Phys. Lipids1998, 92, 151-170.

(12) Schnitzer, E.; Pinchuk, I.; Fainaru, M.; Schafer, Z.; Lichtenberg,
D. Copper-induced lipid oxidation in unfractionated plasma: the
lag preceding oxidation as a measure of oxidation-resistance.
Biochem. Biophys. Res. Commun.1995, 216, 854-861.

(13) Abeywardena, M.; Runnie, I.; Nizar, M.; Momamed, S.; Head,
R. Polyphenol-enriched extract of oil palm fronds (Elaeis
guineensis) promotes vascular relaxation via endothelium-

dependent mechanisms.Asia Pac. J. Clin. Nutr.2002, 11, S467-
S472.

(14) Soni, K. B.; Kuttan, R. Effect of oral curcumin administration
on serum peroxides and cholesterol levels in human volunteers.
Indian J. Physiol. Pharmacol.1992, 36, 273-275.

(15) Ahuja, K. D. K.; Ball, M. J. Effects of daily ingestion of chilli
on serum lipoprotein oxidation in adult men and women.Br. J.
Nutr. 2006, in press.

Received for review May 10, 2006. Revised manuscript received June
22, 2006. Accepted June 30, 2006. This study was part of a Ph.D. project
(K.D.K.A.) funded by the School of Human Life Sciences, Faculty of
Health Sciences, University of Tasmania, Australia.

JF061331J

D PAGE EST: 3.2 Ahuja et al.


