
ABSTRACT: Increase in low density lipoprotein (LDL) oxida-
tion is hypothesized to be causally associated with increasing
risk of atherosclerosis and coronary heart disease. In recent epi-
demiological studies, tissue and serum levels of lycopene, a
carotenoid available from tomatoes, have been found to be in-
versely related to risk of coronary heart disease. A study was un-
dertaken to investigate the effect of dietary supplementation of
lycopene on LDL oxidation in 19 healthy human subjects. Di-
etary lycopene was provided using tomato juice, spaghetti
sauce, and tomato oleoresin for a period of 1 wk each. Blood
samples were collected at the end of each treatment. Serum ly-
copene was extracted and measured by high-performance liq-
uid chromatography using an absorbance detector. Serum LDL
was isolated by precipitation with buffered heparin, and thio-
barbituric acid-reactive substances (TBARS) and conjugated di-
enes (CD) were measured to estimate LDL oxidation. Both
methods, to measure LDL oxidation LDL-TBARS and LDL-CD,
were in good agreement with each other. Dietary supplementa-
tion of lycopene significantly increased serum lycopene levels
by at least twofold. Although there was no change in serum cho-
lesterol levels (total, LDL, or high-density lipoprotein), serum
lipid peroxidation and LDL oxidation were significantly de-
creased. These results may have relevance for decreasing the
risk for coronary heart disease.
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Coronary heart disease is one of the leading causes of death
in North America. Epidemiological, clinical, and biochemi-
cal studies indicate convincingly that increased serum low
density lipoprotein (LDL) cholesterol concentration is associ-
ated with increased risk of atherosclerosis (1,2). Oxidative
damage to LDL caused by reactive oxygen species may play
an important role in the etiology of coronary heart disease
(3–5). Antioxidants are believed to slow the progression of
atherosclerosis because of their ability to inhibit LDL oxida-
tion (6–9). 

In recent epidemiological studies, lycopene levels in serum

and adipose tissue were inversely associated with the risk of
coronary heart disease (10–13). Lycopene is an antioxidant
carotenoid without provitamin-A activity. Tomatoes and
tomato products are the main sources of lycopene in the human
diet. In vitro studies have shown it to be one of the most potent
antioxidants (13–15) while epidemiological, animal, and tissue
culture studies have indicated its anticarcinogenic potential (for
review see Ref. 13). In humans lycopene levels are related to
dietary habits and lifestyle (16). The aim of this study was to
investigate the effect of dietary supplementation of lycopene
on LDL oxidation in healthy human subjects.

MATERIALS AND METHODS

Subjects. Nineteen healthy subjects (10 male and 9 female),
age group 25 to 40 yr (average age 29 yr), nonsmokers, not
pregnant, and not taking any medication or vitamin supple-
ments, were chosen for this study. Average weight and body
mass index of the subjects were 67.6 ± 11.6 kg and 24.0 ± 2.8
kg/m2, respectively. The subjects maintained their body
weight and had no adverse symptoms during the entire study
period.

Study design. A randomized, cross-over study design was
used. All subjects completed all four treatments including a
placebo (0 mg lycopene); 126 g spaghetti sauce (39.2 mg ly-
copene), provided by Hunt-Wesson Inc., Fullerton, CA; 540
mL tomato juice (50.4 mg lycopene), provided by H.J. Heinz
Co. of Toronto, Ontario, Canada; and 1.243 g of 6% lycopene
oleoresin from tomatoes (75.0 mg lycopene), provided by Ly-
coRed Natural Product Industries Ltd., Beer-Sheva, Israel, in
the form of capsules. Each treatment was for 1 wk with a 1-
wk washout phase. Dietary lycopene in the form of tomato
products or capsules was consumed once a day with a stan-
dardized breakfast consisting of pasta, margarine, grated
Parmesan cheese, banana, and BECEL® margarine (Lipton,
Toronto, Ontario, Canada) during the treatment period. Test
products were consumed as a part of breakfast to standardize
the delivery of lycopene. Subjects consumed their regular
breakfast during the washout periods. They were advised to
avoid consuming tomatoes and tomato products and any other
sources of lycopene throughout the study period (treatment
and washout phases) and were provided with a list of food
products containing tomatoes as a guide. They also main-
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tained their food records and a symptoms diary during the
study period, which were used to check compliance. The
study protocol was approved by the Human Ethics Commit-
tee of the University of Toronto. Blood samples were col-
lected from overnight fasting subjects at the end of each treat-
ment phase. Serum was separated from fresh blood and stored
at −70°C for analysis. All the samples from one subject were
analyzed at the same time to avoid the sample-handling vari-
ability.

Lycopene analysis. Serum lycopene was extracted using
hexane/methylene chloride (5:1) containing 0.015% butylated
hydroxytoluene (BHT) and analyzed by high-performance liq-
uid chromatography using Vydac 201HS54 reverse-phase ana-
lytical column (The Separations Group, Hesperia, CA) and a
mixture of acetonitrile/methanol/methylene chloride/water
(7:7:2:0.16, by vol) as mobile phase (16,17). Lycopene was
measured as single peak containing all trans and cis isomers
using an absorbance detector set at 470 nm. An external stan-
dard of lycopene (Sigma Chemical Co., St. Louis, MO) was
used as reference standard. The coefficient of variance was
4.0%.

Serum cholesterol analysis. Serum was analyzed for total
cholesterol, triglycerides, and high-density lipoprotein
(HDL)-cholesterol after magnesium chloride precipitation
using a Technicon CH1000 (Technicon Inc, Tarrytown, NY)
with chemical methods of the Lipid Research Clinic (LRC)
Project (18). LDL cholesterol was derived using a modifica-
tion of the Freidewald formula. The precision and accuracy
for total cholesterol, triglyceride, and HDL cholesterol mea-
surements were certified by the Centers for Disease Control—
National Heart, Lung and Blood Institute (CDC—NHLBI)
Lipid Standardization Program. Internal and external quality
control procedures were followed (18).

LDL isolation. For LDL oxidation analysis, serum LDL
were isolated by precipitation with buffered heparin (19). The
LDL precipitate was separated by centrifugation at 1000 × g
and resuspended in saline for further analysis. LDL choles-
terol contents were estimated enzymatically (20) using Cho-
lesterol Assay Kit (Sigma Chemical Co.). The coefficient of
variance was 1.7%.

Malondialdehyde analysis. Malondialdehyde, as a mea-
sure of lipid peroxidation, was estimated using the thiobarbi-
turic acid (TBA) reaction. Results are expressed as TBA-re-
active substances (TBARS). Freshly thawed serum or freshly
prepared LDL samples were incubated with TBA and or-
thophosphoric acid, in the presence of BHT, for 45 min at
95°C, cooled to room temperature, and extracted with n-bu-
tanol. Absorbance of the butanol phase was measured at 535
nm (16,21,22). Results were calculated using the extinction
coefficient 1.56 × 105 M−1. Serum-TBARS are reported as
µmol/L of serum and LDL-TBARS as mmol/mol LDL. The
coefficients of variance for serum-TBARS and LDL-TBARS
were 2.8 and 5.3%, respectively.

Conjugated diene (CD) analysis. CD analysis was also
done to measure lipid peroxidation. Lipids from LDL were
extracted by chloroform/methanol (2:1), dried under nitrogen,

redissolved in cyclohexane, and analyzed spectrophotometri-
cally at 234 nm using the molar extinction coefficient 2.95 ×
104 M−1 (23). LDL-CD are reported as mmol/mol LDL. The
coefficient of variance was 2.5%.

Statistical analysis. All statistical calculations were per-
formed by using Excel 5.0 (Microsoft Corp., Redmond, WA).
P values were assessed by analysis of variance, Dunnett’s
test, two samples paired Student’s t-test, and Student-New-
man-Keuls multiple range test (SAS Institute, Cary, NC). P
values of <0.05 were considered statistically significant. Re-
sults are expressed as mean ± SEM.

RESULTS

Figure 1 shows the effect of dietary lycopene on serum ly-
copene. Serum lycopene levels increased significantly with
daily intakes of 126 g of spaghetti sauce (39.2 mg lycopene),
540 mL of tomato juice (50.4 mg lycopene), or 1.24-g cap-
sule of tomato oleoresin (75 mg lycopene) as a part of break-
fast for a period of 1 wk each over the placebo when no ly-
copene was consumed. The average increase in serum ly-
copene levels for any treatment over placebo was at least
twofold. However, there were no differences in the serum ly-
copene levels between the different treatments. 

Dietary intake of tomato products had no significant ef-
fects on either cholesterol (total, LDL, or HDL) or triglyc-
erides. All dietary lycopene treatments significantly lowered
serum LDL oxidation over the placebo (Fig. 2). Both LDL-
TBARS and LDL-CD decreased significantly with each
tomato product. The average decrease over placebo was 25%
for LDL-TBARS and 13% LDL-CD for the tomato products
treatment. There were no significant differences between
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FIG. 1. Effect of dietary lycopene supplementation on serum lycopene
concentration. Dietary lycopene was provided to healthy human sub-
jects in the form of spaghetti sauce (SS), tomato juice (TJ), or tomato
oleoresin capsules (TO) with a standardized breakfast for a period of 1
wk in a random order. Fasting blood samples were collected at the end
of each treatment. Serum lycopene was extracted by hexane/methylene
chloride and analyzed by high-performance liquid chromatography
(16,17). Results are mean ± SEM. Bars with different letters are statisti-
cally significant (P < 0.05).



LDL-TBARS and LDL-CD between different sources of ly-
copene. Both methods of detecting LDL oxidation, LDL-
TBARS and LDL-CD, yielded similar results and were highly
correlated (r = 0.89, P < 0.05) with each other. Also LDL-
TBARS were significantly correlated (r = 0.90, P < 0.05) with
the serum-TBARS. 

DISCUSSION

Our study indicates that human subjects absorb lycopene
from traditional sources of processed tomato products includ-
ing spaghetti sauce and tomato juice as well as from tomato
oleoresin. Consuming the tomato products for 1 wk resulted
in significantly higher levels of serum lycopene when com-
pared to the placebo. Although no baseline (washout phase)
measurements were made, the carryover effect is not impor-
tant because plasma half-life of lycopene is about 2–3 d (24),
and we allowed 1 wk washout during which no tomato prod-
ucts were consumed. Lycopene levels dropped significantly
when the subjects consumed lycopene-free diet (16). More-
over, a randomized, cross-over study design provides for a
balance in which the order of treatments was assigned to the
subjects (25). The consumption of spaghetti sauce, contain-
ing much lower amounts of lycopene, resulted in an increase
in serum lycopene almost identical to that with tomato oleo-
resin, which contained a higher lycopene amount, indicating
a differential absorption rate for lycopene from different
tomato products. These differences can probably be attributed
to the differences in food processing. Lycopene from heat-
processed tomatoes is more bioavailable than from fresh
tomatoes (26).

Intake of tomato products protected the serum LDL cho-
lesterol from oxidative damage and increased the serum ly-
copene levels. For oxidation analysis, the LDL were sepa-
rated by precipitation following complexation with heparin at

an isoelectric point. The technique was particularly chosen
because of its simplicity and rapidity, which avoided artifac-
tual oxidation during processing (27). Moreover, a highly sig-
nificant correlation between precipitation method and ultra-
centrifugation or quantitative electrophoresis techniques for
plasma LDL analysis had already been established (19,28).

TBARS and CD analyses were used to estimate serum
LDL oxidation. Since TBARS assay as a measure of lipid ox-
idation lacks sensitivity and specificity, we modified the
method in this study by using isolated LDL together with
BHT during heating and butanol extraction of the pigment.
These procedures contributed to increasing specificity and
sensitivity of TBARS assay (22). Additional measurement of
LDL oxidation was carried out by measuring total serum-
TBARS and LDL-CD. The results obtained from these dif-
ferent analyses were in good agreement with each other.
Highly significant correlations between LDL-TBARS and
serum-TBARS and between LDL-TBARS and LDL-CD, as
observed in this study, would further support the validity of
using the TBARS test to measure oxidative stress. Our results
indicate that both TBARS and CD are good indicators of LDL
oxidation. Others reported similar results (29).

Several studies suggest that lipid peroxidation products are
cytotoxic and genotoxic and play an important role in the eti-
ology of several degenerative diseases (5–8,30–32). Oxidized
LDL is involved in the formation of foam cells that eventu-
ally lead to the formation of arterial plaques (5,33), making
oxidized LDL a risk factor for coronary heart disease. That
the intake of lycopene lowered not only serum lipid peroxi-
dation but also LDL oxidation may have an important physi-
ological relevance in decreasing the risk for coronary heart
disease. 

In this study, the different tomato products were consumed
in one or two servings per day for 1 wk. These consumption
levels are easily achievable and are consistent with the cur-
rent dietary guideline for healthful eating (34,35). Daily con-
sumption of tomato products providing at least 40 mg ly-
copene was enough to alter LDL oxidation; however, intakes
lower than this may also be effective. Future long-term stud-
ies should be undertaken in healthy human subjects as well as
subjects at risk for coronary heart disease to obtain further in-
formation about the role of dietary lycopene in the prevention
of the disease. 
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