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ABSTRACT \

Lycopene, the most predominant carotenoid belongs to the same family as -carotene, is what
gives tomato and many other fruits their red colour. It is a phytochemical, synthesized by only
plants and micro-organisms. It is a powerful antioxidant which can neutralize the free radicals
with the unique eleven conjugated bonds in its chemical structure thereby conferring protection
against prostate cancer, breast cancer, atherosclerosis, and associated coronary artery diseases
along with oral leukoplakia. It reduces LDL (low density lipoprotein) oxidation thus reducing
cholesterol levels in the blood. In addition, research suggests that lycopene reduces the risk of
macular degenerative disease, serum lipid oxidation and cancers of the lung, bladder, cervix and
skin. The chemical properties and the various mechanisms of actions of lycopene are well

Kdocumented in this review. /
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Lycopene, a carotenoid found in tomato atherosclerosis and coronary heart disease. This
products, prevents oxidation of low density lycopene level can be achieved by drinking just
lipoprotein (LDL) cholesterol and reduces the two glasses of tomato juice a day. Research
risk of developing atherosclerosis and coronary shows that lycopene in tomatoes can be
heart disease according to a recent study absorbed more efficiently by the body if
published in the October 1998 issue of Lipids. processed into tomato juice, sauce, paste and
The studies by Agarwal et al. showed that ketchup. The bound chemical form of lycopene
daily consumption of tomato products found in tomatoes is converted by the
providing at least 40 mg of lycopene was temperature changes involved in processing to
enough to substantially reduce low density make it more easily absorbed by the body.l

lipoprotein (LDL) oxidation. High LDL Although best known as an antioxidant, both
oxidation is associated with increased risk of oxidative and non-oxidative mechanisms are
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involved in lycopene's bioprotective activity.
The nutraceutical activities of carotenoids
such as beta-carotene are related to their
ability to form vitamin A within the body.
Since lycopene lacks a beta-ionone ring
structure, it cannot form vitamin A and its
biological effects in humans have been
attributed to mechanisms other than vitamin
A. Lycopene's configuration enables it to
inactivate free radicals. As free radicals are
electrochemically imbalanced molecules, they
are highly aggressive, and are always ready to
react with cell components and cause
permanent damage. Oxygen-derived free
radicals are the most reactive species. These
toxic chemicals are formed naturally as by-
products during oxidative cellular metabolism.
As an antioxidant, lycopene has a singlet-
oxygen-quenching ability twice as high as that of
beta-carotene (vitamin A relative) and ten times
higher than that of alpha-tocopherol (vitamin E
relative). One non-oxidative activity is, the
regulation of gap-junction communication
between cells. Lycopene is a phytochemical,
synthesized by plants and microorganisms
but not by animals. It is an acyclic isomer of
beta-carotene.

Research shows that lycopene in tomatoes can
be absorbed more efficiently by the body if
processed into tomato juice, sauce, paste and
ketchup. The bound chemical form of lycopene
found in tomatoes is converted by the
temperature changes involved in processing to
make it more easily absorbed by the body. The
research results prove that lycopene can reduce
the risk of prostate cancer and cancers of the
lung, bladder, cervix and skin. 2
Supplementation of tomato products, containing
lycopene, has been shown to lower biomarkers
of oxidative stress and carcinogenesis in healthy
and type 1l diabetic patients, and prostate cancer
patients, respectively. Processed tomato
products like tomato juice, tomato paste, tomato
puree, tomato ketchup and tomato oleoresin
have been shown to provide bioavailable
sources of lycopene, with consequent increases
in plasma lycopene levels versus baseline.
Dietary fats enhance this process and should be

consumed together with food sources of
lycopene.
An increased oxidative stress has been

implicated in the incidence of chronic diseases.
Dietary intakes of tomatoes and tomato products
containing lycopene have been associated with
a decreased risk of diseases such as cancer
and cardiovascular diseases (CVDs) in
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numerous studies. ®! Tomatoes account for 85%
of lycopene consumption in an average
American diet, and is an essential component of
the Mediterranean diet, which is well known for
its cardioprotective and anticarcinogenic health
effects.”

Tomatoes are a valuable source of several
micronutrients and phytochemicals including
carotenoids, polyphenols, potassium, folate,
ascorbic acid and a-tocopherol. Most of these
nutrients in tomatoes can interact with the host
to confer a preventive benefit against oxidative
stress-associated diseases, through various
mechanisms including antioxidant action®

As metioned earlier that lycopene can be
absorbed more efficiently by the body after it has
been processed into juice, sauce, paste, or
ketchup. In coming to fresh fruit, lycopene is
enclosed in the fruit tissue. Therefore, only a
portion of the lycopene that is present in fresh
fruit is absorbed. Processing fruit makes the
lycopene more bioavailable by increasing the
surface area available for digestion. More
significantly, the bound chemical form of
lycopene is altered by the temperature changes
involved in processing to make it more easily
absorbed by the body. Also, because lycopene
is fat-soluble (as are vitamins, A, D, E, and beta-
carotene), absorption into tissues is improved
when oil is added to the diet. Research has
shown convincing evidence regarding the
isomerization of all trans-isomers to cis-isomers,
under acidic conditions of the gastric juices.6
One of the most influential pieces of research on
tomatoes and cancer was a done by Harvar,
released in 1995. It followed the eating habits of
47,000 men for six years. Those who had at
least 10 weekly servings of tomato-based foods
were up to 45 percent less likely to develop
prostate cancer. In an analysis published by J
Natl Cancer Inst 1999 Feb 17;91(4):317-31 ),
Edward Giovannucci of Harvard Medical School
reviewed 72 studies that looked for a link
between cancer risk and food made with
tomatoes. In all, 57 linked tomato intake with a
reduced risk, and in 35 of these, the association
was strong enough to be considered statistically
meaningful.

The consumption of tomato products may
reduce the susceptibility of lymphocyte DNA to
oxidative damage. Tomato has a preventive
effect on atherosclerosis by protecting plasma
lipids from oxidation.
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BIOAVAILABILTY OF LYCOPENE

When a dietary supplementation of tomato
puree for 2 weeks in healthy volunteers was
given, it led to a completely different isomer
pattern of plasma lycopene in these volunteers,
versus those present in tomato puree. 5-cis, 13-
cis and 9-cis-lycopene isomers, not detected in
tomato puree, were predominant in the serum.®
Studies conducted with lymph cannulated
ferrets have shown better absorption of cis-
isomers and their subsequent enrichment in
tissues.

One of the convincing evidence regarding the
isomerization of all trans- lycopene to cis-
isomers, under acidic conditions of the gastric
juice is, when Incubated lycopene derived from
capsules with simulated gastric juice for 1 min
showed a 40% cis-lycopene content, whereas
the levels did not exceed 20% even after 3 hour
incubation with water as a control. However,
when tomato puree was incubated for 3 hour
with simulated gastric juice, the cis-lycopene
content was only 18%, versus 10% on
incubation with water. Thus, gastric Ph and food
matrix influence isomerization and subsequent
absorption and increased bioavailability of cis-
lycopene. "The process of cooking which
releases lycopene from the matrix into the lipid
phase of the meal, increases its bioavailability,
and tomato paste and tomato puree are more
bioavailable sources of lycopene than raw
tomatoes.®

Factors such as certain fibers, fat substitutes,
plant sterols and cholesterol-lowering drugs can
interfere with the incorporation of lycopene into
micelles, thus lowering its absorption % Several
clinical trials have also shown the bioavailability
of lycopene from processed tomato products.
There were reports of a significant increase in
serum lycopene levels following a 1-week daily
consumption of spaghetti sauce (39mg of
lycopene), tomato juice (50mg of lycopene) or
tomato oleoresin (75 or 150mg of lycopene), in
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comparison with the placebo, in healthy human
volunteers. There was also other indication that

the lycopene levels increased in a dose-
dependent manner in the case of tomato sauce
and tomato oleoresin’.
There were further demonstrations that

enrichment of tomato paste with 6% tomato peel
increases lycopene bioavailability in men,
thereby suggesting the beneficial effects of peel
enrichment, which are usually eliminated during
tomato processing™.

One of the researchers compared the
bioavailability of lycopene from tomato paste
and from lactolycopene formulation (lycopene
from tomato oleoresin embedded in a whey
protein  matrix), and reported  similar
bioavailability of lycopene from the two sources
in healthy subjects. Dietary fat has been shown
to promote lycopene absorption, principally
stimulating bile production for the formation of
bile acid micelles'".

Consumption of tomato products with olive oil or
sunflower oil has been shown to produce an
identical bioavailability of lycopene, although
plasma antioxidant activity improved with olive
oil consumption, suggesting a favorable impact
of monounsaturated fatty acids on lycopene
absorption and its antioxidant mechanism.

In many of one interesting studies conducted
there were reports that Avocado lipids play a
role in enhancing lycopene absorption. In this
study, in healthy, nonpregnant, nonsmoking
adults, the addition of avocado fruit (75 or 150 g)
or avocado oil (12 or 24 g) to salsa (300 @)
enhanced lycopene absorption, resulting in 4.4
times the mean area under the concentration-
versus-time curve after intake of avocado-free
sauce. That study demonstrated the favorable
impact of avocado consumption on lycopene
absorption and has been attributed to the fatty
acid distribution of avocados (B66% oleic acid),
which  may facilitate the formation of
chylomicrons®.
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Summary of clinical trials investigating the effects of supplementation of tomato products, tomato
oleoresin or purified lycopene on biomarkers of oxidative stress and carcinogenesis.

Study Subjects Type and duration of Effects on
lycopene Effects on biomarkers of oxidative plasmalycopene
supplementation stress/carcinogenesis levels
0 mg lycopene
(placebo), 39 mg
. lycopene (spaghetti 25% decrease in LDL-TBARS Increases at 7
Agarwal 19 healthy subjects sauce,), 50 mg 13% decrease in LDL-CD for days in all groups
and Rao (mean age 29 years, | e t laceb laceb
(1998) BMI 24+ 1.5 kg/m?) ycopene (tomato juice), all groups versus placebo versus placebo
= or 75 mg lycopene (p<0.05) (p<0.05)
(tomato oleorisin) per
day for 1 week
10 healthy subjects
Riso et (mean age 16.5 mg lycopene (%O 9 38% decrease in Dna damage in Ir(ljcrease at21
al.(1999) 23.1+_1.1 years, tomato puree), per day lymphocytes (p<0.05) ays versus
BMI 20.5+_1.5 for 21 days baseline (p<0.001)
kg/m®)
23 health 12% decrease in plasma TBARS 18%
4 40 mg lycopene (330 ml | increase in LDL lag time (P<0.05) no effects Increase at 2
Bub et al. volunteers (mean S N
tomato juice) for 2 on water-soluble antioxidants, FRAP, weeks versus
(2000) age 34+_4 years, B . :
2 weeks glutathione peroxidases and reductase baseline (p<0.05)
BMI 23+_2 kg/m©) S
activities (p>0.05)
34 healthy females >40 mg lycopene (200 g I ) e
Chopra et (mean age tomato puree + 100 g Significant decrease.ln LDL OX|d_|zab|I|ty in Increase at 7 (_1ays
nonsmokers (p<0.05); no effects in smokers versus baseline
al.(2000) 37.5+_8.5 years, watermelon) per day for (p>0.05) (p<0.05)
BMI 24+ 3.5 kg/m?) 7days p>0- p<v-
. 9 healthy subjects
Poorl_nl (mean age 7 mg lycopene (25 g 50% decrease in DNA damage in Increase at 14
and Riso 25.4+ 2. 2years, BMI tomato puree), per day lymphocytes (p<0.05) days versus
(2000) 20.31_1.5 kg/mz) for 14 days baseline (p<0.001)
15 well-controlled
Upritchard _ _type Il Tomato juice (500ml) Decreased LDL oxidizability versus Increase at 4
et diabetics (mean age | per day or placebo for 4 baseline (p<0.001) weeks versus
al.(2000) 63_+8years, BMI weeks) p=0- baseline (p<0.001)
30.9+ 7 kg/m?)
175 healthy 15 mg lycopene (natural No effects on LDL oxidation, reduced
- volunteers (mean : h Increase at 12
Hininger et tomato extract) or hlutathione, protein SH groups and
al. (2001) age 33.5+_1 years, placebo per day for 12 antioxidant metalloenzyme activcities wegks versus
' BMI-24.3+_0.5 baseline (p<0.05)
2 weeks (p>0.05)
kg/m?)
32 patients with 30 mg lycopene (200 g
localiszed prostate spaghetti sauce) per .
Chen et al. adenocarcinoma day for 3 weeks before D%cre_ased Ieul(;ocyte a.n(;j prostatg tissue IncrEase a3
(2001) (mean age surgery or a reference oxidative DNA Iamalge, ecreased serum . wel_e S versus
63.7_+6.1 years,BMI group with no PSA levels (p<0.05) aseline (p<0.001)
28.0+ 4.9 kg/m?) supplementation
. . Decreased tumor growth in the intervention
26 patients with .
. group versus control (p<0.05); decreased
newly diagonsed, 15 mg lycopene (Lyc-O- :
o > . plasma PSA levels and increased
Kucuk et clinically localized Mato capsules) twice expression of connexin 43 in prostrate No effects at 3
prostrate cancer daily or no "XPres: . - p weeks versus
al. (2001) . tissue in the intervention group versus :
(mean age supplementation for 3 . baseline (p>0.05)
control (p>0.05); decreased plasma IGF-1
62.15_+1.85 years, weeks before surgery levels in i : d |
BMI ot reported) evels in intervention and control groups
(p<0.05)
9 healthy subjects 7 mg lycopene (25 g
Porrini et (mean age tomato puree) with 150
al. (2002) 25.2+_2.2 years, g of spinach and 10 g of | Decreased DNA oxidative damage (p<0.05) Not reported
' BMI 20.2+_1.6 olive oil per day for 3
kg/m®) weeks
Rao and 12 healthy subjects 5,10,20 mg of lycopene Increase at 2
(mean age 31+_2.7 from tomato ketchup or 10% decrease in serum MDA 23.6%
Shen | - in reduced thiol weeks versus
(2002) years, BMI , Luc-O-Mato capsule per increase in reduced thiols (p<0.05) baseline (p<0.05)
22.6+ 1.2 kg/m®) day for 2 weeks
Kiokias 32 healthy 4.5 mg lycopene (as Decreased LDL oxidizability; (p<0.05) but Increase at 3
and volunteers (mean Lyc=0-Mato, in nonsignicificant decrease in DNA damage weeks versus
Gordan age 31.7+ 11.3 combination with beta- (8-hydroxy-2-deoxyguanosine in urine) in baseline (p<0.05)
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(2003) years, BMI carotene, alpha- carotenoid group + fish oil versus fish oil
22.4+_3.0 kg/mz) carotene, bixin, lutein, only
and paprika
carotenoids) = 4 g fish
oil, only; per day for 3
weeks
35 mg lycopene
(condensed tomato
Hadley et 60 h(erzletg)r/] ztétgects (Sr(é:\z))} t203gnegrvlgctg$ne;2 Increase in LDL lag time in all groups Increase at 15
al. (2003) 52 6+ 1.8 vears soup), or 25 m (p<0.05) No effects on urinary 8-hydroxy-2- days versus
' BMI not r.epyorted’) chopenpe ’(v8 vegefqable deoxyguanosine or urinary F,-isoprostanes baseline (p<0.05)
juice), per day for 15
days
8 mg lycopen ( tomato
Visioli et 12 healthy subjects p{ggﬂ:ig;;?jvgéo{gf;gf;’ Decrease in LDL oxidizibility; Decrease in Increase at 3
mean age 30 years, . P } excretion of urinary F,-isoprostanes weeks versus
al.(2003) BMI 21 K /mz) paste), with 5 g olive ol (p<0.05) baseline (p<0.05)
9 per day for 3 weeks (21 p<C. p<C.
days)
Briviba et 22 healthy rgen 37 frng chop_e_ne (?30 ml No effects no lipid peoxidation in plasma IncrEase at2
al. (2004) (mean age and BMI of tomato juice) for 2 and feces (p>0.05) weeks versus
not reported) weeks baseline (p<0.001)
. 8 mg lycopene (100 g
Riso et 12 h(erzletgyr/] zutgects raw tomatoes, 60 g Decreased DNA oxidative damage Increase at 3
al.(2004) 2591 4.3 egrs BMI tomato sauce, 159 (p<0.05); No effects on lymphocyte MDA weeks versus
' 2'0 6+ '1 g kg/r’nz) tomaﬁ(o paste) IE)er day levels (p>0.05) baseline (p<0.001)
T or 3 weeks
30 mg lycopene (tomato
juice, tomato sauce,
R8O | 17 healihy subjects | apaghett sauce, and | Decrease bid and protei oadation | ZGET U
(2004) ready-to-serve tomato (p<0.05) baseline (p<0.05)
soup) per day for 4
weeks
26 h(erzletg)r/] zutgects 5.7 mg lycopene (Lyc- Increase at 26
Porrini et o581 2.8 gears O-Mato, 250 ml), or 42% decrease in DNA damage in days versus
al. (2005) OF_£0 Y ' placebo drink, per day lymphocytes (p<0.05) baseline
BMI 21.3+_1.7
kg/.rnz)_ ' for 26 days (p<0.0001)
22 healthy
volunteers with
different PON1-192 37 mg lycopene (330 ml
Bub et al. L
(2005) genotypes (mean of tomato juice) per day
age 29+_6 for 2 weeks
years,BMI23+_2
kg/m®)
37 healthy 12 mg of synthetic Increase at 56
nonsmoking lycopene, or 4 mg of . days versus
Zhao et al. plstmenopausal synthetic lycopene as Decreased end_ogenous DNA damage in baseline in
; both carotenoid supplemented groups
(2006) women (mean age part of mixed - lycopene only
60+_2 years, BMI caroteniods, or placebo, versus baseline and placebo (p<0.01) supplemented
25.48+ 1.08 kg/mz) per day for 56 days group (p<0.01)

Abbreviations: BMI-body mass index; LDL-low density lipoprotein; TBARS-thiobarbituric acid reactive substances; CD-conjugated diene; MDA-malondialdehyde.

Mechanism of action of Lycopene

Cellular and molecular studies have shown
lycopene to be one of the most potent
antioxidants and have been suggested to
prevent carcinogenesis and atherogenesis by
protecting critical biomolecules such as DNA,

proteins, lipids and low-density lipoproteins
(LDLs)"™.
Lycopene, because of its high number of

conjugated double bonds, exhibits higher singlet
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oxygen quenching ability compared to b-
carotene or a-tocopherol. Cis- lycopene has
been shown to predominate in both benign and
malignant prostate tissues, suggesting a
possible beneficial effect of high cis-isomer
concentrations, and also the involvement of
tissue isomerases in in-vivo isomerization from
all Trans to cis form ™.

At a physiological concentration of 0.3 mol/l,
lycopene has been shown to inhibit growth of
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non-neoplastic human prostate epithelial cells in
vitro, through cell cycle arrest which may be of
significant implications in preventing benign
prostate hyperplasia, a risk factor for prostate
cancer™

Lycopene has also been shown to significantly
reduce LNCaP human prostate cancer cell
survival in a dose-dependent manner, and this
antineoplastic action may be explained by
increased DNA damage at high Iycopene
concentrations (45 mM), whereas lower levels of
lycopene reduced manndraIdehyde formation,
with no effects on DNA'®

However, in the Dunnrng rat prostate cancer
model, a 4-week supplementation with a higher
concentration of lycopene beadlets (4 ¢
lycopene/kg diet), revealed significant down
regulation of 5-a-reductase, reduced steroid
target genes expression and prostatic insulin-
like growth factor-1 (IGF-1) and Interleukin- 6,
thereby causing a subsequent reduction in the
growth of tumor tissue . As evident from in
vitro and animal studies, purified lycopene may
inhibit prostate cancer growth only at higher
concentrations, in comparrson with tomato
antioxidant supplementatron

The further studies have reported the inhibitory
effects of lycopene on MCF7 human mammary
cancer cell growth, owing to interference in IGF-
1 receptor signaling and cell cycle progression.
Thus, interference in androgen metabolism, and
inhibition of growth factors and cytokine activity,
appear to be the major pathways through which
lycopene inhibits prostate and breast cancer
growth. Tomato lycopene supplementation (1.1
mg/kg/day corresponding to 15mg lycopene
intake in a 70 kg person) has also been shown
to prevent the change in p53, p53
phosphorylation and p53 target genes, induced
by cigarette smoke exposure in the gastric
mucosa of ferrets. This further suggests a
protective effect of chopene against the
development of gastric cancer”. Studies using
human and animal cells have |dentified a gene,
connexin 43, correlated with reduced indexes of
neoplasia, and whose expression is upregulated
by lycopene and which allows direct intercellular
gap junctional communrcatron thereby reducing
the rate of proI|ferat|on

Lycopene has also been shown to interfere in
lipid  metabolism, lipid  oxidation and
corresponding development of atherosclerosis.
Lycopene treatment has been shown to cause a
73% suppression of cellular cholesterol
synthesis in J-774A.1 macrophage cell line, and
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augment the activity of macrophage LDL
receptors **

Tomato product supplementation and
biomarkers of oxidative stress and
carcinogenesis: clinical trials in healthy

subjects, type Il diabetic patients and
prostate cancer patients

The above table summarizes the clinical trials
investigating the effects of supplementation of
tomato products or tomato oleoresin, containing
lycopene, on biomarkers of oxidative stress and
carcinogenesis. Several studies have shown
that the antioxidant effects of supplementation of
tomato products or purified lycopene (providing
6-17mg lycopene/day), on cellular DNA, in
healthy human volunteers™.

A study in the year 2005 involving a 2-week
supplementation of tomato juice of 37mg of
lycopene/day, showed a reduced |lipid
peroxidation in healthy men carrying the R-allele
of the PON1-192 genotype, compared to QQ
subjects. These volunteers with the QR/RR
genotype also showed an increased lipid
peroxidation at baseline as compared to
subjects. These studies reveal that the dose and
duration of tomato lycopene supplementation,
the synergistic action of lycopene with natural
carotenoids, the baseline plasma levels of
lycopene, the choice of biomarkers of oxidative
stress and gene polymorphisms affecting the
rate of oxidative stress are critical factors in
modulating the response to antioxidant
supplementatron containing lycopene, in healthy
volunteers®®

Epidemiologic studies:
cancer

The European Multicenter Case—Control Study
on Antioxidants, Myocardial Infarction and
Breast Cancer Study (EURAMIC Study)
reported that a higher lycopene concentratron
was independently protective against cvD *

The Women'’s Health Study further revealed that
a decreased risk for developing CVD was more
strongly associated wrth hrgher tomato intake
than with lycopene intake®

Processed tomato products definitely provide a
bioavailable source of lycopene and have a
positive correlation with plasma and tissue
lycopene levels.

A systematic review of 72 epidemiological
studies reported a consistent inverse
relationship between intakes of tomatoes and
plasma lycopene levels and prostate, lung and
stomach

lycopene, CVD and
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cancer’®. In the meta-analysis, 10 out of 14
studies reported a significant inverse association
between tomato or lycopene consumption and
lung cancer risk. These were case—control
studies, adjusted for smoking history, an
important confounding factor for lung cancer.

In the Health Professionals Follow-Up Study, an
intake of X2 servings a week of tomato products
resulted in a lower risk of prostate cancer®’.

Bhagath Singh et al

ISSN: 2231-2781

Using plasma samples from men enrolled in the
Physicians’ Health Study, lycopene was found to
be the only antioxidant at significantly lower
levels in prostate cancer cases than in the
matched controls. This inverse association was
particularly evident for aggressive types of
prostate cancer and for men not taking b-
carotene supplements®.

Healthy volunteers

Type 2 diabetics

Patients with
Prostate cancer

Summary of mechanism of action of tomato products or tomato oleoresin supplements,
containing lycopene,in health and disease.

In prevention of prostate cancer

Lycopene inhibits the growth of benign and
malignant prostatic epithelial cells in vitro.
Lycopene has many effects like anti-proliferative
insulin ~ like  growth factor-1 inhibition,
differentiation and apoptosis, connexin and gap

990

junctional intercellular communication and its
antioxidant activation plays role in
carcinogenesis inhibition®. Mohanty one of the
researcher undertook a study to use lycopene
as a chemo preventive agent in the treatment of
HGPIN for preventing prostate cancer from
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developing in this vulnerable group of patients. A
total of 40 patients with HGPIN were
randomized into 2 groups: one received 4mg
lycopene twice a day for one year, and the other
was periodically followed up one year. PSA level
in the treated group A decreased for a mean
level of 6.07-3.5 ng/ml, while in the control
group B, it increased from a mean value of 6.55
to 8.06 ng/ml. This initial small trial has shown

that lycopene is an effective chemo preventive
agent in preventmg HGPIN from becoming
prostate cancer*’

Health Professmnals Follow-Up Study
demonstrating that lycopene intake was
associated with a significant decrease risk of
prostate cancer (RR=0.84, 95% Cl 0.73- 0.96,
p=0.003) and greater reduction in risk for extra
prostatic disease®

Normal prostate and Cancer Prostate representation pictorially

A prospective study demonstrated that frequent consumption (>1/day) of soy milk was associated with a
70% reduction in the risk of developing prostate cancer™.

Sources of Dietary Agents and Chemo preventive Mechanisms

Agent Sources Chemoprevention mechanisms

Lycopene Tomato, watermelon, guava, pink grape. Antioxidant activation,IGF-1 inhibition, promoting apoptosis
Isoflavonoids Soybean, legumes, green tea Inhibit cell growth, down-regulation androgen, and estrogen-like activity.
Selenium Fish , meat, eggs Induce antioxidant enzymes, promote apoptosis, and inhibit cell growth.

In treating Oral Leukoplakia
Leukoplakia is the most common pre-cancerous
lesion in the oral cavity. Malignant potential of
leukoplakia was hmted by Sugar and Banoczy
way back in 1957%. Association between
tobacco chewing and smoking with oral
Ieukoplakla is established beyond doubt®

® Tobacco smoke contains NOO_ radicals,
which are carcinogenic. Free radical scavengers
should be the necessary part of the treatment
regimen in tobacco chewers or smokers to
prevent the formation, induce the remission or
inhibit the progression of pre-cancerous lesions
into malignancies. Lycopene, the carotenoid that
gives the ripe tomato its bright red color, is a
very effective natural antioxidant and quencher
of free radicals *°
Lycopene eXthItS the highest phy3|cal
guenching rate constant with singlet oxygen
Lycopene has been found to be at least 3- fold
more effective than b-carotene in preventing cell
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death by quenching of NOO _radicals ¥'. It also
protects DNA damage induced by 1- methyl -3
nitro-1-nitrosoguanidine and HZOZ

Lycopene also increases the expression of a
gene encoding connexin-43, a gap junction
protein, effect being independent of pro vitamin-
A or antioxidant properties3

Lycopene and b-carotene are two major
carotenoids found in human buccal mucosal
cells. Protective effect of tomato consumption
has been observed in oral Ieukoplakla in a
population based case control study . Tomato,
tomato products and lycopene consumption is

associated with reduction in upper aero-
digestive tract cancers like oral -cavities,
pharynx, larynx and oesophagus™

Administration of lycopene suppresses DMBA-
induced oral carcinogenesis

The first report of efficacy of lycopene against
human oral cancer cell was recently pubhshed
describing the significant therapeutic effect *
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(a) Before starting 8 mg lycopene therapy.

Other irrefutable effects of Lycopene
e Studies prove that it has been useful in
lowering of hypertension, in particular

mild hypertension.
o Naturally lycopene is useful

(b) Complete response seen after 8 mg lycopene therapy.

in the

production of vitamin A. So, it is also
helpful in improving eyesight.

Lycopen increases the High Density
Lipid Levels (HDL) which is useful for
the absorption of Lower Density Lipids

(LDL), thereby preventing
Atherosclerosis and Hypercholestremia.
As an anti-oxidant it also helps
cholesterol from being oxidized.
Lycopene is also useful in treating oral
Leukoplakia, a condition which is
precancerous  mucous membrane,
which is manifested by white patches
mainly due to the frequent consumtion
or chewing of tobacco.

Supplements of Lycopene
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Amount Amount

Serving
Food Food form (mg/100g) mg per serving size
Apricots Fresh 0.005 0.007 140 g
Apricots Canned, drained 0.065 0.091 140 g
Chilly Processed 1.08-2.62 1.40-3.41 130g
Grapefruit Pink, fresh 3.36 4.7 140 g
Guava Pink, fresh 5.4 7.56 140 g

240 ml-250
Guava juice Pink, processed 3.34 8.35 g

1 tbsp.-20
Ketchup Processed 16.6 3.32 g
Papaya Red, fresh 2.00-5.30 2.8-7.42 1409
Pizza sauce Canned, drained 12.71 15.89 125¢g
Rosehip puree Canned, drained 0.78 0.47 | 609
Spaghetti
sauce Processed 17050 21.88 | 125¢
salsa Processed 9.25 3.71 | 2thsp.-40g
Tomatoes Red, fresh 3.1-7.74 4.03 - 10.06 130g
Tomatoes Peeled, processed 11.21 14.01 | 1259
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Tomato juice Processed

Tomato soup Canned, condensed

Tomato paste Canned
Watermelon Red, fresh
Vegetable juice Processed

7.83
3.99
30.07
4.1

7.28

19.58 | 240 ml-250 g
245¢g
3049

280 ¢g

9.77
9.02
11.48

17.47 | 240 mI-250 g

Handiness and Dosage

Lycopene is formulated along with the
multivitamins. They are formulated as capsules.
An intake of 5-10 mg, few times a week is ample
for the ones who do not take much more
vegetables or fruits. But for those who have a
decent diet of fruits and vegetables there isn’t
any need of running for dietary supplemnts of
lycopene. And there are many lycopene
products available in the day to day market in
the form of syrups and capsules.

CONCLUSION

Thus, it can be concluded that moderate
amounts of whole food-based supplementation
of tomato soup, tomato puree, tomato juice or
other tomato beverages, consumed with dietary
fats, such as olive oil or avocados, leads to
increase in plasma carotenoids, particularly
lycopene. And there are much epidemiological
evidence that Iycopene consumption is
associated with a lower risk of prostate, gastric,
breast cancers and many more which has been
shown up in this article.

So considering all the above information
produced, an everyday intake of lycopene is
adviced.

This article evokes that it is better to have
lycopene supplements than to fall in the risk for
surgeries and other various treatments.

REFERENCES

1. Agarwal, S., and Rao A.V.; Tomato
lycopene and low-density lipoprotein
oxidation: a human dietary intervention
study. Lipids, 33, 981-984 (1998)

2. LYCOPENE - The Ultimate
Phytochemical Nutraceutical? By John
C. Leffingwell, Ph.D.)

3. Kohlmeier et al., 1997; Giovannucci et
al., 2002; Sesso et al.,2003

4. LaVecchia, 1997; de Lorgeril et al,
1999).

5. Rao and Agarwal, 2000; Rao, 2002;
Canene-Adams et al., 2005

993

6.

10.

11.

12.

13.

14.

Halloway DE, Yang M, Paganga G,
Rice-Evans CA, Bramley PM (2000).
Isomerization of dietary lycopene during
assimilation and transport in plasma.
Free radical Res 32, 93-102.

Re R, Fraser PD, Long M, Bramley PM,
Rice-Evans C (2001). Isomerization of
lycopene in the gastric milieu. Biochem
Biophys Res Commun 281, 576-581.
Gartner C, Stahl W, Sies H (1997).
Lycopene is more bioavailable from
tomato paste than from fresh tomatoes.
Am J Clin Nutr 66, 116-122.

Boileau TWM, Boileau AC, Erdman JW
(2002). Bioavailability of alltrans and cis-
isomers of lycopene. Exp Biol Med 227,
914-919.

Reboul E, Borel P, Mikail C, Abou L,
Charbonnier M, Caris-Veyrat C et al.
(2005). Enrichment of tomato paste with
6% tomato peel increases lycopene and
b-carotene bioavailability in men. J Nutr
135, 790-794

Richelle M, Bortlik K, Liardet S, Hager
C, Lambelet P, Baur M et al. (2002). A
food-based formulation provides
lycopene with the same bioavailability to
humans as that from tomato paste. J
Nutr 132, 404—-408

Unlu NZ, Bohn T, Clinton SK, Schwartz
SJ (2005). Carotenoid absorption from
salad and salsa by humans is enhanced
by the addition of avocado or avocado
oil. J Nutr 135, 431-436

Pool-Zobel BL, Bub A, Muller H,
Wollowski 1, Rechkemmer G (1997).
Consumption of vegetables reduces
genetic damage in humans: first result
of a human intervention trial with
carotenoid-rich foods. Carcinogenesis
18, 1847-1850

Di Mascio P, Kaiser S, Sies H (1989).
Lycopene as the most efficient biological
carotenoid singlet oxygen quencher.
Arch Biochem Biophys 274, 532-538



IJRPC 2012, 2(4)

Bhagath Singh et al

ISSN: 2231-2781

15.

16.

17.

18.

19.

20.

21.

22.

23.

Obermuller-Jevic UC, Olano-Martin E,
Corbacho AM, Eiserich JP, van der Vliet
A, Valacchi G et al. (2003). Lycopene
inhibits the growth of normal human
prostate epithelial cells in vitro. J Nutr
133, 3356-3360

Hwang E-S, Bowen PE (2005). Effects
of lycopene and tomato paste extracts
on DNA and lipid oxidation in LNCaP
human prostate cancer cells. Biofactors
23, 97-105

Siler U, Barella L, Spitzer V, Schnorr J,
Lein M, Goralczyk R et al. (2004).
Lycopene and vitamin E interfere with
autocrine/paracrine loops in the Dunning
prostate cancer model. FASEB J
(published online April 14, 2004

Karas M, Amir H, Fishman D, Danilenko
M, Segal S, Nahum A et al. (2000).
Lycopene interferes with cell cycle
progression and insulin-like growth
factor | signaling in mammary cancer
cells. Nutr Cancer 36, 101-111

Liu C, Russell RM, Wang X-D (2006).
Lycopene supplementation prevents
smoke-induced changes in p53, p53
phosphorylation, cell proliferation, and
apoptosis in the gastric mucosa of
ferrets. J Nutr 136, 106-111

Stahl W, von Laar J, Martin HD,
Emmerich T, Sies H (2000). Stimulation
of gap junctional communication:
comparison of acyclo-retinoic acid and
lycopene. Arch Biochem Biophys 373,
271- 274

Fuhrman B, Elis A, Aviram M (1997).
Hypocholesterolemic effect of lycopene
and b carotene is related to suppression
of cholesterol synthesis and
augmentation of LDL receptor activity in
macrophages. Biochem Biophys Res
Commun 233, 658-662

Riso P, Visioli F, Erba D, Testolin G,
Porrini M (2004). Lycopene and vitamin
C concentrations increased in plasma
and lymphocytes after tomato intake.
Effects on cellular antioxidant protection.
Eur J Clin Nutr 58, 1350-1358

Bub A, Barth SW, Watzl B, Briviba K,
Rechkemmer G (2005). Paraoxonase 1
Q192R (PON1-192) polymorphism is
associated with reduced lipid
peroxidation in healthy young men on a
lowcarotenoid diet supplemented with
tomato juice. Br J Nutr 93, 291-297

994

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Kohlmeier L, Kark JD, Gomez-Gracia E,
Martin BC, Steck SE, Kardinaal AF et al.
(1997). Lycopene and myocardial
infraction risk in the EURAMIC study.
Am J Epidemiol 146, 618-662

Sesso HD, Liu S, Gaziano JM, Buring
JE (2003). Dietary lycopene, tomato-
based food products and cardiovascular
disease in women. J Nutr 133, 2336-
2341.

Giovannucci E (1999). Tomatoes,
tomato-based products, lycopene, and
cancer: review of the epidemiologic
literature. J Natl Cancer Inst 91, 317-
331

Giovannucci I, Rimm E, Liu Y, Stampfer
M, Willett W (2002). A prospective study
of tomato products, lycopene, and
prostate cancer risk. J Natl Cancer Inst
94, 391-398

Gann PH, Ma J, Giovannucci E, Willett
W, Sacks FM, Hennekens CH et al.
(1999). Lower prostate cancer risk in
men with elevated plasma lycopene
levels: results of a prospective analysis.
Cancer Res 59, 1225-1230
Obermuller-Jevic  UC, Olano-Martin
E,Carbacho AM, et al (2003). Lycopene
inhibits the growth of normal human
prostate epithelial cells in vitro. J
Nut,133, 336+-60

Mohanty NK, Saxena S, Singh UP, et al
(2005). Lycopene as a chemopreventive
agent in the treatment of high-grade
prostate intraepithelial neoplasia. Urol
Oncol, 23, 383-5

Kirsh VA, Mayne ST, Peters U, ET al
(2006). A prospective study of lycopene
and tomato product intake and risk of
prostate cancer. Cancer Epidemiol
Biomarkers Prev, 15, 92-8.

Jacobsen BK, Knutsen SF, Fraser GE
(1998). Does high soy milk intake
reduce prostate cancer incidence? The
Adventist Health Study (United States).
Cancer Causes Control, 9, 553-7
Banoczy MA. Oral leukoplakia and
other white lesions of oral mucosa.
Cutaneous Pathol 1983;10(4):238-56

. Fali S, Mehta. Text book of tobacco
related oral mucosa lesions and
conditions in India. Bombay: Dental
Research Unit TATA Institute of
Fundamental Research; 1993. p. 10.



IJRPC 2012, 2(4)

Bhagath Singh et al

ISSN: 2231-2781

35.

36.

37.

38.

39.

40.

Jens Pindborg. Text book of oral cancer
and pre-cancer. Bristol: John Wright &
Sons Ltd.; 1980. 45 p

Nir Z, Hartal D. Tomato lycopene the
phytonutrient of the new millenium.
Food Ind J 2000;3(3):208-19.)

Bohm F, Tinkler JH, Truscott TG.
Carotenoids  protect against cell
membrane damage by the nitrogen
dioxide radical. Nat Med 1995;1(2):98—
9.

Smedman AEM, Smith C, et al.
Lycopene protects DNA damage in
colon cells induced by MNNG and
H202. Anticancer Res Abs
1995;82(15):1656—60

Bertram JS, Pung A, Churrby M. Review
of carotenoids inhibiting malignant
transformation by MCA or X-ray
radiation. Carcinogenesis 1991;12:671—
8

Gupta PC, Hebert JR, Bhonsle RB.
Dietary factors in oral leukoplakia and

995

41.

42.

43.

submucous fibrosis in a population
based case control study in Gujarat,
India. Oral Dis 1998;4(3):200-6.)(
Nagao T, lkeda N, Fukano H. Serum
antioxidant micronutrients and the risk of
oral leukoplakia among Japanese. Oral
Oncol 2000;36(5):466—70

de Stefani E, Oreggia F, Boffetta P,
Deneo-Pellegrini H, Roneo A,
Mendilaharsu M. Tomatoes, tomato rich
foods, lycopene and cancer of the upper
aerodigestive tract: a case control in
Uruguay. Oral Oncol 2000;36(1):47— 53
Bhuvaneswari V, Velmurugan B,
Balasenthil S, Ramachandran CR,
Nagini S. Chemopreventive efficacy of
lycopene on 7,12-Dimethyl
benz[a]anthracene induced Hamster
buccal pouch carcinogenesis. Fitoterpia
2001,72(8):865-74

Bertha Shwartz. Can tomatoes fight oral
cancer? J Am Dent Assoc
2001;132(2):154-6.



