
Chronic diseases including cancer, cardiovascular disease, diabetes and osteoporosis are the major causes of morbidity and mortality in the Western World.
Along with genetic factors and age, lifestyle factors and diet are also considered important risk factors for these diseases. Dietary guidelines around the
world recommend increased consumption of plant foods to combat chronic diseases. Plant foods that include fruits, vegetables, cereals and legumes contain
many beneficial phytochemicals. Several mechanisms have been proposed to explain the beneficial effects of the phytochemicals in human health. Oxidative
stress as an important etiological factor in the causation of chronic diseases has received a great deal of interest in recent years1-8. Oxidative stress is caused
by the highly reactive oxygen species (ROS) produced endogenously as by-products of normal metabolic processes as well as through lifestyle factors such as
diet, smoking and exercise 9. ROS can cause oxidative damage to important cellular biomolecules such as the lipids, proteins and DNA and cause cellular
damage10. When not repaired they can accumulate in the cell and lead to increased risk of chronic diseases. Antioxidants by virtue of their ability to interact
with ROS can mitigate their damaging effect and play a significant role in the prevention of chronic diseases10. Lycopene, as a dietary source of a carotenoid
antioxidant, has attracted considerable interest in recent years as an important phytochemical with a beneficial role in human health.
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CHEMISTRY, SOURCES AND BIOAVAILABILITY OF LYCOPENE 
Lycopene, a lipid soluble natural carotenoid pigment is synthesized by
many plants and microorganisms to absorb light during photosynthesis
and to protect them against photosensitization. However, it is not 
synthesized by animals and humans11. It is responsible for the red color
of many fruits and vegetables such as tomatoes. It is a highly unsaturated
open straight chain hydrocarbon consisting of 11 conjugated and 
2 unconjugated double bonds10,12,13. The unsaturated structure of
lycopene makes it a potent singlet oxygen quencher. Unlike some other
carotenoids, lycopene lacks the terminal β-ionic ring in its structure and
provitamin A activity. In nature, lycopene is present primarily in the 
all-trans isomeric form14. However, it can undergo mono or poly 
isomerization to its cis-isomeric forms. It is a highly stable molecule.
However, it can undergo oxidative, thermal, and photodegredative
changes9. Lycopene is stable under the conditions of thermal processing
and storage15. Of all the isomeric forms of lycopene, 5-cis lycopene is the
most stable having the highest antioxidant properties16.

Common dietary sources of lycopene include tomatoes, watermelon, 
pink guava, pink grapefruit, papaya, apricot and other fruits. Tomatoes
and tomato-based foods account for more than 85% of all the dietary
sources of lycopene in the Western diet10,17,18. Nutritional supplements
also contribute to the daily intake of lycopene.

For lycopene to be effective in the prevention of chronic diseases it must
first be absorbed and reach the target tissue and maintain its antioxidant
properties. Lycopene levels in body fluids and tissues have been used to
estimate the absorption of lycopene from dietary and supplemental
sources. Disruption of cellular matrix where lycopene is bound and the
presence of lipids can facilitate its absorption. In general, lycopene
absorption in humans from dietary sources is reported to be in the range
of 10-30%18,19. Serum lycopene levels were significantly higher in 
subjects consuming tomato juice, tomato sauce and tomato oleoresin
capsules compared to controls20. Other studies have shown that
lycopene is absorbed more efficiently from processed tomato products
compared to raw tomatoes19,21. The increased absorption of lycopene
from processed tomato products is attributed to the presence of cis-
isomers of lycopene19. With an increase in the level of lycopene in the
serum, significant reductions in the markers of oxidation including lipid,
protein and DNA oxidation were observed indicating that once absorbed,
lycopene maintains its antioxidant properties in vivo21. 

Upon absorption, lycopene is distributed throughout the body. Testes,
adrenal glands, prostate, breast and liver were shown to have the highest
levels of lycopene in humans10,22. Lycopene in the tissues undergoes 
oxidation and metabolism. Several oxidized forms of lycopene and polar
metabolites have recently been isolated and identified12. The biological
significance of these findings is not clear at present and is the subject of
many studies.

MECHANISMS OF ACTION OF LYCOPENE
Due to the highly unsaturated nature of the lycopene molecule, its 
antioxidant properties have been the main focus of research to study its

biological role. However, other studies are now showing that lycopene
may also provide its protective effect against chronic diseases via other
mechanisms23,24. These other mechanisms include gene function 
regulation, gap-junction communication, hormone and immune modulation,
carcinogen metabolism metabolic pathways involving phase I and II
drug-metabolizing enzymes and cell cycling pathways and proliferation25

(Figure 1). An extensive review of both the antioxidant mechanisms and
other molecular mechanisms has recently been reviewed10. 

LYCOPENE AND CHRONIC DISEASES
The basic hypothesis underlying the role of lycopene in the prevention 
of chronic diseases suggests that an accumulation of the ROS in the 
body either due to higher levels of ROS produced or impaired repair
mechanism, can lead to the oxidation of critical cellular molecules 
leading eventually to increased risk of chronic diseases. Antioxidants
such as lycopene can interact with ROS at an early stage and prevent
cellular oxidation and either delay or prevent the progression of human
diseases. The evidence to date for the beneficial role of lycopene in
human diseases comes primarily from epidemiological studies. However,
tissue culture studies utilizing several human cancer cell lines and animal
studies have also been reported in the literature26.  Human clinical trials
are now being undertaken increasingly to evaluate the role of lycopene 
in several human diseases.

Cancer
Cancer is a multi-stage process consisting of initiation, promotion and
progression. In vitro and in vivo studies show lycopene to prevent all
three stages of cancer development. A publication in 1995 showed an
inverse correlation between the consumption of tomatoes and the risk of
prostate cancer27. This effect was shown to be more significant with
increased aggressiveness of the disease. The authors suggested
lycopene as possibly the compound present in tomatoes for the beneficial
effect. A follow up publication in 199928 evaluated 72 studies that were
reported on the role of lycopene in human cancers. This meta-analysis
study showed that lycopene intake as well as serum lycopene levels
were inversely related to several cancers including prostate, breast, 
cervical, ovarian, liver and other organ sites. 

Since the publication of these studies several other studies have now
been undertaken29,30. A great majority of the studies suggested that with
increased dietary intake of lycopene or high serum levels of lycopene,
there was an association with a significant reduction in the risk of 
cancers.  Although the epidemiological studies provided convincing 
evidence in support of the protective role of lycopene in cancer, the 
status of oxidative stress and lycopene in cancer patients was unknown.
A recent case-control study showed significantly lower levels of serum
lycopene and higher serum prostate specific antigen (PSA) levels as well
as markers of oxidative stress in cancer patients compared to their age
matched controls.  β-carotene, lutein, cryptoxanthin, vitamins E and A
did not show any differences between the cancer patients and their 
controls17. To explain the observed results, authors of the study suggest
either impaired absorption or increased utilization of lycopene by the
cancer patients. A follow up pharmokinetic study with the prostate cancer

and age-matched controls raised the possibility of impaired absorption of
lycopene in the case of cancer patients since the absorption slopes were
significantly lower in these subjects compared to their controls. This area
is the subject of scientific studies at present 31. 

Overall, epidemiological studies, in vitro tissue culture studies, animal
studies and now some human intervention studies are showing that
increased intake of lycopene will result in increased circulatory and 
tissue levels of lycopene. In vivo lycopene can act as a potent antioxidant
and protect cells against oxidative damage and thereby prevent or reduce
the risk of several cancers. Mechanisms other than the antioxidant have
also been shown to be involved in lycopene mediated effects in cancer
(Figure 1). In a more recently reported study, lycopene was shown to
decrease the levels of PSA as well as the growth of prostate cancer in
newly diagnosed prostate cancer patients receiving 15 mg of lycopene
daily for 3 weeks prior to radical prostactomy 32-34. Although small in 
number, these observations raise the possibility that lycopene may be
involved not only in the prevention of cancers but may play a role in the
treatment of the disease  Further studies are needed to get further proof
and to gain better understanding of the mechanisms involved. 

Coronary Heart Disease (CHD)
Although cancer in general and prostate cancer in particular have been
the focus of most of the research so far relating to lycopene, CHD, 
another major cause of human mortality is also being investigated.
Several reports have now appeared in the literature in support of the role
of lycopene in the prevention of CHD. The strongest population-based
evidence comes from a multi-center case-control study (EURAMIC) that
evaluated the relationship between adipose tissue antioxidant status and
acute myocardial infraction35,36. Subjects that included 662 cases and 
717 controls were recruited from 10 different European countries. Results
of this study showed a significant dose-response relationship between
adipose tissue lycopene and the risk of myocardial infarction. Another
study that compared the Lithuanian and Swedish populations showed
lower lycopene levels to be associated with increased risk and mortality
from CHD37. Lycopene was also shown to significantly reduce the levels
of oxidized LDL (LDLox) that is considered to be a risk factor for CHD38. 
In another small study, lycopene was shown to reduce serum total 
cholesterol levels and thereby lower the risk of CHD39.

Osteoporosis
In addition to cancers and CHD, studies are now evaluating the role of
lycopene in other human diseases. Rao and her colleagues are now
studying the role of lycopene in the prevention of osteoporosis10. Tissue
culture studies showed that lycopene stimulated the proliferation and the
bone formation marker, alkaline phosphatase activity, of osteoblasts and
reduced the bone-resorbing activity and multi-nucleated formation of
osteocalsts10,40-42.  Based on these positive results, the author is under-
taking cross-sectional clinical studies in postmenopausal women who
are at risk of osteoporosis. They showed that lycopene intake directly
correlated with serum lycopene, indicating an efficient absorption of
lycopene. Additionally, a higher serum lycopene was found to be 
associated with a low NTx (p<0.005) and groups with higher serum

The Whitehall-Robins Report



Lycopene and human health: The scientific evidence for its beneficial role December 2006 - Volume 15, Number 4

References 1. Ames BN, Gold LS & Willet WC (1996) Causes and prevention of cancer. Proc Natl Acad Sci. (USA) 92: 5258-5265.  2. Pincemail J (1995) Free radicals and antioxidants in human disease. Birkhäuser Verlag, Basel.  3. Stadtman ER (1992)
Protein oxidation and aging. Science 257: 1220-1224.  4. Witztum JL (1994) The oxidation hypothesis of artherosclerosis. Lancet . 344: 793-796.  5. Ames BN, Shigenaga MK & TM., H. (1993) Oxidants, antioxidants and the degenerative diseases of aging. Proc
Natl Acad Sci USA 90: 7915-7922.  6. Halliwell B, Murcia MA, Chirico S & Aruoma OI (1995) Free radicals and antioxidants in food and in vivo: what they do and how they work. Crit Rev Food Sci Nutr 35: 7-20.  7. Halliwell B (1994) Free radicals, antioxidants
and human disease: curiosity, cause or consequence? Lancet 344: 721-724.  8. Rao AV & Rao LG (2004) Lycopene and human health. Curr. Top. Nutr. Res. 2: 127-136.  9. Agarwal S & Rao AV (2000.) Carotenoids and chronic diseases. Drug Metabolism & Drug
Interactions 17: 189-210.  10. Rao AV, Mira MR & Rao LG (2006) Lycopene. Advances in Food and Nutrition Research 51: 99-164.  11. Paiva S & Russell R (1999) Beta caroteneand other carotenoids as antioxidants. J. Am. Coll, Nutr. 18: 426-433.  12. Khachik F,
Carvallo L, Bernstein PS, Muir GJ, Zhao DY & Katz NB (2002) Chemistry, distribution and metabolism of tomato carotenoids and their impact on human health. Exp Biol Med (Maywood) 227: 845-851.  13. Stahl W, Schwarz W, Sundquist AR & Sies H (1992)
cis-trans Isomers of lycopene and b- carotene in human serum and tissues. Arch Biochem Biophys 294: 173-177.  14. Clinton SK (1998) Lycopene: chemistry, biology, and implications for human health and disease. Nutrition Reviews 1: 35-51.  15. Agarwal A,
Shen H, Agarwal S & Rao A (2001) Lycopene content of tomato products: Its stability, bioavailability and in vivo antioxidant properties. J. Med. Food 4: 9-15.  16. Chasse GA, Mak ML, Deretey E, Farkas I, Torday LL, Papp JG, DSarma DSR, Agarwal A,
Chakravarthi S, Agarwal S & Rao AV (2001) An ab initio computational study on selected lycopene isomers. J Mol Struc (Theochem) 571: 27-37.  17. Rao AV, Fleshner N & Agarwal S (1999) Serum and tissue lycopene and biomarkers of oxidation in prostate
cancer patients: a case-control study. Nutrition and Cancer 33: 159-162.  18. Rao AV & Agarwal S (1999) Role of lycopene as antioxidant carotenoid in the prevention of chronic diseases: a review. Nutrition Research 19: 305-323.  19. Stahl W & Sies H (1992)
Uptake of lycopene and its geometrical isomers is greater from heat-processed than from unprocessed tomato juice in humans. J Nutr 122: 2161-2166.  20. Rao AV & Agarwal S (1998) Bioavailability and antioxidant properties of lycopene from tomato prod-
ucts. Nutrition and Cancer 31: 199-203.  21. Gärtner C, Stahl W & Sies H (1997) Lycopene is more bioavailable from tomato paste than from fresh tomatoes. Am J Clin Nutr: 116-122.  22. Jain CK, Agarwal S & Rao AV (1999) The effect of dietary lycopene on
bioavailability, tissue distribution, in-vivo antioxidant properties and colonic preneoplasia in rats. Nutr Res 19: 1383-1391.  23. Heber D & Lu Q-L (2002) Overview of Mechanisms of Action of Lycopene. Exp Biol Med (Maywood) 227: 920-923.  24. Wertz K, Siler
U & Goralezyk R (2004) Lycopene: Methods of action to promote prostate health. Arch. Biochem. Biophys. 430: 127-134.  25. Agarwal S & Rao AV (2000) Tomato lycopene and its role in human health and chronic diseases. In: Canadian Medical Association
Journal, pp. 739-744.  26. Rao AV & Agarwal S (1999) Role of lycopene as antioxidant carotenoid in the prevention of chronic diseases: A review. Nutr Res 19: 305-323.  27. Giovannocci E, Ascherio A, Rimm EB, Stampfer MJ, Colditz GA & Willet WC (1995)
Intake of carotenoids and retinol in relation to risk of prostate cancer. J National Cancer Institute 87: 1767-1776.  28. Giovannucci E (1999) Tomatoes, tomato-based products, lycopene, and cancer: review of the epidemiologic literature. J National Cancer
Institute 91: 317-331.  29. Giovannucci E, R. E., Liu Y, Stampfer MJ, Willett WC (2002) A prospective study of tomato products, lycopene, and prostate cancer risk. Journal of the National Cancer Institute 94: 391-398.  30. Gann P, Ma J, Giovannucci E, Willett
W, Sacks FM & Hennekens CH (1999) Lower prostate cancer risk in men with elevated plasma lycopene levels: results of a prospective analysis. Cancer Res 59: 1225-1230.  31. Rao AV (2002) Lycopene, tomatoes and health: New perspectives. In: Lycopene
and the prevention of chronic diseases: Major findings from five international conferences (Rao AV & Heber DH, eds.). Caledonian Science Press, Scotland.  32. Kucuk O & Wood DP Jr (2002) Response of hormone rerfractory prostate cancer to lycopene.
J Urol 167: 651.  33. Kucuk O, Sarkar FH & Sakr W, e. a. (2001) Phase II randomized clinic trial of lycopene supplymentation before radical prostatectomy. Cancer Epidemiol Biomarkers Prev 10: 861- 868.  34. Bowen P, Chen L, Stacewicz-Sapuntzakis M, Duncan
C, Sharifi R, Ghosh L, Kim HS, Christov-Tzelkov K & vanBreemen R (2002.) Tomato sauce supplementation and prostate cancer:ycopene accumulation and modulation of biomarkers of carcinogenesis. Exp Biol Med 227: 886-893.  35. Kohlmeier L, Kark JD,
Gomez-Garcia E, Martin BC, Steck SE, Kardinaal AFM, Ringstad J, Thamm M, Masaev V, Riemersma R, Martin-Moreno JM, Huttunen JK & Kok F (1997) Lycopene and myocaedial infarction risk in the EURAMIC study. Am J Epidemiol 146: 618- 626.  36.
Kohlmeier L & Hastings SB (1995) Epidemiologic evidence of a role of carotenoids in cardiovascular disease prevention. Am J Clin Nutr 62(Suppl): 1370S-1376S.  37. Kritenson M, Zieden B, Kucinskiene Z, Elinder LS, Bergdahl B, Elwing B, Abaravicius A,
Razinkoviene L, Calkauskas H & Olson A (1997) Antioxidant state and mortality from coronary heart disease in Lithuanian and Swedish men: concomitant cross sectional study of men aged 50. Br Med J 314: 629-633.  38. Agarwal S & Rao AV (1988) Tomato
lycopene and low density lipoprotein oxidation: A human dietary intervention study. Lipids 33: 981-984.  39. Fuhrman B, Elis A & Aviram M (1997) Hypocheloesterolemic effect of lycopene and b- carotein is related to suppression of cholesterol synthesis and
augmentation of LDL receptor activity in macrophage. Biochem Biophys Res Commun 233: 658-662.  40. Rao LG, Krishnadev N, Banasikowska K & AV, R. (2003) Lycopene I. Effect on Osteoclasts; Lycopene inhibits basal and parathyroid hormone (PTH)-stim-
ulated osteoclast formation and mineral resorption mediated by reactive oxygen species (ROS) in rat bone marrow cultures. Journal of Medicinal Food (In press).  41. Rao LG, Krishnadev N, Banasikowska K & Rao AV (2002) Lycopene inhibits basal and
parathyroid hormone (PTH)-stimulated osteoclast formation and resorption by reactive oxygen species (ROS). Calcif Tiss Intl (submitted).  42. Rao LG, Krishnadev N, Banasikowska K & Rao AV (2003) Lycopene I - Effect on osteoclasts: Lycopene inhibits basal
and parathyroid hormone-stimulated osteoclast formation and mineral resorption mediated by reactive oxygen species in rat bone marrow cultures. J Med Food 6: 69-78.  43. Rao LG, Mackinnon ES, Josse RG, Murray TM, Strauss A & Rao AV (Accepted
August 29 2006) Lycopene consumption decreases oxidative stress and bone resorption markers in postmenopausal women. Osteoporosis Int.  44. Paran E & Engelhard Y (2001) Effect of Lyc-O-Mato, standardized tomato extract on blood pressure, serum
lipoproteins, plasma homocysteine and oxidative stress markers in grade 1 hypertensive patients. Proceedings of the 16th Annual Scientific Meeting of the Society of Hypertension, San Francisco, USA ).  45. Mohanty NK, Kumar R & Gupta NP (2001) Lycopene
therapy in the management of idiopathic oligoasthenospermia. Ind J Urol 56: 102-103.  46. Kasagi S, Seyama K, Mori H, Souma S, Sato T, Akiyoshi T, Suganuma H & Fukuchi Y (2006) Tomato juice prevents senescence-accelerated mouse P1 strain from devel-
oping emphysema induced by chronic exposure to tobacco smoke. Am J Physiol Lung Cell Mol Physiol 290: L396-L404.  47. Sharma JB, Kumar A, Malhotra M, Arora R, Prasad S & Batra S (2003) Effect of lycopene on pre-eclampsia and intra-uterine growth
retardation in primigravidas. International Journal of Gynocology and Obstetrics 81: 257-262.  48. Rao AV & Balachandran B (2003) Role of oxidative stress abd antioxidants in neurodegenerative diseases. Nutritional Neurosciences 5: 291-309.

Contains 50% recycled paper including 
20% post-consumer fibre

lycopene had lower protein oxidation (p<0.05).  In conclusion, these
results suggest that the dietary antioxidant lycopene reduces oxidative
stress and levels of bone turnover markers in postmenopausal women
and may be beneficial in reducing the risk of osteoporosis43.

Hypertension, Male infertility and Cataract
Consumption of lycopene by mildly hypertensive subjects resulted in 
significant reductions in the  systolic and diastolic blood pressures44.
These observations are important since the majority of a given population
suffering from mild hypertension may be helped by dietary and 
supplemental sources of lycopene. 

Another important human health disorder is infertility among males. Up to
10% of males are reported to suffer from this disorder. Infertile men have
been shown to produce higher levels of the damaging ROS. Human sperm
containing high levels of unsaturated fatty acids in the cellular membrane
are at high risk for oxidative damage leading to sperm function abnormality.
When infertile men were given 8 mg lycopene per day in the form of 
capsules, significant improvement in the quality of their seminal fluid was
observed showing increased sperm density, functional sperm concentra-
tion and motility45. After being on the lycopene treatment for 12 months a
success rate of 36% in pregnancies of their partners was reported.

Emphysema and Pre-eclampsia
Emphysema is an important human health disorder associated with 
cigarette smoking among other factors. A special strain of mice called
SAMPI mice were used in a recent study46. Lycopene from tomato juice
was shown to significantly protect the mice against smoke induced 
alveolar damage. The mice on a lycopene diet had significantly reduced
alveolar size and alveolar wall destruction suggesting protection against
asthma and emphysema. These studies are now expanded to include
human intervention studies with lycopene. 

Pre-eclampsia is a human pregnancy specific disorder. It affects mothers
by vascular dysfunction and the fetus by intrauterine growth retardation.
Oxidative stress biomarkers have been shown to be high in pre-eclampsia
patients as well as lower antioxidant status. In a clinical study, treatment
of pre-eclampsia patients with lycopene supplement significantly reduced
the incidence of pre-eclampsia, diastolic pressure and intrauterine
growth retardation. It increased both the fetal weight and the gestation
period47.

Other Human Diseases
Undoubtedly, future research will also explore the role of lycopene in
other inflammatory and metabolic diseases. Another recent review article
elaborated on the possible role of lycopene in neurodegenerative diseases

including Alzheimer’s disease48. The authors argued that the human brain
represents a vulnerable organ for oxidative damage due to its high levels
of oxygen uptake and utilization. Evidence was presented to show a
causal relationship of oxidative stress to the damage of the central 
nervous system. Lycopene is also finding newer applications as an
antioxidant component of pharmaceutical, nutraceutrical and 
cosmetic products.

SUMMARY AND FUTURE DIRECTIONS
The role of lycopene in human health and disease has received 
considerable scientific and public interest in recent years. With only a
few papers published a decade ago, several hundreds of papers are now
published annually in this area. Although the majority of the evidence in
support of the preventive role of lycopene in human diseases is based on
epidemiological studies, several human intervention studies are now
underway. Based on the observations from these studies it is reasonable
to conclude that lycopene is a beneficial phytonutrient with potent
antioxidant properties that play an important role in the prevention of
many chronic diseases. Although the antioxidant property of lycopene
has been studied the most, other mechanisms by which lycopene 
prevents human diseases are now being studied and documented.
Prevention of multiple diseases and the involvement of multiple 
mechanisms points to the central role lycopene can play in human health.
Dietary intake data from around the globe reveals the fact that the intake
of the majority of human subjects is far below what is now considered as
a recommended level of 5-7 mg daily. An ample opportunity exists for
health professionals and industry to narrow this gap and perhaps to 
eliminate it completely. This will involve not only increasing the intake of
lycopene but also to understand its mechanisms of action in disease 
prevention. Future studies therefore should address the bioavailability,

metabolism, mechanisms of action and safety of lycopene for it to be a
major phytochemical involved in the prevention of human diseases and
improve the quality of life. Government regulatory agencies such as the
Food and Drug Administration (FDA) of USA has recently approved
lycopene as a safe ‘natural coloring’ agent and a Generally Recognized
as a Safe (GRAS) compound.  This, along with a ‘qualified’ health claim
approval for lycopene in the prevention of prostate cancer will help the
industry in achieving the goal of increasing the consumption of lycopene
by the consumers. It is therefore prudent to include dietary and 
supplemental sources of lycopene as a regular component of a daily diet
for good health. 
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Figure 1. Lycopene – Proposed Mechanism
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