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ABSTRACT

Lycopens 5 present in many furts and vegetalles, with tmnasces and processed tomato products being among the richest sources. Tlis
veview highlights the scientific documentation of bycopene as a thesapeutic ngent. Lycopene may allevinte chronic disenses such as cemeer
and coronary heart disense. Lycopene has also been fomd effective in the treatment of eve diszases, male mierthty, miflammnation, and
aseoporesis. Expertmental, eladcal, and epidemsslagical stndies lave also estalished] ots eole @ e managensnt of disbetes and
hepatoprotection. L'ses of [veopene have been studied sxtensively through epidemiological and haocheamical investigations of its praperties
and its Lioavailability from tornato-based diets. Mo adverse events have been reporied in assocwtion with the consumption of lyvcopans-

coniminmg foods,
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INTRODUCTION

Lvcopene 15 & bright red carotenoid pigment found in
tomatoes and other red frums Lycopene was first
discovered by DUGGAR. Its name 15 derived from the
tomato's species classification. Sofamum heopersicnm. In
plants, algas, and other photosynthetic organisins’,
lycopens 15 an important intermediate m the osynthesis
of many carotegoids, including beta carotene. which are
responsible for pipmentation, photosynthesis. and photo-
prodectson. Sunctially, i 8 a retmarerpene assembled
from esght 1soprene wndts, composed entely of carbon
and hydropen. and 15 insoluble m water. Lvoopens's
eleven conjugated double bonds give @ its deep red
colour and are responsible for s antwxdant activity.
Dac to its strong colour and nom-toeacity, lvcopene 1s
usefitl the food colonring.

Lycopene is not an essential nutrent for innans, bt o s
commnonly  found 0 the diet, mainly from dishes
prepared with tomato sauce. When absorbed from the
stomach, Iveopene is transpoerted in the blood by various
hpoproteins and sccmmulates in the lver, adrenal glands,
prostate and testes. Of all the carotenoids, lyvcopenc 1s
one of the most potent antioxdants; particularly able to
guench sinpler oxvgen and peroxy]l radicals, both of
which are thought to be responsible for damagmg DNA
m a process which can lead to the intiation of cancer,
Because of this allity, lycopene is being investigated as
a potential agent for the prevention of some Types of
canrcers, particularly prosiate cancer

Structure and Physical properties

Lycopene is a svmmetrical tetraterpene assembled from
B isoprens units. It s a member of the carotenoid faomily
of compounds. and becanse it consists entirely of carbon
and hydrogen i is known as a carotens’. All-frans form.
the moleoule is long and straght, constrained by s
svstem of eleven conugated double bonds. Each double
bond in this extended x electron system reduces the
energy required for electrons to tremsifion to higher
energy states, allowmg the molecnle 1o absorh visible
light of progressmvely longer wavelengths, Lycopene
absorbs all but the longest wavelengths of visible hght,
s0 it appears red. When heated or exposed to lght, all-
trans lycopene can indergo somerization to any of a
munber of cis-isomers, Lvcopene 15 imsoluble m water,
ard can be dissolved only in organic solvents and oils.
Biosynthesis

The basynthess of lvcopete wm eukarvotic plants and
prokarvotic cvancbacteria i similar, Synthesis begms
with  mevalonie acid, which s comwverted  into
dimethvlallyl pyrophosphate, This s then condensed
with three molecnles of isopentenyl pyrophosphate (an
iwomer of dimethvlalivl pvrophosphate). to give the
twenty  carbon  geranylgeranyl pyrophosphate. Two
milecules of this product are then condensed m a tail-to-
tail configuration te give the forty carbon phytocne, the
first committed step in earotenoid biosynthesis. Throuph
severnl desatiration steps. phyloens 8 converled info
lycopene. The two tenmnal soprene groups of lycopene
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can be cvelized to produce beta carotene, which can then
be transformed into a wide variety of xanthophvlls

Raole in Pholosynihesls

Lveopene are important pigments found
photosynthetic  pigment-protein complexes i plants,
photosynthetic bacteria, fimgi, and algae. They are
responsible  for the brght colowrs of fiuits and
vegetables, perform varnous functions i photosyuthess,
and protect photosyvithetic organisms from excessive
liaht damage. Lveopens is a key intermediate in the
bwsvothesis of manv important carotenoids, such as
beta-carofens, and mmimph}flls?

Bivavailability and Pharmacokinetics

Lveopens meested in its nanral trans form s poorly
absorbed: heat processme fomatoes and fomato products
mduces isomerization of Ivoopene from all-frans to ¢is
coufigiration, in hwn increasing its bioavadlability
Also, because lvcopene 13 a fat-solible compound.
absorpdion oio fsswes 15 mnproved when § 5 constaned
with oil. Its concentration i body tissues is higher than
all other carotenoids. Lycopene s mainly distributed to
fatty tssses and organs such as the adrenal glands, liver,
ard testes. In contrast to other caroténoads, Iveopene’s
serum values are not répularly reduced by smoking or
alcohol consampteon.  although levels decrease wilh
mcreasing age . In one smdy. semum concentrations of
Ivecopene merepsed afier consimption of heared fomato
juice mixed with oil, with a peak at 24-48 h after
mgestion. Heating tomato juice resulted m trans-to-cis
omerization of bvcopene. and on meestion of this juice.
the cis isomers of lycopene appeared to predominate in
biman serum over the all-trans isomers. Lycopene is
mcorporated nto lipid micelles m the small mtestme,
These mucelles are formed from dietary fats and bile
acids and help to solubihze the hydrophobic form of
Ivcopene and allow it to permeate the miestinal mucosal
cells by a passive transport mechanism. In blood plasma,
Ivcopens is eventually distributed into the very low and
lvw-density lipoprotein fractions”

Dietary sources

Since humans are unable to svathesise carotencids de
nove, but obtan them exclusively from the dist. At least
83% of our dietary lycopene comes from tomato Bl
and tomato-based products, the remamder being obtained
from watermelon. pink grapefud, guava and papaya
i Table 17%. OF the tomato products, juce, keichup, soup,
pizza, spaghetti sances are the major contributors. i the
diet {Table 1), Alltrans is the predomimant 1someric
form of Iycopene in raw tomatoes bt frans o cis
woinerization oceurs during cooking/food processing and
slorage

Lycopene and it*s biological action

Although not considered an essential mutrient, research
has shown that veopene may have vanious benefits for
buman bealth, As a major carotenoid i lumsn blood.
lycopene protects agains! oxidative damage to lipads,
proteins, and DNA, Lycopene is a potent quencher of
singlet oxyegen (a reactve form of oxveen). which
suggests that ® may have comparatively stronger
aptioxidant properties than other major plosma
carctenoids’  Lycopene has been found to be a potent
and specific mhibitor of cancer cell proliferation’™”
which is regulated by an elaborated cellular process
called “cell eyele” Rapid and uncontrofled cell division
15 a& hallmark of cancer cell metabolism: Ivcopene’s
activity in retarding cell cvele progression may explam
ity demonstrated activity m retarding the spread of
cerfain types of cancer, Lycopens was found to mduce
the formation of the protemn commexm 43, one of the
major building blocks of these channels, and thereby 1o
restore gap junctions''. Lycopens mduces Phase [T
erEvines which help to eliminate carcmogens amd 1oxms
from the body. The change in the levels of so many
regulatory protems is related to Iveopene’s ability o
modulate vations transcription factors which are key
plavers m the process of new cellular  protein
symthesis'’.

Lyveopene effect on varions diseases

Tomato leopene preventing osteaporosis
Osteoporosis 15 a major metabolic bone disease that
primarily affects women and men over the age of 50
becanse of the loss of estrogen al MEnopaise m Wolnen
ad low levels of the sex hoamone Testosferome o e
One of the risk factors for osteoporosis that is of wide
inferest and will be reviewed bere is oxidative stress
cause by reactive oxypen species (ROS). Ongoing clinical
study is researching on the role of lycopene as a
mitritional sapplement m the prevention of osteoporosis
in postmenopatisal women. Antioxidant such as lycopene
mreract with ROS and mitigate their damaging effects on
bone cells there by preventmg the development of
osteoporosis’

Lycopene on breast cancer

Some sindies lave found no significant associalim
between dictarv lveopene mtake and breast cancer,
others have found a postive relatwnship bebween
lycopene in breast tissue and breast cancer risk™. The
Breast Cancer Serum Bank m Columbia, Missoun were
analvzed to cvalate the relationship of levels of
carotenoids {meluding lveopene), seleninm and retimol
with breast cancer Only lycopene was finaud io be
FIEDEiF:LEfI with a reduced 1k for developmg breast
cancer .
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Prostate cancer

Prostate cancer iz the most common male cancer in
developed conntries and is mereasing i the developing
world, OUne study of 404 patients in China, 130 of whom
had prostate cancer, suggested that those who bad the
highest mtakes of green tea or lvcopene, independently,
had an mverse association with developime prostate
cancer, [n addition, those mgesting both green tea and
Ivcopene had an even greater inverse associarion,
suggesting there may be synergistic effects’ Clinical
wvestigation of elderly men, Ivcopene mhibited
progression of benign prostate hvperplasia'’. Af less than
I pM concentration, lycopene was shown to inbibit
mman cancer cell growth by inferfering with growth
factor receptor signaling and cell cyele proeression.
specifically m prostate cancer cells, without evidence of
toxic effects or apoplosis of cells. Studies using human
ad ammal cells have sdentified a gene. comnexin 43,
whose expression s wp-regulated by Iycopene, allowing
direct mtercelhslar gap junction commmmication (GIC)
GIC s deficient m many loonan tomors, amd s
restoration or up-regulation is associted with decreased
proliferation'®. In order to study the relationship between
romatees, tomato products, hvcopene and cancers of the
upper aerodigestive tiact (UADC, oral cavity, pharynx,
larvox, esophagus) a case control study was carned out
in Uropuay. Tomato infake was associated with a
reduction o risk of upper aero digestive tracl ¢ cancer™
Lycopene effect on ovarian and cervical health

Intake of dietary Iveopens may also play a role i the
prevention of ovarian and cervical cancers. From a
population-hased study of 549 cases of ovarian cancer

and 516 controls, researchers estimated conswmption of

several antioxXidam! vammnms and carotenowds mchiding
Ivcopens. Imtake of lycopene was significantly and
mversely assocmted with nsk for ovariam cancer,
predommately in postmenopausal women. The food most
stromgly associated with a decreased risk for ovarian
cancer were (oW carrols and tomato sauce” In g sty
mvalving 147 confirmed cervical cancer patients and 191
not-cancerons  subjects.only J}W]Jene was found to
significantly decrease cancer™’, In another study of non-
Hispanic, black women, higher levels of Iveopens in the
blood were found to have a decreased risk of developing
cervical cancer

Lycopene and Iungwlty

Lycopene iy also improve longevity m women. In a
study examining plasma lveopene and longevity in muns,
Iveopene and other carotenoids were measured m 949
partacipais, ages 77 o 99 vears, living i the same
comvent. After six vears of follow-up, ooy 13% of those
with low plasma brcopene were still alive. wlule 48% of

those with moderate lvcopene and 70% of those with
high lycopene were living™.

Effect of lvcopene on diabetes

In & clmical study mvestigating the role of lvcopene m
dinbetic patwents (N=133), lycopene reduced the risk of
diabetic retmopathy

Effect of Ivcopene on liver proteciion

Lyvcopene and tomato extraction supplementations
sipnificantly decreased the mumber of altered heparie foc
expressing the placental fonn of ghitathione S-
transferase in the livers of HFD-fed rats. This was
associated with significant lower proliferatine  cell
nuclear antigen positive hepatocytes and cyelinD]
protein. as well as decreased activation of extracellnla
stgnal-regulated  kmmase and  mclear  NF-kappaB.
Although both Iveopens and fomato extraction
supplementations  reduced  HFD-induced  hipad
peroxidation m  the liver. researchers observed
sigmficantly  decieased coviochrome P450  2ZEL,
inflammatory  foci and mBENA  expressiom  of
pronflammatory cytokines (TNF-alpha, TL-1beta and TL-
12} inn the HFDHTE fed group, but mereased miclear NF-
E2-related factor-2 and heme oxyeennse-1 proteins m the
HFDHIycopene fad group, relative to HFD feeding alone.
Data indicated tycopene and TE can imhibit WASH-
promoted hepatocarcinogenests mainly as a result of
reduced oxidative strass™

Role of lycopene in the treatment of Hepatitls ©
Hepatitis C vires infection and bepatocellnlar carcmoma
are growmg health problems around the globe. Jn vitro,
animal, and clinical studies suggest that iveopene may
attenuate  hiver imjury and possibly - prevem  the
development of hepatocellular CATCIIOmA

Lyvecopene and pregnancy

Antioxsdants have been sugpested to play a role m
preeclampsia. In one studv. placental tissue. maternal
serum, and umbilical cord venous blood kevels of four
digrary carotenoids (including Iveopene) were compared
in 22 pormal pregnant women and 19 women with
preeclampsia. Levels of beta-carotene, canthaxantlin,
and lycopene in placenta m preeclamptic women were
lower than from those with normal pregnancy. as were
beta-carotene and [veopene levels of matermal serm
These findmgs suggest that ﬂ'.*iidﬂ'l‘]"f stress or dictary
aftioxidants may affect preeclampsia™

Asthma

Case control studies  have shown  that  dietary
supplementation or adequate mtake of hrcopene and
vitamin A rich foods may be beneficial m asthonatic
sulijects
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Obesity
The adipoze tissue secretes a large quantity of protems
called admpokmes (inchiding cytokines anid chimiokines)
which play a role i the general physiology of the body.
(besity, characterized by & massive development of the
adipose tisspe leads to low grade nflammation notably
due to an mcreased production of cviokipes and
chuommpokmes. This mflammatory state would contribate to
the development of insulin rezistance at the origin of type
2 diabetes. As lycopene i3 mainly stored n the adipose
tessnes, researchers have developed the hypothesis that
Iycopene conld reduce the production of cytokmns and
chimmokins by the adipose tissne which would reduce the
risk of developing pathologies linked with obesity™
Lycopene on male infertility

Excessive ROS-contaming free-oxveen radicals have
been idemtified as one of the canses of male nfertility.
Lvcopere 15 & component of the human redox defense
mechanism agamst free radicals, I &5 found o hizh
concentrations in the tesres amd seminal plasma. and
decressed  levels have been  demonsirated o men
suffermg  from mfertility. Oral  admmistration  of
Iycopene to men with mfertidity sismficantly improved
the speril concentiation in 66% of cases and motility in
73% of cases™

Coronary heart disease

Coronary heart disease (CHD) s one of the primary
caises al death in the world. The emphasis of research so
far has been on the relatwonship between senum
chobesterol levels and the risk of CHID. More recently.
oxidative stress induced by reactive oMygen species
(ROS) 15 also comsidered 1o play an anportant piat i the
eticlogy of this disease. The evidence in support of the
role of lveopene m the prévention of CHD is primarily
from the epidemiological observations of normal and at-
risk pepulations. The most unpressive population-hased
cvidence comes from a mmliFcenter case-control study
in which subjects from 10 Ewropean ¢ouniries were
evaluated for a relationship between their antoxidan
status and acute myocardial mfarction After adjusting
for a range of dietary variables, only bvoopene levels
were found 1o be protective®’ . Recently a prospective,
mested, case-control siudy was conducted by Harvard
University researchers on 39876 women. The study
chowed that higher plasma Iveopene concentratons are
associated with a lower risk of candiovascul disease i
middle-aged and elderly women™.

Atherosclerosis

Serum lyeopene concentration may play a role in the
early stages of atheroscleross, Inereased thickness of
mtima-media (the mnermost Ining of a blood vessel,
mchiding the middle, muscolar laver m the wall of the

blood vessel) has been showi to predict corommy events,
A Jow seum lvcopene concentration. prevalsnt i
eastern Finland, was assocwted with an  increased
thickness of the mtima-media™. [talian researchers report
an mverse cortelation between blood level of lycopene
and the seventy of atherosclerosis. Their study invobved
11 healthy subjects with no mdication of hypertension or
atherosclerosis, 11 patients with hypertension, and 11
patients with hyvpertension and peripheral vascular
disease [ntermittent clandication). All participants had
their bloed plasma level of lvcopene. saminatocopherol
alpla-tocopherol.  beta-carotene. and coenzyvme QIO
(ubiquinone) measurad. The maxinunm thickness of the
wall, provides a reliable mdication of the extent of
atherosclerosis. As expected intima media thickness mm
was sigmificantly highes (2.56 man) m patients with
peripheral vascular disease (PYVD) than m controls (1.05
mmnt) and in patents with uncomphcated hypertension
(1.24 man). The researchess also found a sienificant
inverse association between itima media thickness max
and  Iycopene levels. The researchers foumd no
association between mtuma medsa thickness max and
blood levels of alpha-tocopherol  ganuma-tocopherol
beta-carotens or coenzyme Q10. Thev speculate that
lycopene may be protective against atherosclerosis™
Hypertention

Hypertension (HT), dislipidaemia, and
bomoevsleinaemia are a major risk factors for cardiac,
cerchral and renal diseases. Treatment of HT can reduced
this increase risk, however, in 7% of vpertensives, BP
is poorly comtrolled. In smudies carried out on 30 HT
subject aged 40-65 exlubited a significant decrease in
systolie  and  diastolic  blood  pressure  following
supplementation with Iveopens™.

Lycopene and vision health

Mamtaimng healthy vision as people age 15 an umportant
factor m mawmtaming ther mdependence. Accordmg to
the National Eve lnstitute, over half of all Americans age
65 and older are afflicted with cataacts’ . Tn one cross-
sectional survey of 372 women and woien aged 66 10
75 wears mn Sheffield, Enpland, the risk of cortical
cataract was lowest i participamts with the highest
plasma  concentrations of Iycopene. The researchers
suggest that a diet nich in carotenoids mav protect agaimst
cataract development™

Effect of lycopene on cancer

There have been a few expernnental studeess on the role
of lycopene m preventing or treating cancer, Some
evidence suggests that cancers of the pancreas, colon and
recium, esophagns, oral caviry, breast, and cervix conld
be reduced with imcreased Ivcopene mtake™*
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S5kin roughness
Antioxidant substances in the skin are expected to slow
down photo  ageing. We therefore developed the
hvpothesiz that lugh levels of antiosadant substances may
be comelated to lower levelzs of skin roughness. By
utilizing modermn optical noo-invasive e vive methods,
the structures of the furrows and wrmkles as well as the
concentration of bvcopene were analyzed quantstatively
on the forehead skin of 20 vohmteers aged between 40
andd 50 vears. These findings indicate that higher levels
of antioxedants m the skin etfectively lead to lower levels
of skm roughness. and therefore support owr
hypothesis™
Oheal submuocous Ghrosks
Orral subomecous fibrosis 15 a premalignant condition that
has received considerable attention m the recenmt past
because of its cluonic debalitating and resistant nature. It
15 now strongly believed that there s a definte relation
of the condition with the habid of areca ma chewing.
Lveopene can amd should be used as a first line of
therapy in the mitial management of oral submucous
fibiosis™.
CONCLUSION
As an antioxidant, hycopene has proved to be beneficial
in mitigating a wide arrav of discases. Constant mtake of
tomato and is products can provide the physiological
system with a berrier to cope with varions disease
conditions. The wide availability of tomatoes and s
products is an  added advantage. As a  umiritional
supplement Iveopene could be regulaly mcorporated i
the diet 1o cut the risk of disease.
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