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Abstract: Lycopene is a fat-soluble red-orange carotenoid, @uld be found in many
fruits and vegetables, such as tomato, carrot, ween and pink grapefruit. Unlikg-
carotene, lycopene lacks faionone ring and therefore has no pro-vitamin Aivagt
Interest in lycopene is growing because many ssudieowed that consumption of
lycopene rich food is inversely associated with sodiseases, such as cardiovascular
disease and cancer. In this review, we provide @totdate coverage of lycopene with
reference to resource, extraction, stability arahdbiivities, and special attention is paid to
its bioactivities, including antioxidant and freadrcal scavenging, anticancer, anti-
atherosclerosis, cardiopretective, antiinflammatantimutigenic and antifungal activities.
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1. Introduction

Lycopene is the carotenoid responsible for thea@dr of tomato. It was first discovered in

tomato by Millardet in 1876, and later named lyaopédy Schunck. The red pigment is abundant in

red fruits and vegetables such as tomato, redtcavedermelon, papaya, pink grapefruit, rosehip$ an
guava.

Belonging to the hydrocarbon carotene class ofteamds, lycopene is acyclic and contains 11
conjugated and two non-conjugated double bondshwimake it highly reactive towards oxygen and
free radicals, and this antioxidant activity prolyatontributes to its efficacy as a chemoprevention

agent (van Breemen and Pajkovic, 2008). Unlgkearotene, lycopene lacks [gionone ring and

therefore has no pro-vitamin A activity (van Breenaad Pajkovic, 2008), which sets its biochemistry
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apart from carotenes such ascarotene and3-carotene. Lycopen@-cyclase (Lyc-B) is the key
enzyme in the catalysis of linear lycopene to fayelic 3-carotene that is an important source of
vitamin A in human and animal nutrition (Zhu et, &008). Lycopene might play an important role in
the modulation of -carotene, retinoid, and lipid metabolism (Zaripheh al., 2006). The
epidemiological, tissue culture, and animal stugies/ided convincing evidence supporting the role
of lycopene in the prevention of some chronic dissa(Rao et al., 2006). In addition to antioxidant
activity, in vitro experiments indicated other manfsms of chemoprevention by lycopene including
induction of apoptosis and antiproliferation in can cells, anti-metastatic activity, and the
upregulation of the antioxidant response elememdtitey to the synthesis of cytoprotective enzymes
(van Breemen and Pajkovic, 2008). This review megian up-to-date coverage of lycopene in regard
to resource, extraction, stability and bioactigtiand special attention is paid to its bioactgti

2. Resour ce, Extraction and Stability of Lycopene

Lycopene is a fat-soluble red-orange carotenoisdoprimarily in tomatoes and tomato-derived
products, including tomato sauce, tomato paste katchup, and other dietary sources, includingddrie
apricots, guava, watermelon, papaya, and pink ¢maipéRafi et al., 2007). Lycopene content of glan
derived products could be improved by suppressimg éxpression of Lcy gene and regulating
biosynthetic enzyme in carotenoid pathway by RNWaf et al., 2007). Lycopene is a substrate for
carotene-9', 10'-monooxygenase (CMOZ2) and can beected to apo-10'-carotenal (van Breemen and
Pajkovic, 2008).

Lycopene cold be extracted from tomato skin wittpesaritical carbon dioxide, and the
maximum yield was obtained at 40 MPa, 373 K, afdn2L. of CQ/min. The chromatographic analysis
indicated that lycopene was extracted from tom&ia svith negligible degradation at the optimum
conditions, and the amount extracted representae mhan 94% of the total carotenoid in the sample
(Topal et al., 2006). The mechanical and thernedtments did not affect the lycopene content to any
great extent (Tiback et al., 2009). Téveraction temperature has the most effect on lgnepyield, and
the yield at 601 was 14% greater than that obtained at 7atherine et al., 2008).

Lycopene exists in nature as the all-trans formtip@Eig. 1). Heat, light, oxygen, and different
food matrices could be factors that have effectsismmerization and antioxidation of lycopene.
Lycopene may isomerize to mono- or poly-cis forms the condition of heat or oil or during
dehydration. Reisomerization takes place duringagi After oxidation, the lycopene molecule split
which causes color loss and flavor off. The effemitdheat, oxygen, light, and oil on the stability o
lycopene are uniform in much of the literature; ertheless, controversy still exists on some details
such as the conditions causing the occurrence ahasization, and the optimal moisture and
temperature for storage (Xianquan et al., 2005).

Figure 1. The chemical structure of the alans-lycopene
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In addition, the Observed Safe Level risk assessmmethod indicated the evidence of safety
was strong at intakes up to 75 mg/d for lycoperta¢Sand Hathcock, 2006).

3. Bioactivities of L ycopene
3.1. Antioxidant and Free Radical Scavenging Activities

Oxidative stress is now recognized as an impog#tatogical factor in the causation of several
chronic diseases including cancer, cardiovascuiseades, osteoporosis, and diabetes (Rao et al.,
2006). Dietary antioxidant supplementation fromitiand vegetables might play a beneficial role in
the prevention of chronic diseases (Suwannaleil.et2007). Lycopene is verified to be a very
efficient singlet oxygen quencher (Stahl et al.0&)) interacting with reactive oxygen species and
mitigating their damaging effects (Waliszewski @ldsco, 2010). Lycopene administration exhibited
protective effects on 3-NP induced mitochondriasfdyctions and oxidative stress (Sandhir et al.,
2010) and oxidative stress-induced cell death leygmting loss of DNA repair protein Ku70 (Seo et
al., 2009). In a rat model, preincubation of spdaom@a with lycopene offered protection against
oxidative DNA damage in vitro, the development d?-fdduced lipid peroxidation in spermatogenic
cells and CsA-induced oxidative stress in the ¢akdr tissue and sperm quality (Turk et al., 2007 &
2010; Zini et al., 2010). Combined treatments ablyene and CP tended to prevent the CP-induced
testicular apoptosis, histopathological lesions &pdl peroxidation (Turk et al., 2011). Lycopene
might reduce or prevent the side effects of chesraiby due to its antioxidant and anti-inflammatory
properties (Sahin et al., 2010). Lycopene has mifgignt contribution to the scavenging activity of
methanolic mushroom extracts (Robaszkiewicz e28I0). Lycopene can also reduce oxidative stress
and the levels of bone turnover markers in postrpaasal women, and may be beneficial in reducing
the risk of osteoporosis (Rao et al., 2007). Lyegpadministration could minimize the toxic effeots
fluoride administration-induced oxidative stressddgvating levels of lipid peroxidation measured as
malondialdehyde and total nitrate/nitrite in reddd cells, heart and brain tissues. The glutathione
level was significantly decreased, and total aritiant capacity and superoxide dismutase activity
were increased in the examined tissues (Mansouandik, 2011). Lycopene could inhibit NASH-
promoted hepatocarcinogenesis mainly as a resudtoiced oxidative stress (Wang et al., 2010).

3.2. Antitumor Activities

Epidemiological and experimental studies providagpertive evidence that lycopene might
act as a chemopreventive agent against many cascets as breast cancer, prostate cancer and colon
cancer. Preclinical studies showed that lycopertk gaently antitumor effects in vitro and in vivo,
suggesting the potential preventive and therapefficts of lycopene (Seren et al., 2008).

Recent studies suggested that lycopene might pospesific biological activities on several
important cellular signaling pathways and molecutargets. Lycopene was found to inhibit
proliferation of cancer cells through arrest of turnell-cycle progression, IGF-1 (insulin-like gribw
factor 1) signaling transduction, and PDGF-BB (glet-derived growth factor-BB)-induced cell
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migration and apoptosis. Higher insulin-like grovidictor | (IGF-I) concentrations in circulation veer
related to a greater risk of cancer, while lycopsmeplementation might increase circulating IGFBP-1
and IGFBP-2 concentrations (Vrieling et al., 200¥)apped of PDGF by lycopene compromised
melanoma-induced fibroblast migration and atterdigignaling transduction in fibroblasts simulated
by melanoma-derived conditioned medium, which saggethat lycopene might interfere with tumor
stroma interactions (Wu et al., 2007). Lycopenel@aignificantly inhibit DNA synthesis in a dose-
dependent manner and androgen receptor gene elacternty and expression (Zhang et al., 2010).
Protection of lycopene against PAH-induced caroemaesis in the breast was investigated in a cell
culture model MCF-7. The results showed that lyoepiehibited recombinant CYP1Al1 and CYP1B1
with estimated K(i)s in the micromolar range, aeduced the DMBA-induced ethoxyresorufin-O-
deethylase activity by 20%, which illustrated tipdtase | enzyme inhibition and phase 1l enzyme
induction were the underlying chemoprotective mearas of lycopene against PAH-induced toxicity
(Wang and Leung, 2010). Human breast (MCF-7) andoetrial (ECC-1) cancer cells were
synchronized in GO/G1 phase by serum deprivatiiovied by stimulation with IGF-I. Cell treatment
with lycopene and atRA inhibited IGF-I-stimulatedllccycle progression from (3o S phase and
decreased retinoblastoma protein phosphorylatianhwivere associated with a reduction in cyclin D1
and p21 (CIP1/WAF1) level, but ectopic expressibroyelin D; could overcome cell cycle inhibition
caused by lycopene and atRA (Nahum et al., 2008gn#&ation of cyclin Dlevels and atRA is an
important mechanism for the reduction of the mitogeaction of IGF-I. Lycopene inhibited the
growth of ER-positive MCF-7 cells through the inkiim of the cell cycle progression, and depressed
the growth of the ER-negative MDA-MB-231 cells withhe G phase cell cycle-arrest and induced
apoptosis (Wang and Zhang, 2007).

An increasing number of preclinical data, epideouggtal evidence and clinical trials indicated
potential roles of lycopene in the prevention arehtment of different prostate conditions such as
hyperplasia, inflammation, and cancer (Magri et2008). Lycopene emerged as a primary candidate
for dietary intervention of prostate cancer (Zaeptand Erdman, 2005) in cell proliferation whichswa
further supported by a large randomized study cbene supplementation in malignant prostate
disease, which might be associated with attenuatigmoliferating cell nuclear antigen expressiow a
interference of the insulin-like growth factor Igssaling by increasing plasma insulin-like growth
factor-binding protein-3 levels (Zhang et al., 2D18everal signaling pathways were identified in
prostate cancer development, and the inhibitio’VBGF by lycopene suggested that the antitumor
mechanisms of lycopene also involve anti-angioger@ang et al., 2011). Lycopene could inhibit the
proliferation of androgen-dependent prostate LNQGaRcer cells through the activation of the
peroxisome proliferator-activated receptor gammaerli X receptor alpha-ATP-binding cassette
transporter 1 (ABCA pathway, leading to reduced cellular total chiglet levels (Yang et al., 2011).
Lycopene could induce apoptosis of human prostatear cell line PC-3 by changing the cell cycle
distribution and downregulating the expressionyaflioc D; and bcl-2 and upregulating the expression
of bax and then restraining cell proliferation (V\gaand Zhang, 2007). Lycopene had activities in
prostate cancer patients with prostate-specifiagant (PSA) relapse disease and might delay
progression of both hormone-refractory and hormseesitive prostate cancer (Vaishampayan et al.,
2007). Infection is a risk factor for prostate can@ndogenous production of reactive oxygen specie
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during inflammation might lead to oxidative DNA dage, which could be mutagenic, if unrepaired.
Androgen signaling, cytokine (IL-6, IL-4) and grdwhactor signaling (e.g. IGF and Wnt/beta-catenin)
cross-talk via PI3K/Akt, MAPK, and Jak/STAT pathvgayas identified as major controllers of
prostate growth. During disease progression, amer androgen ablation therapy, the remaining
operational pathways were upregulated to comperisatie lost growth signal, and finally induced
androgen-independent prostate cancer. Lycopene lateduseveral of the aforementioned pathways,
providing a promising rationale for prostate candgsk reduction. In many experiments, lycopene
reduced inflammatory signals, prevented oxidatiADdamage, modulated the expression or activity
of IGF axis members, Whnt/beta-catenin and androgigmaling, and enhanced gap junctional
communication. Influence of lycopene on these pattswlikely contributed to the cell growth
inhibition and apoptosis induction. A substantiattpof the effects of lycopene could be explaingd b
its antioxidant action, and other mechanisms miglso be involved (Wertz, 2009). Lycopene
consumption inhibited IGF-1 and androgen signalmgat prostate cancer perhaps by attenuating IGF-
I's effects on serine phosphorylation of Akt andk@Beta and tyrosine phosphorylation of GSK3 (Liu
et al., 2008). Prospective and retrospective epiolegical studies indicated an inverse relationship
between lycopene intake and prostate cancer rigkodene could inhibit the progression of benign
prostate hyperplasia (BPH) and was an effectivencpeeventive agent in the treatment of high-grade
prostate intraepithelial neoplasia (HGPIN) (Mohagityal., 2005; Schwarz et al., 2008).

S-allylcysteine and lycopene alone significantlpmessed the developmentgdstric cancer,
S-allylcysteine (SAC) and lycopene in combinatiomghm interact synergistically with high efficacy
and lessened toxicity against gastric cancer (Valgan and Nagini, 2005). One of the possible
mechanisms accounted for their synergistic chenvepitese activity against gastric cancer might be
the induction of apoptosis by SAC and lycopene daation (Velmurugan et al., 2005). Upregulation
of antioxidant and immunity by lycopene treatmengim be responsible for the anticancer effect in
gastric carcinoma (Luo and Wu, 2011). Inhibitionpbfase 1 metabolism and metabolic activation as
well as induction of phase 2 detoxification enzyawivity were the potential mechanisms for the
chemopreventive effects of lycopene (Tang et &Q72. The inhibition of Hep3B cell growth also
demonstrated the antitumor properties of lycop&ael( et al., 2005).

The inhibitory effects of lycopene on cell prolégion of human colon cancer HT-29 cells were
associated with the downregulation of the PI-3K/AKIOR signaling pathway and downstream
targeted molecules, and could act as a chemopregeagent against the growth and progression of
colorectal cancer in a mouse xenograft model (Tetrag., 2008, 2009 & 2011). Tomato digestate and
purified B-carotene had the same cell growth inhibition byaamrest of cell cycle progression at the
Go/G; and G/M phase, downregulating cyclinyPBcl-2 and Bcl-xI expression and inducing apoosi
(Palozza et al., 2009). Lycopene could act as anopesventive agent to suppress MMP-7 expression
and leptin-mediated cell invasion in human colomoest HT-29 cells and effectively inhibit the
phosphorylation of Akt, glycogen synthase kinaset8band ERK 1/2 proteins. The molecular
mechanisms of lycopene were in part through derrgasiclear levels of AP-1 arfiicatenin proteins
(Lin et al., 2011). Dietary micronutrients with emtidant properties might play a role in reducing
colorectal cancer risk (Kune and Watson, 2006).
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In vitro, animal and clinical studies suggested theopene might attenuate the liver injury and
possibly prevent the development of hepatic callatéancer (Seren et al., 2008). Effects of lycopame
tumor cells and the apoptotic rate depended onlatage and on the type of the malignant cells
(Salman et al., 2007). Lycopene supplements mighe lpotential therapeutic benefits in the adjuvant
management of high-grade gliomas and osteosarcéfhas et al., 2010; Wakshlag and Balkman,
2010). Lycopene inhibited HMG-CoA reductase expmssnd cell growth and inactivated Ras in
prostate PC-3, colon HCT-116 and HT-29 and lung BfaNcer cells (Palozza et al., 2010). Dietary
lycopene with melatonin provided antioxidant defemgth strong chemopreventive activity against
DMBA-induced mammary tumors (Moselhy and Al, 2008etreatment with lycopene offered
protection against-radiation induced cellular damage and could beeliped as an effective
radioprotector during radiotherapy (Srinivasanlgt2007 & 2009). In middle-aged men, the higher
circulating concentrations of lycopene might cdnite to the lower risk of cancers, with the exaapti
of prostate cancer (Karppi et al., 2009).

3.3. Anti-atherosclerosis Activities

Atherosclerosis is a chronic disease with a highltheémpact, it was considered to be a chronic
inflammatory response of the arterial wall initiatedan injury to the endothelium, including endditde
injury, lipoproteins accumulation, blood monocytesruitment and consequent transformation in foam
cells, release of factors from activated macropbagéatelets or vascular cells that cause migration
smooth muscle cells from media into the intima.djyene was demonstrated to inhibit ROS production in
vitro, protect LDL from oxidation to prevent endettal injury, modulate lipid metabolism through a
control of cholesterol synthesis and oxysterol ¢oactivities, reduce inflammatory response through
changes in cytokine production and inhibit smoothsate cell proliferation through regulation of
molecular pathways involved in cell proliferationdaapoptosis (Palozza et al., 2010). Diabetes tnelis
characterized by oxidative stress, which in turduces endothelial dysfunction. As a potent antiamntd
compound, chronic lycopene treatment might be usefypreventing diabetic vascular complications
associated with endothelial dysfunction (Zhu et2011) A study on healthy women showed an inverse
relationship between arterial stiffness and cirtnga lycopene. Brachial-ankle pulse wave velocity
inversely correlated with serum lycopene after siinent for the confounders, blood pressure, insulin
resistance, and oxidative stress (r = -0.136, FD5)0Oxidative stress markers also significantdyrelated
with baPWV as well as serum lycopene. When serwuopgne was lower than median level(.0294
mmol/L), baPWV was significantly higher in metalmobyndrome subjects than that in non-metabolic
syndrome subjects (143641 vs 1367 23 cm/s) after adjustment for age, body mass inderoking,
drinking, and oxidative stress (P = 0.041) (Yeoakt 2011). Lycopene was observed to block the
endothelial cell proliferation in a dose-dependergnner and significantly decreased tube formation,
capillary-like tube lengths, and endothelial ceigration (Sahin et al., 2011). Higher serum levels
lycopene might play a protective role against aara$cular diseases, especially carotid atherositero
(Riccioni et al., 2011). The LDL-oxidization plagskey role in the pathogenesis of atherosclerasis a
cardiovascular diseases through the initiation tdqpe formation process. Lycopene showed an
antioxidant effect in reducing oxidative markersress and LDL-oxidization process in both
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epidemiological studies and supplementation humals t(Riccioni et al., 2008). Lycopene might astea
potential antiatherogenic agent by preventing 7iKdliced oxidative stress and apoptosis in human
macrophages (Palozza et al., 2010). It also playpdtential role in attenuating foam cell formatimd
preventing atherosclerosis by a cascade mechamsaiving inhibition of 3-hydroxy-3-methylglutaryl
coenzyme A reductase, RhoA inactivation and sulesqguahibition of NF-kappa B nuclear binding and
increase in PPAR gamma and liver X receptor alptteviies and enhancement of ABCAL1 and cav-1
expressions (Palozza et al., 2011a & b). Lycopedeaed macrophage foam cell formation and modified
LDL by decreasing lipid synthesis and downregutatine activity and expression of SR-A accompanied
by impaired secretion of the anti-inflammatory dgte IL-10. Lycopene decreased scavenger receptor
activity by approximately 30% assessed by the wptdlacLDL, reduced the relative abundance of mMRNA
transcripts for scavenger receptor A in THP-1 mplames treated with aggLDL and inhibited IL-10
secretion by up to 74% regardless of the presehok@L or aggLDL but did not affect IL-1beta or TNF
alpha release (Napolitano et al., 2007).

3.4. Cardioprotective Activities

Cardiovascular diseases (CVDs) result from theesudnthelial accumulation of inflammatory
cells and smooth muscle cells. Cardiovascular deséaassociated with oxidative stress, inflamnyator
processes, and vascular dysfunction. Chronic inflation and proatherogenic lipids are important
risk factors of cardiovascular disease. A metayammalshowed that lycopene taken in dose mg
daily effectively reduced LDL cholesterol by abdii% which was comparable to the effect of low
doses of statins in patient with mildly elevatealesterol levels (Ried and Fakler, 2011). A studly i
female transgenic mice showed that dietary suppiéatien of anti-inflammatory dietary mixture
containing resveratrol, lycopene, catechin, vitanil and C, and fish oil would improve lipid
oxidation and inflammatory risk factors of CVD arstrongly reduced atherosclerotic lesion
development (Verschuren et al., 2011). Lycopenddcohibit PDGF-BB-induced cell proliferation
and migration in rat A10 and aortic SMCs, the acttinechanism of which was that lycopene was
capable of binding PDGF-BB and inhibiting its irgtetion with SMC, which was quite different from
those previously developed PDGFR-beta antagorist®{ al., 2007). In a rat model, treatment with
the combination of vitamin E and lycopene in isderenol induced myocardial infarction for 30 days
showed significantly cardioprotective effect comgghrto the individual treatment and ISO treated
groups on biochemical and histopathological aliera{Upaganlawar et al., 2010). Lycopene could
prevent cardiovascular diseageatly by decreasing the oxidative injury of enddidd cells induced
by H,O,, attenuating the expression of p53 and caspasBi8Arin injured cells, and diminishing the
apoptosis of injured cells (Tang et al., 2009). ldger, a prospective, nested, case-control studPof
cases indicated that higher plasma lycopene coratemts were not associated with the risk of CVD
of older men (Sesso et al., 2005).

3.5. Antiinflammation Activities

Lycopene has a potential role in suppressing rhiosv induced airway inflammation
(Saedisomeolia et al., 2009). Animal experimentsagd that lycopene brought anti-inflammatory atyivi
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into play by inhibiting iINOS proteins and mRNA egpsions in mouse macrophage cell lines (Rafi et al.
2007). Lycopene supplementation was reported taifgigntly improve the changes associated with
cisplatin nephrotoxicity primely through Nrf2/HO-dignaling pathway and reduce inflammation by
inhibiting NF-kappaB (Sahin et al., 2010). High tdiy intake of lycopene showed protective effects
against acute pancreatitis by protecting the paicréissues from oxidative damage induced by eamul
and this effect possibly involved the inhibitionrautrophil infiltration, lipid peroxidation, themNkappaB
activation and the inflammatory cytokines expresdiorough reduction in intracellular levels of R@S
pancreatic acinar cells (Kang et al., 2011; Ozkaale 2011). Lycopene prevented CSE-induced IL-8
production through a mechanism involving an ination of NFKB which was accompanied by an
activation of PPAR gamma signaling and an inhibitad redox signaling. These findings provided novel
data on new molecular mechanisms by which lycopegalated cigarette smoke-driven inflammation in
human macrophages (Simone et al., 2011).

3.6. Antimutagenic Activities

Lycopene is an effective agent for preventing cloaih-induced DNA and chromosome
damage. The chemopreventive action of lycopeneexamined on DNA damage and clastogenic or
aneugenic effects of 4@, and n-nitrosodiethylamine in the metabolically gatent human hepatoma
cell line and Chinese Hamster Ovary Cells. Theltesadicated that lycopene significantly reduced
the genotoxicity and mutagenicity of,® in all of the conditions tested (Scolastici et 2007 &
2008). In an animal experiment, lycopenen provetlgaiseful in reducing some of the toxic effects
associated with certain classes of chemotherapagtnts compared with the animals treated only
with cDDP. After submitted to acute and subacutatments with different lycopene doses, cDDP-
treated animals showed a significant reduction (pG4) in the number of abnormal metaphases, and
the protective effects might be attributed to itdi@idant activity. The antimutagenic effects of
lycopene were connected with the chemoprotectileeinthe prevention of carcinogenesis (Polivkova
et al., 2010).

3.7. Other Bioactivities

In addition to the activities introduced above,réhare still other effects involved in the
bioactivities of lycopene, and some bioactivitiédyoopene are summarized in Table 1. Lycopene has
some protective effects on red blood cells, fiblitio activity promotion and aortic lesions decreas
hyperlipidemic rats by regulating the blood lipiaddaimproving antioxidation (Xu et al., 2011; Zerig e
al., 2009).Rat experiments showed that lycopene treatmenttnpigdvent the toxicity of cardiac and
renal function impaired by adriamycin (Yilmaz et.,aR006). Lycopene induced a prolonged
sustainment of gap junctional communication betwaemocyte and the cumulus cells during porcine
IVM culture, which was an effective cytoplasmic nnation of porcine IVM oocytes (Watanabe et al.,
2010). Dietary supplementation or adequate intdklyampene- and vitamin A-rich foods might be
beneficial in asthmatic subjects (Riccioni et aD07). Consumption of adequate levels of lycopene
might be useful to prevent heavy metal induced L&@ body weight loss (Rencuzogullari and
Erdogan, 2007). Lycopene protected against TMT-éeduneurotoxicity on hippocampal neurons by
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inhibiting the mitochondrial apoptotic pathway (@ al., 2011). Pretreatment with lycopene
efficiently attenuated Abeta(25-35)-induced newuxmtity by improving cell viability and decreasing
apoptotic rate, inhibited the reactive oxygen spegieneration and mitochondrial membrane potential
depolarization caused by Abeta(25-35), restoreddirels of proapoptotic Bax, antiapoptotic Bcl-2,
and inhibited caspase-3 activation (Qu et al., 20LYcopene could also exert protective effects
against cigarette smoke condensate (Palozza eR@05). In addition, lycopene exerted potently
antifungal activity on the serum-induced mycelia&Cahdida albicans. It caused significant destruction
of the membrane integrity and inhibited the norimadding process (Sung et al., 2007).

Table 1. Bioactivities of Lycopene

Bioactivity Reference
antioxidant and scavenging freeMansour and Tawfik, 2011; Robaszkiewicz et al.,@®andhir
radical et al., 2010; Seo et al., 2009; Turk et al., 2ADA0 & 2011;
Waliszewski and Blasco, 2010; Wang et al., 2016 &i al.,
2010

chemopreventive agent against Magri et al., 2008; Nahum et al., 2006; Seren .e28I08; Tang

breast cancer, prostate cancer, et al., 2008, 2009 & 2011; Vaishampayan et al.,7200

colon cancer, and gastric cancelVelmurugan and Nagini, 2005; Vrieling et al., 208Vang and
Leung, 2010; Wang and Zhang, 2007; Zhang et al0 20

protecting against-radiation Srinivasan et al., 2007 & 2009

anti-atherosclerosis Napolitano et al., 2007; Padc al., 2010; Yeo et al., 2011;
Zhu et al., 2011

cardioprotective Lo et al., 2007;Ried and Fakl&l 2 Tang et al., 2009;
Upaganlawar et al., 2010; Verschuren et al., 2011

antiinflammation Kang et al., 2011; Ozkan et a1 2; Rafi et al., 2007;
Saedisomeolia et al., 2009; Sahin et al., 2010pBaret al.,
2011

antimutagenic Polivkova et al., 2010; Scolastialet2007 & 2008

promoting fibrinolytic activity Xu et al., 2011

decreasing aortic lesions Zeng et al., 2009

beneficial for asthmatic Riccioni et al., 2007

preventing harm induced by ~ Rencuzogullari and Erdogan, 2007

heavy metal

protecting against TMT-inducedQu et al., 2011

neurotoxicity

protecting against cigarette Palozza et al., 2005
smoke condensate
protecting on bone health in Sahni et al., 2009

older adults

beneficial for oral diseases Lu et al., 2011
antinociceptive Kuhad et al., 2008
antifungal Sung et al., 2007
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Lycopene played a protective role on bone healtblder adults (Sahni et al., 2009), and daily
consumption of lycopene significantly increasedatlant capacity and decreased oxidative stress
and the bone resorption marker N-telopeptide (NTyktopene acted as an antioxidant to decrease
bone resorption makers in postmenopausal womennamd be beneficial in reducing the risk of
osteoporosis (Mackinnon et al., 2011). The stusliesved that lycopene might have beneficial effects
in the management of some premalignant lesionkdrotal cavity including oral submucous fibrosis
and oral leukoplakia and might be an adjunct inghevention and therapy of oral cancer (Lu et al.,
2011). Lycopene might prevent smoke exposure-indiwtganges in p53, p53 phosphorylation, p53
target genes, p21 (Wé#Lip,), Bax-1, cleaved caspase 3, cyclin, Bnd PCNA in a dose-dependent
fashion, and decreased cell proliferation and agsptin the gastric mucosa of ferrets (Liu et al.,
2006). Lycopene could be used as a first line efdpy in the initial management of oral submucous
fibrosis (Kumar et al., 2007). Lycopene also intadi the TNF-alpha and NO release in a dose
dependent manner, indicating an antinociceptivaévigictof lycopene and a potential to attenuate
diabetic neuropathic pain (Kuhad et al., 2008).

4. Conclusions and Prospects

Lycopene is the red pigment that plays an importaig in plants, animals and humans. The
resource, extraction, stability and bioactivities \&ell as action mechanisms of lycopene have been
summarized. The consumption of lycopene rich focais help to prevent degenerative diseases. Many
bioactivities of lycopene have been found, suchamasoxidant and free radical scavenging capacities,
anticancer capacities, anti-atherosclerosis cdpagitcardiopretective capacities, antiinflammation,
antimutigenic capacities, and antifungal capacitieshe future, bioavailability, recommended irgakhe
action mechanism towards diseases, interactionatiter compounds and the metabolites activitiesiisho
be further studied. In addition, more widely phacoiagical studies should be carried out to find oexv
pharmacodynamic effects.
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