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ABSTRACT

Oxidative stress is an important risk factor for various diseases. Dietary consumption of
carotenoids like lycopene attenuates the oxidative stress in human beings, also widely distributed
in fruits, vegetables like tomato, watermelon, and guava. Antioxidant, and a free radical scavenger
property by its unique structure, it is believed to be primarily responsible for various biological effects,
supported by sound scientific evidence.The Present systematic review outlines the currently available
data on lycopene sources, structure, its absorption, and its beneficial role in chronic diseases. It
shows protective against alzheimer disease by improving cognitive functions by protecting oxidative
damage of mitochondrial enzymes and preventing apoptosis. Systemic inflammation exacerbates
more co-morbidities in chronic obstructive pulmonary diseases lycopene attenuates this condition
by its antioxidant property. It regulates osteoporosis by decreasing bone turnover and osteoclast
activity with an increase in osteoclast activity. Lycopene reduces neuropathic pain by increasing
the expression of connexin (CX43) expression in the dorsal horn of spinal cord which maintains
neuropathic pain.

Keywords: Lycopene,cardiovascular diseases,Alzheimer diseases,
Chronic obstructive pulmonary diseases.

INTRODUCTION exists in all-trans a,geometric form and most

stable. It undergoes mono or poly isomerization

Lycopene is an effective antioxidant
and non-provitamin-A with a singlet oxygen
quenching property and ability to trap peroxyl
radicals among various carotenoids!'It has protects
biomolecules from oxidative damage Constrain
cell proliferation and modulates communication
between cell to cell®Naturally,lycopene primarily

under the influence of light and heat.Free radical
scavenger property of lycopene is ten times that of
+-tocopherol 100 times efficient than of Vitamin-E
and 125 times of glutathione.lt is was registered
as a neuroprotective, anti-inflammatory,cognitive
enhancer® High intake of lycopene and its
products were associate with prevention of chronic
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diseases like cancer, cardiovascular diseasesand
neurological disorders ®-But the mechanism of
its beneficial action is not so clear.Lycopene has
postulated in modulating, cellular redox environment
possibly by protecting the antioxidant enzyme
activity.Anti-neuroinflammatory effect of lycopene
is due to inhibition of lipo polysaccharide-induced
expression of cyclooxygenase-2 in the nucleus
microglial®Lycopene shows a synergistic effect in
combination with vitamin-E,glabridin,rosmarinic
acid, and attenuates atherosclerosis by preventing
oxidation of low-density lipoproteins "1,

Lycopene structure & occurrence, absorption,
and bioavailability

Lycopene is an aliphatic hydrocarbon, with
polyunsaturated open straight chain consisting of
2 unconjugated double bonds and 11 conjugated
bonds.The biological activity of lycopene is due
to the presence of double bonds in its structure,
and it lacks terminal 2-ionic ring unlike other
carotenoids .Lycopene undergoes photo-oxidation
and degradation in the presence of light, and there is
a decrease in bioavailability which can be overcome
by its incorporation into the oil phase within oil-in-
water nanoemulsionst®.All-trans form of lycopene
is the geometrical isomeric form in fresh tomatoes.
Cis form of lycopene is thermally unstable, while
transform is more stable.5-Cis which constitute 4
to 27% and potent antioxidant followed by 9-cis, 7-
cis, 13-cis, 11-cis.Cis-form of lycopene constituents
about 50% of total lycopene in human serum and
tissues and accumulates in the testis, adrenal gland,
and in the liver 1'%,

Absorption

Most of the carotenoids absorbed in the
duodenal.In human serum,lycopene absorption
influenced by lipids and lipid-soluble compounds
and presence of carotenoids, vitamins, fibers,
cooking temperature. Dietary fat meals, Bile acids
and micelles favors absorption from a small intestine
by a passive transport mechanism, and released
into the lymphatic system, to transport into the liver
and blood. It gets distributed into LDL low-density
lipoprotein and VLDL very low-density lipoprotein
fractions. It is soluble in chloroform, benzene, and
oil and insoluble in water, ethanol ' Cis-form of
lycopene is the most thermally stable form, with
better absorption in humans.It shows distinct

KUMAR et al., Biomed. & Pharmacol. J., Vol. 10(4), 2113-2120 (2017)

property of the all-frans form, with a decreased
color intensity and more polar nature,solubilized in
lipophilic solutions with less prone to crystallization!'?:
Lycopene is highly hydrophilic nature and quickly
dissolves in oils.Nanoemulsion technique protects
antioxidant activity and improves bio-accessibility
with a droplet size of in between 100-200nm.A size
less than 100nm shows lesser bioavailability and
antioxidant activity. The crystalline form of lycopene
is one major factor influencing its bioavailability. It
builds up in hepatocytes, and spleen in a lesser
extent and abundantly in the prostate!'.

Autoxidation of lycopene

Lycopene undergoes autoxidation in the
presence of heat, oxygen, light and forms acetone,
methyl-heptenone,laevulinic aldehyde.lt forms a
colorless compound glycoxal,which gives hay or
grass-like odors!'.

Heat oxygen light,
Lycopene o ptcstonemethyi -heptenone faevalic aldshyde

Antoozidatics

Lycopene as an antioxidant and anti-inflammatory

Lycopene is an antioxidant,is a free radical
scavenger and prevents oxidative destruction in both
in vivo and in-vitroThe inflammatory response is a
multifaceted biological process with the involvement
of pathophysiological process, i.e., synthesis of
cytokines and free radical generation Lipid per
oxidation, which consequently initiates the process
of inflammation and intern induce the production of
reactive oxygen species. Lipopolysaccharides(LPS)
are membrane-bound surface receptors of
macrophages and substantial component of cell
walls, mediate acute inflammatory response,
and triggers the release of proinflammatory
factors and induce oxidative stress-Uveitis is an
autoimmune disorder characterized by intraocular
inflammation, with the involvement of retina and
vitreous!'™®.Lycopene’s anti-inflammatory property is
equivalent to that of dexamethasone in suppressing
inflammation and oxidative stress management of
uveitis'-

Lycopene in combination with ascorbic
acid and =*-tocopherol showed protection against
lipid per oxidation by, inhibiting the release of TNF-
+ and stimulating(IL-10)synthesis '"""Methanol-
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induced hepatotoxicity by increasing oxidative
stress and apoptosis.Lycopene showed protection
against methanol-induced liver toxicity in similar
with fomepizole (methanol intoxication).by inhibiting
lipid oxidation & caspases-3 activation!'® Rhinovirus
is the common cause for exacerbation of asthma
and common cold'Which increased oxidative stress
and generated free cells demeaning the production
of proinflammatory mediators like IL-6, IL-8,
TNF-+. Oxidative stress associated with chronic
periodontitis, on activation liberates neutrophils
and the reactive oxygen species, matter in the
eradication of periodontal tissues. Supplementation
of antioxidants inflict the production ROS and
constrain the tissue destruction 19,
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Lycopene’s neuroprotective activity against
alzheimer diseases (AD)

Alzheimer’s disease is a neurodegenerative
disease,with impaired cognitive functions, deposition
of amyloid plaques and formation of neuroGbrilary
tangles-Oxidative stress, mitochondrial dysfunction,
and activation of caspases, ultimately apoptosis,
are the factors which are involved in the progress of
diseasel®’.Brain-derived neurotrophic factor (BDNF)
is a key protein in the brain neuroplasticity. There is a
decline in these levels in hippocampus and cortical
region during oxidative stress and apoptosis('.
Antioxidant complement obstructs the advancement
of alzheimer disease 2-amyloid and pro-oxidants
promote oxidative stress and initiate apoptosis,

Fig. 1: Structure of lycopene molecular formula and molecular weight 536.9

Table 1: Summary of various lycopene doses and diseases condition in animal models

Diseases conditions Lycopene dose Duration of Route Strain References
treatment

1.Cognitive-enhancers in 2.5-5 mg/kg 3weeks P.O Wistar rat 23]

Alzheimer disease

2.0Osteoporosis 15- 45mg/kg 12 weeks P.O Female Wistar rats 3]

3.Anticoagulants & 0.1,0.5,1.2g/kg 4 days P.O Kingmingstrain mice 19
anti-inflammatory
4 Tardive dyskinesia 5mg,10mg/kg 21 days P.O Wistar rat (6]

Table 2: Biological actions of lycopene in diseases

No Biological properties

Beneficial in diseases condition

Antioxidant

Antioxidant & Anti-inflammatory
Systemic anti-inflammatory

Gap junction communication

Anti- Osteoporosis

Chronic obstructive pulmonary diseases

o O W=

Alzheimer disease.

Cardiovascular disease,uveitis.

Chronic obstructive pulmonary diseases.

Prostate cancer, neuropathic pain.

Regulating osteoclast and osteoblast activity
Regulating oxidative stress and proinflammatory stress.
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neuroinflammation, neurodegeneration,and a
decrease in the BDNF®22:

Chronic treatment with lycopene
significantly improves the cognitive functions and
inhibit apoptosis, by preventing mitochondrial
oxidative damage, and a decrease in inflammatory
markers and protective properties against >-amyloid
convinced neurotoxicity in rat cortical neurons!
Pretreated lycopene remediated 2-amyloid(1-42)
induced deficits in learning and memory and
mitochondrial dysfunction along with a rise of
proinflammatory cytokines and caspase-3 activity
in the rat brain significantly reduced in a dose-
dependent manner 2 High intake of lycopene with
carotenoids(lutein+zeaxanthin)-rich food may be
related to reducing the oxidative stress and lowering
the risk of alzheimer diseases mortality 2"+ Lycopene
overcomes insulin resistance induced by long-term
intake of fructose, by significantly improving insulin
signaling, by up-regulating cholinergic system and
improving cognitive functions(??

Lycopene’s cardioprotective activity in
cardiovascular disease

Under oxidative stress, there is a generation
of reactive oxygen species limited for various
cardiovascular disorders -During extreme oxidative
stress, body’s normal physiological system abort.
Supplementation of antioxidants could scavenge the
formation of free radicals, by showing therapeutic
benefits in cardiovascular diseases ‘A strong
inverse association in between lycopene intake
and a decrease in the incidence of cardiovascular
diseases?*Disruption in the functioning of the
cardiovascular system leading to the activation of
body’s immune system and various inflammatory
processes results in the production of reactive
oxygen species?*Many contrary reports that
show that lycopene administration affects the
progression of CVD and its outcomes.Lycopene
and lutein are the most important carotenoids found
abundantly in fruits and vegetables their combination
significantly inhibit oxidative modification of low
density lipoprotein in vascular endothelium carotid
artery intima—media thickness (CAIMT).Lycopene
reduces, cholesterol synthesis, lipid per oxidation
and oxidation of low-density lipoprotein (LDL) with
up regulation of high-density lipoprotein(HDL)In
subjects consuming tomatoes and its products a
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decrease in carotid artery intima-media thickness
and reduction in plasma oxidative damage is
observed, Nevertheless,lycopene effect on the
progression of cardiovascular diseases remained
an uncertain subject in modern medical science and
needed further well-designed clinical studies.

Lycopene as a cancer-protective agent

Chronic inflammation is to be suspected
in all stages of cancer, in an actively inflamed
tissue, causing genomic instability which leads
to initiation of cancer. Inflammation can lead
to carcinogenesis,by causing changes in gene
expression to reinforce proliferation, initiated
cells, and combat to apoptosis.Inflammation
activates proinflammatory mediators,particularly
cytokines,inducing in balance of proangiogenic and
anti-angiogenic molecules that leads to tumor
neovascularization, which assigns to malignant cell
transformation.Abnormal upstream expression of
mitogen-activated protein kinase (MAPK)facilitates
tumor promotion and progression(2-

Multiple constricting reports support
lycopene anticancer activity in both in vitro & in vivo.
Itinhibits proliferation of many tumor cells'Lycopene
anticarcinogenic property has been postulated
predominantly due to its antioxidant function- The
increase in serum lycopene in associated with the
reduction in prostate-specific antigen(PSA)and a
decrease in tumor size shown with daily lycopene
supplementation ®¢'Lipid oxidation and oxidative
stress and elevated PSA levels noted in the cancer
patient -Recent finding support that,lycopene shown
to decrease the prostate growth and PSA antigen in
a newly diagnosed patient receiving lycopene daily
for about three weeks before induction to radical
prostatectomy and reduction in oxidative damage
to DNAE7:

Lycopene anti-inflammatory activity in chronic
obstructive pulmonary diseases (COPD)
Chronic obstructive pulmonary diseases
characterized by inflammation, oxidative stress,
hyper secretion of mucus,skeletal muscle debilitated
are some of the pathological signs which contribute
to loss of lung function. A disproportion in the
oxidant-antioxidant system is one of the early events
that lead to the initiation of inflammatory reactions
in COPD.Cigarette smoke extract(CSE)-induced
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matrix metalloproteinase-9expression(MMP)
is involved both inflammation and fibrosis.Pre-
treated lycopene reduced CSE-mediated MMP-9
induction in a dose-dependent manner by activating
reticular activating system (Ras) and enhancing, the
protein levels in the cytosolic fraction by inducing
extracellular signal-regulated kinases(ERK1/2) and
nuclear kappa light chain enhancers of activated
B-cells(NF-2B)activation®®Rhinovirus infections are
the common cause for exacerbations of asthma and
the common cold in adults and children.Oxidative
stress and generation of free radicals infect airway
epithelial cells causing inflammation to airways
and obstruction. Lycopene showed protection
against rhinovirus-induced airway inflammation by
reducing expression of proinflammatory markers?.
Systemic inflammation is an important co-morbid
condition in COPD.Lycopene in combination
therapy with a statin,i.e.,rosuvastatin and omega
3-fatty acids showed a systemic anti-inflammatory
effect by significantly lowering serum levels of
malondialdehyde, superoxide dismutase .,

Lycopene protective against osteoporosis
Oxidative stress induces reactive
oxygen species, which triggers inflammatory
state and adversely affect bone homeostasis and
also regulates the activities of osteoclast and
osteoblast .Epidemiological studies support that
postmenopausal osteoporosis may be due to the
production of reactive oxygen species(ROS)E"The
decrease estrogen hormone is associated with
bone brittleness and generation of free radicals can
adversely affect bone homeostasis #"'By inhibiting
osteoclast proliferation and differentiation!®?!
Postmenopausal women with reduced levels of
vitamins,enzymes,and antioxidants are more prone
to osteoporosis-An antioxidant supplementation can
counterbalance this effects on bone health. Lycopene
pre-treatment of postmenopausal osteoporosis, in
which a six-month-old female Wistar rat divided
into three groups,one group sham-operated which
received vehicle only and ovariectomized group
pretreatment with lycopene and other group received
bisphosphonates,for about 12weeks.Bone quality
assessed, by histomorphometric analysis,lycopene
pretreated ovariectomized group had a decrease in
bone turnover and osteoclast activity with an increase
in both antioxidant enzyme activity and osteoblast
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activity®3Ht also suppressed serum biomarkers of
bone metabolism like osteocalcin(s-oc),and serum
cross-linked carboxyterminal(S-CTX-1)4

Role of lycopene in motor dysfunction and
neuropathic Pain

Tardive dyskinesia is an irreversible
motor dysfunction characterized by hyperkinetic,
abnormal involuntary movements, with orofacial
dyskinesia on treatment with an antipsychotic drug
in schizophrenia with impaired oxidative stress
GABAergic dysfunction®Lycopene pretreatment for
21days significantly attenuated impairment in both
biochemical, and neuroinflammatory markers, with
delayed atypical antipsychotic drug-induced orofacial
dyskinesial®®l.

Neuropathic pain

Neuropathic pain arises due to the
activation of peripheral nociceptors Toxic chemicals
and diseases are often triggering factors for
neuropathic pain®which are down-regulated, during
tissue damage, and oxidative stress. Lycopene
on co-administration with gabapentin significantly
reversed oxidative stress and hyperalgesia,and cold
hyperalgesia induced by partial sciatic nerve ligation
(PSNL)8!

Connexin(CX43)expressed in spinal
dorsal horn plays a major role in Gap junctions
communications, and maintenance of neuropathic
pain.lycopene on repeated intrathecal administration
produce a significant up-regulation of CX43
expression in spinal dorsal horn could be a
therapeutic approach for the treatment of neuropathic
paint9,

CONCLUSION

High intake of lycopene or high its serum
levels are related to reducing the risk of several
human diseases like cancers. Generation of free
radicals and depletion of free radical scavengers
are the primary cause of various diseases.Lycopene
being a most potent antioxidant and free radical
scavenger exhibits its beneficial effects in various
diseases. Lycopene is abundantly present in all-
trans form and gets converted to cis form having
better bioavailability and concentrated more in



2118

human serum and prostate tissue which decrease
the tumor size. Lycopene upon chronic treatment
against beta-amyloid improves memory retention
and prevents mitochondrial oxidative damage by
reducing neuroinflammation by restoring BDNF
levels. Lycopene maintains bone homeostasis by
regulating activities of osteoclast and osteoblast
with an increase in antioxidant enzyme activity. It
also involved in the improvement of memory by the
acceleration of brain antioxidant defense mechanism
by down regulating nitric oxide pathways in
neurodegenerative diseases like Alzheimer diseases.
Lycopene also regulates drug-induced motor
dysfunction by increases GABAergic transmission.

Future aspects
Stress triggers neuroinflammation and
inducing nitric oxide and pro-oxidant production
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with an impairment in neuronal function which all
together shapes into a depression. It is a psychiatric
disorder with multifactorial neuroinflammatory,
neurodegenerative alterations and hypothalamic-
pituitary-adrenal HPA axis dysfunctions with a
complex etiology. Antidepressants drugs take 2-4
weeks to show clinical improvement in depression.
So there is a broad scope for lycopene that
could be overwhelmed. However,lycopene, as an
antidepressant has not established, is a potent
antioxidant,neuroprotective agent,and anti-apoptosis
might be a potent molecule for neurodegenerative
diseases like depression. Much more quality
extensive research work has to done for establishing
lycopene as an antidepressant and for stabilizing
both pharmacokinetic and pharmacodynamic
properties. Large clinical trials are to needed impose
the results into humans.
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