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ABSTRACT
Introduction. The subject of the article is a chemical compound belonging to the carotenoid family, i.e. lycopene.
Aim. The aim of this study was to describe interest among scientists regarding lycopene due to its unique properties, general 
availability and potential for wide application in medicine. 
Material and methods. This article is a review in which the properties of lycopene, its chemical structure and sources (especial-
ly in the form of tomato fruits and its products), as well as its important role and importance in medicine, is presented.
Analysis of the literature. Lycopene is an interesting compound with interesting properties. It may prove to be an important 
and readily available means of preventing and fighting cancer (especially prostate cancer, uterine cancer and breast cancer). 
Additionally, lycopene can counteract cardiovascular diseases that are common nowadays. 
Conclusion. The data indicates increased number of papers regarding applications of lycopene in medicine.
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Introduction
Lycopene is a chemical compound from the carotene 
group, belonging to the carotenoid family. Due to its be-
longing to this family and its characteristic intense red 
color, it is often used as a dye in food products under the 
name E160d. It is not synthesized by the human body, 
therefore it must be taken with food.

Due to the fact that lycopene is a natural dye found 
in plants, it is found in fruits and vegetables that are avail-
able and eagerly eaten every day, especially those with a 
red color. We can find it in vegetables and fruits such as 
pepper, watermelon, pink grapefruit, peach, papaya tree, 
guava, strawberry, papaya, or rosehip.1,2 However, toma-

toes are a particularly rich source of lycopene. Its content 
changes during the ripening of tomato fruits and depends 
on the growing conditions and the microclimate (mainly 
temperature and sunlight). In addition, sun-ripened to-
matoes are the richest in lycopene, not greenhouse toma-
toes or tomatoes.1-3 According to Clinton, the content of 
lycopene, depending on the variety and ripeness of toma-
toes, ranges from 0.9 to 4.2 mg/100g.4 On the other hand, 
McClain and Baush report that in yellow tomatoes lyco-
pene is about 0.5 mg/100g, and in intensely red tomatoes 
it can be even ten times more - 5 mg/100g.3-5

In addition to the (total) absolute lycopene content 
of the raw or processed raw material, its bioavailability 

http://www.ejcem.ur.edu.pl
http://orcid.org/0000-0003-2607-5433
http://dx.doi.org/10.15584/ejcem.2021.2.8
mailto:dbartusik-aebisher%40ur.edu.pl?subject=


171Natural properties of lycopene and its application in medicine

is also important. Lycopene is found mainly under the 
skin of tomatoes, and the process of grinding and cook-
ing them causes the release of lycopene. Moreover, un-
der the influence of temperature, lycopene in tomatoes 
or its products is transformed into the form of trans-ly-
copene, where it is more efficiently absorbed from the 
gastrointestinal tract, which is related to its better solu-
bility in fats in this form.6

Aim
The aim of this study was to presents the natural proper-
ties of lycopene and its application in medicine

Material and methods
Literature search was done to identify appropriate meth-
odology and design of the study. The search of literature 
was helpful to mark the map of interest.

Analysis of the literature
The processing of tomatoes generates large amounts 
of by-products (mainly seeds and skins), which un-
til recently were only additives for livestock feed. The 
by-products of tomato processing, however, turned out 
to be an important source of lycopene. Lycopene ob-
tained from the remains of tomatoes is used as a supple-
ment in the production of functional food.7

Synthetic lycopene is also available. It is a mixture 
of geometric isomers of lycopene (double bonds of trans 
configuration) and is obtained by condensation of syn-
thetic intermediates, commonly used in the production 
of other carotenoids used in food. Due to the inability to 
obtain crystalline lycopene in an aqueous solution and 
its high susceptibility to the negative effects of light and 
oxygen, it is not suitable for industrial purposes. Only 
properly transformed material is placed on the market 
and intended for consumption. Additionally, attempts 
are still being made to produce lycopene with the par-
ticipation of Mycobacterium aurum bacteria, which are 
classified as non-pathogenic microorganisms Blakeslea 
trispora.8

Lycopene is an unsaturated hydrocarbon contain-
ing forty carbon atoms in the molecule of the formula 
C40H56. It owes its intense red color to the chromo-
phore system, which strongly absorbs radiation in the 
visible light range with a wavelength of λ = 444, 470 and 
502 nm.9

This compound, as an unsaturated polyene hydro-
carbon, is composed of eight isoprene residues (hav-
ing five carbon atoms). In total, the isprene residues 
form a carbon chain of forty carbon atoms containing 
two unconjugated and eleven conjugated double bonds. 
This makes seventy-two geometric isomers of lyco-
pene possible. Both lycopene ion rings are open, so this 
compound does not have the properties of β-carotene 
(provitamin A).

Lycopene is the main carotenoid, which (unlike 
β-carotene), when absorbed in the intestine, is not con-
verted to retinol, nor is it (unlike other carotenoids) a 
substrate for cyclin-dependent dioxygenase.10 

The double bonds in lycopene can be isomerized 
from the all-trans position to the mono- or poly-cis iso-
mers by exposure to light, heating, or chemical reac-
tions. The presence of many conjugated double bonds 
makes lycopene distinguishable among carotenoids 
with the strongest antioxidant properties and partici-
pates in the creation of an antioxidant barrier in living 
organisms. It neutralizes free radicals more effectively 
than β-carotene, α-tocopherol or lutein. Additionally, it 
has been shown that lycopene not only neutralizes free 
radicals, but also has the ability to regenerate other an-
tioxidants.11

Lycopene tends to accumulate in cell membranes, 
which increases their fluidity and permeability, which in-
directly modifies the antioxidant response pathways in 
the cell. Moreover, lycopene, being an effective scavenger 
of free radicals, protects lipids of cell membranes against 
their oxidation and degradation (i.e. lipid peroxidation).

Fig. 1. Lycopene structure

The structure of lycopene carries properties that are 
used in many areas, including in cosmetics (cosmetics 
for skin and hair care), food production (improving the 
color of dishes), or in medicine (where the properties 
and applications will be described in more detail). Sci-
entists emphasize the antioxidant properties of lycopene 
in particular. Antioxidation consists in neutralizing the 
action of harmful compounds formed during all meta-
bolic processes in the body. These compounds are called 
free radicals.12

Free radicals are groups of atoms or molecules con-
taining one or more unpaired electrons on the last shell, 
which makes them unstable and very reactive.13 In addi-
tion, they are dangerous for the body because they cause 
an avalanche of new radicals which, striving for a sta-
ble electronic system, react with various cells and dam-
age their structures, thus disrupting their functions. As 
a consequence, it leads to changes in the genetic materi-
al and the occurrence of pathological conditions.

Lycopene belongs to the group of carotenoids, 
which are characterized by strong antioxidant prop-
erties, however, the antioxidant activity of lycopene is 
three times higher compared to other carotenoids. Due 
to the presence of conjugated double bonds, lycopene 
reacts extremely efficiently with atomic oxygen and re-
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active oxygen species. The active forms of oxygen in-
clude both free radicals, e.g. superoxide anion (O2

•-), 
hydroperoxide radical (HO2

•), hydroxyl radical (OH•) 
and singlet oxygen (1O2), ozone (O3), and hydrogen per-
oxide (H2O2). Many conjugated double bonds in the ly-
copene molecule make it participate in the creation of 
the antioxidant barrier of the human body and show a 
protective effect against the genetic material.16

Lycopene, as an exceptionally effective free radical 
scavenger, also plays a particularly important role in the 
prevention and prevention of civilization diseases, in-
cluding reducing the risk of cardiovascular diseases. The 
etiology of most cardiovascular diseases is primarily as-
sociated with the process of atherosclerotic changes. Its 
essence is the deposition of atherosclerotic plaque on 
the walls of arteries, which leads to narrowing of blood 
vessels and many diseases. Plaque formation is a com-
plex and lengthy process in which low-density lipopro-
teins (LDL) play an important role. They penetrate into 
the arterial endothelium and undergo gradual oxidation 
Frequent consumption of lycopene, and thus a higher 
concentration of this compound in the blood, prevents 
the oxidation of the LDL cholesterol fraction and low-
ers its overall level, thus reducing the risk of developing 
cardiovascular diseases.

The antioxidant properties of lycopene also contrib-
ute to reducing the risk of senile cataracts, autoimmune 
and neurodegenerative diseases, infertility, rheumatoid 
arthritis and carcinogenesis, which is associated with 
the anti-cancer and anti-inflammatory properties of ly-
copene.18-20

Reducing the frequency of carcinogenesis by using 
the addition of lycopene (scavenger of free radicals, re-
active oxygen species) results from the reduction of the 
size of the formation efficiency of cancer-causing sub-
stances and the inhibition of unnatural cell division in 
the body of humans and animals.21

In developed countries, cancer is now becoming the 
leading cause of premature death. Therefore, methods of 
preventive disease prevention are still being sought. Based 
on epidemiological studies, food producers are increas-
ingly using raw materials of plant origin containing sub-
stances that prevent the formation of cancer. One of the 
substances of plant origin with this effect is lycopene.22

Prostate cancer is the second most common cancer 
diagnosed in men worldwide and is the sixth most com-
mon cause of cancer death. Risk factors that influence 
the development of prostate cancer include age, race, 
genetics, obesity, and diet. Perhaps an additional fac-
tor leading to the development of this disease is a mu-
tation in the genes that control cell differentiation and 
growth. Moreover, the chronic inflammatory process in 
bacterial prostatitis can lead to the formation of oxygen 
free radicals, which results in DNA damage and muta-
tion formation, as is the case with exogenous mutagenic 

factors. Studies conducted on men indicate a relation-
ship between the content of lycopene in the serum and 
the incidence of prostate cancer. Those of the respon-
dents whose consumption of lycopene was at the level 
of about 33 mg/day showed half the risk of developing 
prostate cancer compared to the group that consumed 
much less of it, within 13 mg/day. The results of clinical 
trials also suggest that supplementation with lycopene 
15-30 mg/day reduces the incidence of benign prostatic 
hyperplasia and prostate cancer.23 Lycopene may inhibit 
the growth of lung and kidney cancer cells.24

A similar relationship can be observed in stud-
ies on the incidence of breast cancer, ovarian cancer 
and endometrial cancer in women. Women with the 
highest serum lycopene levels (0.59-1.58 g/dL) had 
an 85% reduced risk of developing endometrial can-
cer compared with patients with serum lycopene lev-
els 0.36-0.51 g/dL. In addition, lycopene used during 
radiotherapy of women with breast cancer has a pro-
tective effect and reduces the side effects of irradiation 
within the irradiated skin.

Lycopene, being an effective scavenger of free radi-
cals, also inhibits the aging process of the skin, increas-
es resistance to solar radiation, which is manifested by 
less reddening of the skin during sunbathing. Lycopene 
added to the diet protects human skin against UVA and 
UVB rays (i.e. rays that generate free radicals). There-
fore, it reduces the frequency of skin melanoma.25

The health-promoting properties of lycopene can be 
used both in the prevention and treatment of cardiovas-
cular diseases.26 The blood LDL-lowering properties of 
lycopene have been shown to inhibit the atherosclerotic 
process in the arteries.

Supplementation with 60 mg of lycopene daily for 
3 months leads to a reduction in LDL levels by 14% In 
addition, lycopene helps maintain normal blood pres-
sure values, and its effect is greater in the group of sub-
jects with systolic blood pressure values   above 140 mm 
Hg Additionally, consuming lycopene above 12 mg/day 
lowers systolic blood pressure by an average of 4.95 mm 
Hg which partially prevents the progression of arterial 
hypertension.27,28

Conclusion
Lycopene is an interesting compound with interesting 
properties. It may prove to be an important and readily 
available means of preventing and fighting cancer (espe-
cially prostate cancer, uterine cancer and breast cancer). 
Additionally, lycopene can counteract cardiovascular 
diseases that are common nowadays. Increased inter-
est in lycopene and its properties in use may contrib-
ute to the improvement of the quality of life of people 
in society in the field of civilization diseases, and fur-
ther exploration of knowledge and research on it may be 
beneficial for the field of medicine.
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