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ABSTRACT

Lycopene is a chemical compound that occurs in red fruits and vegetables, such
as tomatoes. Lycopene has potent antioxidant and anti-inflammatory properties.
Processes that influence the development of civilization diseases. The aim of the
study is to explore the impact of Lycopene in the prevention and treatment of
civilization diseases such as hypertension, atherosclerosis, metabolic diseases,
and various cancers, in the latest research. Moreover, it will indicate directions
for future research that will allow for a better understanding of the role of this
compound. In conclusion, a diet rich in lycopene demonstrates potential in
preventing and mitigating the severity of various civilization diseases. Therefore,
the article describes a current review of research and literature in this area of
knowledge. The studies presented in this article show the potential of prevention
and treatment of cardiovascular, metabolic diseases, and various cancers.
However, long-term studies on larger groups of subjects are needed to fully

understand lycopene's potential.

Key words: lycopene, oxidative stress, cardiovascular diseases, cancer,

civilization diseases.

1. INTRODUCTION

Lycopene, an organic chemical compound belonging to the carotenoid family, is
a natural red dye with powerful antioxidant properties and has emerged as a
significant focus in medical research. Unlike other carotenoids, lycopene is a non-
provitamin A compound (Pennathur et al., 2010). It naturally occurs in red fruits
and vegetables, especially tomatoes and processed tomato products, which are
often used in the Mediterranean Diet. Tomato (contents of lycopene: 0.72 - 4.2
mg/100g) and tomato-based products are the source of 80% of lycopene
consumption in Western countries. Lycopene can also be found in other produce
such as pumpkin, carrot, watermelon, pink grapefruit, red pepper, and

strawberries (Imran et al., 2020). In recent years, many studies have focused on
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the potent antioxidant properties of lycopene, especially in the context of civilization diseases, which are one of the main challenges of
modern medicine in an aging society. Disorders such as cardiovascular disease, obesity, type 2 diabetes, and cancer are related to
oxidative stress and chronic inflammation. Lycopene, as a potent antioxidant, can play a crucial role in mitigating oxidative stress and

inflammation, with preventive and therapeutic effects on cardiovascular diseases.

2. MATERIALS AND METHODS

The Literature review focuses on the impact of Lycopene on civilization diseases by finding and analyzing studies available in
databases such as PubMed, Google Scholar, PubMed Central, and Embase. The chosen studies were published from August 2010 to
January 2025, but we concentrated on the latest publications (2020-2025). In the search, we were using the following keywords:

“lycopene”, “oxidative stress”, “antioxidant”, “cardiovascular diseases”, “diabetes”, “cancer”, “civilization diseases”. Also, we used

Boolean operators (OR, AND) to narrow and focus the search on the topic. Then, we analyzed and selected relevant material.

3. RESULTS AND DISCUSSION
3.1. Lycopene Properties

Lycopene (Ca0Hss) is an acyclic tetraterpenoid with a hydrocarbon structure containing 13 conjugated double bonds, giving it powerful
antioxidant properties. The ability to neutralize reactive oxygen species is due to the high degree of conjugation of its double bonds.
Compared to other carotenoids, it has much stronger antioxidant properties, which are crucial in protecting cells against oxidative
stress. Lycopene in plant and animal organisms may occur in as trans and cis-isomers. In the human body, the isomerization process
occurs in the stomach due to low pH, which is why the cis-isomer is the dominant form in human blood and tissues. Due to its
lipophilic nature, lycopene is highly fat-soluble but difficult to absorb in raw food products. However, after heat treatment, especially
in the presence of fat, its absorption is greatly facilitated. It is absorbed in the intestines by CD36 and B1 receptors, then transported in
the blood by low-density lipoproteins (LDL). Finally, once absorbed and transported, lycopene is primarily stored in fatty tissues, liver,
and adrenal glands (Imran et al., 2020; Feitelson et al., 2015; Bin-Jumabh et al., 2022).

3.2. Lycopene and the diseases of the cardiovascular system

3.2.1. Mechanisms of Lycopene's Cardiovascular Benefits

The naturally strong antioxidant properties of lycopene play an essential role in preventing cardiovascular diseases. The molecular
structure of lycopene with 13 double bonds allows for the reduction of singlet oxygen and reactive oxygen species (ROS), which
counteract oxidative stress. The described mechanism protects against the accumulation of excess ROS, and its consequences, such as
cardiac hypertrophy, cell apoptosis, endoplasmic reticulum stress, and LDL oxidation.

By neutralizing reactive oxygen species (ROS), lycopene also has potent anti-inflammatory effects by inhibiting key inflammatory
mediators such as pro-inflammatory cytokines (TNF-a, IL-1(3, IL-6, IL-8) and enzymes (COX-2, LOX). It also inhibits the proliferation of
vascular smooth muscle cells and cardiac remodeling after myocardial infarction. Moreover, lycopene induces the expression of
antioxidant enzymes (catalase, superoxide dismutase, and glutathione peroxidase). It increases their expression by activating the
Nrf2/ARE pathway, which enhances protection against oxidative stress.

Lycopene can reduce lipids, including lowering LDL levels and modulating HDL function. New research suggests that lycopene
may reduce HDL-related inflammation and modify its functionality toward an anti-atherosclerotic phenotype (Hsieh et al., 2022; Thies
et al., 2017).

3.2.2. Effects of Lycopene on Blood Pressure Regulation

A meta-analysis based on intervention trials suggests that daily doses of lycopene >25 mg effectively reduce LDL cholesterol by
approximately 10%, which is a comparable effect to lower doses of statins in patients with slightly elevated cholesterol values (Ried et
al., 2011).

In 2019, a study published the results of a randomized, placebo-controlled, double-blind research study that focused on the effect of
Tomato Nutrient Complex (TNC) containing lycopene on blood pressure in people with hypertension. The patients received TNC with
5, 15 and 30 mg of lycopene, synthetic lycopene (15 mg) or placebo for 8 weeks. After comparing the results, it turned out that in the
TNC group with 15 mg and 30 mg there was a significant reduction in systolic blood pressure. At the same time, lower doses and

Medical Science 29, €72ms3585 (2025) 20f7



REVIEW | OPEN ACCESS

synthetic lycopene alone had no significant effect. Demonstrating that TNC with lycopene (dose 15 mg and above) has a beneficial

impact on systolic blood pressure (Wolak et al., 2019).

3.2.3. Effects of Lycopene on Atherosclerosis

A subsequent study focused on assessing the influence of lycopene on lipid metabolism. For 14 weeks researchers fed mice a diet rich
in fat. The test group received daily lycopene doses (60 mg/day, human equivalent), and the control group took placebo. After the sixth
week of lycopene treatment, triglycerides and cholesterol levels decreased. Moreover, lycopene significantly reduced the size of
atherosclerotic plaques and the thickness of the intima-media in the aorta. These results support the use of lycopene extracts in treating

atherosclerosis (Mannino et al., 2022).

3.2.4. Ischemic heart disease (IHD)

A study published in 2024 describes the association between ischemic heart disease and dietary intake of lycopene. A group of 443
patients with a confirmed diagnosis of ischemic heart disease and a control group of 443 people took part in the study. The amount of
lycopene consumed was assessed based on a 237-item food frequency questionnaire (FFQ), after adjusting the results for other
important variables such as age, gender, BMI, smoking, alcohol drinking, and physical activity. People with the highest lycopene intake
had a 33% lower risk of IHD compared to those with the lowest intake (Amjadi et al., 2024).

3.3. Lycopene in diabetes and metabolic diseases

Lycopene, a powerful carotenoid, demonstrates significant antioxidant properties that are crucial in regulating levels of glucose in
blood (Leh and Lee, 2022). Oxidative stress, which results in excessive production of ROS, damages cells, and including B-pancreatic
cells that produce insulin (Zhu et al., 2020). Lycopene, through its antioxidant properties, reduces the production of ROS, thus
supporting the redox balance in the body. Moreover, it improves insulin sensitivity, which contributes to better metabolism of glucose
by cells (Kulawik et al., 2024; Jafari et al., 2025).

A study published in 2023 compared the effects of a combination of Lycopene and Metformin on Phagocytosis, Glucose regulation,
and Oxidative Stress in Rats diagnosed with Type 2 Diabetes. 25 out of 30 rats had developed type 2 diabetes. For 4 weeks different
groups of rats received various combinations of metformin and lycopene daily. The researchers examined phagocytosis, the level of
HbAlc, reactive oxygen species (ROS), nitric oxide, and advanced glycation products. The results demonstrated that the groups with
the addition of lycopene had a significantly higher phagocytosis rate and lower levels of oxidative stress markers compared to the
group with metformin alone (Sianturi et al., 2023).

Moreover, there is a prospective study published in 2024 involving large sample size - 9213 adults with diabetes. Data on dietary
intake of tomatoes and lycopene were obtained from two 24-h dietary recalls. Multivariate Cox proportional hazard models
determined the associations between tomato/lycopene intake and mortality. The results showed lower cancer rates, and other causes in

participants with higher tomato and lycopene intakes (Liu et al., 2024).

3.4. Impact of Lycopene in various cancers

Many researchers focus their work on the impact of lycopene on cancer processes, especially prostate cancer, but also on lung, stomach,
colorectal, and breast cancer. In addition, lycopene has specific properties affecting the carcinogenic process, like anti-proliferation
ability (Jiménez et al., 2024). Due to the capability to neutralize reactive oxygen species, lycopene limits the process of inflammation,
DNA damage, and mutations of cells that can lead to cancer (Kapata et al., 2022). Moreover, it inhibits the proliferation and migration
of cancer cells and regulates apoptosis.

Lycopene inhibits cancer cell proliferation through multiple molecular pathways by inhibiting protein complexes that control
transcription of DNA, NF-«B activity, it also inhibits the activation of Akt pathways and mTOR, while promoting tumor suppressor
proteins such as Bax and p21, and increases the phosphorylation of B-catenin (Feitelson et al., 2015; Puah et al., 2021).

A recent study focused on the protective effect of lycopene on preventing skin diseases. Many articles described the protective effect
against skin damage by neutralizing free oxygen radicals appearing as a result of exposure to ultraviolet radiation, slowing down the
skin aging process, and the possible impact on the prevention of skin cancer (Wawrzyniak et al., 2023). Table 1 summarizes the results

of recent studies about the role of lycopene in various cancers.
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Table 1. Characteristics of recent studies about the role of lycopene in various cancers.

Type of Study Lo
References Methods . Key findings
cancer population
XTT assay, ELISA, 10 and 20 uM lycopene doses
Colorectal . o . .
(Ataseven et al., 2023) Immunofluorescence In vitro inhibited the proliferation of
cancer
Staining HT-29 cells.
226 participants | Consumption of Trans-
. ) ) (80 test group, Lycopene and [3-

(Sengngam et al., 2022) | Gastric cancer | Questionnaires . .
146 control Cryptoxanthin reduced risk of
group) gastric cancer.

238 participants L
Diet rich in lycopene
. Prostate (106 test group, L .
(Dhillon et al., 2023) CBMN assay minimies the DNA-damaging
cancer 132 control .
effects of radiotherapy.
group)
pharmacokinetics of o
Combination of docetaxel,
docetaxel, by C_max )
. Prostate ] o ADT and synthetic lycopene
(Lilly et al., 2024) and AUC_inf; CEC, 24 participants
cancer may support the treatment of
VEGF-A, IGF-1R, PSA ;
metastatic prostate cancer.
levels
Prostat Data from National Lycopene intake protects
rostate
(Lu et al., 2021) Health and Nutrition 637 participants | against a high risk of prostate
cancer
Examination Survey cancer.
Synthesis of mPEG- mPEG-PCL-DDAB may
) PCL-DDAB, cytometry | Invitro and In reduce side effects because
(Mennati et al., 2022). Breast cancer . . )
and gene expression vivo the therapeutic effect was at
analysis lower doses.

3.4.1. Colorectal cancer

A study published in 2023 examined the effect of lycopene on the growth and apoptosis of HT-29 colorectal cancer cells. The
experiment was performed on animal models and cell cultures. The samples tested apoptotic markers such as: caspase 3, BAX,
activated PARP, 8-oxo-dG, y-H2AX, and cytochrome c. The results showed that lycopene at doses of 10 and 20 uM significantly
inhibited the proliferation of HT-29 cells compared to the control group (Ataseven et al., 2023).

3.4.2. Gastric cancer

Another study focused on the association between dietary intake of Trans-Lycopene and p-Cryptoxanthin with gastric cancer in
Vietnamese Men. The test sample was 80 men diagnosed with stomach cancer, and the control group was 146 men. The subjects
completed questionnaires about diet, determining the consumption of trans-Lycopene and B-Cryptoxanthin, and lifestyle, and the
status of Helicobacter pylori infection. The study’s results indicate a positive effect of consumption of Trans-Lycopene and (-

Cryptoxanthin, associated with a reduced risk of gastric cancer, regardless of Helicobacter pylori infection (Sengngam et al., 2022).

3.4.3. Prostate cancer
A larger group of studies linking lycopene with cancer concerns prostate cancer. The studies show that low levels of selenium and
lycopene may increase sensitivity to radiation-induced DNA damage and suggest that a diet rich in these nutrients may play a role in
minimizing the DNA-damaging effects of radiotherapy (Dhillon et al., 2023).

Considering patients with metastatic prostate cancer, there was research on the combination of lycopene with docetaxel and
androgen deprivation therapy (ADT). The research group was made up of 24 people, and it showed that the highest tolerated dose of
lycopene was 150 mg/day. The conclusions indicate that the combination of docetaxel, ADT and synthetic lycopene is safe and may

support the treatment of metastatic prostate cancer (Lilly et al., 2024). Another study focused on checking whether a lycopene intake-
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related racial disparity exists in reducing the risk of prostate cancer. Researchers analyzed data from 637 men, focusing on
race/ethnicity, diet, age, living status, education level, poverty income ratio, BMI, and smoking. In conclusion, lycopene intake protects
against a high risk of prostate cancer. However, this effect was only observed in a population of non-Hispanic White men. Non-
Hispanic Black men had a higher risk of PCa compared to Non-Hispanic White men. In other findings: obesity had a protective effect,
while living alone and being between 50 and 70 years old increase the risk of prostate cancer (Lu et al., 2021).

3.4.4. Breast cancer
Many studies focus on the impact of plant-based metabolites and breast cancer therapy, including lycopene (Wali et al., 2025). Recent
research has focused on a new method of treating breast cancer, combining the action of lycopene and specially designed nanoparticles
with siRNA. The researchers created mPEG-PCL-DDAB molecules that transported lycopene and siRNA and blocked the pro-
cancerous IGF-1R receptor. They assessed the effect on MCF-7 breast cancer cells.

The results showed that the nanoparticles had appropriate physicochemical properties, and their use significantly induced
apoptosis and cell cycle arrest in the MCF-7 line. Moreover, the combination of siRNA and lycopene has demonstrated enhanced
therapeutic efficacy compared to attempts to administer siRNA or lycopene alone. The use of mPEG-PCL-DDAB media may also

reduce the number of side effects because the therapeutic effect was visible at lower doses (Mennati et al., 2022).

4. CONCLUSIONS

The synthesis of conclusions from the literature on lycopene emphasizes its role in the prevention and reduction of the risk of lifestyle
diseases. In cardiovascular diseases, reducing blood pressure, slowing down the aggregation of atherosclerotic plaques, or reducing the
risk of ischemic heart disease. Lycopene demonstrated a positive effect on the development of metabolic diseases by regulating glucose
levels. Lycopene’s properties are essential in preventing the development of cancer by neutralizing oxidative stress, reducing the
intensity of inflammatory processes, and regulating the cell cycle of cancer cells. Therefore, the results of the studies presented in this
article are limited. The studies differ in the daily doses of lycopene administered, the methods used, and the size of the study group.
However, despite these differences, the effectiveness of a diet rich in lycopene in the prevention and treatment of lifestyle diseases is
systematically confirmed in many studies. Further studies, which should be long-term research conducted on a large study group from

various, diverse populations, are needed to fully understand the potential of lycopene.
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