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Abstract: 

Citrus juices are generally safer than synthetic cancer drugs due to their lower toxicity 

and fewer side effects. However, their efficacy as cancer treatments is still under investigation 

and not as well-established as that of synthetic drugs. Citrus juices may be considered 

complementary or preventive agents rather than primary treatments for cancer.Despite the 

promising preclinical data, there is a lack of long-term clinical trials specifically examining the 

use of citrus juices in cancer prevention. Most evidence is based on animal models or short-term 

human studies. Therefore, while citrus juices show potential as part of a broader dietary 

approach to cancer prevention, more rigorous clinical trials are needed to confirm their efficacy 

and safety over the long term. 
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Introduction:  

Citrus fruits and their extracts offer 

promising avenues for cancer prevention and 

treatment due to their bioactive compounds. 

However, further research is required to 

fully exploit their therapeutic 

potential.Citrus fruits and their components 

have been studied for their potential 

applications in cancer medicine due to their 

rich content of bioactive compounds such as 

flavonoids, limonene, and pectin. There are 

several studies and reviews that explore the 

potential of citrus juices in cancer 

prevention, though long-term human studies 

are limited.while there is substantial 

preclinical evidence supporting the 

anticancer potential of citrus juices, long-

term human studies are necessary to fully 

understand their role in cancer prevention. 

 

 
Figure 1:  citrus various application 

http://www.ijaar.co.in/
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Here's an overview of how citrus might be 

applied in cancer treatment: 

Citrus Components and Their Anticancer 

Activities: 

1. Flavonoids: These compounds, 

abundant in citrus fruits, have shown 

promising anticancer effects. They can 

inhibit carcinogenesis by blocking 

metastasis, inducing apoptosis, and 

inhibiting angiogenesis23. Specific 

flavonoids like tangeretin, nobiletin, 

hesperetin, and naringenin have been 

identified as potential chemopreventive 

agents3. 

2. Limonene: Found in citrus peels, 

limonene has been shown to suppress 

cancer cell proliferation. It is well-

tolerated and has been tested in early 

breast cancer clinical trials8. 

3. Modified Citrus Pectin (MCP): 

Although not conclusively proven to 

treat cancer, MCP has been studied for 

its potential to affect cancer growth and 

improve quality of life in patients. It 

may also stimulate the immune system4. 

 

Working methods: 

Mechanisms of Action: 

 Cell Cycle Modulation: Citrus 

flavonoids can modulate cell cycle 

progression, leading to reduced cancer 

cell proliferation3. 

 Apoptosis Induction: Compounds like 

hesperetin induce apoptosis in cancer 

cells, promoting cell death2. 

 Antiangiogenic Effects: Citrus 

flavonoids can inhibit the formation of 

new blood vessels, which is crucial for 

tumor growth3. 

 
Figure 2:  citrus application 

 

 
Figure3: synthesis and application of citrus in bioactivity 

https://pmc.ncbi.nlm.nih.gov/articles/PMC4163462/
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Current Status and Future Directions: 

While preclinical studies suggest 

that citrus components have anticancer 

potential, more clinical trials are needed to 

confirm these effects in humans. The use of 

citrus extracts as co-adjuvants in oncological 

therapies is an area of ongoing research1. 

Additionally, the combination of citrus 

flavonoids with conventional 

chemotherapeutic agents may enhance their 

efficacy against cancer cells3. 

 

Safety Comparison: 

Toxicity and Side Effects: 

Synthetic Cancer Drugs: These are often 

associated with significant side effects and 

toxicity due to their potent mechanisms of 

action. They can cause nausea, hair loss, 

fatigue, and more severe complications like 

organ damage or increased risk of 

infections4. 

Citrus Juices: Generally, citrus juices are 

safer with fewer side effects. They are rich 

in flavonoids and other bioactive compounds 

that have antioxidant and anti-inflammatory 

properties, which are typically well-tolerated 

by the body14. 

Mechanism of Action: 

Synthetic Cancer Drugs: These drugs often 

target specific pathways in cancer cells, 

which can lead to rapid cell death but also 

affect healthy cells, contributing to side 

effects. 

Citrus Juices: The bioactive compounds in 

citrus juices work through multiple 

mechanisms, including antioxidant activity, 

modulation of cell cycle progression, and 

induction of apoptosis in cancer cells. These 

actions are generally less aggressive and 

more aligned with natural physiological 

processes14. 

 

Risk Profile: 

Synthetic Cancer Drugs: Due to their 

potency, synthetic drugs require rigorous 

testing and monitoring to minimize risks. 

They are subject to strict regulatory 

oversight. 

Citrus Juices: While considered safer, citrus 

juices are not regulated as drugs and may 

interact with medications or have unforeseen 

effects in certain individuals, especially if 

consumed in large quantities or by those 

with specific health conditions12. 

Efficacy: 

Synthetic Cancer Drugs: These drugs have 

been extensively tested and proven effective 

in treating various cancers, though they 

often come with significant side effects. 

Citrus Juices: While promising, the 

anticancer efficacy of citrus juices is 

primarily based on preclinical studies. More 

clinical trials are needed to confirm their 

effectiveness as cancer treatments12

. 

 
Figure 4: Chemical  Compostion snd its application 

https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2017.00420/full
https://pubmed.ncbi.nlm.nih.gov/22524801/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5133085/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5491624/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5491624/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5491624/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5491624/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5491624/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5491624/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5491624/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5491624/


Preclinical and Short-Term Human 

Studies: 

1. Preclinical Evidence: Many preclinical 

studies have demonstrated the anticancer 

potential of citrus juices and their 

extracts. These studies often involve in 

vitro and in vivo models, showing that 

citrus flavonoids can inhibit 

carcinogenesis, induce apoptosis, and 

modulate cell cycle progression13. 

2. Short-Term Human Observations: 

Some observational studies suggest that 

moderate consumption of citrus fruits 

may be associated with reduced cancer 

risk. For example, a study in Japan 

found that frequent consumption of 

citrus fruits or juices was linked to a 

lower incidence of certain cancers7. 

Long-Term Observational Studies: 

1. Epidemiological Studies: While not 

specifically focused on citrus juices, 

epidemiological studies indicate that 

high consumption of fruits and 

vegetables, including citrus fruits, can 

reduce cancer risk by ≥20%3. However, 

these studies are observational and do 

not isolate citrus juices as a specific 

preventive agent. 

2. Melanoma Risk: One long-term 

observational study found an association 

between frequent consumption of citrus 

fruits or juices and an increased risk of 

melanoma, possibly due to increased 

sensitivity to UV light2. This highlights 

the need for caution and further research. 

 

Need for Long-Term Clinical Trials: 

The most common types of cancer studied in 

relation to citrus juices include: 

1. Melanoma: There is a notable 

association between high citrus 

consumption and an increased risk of 

melanoma, particularly due to the 

presence of psoralens, which can 

enhance UV-induced DNA damage25. 

2. Colorectal Cancer (CRC): Some 

studies suggest that citrus intake may be 

negatively associated with the risk of 

CRC, though results vary depending on 

study design4. 

3. Ovarian Cancer: Research indicates 

that citrus fruits and juices might be 

associated with a lower risk of ovarian 

cancer, though more studies are needed 

to confirm this relationship7. 

4. Gastric Cancer: There is some interest 

in the potential protective effects of 

citrus fruits against gastric cancer, but 

more research is required to establish a 

clear link8. 

5. Other Cancers: Preclinical studies have 

explored the anticancer effects of citrus 

juices on various cancer cell lines, 

including lung, breast, and leukemia, but 

these findings need to be validated in 

human trials1. 

When comparing the consumption of citrus 

juices to other citrus products in terms of 

cancer risk, several observations can be 

made: 

 

Melanoma Risk: 

Citrus Juices vs. Whole Fruits: Studies 

have shown that frequent consumption of 

citrus juices, particularly orange and 

grapefruit juice, is associated with an 

increased risk of melanoma. For example, 

consuming citrus fruit or juice at least 1.6 

times daily was linked to a 36% higher 

melanoma risk compared to less frequent 

consumption12. However, consuming whole 

oranges was not associated with increased 

melanoma risk12. 

Specific Citrus Products: Orange juice 

consumption has been more consistently 

linked to increased melanoma risk compared 

to grapefruit juice4. High consumption of 

citrus fruits and juices generally increases 

melanoma risk, possibly due to the presence 

of furocoumarins, which enhance UV 

sensitivity34. 

 

Non-Melanoma Skin Cancers (NMSC): 

Citrus Consumption and NMSC: High 

citrus consumption, including juices, has 

been associated with an increased risk of 
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basal cell carcinoma (BCC) and squamous 

cell carcinoma (SCC), types of non-

melanoma skin cancers57. This association 

is thought to be related to the 

photocarcinogenic effects of citrus 

compounds. 

Other Cancers 

Oral Cancer: High intake of citrus 

fruits has been linked to a reduced risk of 

oral cavity and pharyngeal cancers6. 

However, this benefit is not specifically 

attributed to citrus juices. 

Breast Cancer: There is evidence 

suggesting that high intake of citrus fruits 

may reduce the risk of breast cancer, though 

this is not specifically related to juice 

consumption8. 

Consuming high amounts of citrus juices 

over the long term can have both beneficial 

and adverse health effects: 

 

Beneficial Effects: 

1. Cardiovascular Health: Citrus juices, 

particularly orange juice, are rich in 

flavonoids like hesperidin, which can 

help reduce blood pressure and improve 

cardiovascular health by enhancing 

endothelial function and reducing 

inflammation15. 

2. Immune System Support: Citrus juices 

are good sources of vitamin C and 

folate, which support immune function 

and may help maintain the integrity of 

immunological barriers4. 

3. Cancer Prevention: Some studies 

suggest that citrus fruits and juices may 

have protective effects against certain 

cancers, though more research is needed 

to confirm these findings25. 

4. Kidney Stone Prevention: Citrus juices 

can increase citrate levels in urine, 

which may help prevent kidney stones2. 

 

Adverse Effects: 

1. Tooth Erosion: The high acidity in 

citrus juices can erode tooth enamel, 

increasing the risk of cavities if good 

oral hygiene practices are not followed2. 

2. Weight Gain and Metabolic Issues: 

Consuming large amounts of citrus juice 

can lead to excessive sugar intake, 

potentially contributing to weight gain 

and metabolic problems2. 

3. Melanoma Risk: High consumption of 

citrus juices, particularly orange and 

grapefruit, has been linked to an 

increased risk of melanoma, possibly 

due to photocarcinogenic effects of 

certain citrus compounds3. 

4. Interactions with Medications: 

Grapefruit juice, in particular, is known 

to interact with certain medications, such 

as statins and blood thinners, by 

affecting their metabolism3. 

The health impacts of natural and 

commercial citrus juices differ in several 

ways, primarily due to variations in nutrient 

content, processing methods, and storage 

conditions. 

 

Nutritional Differences: 

1. Vitamin C Content: Natural or freshly 

squeezed citrus juices generally contain 

higher levels of vitamin C compared to 

commercial juices. This is because 

vitamin C is sensitive to oxygen and 

heat, which can be minimized in fresh 

juices. Commercial juices may have 

lower vitamin C levels due to processing 

and storage conditions25. 

2. Flavonoids and Bioactive Compounds: 

Commercial citrus juices, particularly 

those made from concentrated products, 

may contain higher levels of flavonoids 

like hesperidin and naringin. These 

compounds are more concentrated 

during the processing of commercial 

juices, which can include grinding the 

entire fruit, including peels1. 

3. Minerals and Electrolytes: Freshly 

squeezed juices tend to have higher 

potassium and lower sodium content 

compared to commercial juices6. 

https://academic.oup.com/carcin/article/36/10/1162/316601
https://academic.oup.com/carcin/article/36/10/1162/316601
https://pubmed.ncbi.nlm.nih.gov/29753688/
https://ejbc.kr/DOIx.php?id=10.4048%2Fjbc.2013.16.1.72
https://pmc.ncbi.nlm.nih.gov/articles/PMC3653258/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3653258/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8264544/
https://www.healthline.com/nutrition/citrus-fruit-benefits
https://www.healthline.com/nutrition/citrus-fruit-benefits
https://www.healthline.com/nutrition/citrus-fruit-benefits
https://www.healthline.com/nutrition/citrus-fruit-benefits
https://www.healthline.com/nutrition/citrus-fruit-benefits
https://www.medicalnewstoday.com/articles/272782
https://www.medicalnewstoday.com/articles/272782
https://pmc.ncbi.nlm.nih.gov/articles/PMC8264544/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8264544/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3653258/
https://www.researchgate.net/publication/11061181_Comparison_of_the_nutrient_content_of_fresh_fruit_juices_vs_commercial_fruit_juices
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Health Impacts: 

1. Cardiovascular Health: Commercial 

orange juice has been shown to reduce 

blood pressure in healthy individuals, 

possibly due to its higher flavonoid 

content1. Freshly squeezed juices may 

not have the same effect due to lower 

flavonoid levels. 

2. Immune Function: Both natural and 

commercial citrus juices support 

immune function due to their vitamin C 

content. However, the higher vitamin C 

levels in freshly squeezed juices might 

offer greater benefits23. 

3. Weight Management and Sugar 

Intake: Both types of juices are high in 

sugar, which can contribute to weight 

gain if consumed excessively. However, 

commercial juices might contain added 

sugars, further increasing calorie 

intake4. 

4. Tooth Erosion: The high acidity in both 

natural and commercial citrus juices can 

lead to tooth erosion if not consumed 

with proper dental hygiene practices. 

 

Chemical Formulas and Anticancer 

Properties: 

Polymethoxyflavones (PMFs): 

Chemical Structure: These compounds 

contain more than two methoxy groups (-

OCH3) in their structure. 

Anticancer Properties: PMFs have been 

shown to inhibit carcinogenesis by blocking 

metastasis, inducing apoptosis, and 

inhibiting angiogenesis13. 

Hesperetin: 

Chemical Formula: C16H14O6 

Chemical Structure: A flavanone with a 

molecular weight of 302.27 g/mol. 

Anticancer Properties: Hesperetin has 

demonstrated significant inhibitory effects 

on cancer cell proliferation. It is effective in 

combination with synthetic drugs like 2-

deoxy-D-glucose (2DG) for enhanced 

anticancer activity2. 

Essential Oil Compounds: 

Limonene: Known for its anti-proliferative 

and apoptotic effects in cancer cells. 

Citral: Exhibits strong anti-proliferative 

properties. 

Terpineol: Acts as an apoptotic agent in 

cancer cells4. 

 

Role in Cancer Medicine Development: 

These citrus-derived compounds are 

being researched for their potential as 

chemopreventive agents and inhibitors of 

cancer cell viability. Their ability to induce 

apoptosis, inhibit cell proliferation, and 

prevent angiogenesis makes them promising 

candidates for cancer therapy67. 

 

Future Perspectives: 

Further research is needed to fully 

explore the therapeutic potential of these 

compounds, including their efficacy in 

clinical settings and potential synergies with 

existing cancer treatments. The combination 

of natural flavonoids with synthetic drugs, 

like 2DG, offers a promising avenue for 

developing more effective cancer therapies 

with fewer side effects2. 

The key structural elements of citrus 

flavonoids that contribute to their anticancer 

properties include: 

1. Presence of Glycosylation: The 

attachment of sugar molecules 

(glycosylation) to flavonoids can 

enhance their solubility and stability, 

affecting their bioavailability and 

biological activity1. 

2. Oxidation State and Substituents: The 

oxidation state of the flavonoid 

structure, along with specific 

substituents in the A and B rings, 

influences their antioxidant, enzyme-

inhibitory, and antiproliferative 

activities14. 

3. Hydroxyl and Methoxyl Groups: 

Flavonoids with multiple hydroxyl or 

methoxyl groups exhibit increased 

antiproliferative activity. For example, 

https://pmc.ncbi.nlm.nih.gov/articles/PMC3653258/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8264544/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8264544/
https://www.healthline.com/nutrition/orange-juice-benefits
https://pmc.ncbi.nlm.nih.gov/articles/PMC4163462/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4163462/
http://www.orientjchem.org/vol40no4/anticancer-activity-of-flavanone-isolated-from-citrus-medica-and-its-combination-effect-with-a-synthetic-drug-2-deoxy-d-glucose/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9735939/
https://www.eurekaselect.com/node/183988/article/the-use-of-bio-active-compounds-of-citrus-fruits-as-chemopreventive-agents-and-inhibitor-of-cancer-cells-viability
https://www.eurekaselect.com/node/183988/article/the-use-of-bio-active-compounds-of-citrus-fruits-as-chemopreventive-agents-and-inhibitor-of-cancer-cells-viability
http://www.orientjchem.org/vol40no4/anticancer-activity-of-flavanone-isolated-from-citrus-medica-and-its-combination-effect-with-a-synthetic-drug-2-deoxy-d-glucose/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7199889/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7199889/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7199889/
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polymethoxyflavones (PMFs) like 

tangeretin and nobiletin, which have 

multiple methoxyl groups, show potent 

anticancer effects14. 

4. C2=C3 Double Bond: The presence of a 

C2=C3 double bond in the B ring, 

conjugated with the 4-oxo function, is 

crucial for the anticancer activity of 

certain flavonoids, particularly in 

melanoma cell lines1. 

5. Planarity and Lipophilicity: The planar 

structure and low polarity of PMFs 

enhance their permeability through 

biological membranes, contributing to 

their anticancer efficacy1. 

These structural features allow citrus 

flavonoids to modulate various cellular 

processes, including cell proliferation, 

apoptosis, metastasis, and angiogenesis, 

which are critical in cancer prevention and 

treatment14. 

 

Conclusion: 

In summary, citrus juices, 

particularly orange juice, are associated with 

an increased risk of melanoma and possibly 

other skin cancers due to their content of 

furocoumarins. Whole citrus fruits may not 

carry the same risk for melanoma, but high 

consumption of any citrus product could 

increase the risk of non-melanoma skin 

cancers. For other types of cancer, such as 

oral and breast cancer, citrus fruits may offer 

protective benefits, though these are not 

specifically linked to juice 

consumption.while citrus juices offer several 

health benefits, their high sugar content and 

potential risks, such as increased melanoma 

risk and tooth erosion, should be considered 

when consuming them in large quantities 

over the long term. It is advisable to 

consume whole citrus fruits whenever 

possible to maximize nutritional benefits 

while minimizing risks.  

while both natural and commercial 

citrus juices offer health benefits, they differ 

in nutrient content and potential health 

impacts. Natural juices tend to have higher 

vitamin C levels and lower sodium content, 

while commercial juices may contain more 

flavonoids, which can be beneficial for 

cardiovascular health. However, both types 

should be consumed in moderation due to 

their high sugar content.Citrus fruits contain 

various bioactive compounds that have been 

explored for their potential in cancer 

medicine development. These compounds 

include flavonoids, limonoids, and essential 

oils, each with distinct chemical structures 

and anticancer properties. 
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