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ABSTRACT
Cancer is a multistage and multifactorial process in which genetic
and environmental factors contribute to it. The results of the studies
indicate the effective role of micronutrients, vitamins, and minerals
in the treatment of malignancies. One of these elements, endorsed
by the American Food and Drug Administration, is boron
supplements. The present study reviews the role of boron
supplementation in the prevention and treatment of cancer. At ISI,
Pub Med, Science Direct, Google Scholar, Scopus, Iranmedex and
Magiran databases, we examined 41 studies conducted in the years
1988-2018 regarding the effect of boron supplementation on cancer.
The results showed that boron supplement is a useful and essential
ingredient for humans with a daily intake of about 1-3 mg per day.
Its rich diets have a significant reduction in the risk of developing a
variety of cancers including prostate, breast, cervix and lung, liver,
melanoma. The mechanisms by which boron may influence cancer
is still unknown, but evidence suggests that boron has antioxidant
and anti-inflammatory properties. Proposed mechanisms related to
boron activity in cancer cells include inhibition of proteasezonin
enzymatic activity, dehydrogenase, mRNA modification, and cell
division and induction of apoptosis. Boron-containing compounds
indicate promising effects for chemotherapy types of cancer.
Its concluded that low levels of boron should be considered as a
concern for health, and increasing the consumption of boron with its
rich diets should be recognized as a rational and reasonable diet
recommendation for the prevention and treatment of cancer,
promotion of health and well-being.
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Cancer incidence continues to be a major health
problem possibly because cancer is a complex
system comprising many agents (1), so that various

genetic factors such as fat-rich diets free from fruits
and vegetables and the wrong life style can
contribute to the development of various types of
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cancer (2). Cancer is the third most common cause
of death in Iran (3). Gastrointestinal cancers are the
most frequent cancer among Iranian males and
second to breast cancer among females (3, 4).
Significant progress has been made in detection
and early treatment of cancer recently which has
improved its prediction. But long-term treatments
for cancer, in addition to physical complications,
affect the quality of life of these patients (5, 6).
There is considerable evidence to support dietary
recommendations for prevention of cancer as well
as for patients undergoing or recovering from
cancer treatment (7). The results of some studies

indicate a positive effect of micronutrients,
vitamins and minerals intake in the treatment of
malignancies
(8-10),
so
that
nutritional
supplements are widely used among patients with
cancer who perceive them to be anticancer and
antitoxicity agents (11), and often cancer survivors
tend to start taking dietary supplements after
receiving a diagnosis of cancer (12). The most
commonly reported reasons for dietary supplement
use were to improve health (e.g., immune system)
and prevent disease (13), and manage the side
effects of chemotherapy (14), also supplements
could support the body to overcome the treatment-

References
2. Hunn J, Rodriguez GC. Ovarian cancer: etiology, risk factors, and epidemiology. Clin Obstet Gynecol. 2012;55(1):3
-23.
3. Pourhoseingholi MA, Zali MR. Colorectal cancer screening: Time for action in Iran. World J Gastrointest Oncol.
2012;4(4):82.
4. Mosavi-Jarrahi A, Mohagheghi MA. Epidemiology of esophageal cancer in the high-risk population of Iran. Asian
Pac J Cancer Prev. 2006;7(3):375.
5. Bekelman DB, Dy SM, Becker DM, Wittstein IS, Hendricks DE, Yamashita TE, et al. Spiritual well-being and
depression in patients with heart failure. J Gen Intern Med. 2007;22(4):470-7.
6. Kamian S. Effectiveness of spiritual health education on increasing hope among breast cancer patients. Iran J Health
Educ Health Promot. 2014;2(3):208.
7. Logan J, Bourassa MW. The rationale for a role for diet and nutrition in the prevention and treatment of cancer. Eur
J Cancer Prev. 2018. doi: 10.1097/CEJ.0000000000000427
8. Longo D, Fauci A, Kasper D, Hauser S, Jameson J, Loscalzo J. Harrison's principles of internal medicine. 18 ed:
McGraw Hill Professional; 2011.
9. Nikkhah S, Dolatian M, Naghii MR, Zaeri F, Taheri SM. Effects of boron supplementation on the severity and
duration of pain in primary dysmenorrhea. Complement Ther Clin Pract. 2015;21(2):79-83.
10. Pouchieu C, Fassier P, Druesne-Pecollo N, Zelek L, Bachmann P, Touillaud M, et al. Dietary supplement use
among cancer survivors of the NutriNet-Sante cohort study. Br J Nutr. 2015;113(8):1319-29.
11. Harvie M, editor Nutritional supplements and cancer: potential benefits and proven harms. Am Soc Clin Oncol
Educ Book. 2014:e478-86. doi: 10.14694/EdBook_AM.2014.34.e478.12.
12. Bours MJ, Beijer S, Winkels RM, van Duijnhoven FJ, Mols F, Breedveld-Peters JJ, et al. Dietary changes and
dietary supplement use, and underlying motives for these habits reported by colorectal cancer survivors of the patient
reported outcomes following initial treatment and long-term evaluation of survivorship (PROFILES) registry. Br J
Nutr. 2015;114(2):286-96.
13. Song S, Youn J, Lee YJ, Kang M, Hyun T, Song Y, et al. Dietary supplement use among cancer survivors and the
general population: a nation-wide cross-sectional study. BMC cancer. 2017;17(1):891.
14. Li C, Hansen RA, Chou C, Calderón AI, Qian J. Trends in botanical dietary supplement use among US adults by
cancer status: The National Health and Nutrition Examination Survey, 1999 to 2014. Cancer. 2017;;124(6):1207-1215.

Nikkhah and Naghii 2017. The Cancer Press, 3(3): 113-119

114

www.thecancerpress.com

www.imaqpress.com
Vol. 3, No. 3, September, 2017

related- toxicities - and the relative oxidative stress
in cancer patients (15).
One of these proposed micronutrients is boron.
The evidence indicates that boron is a useful and
possibly essential element for humans (16, 17).
Boron is a metalloid element with atomic number
5(18), and in nature is not freely available in
elemental form and is found as compounds. Boric
acid (19) and calcium fructoborate are two boroncontaining compound that compared with other
boron compounds have allocated most of the
studies performed (20). People constantly intake
boron from drinking water and food (21). The
daily intake of boron is about 1-3 mg per day for

most adults (18), and maximum level of boron
intake recommended for all adults is 20 mg/day
(22). The daily intake of boron depends on type of
food stuffs, and the amount boron of water. Nuts
and vegetables have higher concentration of boron
than fruits and legume (18). About 85 percent of
the consumed boron is absorbed (23). Since the
regulation of plasma levels of boron is through the
renal excretion, the effect of boron toxicity in
animals and humans is rare (24, 25). Boron-rich
diets significantly reduce the risk of developing a
variety of cancers including prostate, breast,
cervix, lung, liver, melanoma, bone marrow
cancer, ovarian, pancreas and lymphoma (26). The
mechanisms by which boron may influence cancer

References

15. Ledda A, Belcaro G, Dugall M, Luzzi R, Hosoi M, Feragalli B, et al. A natural pharma standard supplement
formulation to control treatment-related toxicity and oxidative stress in genitourinary cancer: a preliminary study. Eur
Rev Med Pharmacol Sci. 2017;21(18):4196-202.
16. Nielsen FH, Meacham SL. Growing evidence for human health benefits of boron. Evid Based Complementary
Alternat Med. 2011;16(3):169-80.
17. Fort DJ, Propst TL, Stover EL, Strong PL, Murray FJ. Adverse reproductive and developmental effects inXenopus
from insufficient boron. Biol Trace Elem Res. 1998;66(1-3):237-59.
18. Ross A, Caballero B, Cousins R, Tucker K, Ziegler T. Modern nutrition in health and disease. Heart. 1. 11 ed.
London: Lippincot Williams & Wolters Kluwer business; 2014. p. 248-51.
19. Acerbo AS, Miller LM. Assessment of the chemical changes induced in human melanoma cells by boric acid
treatment using infrared imaging. Analyst. 2009;134(8):1669-74.
20. Dinca L, Scorei R. Boron in human nutrition and its regulations use. J Nutr Ther. 2013;2(1):22-9.
21. Meacham S, Karakas S, Wallace A, Altun F. Boron in human health: evidence for dietary recommendations and
public policies. Open Mineral Processing Journal. 2010;3(1):36-53.
22. Trumbo P, Yates AA, Schlicker S, Poos M. Dietary Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron,
Chromium, Copper, Iodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc. JAm Diet Assoc.
2001;101(3):294-301.
23. Nielsen FH. Manganese, Molybdenum, Boron, Chromium, and Other Trace Elements. Present Knowledge in
Nutrition, Tenth Edition. 2012:586-607.
24. Liao SF, Monegue JS, Lindemann MD, Cromwell GL, Matthews JC. Dietary supplementation of boron
differentially alters expression of borate transporter (NaBCl) mRNA by jejunum and kidney of growing pigs. Biol
Trace Elem Res. 2011;143(2):901-12.
25. Scorei RI, Rotaru P. Calcium fructoborate—potential anti-inflammatory agent. Biol Trace Elem Res. 2011;143
(3):1223-38.
26. Scorei RI, Popa R. Sugar-Borate Esters–Potential Chemical Agents in Prostate Cancer Chemoprevention.
Anticancer Agents Med Chem. 2013;13(6):901-9.

Nikkhah and Naghii 2017. The Cancer Press, 3(3): 113-119

115

www.thecancerpress.com

www.imaqpress.com
Vol. 3, No. 3, September, 2017

is still unknown, but evidence suggests that boron
acts through anti-oxidant and anti-inflammatory
properties (9, 27, 28), inhibition of serine protease
enzymatic activity, dehydration, mRNA processing,
cell division and induction of apoptosis. Boronbased compounds indicate promising effects for
chemotherapy types of cancer (26).
Considering the increasing prevalence of cancer in
Iran and the non-invasive nature of complementary
and boron medicine, we consider here implications
from human, animal and in vitro studies of the
effects of boron on cancer.
Materials and Methods
In order to investigate the related studies on the
effects of boron on cancer, keywords cancer and
Boron supplementation was sear ched in the
databases including ISI, Pub Med, Science Direct,
Google Scholar, Scopus, Iranmedex and Magiran
from 1998 to 2017. Out of 148 articles by high
search strategy, 41 studies were investigated in this
study. Out of 41 articles obtained based on the
keywords used, 28 interventional articles and 13
descriptive articles are included in this study, which

we deal with some.
Results
Boron compounds in cancer prevention
A diet with low boron has been found to lead to a
number of general health problems and to increase
cancer risk (26). Both animal and human data
indicate that an intake of less than 1.0 mg/day
inhibits the health benefits of boron. Dietary
surveys indicate such an intake is not rare (29).
The most common symptoms of boron deficiency
include arthritis, memory loss, steoporosis,
degenerative and soft cartilage diseases, hormonal
disequilibria and a drop in libido (30).
Boron and breast cancer prevention
Today, breast cancer is the most common cancer
type diagnosed in women (31). Breast cancer
patients appear to have relative sex steroid
hormone imbalance, in favour of estrogens (32).
High bio-available testosterone counteracts the
proliferative effects of estrogens on the mammary
tissues and exerts a protective role to the breast,
inhibiting cancer development and/or tumour
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growth (33). Naghii et al. reported that after one
week, supplementation of healthy males with 10
mg boron/day resulted in a significant rise in the
plasma free testosterone concentration (34).
Calcitriol is a coordinate regulator of proliferation,
differentiation and survival of breast cancer cell
(35). Calcium Fructoborate increases the level of
calcitriol in the blood, thus increases the level of
protection against breast cancer (36).
Boron and prostate cancer prevention
A diet containing boric acid prevents the growth
and transcription of prostate tumors (18), so that the
increase in boron in the environment and diet is
negatively correlated with hyperplasia and prostate
cancer (26, 37). Prostate enlargement is an
important risk factor for prostate cancer.
Müezzinoğlu et al. in Turkey have measured the
level of prostate specific antigen (PSA) and used
sonography to measure men's prostate volume.
These people lived in two villages with different
levels of boron in water resources. Men living in a
village with high boron had significantly smaller

prostate glands than men who lived in the village
with low boron. However, there was no significant
difference between the two groups in terms of PSA
(37).
Boron and cervical cancer prevention
Korkmaz et al. reported that using high levels of
boron in drinking water reduces the pathological
risk of cervical cancer by conducting research in
rich and deprived areas of boron in Turkey. The
function of boron in preventing cervical cancer is
not clear, but it seems that boron acts by inhibiting
the HPV receptors involved in cervical cancer
(38).
Boron and lung cancer prevention
In a study by Mahabir et al., they measured boron
levels in women with lung cancer compared to
healthy people over the past 10 years, and found
that for women with lung cancer, low consumption
of boron has a reverse relationship with the chance
of lung cancer (39).
Boron and liver cancer prevention
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After induction of Hepatocellular carcinoma
(HCC) in rats, Zafar and Ali observed that boron
consumption (4 mg / kg body weight) orally for
122 days significantly reduced proliferating cell
nuclear antigen (PCNA) and ameliorated oxidative
stress in mice exposed to cancer (40).
Boron-mediated chemoprevention of cancer

Cancer chemoprevention uses natural, synthetic or
biological chemical agents to reverse, suppress or
prevent carcinogenic progression (41). Compounds
of boron, which have an anticancer effect, include
boric acid, borate, borate esters, boranes, borinic
esters (26). Boric acid is one of the most studied
boron-containing chemicals. Boric acid has been
demonstrated to control the proliferation of some

Table: Clinical practice studies on boron and cancer
Authors

Year

Type of study
design

Number of samples

Findings

Müezzinoğlu
et al.

2011

Prostate

159 intervention groups: 159 people
with high levels of boron(>1 mg /L)
and 63 people with low-boron
sources(<1mg/L)
Control group: 234 men without boron

There was a significant difference in prostate size between the two groups
There was no significant difference between the intervention and control groups at
PSA level

sonography,
measuring PSA
level

Korkmaz et al. 2007

Pap smear

Intervention group: 472 women in the Significant differences in cyboron-rich region
tological changes in cervix
Control group: 87 women in the de- between the two groups
prived area

Mahabir et al. 2008

Measuring the
level of boron

Intervention group: 763 women with
lung cancer
Control group: 38 healthy women

2013

Measuring the
level of PCNA

Intervention group: 68 mice suffered Boron reduced PCNA and
from HCC receiving 221 days of bo- ameliorated oxidative stress
ron
in rats exposed to cancer
Control group: 80 mice suffered from
HCC receiving 122 days of placebo

Zafar and Ali

There was a significant difference between the two groups
for boron consumption
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cancer cell types (19). Calcium fructoborate is a natural
product that is extracted from plants, but it can also be
produced by chemical synthesis (26). Calcium
fructoborate is efficient in the prevention and treatment of
cancer (25). Bortezomib is a borate ester that slows the

growth of breast cancer cells and induces apoptosis in
bone marrow, prostate, lung, ovary, pancreas, lymphoma
and head and neck squamous cell carcinoma (SCC) (30).

Conclusion
Most of the in vitro and animal studies confirm the positive effects of supplementary boron on the prevention
and treatment of cancer. Studies show that diets with low boron are common. And increasing in the
consumption of boron by diets rich in fruits, vegetables, crops and legumes should be recognized as a
rational diet recommendation to prevent and treat cancer, promote health and well-being. Physicians should
be encouraged to more routinely discuss supplements use with their cancer patients and increase of clinical

research on boron and cancer prevention seems necessary.
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