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Abstract Calcium fructoborate (CF), a natural sugar-borate
ester found in fresh fruits and vegetables, is a source of soluble
boron. CF contains three forms of borate (diester, monoester,
and boric acid) and all are biologically active, both at the
intracellular (as free boric acid) and extracellular level (as
fructose-borate diester and monoester). At the cellular and
molecular level, CF is superior to the boric acid/borate,
exhibiting a complex Bprotective^ effect against inflammatory
response. CF is commercially available in the USA as a
Bnature-identical^ complex, an active compound for dietary
supplements. It provides effective and safe support against the
discomfort and lack of flexibility associated with
osteoarticular conditions (arthritis and joint degeneration),
and improves Western Ontario and McMaster Universities

Osteoarthritis (WOMAC) and McGill indexes. In addition,
orally administered CF is effective in ameliorating symptoms
of physiological response to stress, including inflammation of
the mucous membranes, discomfort associated with osteoar-
thritis disorders, and bone loss, and also for supporting car-
diovascular health. Clinical studies have exhibited the ability
of CF to significantly modulate molecular markers associated
with inflammatory mechanisms, mainly on the elevated serum
levels of C-reactive protein (CRP).
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Introduction

Calcium fructoborate (CF), a sugar-borate ester (SBE), is the
most scientifically studied boron-based dietary supplement,
with over a dozen of published studies on its unique chemical
and clinical properties [1].

SBEs are found in fruits, vegetables, certain nuts, and le-
gumes, and they are naturally absorbed by animal cells [2]. CF
is the most common SBE, typically manifesting as the specific
bis-fructose ester. In foods, they thus serve as a source of
soluble borate. Currently, CF is manufactured as a Bnature-
identical^ complex [3] and is commercially marketed as
FruiteX-B® Brand calcium fructoborate (FrXB). Although
calcium fructoborate is naturally occurring and found in com-
monly ingested fruits and vegetables, the commercially pro-
duced FrXB calcium fructoborate complex is formed by a
proprietary reaction of boric acid with fructose and calcium
carbonate [3]. FrXB is used as an active component of dietary
supplement products in the USA for bone health and for mod-
ulation of the symptoms of arthritis and joint degeneration,
justified by its reported clinical potency to reduce inflamma-
tion, and to improve Western Ontario and McMaster Univer-
sities Osteoarthritis (WOMAC) and McGill indexes [4, 5].
According to some recent clinical trials, FrXB can also be
used to prevent cardiovascular disorders [6, 7].

Intake, Occurrence, Chemistry, and Nutritional
Significance of Calcium Fructoborate

Intake and Occurrence

The bis-fructose ester of boric acid has been detected in plants,
fruits, seeds, honey, and some foodstuff (Table 1); it is clear
that fructoborate ester is a naturally occurring part of the hu-
man diet [Scorei et al., unpublished data]. Thus, the mean
daily intake of fructoborate and related complexes is estimated

to be about 35 mg (1.05 mg B), and the 95th percentile intake
is estimated at about 75 mg (2.25 mg B) [1, 8]. In accordance
with the BDietary Reference Intakes^, in the USA boron-
based compounds regulated as dietary supplements may pro-
vide up to 20 mg of elemental boron equivalents per day [9].
Recently, a simple, fast, specific, and precise high perfor-
mance thin layer chromatography (HPTLC) and colorimetric
methods have been developed and validated for the esti-
mation of boron as boric acid, borax, and sugar-borate
esters as calcium fructoborate esters (CFEs) in foodstuff
and dietary supplements [10, 11].

Chemistry

The results of the thermal analysis, together with those of X-
ray powder diffraction (XRD), Fourier Transform Infrared
(FTIR) spectroscopy, and Raman spectroscopy, led to the con-
clusion that FrXB is a natural identical product with following
molecular composition Ca[(C6H10O6)2B]2°4H2O, identical
with the CF molecule found in nature, containing 2.5
±0.1 % boron and 4.6±0.1 % calcium [12]. Other research
has identified those three basic types of boron-containingmol-
ecules in aqueous solutions of FrXB: free boric acid, the di-
ester complex, and the monoester complex. The relative molar
concentrations of these three types of boron-containing mole-
cules were found to be approximately 5, 85, and 10%, respec-
tively [13].

Nutritional Significance

The significance of boron nutrition in the prevention of chron-
ic disease has been recognized for some time in the global
community [14, 15]. Symptoms of boron deficiency are
non-specific, including arthritis, bone loss, decreased immu-
nity, and osteoporosis [15–17]. In developing countries, bo-
rate supplementation may be effective for the prevention of
osteoarthritis and osteoporosis [4, 5, 18], prostate [2, 19] and
breast cancer [20], cardiovascular diseases [6], and recently, as
an adjunct treatment for osteochondrosis in animals and
humans [21]. Furthermore, boron was not found to be associ-
ated with the collagen matrix but almost entirely and exclu-
sively located within the mineral portion of bone [22]. Boron
is suggested to affect bone mineral by influencing serum ste-
roid hormone levels (estrogen and testosterone) and the me-
tabolism and utilization of calcium [23–25] and other mineral
elements of bone [17, 25]. Furthermore, boron levels in bone
and blood increasing with age and health state and decreased
with disease conditions [1, 7, 8, 14, 18, 22, 25].

SBEs are regular components of the human diet found in
vegetables and fruits that have previously been considered
non-essential for human health. In the last decade, however,
they have become the subject of intensive investigations be-
cause of their possible beneficial effects. Our results indicate

Table 1 Content of total boron and fructoborate esters in various
foodstuff (average values)

Food item Total boron
[ppm]

Fructoborate
esters [ppm]

Dandelion root (Taraxaci radix) 200 80

Honey (mel) 12 7

Flaxseed sprouts (Lini semen) 800 80

Apple 25 3.5

Figs 35 15

Raisins 28 5

Tomato paste 20 7

Fructose 80 80
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that calcium fructoborate (the most common SBE), may ex-
hibit a Bprotective^ effect against inflammatory molecules at
cellular and enzymatic levels [6, 7, 20, 26–28]. Calcium
fructoborate, as a naturally occurring boron dietary derivative,
serves as an important source of bioavailable dietary borate
storage and, when administered orally, is effective in amelio-
rating symptoms of physiological response to stress, including
inflammation of the mucous membranes, discomfort and stiff-
ness associated with osteoarthritis disorders, and bone
loss [8, 18].

Clinical Studies

Most recently, published clinical researches have demonstrat-
ed CF’s ability to modulate key markers associated with the
body’s inflammatory response mechanism. In particular, the
studies indicate that CF significantly modulates elevated se-
rum levels of C-reactive protein (CRP) in humans and some
cytokines.

Clinical Study No. 1

A double-blind, placebo-controlled study was performed on
healthy volunteers, 10 subjects per group [4]. CF supplemen-
tation tested over a 14-day period at a serving of 108 mg
(2.91 mg B and 5.4 mg Ca) twice per day [4]. CRP was
reduced by 37 % versus baseline, pre-supplementation value.
CF also induced a 19 % increase in endogenous levels
of calcitriol, the active form of vitamin D3 (1,25-
dihydroxyvitamin D). Blood level of CRP in 7 out of 10 sub-
jects was found reduced up to 37 % compared to day 1 base-
line levels. Interestingly, the study also showed that blood
level of endogenous vitamin D3 was increased more than
19 % compared to baseline [4].

Clinical Study No. 2

A double-blind, placebo-controlled study evaluated the effect
of CF on systemic inflammation and dyslipidemia markers for
middle-aged people with primary osteoarthritis, 15 subjects
per group [29]. CF supplementation tested over a 14-day pe-
riod at a serving of 57 mg per day (1.5 mg B and 2.85 mg Ca).
CRP was reduced by 60.25 % versus baseline, pre-
supplementation value. The CF group also experienced a re-
duction in elevated levels of erythrocyte sedimentation rate
(−10.25 %) and fibrinogen (−13.73 %), other common mea-
sures of inflammation. This study also provides important
information regarding the possible molecular mechanisms of
an anti-inflammatory compound with an identical natural or-
igin in the nutrition of osteoarthritis (OA) demonstrated that
CF has potential efficacy in terms of reducing pain and im-
proving the physical ability of OA patients. Summing up, the

presented data have important implications for new strategy
development for preventing OA and dyslipidemia associated
with fructoborate supplementation [29].

Clinical Study No. 3

A double-blind, active-controlled (existing treatment proto-
col) study has been achieved on patients with stable angina
pectoris, 29 subjects per group [6]. CF supplementation tested
over a 60-day period at a serving of 112 mg once per day
(3 mg B and 5.26 mg Ca). CRP was reduced by 39.7 % versus
baseline, pre-supplementation value. The CF group also ex-
perienced benefits on other clinical endpoints, including a
5.9 % reduction in total cholesterol, a 9.2 % reduction in
LDL (low-density lipoprotein) cholesterol, a 5.1 % increase
in HDL (high-density lipoprotein) cholesterol, and a 48.8 %
reduction in angina episodes per week. In this study, high-
sensitivity (hs)-CRP and pro-BNP (pro-hormone brain
natriuretic peptide) showed significant changes in a relatively
short time (2 months). This finding opens new directions of
research regarding the use of natural adjuvants (CF plus res-
veratrol) for improving the standard anti-angina therapies [6].

Clinical Study No. 4

A double-blind, placebo-controlled clinical study has been de-
signed to determine the effects of CF on levels of CRP, total
cholesterol (TC), LDL cholesterol, triglycerides, interleukin-
1β (IL-1β), interleukin-6 (IL-6), and MCP-1 (monocyte
chemoattractant protein-1) [7]. The objective of this study
was to investigate whether CF alters blood levels of lipids,
homocysteine, CRP, IL-1β, IL-6, and MCP-1 in generally
healthy middle-aged subjects in order to evaluate the potential
use of CF as a dietary supplement to support cardiovascular
health. Our results suggest that use of CF at a daily dose as low
as 112 mg for 30 days may significantly reduce levels of the
pro-inflammatory and pro-atherogenic markers TC, LDL cho-
lesterol, triglycerides, CRP, and homocysteine, while increas-
ing the levels of HDL cholesterol, which is considered a pro-
tective lipid. Furthermore, supplemental use of CF at a dose of
112 mg per day (3 mg B and 5.26 mg Ca) appears to have a
statistically significant inhibitory effect on pro-inflammatory
cytokines such as IL-1β, IL-6, andMCP-1. In humans, plasma
levels of MCP-1 correlate with the severity of cardiovascular
conditions. Several researchers have postulated that blocking
or reducing the expression of MCP-1 might be beneficial in
preventing the development of unhealthy heart conditions [7].

Clinical Study No. 5

A comparative, double-blind, placebo controlled acute clinical
study has been designed to show the effects of calcium
fructoborate short-term use in combination with chondroitin
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sulfate and glucosamine on improvement of knee discomfort
conditions and physical mobility of the joints in healthy sub-
jects [30]. There were three groups involved in the study of
joint discomfort: the first one was treated with a blend of
750 mg glucosamine and 200 mg chondroitin sulfate, the sec-
ond one was treated with a blend of 750 mg glucosamine,
200 mg chondroitin sulfate, and 110 mg calcium fructoborate
(3 mg B and 5.4 mg Ca), and the third group was placebo
(160mg of fructose and 30mg of silica oxide). Treatment with
glucosamine combinedwith chondroitin sulfate and CF result-
ed in a statistically significant 24 % reduction of mean
WOMAC score and a 25 % reduction of mean McGill index
at day 14 over baseline (p=0.0006 and p<0.0001, respective-
ly). Treatment with placebo or with glucosamine and chon-
droitin sulfate did not result in significant improvement of the
conditions. The final result of this study clearly indicate that
short-term use of CF in combination with chondroitin sulfate
and glucosamine was effective in reducing knee discomfort
and improving the joints’ physical mobility [30].

Mechanism of Action of Calcium Fructoborate

It is known that at the cell pH of 7.4, boron (B) is connected
with fructose only as free boric acid and fructoborate esters
and not as anion borate (this is because fructoborates pKa is
4.16) [18]. Overall, there are scientific data about a more gen-
eral function for B, where B cross-links glycoproteins in cell
membranes [31]. Subsequently, the most probable action
mechanism of CF may be the chemical bonding of
fructoborate to specific cytokines glycoproteic receptors at
the surface of the cellular membrane. This may be happening
since the fructoborate pKa (4.16) is lower than the cellular pH
(7.4), compared with the boric acid whose pKa (9.24) is higher
than the cellular pH. Consequently, fructoborate has a better
interaction capacity with glycoproteins versus that of the boric
acid/borate. Furthermore, the free boric acid generated by hy-
drolysis of the fructoborate complex was recently shown to
crystallize in the hexagonal system rather than in the triclinic
system as compared to the regular boric acid [32]. These dif-
ferent ways of crystallization may influence toxicity and bio-
logical activity of the free boric acid. This hypothesis is being
currently investigated in our laboratory. Accordingly, the
fructoborate complex is a non-toxic boron Breservoir^ [33].
Our consideration is that fructoborate complex has physiolog-
ical activity both within the cell (as free boric acid) and also
outside of the cell (as fructoborates).

Conclusions

The three-borate forms contained by the hydrolyzed calcium
fructoborate (diester, monoester, and boric acid) are all

biologically active, both at the intracellular (boric acid) and
extracellular levels (diester and monoester). Transportation of
the boric acid through the cellular membrane is being accom-
plished by free diffusion or is facilitated by aquaporin-like
protein transporter. Recently, it has been reported that boron
is not being transported as borate anion [34], but only as boric
acid. If so, the exact mechanism of boron transportation in the
animal cell remains unclear [35–37]. Consequently, CF is su-
perior to the boric acid/borate due to its complex action mech-
anism, both at the intracellular (as free boric acid) and extra-
cellular level (as fructose-borate esters). Moreover, the free
boric acid resulting from hydrolysis of the fructoborate com-
plex may be less toxic than the dietary supplement intake of
the regular boric acid/borax/sodium borate. Because CF has
been shown to be an efficient, non-toxic precursor of the bo-
rate anion, having multiple published studies on its numerous
potential contributions to human health, nutritional supple-
mentation with CF offers significant benefits in support of
healthy bone and joints, as well as for cardiovascular health.

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no competing
interests.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Dinca L, Scorei R (2013) Boron in human nutrition and its regula-
tions use. J Nutr Ther 2:22–29. doi:10.6000/1929-5634.2013.02.01.
3

2. Scorei RI, Popa R (2013) Sugar-borate esters—potential chemical
agents in prostate cancer chemoprevention. Anticancer AgentsMed
Chem 13:901–909. doi:10.2174/18715206113139990124

3. Miljkovic D (1999) Boron carbohydrate complexes and uses there-
of. US Patent 5962049 A Oct 1999

4. Reyes-Izquierdo T, Nemzer B, Gonzalez AE, Zhou Q, Argumedo
R, Shu C, Pietrzkowski Z (2012) Short-term intake of calcium
fructoborate improves WOMAC and McGill scores and beneficial-
ly modulates biomarkers associated with knee osteoarthritis: a pilot
clinical double-blinded placebo-controlled study. Am J Biomed Sci
4:111–122. doi:10.5099/aj120200111

5. Pietrzkowski Z, Phelan MJ, Keller R, Shu C, Argumedo R, Reyes-
Izquierdo T (2014) Short-term efficacy of calcium fructoborate on
subjects with knee discomfort: a comparative, double-blind,
placebo-controlled clinical study. Clin Interv Aging 9:895–899.
doi:10.2147/CIA.S64590

6. Militaru C, Donoiu I, Craciun A, Scorei ID, Bulearca AM, Scorei
RI (2013) Oral resveratrol and calcium fructoborate supplementa-
tion in subjects with stable angina pectoris: effects on lipid profiles,

280 Mogoşanu et al.

http://dx.doi.org/10.6000/1929-5634.2013.02.01.3
http://dx.doi.org/10.6000/1929-5634.2013.02.01.3
http://dx.doi.org/10.2174/18715206113139990124
http://dx.doi.org/10.5099/aj120200111
http://dx.doi.org/10.2147/CIA.S64590


inflammation markers, and quality of life. Nutrition 29:178–183.
doi:10.1016/j.nut.2012.07.006

7. Rogoveanu OC, Mogoşanu GD, Bejenaru C, Bejenaru LE,
Croitoru O, Neamţu J, Pietrzkowski Z, Reyes-Izquierdo T, Biţă
A, Scorei ID, Scorei RI (2015) Effects of calcium fructoborate on
levels of C-reactive protein, total cholesterol, low-density lipopro-
tein, triglycerides, IL-1β, IL-6, and MCP-1: a double-blind,
placebo-controlled clinical study. Biol Trace Elem Res 163:124–
131. doi:10.1007/s12011-014-0155-9

8. Scorei RI, Rotaru P (2011) Calcium fructoborate—potential anti-
inflammatory agent. Biol Trace Elem Res 143:1223–1238. doi:10.
1007/s12011-011-8972-6

9. National Academy of Sciences, Institute of Medicine (IoM), Food
and Nutrition Board (2001). Dietary reference intakes for vitamin
A, vitamin K, arsenic, boron, chromium, copper, iodine, iron, man-
ganese, molybdenum, nickel, silicon, vanadium, and zinc. A Report
of the Panel onMicronutrients, Subcommittees onUpper Reference
Levels of Nutrients and of Interpretation and Uses of Dietary
Reference Intakes, and the Standing Committee on the Scientific
Evaluation of Dietary Reference Intakes. National Academies
Press, Washington, D.C. http://www.ncbi.nlm.nih.gov/books/
NBK222310/. Accessed 6 Nov 2015

10. Scorei RI (2013) Boron-containing compounds, regulation of
therapeutic potential. In: Kretsinger RH, Uversky VN,
Permyakov EA (eds) Encyclopedia of metalloproteins.
Springer, New York, pp 301–308. doi:10.1007/978-1-4614-
1533-6_482

11. Bulearca AM, Bita A, Badea F, Patrusca A, Neamtu J, Bejenaru LE,
Bejenaru C, Mogosanu GD (2014) Boron analysis from dietary
supplements. Rev Chim (Bucharest) 65:84–86

12. Rotaru P, Scorei R, Hărăbor A, Dumitru MD (2010) Thermal anal-
ysis of a calcium fructoborate sample. Thermochim Acta 506:8–13.
doi:10.1016/j.tca.2010.04.006

13. Edwards JC, Hunter JM, Nemzer BV (2014) Multinuclear NMR of
calcium fructoborate complex—structure, stability, and quantitation
in the presence of other ingredients, excipients or adulterants. J
Food Res 3:115–131. doi:10.5539/jfr.v3n3p115

14. WHO (World Health Organization) (2003) Population nutrient in-
take goals for preventing diet-related chronic diseases. http://www.
who.int/nutrition/topics/5_population_nutrient/en/index25.html.
Accessed 5 Sept 2015

15. Nielsen FH (1996) Evidence for the nutritional essentiality of bo-
ron. J Trace Elem Exp Med 9:215–229. doi:10.1002/(SICI)1520-
670X(1996)9:4<215::AID-JTRA7>3.0.CO;2-P

16. BenderdourM, Bui-Van T, DickoA, Belleville F (1998) In vivo and
in vitro effects of boron and boronated compounds. J Trace Elem
Med Biol 12:2–7. doi:10.1016/S0946-672X(98)80014-X

17. Nielsen FH (2008) Is boron nutritionally relevant? Nutr Rev 66:
183–191. doi:10.1111/j.1753-4887.2008.00023.x

18. Scorei ID, Scorei IR (2013) Calcium fructoborate helps control
inflammation associated with diminished bone health. Biol Trace
Elem Res 155:315–321. doi:10.1007/s12011-013-9800-y

19. Cui Y,WintonMI, Zhang ZF, Rainey C,Marshall J, De Kernion JB,
Eckhert CD (2004) Dietary boron intake and prostate cancer risk.
Oncol Rep 11:887–892. doi:10.3892/or.11.4.887

20. Scorei R, Ciubar R, Ciofrangeanu CM, Mitran V, Cimpean A,
Iordachescu D (2008) Comparative effects of boric acid and calci-
um fructoborate on breast cancer cells. Biol Trace Elem Res 122:
197–205. doi:10.1007/s12011-007-8081-8

21. Johnson EW, Jayroe LM (2012) Prevention and treatment of
osteochondrosis in animals and humans. US Patent 20120328715
A1 Dec 2012

22. Jugdaohsingh R, Pedro LD, Watson A, Powell JJ (2015) Silicon
and boron differ in their localization and loading in bone. Bone Rep
1:9–15. doi:10.1016/j.bonr.2014.10.002

23. Hunt CD (2012) Dietary boron: progress in establishing essential
roles in human physiology. J Trace Elem Med Biol 26:157–160.
doi:10.1016/j.jtemb.2012.03.014

24. Devirian TA, Volpe SL (2003) The physiological effects of dietary
boron. Crit Rev Food Sci Nutr 43:219–231. doi:10.1080/
10408690390826491

25. EFSA (European Food Safety Authority) (2004) Opinion of the
Scientific Panel on dietetic products, nutrition and allergies on a
request from the Commission related to the tolerable upper intake
level of boron (sodium borate and boric acid). EFSA J 80:1–22.
http://www.efsa.europa.eu/sites/default/files/scientific_output/files/
main_documents/opinion_nda08_ej80_boron_v2_en1,5.pdf.
Accessed 20 Sept 2015

26. Scorei R, Cimpoiasu VM, Iordachescu D (2005) In vitro evaluation
of the antioxidant activity of calcium fructoborate. Biol Trace Elem
Res 107:127–134. doi:10.1385/BTER:107:2:127

27. Scorei R, Ciubar R, Iancu C, Mitran V, Cimpean A, Iordachescu D
(2007) In vitro effects of calcium fructoborate on fMLP-stimulated
human neutrophil granulocytes. Biol Trace Elem Res 118:27–37.
doi:10.1007/s12011-007-0019-7

28. Miljkovic D, Scorei RI, Cimpoiaşu VM, Scorei ID (2009) Calcium
fructoborate: plant-based dietary boron for human nutrition. J Diet
Suppl 6:211–226. doi:10.1080/19390210903070772

29. Scorei R, Mitrut P, Petrisor I, Scorei I (2011) A double-blind,
placebo-controlled pilot study to evaluate the effect of calcium
fructoborate on systemic inflammation and dyslipidemia markers
for middle-aged people with primary osteoarthritis. Biol Trace
Elem Res 144:253–263. doi:10.1007/s12011-011-9083-0

30. Reyes-Izquierdo T, Phelan MJ, Keller R, Shu C, Argumedo R,
Pietrzkowski Z (2014) Short-term efficacy of a combination of
glucosamine and chondroitin sulfate compared to a combination
of glucosamine, chondroitin sulfate and calcium fructoborate
(CFB) on improvement of knee discomfort conditions in healthy
subjects. A comparative, double-blind, placebo controlled acute
clinical study. J Aging Res Clin Pract 3:223–228

31. Wimmer MA, Lochnit G, Bassil E, Mühling KH, Goldbach HE
(2009) Membrane-associated, boron-interacting proteins isolated
by boronate affinity chromatography. Plant Cell Physiol 50:1292–
1304. doi:10.1093/pcp/pcp073

32. Harabor A, Rotaru P, Scorei RI, Harabor NA (2014) Non-
conventional hexagonal structure for boric acid. J Therm Anal
Calorim 118:1375–1384. doi:10.1007/s10973-014-4169-5

33. Yokota H, Konishi S (1990) Effect of the formation of a sugar-
borate complex on the growth inhibition of pollen tubes of
Camellia sinensis and cultured cells of Nicotiana tabacum by toxic
levels of borate. Soil Sci Plant Nutr 36:275–281. doi:10.1080/
00380768.1990.10414993

34. Zhang W, Ogando DG, Bonanno JA, Obukhov AG (2015) Human
SLC4A11 is a novel NH3/H

+ co-transporter. J Biol Chem 290:
16894–16905. doi:10.1074/jbc.M114.627455

35. Weerasinghe AJ, Amin SA, Barker RA, Othman T, Romano AN,
Parker Siburt CJ, Tisnado J, Lambert LA, Huxford T, Carrano CJ,
Crumbliss AL (2013) Borate as a synergistic anion for
Marinobacter algicola ferric binding protein, FbpA: a role for bo-
ron in iron transport in marine life. J Am Chem Soc 135:14504–
14507. doi:10.1021/ja406609s

36. Park M, Li Q, Shcheynikov N, Muallem S, Zeng W (2005) Borate
transport and cell growth and proliferation. Not only in plants. Cell
Cycle 4:24–26. doi:10.4161/cc.4.1.1394

37. Kaya A, Karakaya HC, Fomenko DE, Gladyshev VN, Koc A
(2009) Identification of a novel system for boron transport: Atr1
is a main boron exporter in yeast.Mol Cell Biol 29:3665–3674. doi:
10.1128/MCB.01646-08

Calcium Fructoborate for Bone and Cardiovascular Health 281

http://dx.doi.org/10.1016/j.nut.2012.07.006
http://dx.doi.org/10.1007/s12011-014-0155-9
http://dx.doi.org/10.1007/s12011-011-8972-6
http://dx.doi.org/10.1007/s12011-011-8972-6
http://www.ncbi.nlm.nih.gov/books/NBK222310/
http://www.ncbi.nlm.nih.gov/books/NBK222310/
http://dx.doi.org/10.1007/978-1-4614-1533-6_482
http://dx.doi.org/10.1007/978-1-4614-1533-6_482
http://dx.doi.org/10.1016/j.tca.2010.04.006
http://dx.doi.org/10.5539/jfr.v3n3p115
http://www.who.int/nutrition/topics/5_population_nutrient/en/index25.html
http://www.who.int/nutrition/topics/5_population_nutrient/en/index25.html
http://dx.doi.org/10.1002/(SICI)1520-670X(1996)9:4%3C215::AID-JTRA7%3E3.0.CO;2-P
http://dx.doi.org/10.1002/(SICI)1520-670X(1996)9:4%3C215::AID-JTRA7%3E3.0.CO;2-P
http://dx.doi.org/10.1016/S0946-672X(98)80014-X
http://dx.doi.org/10.1111/j.1753-4887.2008.00023.x
http://dx.doi.org/10.1007/s12011-013-9800-y
http://dx.doi.org/10.3892/or.11.4.887
http://dx.doi.org/10.1007/s12011-007-8081-8
http://dx.doi.org/10.1016/j.bonr.2014.10.002
http://dx.doi.org/10.1016/j.jtemb.2012.03.014
http://dx.doi.org/10.1080/10408690390826491
http://dx.doi.org/10.1080/10408690390826491
http://www.efsa.europa.eu/sites/default/files/scientific_output/files/main_documents/opinion_nda08_ej80_boron_v2_en1,5.pdf
http://www.efsa.europa.eu/sites/default/files/scientific_output/files/main_documents/opinion_nda08_ej80_boron_v2_en1,5.pdf
http://dx.doi.org/10.1385/BTER:107:2:127
http://dx.doi.org/10.1007/s12011-007-0019-7
http://dx.doi.org/10.1080/19390210903070772
http://dx.doi.org/10.1007/s12011-011-9083-0
http://dx.doi.org/10.1093/pcp/pcp073
http://dx.doi.org/10.1007/s10973-014-4169-5
http://dx.doi.org/10.1080/00380768.1990.10414993
http://dx.doi.org/10.1080/00380768.1990.10414993
http://dx.doi.org/10.1074/jbc.M114.627455
http://dx.doi.org/10.1021/ja406609s
http://dx.doi.org/10.4161/cc.4.1.1394
http://dx.doi.org/10.1128/MCB.01646-08

	Calcium Fructoborate for Bone and Cardiovascular Health
	Abstract
	Introduction
	Intake, Occurrence, Chemistry, and Nutritional Significance of Calcium Fructoborate
	Intake and Occurrence
	Chemistry
	Nutritional Significance

	Clinical Studies
	Clinical Study No. 1
	Clinical Study No. 2
	Clinical Study No. 3
	Clinical Study No. 4
	Clinical Study No. 5

	Mechanism of Action of Calcium Fructoborate
	Conclusions
	References


