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Opinion
Myo-inositol hexaphosphate (phytate, IP6) is a natural 

compound used in the plant kingdom as a storage form of 
phosphorus. For instance, it stores ~75% of total phosphorous in 
kernels [1], whereas this percentage is lower in tubers and roots 
(~0.1%) [2]. As a result, seeds of many vegetables (but specially 
cereals, legumes or nuts) are the primary dietary sources of IP6 
[3]. Consequently, the IP6 daily intake in humans varies from 0.18 
to 4.57g, depending on the style diet (e.g. low in normal Western 
diets and high in vegetarian diets), and on the processing level 
of the food [3] since phytaseshydrolyze IP6 in food [4]. Between 
37-66% of the dietary IP6 is degraded in the stomach during 
digestion when the diet is rich is phytases, but very limited in 
humans consuming diets with low phytase activity [5]. In any 
case, its hydrolysis rate strongly depends on the Ca level in diet 
[6], and it yields a large number of inositol phosphates that induce 
intracellular signal transduction function [7].

Figure 1: Stick representation of the three dimensional structure 
of IP6. Carbon atoms are colored in bue; oxygen atoms are 
colored in red; and phosphorus atoms are colored in orange.

IP6 is the hexaphosphoric ester of cyclohexane (Figure 1) 
and under physiological-like conditionsadopts a preferred chair 
conformation with 1 axial and 5 equatorial phosphate groups [8]. 
Eight out of the twelve hydroxyl groups carry negative charges, 
which together with its small size turns out IP6 into a molecule 
with high negative charge density. This suggests that IP6 should 
not be able to cross the lipid bilayer. However, Ferry et al. [10] 
found evidences of its internalization via pinocytosis [9], and 
different studies using 14C- and 3H-IP6 proved that it is absorbed 
and recovered in blood, organs (mainly in the cell cytosol), bones, 
urine and expired as CO2 [11,12]. Consequently, and given that 
IP6-selective carriers have not yet been detected, its absorption 
is nowadays unexplainable [10]. The plasma concentration of 
IP6 in humans under a IP6-rich diet (~700mg/day) was found 
to be 0.393±0.045µM, whereas that decreased to 0.106±0.015µM 
under a diet low in IP6 (<100mg/day). In any case, the absorption 
of IP6 is limited since diets including high amounts of IP6 (~3g/
day) did not result in significantly higher urinary excretion [13].

The negatively charged phosphate groups turn out IP6 into  
a potent metal chelator, especially of Fe, Zn, Mg and Ca [14]. For 
instance, IP6 displaysa chelating activity towards Fehigher than 
EDTA or DFOA [15]. This let to consider IP6 as an antinutrient, 
since the formation of IP6-metal complexes was supposed 
to preclude their intestinal absorption causing Ca, Fe or Zn 
deficiencies [16,17]. Contrarily, other studies indicated that the 
intake of high amounts of IP6 (~2g/day) in a balanced died had no 
adverse effects on mineral bioavailability [18,19]. In any case, the 
notorious chelating capacity of IP6 resulted into its application as 
a detoxifying agent against metals like Cd or Pb [20].

However, the most important pharmacological features of 
IP6 arise from its ability to bind Ca. Solubility of Ca salts in the 
urine are crucial for the formation of kidney stones, which are 
formed in 5-10% of people. Their formation mechanism starts 
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with a nucleation process and the subsequent crystal growth 
[21]. Urine is supersaturated with respect to calcium oxalate, 
and depending on its pH, it is also supersaturated with respect 
to calcium phosphate (pH>6.0). IP6 is naturally present in human 
urine (0.5-3mg/l), although its concentration strongly depends 
on the dietary intake [22]. It was though that IP6 in urine could 
bind to crystal nuclei or crystal faces disturbing the crystal 
growth, as it was suggested during the 60s for pyrophosphate 
[23] or bisphosphonates [24]. In fact, the administration of a 
rodent diet free of IP6 caused kidney calcification [25], while the 
administration of a diet rich in IP6 inhibited the interpapillary 
calcification [26]. In addition, it was shown that plasma IP6 was 
also able to inhibit the development of dystrophic calcifications 
[27]. Moreover, studies carried out on humans revealed that 
the ingestion of dietary IP6 reduced the risk to develop calcium 
stones, although the urinary lithogeny parameters were not 
modified [28]. All these results clearly proved that IP6 plays a 
crucial role as a crystallization inhibitor of Ca salts in kidney.

However, kidneys are not the only organs were 
pathophysiological calcifications occur. Salivary glands can also 
suffer calcifications. In fact, salivary Ca levels in patients with 
sialolithiasis were higher than those in healthy people, at the same 
time that their IP6 was lower. This let to assume that the absence 
of IP6 in saliva is an important factor of sialolith development [29]. 
Heart vessels can also suffer calcification through the formation of 
hydroxyapatite. This is generally caused by an initial injury, which 
acts as nucleant stimulating the subsequent crystal growth. Given 
its similarities with kidney calcifications, it was thought that 
IP6 would also be able to inhibit vascular calcifications. Indeed, 
IP6 decreased cardiovascular calcifications in rats subjected to 
calcinosis [30]. More recently, data collected from elderly patients 
proved that levels of urinary IP6 and mitral annulus calcification 
were inversely correlated, thus consumption of IP6-rich food 
might prevent cardiovascular calcification [31,32].

It is well known that crystallization inhibitors bindcrystal faces 
and disturb their growth. Besides this, their binding is also able to 
inhibit crystal dissolution, as it was proved for bisphosphonates 
on hydroxyapatite and on bone resorption [33]. Accordingly, it 
was observed that IP6 reduced bone mineral density loss due 
to estrogen deficiency in ovariectomized rats [34]. Moreover, 
studies carried out on patients revealed that bone mineral density 
increased directly with IP6 consumption, which suggested that 
IP6 could have a protective effect against osteoporosis [35]. Apart 
from that, IP6 may regulate physiologic bone mineralization by 
directly acting extracellularly, and by serving as a specific signal at 
the cellular level for the regulation of osteopontin gene expression 
[36]. All this data clearly suggests that IP6 could have a crucial 
role on bone mineralization and consequently, acts against 
osteoporosis.  

A striking anticancer action of IP6 has been demonstrated 
on carcinogen-induced cancer models involving cancers of colon, 
liver, lung, mammary, prostate or skin. IP6 was able to reduce cell 

proliferation and differentiation of malignant cells. Preliminary 
studies in humans showed that IP6 enhanced the anticancer effect 
of chemotherapy and diminished the cancer metastases [37]. 
However, the exact mechanism through which IP6 ameliorates 
cancer is actually unknown and evidences suggesting a possible 
chelating-mediated mechanism are missing.

IP6 has also emerged as a powerful antioxidant. This is based 
on its capacity to chelate Fe, which occurs through the three 
phosphate groups in positions 1, 2 and 3. These phosphate groups 
are flexible and bind the iron in the way that all six coordination 
sites are occupied by hydroxyl groups, thus yielding a highly stable 
complex (Kf~107) [38]. The formation of free radicals requires at 
least a free coordination site of Fe. Hence, the formation of the 
IP6-Fe complex, where Fe is fully chelated, inhibits the formation 
of OH• radicals via de Fenton reaction [39].

The effectiveness of IP6 in all these cation-mediated 
pathologies suggests that IP6 could also be useful to treat other 
diseases where metals take an active role. One of them it could 
be the protein glycation, a non-enzymatic process responsible 
for the development of many diabetic-related diseases. Diabetes 
mellitus is an endocrine disorder characterized by chronic insulin 
resistance, which leads to hyperglycemia [40]. The enhanced 
levels of glucose induce disorders such as nephropathy [41], 
retinopathy [42] or dyslipidemia [43]. Although the exact 
molecular mechanisms through which hyperglycemia cause these 
diseases is not fully understood, one of the main triggering factors 
seems to be protein glycation and the consequent formation 
of a heterogeneous family of compounds, known as advanced 
glycation end products (AGEs) [44]. 

Protein glycation starts with the reaction between glucose 
and protein Lys side chains by forming a Schiff base that further 
rearranges into an Amadori product, which is the key factor that 
enables the final formation of AGEs through a metal-catalyzed 
mechanism. 

Different mechanisms have been proposed by which AGEs 
could lead diabetic complications: 

i)	 Accumulation in the extracellular matrix causing 
crosslinking [45];

ii)	  Binding to specific receptors (RAGEs) activating cell 
signaling pathways[46]; or 

iii)	 Loss of protein function [47].

The direct involvement of AGEs in the development of diabetic-
related diseases has focused the therapeutic investigations 
towards the search of compounds capable to inhibit AGEs 
formation. Since metal-catalyzed reactions seem to play a major 
role in during the AGEs formation [48,49], chelation of Fe or Cu 
has emerged as an effective therapy. For instance, well recognized 
protein glycation inhibitors, such as pyridoxamine, carnosine, 
tenilsetam, OPB-9195 or LR-74 display a high affinity towards 
Fe and Cu [50-53]. This suggests that other compounds capable 
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to bind Cu or Fe could also hold an important anti-glycating 
potential. As we mentioned before, IP6 is able to strongly 
chelate Fe, a cation that plays a crucial role catalyzing the AGEs 
formation [54-56]. Therefore, this undoubtedly indicates that 
IP6 could acts as inhibitor of protein glycation and consequently, 
it could be effective as a therapy to prevent the development of 
some diabetes-related diseases. Moreover, it has been reported 
that IP6 intake reduces the blood levels of glucose [57]. Hence, 
if IP6 would be able to inhibit glycation, it would emerge as an 
effective therapy against diabetes mellitus giving its likely synergy 
between its potential as glycation inhibitor and as modulator of 
blood glucose levels.

So far, literature does not provide any insight on the possible 
effect of IP6 on the protein glycation nor on the AGEs formation. 
Given the preliminary data that mechanistically connects the 
chelating capacity of IP6 with the role of cations as catalyst of 
protein glycation, the investigation of IP6 as inhibitor of glycation 
is an issue that definitively demands an urgent attention. The 
obtained results, in case they would be positive, would pave a 
therapeutic platform for the future treatment of diabetic-related 
diseases.
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