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ABSTRACT 

Phytic acid is found in the grains and seeds of many plants. Its presence in the diet may restrict 
the absorption of many major and trace elements from the digestive tract. The interactions of 
this compound with intestinal digesta compounds can reduce protein and starch digestibility. This 
leads to reduced nitrogen retention and causes a milder rise in glycemia during absorptive phase. 
Phytic acid also has antineoplastic properties, can prevent renal stone formation and some heart 
diseases. This compound is synthesized in mammalian tissues and its ability to bind specifically with 
some cellular proteins has been demonstrated. 

In this paper an outline of the most important metabolic effects of phytic acid is presented. It is 
also attempted to explain some of the mechanisms of its action based on data from the literature. 
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Phytic acid (inositol hexaphosphosphoric acid) is found in many vegetable 
products used in the nutrition of animals and consumed by humans. The grain 
and seeds of certain plants, and their products such as wheat bran, are 
particularly rich in this compound. The phytic acid content in grain and seeds 
differs considerably, and can reach a maximum of about 2% dry weight (Reddy, 
1992). 

The interference of phytic acid in metabolic processes begins even in the 
digestive tract, when it reacts with components of the intestinal contents. 

The most frequently observed consequence of the presence of phytic acid is 
inhibition of the absorption of many major and trace elements from the digestive 
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tract. This can lead to a deficit of minerals in the body. Since the problem of the 
effect of phytic acid on mineral metabolism has been the subject of numerous 
studies, the mechanism of this process is relatively well understood and has been 
characterized in several reviews (Maga, 1982; Wise, 1983; Harland and Oberleas, 
1987; Szkudelski, 1995). 

The objective of this paper is to present other, less known effects of phytic 
acid. It is also attempted to explain the mechanisms through which this 
compound affects metabolic processes. 

An important practical aspect is the interference of phytic acid in digestion. 
One of the effects observed in many experiments is inhibition of protein 
degradation. This is related to the unique structure of phytic acid that allows it to 
bind with proteins in a wide range of pH. In an acidic environment, when the pH 
is below the isoelectric point of a protein, bonds are formed between the 
negatively charged phosphate resuides of phytic acid and the positively charged 
amino groups of the amino acids composing the protein. Raising the pH changes 
the charge on the protein and the nature of the bonds. The negatively charged 
carboxyl residues of the protein bind with the negatively charged phosphate 
residues of phytic acid through multivalent metal cations (Cheryan, 1980). 

The affinity of phytic acid to different proteins varies and depends on 
numerous factors (O'Dell and de Boland, 1976). These include the amino acid 
composition of the protein and the conformation of the protein molecule, which 
determines the accessibility of specific amino acid residues (O'Dell and de 
Boland,1976; Knuckles et ad., 1985). The concentration of metal cations in the 
medium is also not without effect (Gifford and Clydesdale, 1990). 

Binding of phytic acid to protein leads to the formation of complexes 
characterized by low solubility (O'Dell and de Boland, 1976; Cheryan, 1980; 
Scheuermann et al., 1988), and the protein in these complexes becomes less 
susceptible to degradation by proteolytic enzymes (Barre, 1956; Kratzer,1965; 
Knuckles et al., 1985). 

As a result of different affinity of phytic acid to various types of proteins, the 
inhibitory effect of this compound on their digestibility is also not uniform. One 
example illustrating this is the effect of phytic acid on the digestion of bovine 
serum albumin and casein. The digestion of the former of these proteins is much 
less inhibited (Knuckles et al., 1985). 

The interactions of phytic acid are not limited only to proteins ingested with 
food, but also apply to proteolytic enzymes. Under in vitro conditions it was 
observed that phytic acid inhibited trypsin activity (Singh and Krikorian, 1982; 
Caldwell, 1992). It is presumed that phytic acid binds with the calcium ions in the 
molecule of this enzyme, increasing its susceptibility to autolysis (Singh and 
Krikorian, 1982). Moreover, phytic acid can also inhibit the conversion of 
trypsinogen into trypsin. This process also seems related to the binding of 
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calcium ions in the trypsinogen molecule. The presence of these ions is considered 
necessary for hydrolysis of the peptide bond in trypsinogen that converts 
it into the active form of this enzyme (Delaage and Lazdunski, 1967; Caldwell, 
1992). 

Poorer protein digestibility in the presence of phytic acid has often been 
observed in vitro, but this effect has been found in vivo too. A measurable 
consequence of this is the reduction of nitrogen retention in animals fed feeds 
containing phytic acid, as compared with animals fed diets from which phytic 
acid had been removed (Mroz et al., 1994; Nasi et al., 1995). Studies have also 
been reported in which no adverse effect of this compound on protein utilization 
had been found (Thompson and Serraino, 1986). These results may in part be 
explained by the complexity of the interactions in the digestive tract between 
phytic acid and proteins, especially in the presence of various concentrations of 
metal cations. The activity of phytases catalyzing the dephosphorylation of 
phytic acid to products that have a lesser effect on digestive processes may also 
vary. Moreover, it is known that the pancreas is able to increase the secretion of 
proteolytic enzymes in response to disturbances in protein digestion. Enzyme 
secretion by the pancreas occurs, among others, with the participation of 
cholecystokinin that regulates this process through a feed-back mechanism. This 
conclusion is supported by the results of experiments in which elevated 
cholecystokinin concentrations were found in the plasma of rats (Liddle et al., 
1984) and humans (Calm et al., 1987) fed diets containing trypsin inhibitors. 
Restricting the digestion of protein by phytic acid may thus affect the secretory 
activities of the pancreas. 

Protein is not, however, the only nutrient whose digestion can be affected by 
the presence of phytic acid, since it has been observed that this compound can 
also inhibit the digestion of starch (Deshpande and Cheryan, 1984; Sandberg et 
al., 1989; Sandberg et al., 1993). One of the reasons for the decreased degradation 
of the polysaccharide is the inhibitory effect of phytic acid on oc-amylase. It seems 
that the effect of phytic acid on a-amylase activity is not of a competitive nature, 
but a consequence of its general ability to bind protein (Deshpande and Cheryan, 
1984). Moreover, this compound can decrease a-amylase activity by chelating the 
calcium ions needed for its normal activity (Bouncore et al., 1976). I t can also act 
directly on starch, as well as bind with the proteins linked to this polysaccharide 
(Yoon et al., 1983). 

To a certain degree, phytic acid can also restrict food passage from the 
stomach to the intestines. It has been observed that compounds binding calcium 
decrease the stomach emptying rate (Sognen, 1965). 

A consequence of the inhibitory effect of phytic acid on digestion of starch in 
the digestive tract is the lower increase in glycemia during the period of 
absorption (Yoon et al., 1983; Thompson et al., 1987). 
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Diagram 1. Effects of phytic acid in the digestive tract 

After adding phytic acid to food, a distinct negative correlation between its 
content in the diet and postprandial increases in blood glucose levels was noted. 
The opposite effect was also demonstrated: a sharper increase in glycemia after 
consuming food from which phytic acid had previously been removed (Thomp
son et al., 1987). 

The smaller increase in postprandial glycemia seems to have positive effects. 
This is related to the fact that consuming foods containing only easily digestible 
polysaccharides that cause a steep jump in blood glucose levels requires the 
secretion of considerable amounts of insulin (Jenkins and Wolever, 1981). A high 
insulin level in the blood may desensitize cells to it, leading to insulin resistance 
(Jenkins and Wolever, 1981). The elevated level of insulin may also lead to higher 
blood triglyceride levels (Carlson et al., 1979). However, foods containing 
polysaccharides that are more slowly digested and absorbed may, in the case of 
hypertriglyceridemia, normalize the triglyceride level in blood, as well as lower 
total and low density lipoprotein cholesterol (Jenkins et al., 1985). 

The effect of phytic acid on the rate of starch digestion and the postprandial 
increase in glycemia may be only slight as the result of binding some ions 
(especially Ca 2 + ) that are present in sufficient amounts in the digestive tract 
contents (Yoon et al., 1983; Thompson et al., 1987). 

The effects of phytic acid in the digestive tract are presented in Diagram 1. 
The effects of phytic acid on metabolism are not limited only to the digestive 

tract. According to Modlin (1980), consuming this compound with food is an 
important factor restricting the formation of renal stones. This conclusion is 
based on observations of the frequency of renal stones in populations with 
differing dietary habits (Wise and Kark, 1961). Populations with diets containing 
a high level of inorganic phosphorus from animal sources had a significantly 
higher incidence of renal stones than groups of people who consumed high 
amounts of phosphorus in the form of phytic acid. 
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One of the mechanisms by which phytic acid inhibits renal stone formation is 
related to the products of its hydrolysis in the digestive tract, which are then 
absorbed and excreted with urine. In vitro it was found that inositol di- and 
triphosphate prevent crystallization of hydroxyapatite, a molecule that triggers 
stone formation (Thomas and Tilden, 1972; Malek and Boyce, 1973). High 
concentrations of these compounds in urine may be a factor preventing renal 
stone formation (Modlin, 1980). 

The risk of renal stone disease is also higher when the urine contains high 
levels of calcium. In this situation it is justified to reduce calciuria by decreasing 
calcium absorption from the digestive tract. This can be achieved by a low-
calcium diet or the administration of compounds decreasing calcium absorption. 
In one experiment, rice bran rich in phytic acid given to individuals with 
idiopathic hypercalciuria markedly decreased the amount of calcium excreted 
with urine. Removing phytic acid from the rice bran eliminated its beneficial 
effect (Ohkawa et al., 1983). 

The inhibitory effect of phytic acid on the amount of calcium excreted with 
urine was also found in experiments on rats fed a diet rich in this element 
(Ohkawa et al., 1984). 

In the case of a high calcium diet, products of phytic acid degradation are 
found in smaller amounts in the urine, but the excretion of phytic acid and the 
ions bound with it in faeces is increased. This is a result of its reduced degradation 
in the digestive tract (Nahapetian and Young, 1980). That is why it seems that in 
a situation in which the supply of calcium is increased in the diet, the inhibitory 
effect of phytic acid on renal stone formation results mainly from limiting 
calcium uptake in the digestive tract. 

One of the most intriguing aspects of supplying phytic acid in the diet is its 
antineoplastic activity. This has been confirmed in many experiments (Menniti 
et al., 1992; Sakamoto et al., 1993; Vucenik et al., 1993, 1995; Shamsuddin 
and Yang, 1995), although the mechanism of its anti-cancer action is not well 
known. Observations showing that phytic acid is also effective not only in 
preventing cancer, but also in treating it, are interesting (Shamsuddin and 
Ullah, 1989). 

In in vitro experiments it was observed that some cancer cells have a high ability 
to take up phytic acid from the incubation medium (Vucenik and Shamsuddin, 
1994). It was found that phytic acid taken up by cancer cells can be a factor 
restricting their growth (Shamsuddin and Yang, 1995). The inhibitory effect of this 
compound on cell proliferation seems to be related to its intracellular activity that 
has an major impact on the metabolism and pool of messenger compounds in the 
cells (e.g. inositol phospholipids) (Shamsuddin and Yang, 1995). The phytic acid 
taken up by cells can also undergo changes that lead to alterations in the 
concentration of calcium ions in the cytoplasm (Shamsuddin et al., 1992). 
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Many authors believe that the antineoplastic effects of phytic acid is related to 
its ability to restrict the availability of some elements that are necessary for cell 
proliferation. This applies mainly to zinc and magnesium (Jariwalla et al., 1988; 
Thompson and Zhang, 1991). A deficit of zinc would be a factor inhibiting many 
enzymes that are important for normal cell function. The activity of thymidine 
kinase, which is necessary for the replication of DNA and cell division, can be 
decreased after only six days of deficit of this element (Prasad and Oberleas, 
1974). 

Phytic acid may also counteract some of the adverse changes in a cell may 
thanks to its iron-binding ability. Iron ions catalyze the so-called Fenton reaction 
and contribute to the production of highly reactive hydroxyl radicals that damage 
DNA and initiate lipid peroxidation. Phytic acid is one of the chelating compounds 
that bind iron in a manner completely preventing the participation of these ions in 
the Fenton reaction (Graf and Emoson, 1987; Graf and Eaton, 1990). 

In vitro studies have shown that phytic acid counteracts the harmful changes 
(fibrosis and inflammation of alveoli) occurring in rats subjected to the influence 
of asbestos. Phytic acid prevented these changes mainly by reducing the amount 
of hydroxyl radicals induced by the presence of this cancerogenic substance 
(Kamp et al., 1995). 

The inhibitory effect of phytic acid on the development of cancer can also be 
observed when its administration begins even several months after treating an 
experimental animal with a cancerogenic substance (Shamsuddin and Ullah, 
1989). This points to a greater complexity of the mechanisms of the antineoplas
tic action of this compound. This activity may encompass even such complex 
processes as growth and activation of N K lymphocytes observed under the 
influence of phytic acids in animals with induced cancer (Baten et al., 1989). 

From the above data is seen that phytic acid may exert antineoplastic effects in 
various, mutually supportive ways. It seems very probable that the effects 
observed in in vivo experiments do not result only from its interference in 
processes occurring in the digestive tract. Although the inhibitory effect of phytic 
acid on the development of cancers of the digestive tract, especially the colon, has 
been observed in many experiments (Graf and Eaton, 1985; Nelson, 1992), there 
are also studies showing that phytic acid has beneficial effects on other organs 
too (Vucenik et al., 1993, 1995). This is undoubtedly related to the fact that 
phytic acid, or its dephosphorylation products, are absorbed from the digestive 
tract and are transported to many tissues and organs (Sakamoto et al., 1993). It is 
known that phytic acid is degraded in cells to CO z that is eliminated in expired 
breath (Nahapetian and Young, 1980). 

The antineoplastic effects of phytic acid are often more clearly visible when it 
is administered to animals with drinking water (Vucenik et al., 1993). In part this 
may be due to limiting its interaction with components of the diet. 
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In 1987 Szwergold et al. used nuclear magnetic resonance to detect the 
presence of phytic acid in many mammalian tissues and assessed its amount with 
the range of 5-15 nmole/g fresh tissue (Szwergold et al., 1987). This lead to great 
interest arising in this compound, particularly in terms of its role in the body. 

The effect of these studies was, among others, the discovery that phytic acid 
bound specifically to some cellular proteins. A receptor was found in central 
nervous system cells that bound inositol phosphates, including inositol hexa-
phosphate. This receptor showed potassium channel activity (Chadwick et al., 
1992). 

Another important observation was the discovery of specific binding of phytic 
acid by cytoplasm proteins referred to in abbreviation as AP-2 (Voglmaier et al., 
1992) and AP-3 (Norris et al., 1995). These proteins play an important role in the 
formation of so-called clathrin cages in cells that participate in the endocytosis of 
ligand-receptor complexes. It was found that phytic acid had a higher affinity to 
binding AP-3 in comparison with less phosphorylated inositol phosphates 
(Norris et al., 1995). Binding inositol hexaphosphate with the above mentioned 
proteins distinctly inhibited the formation of clathrin cages in cells (Norris et al., 
1995). 

On the basis of these observations it is difficult, however, to unequivocally 
determine the exact effect of phytic acid on the nerve cell. Some more 
information on its role in the nervous system was provided by the results of 
experiments conducted by Valejo et al. (1987). In experiments on rats it was 
shown that phytic acid is synthesized from inositol in some structures of the 
central nervous system. The authors of the cited study suggest that its synthesis is 
locally regulated and may be dependent on local demand for this compound. I t is 
assumed that phytic acid may, to a certain extent, participate in the regulation of 
central nervous system function. It was observed that microinjections of this 
compound into the solitary tract nuclei that participate in cardiovascular 
regulation, caused distinct bradycardia and hypotension in rats. This effect is 
reversible and related to the stimulation of a certain group of neurons, and its 
intensity depends on the amount of phytic acid administered into the central 
nervous system (Valejo et al., 1987). 

In addition to its effects on the nervous system, this compound can also bind 
selectively with some proteins in the eye that participate in visual processes 
(Palczewski et a l , 1991; Day et al., 1995). 

Despite the above observations, the role of phytic acid in the cell is, at present, 
still little known and its elucidation requires further study. 

There are suppositions that phytic acid plays an important role in preventing 
heart disease that develops as a consequence of lipid metabolism disorders. In 
experiments on animals it was found that enriching the diet with this compound 
markedly reduces blood cholesterol and triglyceride levels (Kleway, 1977; 
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Jariwalla et al., 1990). This effect may be the result of the effect of phytic acid on 
the availability of some elements, particularly zinc and copper (Kleway, 1973, 
1975). Moreover, the reduction in the level of triglycerides and cholesterol may 
also be a consequence of the effect of phytic acid on postprandial increases of 
glycemia. This effect was already mentioned earlier in this paper. 
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Diagram 2. Effects of phytic acid on the body 

I t is very probable that some of the effects observed as the result of increased 
dietary phytic acid supply are caused by compounds that arise through the 
partial or total dephosphorylation of phytic acid in the digestive tract. This is 
corroborated among others by observations showing that myo-inositol is 
a compound that causes a distinct drop in the level of triglycerides in the liver 
(Anderson and Holub, 1980). 

The effects of phytic acid on the body are shown in Diagram 2. 
I t seems that the ubiquity of phytic acid in plant products used in feeding 

animals and consumed by humans should prompt more interest in this 
compound. 

From the results of the studies mentioned above, it can be seen that phytic acid 
can often have a favourable effect on the body, but its action still remains little 
understood. 
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STRESZCZENIE 

Kwas fitynowy - różne aspekty działania na organizm 

Kwas fitynowy występuje w ziarnach i nasionach wielu gatunków roślin. Spożywanie go 
z pokarmem może powodować ograniczenie absorpcji wielu mikro- i makroelementów z przewodu 
pokarmowego. Interakcje tego związku ze składnikami znajdującymi się w treści przewodu 
pokarmowego mogą ograniczać trawienie białka i skrobi. Prowadzi to do zmniejszenia retencji azotu 
i wywołuje łagodniejszy wzrost glikemii w okresie absorpcyjnym. Kwas fitynowy ma również 
właściwości przeciwnowotworowe, może zapobiegać tworzeniu się kamieni nerkowych oraz 
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niektórym chorobom serca. Syntezę tego związku stwierdzano również w tkankach ssaków oraz 
wykazano jego zdolność do specyficznego wiązania z niektórymi białkami w komórkach. 

W niniejszej pracy przedstawiono pokrótce najważniejsze efekty działania kwasu fitynowego 
w organizmie. W oparciu o dane literaturowe podjęto też próbę wyjaśnienia mechanizmów, poprzez 
które związek ten wywołuje wspomniane zmiany. 


