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MODIFIED ZEOLITE IN MEDICINE:  

DETOXIFICATION AND OTHE EFFECTS 

 

Zeolites are alumosilicates known for their ion-exchange properties. Properties of 

zeolites such as ion-exchange, intercrystalline pores that discriminate between 

molecules of different dimension, strong acidic sites, and active reservoirs for metal-

catalyzed reactions have promoted their extensive use and fundamental zeolite 

research has become an area of great interest. Zeolites have high cation exchange 

selectivity, good resistance to temperature and ionizing radiations, and excellent 

compatibility with the environment, for which reasons they have been widely used 

in modern technology as selective adsorbents, molecular sieves, and particularly as 

catalysts. It is obvious that the ion sieving and other remarkable properties of 
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zeolites will be utilized in the near future for the environmental and health care 

industries for several reasons: (a) their known biological properties accompanied 

with their long-term chemical and biological stability; (b) zeolites reversibly bind 

small molecules such as oxygen and nitric oxide ; (c) they possess size and shape 

selectivity; (d) and the possibility of metalloenzyme mimicry. Zeolite used for 

medical applications in animals and humans is clinoptilolite. For example the type of 

clinoptilolite PMA  has a similar, but finer structure which makes it active surface 

larger in comparison with natural raw clinoptololite. PMA is for example, a strong 

inorganic cation exchanger as many other zeolites. This effect is due to negatively 

charged aluminosilicate structure that attracts cations. These cations consequently 

reside inside the empty spaces (pores and channels).  As these spaces or cages are 

large, they easily accommodate large cations such as Na+, K+, Br+, and Ca2+ and even 

relatively large molecules and cationic groups such as water, ammonia, carbonate 

ions and nitrate ions. The basic structure of PMA is biologically neutral. The ion 

exchange process is reversible, allowing adsorption of ions and molecules which 

makes it useful in toxin removal from the body. This effect on body detoxification 

has already been documented in many studies on dietary inclusion of clinoptilolite in 

animal production, i.e. pigs fed with clinoptilolite experience weight gains and are 

less susceptible to disease than pigs fed normal which can be partially attributed to a 

lower toxin burden on the animal body. Moreover, addition of clinoptilolite to the 

aflatoxin diet reduced the adverse effects of aflatoxin. Similarly, clinoptilolite 

incorporated into the diet reduces deleterious effects of aflatoxin in growing chicks 

from 10 to 45 days of age, as it significantly reduced the negative aflatoxin effects on 

food consumption ratio. Heavy metals released in waste water are among the most 

worrisome pollution problems due to their cumulative effects along the food chain. 

The natural zeolites clinoptilolite, phillipsite and chabazite proved particularly useful 

in selectively eliminating ammonia and heavy metals such as Cd2+, Pb2+, Zn2+, Cu2+ 

and,  partially Cr3+. For example, mercury is a well-known poison to human and 

animal health, but still widely used in many industrial processes and products (e.g. 

catalysis, pigments, batteries, saving lighting bulbs) and even in agriculture (e.g. 

antifungals). This creates serious environmental problems, pollution of aquatic 

systems, which leads to mercury accumulation in human body as well. Remarkable 
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removal rates of mercury from aqueous solutions by NaCl-pretreated pure 

heulandite crystals and NaCl-pretreated clinoptilolite-containing rock samples have 

been observed showing that natural zeolite materials could be used to remove 

heavy metals from aqueous solutions. The same mechanism occurs in human body 

upon intake of PMA. It moves through the intestine and removes toxins or heavy 

metals by the ion-exchange mechanism. It is not subject to intestinal uptake and is 

very stable. This prolongs its effect within the body and enforces the intestinal 

barrier, known to play a pivotal role in immunity. Moreover, double activated 

clinoptilolite®  may exert preventive effects on the intoxication of organophosphate 

poisoning as zeolite tuff containing 61% clinoptilolite has already been shown to 

prevent and eliminate organophosphate poisoning. The organophosphate poison 

substance can strongly inhibit enzyme cholinesterase in erythrocytes, and in the 

stomach, brain and liver. This effect can be strongly diminished after pre-treatment 

with zeolite (1 g/kg 5 min before intoxication). The duodenum and colon are 

exceptions, where the cholinesterase activity was not significantly restored. 

Detoxification effect of PMA is therefore of great importance in patients subject to 

different poisoning, i.e. organic metals, heavy metals or toxic drugs. In particular, 

patients undergoing anti-infectious therapy with nucleoside analogues or 

chemotherapy often develop painful neuropathies due to increased levels of toxins 

and free radicals in the body. This simultaneous malfunction of peripheral nerves in 

the body cannot be cured at the moment and the condition is treated by palliative 

approach. PMA  may be used in these cases as an adjuvant drug of choice either for 

acute states as for chronic conditions as it might substantially decrease the level of 

toxins and free radicals thus preventing the damage of nerves and/or increase the 

body natural capability of tissue recovery. In particular, polyneuropatic pain caused 

by ammonia has been observed in patients suffering from cancer. For example, 

ammonia/ammonium concentrations increase in the gastric mucosa due to infection 

with H. pylori, Ammonia acts as a promoter in a rat model of gastric cancer induced 

by N-methyl-N-nitro-N-nitrosoguanidine (MNNG). Similarly, colon cancer has been 

associated with high-protein diets poor in fibres and carbohydrates when 

undigested proteins reach the colon and are fermented by microflora into toxic 

compounds such as phenol compounds, indoles, cresol, amines and ammonia. 
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Double activated clinoptilolite eliminates very efficiently ammonia by ion exchange 

process. Such mechanism might act preventively and contribute to the therapeutic 

effect in such patients. The ultimate mechanisms of PMA action in states such as 

polyneuropathies thus, involve direct detoxification effects (it is a ‘scavenger’ for 

toxic compounds and free radicals) and increase of cellular antioxidant capacities, 

i.e. superoxide dismutase enzymes activity (SOD). Indeed, it is known that the 

activity of SOD1 and SOD2 are completely dependent on minerals (Cu, Zn and Mn). 

Moreover, activated clinoptilolite protected the cells by radical oxygen species 

(ROS)-induced cell death. The mechanism underlying this effect included reduction 

of the mitochondrial ROS production following a pro-oxidant stimulation. Indeed, 

they observed increased activity of SOD enzymes in the hippocampus of treated 

mice involved in the study. This study is important as it confirms previous data on 

detoxification effects of PMA. The detox-mechanism involves reduction of oxidative 

stress which enables physiological regeneration of each cell and prevents damage of 

biological structures.  Altogether, PMA positively influences the mineral metabolism, 

adds to the antioxidant status of cells, lowers the levels of ROS and increase the 

activity of SOD enzyme. This effect synergistically contributes to lowering of cellular 

damage (i.e. those of neural cells)  and consequently prevents and alleviates 

neuropathic pain. Decrease in ROS levels was also documented for PMA and it 

proved efficient to lower the damage of neurons in other diseases, i.e. Alzheimer 

disease. Indeed, on an Alzheimer mice model the authors showed that a reduction in 

amyloid levels and plaque load Alzheimer were observed in animals treated with 

activated clinoptilolite in comparison with control mice. Moreover, PMA has 

antimicrobial effects as reported previously. This effect might be attributable to 

adsorption of microbes on the mineral surface. It proved efficient for various 

urological patients who needed long-term use of indwelling balloon catheter for 

lower urinary tract obstruction and for neurogenic bladder. Moreover, PMA might 

have a positive impact in Diabetes Mellitus patients as well. Our previous, 

unpublished data brings out results on clinoptilolite effects on alloxan-induced 

diabetic mice model. Results proved that natural clinoptilolite might prevent or 

alleviate some late complications of diabetes, including development of 

polyneuropathies. Although natural, finely ground clinoptilolite did not significantly 
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decrease the blood glucose levels in studied animals, there were some indications 

that clinoptilolite managed to adsorb small amounts of glucose, as it was already 

proven that natural purified clinoptilolite hydrothermally transformed by use of 

FeSO4 causes selectivity for glucose adsorption. Clinoptilolite showed positive effects 

on many diabetic symptoms. For example, non-treated diabetic mice had 1.92 mM/L 

Ca2+ in sera, whereas clinoptilolite-treated diabetic mice had higher Ca2+ 

concentration in sera ranging from 2.15 to 2.3 mM/L.  Furthermore, Fe2
+–containing 

natural clinoptilolite interacts with glucose forming an iron-glucose complex in the 

clinoptilolite. The mechanism of action of the Fe2
+- clinoptilolite-glucose interaction 

is a strong adsorption governed by the reactive characteristics of glucose.  
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Molecular pharmacology 

Postgraduate Study in Endocrinology, School of Medicine, University of Zagreb, 1988-1989 
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 K. Pavelic: Forward Look: Personalized medicine for the European citizen – towards 
more precize medicine for the diagnosis, treatment and prevention of disease. 
European Medical Research Council, European Science Foundation, 55th plenary 
meeting, Copenhagen, Denmark,  13.-14. October,. 2009. 

 Invited speakers at international meetings 

 1. Pavelić K.: Growth of tumors in diabetic hosts. First International Symposium on Basic 
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  
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