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Abst ... ct Natural silicate materials, including zeolite 
clinoptilolite, have been shown to exhibit diverse biologi­
cal activities and have been uscd succcssfully as a vac­
cine adjuvant and for the treatment of diarrhea. We report 
a novel use of finely ground clinoptilolite as a potential 
adjuvant in anti cancer therapy. Clinoptilolite treatment of 
mice and dogs suffering from a variety of turnor types led 
to improvement in the overall health status, prolongation 
of life-span, and c1ecrease in hl1110fS size. Lacal applica­
tion of clinoptilolite to skin cancers of dogs effectivcly 
reduccd tumar fonnation and growth. In addition, taxi· 
eology studies on miee and rats demonstrated that the 
treatment does not have negative effects. In vitra tissue 
culture studies showed that finely ground clinoptilolite 
inhibits protein kinase B (c-Akt), induces expression of 
p2lwAFlIC1Pl and p27KIPl tumor suppressor proteins, and 
blocks cell growth in several cancer cell lines. These data 
indieate that clinoptilolite treatment might affect cancer 
growth by attcnuatillg survival signals and indudng tu­
mor supprcssor genes in treated cells. 
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Abbreviations EGF: Epidermal growth factor . 
FES: Fetal bovine serum' MAPK: Mitogen-activated 
protein kinases . PDGF: Platelet-derivecl growth factor . 
SDS: Sodium dodeeyl sulfate 

Introduction 

Zeolites are hydrated nahlral and synthetic microporous 
erystals with well-defined structures containing Al04 
and Si04 tetrahedra linked through the common oxygen 
atoms [1]. Zeolites have been extensively used in various 
industrial applications based on their properties to act as 
cataIysts, ian exchangers, adsorbents, and detergent 
builders [2, 3, 4, 5, 6]. Il is also known that silieates and 
aluminosilicates possess biological activity, either posi­
tive or negative. Tale and silica have been used in skin 
care for many decades, while weIl defined structures and 
catalytic activity make aluminosilicatcs an attractive 
mod el system for protein and enzyme mimetics [7]. Re­
cent results have also demonstrated that natural, biologi­
cally nontoxic clinoptilolite ii'ol11 Cuba deposits is very 
effective as glucose adsorbent, and this has been Sllg­

gested as a potential medication for individuals suffering 
from diabetes mellitus [8]. 

The best known positive biological activity of natural 
clinoptilolite is its action as antidiarrheal drug (see [9] 
and referenecs therein). Clinoptilolite lowers the inei­
dence of death and siekness (diarrheal syndromc) pro­
duccd by intestinai discascs in swine, rats, and calvcs 
(see [9] and referenees therein). Based on these results a 
comprehensive study was carried out on antidiarrheal 
drugs based on natural clinoptilolite as an active materi­
al, in the therapy of acute diarrhcal discases in humans 
[9]. The research lead to approval of the antidiarrheal 
drug Euterex for use in humans. In addition, accumulat­
ing cvidcncc has indicatcd that zeolites playan impor­
tant role in regulating the immune system. Ueki ct al. 
[10] and Aikoh et al. [11] have reported that siliea, sili­
cates, and al uminosilicates act as nonspecific immuno­
stimulators similarly to superantigcns. Supcrantigcns are 
a class of immunostimulatory and discase-causing pro­
teins of baeterial and viral origin with the ability to aeti­
vate relatively large fraetions (5-20%) of the T cell pop­
ulation. Activation requires simultaneous interaction of 
the superantigens with V~ domain of T cell receptor and 
with major histocompatibility eomplex class II mole­
eules on the smfaee of antigen presenting cells [10]. Pro­
inflammatory macrophagcs, which bcJong to dass II 
MHC antigen-presenting cells, are aetivated by tibro­
genic silieate partieulates [12, 13, 14, IS]. Indeed, exper­
iments carried out by Ueki and eoworkers [10] have 
shown that removal of MHC class II DP/DR positive 
cells results in a lack of macrophagc stimulation by as­
bestos. 

Direct interaetion of silieate particles wilh cells other 
than lymphoeytes has also been identified and deseribecl. 
11 seems that mineral particles can triggcr alterations in 
gene expressian by initiating signaling events upstream 
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of gene transaetivation [16]. Exposure of cells to silieate 
partieles has been shown to !ead to aetivalion of mito­
gen-aetivatcd protein kinases (MAPK), protein kinase C, 
and stl'ess-aetivated protein kinases [17]. Important tran­
scription factors sllch as activator protcin 1 and nuclear 
factor KB are also activatcd, and expressian of pro in­
flammatory eytokines such as interleukin I (x, interleukin 
6, and tumor neerosis factor (X is enhaneed [18]. Modifi­
cations in receptor activation kinetics or activity of inte­
grins may be responsible for the obscrvcd bchavior. Al­
ternatively, partieles engulfed by phagocytosis have been 
repOlied to stimulate production of reactive oxygen spe­
cies [19]. It was reeently shown that redox regulation of 
gene expressian is a general phenomenon in most cells. 

The above knowledge of zeolites and other silieates 
led us to test the biologieal activity of natural elinoptil­
olite. Meehanieal treatment of natural clinoptilolite was 
lIsed to produce small-sized partieles (MZ) that were 
tested for possible toxici.ty and anti cancer acti vit y in vi­
vo. Here wc provide evidenee that orally administered 
natural c1inoptilolite is nontoxie and lise ful in cancer 
treatment in animal models. Additional in vitra tissue 
culture experiments with various cancer cell lines indi­
cated that MZ treatment modifies intraeellular signaling 
pathways leading to inhibition of survival signals and in­
duetion of tumor suppressol' genes. 

Materials and methods 

Natural clinopti!o!itc 

The fine powdcr of natural c1inoptilolite was obtained by tribomc­
chanical micronization. Chemical composition of the MZ was de­
termined by the atomic absorption spectroscopy. Qualitative and 
quanfitative phase analyses of the MZ were perfarmed by powder 
X-ray diffractomctry using a Siemens SOOOD diffractometer with 
euKa radiation in the region 28=4-80°. Thcrmogravimetrie and 
difTerential thennogravimetric analysis of the MZ was performeel 
using a TA 4000 System (Mettler-Toledo) apparatus. The heating 
rate was 10 KJmin in nitrogen atmosphere. Particle size distribu­
tion eurvcs.of the MZ were taken by a Mastersizc XlB (Ma Ivern) 
l<lser light-sc<lttering partic1e-size analyzer. 

Cell lines and pro!iferation assay 

Effect of MZ on in vitra cell proliferation was studied on several 
human ceH lines: diploid fibroblasts (HcfS22), ccrvica! carcinoma 
(Hela), colon carcinomas (CaCo-2, HT-29, and SW 620), mam­
mary carcinomas (MCF-7 and SkBr-3), and one mouse fibrosarco­
rna cell line. The cells were maintained by culturing in Dulbecco's 
modified Eagle's medium supplemented with 10% fetal bovinc 
serum (FBS), 2 mM L-glutaminc. 100 U/m1 penicillin, and 
100 ).1g/ml streptomycin in a humidificd atmosphcre with 5% CO2 
at 37°C. For the plIrpose of proJiferation assay experiments the 
cells were plated at a eoncentration of lxlO-l cells/mI anta 96-
microweIl plates (200 ~d/wcll). Af ter overnight incubation the 
standard medium was replaccd with the medium whieh was pre­
treated with either 0.5, 5, or 50 mg/mi MZ. For this purpose the 
medium and MZ were mixed, and after 18 h of shaking MZ was 
pelleted by centrifugation (5000 g for 10 min). 

The cells wcre tben incubatcd for additional 72 h, when cell 
viability (cell growth) was measured using MTT assay which ele­
teets dehydrogenase activity in viable cells. For this purpose the 
medium was discarded, and MTT was added to each weil at con-
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centration of 20 ~tg/40 ~Ll. After 4 h of incubation at 37°C the pre­
cipitates were dissolved in 160 jll DMSO. The absorbance was 
mcasurcd on an cnzymc-linkcd immullosorbent assay reader at 
570 nm. The cel! proliferation is cxprcsscd as a pcrccntagc of ab­
sorbancc, rccordcd in cell line trcated with particular concentra­
tion of MZ, in relation to the absorbance of control, nontreated, 
cells whjch was expressed as 100%. 

Analysis of p21 WAFliC1PI and p27K1PJ 

Experiments with p21 WAFliCJPI and p27KIP1 \Vere carried out on hu­
man adcnocarcinoma (eaeo-2) and human cervical carcinoma 
(Hela) cell lines. The cells, originalJy grown in tissuc culture 
flasks, \Vere collccted and seeded onto glass slides. After 24 h the 
medium was replaced either with the fresh standard medium (con­
trol cells) or with the medium pretreated with 50 mg/ml MZ. After 
72 h of incubation the cells were washed with PBS and fixed in 
methanoJ with 3% hydrogen peroxide (Kemika, Zagreb, Croatia). 

Proteins, p21WAflfCJPl and p27KJPJ , expression was analyzed 
immunocytochemically. Nonspecific binding was blocked by ap­
plying normal rabbit serum (I: 10) for 30 min. Primat y antibodies 
p21 (S ~tg/ml, PharMingcn) and p27 (2 flg/mL Transduction Labo­
ratodes) were allowed to bind overnight at 4°C. Slides were 
washed three times in PBS. Secondary antibody (rabbit anti­
mouse; Dako, Denmark) was applied for 1 h at room tempera ture. 
Finally. peroxidase-antipcroxidase (Dako) conjugatc diluted I: 1 00 
in PBS was applicd for I h at room temperature. After washing 
with PBS the slides were stained with 0.025% diaminobenzidine 
tetrahydrochloride (Sigma) containing 4% H20 2 for 7 min and 
counterstaincd with hcmatoxylin for 30 S. The si ides were ana­
Iyzed with u light microscope (Olympus). The level ofnonspccitic 
background staining was established for each measurement using 
controi cells proeessed in the same way but without exposure to 
the primmy antibody. 

The coneentration of antigen was assesscd byestimating the 
relative visual intcnsity of a chromogcnic label, and the results are 
expressed on a three-point scale as follows: -, negative staining; 
+, weak staining nnd ++, modemte staining. 

Biochemical studies ofsignaJing pnthways 

The following were used: epidermal growth factor (EGF; Inter­
gen), pJatelet-derived growth factor (PDGF) BB (Amgen), protein 
ladder markers (J 0-200 kDa; Life TechnoJogies), Jeupeptin and 
a miniprotease inhibitor kit (Boehringer-iVlannheim), Pefabloc 
(Fluka), aprotinin (Trasylol, Baycr), and nitroccllulose membrancs 
(Milliporc). Affinity-purified rabbi t polyc1onal anti-Akt, anti· 
pAkt, anti-JNK, anti.pJNK and anti-pERK2 (MAPK) antibodies 
were purchased from New England Biolabs. The rabbit polyclonaJ 
anti-ERK2 (C M 14) antibodies were from Santa Cruz Bioteehnolo­
gy. Secondary antibodies, peroxide-conjugated swine anti-rabbit 
\Vere from New Englund BioJabs, peroxide-eonjugated sheep anti­
mouse immunoglobulin from Amersham/Pharmacia, and perox­
ide-conjugated protein A from Kirkegaard and Perry Laboratories. 

Murine fibrosareoma cells were grown in Petri dishes (6 cm in 
diameter) in RPMI mediulll with 10% FBS up to the 80% conflu­
cnce. Before starting the experiments the cells were sturved for 
24 h. Subsequently the cells were trea ted with MZ pretreated me­
dium with or without 10% FBS for O, 5, 30, and 60 min or with 
EGF (100 ~g/ml) and PDGF (40 ~g/ml). After the indicated time 
oftreatmcnt the cells were washed with PBS and scraped into iee­
cold Iysis buffel' containing so mM bydroxyethylpiperazine ethane 
sulfonie acid, pH 7.2, 150 mM NaCl, l mM EDTA, 20 mM NaF, 
2 mM sodium orthovanadate, 1% (w/v) Triton X-100, 10% (w/v) 
glycerol, and protease inhibitors (I mM Pefabloc, 10 Jlg/ml leu­
peptin, and 1% Trasylol). Following 4S min at 4°C with gentie 
rocking a solubIe fraction was prepared by centrifugatian at 4°C 
for 15 min at 13,000 g. Equal amounts of cell lysates (measured 
by the Bradford assay) were mixed with 3x sodium dodecyl sul­
fate (SDS) sample butTer and heated for 2 min at 98°C. Proteins 

were separated by SDS polyacrylamide gel electrophoresis and 
trunsferred onto nitrocellulose membrane. Immunoblots were 
blocked with S% bovinc serum albumin in TBS (lO mM Tris-HCJ, 
pH 7.4; 150 mM NaCI) for I h, ineubatcd for l il with primary an­
tibodics (anti-pAkt, anti-pJNK, anti-pERK2) in TBS, washed six 
times for ID min each in TBS O.OS% Tliton X-lOD, and then incu­
bated for I h with appropriate secondary anti body. Following fur­
the r washes, immunoblots were visualized by using enhaneed che­
miluminescence reagents. To reprobe blots they wcre incubatcd in 
stripping buffer (62.5 mM Tris-Hel, pH 6.7; 2% SDS: JOO mM 
2-mercaptoethanol) at 58°C for 25 min, washed extensively with 
TBS, reblocked as described above, and reblotted with the appro­
priate antibodies. 

Isolation of apoptotic DNA fragments 

HeLa cells (lxIOS) were grown in a lO-mI Oask for 24 h, after 
which the medium was discarded and replaeed with the MZ pre­
treated medium (see above). After 24 h the cells were tripsinized. 
peJlcted by centrifugation (1200 g), and washcd twice in PBS. 
Aftelwards the cells \Vere resuspended lOs in 100 fll Iysis buffcr 
(1% NP-40 in 20 mM EDTA, SO mM Tris-HCI, pH 7.5) and cen­
trifuged 5 min at 3000 g. The supernatant was transferred to a new 
Eppendorf tube while the pellet was ineubated once marc with 
I 00 ~tl lysis buffer and centrifuged as before. The supernatants 
were pooled togetheI' and incubated 2 h in l % SDS and RNase 
(5 flg/fll) at 56°C, after whieh the proteinase K was added in final 
concentratian 2.5 ~lg/fll overnight. DNA fragments were pelleted 
by addition of 1/2 volul1lc of 10 M ammonium acctate and 2.5 vol­
ume of prechilled absolute ethunol. After centrifugation (30 min, 
12,000 g), the pellet was washed with 70% ethanol, centrifuged 
10 min at 12000 g, dried, and dissolved in 20 fll TE buffer (10 mM 
Tris-HCI pH 7.4; I mM EDTA pH 8). The DNA was visualized on 
I.S(Vn agarose gel. 

Animals 

Mice 

CBh"HZgr and CS7BLl6 mice of both sexes were used. Toxicity 
study experiments were performed on the CBA/HZgr strain, \Vhile 
experiments with tumors were performed on both strains. For 11011-
clinieal toleranee testing male mice of the BALB/c strain \Vere 
used. At thc beginning of the experiments the animals were abolIt 
4 months old, weighing 2S-28 g. Until beginning the experiments 
the mice were maintained in standard conditions with unrestricted 
access to fo~od and water. 

Rats 

Wistar rats of both sexes from the animal brceding colony at the 
Institute för Medical Research, Zagreb, Croatia \Vere used for tox­
ieity and nOlleiinicaj tolerance testing studies. At the beginning of 
the experiments they were 2-3 1110l1ths old, weighing in average 
300 g (males) and 200 g (females). 

Dogs 

Twenty-two dogs werc uscd in the experiments. They were of var~ 
iOlls breeds, weighing from 3 to 42 kg. The animals were of both 
sexes, 5-14 years old. The data on the 14 dogs in which disease 
improvement was observed, are presented in Table 2. 

Application of mechanically trea ted natural clinoptilolite (MZ) 

Bccause of the il1solubility of the tested substanee, it was admil1is­
tered to the animals either orally by gavage or in their diet (micc, 



rats), supplemented as powder to the conventionai lood, or in cap­
sules (dogs) which were again admixed to food. When testing the 
growth of manunary aplastic carcinoma or mammary aplastie car­
cinoma mctastases formation MZ and standard food for laboratOlY 
mice (PEva, Zagreb, Croatia) were mixed in thc ratio 20%:80%. 
Each mouse on average ate about 4 g Food daily, tbus consuming 
about 800 mg MZ. When testing the growth of melanoma, MZ 
was given to mice orally (gavage) at doses of 20, 30, and 
40 mglmice f1ve times per day (tested doses were IDO, ISO, and 
200 mg/mice, respectively). In toxicity studies MZ was applied in 
diet mixed with standard food. 

Tumors 

Mammary carcinorna occurred spontaneously in CBA/HZgr mice, 
maintained in the animal breeding section of the Division of Mo­
lecular Medicine, Ruder Boskovic Institute, Zagreb, Croatia. The 
tumor is a high ly anaplastic carcinom a with very high incidence of 
mitoses; it does not form any glandular stmctures and leads to 
spontaneous metastases in the lungs. After transplantation of 
lxJ06 viable tum or cells inta the animals a growing tumor is ob­
tained which eauses the mouse's death after about 4 wecks. For 
the purpose of the expeliments tumor cell suspension was always 
prepared from in viva growing tum or. 

Mclanoma B 16, originally obtained from Holt Radium Insti­
tute, Manchester, United Kingdom, has been muintained at the 
Ruder Boskavie Institut!! since 1975 by subcutaneous inoculations 
of suspension containing 2xl06 turnor cells into flanks of 
C57BLl6 mice. 

Spontaneous tumors in dags were ofvarious origins, sizes, and 
locations. The data on 14 tumors are presented in Table 2. In an­
other 8 tmnors, not presented in Table 2, there were two Iympho­
mas, two autoimmune hemolytic anemias, and one each of pros­
tate tumor, osteosarcoma, mammary fibrochondroadenocarcino­
ma, and epulis. 

To obtain tumor cells in suspension large pieces of tumor re~ 
moved from the mice were cut up in very small pieces (Hank's so­
lution). The particlcs were allowcd to sett le, and the supernatant 
(cell suspension) was removed and SPUIl down at ISO g for 
10 min. The pellet was resuspended and cell viabillty was tested 
by Trypan blue excJusion test: more than 90% of tumor cells were 
scored as viable. To obtain local!y growing tum or, an inoeulum of 
0.1 mI, containing Ix! 06 viable nunor cells, was injeeted subcuta­
neously inta the right thigh of recipient mice. Tumor growth was 
ehccked cach day after turnor eell inoculation into the micc. When 
the tumor was established, its size was measured by a caliper. 
Thrce diameters \vcre I11casured, and tumor volume was CaIC"lllat­
ed. To obtain experimental Iung metastases 0.25 mi, containing 
lxlOs mammary aplastic careinoma cells., was injected into mousc 
tail vein. The mice were killed 18 days later. The lungs were re­
moved, washed in water, separated into lobules, and immersed in a 
fixative. Macroscopically visible nodules on lung's surface were 
countcd. 

Toxicology studies 

Preclinical toxicology was performed according to standards and 
regulations of the Organization for Econornic Cooperation and 
Developrnent prineiples of food laboratoty practice (Paris 1998). 
The testing was approached by setting the ('limit" test - applying 
the high doses of MZ, 2x200 and 2x500 mg/motlse per day orally 
(gavage) for 6. 14, and 30 days. Since the MZ did not cause the 
death of mice in a "limit" test, an "up and down" test was 
performed on miee, with daily doses ranging from 60 to 
400 mg/mouse (MZ given orally, gavage, for 30 days). Again, no 
toxicity was observed. Therefore a classical acute, subchronic and 
c11l'0nic toxicity study of mice and rats of both sexes (separately) 
was perfol111ed. 
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Mice 

The mice wcre of thc CBA/HZgr strain. MZ was given in Il diet 
(powdered MZ mixed with standard food at the ratio of 25:75%). 
The duration of study was as follo\\'s: aeute toxicity. l month; snb­
chronic toxicity, up to 3 1110nths; ehronic toxicity, up to 6 months. 
Animals were monitorcd for: phenotypic changes, ehanges in be­
havior, and survival (evelY day), changes in body weight (week­
ly), amount of food and water consmlled (checked all days 14 and 
28 when mice were kept for 24 h in metabolie cages, five mice per 
cage), c11anges in hemutological and SenllTI clinical chemistry pa­
rameters (erythrocytes, Icukocytes, plateletes, hematocrit, hemo­
globin, gIucose, alkaline phosphatase, aspartate aminotransferase. 
alanine aminotransferase, bilil1lbin. inorganic phosphorous, and 
eaJcium; af ter 1,3, and 6 months); and urine clinicaI chemistry pa­
rameters (gIueose, proteins, urobilinogen, bilirubin, nitl'ites, cry­
throcytes, leukocytes, pH, and specific gravity; urine was collect­
ed while the animals were kept, once a month for 24 h, in meta­
bolic cages). Pathohistological analysis of liver, spleen, kidney, 
brain, lung, testes, ovary, duodenum, eye, stomaeh, largc and 
small intcstine, muscles, myocard, pancrcas, thymus and axillary 
Iymph node was carried out on killed experimental and contra1 
mice. 

Rats 

\Vistar rats were used. MZ was given in a diet (mixed with stan­
dard food at ratios of 25:75 and 50:50). The duration of study \\o'aS' 
as follows: aeute taxieity, I 1110nth; subchronic toxicity, 3 months; 
c11ronic toxicity, 12 months. Animals were monitared for: pheno­
typic changes, changcs in behavior and survival (evelY day), 
changcs in body weight (every 4 days), amount of food (every 
day) and water consumed (every 4 days), and changes in hemato­
logical and senllll c!inical chemistry parameters (the same as for 
mice; once a month). Pathohistological analysis of liver, spleen, 
lung. kindey, testes, ovary and brain, was performcd on killed ex­
perimental and controI rats after 1, 6, and 12 months. 

The reproductive/dcvclopmental toxicity was tested on miee 
(CBNHZgr) due to their short gestation period and largcr litter 
size. MZ waS given in a diet (powdered MZ mixed with standard 
food"ht the ratio of 25:75%). For reproductive toxicity study ten 
male and ten female mice werc fed with the food supplemented 
with the MZ for 50 and at least 14 days, respectively, before mat­
ing. The treatment continucd during the prepregnaney and prcg­
naney period (one cycle) and to the point of weaning offspring. 
The same pair of animals was fed with the MZ and monitored dur­
ing four c?nsecutive cycles (approximately 4--5 lllonths). The 
same schedule was applied for contro!, nontreated, animals. The 
parenta! generation was monitored for duration of eyeIe period 
(prepregnancy and pregnancy period), fertility (presenee or ab­
sence of litter in pal'ticular cycJe), delivery incidence, mortality, 
and pathohistological appearance of ovaries, after 4th cycJe. Num­
ber of total and viable pups barn as weIl gain in pups body weight 
and pups inortality until weaning was also scored. 

For teratology study healthy, untreated pregnant mice were fed 
with MZ mixcd to the conventionai food from day 6 through day 
16 of gestation and the miee were kiJled 1 day before parturition. 
The fetuses were analyzcd tor mieroscopic pathology. 

Local tolerance was evaluated to ascertain whethcr the test 
substance is tolerated at the sites in the body which may come inta 
contact with the produet as a result ofits administration. 

Repeated-dosc dermal tolerance testing was performed on 
male Wistar rats and male BALB/e mice. MZ was applied on the 
shaved skin of the whole dorsal region of animals in three ways: 
(a) as original powder, (b) mixed with neutral cremc at the ratio of 
1:1, (c) mixed with paraffin oil at the ratio of 1:1. The animals 
\Vere treated t\Vice a day during 28 days. Macroscopic changes in 
the treated skin were examinec1 daily. The left dorsal region of the 
animal was used as controL For microscopic analysis of the possi­
ble cllanges the skin samples \Vere collected I day after the last 
treatmcnt. 
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Results 

Propertics of mechanically treated natural clinoptilolite 

lvlechanieally trea ted natural elinoptilolite (lvlZ) eon­
tainecl approximately 8S wl.% elinoptilolite. The remain­
ing 15% consisted of siJica, montmorillonite and mainly 
mordenite zeolite. The ehemieal cOlnposition of the natu­
ral clil1optilolite is presented in Table l. Differential 
thermal analysis (differential thermograyimetrie) of the 
lvlZ shows that the maximum rate of water desorption 
occurred at sooe, indieating that the change in sample 
weight during heating to sooe eorresponds to the remoy­
ai of loosely held moisture within the solid mierostruc-

Fig. l A Differential thermogravimetric curve of MZ- dm/d! dif­
ferential change (dm) in the mass of sample in differential time io­
terval (dl); T temperature of heating. B Weight loss during con­
trolled he~ting of~he. M~ from a~nbient .temper~ture .(T=25°C) up 
to T=800 C. C DIstnbutlOn of dlfferentml paftlcle Slzes by nUll1-
?er or MZ. N D Number percentage of particles of the correspond­
ll1g diameter D. D Cumulative particle size distribution by number 
of the MZ. 'LN D Percentage of the particles having diameters be~ 
tween D=O and D 
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ture. Analysis of the water desorption curye shows that 
the lvlZ eontains approx. 16 wl. % of water (loosely held 
moisture + zeolitic water) of whieh approx. 2 wl.% is 
loosely hel d moisture (Fig. l A, B). No phase transforma­
tIon was observed during the heating of lvlZ to 800oe. 
Particle size analysis of the lvlZ showed that maximum 
frequeney of p~rticles (approx. 13%) appeared at I.S /lm 
wlth ayerage Slze of 2.9 /lm. In 2S% of particles the size 
was up to I.S /lm, in SO% up to 2 /llll, and in 7 S% up to 
3 /lm (Fig. l e, D). 

Table 1 Chemical composition 
of the mechanically treated 
natural cJinoptilolite (MZ) 
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Fig. 2 Effect of the medium pretreated with 0.5, 5.0, and 
50.0 mg/mI MZ on growth of various cell lines. Verlleal bars 
Standard deviations; all white bars (50 mg/mi) are statistically dif~ 
ferent in comparison to contral (P<O.OOI, Student's t test) 

The effect ofMZ on proliferation of cell lines grown 
in vitra 

Figure 2 presents the cell proliferation state of Hef522, 
HeLa, CaCo-2, SW620, HT-29, MCF-7, SKER-3, and 
mouse fibrosarcoma cells af ter 3 days of treatment. The 
growth of all cell lines except Hef522 and SW620 was 
significantly inhibited with the dose of 50 mg/m!. The 
strongest inhibition (for 50%) was seen onmouse fibro­
sareoma cells, the growth of SW620 cells was un­
ehanged, and that of Hef522 cells was slightly stimulat­
ed. Similar results were observed measuring [3H]thymi­
dine incorporation assay in the prescncc of 10% FES in 
mOllse fibrosareorna cells (data not shown). 

Analysis of intracellular signaling pathways 
in MZ-treated cells 

Since prcvious studies have indicated that exposure of 
cells to silieate partieles leads to aetivation of MAPK, 
protein kinasc e, and strcss-actlvated protein kin­
ases/JNK [17], we lluther analyzed whether MZ treat­
ment also affects mitogenic and survi vaj signaling path­
ways in these cell models. 

The most significant results were detected measuring 
the activity of Akt protein. Akt, or protein kinase B, has 
been reeently shown to mediate survival signals down­
strcam of phosphoinositide-3 kinase by phosphorylating 
Bad proteins. We have observed an increase in Akt phos­
phorylation in response to serum, EGF, or insulin treat­
ment. The addition of the MZ pretreated medium eon­
taining 10% FES to the cells deereased Akt phosphoryla­
tion in eOlnparison to the cells h'eated with only serum 
eontaining medium, while the addition of growth faetors 
EGF and PDGF restored its aetivity (Fig. 3A) and over­
eame the effeets of MZ on cell growth. Determination of 
tl,e aetivity of Akt at various times after the addition of 
MZ pretreatedmcdium with 10% FBS showed slight de­
erease in pAkt level after 5 min. This deerease was more 
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Fig. 3 A Activity of Akt protein 5 min after addition of thc MZ 
pretreated medium to murine fibrosarcoma cells. B Decreased Akt 
protein activity at various times after treatment of murine fibrosar­
coma cells with MZ prelreated medium. C Effect of serum free 
MZ-pretreated medium on the activity of MAPK in murine fibro­
sarcoma cells. WB Western blot; FBS feta! bovine selUm; MZ me­
chanically activated c!inoptilolite zeolite; pAkt phosphorylated 
Akt; EGF epidermal growth factor; PDGF platelet-derived growth 
factor; MAPK mitogen-activated protein kinase; pMAPK phos­
phorylated mitogen-activated protein kinase 

pronounced af ter 30 and 60 min of treatment (Fig. 3E). 
However, the addition of MZ pretreated medium without 
serum to the cells increased activity of Akt compared on­
ly to the serum-starved cells. Overnight treatment of the 
cells with EGF also inereased Akt aetivity. However, 
eombined overnight treatment of the cells with EGF and 
MZ pretreated medium decreased Akt aetivity, indieating 
that inhibition of Akt might be linked to MZ inhibition 
of the EGF-triggered pathways. 

MAP kinase activity was increased in serum-starved 
cells in response to EGF, PDGF, or serum. Addition of 
only MZ pretreated medium to the serum-starved cells 
inereased MAPK activity only temporarily (after 5 min); 



Fig.4 Immunohistochemical 
analysis ofp27KlP1 on contra I 
HeLa cells (A) and HeLa cells 
after incubation with thc MZ 
pretreated medium (B). Brown 
staining Cells expressing p27K1P1 

in the next 30 min MAPK activity retumed to the normal 
level (Fig. 3C). In contrast, addition of MZ pretreated 
medium plus 10% serum slightly decreased MAPK ac­
tivity compared only to sermu-treated cells or cells incu­
bated only with MZ pretreated medium. These results 
are in agreement with those of the previously performed 
thymidine test. 

Medium pretreated with MZ added to the cells either 
alone or ln combination with senun caused no ch ange in 
JNK activity (data not shown). 

The effeet of MZ on expression of inhibitors of cy­
cline-dependent kinases, p21wAFICIPI and p27K1P1 , was 
tested using immunocytoehemical method, in HeLa and 
CaCo-2 cells. Treatment with MZ induced the expres­
sian ofp21wAFlicIPI in CaCo-2 ceUs and p27K1P1 in HeLa 
cells, while nontreated cells were negative for expression 
ofp21IVAFIICIPl/p27KIPI (Fig. 4). 

lnduetion of programrned cell death-apoptosis 

To evaluate whether the inhibition of cell growth by MZ 
is due to programmed cell death, Le., apoptasis, an at­
tempt was made to isolate small DNA fragments. Large 
amount of small (degraded) DNA fragments in DNA iso­
late would indicate that MZ induces programrned cell 
death in treated cells. The result of small DNA fragment 
isolation from HeLa cell is shown in Fig. 5. DNA isolat­
ed from MZ treated cells exhibited significant degrada­
tion (Jane 3a bulk of low-molecular, degraded DNA indi­
cated with an arrow) in comparison to DNA from un­
treated cells (lane 2). The DNA degradation in MZ treat­
ed cells is most probably due to induced programmed 
cell death (apoptosis). 

Toxicology 

Oral (in diet) administration of MZ to mice and rats for 6 
and 12 111onths, respectively, caused no changes that 
could be considered a toxic effect of treatment. The MZ 

1 2 3 

• 

Fig. 5 Apoptotic DNA fragments in 1.5% agarose gel. Lane 1 
DNA molecular weight marker IX (0x 174IHindIJl); lane 2 DNA 
isolated from untreated HeLa cells; lane 3 DNA isolated from the 
MZ-treated HeLa cells; degraded. low w molecular DNA fragments 
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Fig. 6 Tumor growth following injection of lxl06 mammary 
aplastic carcinoma cells inta the right thigh of CBA/HZgr rnice. 
The animals were exposed to 20% of MZ in the foad either frol11 
the day oftumor transplantation (n=14) or 15 days prior to tumor 
transplantation (n=14). Controi mice received standard food. Verti­
cal bars Standard deviation. The differences between contral and 
both experimental groups were statistically significant (P<O.OO 1, 
Student's I test) for the days 25, 30, and 35 

equalized (regulated) and shortened the prepregnancy 
period. The lllllnber of pups pcr litter was incrcased in 
MZ-treated mice. Probably for this reason the gain in 
pups' body weight until weaning was decreased. As a fi­
nal consequence higher mortality of pups between days 8 
and 21 of the neonatal period was observed. However, 
there are no differences between controI and treated ani­
mals that would suggest reproductive toxicity attribut­
able to the MZ administration. The MZ did not elicit tox­
icity du ring the period of organogenesis. The test sub­
stance, MZ, was not toxic or aJlergenic for thc skin. 

Effect ofMZ on tlll110r growth in animalmodels 

Previous studies in cultured cells have suggested that 
MZ inhibits growth of cancer cells in vitra. To study the 
effect of MZ in viva studies on mice, rats, and dogs were 
undertaken. Subseguent studies were performed on mu­
rine transplantablc tumars, 111clanoma B 16, and mamma­
ry carcinoma. Mammary aplastic carcinoma cells were 
injected inta the right thigh of two groups of mice. One 
group (n=14) was fed with food supplemented with MZ 
starting from 15 days prior tlUllor transplantation until 
the animal's death; the other group (n=14) was fed with 
MZ from the day of tumor transplantation until the ani­
mal 's death. A group of flve tumor-bearing mice receiv­
lng standard food was used as contral. Turnar growth 
was significantly inhibited in both groups of animals fcd 
with MZ supplcmented fao d (Fig. 6). The tumor growth 
curves for individuaI animals were uniform, particularly 
when MZ was given prior to the tumor transplantation. 
However, there was no difference in mice survival 
among the groups. 

Melanoma B16 cells were inoeulated sllbcutaneously 
in C57BL mice on day O. For the next 30 days the mice 
were given MZ orally five times per day. Turnar volume 
was recorded; it was markedly lower in 5 of 80 micc 
(daily dosc 150 mg/mouse) than in the controI group 
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Fig.7 Growth rate (A) of melanom a B16 treated with 150 mg­
MZ/mouse per day and survival (B) of melanoma-bearing mice 
treated with three different doses of MZ 

(Fig. 7 A). Despite the fact that the tumors started to 
grow more rapidlyafler the therapy with MZ was abro­
gatcd (between days 30 and 60 afler tumor transplanta­
tion), the mice livcd a statistically significantly longer 
period when treated with 200 and 150 mg MZ than con­
trol animals (Fig. 7B). The mice used for experimental 
mammary aplastic carcinoma lung metastases fonnation 
wer; fed with MZ diet from 15 days prior to tllmor cell 
injection until to the end of the experiment, i.e., 18 days 
afler tumor transplantation. The controIs consumed stan­
dard food. Each of these two groups comprisecl 20 ani­
mals. AbolIt 20-40 nodules per animal were scored, but 
there was no differcnce betwcen thc groups (data not 
shown). 

There was no effect of MZ treatment on 111 VIVa 
growth of two mammary carcinomas which differed 
from that showed in Fig. 6 (data not shown). 

Of 22 dags suffering from various kinds of spontane­
ous tumors that were treated with MZ, 14 responded to 
therapy, i.e., the tumor disappeared completely, or the 
tumor size was significantly reduced (presented in 
Table 2). Among three dags which had prostate tumor 
there was one that was stated sonography showed to 
have (in addition to prostate tumor) a prostate cyst 
(case 3). The dog was conspicuously guict, without ap­
petite, and hardly moved. When the usual therapy did 
not work, MZ therapy was stmted. After only 2 days of 
treatment the dog became active; on the third day it be­
gan eating normally, and on the fourth day the dog uri­
natednomlally, blood-free urine. On day 10 the cyst and 
the tumor wcre reduced in sizc, and arter l month they 
had disappeared completely. Although the prostate be-
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Table 2 The effect of MZ treaiment on growth of spontaneous tu- transferase, AST aspartate aminotransferase, ALP alkaline phos-
mors of dogs (-7 values before and after trealmcnt with MZ, a./. phatase, GGTy-glutamyl transferase, L nurnber of leukocytes) 
after bcginning oftrcatmcnt, HlvlThematocrit, ALT alaninc amino-

No. Brecd Agc Wcight Sex Diagnosis Previous MZ Biochemical Therapeutie 
(years)3 (kg) treatmcnl treatment and elTects 

hematological 
changes 

Schnauzer 8 15 M Prostate Castration 3x200 mg/day, HMT 61--;45; 7 days a.t. 
adcnocarcinomab 28 days ALT 103--;62 genera! 

improvement; 
withdrawof 
catheter; 
14 days a.t. 
no sign s of 
discasc 

2 Paodle 12 16 M Prostate 3x200 and AST 55--; 10; 90 days a.t. 
adenocarcinoma 2x200 mg/day, GGT 4--;1 reduction in 
(4x3 cm) <lnd 6 months nunor mass 
testis tumor (testis) to 1/3 
(20 cm) 

3 German 8 42 tvi Prost~te Antibiotics 3xl20U mg/day Bilirubin 29 days a.t. 
shepherd adenocarcinoma 25.8--;6.2; tumor 

(SxS cm) and cyst AST 497--;16; disappeared 
ALT 433--;43: 
ALP 79--;33 

4 Mixed 14 20 F Mammary 3x400 mg/day, No changes ID days a.t. 
German adenocarcinoma, 1 month al! nodes 
shcpherd multiple - 5 nodes disappcarcd; 

(0.5-3 cm) 12 l110nths 
later no signs 
of disease 

5 English 8 15 F Mammal)' 3x400 mg/day, No c11anges 58 days a.t. 
cocker adenocarcinoma, 58 days all tumor 
spaniel multiple - 4 Ilodes nodes 

(0.5-3 cm) reduced in 
size 50% 

6 Poodle II F Mammary 3x400 mg/day, No cbanges 2-3 months 
adenocarcinoma, • 2.5 months (smaller 
multiple -4 nodulcs); 
nodes (0.5-3 cm) 4-6 months 

(larger 
nodulcs) 

7 Dobermann 8 F Mammal)' 5x400 mg/day, No changes 2-31110nths 
pinscher adenocarcinoma, 3 months (small er 

multiple - 4 nades nodules); 
(0.5-3 cm) 4-6 months 

(Iarger 
nodules) 

8 English 9 F Mammary 3x400 mg/day, No changes 2-3 months 
cocker adenocarcinorna. 4 l1lonths (smaller 
spaniel multiple - 4 nodules); 

nodes (0.5-3 cm) 4-6 montbs 
(largcr 
nodules) 

9 Airedale 9 F Mammary Antibiotics 5x400 mg/day, No changes 2-3 months 
terrier adenocarcinoma, 10 months (smaller 

multiple - 4 nodes nodulcs); 
(0.5-3 cm) 4-6 months 

(Iarger 
nodules) 

10 German 8 38 M Skin Surgically 6x400 mg/day, Glucase 3 days a.t. 
shepherd adenocarcinoma removed, 62 days, and 6.9--;3.8; normal 

(tail) resection local app1. of AST 50--;38 hcaling 
wound did powdered started and 
not hea! substance completed 

7 days later 



Table 2 (continued) 

No. Breed 

II Mixed 

12 

I3 

German 
shepherd 

Malamute 

German 
pil1Ch 

Age 
(years)" 

10 

12 

5 

14 Berner 8 
sennenhund 

u At the beginning of therapy 
b Hormone dependent 

Weight 
(kg) 

35 

40 

3 

40 

Sex 

tv! 

M 

tv! 

tv! 

Diagnosis 

Carcinom a 
planocellulare 
of the skin (tail), 
3 tumor 

Carcinoma 
planocellulare 
of the tongue 

Hypertrophy and 
hyperplasia of 
salivary gland 

Lung cancer 

came only insignifieantly smaller, the dog showed no 
signs of iHness. At this point it is interesting to nate that 
the very high pretherapy serum va lues for aspartate ami­
notransferase (497 flmo1/1) and alanine aminotransferase 
(433 flmol/l) deereased after 1 month of MZ therapy to 
normal1eve1s (16 and 43 flmo1/l) and remained in the 
normal range for entire observation period (5 months). 

Another dog (case 2) had, in addition to prostate tu­
mor, a testis tumor, The testis was approximately 20 cm 
in diamcter when the therapy with MZ was started, After 
l month therapy the testis size was reduced by one-third, 
After 2 months of therapy the testis was reduced in size 
to on e-hal f and after 3 months to one-third of its pre­
treatment size (Fig. 8A). However, the prostate remained 
equaHy large, 

The third dog (ca se l) diagnosed to have prostate ade­
nocarcinoma came to the clinic in a very bad general 
conditian. It urinated only with great difficulty. After 
1 month of classical therapy no improvement was ob­
sen'ed. A catheter was p1aced in the dog's urethra. The 
therapy was continued for a further 2 weeks but did not 
work. Thc dog was ante fillern and the owners asked for 
euthanasia, Classieal therapy was then replaced by MZ 

Previous 
treatment 

Two nodes 
surgically 
removed 

Surgically 
removed, 
resection 
wound did 
not hea! 

MZ 
treatmcnt 

4xlO0 mg/day, 
93 days 

3xlOO mg/day, 
32 days 

Antibiotics 3x I 00 mg/day, 
147 days 

• 

4x400 mg/day, 
35 days 

Biochemical 
and 
hcmatological 
changes 

Urea 
17.5--76.3 

Urea 9.5~7.5; 
AST 40--727; 
ALT 54--736; 
L3.I--712 

AST 35--716; 
bilimbin 
8.5--72.8 
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Thcrapcutic 
effects 

remaining 
node 
disappeared 
67 days a.!. 

3 days after 
treatment 
wound 
started to 
heal. and 
2 days later 
no fm1her 
signs of 
wound 
visible; dog 
started to eat 

7 days a.t. 
node became 
softer and 
smalleT 
(75%); 
14 days later 
no signs of 
hypertrophy 

7 days a.L 
general 
improvement; 
7 days later 
no Sigl1S of 
tumor 
(obtained by 
X-ray) 

therapy (3x200 mg/day). After l week a general im­
provement was observed, and the catheter was removed. 
Af ter 14 days of therapy no signs of discase were still 
visible. The therapy continlled for an additional 14 days, 
with daily health improvement. Then the owners decided 
on castration (in most cases castration eliminates prob­
lems related to the prostate ), and the therapy with MZ 
was stopped. Eight months later the dog is still alive 
witholIt any major health problems. 

Three dags suffered from skin tumors. One of these 
(case Il) had three lesions nodules on the skin above the 
tail. Two were rcmovcd, and thc third, the smallest, was 
1eft. Histologically the tumor was diagnosed as cat'cino­
ma planocellulare, After 1 month of therapy with MZ the 
cheny-sized tumor was reduced in size by one-third. 
Over following 5 weeks the lesion disappeared com­
pletely. The dog is still (7 months latter) linder therapy. 
The presently ll-year-old dog is very vivacious and in 
unusually good conditioll. 

Another dog (ca se 10) suffered from adenocat·einoma 
on thc skin of the tail, which was surgically rcmoved. 
Howcver, even 2 weeks after surgcry the wound did not 
heal, and amputation was considered. The dog was then 
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Fig. 8 Growth rate of testicular tumor (A) and salivary gland hy­
perplasia (B) in dags. APaodie, 12 years old, case 2. B Pinch, 
5 years old, ease 13. Arrow Day of therapy cessation. All other de­
tails are indicated in Table I 

given MZ in capsules, and powdered MZ was also scat­
tered on the wound. The wound healed within l week. 

The third dog (case 12) had a growth on its tongue of 
approx. 2 cm diameter. Histo10gically it was carcinoma 
planocellulare. After surgical removal of the tumor the 
wound did not hea1. The dog was given MZ orally in 
capsules, and powdered MZ was also applied loeally. 
Five days later the biopsy wound was no longer visible. 

A 5-year-old dog (ease 13), diagnosed to a have en­
larged (walnut-size node) lefl salivar·y gland, was treated 
with conventionaI therapy for 4 months, without suecess. 
During that time the gland beeome larger and larger, and 
the dog developed seriolls problems with swallowing 
and salivation. After only I week of MZ therapy the 
noc!c become safter and smaller by one-third. After a fur­
ther 1 week the node disappeared eompletely, and only 
the eapsule was palpable (Fig. SBl. 

Mammary adenocarcinomas, in the f01m of multiple 
nodules (in sizes between that of green beans and large 
walnuts), were diagnosed in six female dags. Af ter the 
therapy with MZ was staried, the nodules disappeared 
eompletely: in one dog afler 10 days, with no signs of 
disease even after 12 months; in four dags af ter 
2-3 months (smaller nodules) and 4-6 months (larger 
nodules), with no signs of disease thereafler, at the pres­
ent, 2 months; and in one dog the nodules were redueed 
in size to 50% after 58 days oftrealment. 

In onc casc ofa dog (case l4) with lung cancer, aga in, 
after only 14 days of treatment with MZ (4x400 mg/day) 
signs oftumor disappeared completely. 

In addition to the effeets of MZ expressed on the pri­
mary disease, all dags, even those in whieh primary dis­
ease was not cured, responded to MZ therapy in only 
about 7 days with general constitutional and behavioral 
improvement lasting even after the therapy was inter­
rupted. The same was obsCl·ved for same hematological 
and serum clinieal parameters measured before and after 
the therapy. Hematocrit decreased to the nonnal range in 
ease l. Very high total senlIn bilirubin values fell to the 
nOD1mi range in cases 3 and 14, while serum urea COll­
centratian change was noted in eases 11 and 13. The 
most pronounced improvement was noted for aspartate 
aminotransferase, alanine aminotransferase, and alkaline 
leukoeyte phosphatase, with pretherapy values normal­
ized after the therapy was starteel in almost all cases 
(nos. 1,2,3,10,13, and 14; Table 2). 

Discussion 

Numerous natural compounds are commonly used for, 
the treatment of various diseases1 including green tca and 
soybean extracts (for review see [20]). Recent findings 
indicate that dietetic products and antioxidant COI11-

pound s also have a beneficiai effeet partieularly in ean­
eer patients. In many eases the cxact mechanism of thcir 
action is not fully understaad. In this report we studied 
the effeet of natural elinoptilolite zeolite partic1es on de­
vclopment of several cancer models in vivo and in vitra. 
We found that meehanieally aetivated clinoptilolite zeo­
lites act as anticancer therapeutie agents in in vivo ani­
mal studies arId in tissue culture cellmodeIs. Clinoptilol­
ite applied orally in mice and dogs suffering from a vari­
ety of tumor types led to a signifieant shrinkage of same 
tumors and improvement in overall health status in some 
animals. 

The range of effeets was diverse, ranging fI·om nega­
tive antitul110r response, to nOfmalization of biochemical 
parameters, prolongation of life span, and decrease in tu­
mor size. The best results in animal models were ob­
served in the treatment of skin cancer in dogs, suggest­
ing that adsorption of same active components is respon­
sible for MZ aetivity (direct eontact aetion). Comple­
mentary studies perfol11lec1 in tissue eulture inclicated 
that MZ treatment affeets proliferation and survival of 
several cancer cell lines. Addition of MZ inhibited cell 
proliferation in a concentl'ation-dependent manner, in 
part due to induction of inhibitors of eyeline dependent 
kina ses, inhibition of B/Akt expressian and induction of 
programmed cell death. 

The work desCl·ibed here was performed with the non­
toxie natural, high silica eontent zeolite, e1inoptilolite. 
The zeolite particles were negatively eharged in the en­
tire pH range studied (pH l-II). E1ectron mieroseopy 
showed the absenee of libers, and most particles were 
round with very rough surHlCe (data not shown). The ab-
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senee of fibrous, positivcly charged particles was en­
couraging since such particles are present in asbestos 
and erionite zeolites, which are highly carcinogenie and 
mutagenie. In addition, aetivated zeolite particles did not 
eatalyze the productian of hydroxyl radieais, unlike as­
bestos or erionite (data not shown). II seems that absence 
of fibrous particles eapable of produeing hydroxyl radi­
eals makes this zeolite sample nontoxic and noncarcino­
genie, at least when applied orally. 

Silicate and aluminosilicate partieulates can interaet 
direetly with specific cells and modify their intracellular 
pathways, leading to the reguJation of gene expressian. 
MZ was particuJarly sueeessful in inhibiting protein ki­
nase BIAkt in in vitro experiments with cancer cells. 
Such inactivation resuhed in growth inhibition and in­
erease in apoptasis of cancer cells. Inhibition of Akt by 
MZ treatment was shown only in the presence of serum. 
This indicated that adsorption of senlm components can 
be one of the meehanisms of MZ action in these experi­
ments. Indeed, the addition of EGF to serum-free medi­
lllll led to activation of Akt, which was a[so blocked by 
MZ pretreatment. Adsorption of molccldes inval ved in 
signal transduction cascades, such as in08itol phospha­
tides and calcium, might also contribute to its therapeutie 
efficieney. Preliminary lipid adsorption studies show that 
MZ are strong lipid sorbents. Similar results are ob­
served with adsorption of proteins. Modifications of 
mcmbrane ordering and interactions of other proteins 
with membrane proteins might also be invoJved [21], 
since mcmbrane translocation is nccdcd for activation of 
protein kinase B/Akt. II has also reeently been shown 
that the aetivation of phosphoinositide-3 kinase and Akt 
is responsible for tbe ability of transformed epithelial 
cells to survive without cell at!achment. Recent resldts 
indicate that constitutive activation of phosphoinositide-
3 kinase in live small-cell Jung cancers cell lines studied 
was responsible for fast growth and anehorage indepen­
denee of small-cell [ung cancer cells [22]. In aecordance 
with this, MZ treatment leads to inhibition of protein ki­
nase BI Akt pathways and subsequent apoptosis in our 
cell model. Akt has recentJy been demonstated to inaeti­
vate an important cyclin inhibitor and tumor suppressor 
moleeule, p27KJP1 [22]. 

Here we provide evidence that MZ treatment increases 
levejs ofp21wAFIClPI and p27KJP1 in tumor cell modeis. II 
is not yet elear whether inhibition of Akt is involved in 
reguJation of expressian of p21 WAFleIPI and p27KlP1 cell 
eycJe inhibitors. PreJiminary results a[so show that MZ 
adsorbs and deactivates nitric oxide and other oxidants. 
In addition, it has reeently been reported that antioxi­
dants stinlltlate the aetivation of eyclin inhibitor 
p21 W"Fl/CIPI [23]. This moleeule is responsible for the 
anest of cell growth, and its expression in adenocarcino­
mas of Iung is positively correIated with optimistic SUl'­

vival prognosis. The present study observed that aetivat­
ed clinoptiJolite induees tumor suppressar makeules 
(both p2I and p27). 

The mecIlanisms of action of MZ in viv O remain 
largely unknown at this time. The results presented here 
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indieate that inhibition of proliferation and surviva[ of 
cancer cells may be part ofmeehanisms invoJved in anti­
cancer effeet of MZ eompounds. More studies on several 
other aspeets of their action including possib[e imllluno­
modulatory action ofMZ will be performed in the futme. 
Taken tagether, this report eharacterizes cellular effeets 
of the MZ eOlllpouuds in tissue eultme cell models and 
provides data supporting a role of natural zeolite as an 
anticancer therapeutie agent in in vivo tumor modeis. 
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