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Abstract. Background: freatment of cancer-bearing mice and
dogs with miicronized zeolite clinoptilolite (MZ} fed 10
smprovement of the overall hedith status, prolohgation of life
span and decrease of tmor size in some cases. It also reduced
lipid peroxidarion in the liver of mice. Materials and Methods:
[he experiments were performed on various timnor cell cultuires
and fumoi-bearing animals, Immunohisiochemisty was used to
analyze if MZ could interfere with Doxvornbicin-induced fipid
peroxtdation and consequeniial production of 4-hydroxvonenal
{HNE). Results: MZ reduced the metabolic rate of cancer celfls
and increased binding of HINE to albumin in vitro. I selectively
reduced generation of HNE in vive in tmor sthoma after
Doxonhicin treatment leaving ouset of lipid peroxidation Intact
i malignant cells. Combined treatrnent with Doxerubicin and
MZ restdted in strong reduction of the pulmonary metastasis
count increasing anticancer effecss of Dovorubicin, Conclusion:

interference of MZ with lipid peroxidation might explain some of

the beneficial effects of this particular zeolite in combined cancer
therapy.

Natural  zeolites  are  volcanic  minerals  with  unigue
craracteristics. Their chemical structure classifies them as
hydrated aluminosilicates. comprised of hydrogen. oxygen,
aluminum and silicon, arranged in an interconneacting lattice
structure. Thelr unique structure makes zeolites different

from other aluminosilicates, due to their abilitv of gas and

water absorption and ion exchange (1).
Since many biochemical processes are closely related to ion
cxchange, absorption and catalvsis, it is believed that natural
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and synthetic zeolites could make a significant contribution to
the pharmaceutical industry and medicine in the near future.
For instance, some zeolites are already used as contrast
medium in diagnostic methods (2}, as antidiarrheat drugs (3).
as antibacterial and antifungal drugs (4), as support for
enzymes and antibodies (3) ere. They are also wsed in the
healing of cuts and wounds and are very eftective as a giucose
absorbent, so diabetes mellitus patients could use them (6).
They reversibly bind smalt molecules such as oxygen or nitric
oxide, possess size and shape selectivity, the possibility of
metalloenzyme mimicry (7) and have immunomodulatory
activity {8, 9.

Our previous results showed that clinpphilolite-treatment of
mice and dogs suffering from various tumor types led to
improvement of the overall health status, prolongation of life
span, and decrease of tumor size in some cases. In addition,
toxicology studics on mice and rats demonstrated that the
same trearment did not have anv negative effect. In vitro
tissie culture studies showed that finely ground clinoptilolite
inhibited protein kinase B {c-Act). induced expression of

2 AP g pl?’h”}E tumer suppressor protens and
blocked cell proliferation in several cancer cell lines {10).

Accumulating evidence has indicated that zeolites play an
important rele in modulation of the 1mmupe system.
Lymphocyies from lymph nodes of healthy nice ted on MZ
for 28 davs provoked signiticantlv higher alogeneic grafi-
versus-host (GVH) reaction than czlls of control mice. After
ip. application of MZ, transtocation of p65 (NFKB subunit) to
the nucleus of spleen cells was observed (9). Stmilarly, it was
shown that exposure of alveolar macrophages to silicate
particles leads to activation of mitogen-activated protein
kinases (SAPK) {11}, while transcription factors such as AP-1
and NFKB are also activated and expression of pro-
mflammatory cytokines such as I[L-te, IL-6 or TNF-a 13
enhanced (12, 9).

In healthv mice fed on MZ for 25 days, the conceniration
of lipid-bound sialic acid (1.SA) n serum was increased, but
ipid peroxidation in the fiver was decreased (¢). indicating
the possible systemic antioxidative effects of MZ. Qxidative
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stress in cancer cells mav constantly activate transcription
factors, such as NFkB, through intracellular signal
transduction (13) and induce expression of proto-oncogenes
such as ¢-fos, c-jun and c-myc {14). Besides, oxidative stress
induces DNA damage such as modified base products and
strand breaks, that may lead to further mutation and
chromosomal aberration of cancer {(genomic instability)
(13). The carcinogenic effects of reactive oxygen species
(ROS) are well-known as well as their cytotoxic effects,
when induced by radio- and/or chemotherapy. In spite of
the evidence that cancer cells are oxidatively stressed (16},
‘the stress is uwsvally insufficient to cause cell death.
Moreover, some tumor cells are resistant to oxidative
cvtolysis (17}, while oxidative stress can also activate
antioxidant systems in cancer cells that couid make cancer
cells resistant to chemotherapy.

Lipid perosidation is an integral part of oxidative stress,
resulting 1n the production of reactive, toxic aldchvdes, the
end product of lipid perofxidation denoted also a "second
messengers of free radicals”, among which the best known are
malondialdehyde (MDA) and 4-hydroxynonenal (HNE) (18).
HNE is also knowmr as a growth modifying factor and
proapoptotic'agent, white its effects are dependent on s high
affinity to bind to cellular proteins (19, 20}. Since MZ is able
to reduce ipid peroxidation in wive {(9). it seems likely that it
could interfere with the HNE effects, too.

Here we present new evidence for the antitumor and
antioxtdative activity of MZ as well as its possible mechantsm
of i vive action.

Materials and Methods

Mivronized zeplie (MZ). Trabomechanically micronized nutural zeolite
clingptilofite (MZ) from Slovakia, with described charactecstios {9, wos
used, Additonally, the nuno- and crystal structure of micronized and
rer-nicronized zeotite was measurad usine small angle X-rav scattering
(5ANS) and wide angle X-rav scattering {(WANS) spectroscopy ab the
Auvstrinn high-flux SANS beanling of the 2GeV clectron storage ring
ELETTEA {Trieste, Italv) (21). There was no pronounced distinetion in
rorstruciural features (void strocture) berwesn micromzed and non-
micremzed samples.

Measaremens of cell profiferation (AT T-assav). The effect of b on cell
proliferation i vire was studied on several human cell lines: Hela
{cervical carcinomal. MiaPaCa-2 {pancreatic carcinoma). CaCo-2 {colon
carcinoma}. MCF-7 {breast cancer)y and Mep-2 (larvngzal carcinoma),
The cefls were maictained in DMEM supplemented with 10% Fetal calf
serum (FCS, Sigma, USA) is standard conditions. For the purpose of
proliferation assay experiments, the cells were plated at a density of 3 x
HO"‘ml onto 96-microwell plates (200 nlAavell) {(Greiner, Germany). After
overnight incebation. the mediom was replaced with fresh DMEMI
contuning cifferent concentrations {0.053-0.5 mesmly of MZ. After 72
hours af ineebation the cells weee gently washed with PBS in order to
remove ML The cell viability was determined using the MTT assay
(Sigmal. which derects dehvdrogenase activity 1o viable cells {10),
Startstical analvsis was performed wsing the One Way ANOVA test. A
level of p =2 001 was aceepted ag statislically significant.

Anintaly and prapnenrs. blice were bred 1o the Animal Facility of the
Ruder Boskovic Institute and rats were obtuned from the institute of
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Medical Resgarch in Zagreb, Croatia. Food (Domzale. Stovenia) and tap
water were given ad fibitusr The antmals were Kept In conventional
circumsiances: light/dark rhythm 12/12 hours, temperature 22°C and
humidity 53%.

Antimetastatic effects of MZ and Dororubicin, Mammary carcinoma-
bearing 3.5-month-oid female CBAHZgr mice were used to study the
effects of Doxorubicin and MZ on the development of artificiat Iung
metastasis. The spontaneous mammary carcinoma developed on
CBAMHZer strain mice was used in the experiment (22). Tumor celis
were obtamed from the sacrificed tumor-bearing mice and 5 x 10° live
cells {according (0 Trypan blue exclusion giving «<353% of the Tovpan
Blue-positive cells) weare injected v into the tail vein of cach mousc.
Doxorubicin was given by a single Lp. injection one daw after injection of
the tumar cells at 10 me'ke dose.

W was applied In the tap water given ad fbinen (0.5 ghy average
daily dose). This route of application and dosa was chosan becauss it
resembles the protocols used for the therapy of cancer patients
(Dr. D. iup:.':i{ff perional communication). The consumption of tap water
by each animal was determined during two weeks befare the beginning
af the experiment to determine the conceniration of the substance
needed to achieve the average daily dose of approximately 0.3 gfke. For
the datly MZ application, a fresh solution of the substance was prepared
every second day, Contrel animals were treated cqually with saline £p,
and plain ap water only,

The mice were kept alive until the 18th dov when they were sacrificed
by ¢ther and the autopsy was perfomed o venfy development of the
turnor metastases and count the tumor nedules in the lungs. The fungs
were afterwards fixed in 0% formalin for pathohistological evaluation,
wihile the differences in the number of pulmonary tumer rodules were
evaluaied by the Student’s -test.

Effecis of MZ on Dovorubicin-induced oxvidaive soesy in W23 rat
cercirpnta. T study the effects of My on chemicallv-indueed oxidative
siress we used swemonth-old male Wistar rats beariog Walker 226
carcinoma (W236h weishine 308 £ 25 g treated with antracveline
(Troxorubicin, Sigma, USA), which achieves anticancer activity by
inductien of ipld peroxidation in maligrant cells, W26 carcinoma cells
[]D'rJI cells'rat) were myected L i the hind limb, Stx davs futer, when the
tumars were 3-4 cm in diametar, the rats were divided into four groups
of 3-6 animals: 1} controals, 2) rats treated with MZ, 3) rars treated with
Poxorabicin £p, 4) rats treated with MZ and Doxorubicin fp b2 was
given per as by sonde in a single dose of 2 2'kg one hour befare §p.
ingection of Doxerubicin (H) mekg). After three hours, the animals were
killed, the tumors were removed and stored in 10% buffered formalin to
be used for immunalestochenustey of HNE-protzin conjugates in tumar
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Tinmenohiviochenisiny of HNE-protein confugaees in V235 carciioma
rsstre. Tissue sections (3 um} of the formalin-fixed paraffic-embedded
tumors  were  used.  For  immunohistochemical  detection  {using
paroxidase-antperaxidase methody of HINE-protein conjugates, as in toe
case of dot-blot, the same specific monoclonal antibodies raised againat
HixE-histidine  conjugate  were used.  as  deserioed  befors (23).
NMonoclonal antibodies for detection of HNE-protem conjugates weare
obtamed from the culture medium of the clons dertved from a fusion of
Sp2-Acs myeloma cells with B-cells of a BALBC mouse immuanzed with
HXNE modified kevhole limpat hemocvanine {Institute of Binchemistny,
Craz. Austria). The annbady 15 specific for the HNE-histidine epitape
HXNE-proiein (peptida) conjugates (233,

To analvze possible differences in the intensiy of HNE-staining
between the tumors of difterentlv-treated  animals, senuquantitave
evaluation was done by a patholegist and defined in staining intensiy
cracdes as follow: (- negative; {+) weaxly positive staining {<3% of the
cellsy [+ Y mederate staning {approximately 23% of the ¢ells) and
(+++)strong staining (= 50-73% of the cells). Afterwards, the grades of
IMMUNAPQsItivity staining were assiended (0 respective numerical values
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Fisure 1. The gffecr of MZ ireaunent on growth af dirfereat urian cell frevms.
sulis {p < 0 Gl it represgited WEET o el iRy

percentage of the grow of coentrol cetls. Staristdoally sindtcant e

from 0 to 3 and gvaluatzd v nwo Lailed non-parariiric dMann Whitns
(test. considering p < 107 as an fndicator of differance.

Influence of MZ on HNE binding to serun g, The semi-
quaniitative dot-blot maimod using specific monoclonal antbodics fiiseo
azainst HNE-histidine corn/ugate was applied to deerming interierends
of MZ with the developmzn: of HME-protem conjuites. M7 solution H
waline {concentration af 44 mg ml} was prepared Dy using an ulrasouric
water bath (Transsonic 00 Flma) for 30 minutes 1 achieve isparsin.

of the hardly soluble pow 227 The solution was than contrifuged at 00

for 10 minutes (HMerazus. Lzbofuge 4001, For the following gxperimen’
we used the thus obisin: s supernaiani. Bovine seram aloumin (BSA
Haomosan, Austria) —ancentration of 10 mgml was mived at &7
equal volume ratio with =2 supernatant of the MJZ 201 ma'ml solutio:
and H?‘:E (LOD uxY). Afer @ A0-minuiz incubaiion we a_]'_:}'.lli-acl S
solution samples as the orizinal sample. and sptine dilutions of 100
and 12100 {all in dusiizztz$r on nitroczllulose membranes (0.2 1. Bie.-
Rad. Germany} usins nz dot-hlot wash syilerm: (Bw-Dot Bio-Ra
Germany). ] '

The same monpochons zatibodies peed for detestion of HNE-prateir

1
-

- -

[ B A,

c?nrhlgzttcs in tumor Geive were alo used in B0 dilution o detes
HNE-BSA conjusatzs, Trhe poroxidase agibiny of samiple enZymes e
l?|13ckcd »ul'[th 2 selution crosisting of 137 H;[f}:, 17y .;*{;1-az]d‘e and 27
135.-‘%1hr:t|:rrﬂ E angiboddy, The immonoperoxics::
““mf“_‘ilu‘E was used, win secondany rabbit anzimouss antibodi:
(DAKOY. applvins PAZ-IXABR staining as described Defore [,
S__Em_“df’rb' antibady 1720700 enll-mouss. DAkO. Danmark) was added
mlumzm (500, Bindics of the antibodies was dewermined By
peroxidase activinn of 152 epzvime-markad terian anithody comps
{.Fljr"'-Fi-II'IDUS-i. DARD. Denmarky  diluted 1200 and appl*l,:'.-. i
diaminobenzydine 1DAE, DAKO. Denrark) siaiming DEﬂSiSEf}HT-L"'.'-
wig done by the fmacs } |

addices <zzondary

) ) analusls svsi2m and 4 comoarison of sp
INTENaI0Y weps L SN ) ’ *
10y was done with 2 Zensliamelny SOMpUIST DFaras [ Fero-Ly se=s

Scanalvtics, US A0,

(aCo-2

Cell lines

L egend 0.23 mgmf and (.5 mglmi The resuls are represented as d

fresults

The effect of MZ on profiferation of cell lines in vitro { MTT-
wssay). The effects of MZ on the growth of different human
cancer cell lines are presented in Fiaure 1. The growth of all
ol tines, except FHep-2.owas significantly inhibited. in a dose-
dependent manner. The strongest inhibirion was observed
with Heba ang MiaPaCa-2 cells. MZ in the concentration of
(103 me'm] significantly {p < 0.01) inhibited the viability of
hose two cell lines {tor 20-30%% ). Al o concenration ot 0.5
me/ml the viability of HeLa and MiaPaCa-2 cell lines was
nhibited by about 30w 605 respectively. The viability of
Lther cell Tines weas significantly inhibited only at the
concentration of 0.3 ma'ml.

fiffects of MZ ane Davorbicin on development of artificial lung
pretasiasis of Mammiay Carceomd. The effects of Doxorubicin
and MZ. given alone ov 10 combined treatment, on the
formation of ariificial fung metastasis of murine mammaty
carcinoma are presented in Table L

Doxorubicin, given as a single 10 me'ke dose, did not
reduce the metastases count {p = 0.1), Similarfy. MZ given
duity in tap water did not afluence the development of the
jung  metasiases (P 2 0.1}, bat combining daily MZ
application with Doxorubicin resutted in reduction of the
metastases count that was significant hoth if compared with
the control (p < G.OOULY or with the gcroup treated by
Movoruhicia only (p = 0.001).
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Table 1. Frmunohistochentical findings of HNE distribution in Walker 236 carcinoma pisseee,

HNE positivity in:

tumar celis Tumor tumor ¢ells within AEATIH
Treatment Animal apart from cells zone of mor
INo. MECTOSES OT near infiltration of normal
infiltration NECTSIS tissues (musele, skin)
1 + ++ . ++
2 . + ; i
Salne 3 - + - -
Control 4 + - '+
3 - - .
il - + .
7 + ++++ + + -
Doxoerubicin 8 +++ ++++ + ¥k + o+
h 9 +++ ++-++ +++ ++
14 + P+ + + ++
Il . - +++ ++ b
B 12 - e : -
M2 F3 + + + 4+ .
" P4 - . + i
15 - - - T+
16 + + + -
N+ 17 ++ ++ +++ -
Dogarubicin 13 +++ +-++ ++++ .
12 + = ++ +++ -

*.pegative, no positive cefls; &, weak positivity {(<3% of the cells): ++, moderate staining {approxtmately 23% of the cells):

+ 4 +. strong staining (=50-75% of the celis).

Effects of MZ on chemically-induced oxidative stress of W230
carcinoma in vivo. The results of the pathohistological
evaluation of W256 carcinoma treated either with Doxo-
rubicin or MZ or combined treatment are summarized in
Table II. Although there were no general differences in the
pathohistological appearance of differently treated tumors.
Doxarubicin induced prominent lipid peroxidation (gene-
ration of HNE-protein conjugates). both in malignant cells (p
< (.01) as well a5 in norma! stromal components of tumorous
tissue (p = 0.02). Most intensive HNE-positivity was noticed
in tumor cells near necrosis, both for the control and for
Doxorubicin-treated tumors. MZ itself did not change the
immunohistochemical appearance of HNE-protein con-
jugates compared to untreated tumor (p > 0.05). However, i
had selective, tissue-specific effects on Doxorubicin-induced
oxidative stress (lipid peroxidation within tumor). Namely,
when MZ was applied, it did not influence Doxorubicin-
induced oxidative stress (HNE-protein comjugates) 1n
malignant cells (p > 0.1). while it completely prevented the
formation of HNE-protein conjugates in turnor stroma -(p =
0.003).

Effects of MZ on HNE-protein binding affinity in vitro The
immunoblotting (dot-blot) findings of HNE-BSA conjugates
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Table 11 MNumber of ariffcial lusg metisiases ef the murine manmur,
carcinoma of e mice, -
The animuls received Ly, S dive nunor cells and were treated one ity
after by a singfe Lp. dose of 10 nig ke Dovorubicin and.or MZ in tap water
(0.5 gife average duaily dose vl i end of experimeni ), Hre animals were
sucrificed by ether on the 5" dav after unor cells irnjection,

Conerel Doxarubicin L3 Duoxurubicin + MZ

] 57 31 3 E3

2 41 45 33 i

3 28 33 -} 33

e} 23 27 4 15!

5 52 33 29 7

s} 49 20 51 3

7 43 i 2h 2

3 56 12 33 15

9 32 34 24 17
H) 31 2 il
Mean 4200 3423 32.00 |2.55
SID 7.5 10.65 16,06 .83
P (-testyvs, Control 0.1301 (.1157 < 100
p {-test) vs Doxorubicio {.001
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formed i vitro in the presence of MZ are presented in Figure
7. The affinity of HNE to form conjugates with proteins, as
evaluated in this experiment using BSA, was increased 30-
40%% i the HNE was mixed with BSA 1n the presence of MZ.
That was most obvious when the protein / aldehyde / zeolite
solution was diluted ten-fold before applying to the
nitrocellulose membrane (samples 5 and 6vs samples 7 and 8,

i.e. middle dots).

[}igcussion

Qur previous in vitro experiments {10) showed inhibition of
the proliferation of several cell lines after incubation with MZ
(0.3-50 mg/ml) pre-treated medum. Now we added MZ
directly to the culture medium, and the celf proliferation was
also inhibited even with the much lower concentration used.
The best and the most consistent results were obtained with
the Hela and MiaPaCa-2 cell lines, However, the Hep-2 cell
line appeared to be reststant to the inhibitory eftect of MZ (at
least for the concentrations of the zeolite used). According 1o
thess experiments, our conclusion 1s that M7 response was
cell line-dependent. We previously analyzed the effects of MZ
in virro on mitorénic and survival-signaling pathways in tumot
cells (10), The most significant results were observed in the
activity of Akt protein that was strongly inhibited afrer MZ
ireatment of cancer cells. That resulted in growth inhibition
and an increase in apoptosis of cancer cells, but only in the
presence of serum. Absorption of serum components. at {east
in vitro. could be one of the mechanisms of MZ action. In
favor of this assumption are findings of an increased HNE-
protein conjugate formation in the presence of MZ. FINE has
high affinity of binding to proteins, So 1t can bind serum
abumin. which can thus atenuvate its toxicity. However,
binding 1o proteins. tike BSA, stabilizes highly reactive HNE
that could still achieve its cvtotoxic eftects (18). We assume
that the cyiotoxic effects of MZ could be modified bv 1ts
physical or biologica! interference with lipid peroxidation and
in particular HNE. MZ might act as an HNE-scavenger but
HNE binding to MZ might also affect the activity of MZ in
particular in the presence of proteins that could bind to both
substonces as well as to the cells. This might also be relevant
for the in vive effects of MZ. in particular in conditions of
systemic oxidative stress, such as chemotherapy of cancet.

Since orallv-administered MZ 15 not absorbed into blood,

its effects i vive cannotl be due to direct biochemical
interactions. We speculate that MZ may induce certam
immunological respotses or general stress 1esponse triggered
by the zastrointestinal system. in particular considering the
gut a5 a stress organ (24), 1f so. MZ shouwld also mfiuence
inflammatory processes as well as svtemic oxidative stress.
Cancer and inflammation can be considered as interfering
processes  that share  two  common pathophysiological
mechanisms; cytoking network and oxidative stress. Both of
these processes involve lipid peroxidation and are linked by
tumnor stroma, TNF- and TGY-f are among the Cytokines

5 6 7 g
2y
ﬁ“-E'
ER
£
4 10 11 12

Sample Mo Tyvpe of sample/dilution Absorbance
1 BSA-HNEL] 11164
2 B3A-HNE:] 10581
3 BSA-HINE+ ML 137.02
4 BSASHNE+MZ:L 117.73
3 BSA-HNE/10 57.94
6 BSA-HNE/: 10 44,62
7 BSA-BNE+MZA:10 80.39
5 BSA-HNE+MZ TG 035.92
Y BSA-TINE/:OO .66
10 BSA-HINE/N00 5.91
1 BSA-HNE+MZ 1100 15.93
12 BSACHINE+MZL: 100 12.36

Fioure 2. Impuwtodelecrion af HNE-BS-1 conjugaies forned i vitro bt e
presence of MZ or withon it

that are likely to be mediators of this complex Network
system, that interfere with lipid peoxidation and conscguenily
with biological effects of HNE (known as 2 second messenger
of free radicals). On the other hand. HNE can alsp act as a-
bifunciipnal growth regulating factor (cvintoxic or growth
stimulatony), interfering with the activity of serum growth
factors (23). The growth modulating eftects of HNE involve
signaling pathways affectng c-fos expression and might
‘aterfere with the activity of EGF and PDGE (26). HINE as
second messenger of ROS activates AP-1. followed by further
TGF-p synthesis and fibrogenesis (spread of connective
tissue). Morcover, low-density lipoprotein modified by lipid
peroxidation (oxLIDL} is kpown as a potent CyIotoxIC.
immunogenic and pro-inflammatory factor, which activates

-
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production of cvtokines by stromal cells  (fibroblasts,
endothelium and macrophages). This leads to further
oxidative stress and spread of inflammation associated with
further lipid peroxidation and production of HNE {27).
Doxorubicin is a very potent inducer of hydroxy! radical and
consequential  lipid  peroxidation  {resuliing in HNE
production), the effects of which could be demonstrated
vivo as soon as half an hour after administration (28). Thus,
we assume that applying MZ in water by gastric intubation
could, in a relatively short period of time {one hour as done in
the experiment presented), provoke response of the
gastrointestinal system, which might further induce a systemic
response. Regarding the specificity of the MZ antioxidant
cffect on stromal cells in  Doxorubicin-treated W26
carcinoma, we assume that differential responses of
malignant and normal cells to the antioxidative cffects of MZ
could be due to: I) different pattern of oxygen metabolism
hetween these cells (internal oxidative stress): 2} the
difference in their response to cytokines imvolved in the
determination of the tumor-host refationship; 3) systenuc
response 1o MZ  application  and Doxorubicin-induced
axidalive stress.

Tumor cells have an abnormal lipid composition and level
of enzvmes of the cytochrome P450 system which can initiate
and propagate lipid peroxidation and thus may cause
alterations in HNE and MDA levels {29). In our previols
study, lipid peroxidation was recduced in animals that were fed
a4 diet supplemented with MZ (9). According o Gonzales
(30). levels of oxvradical scavenging enzymes are reduced in
wmar cells. Thus, a reduced level of lipid perosication 1n
MZ-treated tumor-bearing mice might be the result of the
MZ antiodidant porential. A sigaificantly increased 50D
content in the liver of mice fed for 3 weeks with MZ
supplemented to standard food also confirmed tius data ().

Our earlier results (9, 10) have shown that some antitumor
and antioxidative effects of MZ fr vivo anlimetastatic arc
associated with its immunomodulating effects. in particular
refated to macrophage activity triggered by phagocytosis of
MZ micropartictes, Tt is known that phagocytosts and’or ROS5
can stimulate macrophages to secrete TNF-¢ and oiher
cvtokines that normally stimulate immunological responses
(31). TNF-c also enhances the expression of SOD (32). Inour
experiments. the SOD conteni in the liver of mice fed MZ
was increased. In our current study we found that MZ might
have an antipxidative effect on stromal. but not on wmor
cells. in Doxorubicin-treated W236 carcinoma. These data
confirm that malignant and normal cells respond differently
to the antioxidative effects of MZ, which means that MZ
could have antioxidative and antitumor efects at the same
time. which was further confirrned with the findings of the
inereased antimetastatic effects of Doxorubicin on mammary
carcinoma (artificial lung metastasis model) if the antmals
were also treated with MZ. Thus, MZ could be used as a
nutriceutical  (food suplement) during chemotherapy of
CAllCCr.
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