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Enhanced tolerance to
high doses of ionizing
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phospholipase A,
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SUMMARY

In the present work we evaluated the tolerance induced by the sc daily
administration of oligoelements (Zn. Se. Mn) plus phospholipase A, (O-PA,) to
treatment with high doses of chemotherapy or wonizing radiation. Combined action
of cyclophosphamide. methotrexate and 5-fluoruracil (CMF) was evaluated in
male Sprague-Dawley rats in doses ranging from [ to 20-fold the dose used in
human patients. Range of whole body radiation doses was 2 w0 15 Gray. Resulis
indicated a sipnificantly higher global survival in O-PA, treated rats. For
irradiotion swidies LD, value was 9.6 Gray in O-PA, treated rats versus 5.8 Gray
in control groups, LD, in O-PA, treated rats was 18.5 fold the basic CMF dose
versus 14.1 in controls. All control rats showed severe bone marrow aplasia,

sepsis and secondary leukemia, Present data demonstrated the protective effect of

O-PA.in rats recerving large doses of radiation or chemoterapeutic drugs.
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INTRODUCTION

Diverse investigations have postulated an important role of some oligoelements
such as Zine (Zn). Selenium (Se) and Manganese (Mn) in cellular resistance
against free radicals. suggesting a potential usefulness tor cancer prevention (1)
Se. Zn. magnesium and calcium show modulatory effects in experimental
carcinogenesis and many of these effects have also been reported in human
epideniiological studies (2). Tobey demonstrated thal preireatment with Copper
(Cu), Zn and Se induces an increase in the survival of normal cells challenged
with alkylating agents. while no protection is ohserved in tumor cells. Zn
enhanced from 7 10 9 fold the chemotherapeunie dose of melphalan to be applied
in pretreated versus non pretreated cultures and up to 16 times such dose when
associated with Se and Cu (3). Zn and Se are able 1o inhibit secondary
carcinowenesis produced by antineoplastic drugs emploved in human paticnis and
many organoselenium compounds are effective chemopreventive agents for
various chemically induced tumors in animal models {4). Mn acts in the
prevention of cell damage induced by oxidizing agents. particularly the superaxide
ion. It has been postulated that alteration in the regulation of manganese
superoxide dismutase (Mn SOD) plays a critical role in the development of many
tvpes of tumor (3). Also. many radioprotective drugs have been  providing
substantial protection against radiation damage. Gluiathion radioprotective action
is attributed to the «ipure of free radicals produced by ionizing radiation (6).
Besides, it has been demonstrated that phospholipase A, (PLA,), acls as an
effector system for certain enzymes as cyclo-oxigenase and lipooxigenase.
cyvtokines as tumor necrosis factor (TNF), interleukin-1 (IL-1) and interleukin-6
{IL-6) {7} and also produces histamine release from activated mast cells (8). I is
well known that one of the effects of histamine is the medulation of tumoral and
cellular immune response. in part through the stimulation of IL-6 production by B
cells (9), The objective of this work was to evaluate the wlerance induced by Zn.
Se and Mn plus PLA, (OP-A) to treatment with high doses of wnizing radiation
or chemwotherapeutic drugs.

MATERIALS AND METHOD

I vitro studies: cell caftares. Cell lines derived from human pancreatic
carcinoma (50J-6). and from normal mammary epithelium (HBL-100Y were
cultured in RPM1 1640, 10% FCS at 37°C ina 3% CO, humidified aimosphere.
Experimental protocol: Cells were seeded in 24 well plastic dishes and incubated
for 24 hs; afterwards. a proportion of the cultures was treated with freshly thawed
a-fluoruraci) {5-FU) in concentrations ranging from | to 100 pM and further
incubated for another 24 hrs. Then the overlaver medium was removed. the cell
monolavers were washed and a fresh complete medium was added. 48 hs later halt
of the cultures were trypsinized. viability assaved by Trypan Blue dye exclusion
and cells counted. Remaining wells were fixed and stained with O-toluidine Blue,
In identical parallel experiments, cell cultures were grown in complete medium
containing Zn. Se and Mn 10" g/l and phospholipase A, (FLA,) 10 g/l duning
the whole experimental period (96 hs). The treatment with 5-FU was performed
under the saome experimental conditions as mentioned above. Control culures
were prown in complete mediom. All experimental pomnts were performed in
gquadruplicate.

I viver stnilfes

Animals: Male Sprague-Dawley rats. inbred in our laboratory and weighing 3k0-




420 ¢ owere emploved. One bundred and twenty eight animals were used in the
chemotherapy experiments and ninety-six (%) for imadiation, Animals were Kept
im groups of 4 per cage. with water and food e libinem, temperature at 223300,
humidiey at roughly 56% and o 12 hours light evele. Body weight was monitored
every day

Treatments with chemotherapeditic drugs: For cviostatic tolerance studies, a
combination ol evelophosphamide. methotrexate and 3-fluoreracl (CME) was
given as a single intraperitoneal dose. The lowest CMF dose given, indicated as 2-
told. was caleulated by extrapolating the double value of that une used in human
patients: cvclophosphanide 304 mg"m'.. methotrexate 40 mg/m” and 3-tlucruraci
600 mgm (120 The range of emploved doses were multiples of the laiter and
woere indicated as: 2-, 4-, 10-, 12-, 14-. 16-. 18- and 20-fold. respactivcly.
Provectton witl oligaelements and plospholipase 4 30 Half of the rats (64, divided
in % rats each group) were daily treated (0.3 ml sc) with oligoelements Mn. Se and
Zn (1.5 up/Ke BW each) plus phospholipase A, (0.1 ny/Kg BW). Protective
treatment started 10 davs before CMF ip administration and continued for 70
davs. Each group received one dose of 2= 4= 10, 12, 14-, 16-, 18- and 20-fold
CMF. respectively, Comtreols: Sixty-lour rats divided in 8 groups were daily
treated (0.5 mil se) with NaCl 0%, Each group received one dose of 2-, 4, 10-,
13- 14-. 16-. 18- and 20-fold CMF, respectively.

Treatments with fowizing radiation. For onmzing radiation tolerance studies. a
range of whole body radiation doses from 2 1o 15 Gray was assayed. A '"Cs
source of 5.100 Ci (1.1x10"Bq.) (8.57 Gy/min), calibrated with o TLD 700
dosimeter. was utilized, Prevection with afigeciements and phospholipose 43
Halt of the rats (48, divided in 8 rans cach group) were daily treated with O-PA, as
above indicated, Protective treatment started 10 davs belore irradiation and
comtinued for 70 days. Each group received one dose of 2. 5, 8, 10, 12 or 15 Gray,
respectively.

Cuomtrody: Forty-eight rats (divided in 8 rats each pgroup) were daily treated (0.5 ml
sc) with NaCl 0.9%. Each group received one dose of 2, 5. 8. 10, 12 or 15 Gray.
Parameters recorded on in vive studies. a) LD sp deteemination: b) body weitshe,
cb  ehservation  of  collareral  mocroscopic effects; d) mecropsy . 2)
histapethological study of argans amd dssies. For histopathological stedies. all
animals were autopsied at the tume of death or at the end of the experiments (day
60" post=-CMF injection or irradiation). Viscera and the sixth dorsal vernicbrae
were removed and fixed in 10% formaldehyvde buffer. Specimens of lung. liver.
heart, kidney. spleen. genitalia and bone marmow were harvested for histological
studies, Tissues were embedded in paratfin and stained with hematoxylin-eosin,

RESULTS AND CONCLUSIONS

Resalts aof the tn vitre experimenis

In vitro experiments indicated than the eviostatic effeet of 5-FU was significantly
enhanced by O=1"A, pretreatment in transtormed cells: on the contrary. in normal
cells (-PA. exerted a protective effect with a significam decrease of toxicity.
Expusure of transformed and normal eells 1o dilferemt doses of 5-FU resulied ina
dose dependent evitotoxie effect, with un EC,, value of 542 pM. The combined
trestment with O-PA. produced an opposite response in transformed than in
normal cells, Addition of O-PA. o S00-6 cells enhanced the eyvtotoxic effect of 5-
FU showing an EC,, value for 3-FU when combined with O-PA, of 0.8£0.2 pM,
On the contrary, when normal HBL-100 cells were treated with 3-FLU in the
presence of (-PA., a protective efTect was observed indicating a sipnificant higher
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LEC,, value of 20 + 3 uM.
Resulfts of the in vive experinieits

Tideramee to chemotherapentic deimgs All parameters showed enhanced wlerince
o systemic CMEP treatment im0 O-PA, weated  groups. Results indicaed” a
significamly higher survival in protected versus non protected animals (p<i. 004,
logrank test). The groups weated with [4-. 16- and 18-fold CMF showed the most
signilicam  difference  vs  controls  (p<0.0064, p<0.0052 and p<0.0023,
respectively, Wilcoxon test). Results of LD, showed a significant increase of
tolerance to cytostatic drugs in O-PA, protected rats; the interpolated LD value
tor CMI in control rats was significantly lower than the value in rats protecied
with O-PA.: 14.1-fold versus 18.5-fold the basic CMF dose (p<0.01 Lifchicld-
Wilcoxon). With respect to body weight evolution. in batches receiving 2- 1o 10-
told basie CMF dose. O-PAL protected rats showed a significant higher increase in
whaole body weight than control animals (p=0.05 Hotelling's test). Collaeral
macroscopic elfects as nasal and gt hemorrhage. fur discoloration and hair loss
were  invariably milder in  prowected  baches compared 0 controls.
Histopathological results indicated marked differences between protected and
comtral rats: whereas at a 16-fold CMF dose. 80%% of control rats died of sepsis
and exhibited bone marrow aplasia, only 20% of protected s showed signs of
sepsis or aplasia. On the other hand. studies performed on surviving ras sacrificed
6l davs post-CMF imjection indicated that all control animals exhibited chronic
myelowd levkemia, In contrast. O-PA. treated rats showed normocellular or
slightly hypercellular bone marmow.

Twlerance to fonizing radiorion. Animals irradisted with B, 10 and 12 Gray
showed the most significant difference versus controls (p=0.0001. 0.013 and
00083 respectively. logrank 1est). Rms imadiated with 2 and 5 Gray did not show
significant difference. Results of LD, showed a significant increase of olerance
1o high irmadiation doses in O-PA, protected rats: the “LD,, value was 9.6 Gray in
protected rats versus 3.8 Gray in controls, {p<0.02. two way ANOVA). Similarly,
batches receiving 2 or 3 Gray indicated a significant increase in whole body
weight in O-PA, protected rats with respect to control animals (p=<0.05 Hotelling's
test). Macroscopic observation indicated that put hemorrhage was most severe in
control than in protected rats. Histopathological studies indicated that rats
radiated with 10, 12 and 15 Gray showed more severe generalized hemorrhape
and bome marmow aplasia than protected ones

The presemt studies clearly demonstrated a protective effect exerted by the
combination of oligeclements Mn. Se and Zn plus PLA, on in vive high-dose of
chemotherapeutic drugs and jonizing radiation. Furthermore, in vitee O-PA,
showed a different action between normal and transtormed cells.
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