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ABSTRACT: Despite global immune system abnormalities in the autoimmune deficiency syndrome, the inci- 
dence of only a few tumor types increases; and the degree of immunosuppression does not seem lo be critical in 
the development of these tumors, indicating that the immune system does not prevent lumor development. Conse- 
quently. k a u s e  tumors do not develop in most individuals, other defense systems Inay exist. We demonstrated 
previously that I3 substances in the circulatory system acting synergistically induced apoptosis in virro and in 
vivo in different tumor cell lines. but not in nomrnl cells and animals. We investigated another 17 compounds and 
five ions in the circulatory system to determine their participation in the defense provided by the 13 substimces. 
Three of the 17 substances but no ions had a potenliating efrect on the mixture of substances used previously. The 
new 16-component mixture suppressed in vitro growth of six human and murine tumor cell lines, including mul- 
tidrug-resistant tumor cells, without cytotoxic effects in two normal cell lines. The selectivity also was demon- 
strated hy investigating the mixture's effect over tjrnz on lumor and nunnal cell srowth. 

KEY WORDS: immune system in  AIDS, Passive Antiturnor Defense System (PADS), human and murine cell 
lines, normal and tumor cells, rnultidrug resistance, in vilro. 

INTRODUCTION 

In a previous report,( we presented a hypothesis 
about the existence of a Passive Antitutnor Defense 
System (PADS), which is supported by many cpi- 
demiologic and clinical observations as well as other 
literary data. It is well known that full-blown autoim- 
mune deficiency syndrome (AIDS) is associated with 
substantial loss of virtually all cellular and humoral 
immune responses.?" The degree of that is well 
demonstrated by rejection-free renal graft survival in 
a patient with AIDS, despite the significant and pro- 
longed withdrawal of the usual immtu~osuppressive 
agents.' According to our speculation, the incidence 
of all tu~nors should increase in patients with AIDS 
bemuse of the global defects of the known immune 
system if the known immune system were the only 

mechanism that prevented tumor development. How- 
cvcr, contrary to expeclalions, the incidence of only 
some tumors, mainly Kaposi's Sarcoma (KS) and 
non-Hodgkin's lymphoma (NHL), has significantly 
increased.k9 Considering that large differences in 
tumor incidence are seen between hon~osexual a ~ d  
heterosexual, hetnophilic, and injection drug user 
AIDS and thi~t an increased incidence of 
KS and NHL has not yet been described in children 
with AlDS,I2 we can state that even in the case of the 
previously mentioned tumors the reason for the high 
incidence is not a defective immune mechanism, but 
other factors.'O Considering similar observations 
made in the case of other immune deficiency disease 
(e.g., lepmmatous leprosy)'3,'4 or in immunosup- 
pressed patients (usually transplant re~i~ients) , ' . '~ . '~  
the known immune system has no absolute role in 
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the mechanism preventing tumor development. This 
statement is further supported by numerous other 
observations.' 

Accepting this reasoning, the fact that tumors do 
not develop in most individuds during their lifetimes 
raises the possibility of the existence of other defense 
system(s). 

Evidently. the components of a general defense 
mechanism ("surveillance") must be in the circulatory 
system. It is well known that different substances in 
the circulatory system (e.g., amino acids, monosac- 
charides, nucleobases, vitamins, membrane perme- 
able intermediates of the cell metabolism) can enter 
normal and tumor cells. Their uptake by normal cells 
is regulated, but the uptake of most of these sub- 
stances by tumor cells is increased, unregulated, w d  
propostional to their availability.lGz2 These observa- 
tions are well known, widely accepted, and what is 
more, some techniques of tumor detection (e.g., 
positrvn electron tomography) use this feature of can- 
cer c e l ~ ~ ? ~ - ~ ~  

According to our hypothesis, the increased, 
unregulated uptake of substances in question may be 
fatal for tumor cells, when there are sufficient quanti- 
ties of the substances in their environment. It can be 
assumed that some of these substances may be toxic 
for cancer cells and can kill them if their concentra- 
tions reach high levels in the cells. 

It is our assumption that this happens with 
increasing tumor cells in most individuals during their 
lifetimes if the number of tumor cells is not too high 
(absence of strong carcinogenic effects) or the con- 
centrations of the required substances are not too low 
(healthy subjects, balanced food intake). Otherwise, 
the number of increasing tumor cells can exceed a 
critical value (critical cell number), above which cell 
division overcompensates for cell death caused by 
these substances, and it is most likely that a tumor 
develops. The killing of tumor cells in the living sys- 
tem by the substances in question forms the Passive 
Antitumor Defense System (PADS). 

On the basis of this hypothesis, of 71 compounds 
investigated we selected 13 substances in the circula- 
tory system; mixture of these substances had a signifi- 
cant toxic effect on various tumor cell lines in virro 
and in vhlo, but it had no toxic effect against normal 

cell line in vitro or in animals in vi~o.~"he mixture 
of the compounds induced apoptosis of tumor cells 
but not of normal cells, as reported previ~usly?~ It is 
important to note that when the substances were indi- 
vidually applied the components of the mixture did 
not cause apoptosis, which demonstrates the synergis- 
tic action of the components. 

To further increase our knowledge of this defense 
system, we studied another 17 compounds and five 
ions of the circulatory system that were not included 
in the previous studies to determine if they can poten- 
tinte the selective tumor destructive effect of the 13- 
component mixture. In this paper, we provide 
evidence that three of the 17 substances have a poten- 
tidting effect on the 13-component mixture. The new 
16-component mixture could suppress the iiz vitro 
growth of various human and murine tumor cell lines, 
including multidrug-resistant tumor cells, without any 
toxic effect on normal cells. 

MATERIALS AND METHODS 

Materials 

Adenine, L-arginine, L-phenylalanine, L-histidine, 
L-tryptophan, L-tyrosine, L-methionine, 2-deoxy-D- 
ribose, L(-) malic acid, d-biotin, pyridoxine, 
riboflavin, L-ascorbic acid sodium salt, D(+)-man- 
nose, N-acetyl-D-gluwsamine, rr1y1.u-inositol, D(+)- 
glucosamine, VL-6,8-thioctic acid, glutathione, taurine, 
and sodium bicarbonate (all cell culture-tested bio- 
chemicals) were purchased from Sigma-Aldrich Co. 
(Budapest, Hungary). Dulbecco's modified Eagle's 
medium, RPMI-IMO, trypan blue, 3-(4,5-dimethylrhi- 
azol-2-yl)-2,5-diphenyltetrazolium bromide ( M m ,  
folic acid, hypoxanthine, D-pantothenic acid hemical- 
cium salt, orotic acid monosodium salt, hippuric acid 
sodium salt, ;~llantoin, L(-) fucose, betaine, levulinic 
acid, propionic acid sodium salt, and catalase (No. C- 
40) also were purchased from Sigma-Aldrich Co. 
Amino Acid Kit (AS-30), nicotinamide, and thiamin 
hydrochloride were obtained from Serva Feinbio- 
chemica GmbH & Co. (Heidelberg, Germany), suc- 
cinic acid disodium salt, D(-)-ribuse from FLUKA 
AG (Buchs, SG, Switzerland), and fetal calf serum 



from Sebak GmbH (Aidenbach, Germany). All other 
chemicals were of the purest grade available from 
Reanal Finechemical Co. (Budapest, Hungary). 

Tumor Cells and Culture 

The Sp210-Ag14 mouse myeloma, the EL4 
mouse lymphoma, the A20 mouse B cell lymphoma, 
and the Jurkat human acute T cell leukemia cell lines 
were kindly provided by Prof. Dr. Piter Nkmeth 
(Department of Immunology and Biotechnology, Uni- 
versity Medical School of Pks). The Hep G2 human 
hepatocellular carcinoma, the MCF7 human breast 
adenocarcinoma, the LLC-MK, rhesus monkey 
(Macaca mularta) kidney cell lines, and the MDCK 
canine (Canis familiaris) kidney cell lines were gen- 
erously provided by Prof. Dr. Jdlia Szekeres (Depart- 
ment of Microbiology, University Medical School of 
Pkcs). The MCF7IADR Adriamycin-resistant human 
breast cancer cell linez8 was kindly supplied by Dr. 
Endre Kblmh (Department of Pathology, University 
Medical School of Pkcs). The Sp210-Ag14, EL4, A20, 
Jurkat, MCF7, and Hep G2 cells were cultured in 
RPM1 1640 medium containing L-glutamine (2 mM), 
penicillin (100 Ulml), streptomycin (100 pglml), and 
10% fetal calf serum. The MCFIIADR, MDCK, and 
LLC-MK2 cells were grown in Dulbecco's modified 
Eagle's medium containing 10% fetal calf serum. The 
cells were incubated in a humidified atmosphere of 
5% CO2 at 37" C. All cell lines were free of 
Myroplasma. 

Cytotoxicity Assay 

Toxicity was assessed by adding the tested com- 
pounds dissolved directly in the applied medium in 
the indicated concentrations specified under figures to 
cultures in 96-well microplates. In the case of Sp210- 
Ag14, EL4, A20, and Jurkat cell lines, the logarithmi- 
cally growing cells were harvested froni the medium 
and resuspended to a final concentration of 4 X 104 
cells of Sp210-Ag14, EL4, Jurkat, and 2 X 104cells of 
A20 in 250 pl appropriate medium per well contaio- 
ing the tested materials in the indicated concentra- 
tions. In the case of MCR,  MCmIADR, Hep G2, 

MDCK, and LLC-MK2 cell lines, the cultured cells 
were harvested from 75% confluent tissue culture 
flasks with 0.2% trypsin and 0.025% verseue solution 
and resuspended in the appropriate medium at a den- 
sity of 105 cellslml. Aliquots (100 p1) were dispensed 
into 96-well microplates, made up to 250 p1 wlth the 
appropriate medium, and incubated for 24 hr. The 
medium then was gently discarded and replaced with 
250 pl fresh medium containing the tested compounds 
in the indicated concentrations. All cells were allowed 
to proliferate for 48 hr. 

The number of viable Sp210-Ag14, ELA, A20, 
and Jurkat cells then was counted microscopically 
with the trypan blue dye exclusion method. 

The viability of MCF7, MCF71ADR. Hep G2. 
MDCK, and LLC-MK2 cells was assessed with the 
MTT calorimetric assay.z9 Because of the disturbing 
effect of the tested compounds, the modified assay 
was used.""n brief, after a 48-hr incubation the 
medium was removed from the wells and the cells 
were washed with sterile PBS. To the cells in each 
well was added 50 p1 of a 5 mglml sterile filtered 
solution of MTT in the applied medium. After incu- 
bating the plate for 4 hr in 5% CO2 at 37" C, the 
untransformed M'IT was removed from the wells and 
the cells were washed with PBS. In all cases, the addi- 
tion and removal of solutions were performed care- 
fully so as not to disturb the attached cells. Then 50 kl 
isopropanol was added to all wells and thoroughly 
mixed to solubilize the formazan crystals. The quan- 
tity of formazan product formed was assessed by its 
absorbance at 550 nm on a Dynatech MR7000. 
Peripheral wells of each plate were utilized for blank 
(n = 3) background determinations. Background val- 
ues were subtracted from each reading. The results 
were expressed for all cell lines as the percentage of 
the untreated control systems. All values are 
expressed as the mean 2 the standard emor of the 
mean (SE). 

Statistical Analysis 

The two-tailed Student's t test was used to deter- 
mine the statistical significance of any changes 
observed. 
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RESULTS 

Investigation of the Potentiating Effect 
of  17 C O ~ D O U ~ ~ S  in the Circulatorv 
System on the Five-Component - 
Active Mixture Mediated Inhibition 
of Sp2/0-Ag14 Mouse Myeloma Cell 
Growth 

To investigate the potentiating effect of another 
17 compounds of the circulatory system, we used the 
same method and the same five-component mixture 
(referred to as the active mixture) that had been used 
earlier when the 66 compounds of the circulatory sys- 
tem were tested.26 The composition of the five- 
component mixture is shown in Figure 1. Of the 17 
compounds studied (5 lnM taurine, 5 mM adonitol, 5 
mM D(+)-mannose, S mM myo-inositol, 5 mM N- 
acetyl-o-glucosamine. 5 mM allantoin, 5 mM 
L(-)fucose, 5 mM hippuric acid sodium salt, 2.5 mM 
glutathione, 2.5 mM betaine, 2.5 mM levulinic acid 
sodium salt, 1 mM orotic acid sodium salt, 1 mM 
D(+)-glucosamine. 0.5 mM propionic acid sodium 
salt, 0.03 m M  DL~,X-thioctic acid sodium salt, 0.025 
mM guanosine-S'-triphosphate sodium salt. and 0.01 
mM adenosine-5'-hiphosphate disodium salt), three 
(D(+)-mannose, orotic acid, and hippuric acid sodium 
salt) were found to significantly potentiate (P < ,001, 
for D(+)-mannose and hippuric acid sodium salt, and 
P < .O1 for orotic acid sodium salt) the effect of the 
five-component mixture (Figure 1). When the sub- 
stances were used individually at the indicated con- 
centration, none decreased cell proliferation (data not 
shown), because we determined the nontoxic amount 
of the individual substances in preliminary experi- 
ments and used them in this experiment in that non- 
toxic concentration. 

Effect of Active Mlxtures Containing 16 
or 13 Components on the Survival 
of  Sp2/0-Ag14 Mouse Myeloma Cells 
Compared to Control Mixture 

Figure 2 shows that the 16-component active 
mixture (solid circles) containing orotic acid sodium 
salt, hippuric acid sodium salt, and D(+)-mannose in 
addition to the 13-component active mixture had a 
higher toxic effect on the Sp210-Ag14 cell l i e  than 
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FIGURE l. Effect of the indicated amount of 
various molecules occurring in the circulatory 
system on Sp210-Agl4 mouse myeloma cells 
in combination with a mixture containing 0.375 
mM L-tryptophan, 1.5 mM L-tyrosine, 0.56 mM 
L-methionine, 3.75 mM L(-)malic acid diso- 
dium salt, and 0.3 mM L-ascorbic acid sodium 
salt. The concentrations are given as final 
concentrations in a well. The molecules (bold- 
face) potentiated the effect of this mixture sig- 
nificantly. The cell cultures and cytotoxicity 
assay were made as described in Materials 
and Methods. The results are expressed as 
percentage of untreated cells. The values are 
mean i. SE (bars) for three independent 
experiments. * and " significantly different 
from effect of mixture containing five compo- 
nents with P c .O1 and P < ,001, respectively. 

the 13-component active mixture (solid squares). 
However, the 16-component control mixture (solid 
triangles) was not cytotoxic to the Sp210-Ag14 cells. 
The compositions of the different mixtures are shown 
in Figure 2. 
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FIGURE 2. Comparison of the effect of differ- 
ent amounts of the 16-component control mix- 
ture (solid triangles) and active mixtures 
containing 16 (solid circles) or 13 components 
(solid squares) on the growth of Sp210-Ag14 
mouse myeloma cell line. The dilution of the 
mixtures is expressed in percentage. The 100% 
16-component control mixture (solid triangles) 
contained 5 mM succinic acid disodium salt, 2.5 
mM L-serine, 2.5 mM L-asparagine, 2.5 mM L- 
valine, 2.5 mM D(-)ribose, 2 mM L-alanine, 0.75 
mM glycine, 0.5 mM L-proline, 0.5 mM thiamin 
hydrochloride, 0.5 mM niacin, 0.3 mM folic acid 
sodium salt, 0.2 mM hypoxanthine, 0.003 mM D- 

pantothenic acid hemicalcium salt, 5 mM 
~(+)glucose, 5 mM betaine hydrochloride, and 1 
mM uracil. The 100% active mixture with 13 
components (solid squares) contained 5 mM 
L(-)malic acid disodium salt, 2.5 rnM L-pheny- 
lalanine, 2.5 mM L-arginine hydrochloride, 2.5 
mM L-histidine, 2.5 mM 2-deoxy-D-ribose, 2 mM 
L-tyrosine, 0.75 mM L-methionine, 0.5 mM L- 

tryptophan, 0.5 mM d-biotin, 0.5 mM pyridoxine 
hydrochloride, 0.3 mM L-ascorbic acid sodium 
salt, 0.2 mM adenine hydrochloride, and 0.003 
mM riboflavin. The 100% active mixture with 16 
components (solid circles) contained the former 
13 substances plus 5 mM  mannose nose, 5 mM 
hippuric acid sodium salt, and 1 mM orotic acid 
sodium salt. The concentrations are given as 
final concentrations in a well. The cell cultures 
and cytotoxicity assay were made as described 
in Materials and Methods. The results are 
expressed as a percentage of untreated cells. 
The values are mean 2 SE (bars) of three inde- 
pendent experiments. 

Investigation of the Potentiating Effects 
of Various Ions of the Circulatory System 
on the 16-Component Active Mixture 
Mediated Inhibition of Sp210-Ag14 Mouse 
Myeloma Cell Growth 

- 3*e~epotent~n~ffectofdifferentio~ 
(Fe3+. Cu2+, Zn2+, Cr3+, SeO?-), the concentration 
of components of the 16-component active mixture 
was set to 404 of their highest concentratio~i used in 
the previous experiment. The 40% 16-component 
active mixture (Figure 3) decreased the cell number to 
41.6 ? 2. l % compared with untreated cells (Figure 3). 
In h e  experiments, the sulfate, chloride, or sodium salt 
of the above ions were used (FeCI,, CuSO,, ZnCI,, 
CrCI,. Na2Se0,), and sulfate. chloride, or sodium as 
counterions did not influence the effect of the active 
~n ix tu re .~~The  final concentration of the salts in a well 
was set to 20 vM, taking their mean physiologic con- 
centrations into con~ideration?~ Of the ions studied, 
only Cu2* had a significant potentiating effect (P < 
.001) on the 16-component mixture (Figure 3). Cu?+ 
alone (i.e.. without the active mixture) in the indicated 
concentration did not affect the cell number. However, 
the 40% 16-component acrivc mixturc and the Cu2+ 
together decreased the cell number to 12.1 f 1.3% 
compared with untreated cells (Figure 3). This effect 
could be prevented co~npletely (data not shown) by 
catalase (Sigma, (2-40; 2000 Ulml). On the other hand. 
the Cu2+ could not potentiate the effect of the active 
mixture when the mixture did not confain ascorbate 
(data not shown). 

Comparison of the Effect 
of the 16-Component Active Mixture 
and 16-Component Control Mixture 
for Eight Established Cell Lines 

The 16-component active mixture (solid circlesj 
had a significant cytotoxic effect on all cell lines 
except the LLC-MK, and MCDK normal lines (Fig- 
ure 4). The degree ofcell death was especially high in 
the A20 and EIA lymphoma cell lines. These cell 
lines were so susceptible to the active mixture that 
even the 60% mixture killed all the cells. The active 
mixture was also effective against both the MCF7 
human breast adenocarcinoma and its Adriamycin- 
resistant version, the MCF7IADR cell line. Prolifera- 
tion of the LLC-MK, normal cells wac only slightly 
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FIGURE 3. The effect of different ions of the 
circulatory system in 20 FM concentration on 
Sp2J0-Ag14 mouse myeloma cells in combina- 
tion with the 40% 16-component active mixture. 
The 40% active mixture contained 2 mM 
L(-)malic acid disodium salt, 2 mM   ma man- 
nose, 2 mM hippuric acid sodium salt, 1 mM L- 
phenyialanine, 1 mM L-arginine hydrochloride, 1 
mM L-histidine, 1 mM 2-deoxy-D-ribose, 0.8 mM 
L-tyrosine, 0.4 mM omtic acid sodium salt, 0.3 
mM L-methionine, 0.2 mM L-tryptophan, 0.2 mM 
d-biotin, 0.2 mM pyridoxine hydrochloride, 0.12 
mM L-ascorbic acid sodium salt, 0.08 mM ade- 
nine hydrochloride, and 0.0012 mM riboflavin. 
The concentrations are given as final concentra- 
tions in a well. The cell cultures and cytotoxicity 
assay were made as described in Materials and 
Methods. The results are expressed as the per- 
centage of untreated cells. The values are mean 
i SE (bars) of three independent experiments. 
" significantly different from effect of 40% 16- 
component active mixture with P < ,001. 

decreased by the active mixture compucd to the 
untreated cells. No difference was observed in the 
MCDK normal cel l  line between the active mixture 
and the control mixture. The 16-component control 
mixture (solid triangles) uTas not cytotoxic to any cell 
lines at any dose. 

Demonstration of the Selective Effects 
of 16-Component Active Mixture 
on VariousTumor and Normal Cell 
Lines by  Photographs Using the MTT 
Colorimetric Assay 

The results of MTT colorirnetric assay demon- 
strate (Figure S) the selective cytotoxic effect of the 16- 
component active mixture on Hep G2 and MCF7 tumor 
cells compared to LLC-MKZ and MDCK nomlal cells. 
The number of surviving tumor cells greatly decreased 
as the amount of the active mixture increased (the 
intensity of the purple color that can be seen as black 
on the photographs decreased as the cells died because 
the formazan dye is  produced only by living cells), but 
the control ~ x t u r e  had no effect on the number of cells 
(the intensity of the black color was essentially the 
same in the wells containing the cells treated by the 
control mixtures as in the wells containing the 
untreated cells). Compared to tumor cells, the active 
mixture (lid not have a toxic effect on any normal ce l l  
lines (Figure 5). Only in the case of the LLC-MK2 cell 

line, a slight difference was observed between the color 
intensity of the wells containing cells treated by 100% 
active or 100°/c control mixture. To avoid the "edge 
effect," the peripheral wells of each plate contained 
only medium without cells. 

Comparison of the Effect 
of l 6-Component Active Mixture 
and Control Mixture as a Function 
of Time on the Growth of Eight 
Established Cell Lines Compared 
to Untreated Cells 

In this experiment, the viable cells were 
detected microscopically with the trypan blue dye 
exclusion method (A20, EL4, Jurkat) or by the MTT 
colorimetric assay (Hep G2, MCF7, MCF7/ADR, 
LLC-MK,, MDCK) depending on the cell types 
after being cultured [or 6, 12, 24, 36, or 48 hr. The 
numbers of untreated cel ls (solid squares) and cells 

treated with the control mixture (solid triangles) 
increased in the case of every cel l  line (Figure 6). 
The number of LLC-MK2 and MCDK normal cells 
treated with the 16-component active mixture (solid 
circles) also increased; only the rate of proliferation 
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FIGURE 4. Comparison of the effect of dif- 
ferent amounts of lbcomponent active mix- 
ture (solid circles) and 16-component control 
mixture (solid triangles) on the growth of vari- 
ous normal (LLC-MK2, MDCK) and tumor cell 
lines (A20, EL4, Jurkat, Hep G2, MCF7, 
MCF7lADR). The dilution of mixtures is 
expressed as a percentage. The composition 
of 100% 16-component control mixture and 
100% 16-component active mixture is shown 
in Figure 2. The cell cultures and cytotoxicity 
assay were made as described in Materials 
and Methods. The results are expressed as 
percentage of the untreated systems. The val- 
ues are mean 2 SE (bars) for three (A20, EL4, 
and Jurkat cells) or five (Hep G2, MCF7, 
MCF7/ADR, LLC-MK, and MDCK cells) inde- 
pendent experiments. 

was slightly lower than in the case of the control 
mixture or untreated cells. This indicates that the 
active mixture did not have a toxic effect on normal 
cells. In contrast with normal cells, a large number 
of tumor cells was destroyed by the 16-component 
active mixture (solid circles) during the 48-hr incu- 

bation period and the number of all types of tumor 
cells decreased compared to the starting value (Fig- 
ure 6). This experiment, like the previous one (Fig- 
ure 4), also demonstrated that the A20 and EL4 
lymphoma cell lines were highly susceptible (more 
so than the other cell lines) to the effect of the active 
mixture, because all the cells were killed after 12 
hours of incubation. 

DISCUSSION 

We demonstrated previously26 that the mixture of 
13 substances selected experimentally from 71 sub- 
stances in the circulatory system had significant toxic 
effect on various tumor cell lines in vitro and in ~,ivo, 
but the mixture had no toxic effect against a normal 
cell line in vitro or animals in vivo. According to our 
hypothesis,' these substances acling synergistically 
can continuously destroy a certain number of tumor 
cells in the living system. That action is called PADS. 

In testing another 17 compounds in the circula- 
tory system as described in Results, we found three 
additional substances, D(+)-mannose, orotic, and hip- 
puric acid sodium salt, h a t  are pan of the defense sys- 
tem (Figurc I). Because the concentration of these 
substances was ineffective when they were used 
singly in the same concentration, the observed poten- 
tiating effects was in all cases the result of a synergis- 
tic interaction among h e  substances. 

To demonstrate in another way that the three 
substances could have a role in the defense mecha- 
nism, the Sp210-Ag14 cell line was exposed to the 
effects of both of the 16- and 13-component active 
mixtures. Submitting the cells to any amount of the 
16-component active mixture led to increased cell 
mortality compared to the cells treated with the 
same percentage of the 13-component active mix- 
ture (Figure 2). 

We used the control mixture in all experiments. 
The components of the control mixture were selected 
from those substances in the circulatory system that 
were found ineffective in our previous experiments2" 
(Figure 1) to potentiate the cell-killing effect of the 
five-component active mixture. The control mixture 
also contained amino acids, vitamins, and nucle- 
obases, in the same dilution as the corresponding 
active mixture. The osmolarity of the control mixture 
and the active mixture was the same. Thus, the possi- 
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FIGURE 5. Comparison of the effect of different amounts of 16-component active mixture and 16- 
component control mixture compared to untreated cells (UT) in the case of normal (LLC-MK2 and 
MDCK) and tumor (Hep G2 and MCF7) cell lines by the MTT colorimetric assay. The dilution of mix- 
tures is expressed as a percentage. The composition of 100% mixtures is provided in Figure 2. The 
cell cultures and the M T  colorimetric assay were made as described in Materials and Methods. 

bility that the measured effect in the experiments was 
a result of an osmotic effect, a specific overload of 
nutrients, an amino acid imbalance, or ammonium 
toxicity could be excluded. Because the control mix- 
tures contained 16 components in this experiment 
(Figure 2),  it can also be excluded that the difference 
between mixtures containing 13 or 16 compounds 
was caused by increased osmolarity. 

The components were used in 100% active mix- 
tures in concentrations that did not decrease the cell 
number compared to untreated cells when they were 
used individually. Thus, it can be stated that the cell- 
killing effect of the 16-component active mixtures 
was not caused by the individual toxicity of any com- 
ponents, but rather by the synergistic interaction of 
the substances. 

As described in Results, only the CuZ+ ion could 
potentiate the effect of the 16-component active mix- 
ture (Figure 3). The observation that the effect 
attained by CuZ+ could be prevented by catalase 
shows that the measured synergistic cytotoxic activity 
was due to H202 formation and that this H,02 was 
produced outside the cells, in the medium only. It fol- 
lows from this that CuZ+ is not likely to play a role in 
the defense system under physiologic conditions. It 
has been reported previously"-33 that the simultane- 
ous presence of Cu2+ ions and ascorbate led to the 
formation of HzO,. Our findings can be explained by 
this observation because the potentiating effect of the 
CuZ+ ions could be prevented by omitting the ascor- 
bate from the active mixture. Using the ascorbate-free 
active mixture, the catalase did not have a preventive 










