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Antibodies against S100 protein applied in high and ultra-high dilutions possess neuro-
protective activity and maintain survival of neuroblastoma C-1300 cells under conditions
of oxygen and glucose deprivation. The examined antibody preparations stimulated diffe-
rentiation in neuroblastoma culture thereby demonstrating pronounced neurotrophic activity.
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A large body of investigations focused on the ef-
fects produced by extremely low doses of antibo-
dies against bioactive chemicals promoted the de-
velopment of a new class of therapeutic prepara-
tions [3]. For example, antibodies against S100
protein in ultra-low doses exhibit anxiolytic and
antidepressant activity [2]. In addition, they dem-
onstrate neuroprotective properties in experimental
ischemic damage to the brain [1].

Transplantable cultures of human and animal
neuroblastoma are widely employed to examine the
mechanisms of action of various damaging factors
such as glutamate toxicity, oxidative stress, and
oxygen-glucose deprivation. In addition, they are
used for the search for substances with neuropro-
tective properties.

Our aim was to study the effects of prepara-
tions based on high and ultra-high dilutions of an-
tibodies against S100 protein in C-1300 neuroblas-
toma culture subjected to oxygen-glucose depriva-
tion (OGD).
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MATERIALS AND METHODS

The experiments were carried out on C-1300 mouse
neuroblastoma obtained from Institute of Human Mor-
phology (Russian Academy of Medical Sciences).
The cells were cultured at 36°C in a CO,-incubator
(5% CO,, 80% humidity) in DMEM supplemented
with 5% FCS, 50 U/ml penicillin, and 50 pg/ml strep-
tomycin. The medium was changed every 2-3 days.

The study used preparations based on ultra-
high dilutions of antibodies against S100 protein
prepared using routine homeopathic technique (C6,
C1000, and C12+C30+C200 mixture) and potenti-
ated water in the same dilutions.

For evaluation of the effects of the above pre-
parations on cell differentiation, the neuroblastoma
cells were transferred to 24-well culture plates
(5000 cells in 1 ml) in standard medium. After 24
h, the medium was replaced with a medium con-
taining 2% serum. The test substances (or potenti-
ated water) were added to the wells in 20 pl ali-
quots (2 wells for each agent); 20 ul medium was
added to control cultures.

The cells were cultured for 4 days; thereafter
the numbers of differentiated and undifferentiated
cells were counted under an inverted Biolam-1 mi-
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croscope (LOMO) at x200. The cells were counted
in 4 visual fields for each substance (~200 cells per
a well). By definition, differentiated cells had pro-
cesses with a length of no less than 2 cell diameter
or more than 2 processes. Counting was performed
rapidly to prevent changes in medium pH and tem-
perature.

To study the effect of the test preparations on
survival of neuroblastoma cell subjected to OGD,
the medium was replaced with RPMI with the same
admixtures in two last passages before testing. The
cells were transferred into 24-well plates (20,000
cells in 3 ml per a well) into RPMI medium with
admixtures, but without glucose, which was preli-
minary aerated with oxygen-free gas mixture (95%
N,, 5% CO,, 1.5-2 h for 50 ml medium). The exa-
mined preparations (20 ul per well) were added si-
multaneously with the cells. The plates were pla-
ced for 20 h in a sealed chamber filled with the
same gas mixture. The control cultures remained in
the CO,-incubator in standard RPMI medium con-
taining glucose and all necessary admixtures.

In a special series of experiments, antibodies in
C6 dilution were added to the culture for 20 h be-
fore hypoxia. During OGD, some cultures were
maintained in the above-mentioned medium with
antibodies, while others were placed into the anti-
body-free medium.

After 20 h, the numbers of live and dead cells
were counted under an inverted microscope [8]. To
this end, the medium in plates was replaced with
0.2% trypan blue on Hank’s solution and the plates
were placed for 5 min into CO,-incubator. Then the
dye was replaced with Hank’s solution. The count
of live and dead (colored) cells was performed in
no less than 5 visual fields (200 cells on average).

The data were analyzed statistically using Ori-
gin 7.5 software and Student’s ¢ test.

RESULTS

OGD modeled in vitro in the transplanted cultures
or in primary neuron cultures is a widely used mo-
del of brain ischemia. In various papers, the dura-
tion of hypoxia varied from 3-4 h to several days,
which can be explained by different sensitivity of
cultures and by specificity of methods used to re-
cord the examined effects. For example, assessment
of cell survival in various neuroblastoma lines sub-
jected to near-hypoxic oxygen deficiency showed
that SK-N-DZ cells died after 24 h, SH-SYS5Y cells
lived for 4 days, while SK-N-AC could withstand
hypoxia for 12-14 days [5]. Glucose deficiency in
culture media potentated the effects of hypoxia
[13]. In preliminary experiments, we determined
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Fig. 1. Neuroprotective effects of ultra-low doses of antibodies
against S100 protein in C-1300 neuroblastoma culture subjected
to OGD. 1) 20 h OGD, culturing without antibodies; 2) OGD in the
presence of antibodies in C1000 dilution; 3) OGD in the presence
of potentiated (C1000) water ; 4) OGD in the presence of antibodies
C12+C30+C200; 5) OGD in the presence of potentiated water
C12+C30+C200. Here and in Figs. 2 and 3: the mean data were
calculated from independent experiments (n=4). *p<0.05 compared
to cultures incubated without antibodies.

the exposure period necessary to reveal OGD ef-
fects in C-1300 neuroblastoma culture. To this end,
we changed the exposure time from 1 to 24 h. The
most clear and reproducible results were obtained
in cultures subjected to OGD for 20 h, which can be
explained by relative tolerance of neuroblastoma cells
used in this study. These data agree with those ob-
tained in human neuroblastoma line [8,15].

In this series, cell survival in control cultures
attained 85-90%. By contrast, a great percent of
cells died in cultures subjected to OGD (Fig. 1).
The number of survived cells depended on the ini-
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Fig. 2. Neuroprotective effects of antibodies against S100 protein
in high dilution (C6) in C-1300 neuroblastoma culture subjected to
OGD. 1) 20 h OGD, culturing without antibodies; 2) OGD in the
presence of antibodies; 3) 20 h culturing with antibodies before
OGD and without antibodies during OGD; 4) 20 h culturing with
antibodies before and during OGD.
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Fig. 3. Stimulation of neuroblast differentiation in C-1300 neuro-
blastoma culture by ultra-low doses of antibodies against S100
protein. C) control culture; 1) culturing in the presence of antibodies
(C6 dilution); 2) antibodies in C1000 dilution; 3) C12+C30+C200;
4) culturing in the presence of potentiated water; 5) potentiated
water C12+C30+C200.

tial state of the culture and was 14-20%, therefore
each series included the corresponding control.

All examined dilutions of antibodies signifi-
cantly increased survival of neuroblastoma cells
subjected to OGD (Figs. 1, 2). These effects were
comparable to the action of vascular endothelial
growth factor, whose neuroprotective effect is com-
prehensively examined on neuroblastoma culture
[8]. Potentiated water produced no effect (Fig. 1);
hence, the neuroprotective effects was produced by
antibodies in high dilutions.

In a special series of experiments, antibodies in
C6 dilution were added to standard medium 1 day
before OGD (Fig. 2). The neuroprotective effect was
observed in all cases, and was most pronounced when
antibodies were present in the medium both before
and during OGD (Fig. 2). The fact that antibodies
present in the culture media only during the period
preceding OGD still promoted cell survival attests
to long-term protective action of the drug.

A large body of research demonstrated a cor-
relation between hypoxia and the degree of cell
differentiation in neuroblastoma. Clinical studies
showed that the number of undifferentiated cells
increases in solid neuroblastoma regions where vas-
cularization is poor or absent, and this phenome-
non is closely related to tumor malignancy [4,8,
9,14]. Hypoxia belongs to factors capable to induce
in vitro cell differentiation in neuroblastoma cul-
tures [5,7]. Oxygen deficiency directly affects activity
of genes responsible for differentiation of neuroblasts
[12,14]. The factors stimulating differentiation of
neuroblasts exhibit also protective properties during
hypoxia and other adverse exposures [7].
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C-1300 neuroblastomacells used in this study
can differentiate spontaneously. Under normal con-
ditions, the culture contains about 25% cells with
morphological signs of differentiated neurons. Exa-
mination of cultures subjected to OGD revealed the
absence of the cells with projections, while cultures
protected with ultra-low doses of antibodies con-
tained differentiating neuroblasts. In a special ex-
perimental series, we analyzed neuritogenic activi-
ty of the test preparations. All three preparations
significantly increased the number of differentiated
neurons in neuroblastoma culture. At the same
time, the effects of potentiated water did not differ
from the control (Fig. 3).

Thus, all examined preparations of antibodies
against S100 protein used in ultra-low doses dem-
onstrated both the neuroprotective and differentiat-
ing (neuritogenic) effects in C-1300 neuroblastoma
culture. It is noteworthy that S100 protein isolated
from the brain also possesses neurotrophic activity
and promotes survival of neurons and differentia-
tion of neuroblasts [6,11]. Therefore, the effects of
low doses of antibodies against S100 are similar to
those exerted by the protein itself.
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