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Antibodies to S100 proteins have anxiolytic-like
activity at ultra-low doses in the adult rat

Vincent Castagne, Martine Lemaire, Irina Kheyfets, Julia L. Dugina,
Svetlana A. Sergeeva and Oleg I. Epstein

Abstract

S100 proteins are small calcium-binding proteins interacting with numerous intra- and extra cellular
targets involved in diverse physiological functions. In particular, S100 proteins may be involved in
the regulation of anxiety-related behaviour. In the present study, the effects of affinity-purified
antibodies to S100 proteins administered orally at ultra-low doses were evaluated in pre-clinical
tests for anxiolytic-like activity in the adult rat. In the Vogel conflict test in the rat, antibodies to
S100 proteins increased punished drinking (anti-conflict effect) at 5 and 7.5mLkg™", but not at
2.5 or 10mLkg™". Antibodies to 5100 proteins increased the percentage of entries into the open
arms of an elevated plus-maze at 10mL kg'1, but not at lower doses. Taken together, these results
indicate the presence of anxiolytic-like activity for antibodies to S100 proteins over the dose range
5-10mLkg™" in the adult rat.

Introduction

S100 proteins belong to a large family of EF-hand calcium-binding proteins (Donato
2001). In general, an increase in calcium concentration induces calcium binding to the
EF-hand motif and modification of the conformation of S100 proteins with ensuing
interaction with their target proteins (Santamaria-Kisiel etal 2006). The S100 family of
proteins comprises more than 25 different members, each of them being characterized by
specific tissue and cell expression, molecular composition (homo- or hetero-dimers) and
target proteins (Donato 2001).

S100 proteins are involved in cell division, growth, differentiation and survival.
The majority of the functions of S100 proteins are calcium-dependent, although
calcium-independent functions have also been described (Santamaria-Kisiel etal 2006).
Calcium-dependent actions of S100 proteins include regulation of various enzymatic
activities, cytoskeletal proteins, signal transduction and calcium homeostasis. This broad
spectrum of actions explains the implication of S100 proteins in various physiological and
pathological conditions such as inflammation, arthritis and inflammation-associated cancer
(Gebhardt etal 2006; Senolt et al 2006; Foell etal 2007).

In the nervous system, S100 proteins have intracellular and extracellular actions
(Donato 2003). S100 proteins are involved in the regulation of synaptic vesicle traf-
ficking (Benfenati etal 2004), cell survival and differentiation (Arcuri etal 2005). At
the extracellular level, S100 proteins interact with the receptor for advanced glyca-
tion end products, although other receptors may also be involved (Donato 2003).
Glial cells release S100 proteins after brain insults, perhaps explaining increased
serum S100 protein levels in several pathologies, including stroke, head injury and
neurodegenerative diseases (Donato 2001). This led to the assumption that serum
S100 protein levels may be a marker for cerebral damage/injury (Lomas & Dunning
2005; Korfias etal 2006; Stroick etal 2006), in particular the event of disruption to
the blood-brain barrier (Kleindienst & Ross 2006). Depending on their extracellular
concentrations, S100 proteins display divergent effects in cultured neuronal and glial cells,
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with trophic effects in the nanomolar range but toxic effects
in the micromolar range (Adami etal 2004; Reali etal 2005;
Businaro etal 2006). Similar dose-dependent effects of S100
proteins have been described on learning and memory in
rodents (Donato 2001). Also, antibodies to S100 proteins
impair long-term potentiation (Rebaudo etal 2000) and
induce amnesia for passive avoidance in chicks (O’Dowd
etal 1997) at high doses, but have opposite effects at ultra-
low doses (Epstein etal 2003, 2006). The detrimental effects
of high brain levels of S100 protein on memory function
suggests that the increased levels of S100 protein measured
in the brain of patients may be causally linked to some cogni-
tive deficits associated with Alzheimer’s disease (Korfias
etal 2006).

Several lines of evidence suggest a role for S100 proteins
in anxiety. Transgenic mice over-expressing S100 proteins
(S-100 B mice) display deficits in habituation to novel
situations in the open field, novel arm exploration in the
Y-maze and novel object gnawing tests (Bell etal 2003).
In addition, S-100 B mice are less sensitive than wild-type
mice to the anxiogenic-like effects of buspirone in the hole
board test. These effects were not associated with increased
exploration of the light compartment in the light/dark box
test, suggesting that S-100 B mice display deficits in
habituation to novelty and harm avoidance, although they
are not associated with a drastic disruption of anxiety-
related behaviour (Bell etal 2003). Conversely, S100 protein
knockout mice (SI00A1KO mice) display decreased anxiety-
related behaviour in avoidance-approach tests, suggesting a
role for S100 proteins in the modulation of fear and anxiety
(Ackermann et al 2000). Restraint stress increases serum S100
protein levels (Scaccianoce etal 2004) and exposure to a
predator odour transiently increases cerebrospinal fluid S100
protein levels in the adult rat (Margis etal 2004). Serum
S100b protein concentrations are increased in parallel with
anxiety-like behaviour in adult male rats following expo-
sure to electric shocks and weekly sessions of situational
reminders (Diehl etal 2007). Among the different members
of the S100 family of proteins, SI00A10 (also named P11)
seems most closely linked to depression and anxiety-related
behaviour (Svenningsson & Greengard 2007). Mice over-
expressing SI00A10 in forebrain neurons display decreased
thigmotaxis and increased activity in the open field test,
whereas SI00A10 knockout mice have an opposite pattern of
activity in the same test (Svenningsson etal 2006).

In humans, serum S100 protein levels are inversely
correlated with neuropsychological performance, including
measures of anxiety, in patients undergoing cardiac surgery
(Kilminster etal 1999). In contrast, serum S100 8 protein
levels are not correlated with neurological performance after
cardiopulmonary bypass (Westaby etal 2000). It has also
been shown that serum S100 8 protein levels are correlated
with global functioning score in alcohol-dependent individ-
uals (Liappas etal 2006). Unfortunately, the above studies
did not specifically evaluate the relationships between S100
proteins and anxiety, since they used global evaluation scales
for neuropsychological functions and global functioning of
patients. Recent reports on ultra-low doses of S100 antibodies
have aroused interest in the studies of their effects in different
areas of pharmacology (Bellavite etal 2006a). Antibodies at

ultra-low doses have also been shown to have potential ther-
apeutic use (Epstein 2003).

In the present study, we evaluated the effects of affinity-
purified antibodies to S100 proteins (further described as
S100 antibodies) administered orally at ultra-low doses
(homoeopathic dilutions) in pre-clinical tests for anxiety-
related behaviour. We used two of the most widely used tests
for detection of anxiolytic-like activity, the Vogel conflict test
(Vogel etal 1971) and the elevated plus-maze test (Handley &
Mithani 1984) in the adult rat.

Materials and Methods

Animals

Experiments were carried out on male Rj:Wistar (Han)
rats, 160-227g, 6-7 weeks old at the start of the experi-
ments (Elevage Janvier, 53940 Le Genest-Saint-Isle, France).
Animals were housed in groups of five in macrolon cages
(41 x 25 x 18cm) on wood litter with free access to food
and water prior to testing. The animal house was maintained
under artificial lighting (12 h) between 0700 and 1900 hours
at a controlled ambient temperature of 21 +3°C, and rela-
tive humidity of 30—80%. All procedures were performed in
accordance with a currently valid licence for experiments on
vertebrate animals, issued by the French Ministry for Agri-
culture and Fisheries and with a currently valid test facility
accreditation for experimentation.

In each experiment, 10 rats were studied per group.
Behavioural testing was performed between 1000 and 1600
hours. Animals were killed at the end of the experiments by
exposure to O,/CO, (20%/80%) followed by CO,.

Vogel conflict test in the rat

The method followed that described by Vogel etal (1971).
Rats were deprived of water for approximately 48 h before
the test and were then placed individually into a transparent
Plexiglas enclosure (15 x 32 x 34cm) with a floor consisting
of stainless steel bars (0.4 cm) spaced 1cm apart. The back
wall of the enclosure was made of opaque Plexiglas, thereby
concealing the observer from the experimental animal. In the
centre of the opposite wall, 5cm above the floor, a metal
water spout protruded into the cage and was connected to one
pole of a shock generator (Apelex: Type 011346, Bagneux,
France). The other pole of the shock generator was connected
to the metal grid floor.

The rat was left to explore until it found the water spout.
Then, every time it drank, it received a mild electric shock
(1.7mA) 2s after it started drinking. The number of shocks
received was manually recorded for 3 min from the time the
animal first started drinking.

Elevated plus-maze test in the rat

The method followed that described by Handley & Mithani
(1984). The maze consisted of four arms of equal length and
width (50 x 10cm) arranged in the form of a cross. Two
opposite arms were enclosed by 40-cm high walls (closed



arms). The two other arms had no walls (open arms). The
maze was raised 65cm above the floor. A rat was placed
in the centre of the plus-maze (head oriented in direction of
open arms) and left to explore. The number of entries (four
paws in a given arm) into the open and closed arms and the
time spent in the open arms were manually recorded during
a 5-min test.

Treatments

S100 antibodies were supplied as ready-to-use solutions
by NPF Materia Medica Holding, Moscow, Russia. Poly-
clonal antibodies to S100 protein were kindly supplied by
Dr S. M. Sviridov (Institute of Cytology and Genetics SB
RAMS, Novosibirsk, Russia). Ultra-low doses of polyclonal
antibodies to S100 protein (initial concentration of antibodies
before dilution 2mgmL™") were obtained using routine
homoeopathic methods as described in the German Pharma-
copeia (2005). Antibodies were raised against S100 protein,
which consists of A and B subunits. SI00A contains « and
B units; S100B contains two B units. Procedures of S100
purification and antibody preparation have been described
previously (Starostina etal 1981). All dilutions were prepared
in glass vials. Antibodies to S100 protein (2mgmL™") were
mixed with the solvent in the ratio 1:99 and shaken manually
at 20 succussions per minute for 1 min to produce the C1
dilution. All subsequent dilutions consisted of one part of the
previous dilution to 99 parts solvent, with succussion between
each dilution. Solutions were prepared in sterile condi-
tions, avoiding direct intense light, and were stored at room
temperature. Distilled water was the solvent. The mixture of
homoeopathic water dilutions (C12+C30+4C200 (1+1+1))
was administered to animals at a volume of 2.5 (single dose
experiments) or 5, 7.5 and 10 mL kg™" (dose-response exper-
iments). In all groups the same mixture of water dilutions
(C12+C30+C200) was used. Ultra-low doses of antibodies
are water dilutions, so the liquid form of the active substance
makes it impossible to express doses in ‘standard’ units. In
pre-clinical studies, doses are expressed in mLkg ™" instead
of mgkg™'. The liquid form of ultra-low doses limits the
range of doses due the maximal permitted volume of oral
administration. A dose of 10mLkg™" was selected as the
maximal dose in this study as it is approximately half of
the maximal permitted volume of oral administration for rats
of 160-220g (4mL/rat ~ 20mLkg™"). To study the dose—
effect relationship the other doses were chosen over the
range of 0—10mLkg™'. Diazepam was obtained from the
Coopération Pharmaceutique Frangaise (Meulen, France) and
clobazam was from Sanofi-Synthélabo (Quétigny, France).
Hydroxypropylmethylcellulose was obtained from Sigma
(Saint Quentin Fallavier, France) and distilled water was
from Laboratoires Aguettant (Lyon, France). Diazepam and
clobazam are widely used benzodiazepines with anxiolytic
effects at the doses used in the present study (Thiebot etal
1976; Millan & Brocco 2003).

All substances were stored in a dry, dark, controlled access
area and maintained at a controlled ambient temperature of
20+ 3°C. The vehicle solutions/suspensions were stored at
4°C. Distilled water was used as vehicle. Diazepam and
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clobazam were dispersed in 0.2% hydroxypropylmethylcel-
lulose in distilled water. The doses of S100 antibodies are
expressed in mLkg™' of supplied substance. The doses of
diazepam and clobazam are expressed in mgkg™' of base.
Drugs were administered between 1000 and 1100 hours. For
single-dose experiments, S100 antibodies (2.5mLkg™") and
diazepam (2mLkg ') were administered orally once daily
for 4 days (a.m.) and then 60min before the test on Day
5, and compared with a vehicle control group (receiving
five administrations of distilled water). Clobazam (64 mgkg™"
p.o0.), administered acutely 60 min before the test on Day 5
(preceded by one daily administration of distilled water for
4 days), was used as the reference substance.

Dose-response experiments

S100 antibodies were evaluated at three different doses (5, 7.5
and 10mLkg '), administered orally once daily for 4 days
(a.m.) and then 60 min before the test on Day 5, and compared
with a vehicle control group (receiving five administra-
tions of distilled water). Each experiment included a group
treated with diazepam and a group treated with clobazam, as
described above.

Because of the different volumes of administration, the
experiment was not fully blind. Nevertheless, all groups were
coded. Therefore, when the administration volume was iden-
tical, the experimenter was blind regarding the nature of vehicle,
test, comparison and reference substances. Each experiment
included the same number of rats per group. All groups were run
in parallel and the treatments were randomized among subjects.

Statistical analysis

Results are presented as means + s.e.m. for 10 animals per
group and as the percent change from appropriate control.
Data were analysed by one-way analysis of variance followed
by post-hoc unpaired Student’s r-test comparing treated
groups with vehicle control. All statistical calculations were
performed using commercial software (Microsoft Excel, GB
Stat version 6.5). Differences were considered statistically
significant when the null hypothesis could be rejected at an
« risk value of less than 0.05.

Results

Single-dose experiments

Vogel conflict test

The treatments significantly modified the number of shocks
received, as indicated by one-way analysis of variance
(F(3,36) =3.999, P <0.001). As shown in Table 1, S100
antibodies (2.5mLkg™"), administered orally once daily
(am.) from Day | to Day 4 and then 60min before the
test on Day 5, did not affect the number of shocks received
(punished drinking), as compared with vehicle controls.
Diazepam (2mg kg™'), administered under the same exper-
imental conditions, tended to increase the number of shocks
received (+77%, P =0.0524). Clobazam (64 mgkg™"' p.o.),
administered acutely 60 min before the test on Day 5, clearly
increased the number of shocks received (+111%, P <0.01).
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Table 1 Effect of S100 antibodies at a single-dose, and diazepam and clobazam in the Vogel conflict

test in the rat

Treatment Punished drinking (number of shocks) 1.7 mA
Mean + s.e.m. P value % Change from control
Vehicle 3.54+0.6 - -
$100 antibodies (2.5mLkg™") 4.24+0.6 NS 0.4380 +20%
Diazepam (2mgkg™") 6.2+1.2NS 0.0524 +77%
Clobazam (64 mgkg~"' p.o.) TA4E£L1™ 0.0049 +111%

$100 antibodies and diazepam were administered (at 2.5mLkg™") orally once daily (a.m.) from Day 1 to
Day 4 and then 60 min before the test on Day 5, while clobazam (5mLkg ") was administered acutely
60 min before the test on Day 5 (preceded by vehicle administration orally once daily (a.m.) from Day
1 to Day 4). Data are shown as mean £ s.e.m. (n = 10 rats per group). Analysis of variance showed
a significant effect of treatments on the number of shocks received (punished drinking) (P < 0.05).
**P < 0.01 (Student’s r-test) compared with vehicle controls. NS, not significant.

Elevated plus-maze test

The treatments significantly modified the total number of
entries, the percentage of entries into the open arms and the
time spent in the open arms (F(3,36) =9.127, F(3,36) =
20.203 and F(3, 36) = 16.854, respectively, P < 0.001). As
shown in Table 2, S100 antibodies (2.5mLkg™"), admin-
istered orally once daily (a.m.) from Day 1 to Day 4 and
then 60 min before the test on Day 5, did not affect the
total number of entries, the percentage of entries or the
time spent in the open arms, as compared with vehicle
controls. Diazepam (2mgkg™"), administered under the same
experimental conditions, significantly increased the total
number of entries (+35%, P < 0.05). It clearly increased
the percentage of entries and the time spent in the open
arms (+70%, P < 0.01 and +85%, P < 0.05, respectively).
Clobazam (64mgkg™" p.o.), administered acutely 60min
before the test on Day 5, also increased the total number
of entries (+60%, P < 0.01). It markedly increased the

percentage of entries and the time spent in the open arms
(+174% and +242%, respectively, P < 0.001).

Taken together, the results of the single-dose experi-
ments suggested the absence of a significant anxiolytic- or
anxiogenic-like activity for S100 antibodies at 2.5mLkg™"
in the Vogel conflict test and the elevated plus-maze test
in the rat. The following dose-response experiments were
performed to evaluate a higher range of doses in the same
two tests.

Dose-response experiments

Vogel conflict test

The treatments significantly modified the number of shocks
received (F(5,52) =2.412, P <0.05). As shown in Figure 1,
S100 antibodies (5 and 7.5mLkg™"), administered orally
once daily (a.m.) from Day 1 to Day 4 and then 60 min
before the test on Day 5, dose-dependently increased the
number of shocks received, as compared with vehicle controls
(+38%, P =0.0619 and +53%, P < 0.05, respectively).

Table 2 Effect of S100 antibodies at a single-dose, and diazepam and clobazam in the elevated plus-maze test in the rat

Treatment Total number of entries % Entries into open arms Time spent in open arms (s)
Mean £ P value % Change Mean £ P value % Change Mean £ P value % Change
s.e.m. from s.e.m. from s.e.m. from
control control control
Vehicle 13.1£1.0 - - 18.0£3.1 - - 26.6+6.0 - -
S100 antibodies 10.5+1.1 0.1024 —20% 17.1£3.5 0.8498 —5% 14.6+4.4 0.1236 —45%
(2.5mLkg™") NS NS NS
Diazepam 17.7+£1.8*  0.0365 +35% 30.6+3.0" 0.0091 +70% 49.1+£7.4* 0.0288 +85%
(2mgkg™")
Clobazam 21.0£2.0%  0.0027 +60% 49.4+3.7%  <0.0001 +174% 90.9+12.6*  0.0002  +242%
(64mgkg ™
p.o.)

Treatment was the same as described for Table 1. Data are shown as mean =+ s.e.m. (n = 10 rats per group). Analysis of variance showed a significant
effect of treatments on the total number of entries, the percentage of entries into the open arms and the time spent in the open arms (P < 0.001).
*P < 0.05, *P < 0.01 and **P < 0.001 (Student’s -test) compared with vehicle controls. NS, not significant.
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Figure 1 Effect of S100 antibodies (S100 AB), diazepam (DZP) and
clobazam (CBZ) in the Vogel conflict test in the rat. The experimental
conditions were the same as described for Table 1 except that S100
antibodies were administered at 5, 7.5 or 10 mL kg’l, and diazepam and
clobazam were administered at 5mLkg~'. Data are shown as mean =+
s.e.m. (n = 10 rats per group). One-way analysis of variance showed
a significant effect of treatments on the number of shocks received
(punished drinking) (P < 0.05). *P < 0.05 (Student’s #-test) compared
with vehicle (VEH) controls.

S100 antibodies had no clear effect at 10mLkg™". Diazepam
(2mg kgfl), administered under the same experimental
conditions, did not affect the number of shocks received.
Clobazam (64mgkg™" p.o.), administered acutely 60min
before the test on Day 5, significantly increased the number
of shocks received (+78%, P < 0.05).

Elevated plus-maze test

The treatments significantly modified the total number of
entries, the percentage of entries into the open arms and the
time spent in the open arms (F(5, 54) =31.244, F(5,53) =
12.336 and F(5, 54) = 28.199, respectively, P < 0.001). As
shown in Figure 2, S100 antibodies (5, 7.5 and 10mLkg "),
administered orally once daily (a.m.) from Day 1 to Day 4 and
then 60 min before the test on Day 5, did not affect the total
number of entries, as compared with vehicle controls. S100
antibodies significantly increased the percentage of entries
into open arms at 10mLkg™" (+71%, P < 0.05), but had
no effect at lower doses. S100 antibodies did not affect the
time spent in open arms. Diazepam (2mgkg '), adminis-
tered under the same experimental conditions, significantly
increased the total number of entries (+48%, P < 0.05). It
also significantly increased the percentage of entries and the
time spent in the open arms (+96% and +149%, respec-
tively, P < 0.05). Clobazam (64mgkg™" p.o.), administered
acutely 60 min before the test on Day 5, clearly increased the
total number of entries (+178%, P < 0.001). It markedly
increased the percentage of entries and the time spent in the
open arms, as compared with vehicle controls (+342% and
+850%, respectively, P < 0.001).

Discussion

The results indicate the presence of anxiolytic-like activity
for S100 antibodies over the dose range 5-10mLkg™", but
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Figure 2 Effect of S100 antibodies (S100 AB), diazepam (DZP) and
clobazam (CBZ) in the elevated plus-maze test in the rat. The experi-
mental conditions were the same as described for Table 2 except that
S$100 antibodies were administered at 5, 7.5 or I0mLkg ™', and diazepam
and clobazam were administered at 5SmLkg~". Data are shown as mean
+ s.e.m. (n = 10 rats per group). One-way analysis of variance showed
a significant effect of treatments on the total number of entries, the
percentage of entries into the open arms and the time spent in the
open arms (P < 0.001). *P < 0.05 and **P < 0.001 (Student’s -test)
compared with vehicle (VEH) controls.

not at 2.5mLkg™", in the Vogel conflict and the elevated
plus-maze tests in the rat.

Clinical data linking S100 proteins to anxiety are sparse
and do not allow a precise role for S100 proteins in anxiety
to be defined. Available pre-clinical data tend to suggest
that over-expression of S100 proteins is generally associated
with decreased anxiety-related behaviours (Bell etal 2003;
Ackermann etal 2006; Svenningsson & Greengard 2007). In
contrast, administration of ultra-low doses of S100 antibodies
at 10mLkg ™' reduces the anxiogenic effects of acute stress
(electric shock) administered before evaluation of anxiety-
related behaviour in the elevated plus-maze test in the rat
(Loskutova etal 2003). The anxiolytic-like effects of ultra-
low doses of S100 antibodies were also demonstrated in



314 Vincent Castagne etal

the absence of sedative or myorelaxant effects (Voronina
etal 2006).

The Vogel conflict test is based on the conflict between
the drive of thirsty rats and avoidance of an aversive elec-
tric shock (Vogel etal 1971). Anxiolytics increase punished
drinking (i.e. have an anti-conflict effect). In addition to
benzodiazepine-like anxiolytics, the Vogel test also detects
the effects of substances acting on serotonergic uptake (Moser
etal 1990; Dekeyne et al 2000; Chojnacka-Wojcik et al 2005)
and several other pharmacological classes of substances with
suspected clinical anxiolytic activity (Millan & Brocco 2003).
Taken together, these data suggest that the Vogel test is
useful for detecting a wide range of typical and atypical
anxiolytics (Castagné etal 2006). In the present study, S100
antibodies increased punished drinking at 5 and 7.5mLkg ™",
but not at 2.5 or 10mLkg™'. Although absence of an effect
at 2.5mLkg™' may be explained by an insufficient expo-
sure to S100 antibodies, absence of an effect at 10mL kg_l
may be explained by satiation of the animals. Indeed, due
to the daily oral administrations, the rats were not totally
deprived of water during the 48h preceding the test. As a
result, the rats were less thirsty than after complete depri-
vation of water and thus were more prone to avoid electric
shock. Satiation may increase with the volume of adminis-
tration, thereby counteracting the effects of S100 antibodies.
Although the Vogel conflict test clearly detected the anxi-
olytic effects of clobazam (64mgkg™") after acute adminis-
tration, it failed to detect a statistically significant activity of
diazepam (2mgkg ") after repeated administration. The lack
of activity of diazepam cannot be explained by an anti-thirst
effect of its vehicle since vehicle controls, which displayed a
low number of punished drinking, received the same volume
of administration. It is more likely that the dose of diazepam
was too low in the present study or that tolerance to its effects
occurred after 5 days of administrations.

The elevated plus-maze test is based on the spontaneous
aversion of rodents to open environments (Handley & Mithani
1984) (Pellow etal 1985). During the test, rats are placed
in a cross-shaped maze with two closed arms providing a
safe environment and two open arms providing a potentially
dangerous (anxiogenic) environment. A normal rat spends
most of its time in the closed arms. It is considered that the
behaviour of the animals reflects a conflict between the drive
for exploration of a new environment (the whole maze) and
the natural tendency to avoid potentially dangerous environ-
ments (open arms). It is possible to measure several parame-
ters during the test. The most often used parameters are the
time spent in the open arms and the proportion of open arm
entries (Moser 1989; Griebel etal 1997). Anxiolytics, and in
particular benzodiazepines, increase the relative exploration
of open arms (Graeff etal 1998; Castagné etal 2006). Excita-
tory effects may be associated with a non-specific increase in
exploration of both the open and the closed arms. In contrast,
sedative effects are indicated by a decrease in exploration
of both the open and closed arms. After acute administra-
tion, several monoamine reuptake inhibitors do not display
anxiolytic activity in the elevated plus maze test (Castagné
etal 2006). Nevertheless, activity of monoamine reuptake
inhibitors can be revealed after chronic treatment (File etal
1999), consistent with their use as primary treatment in

several anxiety disorders (Nutt 2005). In the present study,
S100 antibodies increased the percentage of entries in the
open arms at 10mLkg ™', but not at lower doses. The higher
effective dose of S100 antibodies in the elevated plus-maze
as compared with the Vogel conflict test may be explained
by differences in the type of anxiety-related behaviour in the
two tests but also by intrinsic activity (decrease in thirst) of
the vehicle in the Vogel conflict test. The elevated plus-maze
test detected anxiolytic effects of clobazam (64mgkg7')
after acute administration and of diazepam (2mgkg™") after
repeated administration. This shows that under our exper-
imental conditions, the elevated plus-maze test is more
sensitive to the effects of diazepam (or less sensitive
to tolerance) than the Vogel conflict test after repeated
administration.

Conclusion

Our data indicate that repeated daily oral treatment for 5
days with ultra-low doses of affinity-purified antibodies to
S100 proteins decreases anxiety-related behaviour in two
widely used pre-clinical models for anxiolytic-like activity,
the Vogel conflict and the elevated plus-maze tests in the
rat. The present results are in accordance with a previous
study showing anxiolytic-like activity of ultra-low doses
of antibodies to S100 proteins in previously stressed rats
(Loskutova etal 2003). Up to now, evidence concerning the
effects of ultra-low doses of antibodies to S100 proteins
suggests potential anxiolytic-like activity in rodents, although
nothing is known of their potential mechanism of action after
oral administration. It has been reported that homoeopathic
treatments display efficacy in patients affected by anxiety
disorders (Davidson et al 1997; Oberbaum et al 2003). Never-
theless, these results have not been confirmed in double-blind
studies (Cialdella etal 2001; Baker etal 2003; Bonne etal
2003). Recent reviews also report efficacy of several home-
opathic medicines in anxious patients (Sevar 2005; Mathie
& Robinson 2006) although a systematic review indicates
that more evidence is needed in order to draw firm conclu-
sions (Pilkington etal 2006). An advantage of homoeopathic
medicines, and in particular of ultra-low doses of antibodies,
is their general lack of side-effects despite efficacy in various
models (Bellavite et al 2006a, b). Our positive results together
with previous data (Loskutova etal 2003; Voronina etal
2006) provide evidence for potential anxiolytic-like effects
of ultra-low doses of affinity-purified antibodies to S100
proteins and suggest they may offer an interesting, low-risk
alternative treatment to conventional anxiolytics.

References

Ackermann, G. E., Marenholz, 1., Wolfer, D. P., Chan, W.
Y., Schafer, B., Erne, P., Heizmann, C. W. (2006) S100A1-
deficient male mice exhibit increased exploratory activity and
reduced anxiety-related responses. Biochim. Biophys. Acta 1763:
1307-1319

Adami, C., Bianchi, R., Pula, G., Donato, R. (2004) S100B-
stimulated NO production by BV-2 microglia is independent of
RAGE transducing activity but dependent on RAGE extracellular
domain. Biochim. Biophys. Acta 1742: 169-177



Arcuri, C., Bianchi, R., Brozzi, F., Donato, R. (2005) S100B
increases proliferation in PC12 neuronal cells and reduces their
responsiveness to nerve growth factor via Akt activation. J. Biol.
Chem. 280: 44024414

Baker, D. G., Myers, S. P., Howden, I., Brooks, L. (2003) The effects
of homeopathic Argentum nitricum on test anxiety. Complement.
Ther. Med. 11: 65-71

Bell, K., Shokrian, D., Potenzieri, C., Whitaker-Azmitia, P. M.
(2003) Harm avoidance, anxiety, and response to novelty in the
adolescent S-100beta transgenic mouse: role of serotonin and
relevance to Down syndrome. Neuropsychopharmacology 28:
1810-1816

Bellavite, P., Conforti, A., Pontarollo, F., Ortolani, R. (2006a)
Immunology and homeopathy. 2. Cells of the immune system and
inflammation. Evid. Based Complement. Alternat. Med. 3: 13-24

Bellavite, P., Ortolani, R., Conforti, A. (2006b) Immunology and
homeopathy. 3. Experimental studies on animal models. Evid.
Based. Complement. Alternat. Med. 3: 171-186

Benfenati, F., Ferrari, R., Onofri, F., Arcuri, C., Giambanco, I.,
Donato, R. (2004) S100A1 codistributes with synapsin I in discrete
brain areas and inhibits the F-actin-bundling activity of synapsin
1. J. Neurochem. 89: 1260-1270

Bonne, O., Shemer, Y., Gorali, Y., Katz, M., Shalev, A. Y. (2003)
A randomized, double-blind, placebo-controlled study of classical
homeopathy in generalized anxiety disorder. J. Clin. Psychiatry
64: 282287

Businaro, R., Leone, S., Fabrizi, C., Sorci, G., Donato, R.,
Lauro, G. M., Fumagalli, L. (2006) S100B protects LAN-5
neuroblastoma cells against AB amyloid-induced neurotoxicity
via RAGE engagement at low doses but increases A amyloid
neurotoxicity at high doses. J. Neurosci. Res. 83: 897-906

Castagné, V., Porsolt, R. D., Moser, P. (2006) Early behavioral
screening for antidepressants and anxiolytics. Drug Dev. Res. 67:
729-742

Chojnacka-Wojcik, E., Klodzinska, A., Tatarczynska, E. (2005) The
anxiolytic-like effect of 5-HT1B receptor ligands in rats: a possible
mechanism of action. J. Pharm. Pharmacol. 57: 253-257

Cialdella, P., Boissel, J. P., Belon, P. (2001) [Homeopathic special-
ties as substitutes for benzodiazepines: double-blind vs. placebo
study]. Therapie 56: 397-402

Davidson, J. R., Morrison, R. M., Shore, J., Davidson, R. T.,
Bedayn, G. (1997) Homeopathic treatment of depression and
anxiety. Altern. Ther. Health Med. 3: 46-49

Dekeyne, A., Brocco, M., Adhumeau, A., Gobert, A., Millan, M. J.
(2000) The selective serotonin (5-HT)1A receptor ligand, S15535,
displays anxiolytic-like effects in the social interaction and Vogel
models and suppresses dialysate levels of 5-HT in the dorsal
hippocampus of freely-moving rats. A comparison with other anxi-
olytic agents. Psychopharmacology (Berl.) 152: 55-66

Diehl, L. A., Silveira, P. P., Leite, M. C., Crema, L. M.,
Portella, A. K., Billodre, M. N., Nunes, E., Henriques, T. P.,
Fidelix-da-Silva, L. B., Heis, M. D., Goncalves, C. A.,
Quillfeldt, J. A., Dalmaz, C. (2007) Long lasting sex-specific
effects upon behavior and S100b levels after maternal separation
and exposure to a model of post-traumatic stress disorder in rats.
Brain Res. 1144: 107-116

Donato, R. (2001) S100: a multigenic family of calcium-modulated
proteins of the EF-hand type with intracellular and extracellular
functional roles. Int. J. Biochem. Cell Biol. 33: 637-668

Donato, R. (2003) Intracellular and extracellular roles of S100
proteins. Microsc. Res. Tech. 60: 540-551

Epstein, O. L. (2003) Regulatory activity of ultralow doses. Bull.
Exp. Biol. Med. 135 (Suppl. 1): 8-13

Epstein, O. 1., Beregovoy, A., Sorokina, N. S., Starostina, M. V.,
Shtark, M. B., Gainutdinov, K., Gainutdinova, T. K., Muhamed-
shina, D. I. (2003) Membrane and synaptic effects of anti-S-100

Anxiolytic effects of antibodies to S100 proteins 315

are prevented by the same antibodies in low concentrations. Front.
Biosci. 8: a79-a84

Epstein, O. 1., Pavlov, I. F., Shtark, M. B. (2006) Improvement of
memory by means of ultra-low doses of antibodies to S-100B
antigen. Evid. Based. Complement. Alternat. Med. 3: 541-545

File, S. E., Ouagazzal, A. M., Gonzalez, L. E., Overstreet, D. H.
(1999) Chronic fluoxetine in tests of anxiety in rat lines selec-
tively bred for differential 5-HT1A receptor function. Pharmacol.
Biochem. Behav. 62: 695-701

Foell, D., Wittkowski, H., Vogl, T., Roth, J. (2007) S100 proteins
expressed in phagocytes: a novel group of damage-associated
molecular pattern molecules. J. Leukoc. Biol. 81: 28-37

Gebhardt, C., Nemeth, J., Angel, P., Hess, J. (2006) SI00A8 and
S100A9 in inflammation and cancer. Biochem. Pharmacol. 72:
1622-1631

Graeff, F. G., Netto, C. F., Zangrossi, H., Jr (1998) The elevated
T-maze as an experimental model of anxiety. Neurosci. Biobehav.
Rev. 23: 237-246

Griebel, G., Rodgers, R. J., Perrault, G., Sanger, D. J. (1997) Risk
assessment behaviour: evaluation of utility in the study of 5-
HT-related drugs in the rat elevated plus-maze test. Pharmacol.
Biochem. Behav. 57: 817-827

Handley, S. L., Mithani, S. (1984) Effects of alpha-adrenoceptor
agonists and antagonists in a maze-exploration model of ‘fear’-
motivated behaviour. Naunyn Schmiedebergs Arch. Pharmacol.
327: 1-5

Kilminster, S., Treasure, T., McMillan, T., Holt, D. W. (1999)
Neuropsychological change and S-100 protein release in 130 unse-
lected patients undergoing cardiac surgery. Stroke 30: 1869-1874

Kleindienst, A., Ross, B. M. (2006) A critical analysis of the role of
the neurotrophic protein S100B in acute brain injury. J. Neuro-
trauma 23: 1185-1200

Korfias, S., Stranjalis, G., Papadimitriou, A., Psachoulia, C.,
Daskalakis, G., Antsaklis, A., Sakas, D. E. (2006) Serum S-100B
protein as a biochemical marker of brain injury: a review of current
concepts. Curr. Med. Chem. 13: 3719-3731

Liappas, 1., Tzavellas, E. O., Kariyannis, C., Piperi, C., Schulpis, C.,
Papassotiriou, I., Soldatos, C. R. (2006) Effect of alcohol detoxi-
fication on serum S-100B levels of alcohol-dependent individuals.
In Vivo 20: 675-680

Lomas, J. P., Dunning, J. (2005) Best evidence topic report. S-100b
protein levels as a predictor for long-term disability after head
injury. Emerg. Med. J. 22: 889-891

Loskutova, L. V., Shtark, M. B., Epstein, O. 1. (2003) Efficiency
of ultralow doses of antibodies to s100 protein and delta sleep-
inducing peptide in rats with anxious depression. Bull. Exp. Biol.
Med. 135 (Suppl. 1): 20-22

Margis, R., Zanatto, V. C., Tramontina, F., Vinade, E., Lhullier,
F., Portela, L. V., Souza, D. O., Dalmaz, C., Kapczinski, F.,
Goncalves, C. A. (2004) Changes in S100B cerebrospinal fluid
levels of rats subjected to predator stress. Brain Res. 1028:
213-218

Mathie, R. T., Robinson, T. W. (2006) Outcomes from homeopathic
prescribing in medical practice: a prospective, research-targeted,
pilot study. Homeopathy 95: 199-205

Millan, M. J., Brocco, M. (2003) The Vogel conflict test: procedural
aspects, gamma-aminobutyric acid, glutamate and monoamines.
Eur. J. Pharmacol. 463: 67-96

Moser, P. C. (1989) An evaluation of the elevated plus-maze test
using the novel anxiolytic buspirone. Psychopharmacology (Berl.)
99: 48-53

Moser, P. C., Tricklebank, M. D., Middlemiss, D. N., Mir, A. K.,
Hibert, M. F., Fozard, J. R. (1990) Characterization of MDL
73005EF as a 5-HT1A selective ligand and its effects in animal
models of anxiety: comparison with buspirone, 8-OH-DPAT and
diazepam. Br. J. Pharmacol. 99: 343-349



316 Vincent Castagne etal

Nutt, D. J. (2005) Overview of diagnosis and drug treatments of
anxiety disorders. CNS Spectr. 10: 49-56

O’Dowd, B. S., Zhao, W. Q., Ng, K. T., Robinson, S. R. (1997)
Chicks injected with antisera to either S-100 alpha or S-100 beta
protein develop amnesia for a passive avoidance task. Neurobiol.
Learn. Mem. 67: 197-206

Oberbaum, M., Schreiber, R., Rosenthal, C., Itzchaki, M. (2003)
Homeopathic treatment in emergency medicine: a case series.
Homeopathy 92: 44-47

Pellow, S., Chopin, P., File, S. E., Briley, M. (1985) Validation of
open:closed arm entries in an elevated plus-maze as a measure of
anxiety in the rat. J. Neurosci. Methods 14: 149-167

Pilkington, K., Kirkwood, G., Rampes, H., Fisher, P., Richardson, J.
(2006) Homeopathy for anxiety and anxiety disorders: a system-
atic review of the research. Homeopathy 95: 151-162

Reali, C., Scintu, F., Pillai, R., Donato, R., Michetti, F., Sogos, V.
(2005) S100b counteracts effects of the neurotoxicant trimethyltin
on astrocytes and microglia. J. Neurosci. Res. 81: 677-686

Rebaudo, R., Melani, R., Balestrino, M., Cupello, A., Haglid, K.,
Hyden, H. (2000) Antiserum against S-100 protein prevents
long term potentiation through a cAMP-related mechanism.
Neurochem. Res. 25: 541-545

Santamaria-Kisiel, L., Rintala-Dempsey, A. C., Shaw, G. S. (2006)
Calcium-dependent and -independent interactions of the S100
protein family. Biochem. J. 396: 201-214

Scaccianoce, S., Del, B. P., Pannitteri, G., Passarelli, F. (2004) Rela-
tionship between stress and circulating levels of S100B protein.
Brain Res. 1004: 208-211

Senolt, L., Grigorian, M., Lukanidin, E., Michel, B. A., Gay, R. E.,
Gay, S., Pavelka, K., Neidhart, M. (2006) S100A4 (Mtsl): is
there any relation to the pathogenesis of rheumatoid arthritis?
Autoimmun. Rev. 5: 129-131

Sevar, R. (2005) Audit of outcome in 455 consecutive patients treated
with homeopathic medicines. Homeopathy 94: 215-221

Starostina, M. V., Malup, T. K., Sviridov, S. M. (1981) Studies on the
interaction of Ca®" ions with some fractions of the neurospecific
S-100 protein. J. Neurochem. 36: 1904-1915

Stroick, M., Fatar, M., Ragoschke-Schumm, A., Fassbender, K.,
Bertsch, T., Hennerici, M. G. (2006) Protein S-100B: a prognostic
marker for cerebral damage. Curr. Med. Chem. 13: 3053-3060

Svenningsson, P., Greengard, P. (2007) p11 (SI00A10): an inducible
adaptor protein that modulates neuronal functions. Curr. Opin.
Pharmacol. T: 27-32

Svenningsson, P., Chergui, K., Rachleff, 1., Flajolet, M., Zhang, X.,
El, Y. M., Vaugeois, J. M., Nomikos, G. G., Greengard, P. (2006)
Alterations in 5-HT1B receptor function by p11 in depression-like
states. Science 311: 77-80

Thiebot, M. H., Soubrie, P., Simon, P., Boissier, J. R. (1976) Spéci-
ficité d’action des tranquilisants mineurs dans le test de 1’escalier.
Relation entre ces effets et leurs propriétés anxiolytiques. J. Phar-
macol. 7: 87-102

Vogel, J. R., Beer, B., Clody, D. E. (1971) A simple and reliable
conflict procedure for testing anti-anxiety agents. Psychopharma-
cologia 21: 1-7

Voronina, T. A., Sergeeva, S. A., Martyushev-Poklad, A. V.,
Dugina, J. L., Epstein, O. L. (2006) Antibodies to S-100 protein in
anxiety-depressive disorders in experimental and clinical condi-
tions In: Kalueff, A. V. (eds) Animal models in biology. Nova
Science Publishers Inc., New York, pp 137-152

Westaby, S., Saatvedt, K., White, S., Katsumata, T., van, O. W.,
Bhatnagar, N. K., Brown, S., Halligan, P. W. (2000) Is there
a relationship between serum S-100beta protein and neuropsy-
chologic dysfunction after cardiopulmonary bypass? J. Thorac.
Cardiovasc. Surg. 119: 132—137



