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Assays of homeopathic remedies in rodent
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The first part of this paper reviews the effects of homeopathic remedies on several
models of anxiety-like behaviours developed and described in rodents. The existing liter-
ature in this field comprises some fifteen exploratory studies, often published in non-in-
dexed and non-peer-reviewed journals. Only a few results have been confirmed by
multiple laboratories, and concern Ignatia, Gelsemium, Chamomilla (in homeopathic
dilutions/potencies). Nevertheless, there are some interesting results pointing to the
possible efficacy of other remedies, and confirming a statistically significant effect of
high dilutions of neurotrophic molecules and antibodies. In the second part of this paper
we report some recent results obtained in our laboratory, testing Aconitum, Nux vomica,
Belladonna, Argentum nitricum, Tabacum (all 5CH potency) and Gelsemium (5, 7, 9 and
30CH potencies) on mice using ethological models of behaviour. The test was performed
using coded drugs and controls in double blind (operations and calculations). After an
initial screening that showed all the tested remedies (except for Belladonna) to have
some effects on the behavioural parameters (light-dark test and open-field test), but
with high experimental variability, we focused our study on Gelsemium, and carried
out two complete series of experiments. The results showed that Gelsemium had several
effects on the exploratory behaviour of mice, which in some models were highly statisti-
cally significant (p < 0.001), in all the dilutions/dynamizations used, but with complex
differences according to the experimental conditions and test performed. Finally, some
methodological issues of animal research in this field of homeopathy are discussed.
The “Gelsemium model” - encompassing experimental studies in vitro and in vivo
from different laboratories and with different methods, including significant effects of
its major active principle gelsemine - may play a pivotal rule for investigations on other
homeopathic remedies. Homeopathy (2009) 98, 208-227.
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introduction

Anxicty and behavioural disorders have a high preva-
lence in modern society. and consume significant
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financial resources. The most well-known tranquilisers
or anxijolytics are those of the benzodiazepine family
(BZDps). which act by modulating the GABAergic recep-
tors, but many others are known, including Buspirone and
other drugs belonging to the class of azaspirodecanedione
compounds, which act as agonists of the serotoninergic
receptors (5-HT1A). However, the clinical use of conven-
tional drugs is not without its drawbacks. particularly due
to side effects such as psychomotor impairment, potentia-
tion of other central depressant drugs, and induction of
forms of dependence that are difficult to reverse. Natural



remedies possessing the same efficacy as allopathic drugs,
but with fewer side effects, would be a valuable addition
to the treatment options for anxiety-related disorders.

Rescarch in anxicty has a long history of development
of animal models. Murine models are the most frequently
used, and explore various aspects of anxiety, often making
use of defensive behaviours. The measurement of anxiety-
related behaviour in animal models is based on the as-
sumption that anxiety in animals is comparable to anxiety
in humans. Although it cannot be proven that animals ex-
perience anxiety in the same way as human beings, it is
generally undisputed that certain behaviours of rodents
in experimental conditions correspond to central and pe-
ripheral emotional responses to acute or protracted stress.
Hormonal and neuromediator variations are common to
humans and animals and. most importantly. drug re-
sponses in animals are often predictive of the response
in human clinical studies, or at least suggest novel pharma-
cological approaches.

Animal models have greatly assisted in understanding
the development of discasce at the tissue, cell and molecular
level. They have also helped to elucidate the mechanisms of
absorption, distribution, transformation and cxcretion of
drugs. thereby allowing the active ingredients of medicinal
plants and animal products to be identified. With allopathic
drugs, dosages and adverse reactions are generally studied
in animal models prior to undertaking human trials. In
homeopathy, the opposite has been true: trials on humans
have only recently been followed up with tests on animals.

A number of animal models have been used to investi-
gate the action of diluted/succussed (potentised) homeo-
pathic remedies. In this work., we will focus on the
experimental (murine) models of anxiety and other neuro-
logical or behavioural disorders that are in some way
correlated with anxicty. To the best of our knowledge,
this is the first systematic review of homeopathic research
in this field.

The advantage of animal tests is that they allow testing of
multiple dilutions/dynamizations, compared to a vehicle,
under reliable, reproducible and valid conditions. Different
experimental models can be tried out on groups of animals
to identify which one is most responsive under particular
conditions. As well as offering a preclinical indication of
the possible efficacy of new remedies, another goal of basic
rescarch in homeopathy is to study the mechanism of action
of remedics. Here, the two major themes under investiga-
tion are: (a) the mode of action of the ‘simile” effect, i.e..
how a substance known to have pathogenetic effects in
healthy organisms (cells. animals, humans) can act as a ther-
apeutic agent in diseased organisms and (b) the “high-dilu-
tion’ effects, ie.. the question of whether and how
substances diluted (and dynamized) to the point that few
or no molecules of active ingredient remain can have bio-
logical effects. These two themes can in turn be split into
a number of narrower questions regarding the methods of
dilution, the most valid model for investigating the effect,
the type of solvent used (distilled water, saline solutions,
water/ethanol mixtures), and other technical details that
may often affect the final outcome.
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This paper is divided into two sections: the first pro-
vides an overview of the international literature on ani-
mal models for studying homeopathy in the specific
field of anxiety disorders and other correlated behaviou-
ral disorders, while the second describes recent experi-
ments conducted in our research laboratory on the
behaviour of mice exposed to homeopathic remedies po-
tentially capable of modulating anxiety and emotional re-
sponses to novel environments.

Because the existing literature on this subject is very
varied and largely preliminary, with many reported
observations not subsequently confirmed by other authors,
it is important to adopt models that have already been
validated by the pharmacological literature, as well as
highly rigorous experimental conditions (blind protocols,
reproducible preparation methods. sufficient numerosity)
and solid statistics.

To provide a meaningful model of human behaviour,
an animal test must meet three criteria: predictivity of
responses to drugs, face validity (meaning that the phenom-
enological aspect — c.g.. agoraphobia, neophobia, avoid-
ance of threatening places — is observed also in humans)
and construct validity (similar aetiology and triggering fac-
tors). In experimental tests, animals are placed in situations
involving exploration. conflict between desire and punish-
ment, conditioned fear and aggression. Exploring an
environment consisting of light and dark zones, or the situ-
ation of being suddenly placed in a novel environment,
elicits a conflict between approach and avoidance that
allows different responses to be measured in a controlled
manner. Mice tend to prefer dark, enclosed spaces to large,
well-lit arenas, and the amount of time they spend in the
dark zone. or the number of transitions between light and
dark, are sensitive to benzodiazepines and to the agonists
of serotoninergic receptors, in a manner that correlates
well with clinical efficacy in humans.' There are also
many other experimental approaches to studying animal
behaviour, some of which will be described in this review,
and genetic models (hitherto not used in homeopathy) have
also recently been introduced. Animal models of anxiety
can be grouped into two main subclasses?: the first involves
the responses of animals conditioned with stressful and of-
ten painful events (e.g., exposure to electric shocks. forceful
containment in small spaces), while the second involves the
study of unconditioned responses using ethological para-
digms and spontaneous reactions to non-painful stimuli
(e.g.. exposure to a novel highly illuminated test chamber
or to an unfamiliar open field (OF)).

Our gencral hypothesis is that complex models of animal
behaviour, in which different symptoms are evaluated in
situations where the animal is not particularly stressed,
are able to sensitively detect *pathogenetic” or ‘therapeutic’
signs. After identifying the remedies that are eftective in the
chosen model, and ascertaining the reproducibility condi-
tions and the most active dilutions, it is possible to proceed
to study the mechanisms of action with a greater likelihood
of obtaining consistent results.

Ethological observations show that, though rodents natu-
rally tend to explore a novel environment, OFs are aversive
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to them and hence counteract the normal behavioural
responses.™ 1t is conceivable that these two conflicting
drives make the test highly sensitive t0 even extremely
weak stimuli, such as one might expect from a homeopathic
medicine. Ethological models were chosen both for ethical
reasons and because our aim was to mimic the natural
conditions in which behaviour is influenced by emotional
states of fear, curiosity and anxiety. thus allowing for a com-
prehensive “behavioural profiling’. This approach is espe-
cially relevant to homeopathic research, where symptoms
‘peculiar’ to the individual can be as significant as classic
responses o pain or inflammatory tissue changes. However,
ethological models are subject to inter-individual difter-
ences and variable behavioural baseline levels.” so that
great care must be taken with variable parameters such as
environment. handling and testing.

Two validated animal models. namely the light—dark
(L.D) choice test and the OF test, were used to acquire var-
ious behavioural paraméters widely used in neuropsycho-
pharmacology for drug screening.”® After an initial
screening of a number of potentially interesting remedices.
we decided to carry out a series of experiments on dilu-
tions/dynamizations of Gelsemium sempervirens, as this
appeared to be the most promising and to give consistent
responses.

Methods

Literature search

A literature review was carried out of all the relevant
experimental trials that we were able to find, spanning the
period from 1960 to 2009. Our main sources of information
were current reading of the leading CAM journals, scanning
of the monthly complementary medicine index (British
Library). proceedings from homeopathic conferences, the
databases of Central Council for rescarch in Homeopathy,
the Hom-inform Information Service, HomBRex-Database
literature searches using Medline. CAM on PubMed. and
cross-referencing.

Experiments on mouse behaviour in LD and OF models

Subjects and handling: In this section we shall describe
our experimental procedures in some detail, to comprehen-
sively illustratc these two widely used tests of animal
behaviour as well as to clarify certain technical constraints
on this type of research, which will also enable the reader to
better interpret the results of the other work reported in the
review.

All our experiments were performed at the Faculty of
Medicine, Verona University. Italy. Male mice 4-5 weeks
old of the CD1 strain were purchased from Harlan Labora-
tories (Udine, Italy) or from Charles River Laboratories
(Lecco, Italy). and allowed to acclimate for two weeks be-
fore testing. The mice were socially housed (4 per cage or
2 per cage, see results) in plastic cages with water and
food available ad libitum. The cages were cleaned and the
bottles filled with fresh tap water twice a week. Lights
were on between 7 a.m. and 7 p.m. The animals were ran-
domly distributed among different cages; the order in which
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cages belonging to each experimental group were placed in
the rack was balanced between all cages and all experimen-
tal groups. as was the order in which were mice injected and
tested. Each animal was used only once in the same test to
avoid the confounding effects of learning and habituation.
All the experiments were conducted in accordance with
the Italian National Institute of Health policies on use of an-
imals in research and the testing procedures were indepen-
dently approved by thc Animal Ethical Committee of the
Interdepartmental Centre for Animal Research (CIRSAL)
of Verona University, and by the Italian Health Ministry.

Remedies: The remedies were produced for this study
and supplied by Laboratoires Boiron Lyon (F) in 30%
ethanol/distilled water at the potencies of 4CH (1o obtain
a SCH final working potency), 6CH (final 7CH), 8CH (final
9CH) and 29CH (final 30CH). The gelsemine content of
Gelsemium sempervirens mother tincture was 0.021%. cor-
responding to a concentration of 6.5 x 10 * mol/l. Control
solution was provided by Boiron Laboratoires and was the
same batch of 30%. ethanol/distilled water used to prepare
the remedies. Before using in each experiment the remedies
and control solution were diluted 1:100 in sterile, apyro-
genic distilled water and strongly succussed with 20 strokes
by hand. By this way. the ethanol concentration of solutions
administered to mice decreased to 0.3%. In order to blind
the operators as regards the tested medicines, all the sam-
ples were then coded by an independent person and the
codes recorded on a sheet that was kept sealed inside an en-
velope until all the tests and calculations were completed.

The solutions were stored in 15-ml sterile Falcon plastic
tubes (7.5 ml/tube), wrapped in aluminium foil and stored at
+4"C until the day of usc. Before use cach tube was again
manually shaken with 20 strokes. The solutions were ad-
ministered in the moming for 9 consecutive days (including
on the last two days, when the tests were carried out) by in-
traperitoneal (i.p.) injection (0.3 ml). Intraperitoneal injec-
tion was chosen for this series of experiments because it
is much easier to control the dose/volume and it is by far
the most commonly used method in neuropharmacological
studies on mice. Diazepam (Valium. Roche) was diluted in
the control solution (0.3% cthanol/distilled water) and ad-
ministered as 0.3 ml i.p. at the tinal dose of 1.0 mg/kg
only on the days of the experiment, due to its well-known
pharmacokinetic properties. Buspirone (Sigma) was dis-
solved in the control solution (0.3% ethanol/distilled water)
and administered as (0.3 ml i.p. at the tinal dose of 5 mg/kg
1o a mice group for all the 9 consecutive days in parallel
with the other experimental groups. The operators who per-
formed the injections and the behavioural tests were totally
unaware (‘*blind’) of the treatment group to which the
animals had been assigned.

Behaviour assessment: In each experiment the behaviou-
ral activities of drug-treated animals were compared with
the activities of a parallel control group of animals which
were treated only with control solution (succussed 0.3%
ethanol in distilled water).

The LD exploration test (Figure 1) is based on the innate
aversion of rodents to brightly illuminated areas, and their
spontancous exploratory behaviour in response to mild
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Figure 1 The LD test for assessing the mice behaviour. The as-
terisk indicates the point of uncertainty and of behavioural choice
affected by the anxiety status.

stressors, i.¢.. a novel environment and light. The test appa-
ratus consists of a small, secure dark compartment (one
third) and a large, aversive illuminated compartment (two
thirds).” The open arena is brightly illuminated at 200 lux,
and the mice are left to explore the space for a 5-min testing
period. An increase in the amount of time spent in the lit
compartment is an indicator of decreased anxiety, and the
number of LI transitions has been reported to be an indica-
tor of activity-cxploration over time. Classic anxiolytics
(benzodiazepines) as well as the newer anxiolytic-like com-
pounds (e.g.. serotonergic drugs) and natural compounds’™®
can be detected using this paradigm.

The OF test (Figure 2) involves placing an animal for
10 min in an unknown environment consisting  of
a 50 > 50 cm black-painted wood platform with 25-cm
high surrounding walls, illuminated with white light
(100 lux). The arena is divided virtually into two parts.
with a square central zone having an area corresponding
10 25% of the total arca. The tendency to stay on the periph-
ery of the field is known as thigmotaxis. and is often consid-
ered indicative of highly emotional behaviour.” Conversely,
the percentage of time spent in the central zone and the dis-
tance travelled in the central zone are considered indicative
of exploratory behaviour, and should reflect a decrease in

. Walls(h 25 cm)

_' Open area (50x50 cm)

Virtual central zone (25x25 cm)

) 1. . Movementtracking
(centre exploration)

! ... .. Movementtracking
R JE (thigmotauds)
Figure 2 The OF test for mice. The asterisk indicates the bifurca-
tion point of choice in the mouse behaviour.
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anxiety. Moreover. the total distance travelled in the arena
(irrespective of the zone) reflects general locomotor ability,
and is reduced in case of sedation, paralysis, or impairment
of movements.

A video-tracking camera (GZ-MG135. JVC, Japan) and
a softwarc program (“*Smart”™ VTS system from PanLab,
Barcelona, E) were used to record the sessions automati-
cally and calculate the time spent in different zones and
the distance travelled. The number of transitions between
the light and dark compartments in the LD test was evalu-
ated on the screen by an operator who was unaware of the
group assignment of the mice. All the sessions were
recorded and stored on DVD.

Statistics: The cffect of the drugs on the various behav-
ioural parameters was calculated as a percentage relative
to the mean control values (taken as 100%) for each exper-
iment. according to the formula:

{(Activity of cach treated animal/mean activity
of control group) — 1} x 100

This allowed the effects of the various dilutions tested in the
different experiments (expressed in normalised form as a per-
centage eftect of the intermal control values in the same
experiment) to be compared and statistically evaluated. The
groups were compared by two-way analysis of variance
(ANOVA SPSS. version 11 for Windows. Chicago, IL).
using the trcatment group and the experiments as the factors.
Post-hoc r-tests were performed assuming equal variances
with lcast signiticant ditference (LSD) corrections to adjust
for multiple comparisons. A value of p < 0.05 was considered
statistically signiticant.

Literature review

A number of experimental psychopharmacology models
have been used to test the anxiolytic and general effects on
behaviour of homeopathic remedies in standardised and
controlled conditions. The main results of the published in-
vestigations are summarised in Table 1. The quality of these
experiments and their descriptions was evaluated semi-
quantitatively by assigning scores for a number of criteria.
with the results shown in the legend of Table 1. The purpose
of these scores is to help the reader judge the reliability of
the evidence fumnished by each study. However we avoided
computing a summary score, as this would have required
assigning relative weights to the different criteria. in a nec-
essarily subjective manner.

Current anxiety tests. taken singly, do not provide a clear
and comprehensive picture of an animal’s emotional
protile. Therefore. many authors test their experimental
hypotheses using a series of anxiety-related tests, which
are thought to reflect ditferent facets of emotionality.'”
The reviewed contributions have been grouped according
to the principal experimenal models used. Although this
distinction is somewhat rigid. given that in many cases
multiple models are used, that are different or partially over-
lap, it can still help us organise a wide array of approaches.
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Catalepsy and convulsion models

Catalepsy is a transitory state of immobility in which
animals are unable to correct their posture starting from
an abnormal position. This can be induced by restriction
of movement or by drugs. Kent's repertory of homeopathic
Materia Medica lists a large number of homeopathic reme-
dics under the heading ‘catalepsy .

Among the early *pioneering’ trials. some worth noting
are those done in the 1960s by Julian and Launay'' and
by Tetau and Tetau,'" who conducted a series of studies
for testing homeopathic remedies with nervous tropism on
murine models. These studies, in themselves of great inter-
est, were however reported on non-indexed journals, with
insufticient description of the methodology. and only qual-
itative reporting of results.

Julian and Launay'' induced a state of catalepsy (or
catatonia) by administering ponderal doses of Reserpine
(4.5 mg/kg). and showed the therapeutic effect of Reserpine
(in homeopathic dilutions) ind of Cicuta virosa. a homeo-
pathic remedy that has similar symptoms in its pathogenesis
(alternating periods of excitement and depression. mental
confusion. to the point of reaching a catatonic state). Reser-
pinc in homeopathic dilutions (with the 9CH dilution/
dynamization proving most effective) reduced the speed
of onsct and the intensity of cataleptic crises provoked by
Reserpine in ponderal doses.

In the same series of experiments, the authors show that
Reserpine in homeopathic dilutions (7CH and 9YCH) by it-
self induced a state of generalized motor slowing that lasted
about 24 h (pathogenetic effect). In mice. Cicuta virosa de-
layed the onset of the effects of Reserpine, but only in the
3DH dilution and not in centesimal dilutions: in guinea
pigs. on the other hand. a preventive effect of Cicuta virosa
was observed even in the SCH, 15CH and 30CH dilutions.
Finally. the authors report that treatment of healthy (non-in-
toxicated) rats with homeopathic dilutions of Cicuta virosa
resulted in appearance of some pathogenctic symptoms
such as loss of weight and motor stimulation.

Overall, this series of experiments provides preliminary
evidence for what the authors call the ‘law of identity’
and the "law of analogy’: the law of identity is demonstrated
by the fact that preventive sub-toxic exposure to Reserpine
in a Hahnemannian dilution/dynamization (YCH) increases
the onset latency and reduces the duration of catalepsy pro-
voked by injecting a triggering dose of Reserpine; the law of
analogy is demonstrated by the fact that chronic sub-toxic
exposure to Cicuta virosa (which in high doses provokes
catalepsy) delays the onset of catalepsy triggered by Reser-
pine as well as reducing its duration. In rats, only sub-toxic
exposure to Cicuta virosa had a protective effect. What is
more, some (but not all) dilutions, even beyond the Avoga-
dro limit, had a measurable action, though this varied de-
pending on the animal and the products and dilutions used.

Experimental homeopathic research in psychopharma-
cology can be considered to have started with the work of
Tetau and Tetau on Thuja.'’ These authors found that pon-
deral doses of Thuja alter the psychic equilibrium of rats,
causing them to lose their environmental ‘conditioning’.
In animals intoxicated with material doses of Thuja,
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a 9CH homeopathic dilution/dynamization of Thuja caused
their disturbances to disappear. restoring their normal con-
ditioning.

The group of J Guillemain, M Tetau and G Narcisse, in
collaboration with other authors, conducted a lengthy series
of studies on the properties of various homeopathic reme-
dies (Ignatia, Gelsemium, Sempervirine, Coca, Strychni-
num, Argentum Nitricum), but these were unfortunately
published in non-indexed journals and are therefore difficult
to access. In the ficld of ncuropharmacology studies, it is
worth mentioning the work on Ignatiu, a homeopathic rem-
edy whose pathogenesis also includes muscle contractions,
spasms and violent convulsions, as well as hyperaesthesia
and hypersensitivity to emotions.' The experimental
model involved convulsions provoked by administering
strychnine sulphate. The homeopathic remedy. in a dilu-
tion/dynamization of 3DH and SDH. had a slight protective
effect against intoxication with strychnine.

These effects were however minimal and not consistent
across the different parameters considered (mortality, la-
tency of mortality. onset time of convulsions), probably
due to the intense toxicity provoked by the high dose of
strychnine used. which makes the results difticult to inter-
pret. The authors formulated the hypothesis that the protec-
tive effect of /gnatia against convulsions triggered by
strychnine could be due to a specitic interaction at the level
of the glycinergic receptors. These receptors, which bind
the neurotransmitter glycine, are known to have an inhibi-
tory. anxiolytic and sedative effect, and moreover strych-
nine is an antagonist of glycine at the level of these
receptors. In an experiment in which synaptic membrancs
of rat brain were incubated with radioactive strychnine,
I¢natia 3DH proved capable of significantly blocking this
binding. whercas it had no effect on the binding of radioac-
tive GABA and Diazepam. '’ Computing the experimental
dilution factors, the authors maintain that the concentration
of Ignaria in the test corresponds to 4CH of strychnine, and
is therefore sufficiently low to suggest a high affinity of the
glycinergic receptor for some of the active ingredients of the
plant.

Other interesting and varied studics have been reported by
the group of Sukul.'® involving the use of four homeopathic
remedies (Gelsemium, Cannabis indica. Graphites and
Agaricus muscaris) administered orally to albino rats in po-
tencies of 30CH and 200CH. All four remedies augmented
the cataleptic effect induced by restriction of movement (re-
straint) in a similar manner to the reference compound hal-
operidol (i.p. injection at 5 mg/kg). an antagonist of
dopamine receptors. The same authors also observe that
Agaricus 30CH can reverse catalepsy due 1o haloperidol,
but only when administered orally,'”* suggesting that the
effect of the homeopathic potencies may be mediated by re-
ceptors situated on the oral mucosa. This conclusion is not in
agreement with the fact that various authors, including our-
selves, have found significant cffects of homeopathic reme-
dies even when they are administered intraperitoneally.

In addition to the catalepsy model, Sukul's group has de-
veloped other models for evaluating the effect of homeo-
pathic remedies in behavioural models, on animals treated



with ethanol. These involve the righting reflex, by which
animals recover and maintain their normal erect posture
through a series of integrated responses especially at the
level of the mesencephalon. Ethanol can induce loss of
the righting reflex in mice, and the effect can be measured
in terms of the amount of time the animal remains as if
asleep.

Nux vomica is a homeopathic remedy traditionally said to
be effective for treating the cftects of alcoholism. Sukul
et al?'?? observed that Nux vomica 30CH. administered
orally, significantly reduces the duration of ethanol-induced
loss of the righting reflex in albino mice. The mice were in-
traperitoneally administered a 25% ethanol solution, in
a dose of 4 grams per kilogram of body weight, 6 h after
treatment with Nux 30CH. The duration of sleep time
with ethanol was recorded in four sessions for the same
group of mice, with an interval of 10 days between sessions.
In addition to using 90% ethanol, the authors prepared Nux
30CH using other diluents such as pure cthanol and pure
water. In this series of experiments. They observed that
the most effective vehicle was ethanol in the aqueous phase,
whereas neither pure ethanol nor water Nux vom potencices
showed an anti-hypnotic effect in albino mice. This result
indicates that ethanol in the aqucous phase is the best vehi-
cle for preparing an effective homeopathic potency. It
should nevertheless be borme in mind that, because the po-
tentised remedies had been stored in the laboratory for at
least six months before being tested on the animals, it is
possible that the pure water preparations may have lost their
efficacy during storage."” The experiment therefore needs
to be contirmed using other models. The results have impor-
tant implications for the hypotheses of a physical basis for
homeopathic potencies.

The same group. in collaboration with Russian re-
searchers, has obtained interesting results on the mecha-
nism of action of the remedy at the level of the rat central
nervous system.'” In male albino rats, a glass-coated sil-
ver micro-electrode was inserted into the medial frontal
area, for electrophysiological recordings. In this model,
Arnica montana 30CH, administered orally, caused a de-
crease in the firing rate of the neurons, and the effect
lasted for over 20 min with a latency ranging from 1.5
to 6 min. Hypericum perforatum 200CH caused a de-
crease in the firing frequency in neurons, and the effect
lasted between 1.5 and 14 min with a latency ranging
from 1 sec to 2 min. Arsenicum album 30CH produced
a marked increase in the firing rate. An interesting obser-
vation is that the action of homeopathic potencies begins
within a few seconds and lasts for a maximum of a few
minutes after their intake. The same remedy can have in-
hibitory and excitatory effects on different neurons.
Some neurons may also be completely unresponsive to
a remedy. The authors suggest that the homeopathic rem-
edies exert their effect through oral receptors and interact
with different neurons in different areas of the brain.

Anxiety models
Anxiety is not a unitary disease. but a complex phenom-
enon that probably involves different neurochemical
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systems with varied aetiological origins, and can be divided
into various forms including ‘state’ anxiety (excess anxiety
that a subject experiences at a particular time in the presence
of a stimulus) and “trait’ anxiety (which does not vary from
time to time). The classification of anxiety disorders is
based on symptom clusters and therapeutic respons:.zs.35
For this reason, there are also many tests which investigate
anxiety-like behaviour in animals. In this section, we have
included the homeopathy studies that meet one of the fol-
lowing criteria: (a) they use behavioural tests commonly
employed by conventional laboratories for studying the
cffects of anxiolytic drugs. or (b) they use an anxiolytic
drug such as benzodiazepine or S-hydroxy tryptamine
(5HT) receptor agonists as a positive control.

Ignatia is one of the homeopathic remedies most com-
monly used in patients with anxicty symptoms, nervous
depression. insomnia, emotive diarrhoea, etc. It is also
one of the first remedies to have been studied in experimen-
tal models. In 1978 Binsard reported an expcrimcm'2 which
tested the etfect of Ignatia 3CH, 7CH and 30CH (0.5 ml/
20 g of weight, administered intraperitoneally, for 5 days
outof 7 for 3 weeks) in the "hole-board” test. which involves
the animal exploring the holes on a flat surface. and in the
‘evasion test’. which involves measuring the time taken
by the animal to leave an enclosed space through a single
cxit opening. These are therefore tests of exploration and lo-
comotion. Binsard's results show that /gnatiu 3CH im-
proved the performance of mice in these two tests,
suggesting an anxiolytic effect. Although the cxperiments
were done in blind. the evidence must be treated as prelim-
inary due to the lack of a statistical evaluation of the differ-
ences observed. and of a comparison against a reference
anxiolytic drug.

The same author reports a subsequent experiment in
which /Ignatia 3, 4, SCH and Gelsemium 3, 4. SCH were
simultaneously tested in comparison with reference drugs
and the solvent (water). The lirst part of the work involved
submitting mice to the four-plate test,” which involves ob-
serving the movements of the animal in a square enclosure
having a base made up of 4 steel plates that can be electrified
to “punish’ the animal when it moves from one plate to an-
other. Putting the animal in this situation creates a state of
anxiety, due to the conflict between the propensity to ex-
plore and the fear of the electric shock.

In this test. Ignatia 3CH and Gelsemium SCH showed an
anxiolytic action (less than that of Diazepam, but having the
same direction of effect). whereas lgnatia SCH showed
a sedative action, in that it diminished the movements of
the animal. The treatment in both cases was 0.4 ml/20 g
of weight intraperitoneally, 5 days out of 7 for 3 weeks.
The same publication also reports an experiment on rats
of the Wistar strain, treated with 1 ml of remedy/100 g of
weight and subjected to the “staircase’ test. where the ani-
mal is left free to explore a space that includes a staircase
which it can decide to ascend or not.

The exploratory propensity was assessed based on the
number of steps and on ‘rearing’ behaviour (standing in
an erect position, on the hind legs). In this case, the refer-
ence anxiolytic drug was chlordiazepoxide (Librium),

215

Homeopathy



Assays of homeopathic remedies in rodents
P Bellavte et al

216

which produced a notable increase in the number of steps
ascended and a reduction in rearing. The two homeopathic
remedies instead produced a marked diminution in the num-
ber of steps ascended — the opposite action to that of chlor-
diazepoxide - which was therefore interpreted as a sedative,
rather than anxiolytic, effect.

A further report in a homeopathic journal ™ utilised the
hole-board test — to study the effects of Gelsenmium 3CH.
SCH and 7CH (0.5 ml/20 g. intraperitoneally. 7 days out
of 7 for 3 weeks) comparing it with chlordiazepoxide
(50 mg/kg) and a control solution (distilled water). In this
test, the reference drug produced a notable reduction in ex-
ploration, an effect that was also observed with Gelsemium
3CH. and in part with Gelsemium SCH. Gelsemiwun 7CH in-
stcad enhanced exploration, thus suggesting a two-phase ef-
fect dependent on the dilution/dynamization. In this same
study, a slight "anxiolytic’ effect was observed for Gelse-
mium 3CH in the evasion test. and for /gnaria 3CH in the
operant conditioning test (which involves rewarding the
animals with access to tfood and water when they press
a pedal). However the results are difficult to interpret,
both due to the lack of statistical evaluations. and because
the reference drug was administered in a very high dose
that resulted in prostration. loss of motor coordination and
marked hypotonia of the animals.

Guillemain er al.'™ report an overview of their previous
research. including some previously unpublished findings.,
which we summarise here. According to their review., /gna-
tia 3CH. 5CH and 7CH (administered intraperitoneally, 1 h
before testing) increascd the number of transitions in the
four-plate test (see description above). where nitrazepam
(control drug) was also active in the same direction. No sig-
nificant effects were obtained with Jgnaria 3DH and 12DH
or with Strychninum (homeopathic dilution of strychnine)
3CH and 4CH. Morcover. Gelsemium 5CH. Sempervirine
nitrate SCH (one of the active principles of Gelsemium)
and Argentum nitricum 9CH appeared to contrast, in
a few experiments. the effects of the anxiogenic compound
RO 15-3505 (inverse agonist of benzodiazepines) in the
labyrinth (plus-maze) test.

The same authors'® made an interesting attempt to inves-
tigate the neurobiological mechanisms. and report that RO
15-3505 slightly decreased the affinity of radioactive (3H)
benzodiazcpine in the mouse cortex, and that this effect
was contrasted and reversed by Sempervirine SCH in one ex-
periment and by /gnatia 1 SCH in another. Moreover, RO 15-
3508 slightly decreased the affinity of the radioactive (3H)
GABA in the mouse cortex, and this effect was reversed by
Ignatia 1SCH and Argentum nitricum 9CH (single experi-
ment). These findings would seem to suggest a possible ac-
tion of Sempervirine on the benzodiazepine receptors, and
of Ignatia on GABAergic inhibitory transmission, but the
lack of statistical evaluations and replications of the results
make any firm conclusions about the mechanism impossible.

Cristea ¢r al. conducted an extensive investigation into
the effects of homeopathic dilutions of Matricaria chamo-
milla on the central nervous systems of mice.” Interest-
ingly, the approach in this work involved a preliminary
actometric test for assessing spontancous motility, in order

T

Homeopathy

to classify individuals into groups of animals with hypomo-
tility or hypermotility. Mice with hypomotility were stimu-
lated by Chamomilla SCH in a number of behavioural
parameters, including motility. evasion test, righting reflex
and nimbleness (behaviour in rotational test). Some specitic
differences between the stimulating effects of Chamomilla
and those of amphetaminc. the reference substance, suggest
that the homeopathic effect was not an amphetamine-like
effect. Mice with basal. spontancous hypermotility were
tranquilised by Chamomilla 30CH, based on the above
behavioural parameters. in the same way and to the same
extent as by allopathic doses (5 mg/kg) of Diazepam. The
authors suggest that these pharmacotherapeutic effects
experimentally prove the validity of the homeopathic
therapeutic principle of similitude.

More recently, Bousta ¢f al. report that in some — but not
all — experimental conditions, Belladonna. Gelsemium and
Poumon histumine (SCH. 9CH. 15CH) reduce stress-in-
duced behavioural alterations of mice in the staircase test
and LD test.™ The work. published in a major international
journal, is highly complex in its possible interpretations. The
mice were subjected to stress consisting of a series of electric
shocks according to a standardised procedure, with the rem-
edies administered intraperitoneally 30 min prior to the
stress., after which various behavioural parameters such as
the LD test and the staircase test were immediately mea-
sured. Finally. the animals were sacrificed and their blood
tested for certain immunological parameters, and their stom-
achs examined for possible gastric lesions. Itappears that the
homeopathic remedies were prepared in alcohol dilutions.,
while the control group was treated with NaCl 0.9%., which
raises some concerns as to the methodology. Another flaw of
the protocol was the absence of a positive reference drug.
which would have aided in interpreting the experimental
data. In fact. one of the most peculiar aspects of the results
is that, in comparing stressed and unstressed animals, it is re-
ported that stressed animals reduced their number of transi-
tions between the light and dark compartments in the LI>
test. but increased the amount of time spent in the illumi-
nated compartment (a parameter that conventionally denotes
a reduction in anxicty). This latter obscrvation is especially
surprising becausc it would appear to indicate a reduction in
the anxiety of mice following stress. From the laboratory
analysis results. it was found that stressed mice had a general
reduction in leukocyte count (lymphocytes. neutrophils., ba-
sophils and monocytes) and an increase in gastric lesions.
Given the many parameters analysed and the different rem-
edies tested in various dilutions/dynamizations, the results
of these experiments are particularly complex to describe.
The data pertaining only to the main positive results ob-
tained with homeopathic remedics are reported below:

(a) Atropa belladonna reversed the effects of stress on the
behavioural parameters. The active dilutions/dynamiza-
tions were 1 SCH in the staircase test and all (5,9, 30CH)
in the LD test. The remedy (SCH and 15CH) increased
the number of monocytes in the blood of stressed ani-
mals and, in the 9CH dilution/dynamization, reduced
the number of gastric lesions.



(b) Gelsemium sempervirens in S and 15CH improved the
performance of stressed mice in the staircase test, while
the same dilutions reduced the activity of unstressed
mice. In the LD test, the remedy in the 5. 9 and 15CH di-
lutions/dynamizations increased the number of transitions
but reduced the amount of time spent in the light compart-
ment. This result indicates that it reversed the effects of
stress, but is nevertheless strange because it suggests, ac-
cording to the conventional interpretation of this test, that
the remedy produced an increase in anxiety. Gelsemium
did not have significant effects on unstressed animals, ex-
cept for a reduction in rearing. In stressed mice, Gelse-
mium (9 and 15CH) significantly increased the number
of neutrophils and basophils and, in all dilutions, protected
against development of gastric lesions.

() Poumon histamine (5, 9. 15CH), in the staircase test.
reduced the activity of unstressed mice and increased
it in stressed mice compared to untrcated animals. In
the LD test, all dilutions/dynamizations reduced the
amount of time spent in the light compartment. thus
reversing the experimental effect of stress. The same
remedy, in stressed mice. notably increased the counts
of the various types of leukocytes. and especially of neu-
trophils (in all dilutions) and reduced the gastric lesions.
That said, a significant increase in gastric lesions was
observed in unstressed mice.

The authors conclude that the tested remedies generally have
protective effects on the parameters altered by stress. both in
termis of behaviour and at the level of the immune and gastro-
intestinal systems. These eftects are probably associated with
their neurotrophic and anxiolytic effects. However, the above
results were obtained as reversals of the effects of severe stress,
and the findings varied greatly depending on the potency used
and the test performed. Therefore, further studies exploring the
neurotrophic and behavioural cffects of Gelsemium, Bella-
donna and Poumon histamine are necessary before any firm
conclusions can be reached.

Pinto and colleagues investigated the effect of homeo-
pathic dilutions of Chamomillu (6CH, administered orally
each day for 7 days) on a murine experimental stress model
consisting of forced cohabitation of a healthy mouse with
one suffering from a tumour.™ Mice that cohabitated with
a sick cage-mate showed a decrease in their general activity
in an OF arena, but those treated with Chamomilla 6CH
were less severely affected (p = 0.0426). No hacmatological
changes were observed.

In a second experiment, a stress based on forced swim-
ming was applied to mice pre-treated with Chamoniillu
6CH (administered orally 24, 5 and 1 h before the test).
The controls were: water, 10% ethanol or amitriptyline.
Then the immobility time (a sign of anxiety and depression)
was measured. Only the amitriptyline and ethanol treated
groups showed significant decrease in immobilisation
time (p = 0.0020). The scores of animals treated with Cha-
momilla 6CH were midway between those for animals
treated with water control and ethanol or amitriptyline. A re-
duction in the leukocyte count was observed in the amitrip-
tyline and Chamomilla 6CH treated groups (p =0.039).

Assays of homeopathic remedies in rodents
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These results suggest that treatment with Chamomillu
6CH is related to the recovery of basal behavioural condi-
tions in mice subjected to stressful conditions. However,
the finding that ethanol (the vehicle used for the homeo-
pathic remedy) has an effect on the immobilisation time
in the forced swimming test makes it difficult to interpret
these last results, and further studies are required.

Da Silva Rocha et al. tested Rhus toxicodendron 200CH
(administered orally, added to the drinking water for 24 h)
in a rat anxicty model based on locomotion (distance trav-
elled in an OF) and other behavioural parameters such as
rearing. grooming (motion of front legs directed at the head
or body). immobility time and defecation.™ The rationale
for testing Rhus tox was that, according to the Materia
Medica, this remedy has an inhibitory action on the nervous
system, as well as having effects on rheumatic symptoms,
particularly in mice subjected to stress. A group of 16 rats
was divided into two subgroups characterised by high and
low locomotor tendency (hyperactive and hypoactive). The
hyperactive animals showed a significant reduction in loco-
motion following the homeopathic treatment, and also after
treatment with Diazepam. the anxiolytic control drug. Treat-
ment with water (the vehicle of the homeopathic remedy)
also produced some diminution in activity. but not to a statis-
tically significant extent. All the other behavioural parame-
ters did not show significant differences between before
and after treatment, neither with Rhus rox nor with Diazepam.
The work is interesting. but must be regarded as preliminary
because it was conducted on a small number of animals, and
because careful inspection of the data in the tables reveals
a very high inter-individual variability (coefticient of varia-
tion often equal to or greater than 100%). that might have
masked a possible efficacy of the tested substances.

Other behavioural and memory models

The therapeutic and pathogenic eftects of Dolichos pruri-
ens were evaluated in experimental models in rats, based on
the evaluation of behavioural parameters and skin lesions. >
In the therapeutic experiment Wistar rats were housed in
a heated environment (25 £ 3°C) to induce itch, and treated
with Dolichos pruriens (ascending potencies of 6CH., 9CH.
12CH and 30CH diluted 1:500 in the drinking water, each
administered for 10 consecutive days). The positive control
group received the vehicle (30% cthanol diluted 1:500 in
water). The experiments were performed blind.

The results point to the existence of therapeutic effects,
with inhibition of the itching, skin lesions and fur thinning
produced by heat, more evident in later observations. with
the 9, 12, and 30CH potencies (p=0.001). No changes
were observed in the behavioural parameters such as OF ac-
tivity (grooming and rearing) and laterality of the itching. In
the pathogenetic experiment, all animals were kept at a tem-
perature of 20 £+ 3°C and treated for 30 consecutive days
with Dolichos pruriens 6 or 30CH, or ethanol vehicle, or
no treatment; no changes were observed in any of the pa-
rameters examined. The authors conclude that this experi-
mental model demonstrates the therapeutic effect of
Dolichos pruriens, but not its pathogenetic eftects.
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The cftects of Coffea cruda 30CH and 200CH and cafteine
on the sleep pattem of rats were widely investigated by the
group of Ruiz-Vega et al., by recording the EEG from the pa-
rietal region.”***"7 Treatments were administered orally at
the beginning of the sleeping period. In synthesis, the spectral
power of Delta band (0.5-2.5 Hz) was significantly higher
than baseline for Coffca 30CH and caffeine (15.5 mg/kg).
Coffea 30CH and caffeine have similar effects on sleep pat-
tern, enhancing delta power, Coffea cruda 200CH appeared
to affect only the synchronization.

Besides being a inflammation mediator, histamine is
a central neurotransmitter. it increases arousal vie H1 recep-
tors. Even the pure histamine is not used as a homeopathic
medicine, several studies investigated the effects of high di-
lutions/dynamizations of this substance in vitro and in vivo.
A study examining the effect of ultra-diluted histamine on
arousal through changes in the slcep pattern of rats™ is
worth of mentioning in this context. The spectral density
in delta (0.5--2.5 Hz) band. one of the three major spectral
components of the sleep-clectroencephalogram, was lower
in rats receiving histamine 30CH (0.05 ml every 20 min
during the tirst 2 h orally) than the control group. Signifi-
cant differences between histamine 30CH and baseline
during the first 2 h imply an immediate effect. Subsequently
the same group tested different potencies and found highly
non-lincar patterns, with peaks of activity at 15, 21 and 30
centesimal shake/dilution steps.™

Antigen S-100B of nervous tissue, according to data

from numerous studies. participates in the mechanisms of
nervous system plasticity and memory. The influence of

ultra-low doses (6CH) of antibodies to S-100B has been
studied on behavioural models in rats: learning - inhibitory

avoidance. choosing of bowls with sucrose, and cessation of

26

feeding behaviour after an auditory signal.”” For all three
tasks, an improvement in the parameters of reproducing
the leared skills was observed following oral administra-
tion of potentiated antibodies against S-100B  antigen
immediately after learning. In discussing the possible mech-
anisms of the effect of potentiated antibodies on memory. it
should be borne in mind that the amount of S-100B protein
in the brain increases during leaming, and the anti-S-100
antibodies in normal doses disturb the process of memory
consolidation. However. in ultra-low doses, antibodies to
S-100B may have a diametrically opposite cffect to what
they have in normal doses. instead improving reproduction
of the learned skills. More recently, the same rescarch group
has shown that antibodies against S100 protein, adminis-
tered in high and ultra-high dilutions, possess neuroprotec-
tive and neurotrophic activity on neuroblastoma cells under
conditions of oxygen and glucose deprivation.?’

Experimental studies on mouse
behaviouralresponses

Screening of six homeopathic remedies

In a preliminary trial,”’ we tested the effects of Aconitum,
Belladonna, Gelsemium, Nux vomica, Argentum nitricum
and Tabacum, all in the SCH dilution/dynamization, on

Homeopathy

the main behavioural responses of mice. The choice of sub-
stances was suggested in part by the homeopathic Materia
Medica, which cites a number of neurological and anxi-
cty-related symptoms for those remedies, and in part by
the pre-existing literature. Each remedy was tested on 12
animals of the CD1 strain, which is one of the most com-
monly used in behavioural studies. This initial screening
yielded the following results for the four main behavioural
parameters:

(a) The time spent in the open, illuminated (white), com-
partment in the LD test was increased by the benzodiaz-
epine standard drug Diazepam (0.5-1 mg/ml). Of the six
homeopathic remedies tested, only Gelsemium, Aconi-
tum and. 1o a lesser extent, Argentum nitricum showed
a stimulating (anxiolytic-like) effect.

(b) The number of transitions between the two compart-
ments was increased by Diazepam and by Gelsemium,
but not by the other remedies.

(¢) In the OF test, Gelsemium, Tabacum and, to a lesser ex-
tent. Argentum nitricum appeared to have a stimulating
effect on the amount of time spent in the centre of the
arena, indicating an increased tendency to explore the
environment and a decrease in thigmotaxis.

(d) An increase in the distance travelled in the centre was
observed only with Gelsemium. Diazepam proved inef-
fective in this test, possibly due o a sedative effect on
locomotion or for other reasons that remain to be eluci-
dated (see also below).

(¢) Nux vomica decreased the time spent in the centre and
the distance travelled in the OF. suggesting a pathoge-
netic, anxiogenic effect.

() Argentum nitricum had contradictory effects, since it in-
creased the time spent both in the LD white zone and in
the centre of the OF, but this effect was not accompanied
by an increase in the number of transitions and distance
travelled, suggesting that its activity is not truly anxio-
Iytic-like and possibly attributable to other factors, or
to statistical variability.

(g) In general. we found there to be high inter-individual
variability.

In summary, from this preliminary study it emerged only
that Gelsemium had an effect on all the parameters consid-
ered. The high experimental variability — a factor well
known to researchers in this tield — prompted to concentrate
on only one remedy, Gelsemium. leaving to future work the
investigation of responses to other potentially interesting
remedies (Aconitum, Tabacum as anxiolytics, Nux vomica
for its possible pathogenetic effect). Another reason for un-
dertaking a systematic experimental trial of Gelsemium was
that this remedy is frequently used in humans for anxiety
symptoms, and has already been investigated in studies by
other authors which do not, however, always report consis-
tent results.' #1233 In experimental research in homeop-
athy it is especially important to consolidate new and
preliminary data — which can often be unexpected or even
contrary to the beliefs of ofticial pharmacology — through
statistically solid evidence. We conducted two complete se-
ries of experiments testing various Gelsemium dilutions,



with small changes and adaptations of methodology: in the
first series — the results of which have been recently pub-
lished*' and here are further detailed — the LD test was per-
formed the day before the OF on animals (from Harlan
Laboratories), which were housed 4 per cage; in the second
series of studies (Magnani et ¢l., manuscript in preparation,
whose preliminary data are here reported) the LD test was
performed the day after the OF test on animals (from Charles
River Laboratorics), which were housed 2 per cage.

Effects of Gelsemium sempervirens

A series of eight experiments was carried out on Gelse-
mium using CD1 mice, administering in all cases the SCH
dilution/dynamization as well as the control solution, and
in some experiments also adding higher dilutions to the ex-
perimental setting. In this series of experiments. the animals
were housed 4 per cage, the LD test was performed the 8th
day and the OF test was performed the 9th day of drug ad-
ministration. The results are summansed in Figure 3 (LD
test) and Figure 4 (OF test).

Figure 3 shows the mouse behaviour data in the LD test,
in terms of the two main purameters: percentage of time
spent in the illuminated compartment and number of transi-
tions between the two compartments. The mean time spent
in the light compartment and the number of transitions were
significantly increased by Diazepam. as expected. These
two paramcters were also shightly increased in Gelse-
minm-treated animals (three experiments with SCH and
one with 30CH). but due to the high inter-assay variability
the overall differences between the Gelsemium-treated ani-
mals and controls were not statistically significant. In this
series of experiments the global F-test of ANOVA for Gel-
semium-treated  groups was 0.909 (not significant) and
0.229 (not significant) for the mean time spent in the light
compartment and the number ol transitions respectively.
No interaction between experiments and groups was found.

Figure 4 shows the results for the OF tests. In the Gelse-
mium-treated groups, the titme spent in the central zone ot
the arena increased signiticantly in all but one experiment,
while Diazepam was ineffective in this test. The distance
travelled by mice in the central zone of the arena was also
positively influenced by treatment with Gelsemium at all
dilutions/dynamizations. In this series ol experiments the
global F-test of ANOVA for groups was 0.006 for both
the mean time spent in the centre and the distance travelled
in centre. No interaction between experiments and groups
was found.

It is interesting that the efficacy seems to be higher with
the highest potencies of the remedy, and is highly signifi-
cant both with 7CH and with 30CH. Nevertheless, it should
be underlined that all potencies proved significantly active.
and that the differences between the groups treated with the
homeopathic remedy did not prove statistically significant
in a post-hoc analysis. During the OF test the total distance
travelled by the mice in the entire arena was also analysed.
No significant effect was found in drug-treated vs. control
animals, indicating that the observed differences in time
spent and distance travelled in the central zone were not

Assays of homeopathic remedies in rodents
P Bellavite et al

due to changes in the general. unspecitic, locomotor activity
of the mice (data not shown). The reference benzodiazepine
drug was inactive in the OF test, indicating that. at least in
our experimental conditions, OF and LD explore different
emotional responses, with different sensitivity 1o drugs
and ncurological mechanisms.

In a second series of experiments we used animals from
a different producer (Charles River Laboratories) and
slightly changed the experimental protocol, housing the
mice 2 per cage and performing the OF test the 8th day
and the LD test the 9th day of drug administration. Six
independent experiments using 8 animals per group were
performed. assessing increasing potencies of Gelsemium
sempervirens. In these experiments a significant anxio-
lytic-like effect of Gelsemium (SCH, 9CH and 30 CH. not
7CH) was observed also in the LD test. The global F-test
of ANOVA for groups was highly significant: p =0.001
and p = 0.002 for the mean time spent in the light compart-
ment and the number of transitions respectively. No interac-
tion between experiments and groups was found. Post-hoc
analysis indicated a significant effect with Gelsemium s.
S5CH (p<0.05). 30CH (p<0.05) and particularly 9CH
(p <0.001) potencies (Figure 5). It is conceivable that fac-
tors linked to methodology like animal breeding. housing
condition, or re-testing the second day induced a higher
state of anxiety and this could have made the animals
more sensitive to the effects of the homeopathic medicine
in the L.D test. The positive results with Gelsemium 9CH
were the most reproducible and were comparable or even
higher than those of the conventional drug of reference Bus-
pirone. which in this series was administered daily in a par-
allel group. Figure S also shows that the 9CH exhibited
a much higher inter-assay repeatability than the 7CH since
the latter potency was active in some experiments (e.g.. 4th
and 5th) and not in others.

In summary, Gelsemium exhibited a highly statistically
significant effect in two main and validated behavioural
test in mice: however, these effects appeared as highly de-
pendent on the experimental conditions and did not concem
all the tested potencies. Anxious behaviour of mice is
caused by various factors that operate on the emotional
level: the fact of being tested individually (the animals are
used 1o living in groups), of being placed into a new and
unfamiliar space, and agoraphobia (the arena is very large
compared to the cages in which the animals are customarily
housed). Therefore, what is measured is the remedy s effect
both in augmenting the tendency and interest to explore,
and in diminishing the anxiety provoked by the test itself
(which tends to inhibit exploratory behaviour).

Discussion

Anxiety is a characteristically human experience, and is in
a certain sense inescapable for human beings endowed with
free will and conscious of their precarious nature. Anxiety
within certain limits is inevitable, innocuous and cven use-
ful. since it makes it possible to confront exogenous stressors
with enhanced vigilance. Yet, if it occurs to an excessive
degree, or inappropriately 1o the context, it can become
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Figure 3 Effects of Gelsemium 5CH, 7CH and 30CH on the two main behavioural parameters in the LD test. Data from 5 experiments with
Diazepam (N =69 mice) are pooled and mean values i S.E.M. from each experiment are reported of 8 experiments with Gels 5CH (total
N=117), 3 experiments with Gels 7CH (N = 47) and 2 experiments with Gels 30CH (N = 31). In each experiment the values for each treated
mouse are calculated as the % eftect as compared with the mean values of control mice of the same experiment. p Values reported in figure
are post-hoc analysis of ANOVA comparing Diazepam or Gelsemium potencies with control group as described in Methods.

a source of suffering. dangerous enough to even compro-
mise the ability to cope with day-to-day life. It provokes var-
ious types of disturbances in both the psychic (insecurity,
indecision, fear to the point of panic attacks, sleep disorders)
and physical (palpitations. muscle tension. nausea, vomit-
ing) spheres. Often, the physical disturbances themselves
become new sources of anxicty for the patient. There are
various forms and various classifications of anxiety, includ-
ing anxious states, phobic disturbances, post-traumatic
stress disorders, and atypical disturbances. Decades after
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their introduction into therapeutic use, benzodiazepines con-
tinue to be the most commonly prescribed anxiolytic drugs,
because of their effectiveness in controlling anxiety symp-
toms, panic syndrome and sleep disturbances. However
they pose the dangerous problem of dependency and of
adverse or side effects (daytime drowsiness, dulling of cog-
nition). Such problems have not been entirely resolved
through the recent introduction of other classes of anxiolytic
drugs, such as HT receptor agonists, which are better suited
to chronic conditions but not always effective.



>

80 1
701
60 4
50 1

AN

D\

Treatment effect (+S.EM.)
8

AN

Assays of homeopathic remedies in rodents
P Bellavite et al

90 1 OF-test: Percent time spent in central area

72222722
7777777772727

-10 A
| Diazepam
-20 1mglkg
-30 4 (p>0.05) G(sljb.%??

Gels. 7CH Gels. 30CH
(p<0.001) (p<0.001)

B 9 -, OF-test: Distance traveled in the central area

80
70 4
60 A

Treatment effect (+S EM)
8
A

-10 -
204

Ppzepam Gels. 5CH

(p>0.05) (p<0.01)

Gels. 7CH  Gels. 30CH
(p<0.001)  (p<0.001)

Figure 4 Effects of Gelsemium 5CH, 7CH and 30CH on the two main behavioural parameters in the OF. Data from 5 experiments with
Diazepam (N =69 mice) are pooled and mean values + S.E.M. from each experiment are reported of 8 experiments with Gels 5CH (total
N=118), 3 experiments with Gels 7CH (N = 47) and 2 experiments with Gels 30CH (N = 32). In each experiment the vaiues for each treated
mouse are calculated as the % effect as compared with the mean values of control mice of the same experiment. p Values are post-hoc
analysis of ANOVA comparing Diazepam or Gelsemium potencies with control group as described in Methods.

Consequently, many patients tum to complementary
therapies. and 1o homeopathy in particular. This treatment
alternative merits careful consideration, but to date there
are obstacles to the general acceptance of homeopathy —
as also of other fields of medicine - due to the scarcity of
scientitic studies elucidating its indications, limitations
and mechanisms of action.

Effects in animal models
Of the many available methods for studying human
pathologies and drug eftects, animal models continue to be

one of the most commonly used. In the field of psychopa-
thology. animal models have become an invaluable tool
for analysing the mechanisms of various disorders, and
have aided in developing and predicting therapeutic re-
sponses to pharmacological agents such as benzodiazepines.

As emerges from this review, in homeopathy relatively
few experimental studies have been carried out on animal
models in the field of anxiety and psychopathological disor-
ders. The scarcity of basic research in homeopathy, and the
frequent presence of methodological flaws, is a problem
that also affects other lines of research.*™** Though there
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Figure 5 Effects of Gelsemium 5CH, 7CH. 9CH and 30CH on the percent time spent in the illuminated area in the LD test of the second
series of experiments (2 mice per cage, LD performed in the 9th day). Data trom 5 experiments with Buspirone (N =40 mice) are pooled
and mean values : S.E.M. from 6 experiments (N=8 mice per group per experiment) are reported with Gelsemium potencies. In each
experiment the values for each treated mouse are calculated as the % effect as compared with the mean values of control mice of the
same experiment. p Values are post-hoc analysis of ANOVA comparing Buspirone or Gelsemium potencies with control group as described

in Methods.

is doubtless some interesting evidence for the cefficacy of
homeopathic remedies in murine model of behaviour and
experimental infoxication, the results reported in the re-
viewed contributions are not sufficiently consistent to pro-
vide a solid base for understanding the phenomenon and
its mechanisms of action. Only a few results — for Ignatia.
Gelsemium, Chamomilla — have been confirmed by sepa-
rate laboratories. but there is also interesting evidence for
the possible efficacy of other remedies such as Cicuta
virosa. Cannabis, Coca, Argentum nitricum, Nux vomica,
Belladonna, and continmation of a statistically proven etfect
of high dilutions of antibodies against neuronal antigens.
Some authors report indirect evidence for interference of
the homeopathic remedy (Ignatia and Gelsemium) with
receptors for glycine'™ or neurosteroid enzymes.****

The case of Gelsemium sempervirens

In traditional medicine. and in particular in homeopathy,
Gelsemium has always been attributed anxiolytic and anal-
gesic properties, but scientific studies supporting these
assertions are rare. We can cite some preliminary observa-
tions in the homeopathic literature, but these are not entirely
clear nor methodologically reliable (sec above). There are
two studies which show that Gelsemium can have a preven-
tive action against experimental stress (electric shock) in
mice® or against convulsions provoked by lithium and
pilocarpine in rats.* It should be noted, that the latter pro-
tective etfect against convulsions was obtained using a pure
extract (24 drops/2 | of drinking water), rather than a homeo-
pathic dilution, mixed with Scutellaria lateriflora (Skullcap)
and Datura stramonium (Jimson Weed).
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Behavioural ceffects on mice: Qur experiments confirm
and consolidate the evidence that Gelsemium, inhomeopathic
dilutions, has positive etfects on mouse behaviour, when
tested in the OF. reducing the symptom of ““thigmotaxis™.
In this test. the conventional anxiolytic drug Diazepam did
not have any effect. indicating that this behavioural cffect
of Gelseminm is based on a different mechanism and has
a broader spectrum of target function. Thigmotaxis is a char-
acteristic behaviour pattern of mice. consisting of a tendeney
to stay or move close to walls or vertical surfaces in an
OF. 7™ It is generally considered a sign of emotions corre-
lated with anxiety and fear.”*"-*" When an animal initially ¢x-
plores an enclosed space. it tends to stay in close contact with
the perimeter of the space, and this tendency can be quantified
by measuring cither the amount of time spent in the central/
peripheral area. or the distance travelled (path length). This
behaviour is also termed “wall-following’ or ‘centropho-
bic'.*' Thigmotaxis is particularly apparent upon the first ex-
posure 10 a novel space. and helps the animal to define the
boundaries of an unfamiliar environment. However, if relied
upon continually, it then prevents the animal from pursuing
other spatial strategics for mapping the environment.

Thigmotaxis is a very conspicuous behaviour in anxious
animals, and plays a role in the formation of avoidance be-
haviour and cognition. It is therefore a primordial behav-
iour, with a genetic basis, that is ecologically important
and used by both animals and humans for exploring the en-
vironment. In unconditioned behaviour tests in which an
animal is placed for the first time in an arena, it also reflects
novelty-induced anxiety, general activity, exploratory
behaviour and decision making.”



As we have shown, Gelsemium possesses an anxiolytic-
like activity and augments the exploratory tendency in
novel environments, without any effects on the motor coor-
dination or sedation of the animals. Gelsemium has anti-
anxiety effects without any neurotoxic or sedative side
effects. Our data of the first series of experiments, showing
a greater effect in the OF (where Diazepam is not effective)
suggest that the behavioural effect of this remedy is proba-
bly mediated by mechanisms that differ, at least in part,
from the classical modulation of BZDps on thc GABA
receptor. These data are in  agreement with  other
reports™*** showing that OF behaviours of mice were re-
duced by Diazepam at high doses, which may be within the
sedative-hypnotic range.”* It is very intriguing that this
test was sensitive to the homeopathic medicine only, since
this would suggest that the latter has a broader action on
cmotional symptoms than conventional drugs. Differences
between the type and severity of external stressors or in
the experimental sctup might account for the high variabil-
ity of results reported in different experimental conditions
and by different laboratories. It has been noted that the
extent to which an anxiolytic compound can facilitate
exploratory activity depends on its baseline level in the
control group.”

Anxicty is not a unitary symptom and consists of a series
of different syndromes. ranging from simple disturbances of
normal behaviour to fully fledged pathologies such as
unmotivated panic attacks. Different methods may explore
different aspects of the anxiety syndromes, such as “state”
and “trait” anxiety.” Belzung and Gricbel suggest that the
LD test and the elevated plus-maze are the most appropriate
devices for assessing ‘state anxiety,” whereas the free-cx-
ploratory paradigm can be used for “trait anxiety”."* How-
ever, the OF test is also used as a model of state anxiety,”
and few true trait anxiety animal models are used, generally
involving genetic paradigms or chronic exposure to fear-
provoking stimuli.

In the second series of our studies we have found that Gel-
semium acts more markedly and significantly as anxiolytic in
the LD test when it is carried out on the day after the OF test,
rather than on the preceding day as was done in the first series
of experiments reported here. If confirmed, this result would
indicate that the mere fact of being re-subjected to a behaviou-
ral tests augments the degree of baseline anxiety. and thus fa-
cilitates  exertion  of the tranquilising cffect of the
homeopathic remedy compared to the control solution.

Action mechanism: The mechanisms of action of Gelse-
mium at the cellular level could involve the limbic system
and the spinal marrow, at the level of the centres which
control pain and anxiety. In fact it has been observed that
gelsemine, the main component of Gelsemium, stimulates
biosynthesis of the neurosteroid 3a.5«-tetrahydroproges-
terone (3a.5a-THP). also named allopregnanolone in the
central nervous system ol rats, through activation of recep-
tors for glycine (Gly-R).*® The 3a,5a-THP is produced by
an enzymatic cascade which includes Salpha-reductase and
Jalpha-hydroxysteroid oxidoreductase. 3a.5a-THP acts on
allosteric sites situated on the y-amino butyric acid type A
(GABAA) receptor or on the strychnine-sensitive glycine
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receptor (Gly-R).>** Gabaergic neurosteroids mediate

the anxiolytic effects of various drugs®®3” and of ethanol.™®

In a preliminary communication, the authors showed that
the effect of the entire extract of Gelsemium plant is superior
to that of the purified gelsemine.** More recently, the same
group has tested the cffects of Gelsenium and gelsemine in
a range of homeopathic dilutions (5. 9, 15CH) and shown
that the SCH and 9CH dilutions stimulate synthesis of
3a.5a-THP both in the hippocampus and in the spinal mar-
row in vitro.™” A particularly interesting fact is that the ef-
fects of the homeopathic remedy in vitro were blocked by
strychnine, a well-known selective inhibitor of glycinergic
receptors. Based on these considerations and our findings.
a hypothetical diagram showing the possible action mecha-
nism (s) of Gelsemium is reported in Figure 6.

Because 3a.5a-THP endogenously synthesized in the
central nervous system significantly modulates anxiety or
nociceptive mechanisms through paracrine and autocrine
modes.”’ substances which are capable of stimulating
3. 5«-THP formation in neural networks appear as poten-
tially interesting for the development of effective anxiolytic
or analgesic therapies. Glycine is an amino acid that func-
tions as a neurotransmitter with inhibitory effect and stimu-
lates biosynthesis of 3a.5«-THP starting from progesterone
(an eftect known to be blocked by strychnine by antago-
nism at the receptor level). The stimulating effects of gly-
cine and gelsemine suggest possible uses of glycinergic
agents and gelsemine for stimulating these metabolic path-
ways involving ncurosteroids. in disorders of the nervous
system where they are reduced. and which are accompanied
by symptoms of anxiety, social phobia, and potentially also
psychiatric disorders®'*? and encephalopathy.®* ¢

Gelsemine was present in the mother tincture of the
potencies used in our investigations at a concentration of
6.5 x 10" " mol/l. Since each dilution step involves a 100
times decrease in concentration, the theoretical concentration
of gelsemine in the SCH, 7CH. 9CH and 30CH solutions was
6.5 % 10 6.5 x 107'*.6.5 x 10" ** and 6.5 x 10”* mol/
1 respectively. Since 1 mol/l of any substance contains
6.022 x 10! molecules at standard conditions (Avogadro
constant), our 7CH working solution contained approxi-
mately 10° molecules/l (107 molecules/ml) and an injection
of 0.3 ml contained approximately 33 molecules. Of course,
the 9CH and 30CH potencies in our conditions were well be-
vond the Avogadro limit. Thus. our results, obtained in fully
randomized. controlled and blind conditions, confirm and re-
inforce the observations — emerging from several rescarch
fields — that biologically active compounds may indeed
have high-dilution effects which mimics those of lower dilu-
tions (higher doses): in homeopathy there does not exist lin-
earity or proportionality between molecular concentration of
active principles and biological effect.’**' 977! So far there is
no uniting theoretical explanation for these observations, but
recent hypotheses seem to point to organisation of the solvent
water on a mesoscopic scale: the nano-heterogenous structure
of water can be determined by interactive phenomena such as
coherence, epitaxy, temperature—pressure processes during
strong agitation, and formation of colloidal nanobubbles con-
taining gaseous inclusions of oxygen. nitrogen, carbon
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Figure 6 Hypothetical mechanism of action of Gelsemium. The homeopathic medicine has been found®® to act on strychnine-sensitive gly-
cine receptors inducing Cl influx and increasing the synthesis of the neurosteroid allopregnanolone, which in turn may act both on the GABA
receptor — at a binding site different from benzodiazepines — and on other receptors including the serotonine (5-HT1A) and nicotinic-acetyl-
choline receptor. Due to the multicomponent nature of Gelsemium and to our finding of effects also on the OF paradigm. differently from the
conventional anxiolytic drugs, the existence of other neurosteroid-independent mechanisms may be hypothesized.

dioxide. silica. and possibly the remedy source material.”” 7"
We have also previously suggested a analogy between this
type of non-linearity and a hypothetical fractal-type organisa-
tion of water nanoheterogeneities.”” ** due 10 the iterative
process of dilution/succussion.

Meanwhile. extrapolating these data to the human use of
homeopathic medicines, it is quite interesting that qualita-
tively similar effects are obtained using different potencies.
suggesting that the choice of a ‘right’ potency could not be
so determinant for the final outcome. However, or results
(see Figure 5) also show that, even under strictly controlled
experimental conditions some potencies may be more
active than others (e.g., the 9CH exhibited a much higher
inter-assay repeatability than the 7CH) and the same
potency (e.g., 7TCH) may be active in some experiments
(e.g., 4th and 5th in Figure 5) and not in others. The magni-
tude of the effects found in our studics approaches that of
conventional anxiolytics (in the models where these latter
drugs work), suggesting that the statistically significant
effects of Gelsemium in mice could also prove to be clini-
cally relevant in humans. These unusual properties of
high dilutions, which merit further investigation, are poten-
tially relevant not just to homeopathic pharmaceutical prac-
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tice, but also to basic rescarch into cell sensitivity to
regulation.

Conclusions and prospects

In this work, we have reported the evidence for the effec-
tiveness of some homeopathic remedies in controlling anx-
iety symptoms in animals. Even though anxiety in
experimental animals in a particular setting obviously dif-
fers from anxicty in humans, it remains true that some
behaviour patterns (fear. flight, neophobia, thigmotaxis,
etc.) are ancestral and have a common neurobiological basis
in humans and animals. In point of fact, these models have
been used from the outset in preclinical studies of all anxi-
olytic drugs, and proven themselves to be valid and predic-
tive. Especially when using multiple tests simultaneously.
in situations that do not involve conditioning with excessive
and artificial stress, it is possible to outline a profile of activ-
ities that reflect the emotional state of the animal and can be
objectively evaluated.

Because we are discussing homeopathy, it is necessary
to specify an important methodological point. The fact
that Gelsemium (or some other remedy such as Ignatia
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and the other mentioned in this review) has a demonstrable
action on some of the neurobiological mechanisms that
control anxiety does not mean it is indicated in all the
behavioural disorders associated with these types of symp-
toms. This caveat is grounded in the same experimental
findings which show the variability of animal responses
depending on the tests employed and other details which
distinguish different experimental approaches.

The fact that Gelsemium is more active in the OF test
under certain conditions, but more active in the LD test un-
der others (possibly dependent on the way the animals are
raised, or housed, or their previous experiences with tests
that might create habituation or altered expectations) indi-
cates that the effect is highly sensitive to even slight condi-
tioning effects. If these considerations are extrapolated to
man, we must conclude that Gelsemium — even in very
high dilutions — can work, but the ‘sensitive type’ must be
sclected on the basis of a very thorough experience and
careful discrimination of the different symptoms and the in-
dividuals history.

Classical homeopathy. as well as most other alternative ap-
proaches, emphasises a holistic view of disease in which indi-
vidual judgement and treatment are important. This implies
that a homeopathic remedy must be chosen by taking into
consideration the organism as a whole. including personality
and behaviour, and not merely the symptoms in the affected
organ system. As a consequence, a reductionist experimental
approach can be valid for the scientific advancements that it
allows, but cannot fumish a “proof™ or a “disproof™ of home-
opathy itself. Therefore, care should be always taken when in-
terpreting the results of animal studies with respect to possible
mechanisms of action of homeopathy.

From the above review, it emerges in particular that
Gelsemium is the remedy that has been most studied in
experimental models. Its action, at the level of the living
animal and of key neurobiological systems in the control
of anxiety, has been proven by multiple studies. Solid
statistical evidence demonstrates that the effects of the dif-
ferent potency levels investigated (SCH, 7CH, 30CH) do
not follow a classical dose-response relationship regarding
their mere dilution level, confirming a phenomenon fre-
quently observed with high homeopathic dilutions in other
laboratory models.®® 7" Gelsemium's mechanism of action
at the central level is also starting to be elucidated. 1t is
therefore one of the first remedics, already empirically
used in human patients with symptoms correlated to anx-
iety. to have been proven effective in experimental ani-
mals. It is to be hoped that a growing number of
researchers will carry out equally caretul and systematic
experimental work on many other remedies. to progres-
sively expand the body of knowledge on their etfects
and mechanisms of action.
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