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Summary

Background: Homeopathic potencies are used as specific reme-
dies in complementary medicine. Since the mode of action is
unknown, the presumed specificity is discussed controversially.
Objective: This study investigated the effects of potentised sub-
stances on two yeast species, Saccharomyces cerevisiae and
Schizosaccharomyces pombe, in a stable and reliable test sys-
tem with systematic negative controls. Materials and Methods:
Yeast cells were cultivated in either potentised substances or
water controls in microplates and their growth kinetics were
measured photometrically. Water control runs were performed
repeatedly to investigate the stability of the experimental set-up
(systematic negative controls). Results: 4 out of 14 screened
substances seem to have affected the growth curve parameters
slope or yield. Out of these substances, azoxystrobin and phos-
phorus were chosen for 8 further replication experiments,
which partly confirmed the results of the screening. On the av-
erage of all experiments, azoxystrobin affected the slope of the
growth curve of Saccharomyces cerevisiae (p < 0.05), and phos-
phorus affected the slope of the growth curve of Schizosaccha-
romyces pombe (p < 0.05). No effects were seen in the water
control runs. In addition, significant interactions between treat-
ment with potentised substances and experiment number were
observed in all experiments with potentised substances (p <
0.01), but not in the water control runs. Conclusions: Both yeast
species reacted to certain potentised substances by changing
their growth kinetics. However, the interactions found point to
additional factors of still unknown nature, that modulate the ef-
fects of potentised substances. This stable test system with
yeasts may be suitable for further studies regarding the efficacy
of homeopathic potencies.

Schliisselworter
Homoopathische Potenzen - Hefen - Saccharomyces cerevi-
siae - Schizosaccharomyces pombe - Testsystem, Stabilitat

Zusammenfassung

Hintergrund: Homo&opathische Potenzen werden als spezifische
Heilmittel in der Komplementarmedizin eingesetzt. Da der Wirk-
mechanismus unbekannt ist, wird eine spezifische Wirksamkeit
jedoch kontrovers diskutiert. Fragestellung: Diese Studie unter-
suchte die Wirkung von potenzierten Substanzen auf zwei Hefe-
arten, Saccharomyces cerevisiae und Schizosaccharomyces
pombe, in einem stabilen und zuverlassigen Testsystem mit
systematischen Negativkontrollen. Material und Methoden: He-
fezellen wurden in Anwesenheit von potenzierten Substanzen
und Wasserkontrollen in Mikrotiterplatten kultiviert und ihre
Wachstumskinetik wurde photometrisch gemessen. Wasser-
Kontrolllaufe wurden wiederholt durchgefiihrt, um die Stabilitat
des experimentellen Aufbaus zu untersuchen (systematische
Negativkontrollen). Ergebnisse: In einem Screening scheinen
4 von 14 Substanzen die Wachstumskurven-Parameter Stei-
gung und Ertrag beeinflusst zu haben. Von diesen Substanzen
wurden Azoxystrobin und Phosphor fiir 8 weitere Wiederho-
lungsexperimente ausgewahlt, die die Resultate aus dem
Screening teilweise bestatigten. Im Durchschnitt aller Experi-
mente beeinflusste Azoxystrobin die Steigung der Wachstums-
kurve von Saccharomyces cerevisiae (p < 0,05), und Phosphor
beeinflusste die Steigung der Wachstumskurve von Schizosac-
charomyces pombe (p < 0,05). Keine Effekte wurden in den
Wasser-Kontrolllaufen beobachtet. Zusatzlich wurden in allen
Experimenten mit potenzierten Substanzen signifikante Wech-
selwirkungen zwischen der Behandlung mit potenzierten Sub-
stanzen und der Experimentnummer beobachtet, nicht jedoch
in den Wasser-Kontrolllaufen. Schlussfolgerungen: Beide Hefe-
arten reagierten auf bestimmte potenzierte Substanzen mit An-
derung ihrer Wachstumskinetik. Die gefundenen Wechselwir-
kungen deuten jedoch auf zusatzliche, noch unbekannte Fakto-
ren hin, welche die Effekte von potenzierten Substanzen modu-
lieren. Das vorgestellte stabile Hefe-Testsystem konnte fir
weitere Studien zur Wirksamkeit homoopathischer Potenzen
geeignet sein.
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Introduction

In both human and veterinary care homeopathic dilutions
(potencies) are widely used in complementary medical thera-
pies, e.g. homeopathy and anthroposophical medicine. These
remedies consist of highly diluted substances, such as plant or
animal extracts or minerals, which are stepwise diluted and
vigorously succussed. This procedure is called (homeopathic)
potentisation. Above a certain dilution step, there are virtual-
ly no molecules of the original substance left (potency levels
higher than 24x respectively 12¢). Due to this fact the possibil-
ity of a remedy-specific therapeutic effect is often questioned
[1-3], even though there are some meta-analyses of clinical
trials which indicate corresponding effects [4, 5]. Moreover,
there is currently no generally accepted theory explaining a
mode of action. Some hypotheses have been set up, but they
still await experimental verification [6-9].

Besides well performed controlled clinical trials there is a
great need for preclinical research with high methodological
standards [10]. Simple physical, chemical and biological labo-
ratory models are required to investigate effects of high dilu-
tions as well as quality aspects of the remedies, and finally, to
get an idea of their mode of action. Additionally, it is impor-
tant that the results gained with different models are replicat-
ed by independent researchers [11-13]. In vivo as well as in
vitro, several promising preclinical test systems with higher or-
ganisms, like plants, animals or human cell cultures are cur-
rently being investigated [14-25].

Microorganisms have also been used as test organisms for po-
tentised substances. They have many advantages, like fast
growth and easy handling and one would expect good repro-
ducibility [26-32]. However, the methodology of some of the
studies was rarely described sufficiently for exact reproduc-
tion. In studies with the same test organism and similar test
substances, the results are often divergent, like the studies
with Chlorella [33, 34]. Also for yeasts some authors reported
effects of potentised substances on selected metabolic or
growth parameters [35-39], while others were not able to de-
tect any [40-43]. Given the principal advantages of yeasts as
test organisms, it seemed important to us to thoroughly inves-
tigate the sensitivity of yeast to highly diluted and succussed
substances. Both species examined here are well studied and
often used in industrial and medical biotechnology as well as
biological models and sensitive test organisms in environmen-
tal studies [44—46].

The aim of this study was thus to investigate if potentised sub-
stances show any effects on growth kinetics of two different
yeast species in a stable, reliable test system with systematic
negative controls. Saccharomyces cerevisiae and Schizosaccha-
romyces pombe were grown in the presence of the succussed
test substances or corresponding water controls in microplates
under strictly controlled environmental conditions. Among
these test substances there were unspecifically and specifically
toxic substances, a growth regulator and different homeopath-
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ic remedies with a relation to human growth processes.
Growth kinetics were measured photometrically for 40 hours
and statistically analysed using a standard parametrisation of
the growth curve.

Materials and Methods

Yeast Media

Universal medium for yeast 186 (YM) (German Collection of Microor-
ganisms and Cell Cultures, Braunschweig, Germany) was used to grow
yeasts on petri dishes and contained: 3 g I"! yeast extract (Oxoid, Bas-
ingstoke, Great Britain), 5 g I'! proteose peptone (Oxoid), 3 g I'! malt ex-
tract (Oxoid), 10 g I'! Bacto® dextrose (Difco, Detroit, USA), 15 g 1! agar
bacteriological No. 1 (Oxoid). The pH was adjusted with HCI (Fluka,
Buchs, Switzerland) to 5.9 + 0.1.

Liquid yeast cultures were grown in Yeast N base medium as defined nu-
trient source, pH 5.4 + 0.1, which contained: 6.7 g I'! Difco™ yeast nitro-
gen base (Becton, Dickinson and Company, Sparks, USA) and 5 g I'!
Bacto® dextrose (Difco).

The growth kinetic measurements were performed on Yeast N base medi-
um agar containing 6 g 1! agar bacteriological No. 1 (Oxoid) in addition.

Growth Conditions for Yeast Starter Cultures

Two different yeast species, Saccharomyces cerevisiae X2180 (MATa/o.
SUC2/SUC2 mal/mal mel/mel gal2/gal2 CUP1/CUP1), and Schizosaccha-
romyces pombe (972 h™), were used in the experiments. For long time stor-
age the cultures were harvested and resuspended in 15% (w/v) glycerol
(Appli Chem, Darmstadt, Germany). Then the cultures were dispensed
into 1 ml aliquots and frozen at —80 °C. Yeasts from these storage cultures
were taken approximately every 4 months, were grown on YM 186 for
2 days at 30 °C and were stored at 4 °C. Every 2 weeks they were trans-
ferred to new YM 186. Before an experiment was carried out one colony
was added to 20 ml liquid Yeast N base medium and was grown at 30 °C
for 24 h. Turbidity was measured in order to control that the log phase
was reached (Turbidity Meter, ESD Engineered Systems and Designs,
Newark, USA). As additional criterion for the metabolic state of the cul-
ture it was checked, whether there was still enough dextrose in the medi-
um left (Keto-Diastix, Bayer AG, Zurich, Switzerland; without dextrose
the yeast cells change their metabolism from fermentation to respiration).
Then the test organisms were used as inoculum in the growth kinetic
measurements.

Stability of the Test System

In order to test the stability of the test system, to determine the coefficient
of variance and to test for false positive results 9 full experiments were
carried out with (unsuccussed) water as the only test substance for both
yeast species (systematic negative controls). In these water control runs
the same number of samples, an analogous randomisation scheme for the
statistical analysis and the same technical procedure were used as in the
experiments with potentised substances. The water used was taken from
the same glass bottle that served as reservoir for the potentisation in the
experiments with test substances.

Design of the Experimental Investigations

All experiments were carried out by the corresponding author between
May 2002 and March 2004. There were two different phases of the exper-
imental investigations. During the first phase 14 different test substances
were screened for their potential to influence growth kinetics of yeasts. In
the second phase of the experimental investigations replication of the
effects found in the screening was examined.

Screening: Among the substances chosen were some exerting a known ef-
fect on yeast growth in substantial concentrations and different modes of
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Fig. 1. Example of a growth curve and its parametrisation. A four para-
meter regression (top, bottom, slope, Et50; straight line) was individually
fitted to the measured yeast growth data of each well of the microplate
(empty circles).

action, like unspecifically toxic substances (copper(II)sulfate-5-hydrate
[CuSOs4 * 5 H20] (E.Merck, Darmstadt, Germany) and copper(II)chlo-
ride-2-hydrate [CuCl, * 2 H>O] (Riedel-de Haén, Seelze, Germany),
fungicides (azoxystrobin PESTANAL® [methyl(E)-[2-(6-(2-cyanophe-
noxy) pyrimidine-4-yloxy) phenyl]-3-methoxyacrylate] [C22H17N3Os],
benomyl PESTANAL® [methyl 1-(butylcarbamoyl)benzimidazole-2-yl
carbamate] [CisHisN4Os), folpet PESTANAL®  [n-(trichlorome-
thylthio)phthalimide] [CoH4CI3NO-S], triadimefon PESTANAL® [1-
(4-chlorophenoxy)-3,3-dimethyl-1-(1H-1,2,4-triazole-1-yl)butanone]
[C14H16CIN3O2] (all Riedel-de Haén) and a growth regulator (3-indolyl-
acetic acid PESTANAL® [CioHoNO>]; Riedel-de Haén). Also lactose
[C12H22011], (medium of some of the remedies bought) and homeopathic
remedies (arsenicum album 6x Trituratio [arsenic trioxide] [As2O3], apatit
6x Trit. [natural calciumfluorophosphate]| [CasF(POs)3], phosphorus
4x Dilutio [white modification of phosphorus] [P], quartz 6x Trit. [natural
silicon dioxide] [SiOz], sulfur 6x Trit. [natural sulphur] [S] and witherit
6x Trit. [natural barium carbonate] [BaCOs] (all Weleda, Arlesheim,
Switzerland) were included in the screening. The list of these homeopath-
ic remedies (with a relation to human growth processes) was chosen in co-
operation with physicians from KIKOM (Institute of Complementary
Medicine, University of Berne, Switzerland) and veterinarians from FiBL
(Research Institute of Organic Agriculture, Frick, Switzerland). All water-
soluble substances were potentised according to homeopathic standard
procedures, i.e. diluted and succussed, in sterile distilled water (Biichi,
Fontavapor 250, Flavil, Switzerland) from 1x to 30x (details see below),
fungicides as acetone-soluble substances were potentised in acetone (Ap-
pliChem Darmstadt, Germany) to 1x, then further in a acetone-water
mixture with 80, 60, 40, 20% acetone, respectively, until 5x and from 6x on
in pure distilled water. The homeopathic remedies were obtained in the
lowest potency available, as 4x or 6x, and further potentised in pure dis-
tilled water.

As controls untreated pure solvent (sterile distilled water) as well as ster-
ile distilled water being succussed once were used in every experiment
with potentised substances, based on the considerations of Baumgartner
et al. [10].

Replication series: Two test substances, azoxystrobin and phosphorus, ex-
hibited the most pronounced effects on yeast growth kinetics in the
screening. Therefore these two substances were chosen in order to repeat
the experiments 8§ times with both yeast species during one and a half
years. The results were compared with those of the water control runs
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(see above), performed during the same period of time (systematic nega-
tive controls).

Preparation of the Test Solutions

For every experiment the potencies of the test substances and the controls
were freshly prepared according to the German Homeopathic Pharma-
copoeia [47] under sterile conditions under a laminar flow (Skan AG,
Basel, Switzerland) before 11 a.m. on the day of the experiment. The
stock solutions were prepared in either distilled water or in aceton (see
above). Copper(II)sulphate-5-hydrate and copper(IT)chloride-2-hydrate
were dissolved in distilled water in concentrations of 0.4 M. In order to
dissolve 1 mg lactose or trituratio in 9 ml distilled water, these solutions
were gently heated to approximately 38 °C. Substances which are usually
not used as homeopathic dilutions were prepared in concentrations ac-
cording to their application in agriculture (azoxystrobin 0.62 mM, beno-
myl 1.72 mM, folpet 2.7 mM, triadimefon 0.85 mM, 3-indolylacetic acid
0.057 mM) [48]. 8 ml of the stock solution were carefully sterile filtered
(0.2 um, Macherey-Nagel, Diiren, Germany) and filled in the first 14 ml
polypropylene tube (always brand-new and sterile from Greiner Bio-One,
Frickenhausen, Germany). After vigorously shaking by hand in a vertical
line for 1 min at a rate of approximately 2 Hz at room temperature, 0.8 ml
of this solution were added to the second test tube containing 7.2 ml ster-
ile distilled water and shaken in the same manner. This process of succes-
sive 10-fold dilution steps and vigorously shaking proceeded until the 30th
dilution step was reached. All prepared test solutions were stored at room
temperature in the dark until they were used. For the water controls, the
first tube containing 8 ml of sterile distilled water remained unsuccussed
and was only gently inverted (CO). From this tube 0.8 ml were added to
another tube with 7.2 ml sterile distilled water and succussed like de-
scribed before (C1). In every experiment the potency levels 9x, 12x, 15x,
18x, 21x, 24x, 27x and 30x of one test substance as well as unsuccussed
(C0) and succussed (C1) water controls were examined. After preparation
of the test solutions, they were coded (blinded) and randomised by anoth-
er person not being involved in the experiments. The code remained un-
broken until statistical analysis was accomplished.

Microplate Bioassay

100 pl of sample was added to the wells of a new, sterile 96-well mi-
croplate (flat bottom with lid, Sarstedt, Newton, NC, USA) in a block
randomisation scheme for all experiments. Both columns at the edge were
filled with water, but were not included in the analysis because of mea-
sured edge effects in pre-investigations with pure water as test substance.
The remaining 80 wells were filled with 10 coded samples, either poten-
tised substances or controls, in 8 replicates each, in two blocks of four ad-
jacent wells. Samples were pipetted with a multiple channel pipette (So-
corex, Ecublens/Lausanne, Switzerland) as two times 4 x 100 pl. This was
followed by 150 pul of Yeast N base medium agar containing about 60,000
cells ml! yeast cells (PP-reagent reservoir, Socorex; Exp8 channel impact
pipettor, Matrix Technologies, Hudson, NH, USA) resulting in a final con-
centration of about 36,000 cells ml~! in each well.

For growth kinetic measurements the microplate was put in a temperature
controlled microplate reader (MRX II TC, Dynex Technologies, Chantilly,
VA, USA) at 30 °C, which in turn was situated in a plant growth chamber
(Heraeus, Geneva, Switzerland) with 25 °C and relative humidity (rH) of
50-60% in order to improve temperature stability (according to pre-in-
vestigations). The optical density (I / I; intensity of incident light / inten-
sity of transmitted light) was measured at a wavelength of 600 nm every
hour for a period of 40 h. After the experiment the microplate was in-
spected for any visible changes of the medium. For data reduction a re-
gression with four free parameters was fitted to the yeast growth data (5%
hour until 40" hour) individually for each well of the microplate (fig. 1):

optical density (OD) = bottom + ((top — bottom) / (1 + 10 exp
((Et50-time) * slope))) (1)

Scherr/Baumgartner/Spranger/Simon



Table 1. Statistical analysis of the screening
experiments with two yeast species for all

Saccharomyces cerevisiae Schizosaccharomyces pombe

potentised substances tested and three growth Et50 slope yield Et50 slope yield

curve parameters (p-values of F-tests of the

corresponding ANOVA) Apatit 0.1198 0.2911 0.6281 0.9530 0.5154 0.2541
Arsenicum album 0.8650 0.2928 0.1480 0.4482 0.0948 0.4492
Azoxystrobin 0.1269 0.0095* 0.0017* 0.5970 0.1379 0.1135
Benomyl 0.3849 0.0193* 0.8336 0.0773 0.1541 0.1176
CuSos 0.0543 0.4188 0.7454 0.6289 0.6627 0.6167
CuCl - - - 0.5576 0.4819 0.8629
Folpet 0.7962 0.1404 0.3178 0.8699 0.3867 0.2586
3-Indolylacetic acid 0.2852 0.5104 0.7529 0.9031 0.3141 0.6235
Lactose 0.1420 0.4869 0.2296 0.1652 0.0881 0.4235
Phosphorus 0.9063 0.6174 0.3682 0.8770 0.0026* 0.1985
Quartz 0.2504 0.8238 0.9283 0.7904 0.7263 0.1135
Sulfur 0.6566 0.1430 0.0758 0.9743 0.4403 0.5685
Triadimefon 0.1746 0.9089 0.4896 0.1735 0.2007 0.6942
Witherit 0.4556 0.0344% 0.0984 0.3434 0.3378 0.3076
*p < 0.05.

Three parameters were finally used for statistical analysis: slope [h7!],
yield (top — bottom) and Et50 (point in time when the yield was half max-
imum) [h].

From all experiments a total of 6,160 growth curves was obtained. In 4%
of all cases air bubbles or cracks in the agar medium falsified the meas-
urements, therefore these data had to be excluded. 6% of the data were
eliminated due to other reasons (e.g., regression fit < 99%, negative slope
or standard error not calculated in the regression). Finally, 90% of all data
were integrated in the statistical analysis.

The materials used repeatedly, such as glass vessels to prepare the stock
solutions or reagent reservoirs, were cleaned with tap water, thoroughly
rinsed twice in hot demineralised water, twice in cold demineralised water
and once in cold distilled water and then dried at 80 °C. If necessary, they
were autoclaved at 121 °C for 15 min (GE 406; GETINGE AB, Getinge,
Sweden).

Statistical Analysis

In general, statistical analysis was based on analysis of variance
(ANOVA) F tests, after checking the data for normal distribution with
Shapiro-Wilk W Test.

For the screening experiments the independent variable was treatment
(potentised substances or controls) and the dependent variables were
slope, Et50 and yield, respectively (o. = 5%). To detect any effects of the
succussion procedure itself, the differences between the unsuccussed (CO)
and succussed (C1) water controls in all experiments with potentised sub-
stances were determined using a 2-way ANOVA with the independent
variables experiment number and succussion (yes/no) and the dependent
variables slope, Et50 and yield, respectively (o = 5%).

For the replication experiments and the water control runs the indepen-
dent variables were experiment number and treatment (either 8 potencies
and 1 control C, or 9 ‘pseudo-treatments’ with water only) and the depen-
dent variables were slope, Et50 and yield, respectively (o = 5%). In order
to compare the 9 experiments of one test substance, the data of each ex-
periment had been normalised to its mean value. Besides the main effect
of treatment the statistical model included the interaction of treatment
with experiment number. Any such significant interaction would indicate
a real treatment effect, but being modulated by external factors varying
with time.

Only if the global F test for treatment was significant (p < 0.05) planned
comparisons were evaluated with the LSD test. This protected Fisher’s
LSD gives a good safeguard against type I errors as well as type 11 errors
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[49]. All analyses were made using the software STATISTICA version 5,
(Stat Soft, Inc., Tulsa, OK, USA).

Results

Screening Experiments

In the screening 14 different potentised substances were in-
vestigated for their effect on growth of Saccharomyces cere-
visiae and Schizosaccharomyces pombe compared to the cor-
responding water controls (table 1). Growth kinetics were as-
sessed over 40 hours by hourly measurements of the optical
density and were described with three parameters: Et50, slope
and yield. Table 1 shows that the two yeast species performed
differently in the presence of the potentised substances tested.
For Saccharomyces cerevisiae, benomyl and witherit affected
slope while azoxystrobin affected slope and yield of the
growth curves. In experiments with Schizosaccharomyces
pombe, only slope of the growth curves was influenced by
phosphorus. All other substances tested showed no significant
effect on the growth kinetics of the yeasts.

Succussion Effect

In order to detect any effects of the succussion procedure it-
self, unsuccussed (C0) and succussed (C1) water controls from
all experiments with potentised test substances (no water con-
trol runs) were compared. In a 2-way ANOVA of growth
curve parameters (raw data) both water controls differ signifi-
cantly for the experiment number (p = 0.0000 for Et50, slope,
yield and both yeast species, respectively), but no significant
succussion effect (Saccharomyces cerevisiae: Et50 p = 0.2239,
slope p = 0.6196, yield p = 0.7977; Schizosaccharomyces
pombe: Et50 p = 0.7886, slope p = 0.6289, yield p = 0.2372) and
no significant interaction (Saccharomyces cerevisiae: Et50
p = 0.3157, slope p = 0.6639, yield p = 0.7219; Schizosaccha-

Forsch Komplementidrmed 2006;13:298-306 301



Saccharomyces cerevisiae

Schizosaccharomyces pombe

1.008

1.004

1]

Jebsbiten| £

1.008

1.004

1]

slope [h
o
©
&

s by

0.992

0.988

C W1 W2 W3 w4 W5 W6 W7 Ws
water control

C W1 W2 W3 W4 W5 We W7 Ws
water control

$$$$ﬁ$ﬁﬁﬁ e

1.008

1.004

1]

slope [h

0.996

3 e

0.992

0.988

C  9x 12x 15x 18x 21x 24x 27x 30x C
potency level azoxystrobin

9x  12x 15x 18x 21x 24x 27x 30x
potency level azoxystrobin

ot |

1.008

1.004

1]

slope [h

0.996

: iﬂ%%%

0.992

=
13
=%
o
® 0.996
0.992
0.988
o]
1.008
1.004
£.1.000
3
=%
o
% 0.996
0.992
0.988
Fig. 2. Slope of the normalised growth curves
of Saccharomyces cerevisiae and Schizosaccha-
romyces pombe for eight potency levels of E
azoxystrobin (C, D) and phosphorus (E, F) 1.008
in comparison to their corresponding water
control C. Figure 2 A and B show correspond- = 1.004
ing graphs for the pure water control runs £
(systematic negative controls) with samples of §-
identical origin (unsuccussed water = dilution w 0996
medium used). Mean values (dots) (+ 1.00 0.992
(boxes) and + 1.96 standard error (whiskers),
respectively) for nine independent experiments 0.988 ——¢

each.

romyces pombe: Et50 p = 0.9962, slope p = 0.7472, yield
p = 0.0690) were observed. Hence a succussion effect could
be excluded. It had been defined a priori, that if no significant
differences between CO and C1 were found, the controls of
one experiment were pooled to one control value C.

Stability of the Test System

Nine experiments with (unsuccussed) water as the only test
substance were carried out to assess the stability of the exper-
imental set-up during the course of the investigations. These
systematic negative controls showed a good stability of the
test system with small coefficients of variation for both yeast
species depending on the growth curve parameter (Et50 0.006,
slope 0.018, yield 0.050 for Saccharomyces cerevisiae and Et50
0.011, slope 0.017, yield 0.066 for Schizosaccharomyces
pombe). In a 2-way ANOVA neither treatment (here 9 ‘pseu-
do-treatments’, distilled water only) nor the interaction of
treatment with experiment number yielded significant effects
(table 2a, fig. 2A, B). Thus, this showed that the test system
was stable and did not generate false positive results.
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Replication Experiments

According to the results of the screening we selected azoxy-
strobin and phosphorus for independent replication experi-
ments in order to test if the screening results could be con-
firmed and to determine if or if not the corresponding null
hypothesis (‘no differences in the effects of treatment with
potentised substances and water controls on yeast growth’)
had to be dismissed.

For the azoxystrobin experiments, the results of the 2-way
ANOVA of the growth curve parameters are listed in table
2b; for slope they are graphically shown in figure 2C, D. The
analysis yielded for Saccharomyces cerevisiae a significant ef-
fect of the treatment with potencies of azoxystrobin on slope.
In the pooled data set of all nine experiments the LSD test for
the main effect treatment on slope yielded no significant dif-
ference for any potency level when compared to the corre-
sponding water control C. However, the LSD test yielded sig-
nificant (p < 0.05) differences for the potency levels 15x and
21x when compared to the potency levels 12x, 18x and 30x.
In addition, a significant interaction was found for the growth
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Table 2. Results of ANOVA F-tests for the
normalised data of the growth curve parame-

Saccharomyces cerevisiae Schizosaccharomyces pombe

ters Et50, slope and yield for Saccharomyces Main effects Et50 slope yield Et50 slope yield
cerevisiae and Schizosaccharomyces pombe.
Effect of experiment number, treatment and 2a. Water control runs
their interaction for 9 independent experiments  Exp. no. 1.0000 0.9998 0.9998 0.9999 1.0000 0.9998
each: water control runs (2a), azoxystrobin Treatment 0.4813 0.7682 0.2618 0.9727 0.8268 0.9980
(2b) and phosphorus (2c) Interaction 0.5399 0.8719 0.1243 0.9994 0.2412 0.9176
2b. Azoxystrobin experiments
Exp. no. 1.0000 0.9988 0.9994 1.0000 0,9988 1.0000
Treatment 0.8134 0.0472%* 0.6308 0.8995 0.3934 0.8964
Interaction 0.0773 0.0006* 0.0024* 0.9966 0.0001* 0.7805
2c. Phosphorus experiments
Exp. no. 1.0000 0.9980 0.9998 1.0000 1.0000 0.9970
Treatment 0.6370 0.9428 0.1782 0.9458 0.0436* 0.3187
Interaction 0.9905 0.0065%* 0.0787 0.9997 0.0167* 0.0690
*p < 0.05.

parameters slope and yield. For Schizosaccharomyces pombe,
for slope also a highly significant interaction of the experiment
number and the treatment was detected.

In the experiments with potencies of phosphorus (table 2c, fig.
2E, F) the 2-way ANOVA of the growth curve parameters
yielded a significant effect of the treatment on slope of the
growth curves of Schizosaccharomyces pombe. In the follow-
ing LSD test for the main effect treatment on the growth pa-
rameter slope the potency levels 9x, 18x and 30x differ signifi-
cantly from the water control C (fig. 2F) when pooling all nine
experiments. Again, significant interactions of experiment
number and treatment were detected for the growth parame-
ter slope of both Schizosaccharomyces pombe and Saccha-
romyces cerevisiae (table 2c).

For the growth parameter Et50 no significant main effect of
treatment and no significant interaction could be detected in
the azoxystrobin experiments as well as in the phosphorus
experiments for any yeast species (table 2b, c).

Discussion

Stability of the Test System

Profound knowledge of the test system chosen is a prerequi-
site for a correct interpretation of any results obtained. One
has to know how the organisms grow under controlled condi-
tions over time without any further influences and to what ex-
tent natural variations occur. In this study the experimental
set-up to examine the growth kinetics of two different yeast
species was assessed in many pre-investigations as well as in
the nine water control runs during the time of investigations
with potentised substances. The results of these systematic
negative controls showed that with both yeast species the ex-
perimental system was stable and had small coefficients of
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variation for all growth curve parameters. Therefore it was
possible to measure even small effects induced by the sub-
stances tested in the screening as well as in the replication ex-
periments. Furthermore, in our experiments false positive re-
sults can be excluded with high certainty: neither treatment
nor interaction between experiment number and treatment
yielded significant effects for any growth curve parameter or
any yeast species.

Succussion Effect

During preparation of high dilutions physico-chemical alter-
ations occur by the succussion of water within the polypropyl-
ene tubes, e.g. dissolved and suspended gases (oxygen, carbon
dioxide), dissolution of inorganic and organic substances
(plasticiser) or other unspecific effects [50, 51]. Both yeast
species do not seem to be influenced by these alterations since
no significant effect of succussed water (C1) on any growth
parameter was observed, compared to unsuccussed water
(CO0). Consequently, any detected effect of potentised sub-
stances compared to controls cannot be caused by these phys-
ico-chemical alterations since the succussed water controls
were prepared analogously to the high dilutions. As it had
been defined a priori, for further analysis the succussed and
unsuccussed water controls were pooled to one single control
(C) due to the lack of any difference.

Screening

In the screening it was observed that both yeast species, Sac-
charomyces cerevisiae and Schizosaccharomyces pombe, seem
to react to some of the potentised substances tested. Among
the latter, there were substances which are commonly used as
remedies for human beings and animals [47, 52], as well as
succussed highly diluted growth regulators [53], toxic and non-
toxic substances [54, 55]. It is essential to choose appropriate
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test substances when assessing possible effects of highly dilut-
ed substances on any organism in a new experimental set-up
since in our study only 4 out of 14 different substances tested
seem to affect yeast growth in the screening. This does not ex-
clude the possibility that a substance showing no effect in the
screening might have an effect in further experiments, but
with this procedure one can easily get a hint which test sub-
stance might be useful to test. Therefore, screening tests are
recommended to select appropriate test substances prior to
longer series of experiments which are necessary to yield reli-
able information about the effects of homeopathic potencies.

Replication Experiments

In the replication experiments the results of the screening
were confirmed for phosphorus and partly confirmed for
azoxystrobin. In this experimental set-up the slope of the
growth curve was the only parameter to detect any repro-
ducible changes in yeast growth kinetics induced by poten-
tised substances. In the global F-test azoxystrobin affected the
slope of the growth curves of Saccharomyces cerevisiae and
phosphorus that of Schizosaccharomyces pombe, respectively.
Comparison of the effects of the single potency levels of
azoxystrobin on the growth of Saccharomyces cerevisiae yield-
ed no significant differences to the water control (fig. 2C).
However, the slope of the growth curve was significantly high-
er for the potency levels 15x or 21x when compared to 12x,
18x or 30x, respectively. Since the corresponding LSD test was
not predefined the results have to be viewed with some cau-
tion. However, they do not contradict the hypothesis that
some potency levels of azoxystrobin stimulate and others re-
tard the growth of Saccharomyces cerevisiae.

For Schizosaccahromyces pombe the potency levels 9x, 18x
and 30x of phosphorus decreased the slope of the growth
curves significantly compared to the corresponding water con-
trol (fig. 2F). Seemingly no stimulating effect of phosphorus
potencies could be observed.

Changes between effective and ineffective levels of homeo-
pathic dilutions can hardly be traced back to substantial rem-
nants of the test substances, since the Hahnemanns’ method
(different vessel for every dilution step) was used to prepare
the test substances. Moreover, traces of phosphorus are ubig-
uitously present in the environment. Also such changes have
repeatedly been reported from different test systems [15, 16,
18, 35, 38, 56].

However, the effects found are very small. This may probably
be due to the use of ‘healthy’ test organisms which may react
less to homeopathic preparations than ‘unhealthy’ ones. Larg-
er effects have been described with the so called intoxication
model, where the test organisms are first poisoned with high
concentrations of the test substance and subsequently treated
with homeopathic dilutions of the same substance [12, 57-59].
Thus, we propose to test the effects of homeopathic remedies
on yeasts using an intoxication model.

Even more striking than the significant overall effect of the
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treatment are the highly significant interactions between
treatment and experiment number. These interactions oc-
curred with both yeast species in all replication experiments
with potentised test substances, but not in the water control
runs. In a study with the marine bacterium Vibrio fischeri
using similar statistical methods the same kind of interactions
between treatment with potentised substances and the exper-
iment number was observed (Brack A, personal communica-
tion). These findings indicate that there are still unknown ex-
ternal or internal influences which modulated the effects
caused by the homeopathic dilutions. To investigate these in-
fluences, statistical correlations were calculated between the
experimental results and possible modulating factors during
the preparation process of the potencies, like mood of the
person potentising, weather, season or astronomical constel-
lations. For every experiment the results were parametrised
by three methods: (1) standard deviation of mean values, (2)
sum of successive differences between means of all potency
levels, and (3) maximal difference between mean values of
the highest and lowest potency level. The Pearson product
moment correlation yielded no definitive statements about
the influences, since with only nine replication experiments
per yeast and test substance there were not enough data to
detect any other than very strong correlations. To get a hint
regarding the nature of these unknown influences further in-
dependent well controlled replications as well as experiments
with potentised water are proposed.

The reproduction of published effects by independent re-
searchers has been and still is one of the main challenges of
basic research with homeopathic dilutions. Striih suggested a
possible influence of the investigator when measuring the
COz-production of yeast in the presence of different potency
levels of plumbum aceticum [60]. In reproduction experi-
ments with a wheat-arsenic-intoxication model Binder et al.
observed significant effects of highly diluted arsenic, howev-
er, the direction of the effects found was inverted: instead of
a stimulating effect as described by Betti et al. [59, 61] an in-
ternally reproducible inhibiting effect was seen [62]. One
might raise the hypothesis that such problems of reproduc-
tion by other researchers may be related to the variability of
the effects of homeopathic potencies observed in this study.
The highly significant interactions between treatment and
number of the experiments indicate that there are still un-
known factors which modulate the effects of the potentised
substances.

In summary, in this study it was observed that the two yeast
species, Saccharomyces cerevisiae and Schizosaccharomyces
pombe, are able to react to potencies of some test substances
by changing their growth kinetics. The effects on the healthy
microorganisms are statistically significant, though they are
only small and modulated by additional internal or external
factors. Due to the inherent use of systematic negative con-
trols, false positive results can be excluded with high certainty.
In this study we observed severe violations of the classical
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dose-response-curve [63]. Similar observations have previous-

ly been reported by different authors [15, 19, 20, 24, 59]. Our

findings support the notion of homeopathy, that homeopathic
potencies may exert specific biological effects. Thus, in future,
further research efforts with methodological well defined
studies and various test organisms are needed to correctly ex-
amine the efficacy of homeopathic potencies on different or-
ganism levels, identify possible effect modulating factors, and
eventually enlighten their mode of action.
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