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Abstract Background Wedeveloped a bioassay withmercury-stressed duckweed (Lemna gibba
L.) to study potential effects of homeopathically potentised mercury(II) chloride
(Mercurius corrosivus [Merc-c.]). The response of this bioassay to homeopathic treat-
ments as a function of stress intensity was also of interest.
Methods Duckweed was severely stressed with mercury(II) chloride for 48 hours.
Afterwards plants grew in either Merc-c. (seven different potency levels, 24x to 30x) or
water controls (unsuccussed and succussed water) for 7 days. Growth rates of the frond
(leaf) area were determined using a computerised image analysis system for different
time intervals between the measurements on days 0, 3 and 7. Three independent
experiments with potentised Merc-c. each were evaluated. Additionally, three water
control experiments were analysed to investigate the stability of the experimental set-
up (systematic negative control [SNC] experiments). All experiments were randomised
and blinded.
Results Unsuccussed and succussed water did not significantly differ in terms of
duckweed growth rate. The SNC experiments did not yield any significant effects,
providing evidence for the stability of the experimental system. Data from the two
control groups and the seven treatment groups (Merc-c. 24x–30x) were each pooled to
increase the statistical power. Duckweed growth rates for day 0 to 3 were reduced
(p < 0.05) after application ofMerc-c. compared with the controls. Growth rates for day
3 to 7 were not influenced by the homeopathic preparations.
Conclusions The present test system with Lemna gibba L. that was severely stressed
by mercury yielded evidence for specific effects of Merc-c. 24x to 30x, namely a growth
reduction in the first time period (day 0–3). This is in contrast to former experiments
with slightly arsenic-stressed duckweed, where a growth increase was observed in the
second time period (day 2–6). We hypothesise that the differing results are associated
with the level of stress intensity (severe versus slight).
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Introduction

Homeopathy is a widely used complementary therapy.
Although used worldwide,1–3 the efficacy of homeopathic
medicines remains a topic of controversial debate.4–7 The
discussion centres on the fact that homeopathy can use ultra-
highly diluted medicines beyond the inverse of the Avogadro
constant. Therefore, basic research is of considerable interest—
not only to investigate any effects of homeopathic medicines,
but also to develop test systems to identify themode of action.
As the mode of action is still unknown and external influences
have yet to be fully identified,8–10 reproducibility of results in
basic research in homeopathy constitutes an ongoing chal-
lenge.11Reliable andstable test systemsare thereforeneededas
afirst step towards addressing thequestionofwhetherhomeo-
pathic potencies can be distinguished from corresponding
controls. In a second step, the underlying mode of action can
then be narrowed down by analysing the influence of targeted
exposure of homeopathic preparations to physical energy in
different forms (autoclaving, electromagnetic fields, etc.). Such
experiments are also important to give manufacturers and
users information regarding possible interferences related to
the production process and storage of homeopathicmedicines.
To achieve this, specific properties of homeopathic potencies
can either be examined directly by physico-chemical measur-
ing methods or indirectly by bioassays.

Duckweed is a well-standardised and established subject
for bioassay in ecotoxicology.12–16 Assuming that test systems
withstressedorganismswill bemorestablewith respect to the
effects of homeopathic preparations—compared with test
systems using healthy organisms17–20—duckweed was
stressed before application of potentised preparations. Pre-
vious studies using arsenic(V) as a stressor found the system to
be very stable, with growth-increasing effects of Arsenicum
album potencies reproducibly observed.21

The aim of this study is to examine whether duckweed
assay can be applied to other research questions in homeop-
athy research. One such question is whether the observed
arsenic(V) stress alleviation effect can be generalised to other

inorganic stressors. We therefore chose mercury as an alter-
native stressor to investigate the stability of the system and
the response to other potentised substances. Areas of further
interest include the response of this bioassay to homeopathic
treatments as a function of stress intensity.

In this article,we present three independent experiments,
which examine the influence of potentised Mercurius corro-
sivus (Merc-c.) on severely stressed duckweed. In a blinded,
randomised set-up, stressed duckweed was treated with
Merc-c. in seven potency levels (from 24x to 30x) and
compared with controls (unsuccussed and succussed water)
in terms of their influence on the plant’s growth rate. The
stability of the system was tested by three independent
systematic negative control (SNC) experiments.

Merc-c.was selected also becausemercury potencies have
a long tradition and importance in homeopathy as well as in
anthroposophical medicine. In addition, the use of mercury
in medicine is the subject of critical discussion in light of the
Minamata Convention on Mercury initiated by the United
Nations Environment Programme.22,23 Research on these
substances is therefore of particular interest. Another long-
term goal of our working group is to investigate the similia
principle in varying stressors and potencies applied in basic
research assays.

Materials and Methods

General Experimental Design
A single experiment comprised 60 beakers with Lemna gibba
L. (►Fig. 1). For each experimental parameter (n ¼ 15 in
total, n ¼ 14 letter-coded samples and 1 open control con-
dition, see below), four replicates were used and randomly
allocated in a fixed blocked randomisation scheme. The 14
coded samples consisted either of seven potency levels (from
24x to 30x) of Merc-c. or of seven independent control
preparations (three samples of unsuccussed water and four
samples of one-time succussed water), or—in the case of the
SNC experiments—of 14 unsuccussed water samples coming
from the same source. After preparation, all test solutions

Fig. 1 (A) Experimental set-up of a single experiment in the growth chamber (60 beakers with Lemna gibba L.). For each experimental parameter
(n ¼ 15 in total), four replicates were used and allocated in a fixed blocked randomisation scheme. The 15 experimental conditions consisted of
14 letter-coded samples and one additional open control with unstressed duckweed (the latter control was not used for statistical evaluation).
(B) Single beaker with duckweed; in the background an example of frond area analysed using the image analysis system.
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were randomised and coded (blinded) by a person not
involved in the experiments. Duckweed was stressed with
mercury for 48 hours. Subsequently, the plants were grown
in either potentised substances or water controls for 7 days.
Growth rate of fronds was determined for two different time
intervals (day 0–3 and 3–7). Furthermore, we conducted
three full-size experiments with pure water as the only
treatment parameter (SNC experiments) to investigate the
stability of the experimental set-up over the entire study
period. Thus, six experiments were conducted in total.

Preparation of Potentised Test Solutions and Controls
A detailed description of the sample preparation has been
given in previous publications.21,24 In brief, all test solutions
for one experiment (potencies and controls) were freshly
prepared, using the multiple glass method, between 7 a.m.
and 10 a.m. on the day of the experiment from the same
batch of reverse osmosis water (Arium 61316; Satorius
Stedim Biotech GmbH, Göttingen, Germany) prepared from
tap water (Arlesheim, Switzerland).

For the potentisation process, Erlenmeyer flasks of Duran
glass (� 6x: 250 mL, � 7x: 500 mL, Schott, Mainz, Germany)
were used. Fifteen millilitres of potency stock solution (0.5
g/L HgCl2; Sigma-Aldrich, Buchs, Switzerland) were added
to 135 mL water to produce the first potency level. Poten-
tisation was performed according to a previously used
standard protocol:21 the Erlenmeyer flask was first agitated
once upside-down to generate a vortex; after the vortex had
calmed down, the flask was shaken downwards a second
time causing chaotic agitation of the water. These two steps
were repeated 12 times. For the next potency level, 15 mL
of this solution were added to the next potentisation vessel
containing 135 mL of water and agitated in the same
manner. At potency level 7x, the flask size was changed
from 250 to 500 mL, and the filling volume rose to 350 mL;
thus, 35 mL of the former potency level were added to
315 mL of water. This process of successive 10-fold dilution
and vigorous shaking proceeded until the potency step 30x
was accomplished.

Two types of controls were prepared: unsuccussed water
(c0) and succussed water (c1), corresponding to water 1x,
shaken analogously to the potencies described above. Three
samples of unsuccussed water were prepared in three
500 mL of Erlenmeyer flasks, and four samples of succussed
water in four identical Erlenmeyer flasks. These controls
were chosen in line with considerations discussed in detail
elsewhere.25

From the potencies prepared, seven potency levels (from
24x to 30x) were used for the experiments. Aiming at
investigating possible differences in efficacy between single
potency levels, a series of consecutive potency levels was
used. In all these potency levels, the concentration of HgCl2/L
is beyond the Avogadro limit. Together with the seven
control preparations (see above), 14 samples were prepared
in total. These 14 test solutions were randomised and coded
(blinded) by a person not involved in the experiments and by
manual random assignment of a double letter code from a
pre-defined list.

Experimental Procedure
For the duckweed bioassay, axenic (pure) stock cultures of
duckweed Lemna gibba L. (clone no. 9352) were grown
according to a standard of the International Organization
for Standardization12 first on solid, then in liquid modified
Steinberg medium (moStM; all ingredients, Fluka, Buchs,
Switzerland) to acclimatise the plants to the experimental
conditions and obtain large number of plants under con-
trolled laboratory conditions. The medium was changed
weekly to achieve rapid, close to exponential, growth. It
was assured that growth would not be restricted (e.g. due to
space limitations or nutrient restrictions).

After a 7-day growth period, moStM was last changed
48 hours before starting the experiment. Plants (7.5 g) were
transferred to one vessel containing 2000 mL of freshly
prepared moStM to ensure identical nutrient concentration
when adding 5 mg/L of mercury(II) chloride (HgCl2; Sigma-
Aldrich, Buchs, Switzerland). Fronds that were malformed or
severely damaged were removed from the vessel 24 hours
before starting the experiment.21 After 48 hours of poison-
ing, the experiments were started, without mercury(II)
chloride in nutrient solution.

On the day of the experiment, plants without visible
lesions, chlorosis or necrosis were selected from the vessel.
Test specimens were sorted according to number of fronds,
similar size, colour and form. Three plants each were used as
starter culture for all beakers containing test solutions or
controls respectively.

A single experiment comprised60beakers (►Fig. 1). Fifteen
experimental parameters were investigated in four replicate
beakers each (15 � 4 ¼ 60 beakers). The 15 parameters con-
sisted of 14 letter-coded samples (seven potency levels of a
given substance and seven controlpreparations, see above) and
one additional open control condition (parameter) with
unstressed duckweed. The latter control was used only to
determinethedegreeofdamageanddidnotenter thestatistical
evaluation of the experiments with potentised preparations.

For each experiment, 50 mL of moStM were poured
(Bottletop dispensing head, 50 mL, Brand; Wertheim,
Germany) into 60 beakers each (150 mL, SIMAX; Kavalier,
Sázava, Czech Republic). Then 50 mL of 14 coded samples in
four replicates each was added to the 56 beakers. For the one
open control condition, 50 mL of water was added to four
beakers each.

The sorted stressed duckweed colonies were carefully put
into the 56 beakers for the coded samples at random. Sorted
unstressed duckweedwas placed into the four beakers of the
open control. Frond area per beaker was measured at the
beginning of the experiment (day 0), and onday3 and 7using
a camera (D200; Nikon, Tokyo, Japan; photographic lens:
AF-S Nikkor 17–55 mm 1:2.8G ED; Nikon, Tokyo, Japan) and
an image processing system (medeaLAB imaging system
count & classify, version 6.7; Medea AV, Erlangen, Germany).

Experiments were conducted in a plant growth chamber,
specially constructed to enhancehomogeneity of light inten-
sity, temperature and air velocity and to avoid vibrations
during the experiment. Duckweed was illuminated with
fluorescent lights (145 � 4.9 µmol photons m�2 second�1
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PAR, F32 T8/TL 741, Philips; Andover, Massachusetts, USA)
for 16 hours/day. Mean air temperature was 20.1°C � 0.5°C,
mean temperature of moStM 22.1°C � 0.4°C (Endotherm,
Dornach, Switzerland) and mean relative humidity was
41% � 9% (EBI-20-TH, Ebro, Ingolstadt, Germany).

The average growth rate per day (r) based on the mea-
sured frond areawas calculated for two test intervals (day 0–
3 and day 3–7) according to the equation: r ¼ (ln xt2–ln xt1)/
(t2–t1), where xt1 is the value of observation parameter at day
t1, xt2 is the value of observation parameter at day t2 and t2–t1
is the time interval between xt1 and xt2 in days. More details
concerning the procedures of the duckweed bioassay have
been described elsewhere.24

Statistical Analysis
All experiments (two reproduction series with three experi-
ments each) yielded a total of 1,008 data points (six experi-
ments � 56 beakers � three time points) that were
transformed into 672 growth rate data values for the final
statistical evaluation (day 0–3 and day 3–7). Due to careful
experimentation, there were no missing data.

Data from the three SNC experiments were used to
estimate the variability of the bioassay. We grouped the
data of the 56 beakers of every single experiment into 14
groups of four replicates (beakers) and calculated mean
values for these 14 sub-groups for frond area-related specific
growth rate (day 0–3 and 3–7 each). Based on these 14
values, the coefficient of variation (CV ¼ standard deviation
[SD] � 100/mean) was calculated for three time intervals in
every single experiment.

Regarding a possible succussion effect, data of the unsuc-
cussed (c0) and succussedwater controls (c1) of experiments
with potentised substances were analysed using a two-way
analysis of variance (ANOVA) F-test for independent samples.

A comparison of growth rate (r) data between pooled
potencies and pooled water controls (succussed and unsuc-
cussed) was evaluated for statistical significance based on
two-way ANOVA F-tests for independent samples. In all
statistical analyses, the level of significance was α ¼ 0.05.
An interaction term between experiment number and treat-
ment was included in the statistical model to be able to
observe possible effect-modulating factors associated with
the date of the experiment. Planned comparisons were
evaluated with the least significant difference (LSD) test
only if the corresponding global F-test was significant
(p < 0.05) (Fisher’s protected LSD). This constitutes a good
safeguard against type I as well as type II errors.26

Levene’s test was conducted to determine homogeneity of
variances. Data distribution was evaluated graphically by
quantile–quantile plots. All data were analysed using the
software JMP Version 12 (JMP, Version 12.2.0, SAS; Cary,
North Carolina, USA).

Results and Discussion

Degree of Damage
The influence of the poisoning with mercury was deter-
mined bycomparing the growth rate of the pooled data of the

unsuccussed (c0) and succussed (c1) water control groups to
the open control group without mercury poisoning. On the
average of all three experiments, mercury-treated duckweed
exhibited an area-related growth rate (r) for day 0 to 3 of
approximately 51% comparedwith duckweed growing with-
out mercury (rwith mercury ¼ 0.22 d�1, rwithout mercury ¼ 0.43
d�1) and for day 3–7 of approximately 84% (rwith mercury

¼ 0.38 d�1, rwithout mercury ¼ 0.45 d�1).

Control Experiments
The stability of the experimental set-up was investigated in
three SNC experiments. These revealed very small CV for all
outcome parameters measured (0.9–2.3%, see►Table 1). The
CV decreased for the subsequent growth period, an observa-
tion that is in accordancewith the hypothesis of a decreasing
variation in growth for less stressed organisms (CVday 0–

3 > CVday 3–7). Regarding variability of the measured out-
come, the bioassay with stressed duckweed is superior to
other model systems using stressed plants in homeopathic
basic research, since typical CVs are in the order of 10 to 80%
in othermodel systems.27–29 Therefore, we conclude that our
test system with severely mercury-stressed duckweed
showed a very low standard deviation.

In the statistical analysis (performed in an absolutely
identical manner to the experiments with Merc-c., see
below), the global ANOVA F-tests yielded no significant
effects for the outcome parameter calculated for treatment
(here 14 sham treatments, water only) for the two test
intervals (day 0–3 and day 3–7). Thus, false-positive results
caused by uncontrolled influences during the experiment
(e.g. systematic errors due to spatial gradients in light
intensity or temperature) could be excluded with a very
high degree of certainty. Also, the analyses for interaction of
treatmentwith experiment number for the two test intervals
(day 0–3 and day 3–7) yielded no significant effects
(►Table 2, Series SNC).

The primary evaluation of the systematic negative con-
trol experiments was based on the randomisation code of
the Merc-c. experiments (number allocations of the 14 � 4
beakers to the seven sham treatment or seven sham control
groups per experiment) in the same sequence of the experi-
ments. To further confirm that the Merc-c. experiments
might not have generated false-positive results by chance,
we additionally analysed the data from the three SNC

Table 1 Coefficient of variation (CV) for all outcome parameters
in the three systematic negative control (SNC) experiments

Experiment no. CV of growth rate (r)

day 0–3 day 3–7

SNC exp. no. 1 2.28 0.94

SNC exp. no. 2 2.24 1.20

SNC exp. no. 3 1.86 1.27

Mean 2.13 1.14

Note: CV was calculated based on mean values of 14 groups of four
replicates (total 56 beakers) in one experiment.
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experiments with the randomisation from all three Merc-c.
experiments. The results of these analyses did not yield any
evidence for false-positive results due to the specific ran-
domisation lists used for the Merc-c. experiments
(►Table 3).

Succussion Effect
To account for unspecific physico-chemical effects occurring
during the succussion step of the potentisation process
(increased ion dissolution from the vessel walls, pH altera-
tion due to CO2 dissolution etc.), unsuccussed and succussed
water controls from all experiments with potentised sub-
stances were compared, as proposed by Baumgartner et al.25

In ANOVA F-tests of growth rate data, no significant succus-
sion effect and no significant interaction with experiment
number were observed for any outcome parameter
(►Table 4). Since succussed water (c1) did not differ from
unsuccussed water (c0) in its effects on duckweed growth
rate, we concluded that possible unspecific effects due to the
succussion procedure were negligible in this test system.
Therefore, as had been defined a priori, effects of potentised
substances (see below) were compared with the pooled data
from both control groups (defined as control c) to increase
statistical power and to balance the number of samples in the
group with pooled potencies and the group of controls.

Effects of Merc-c. (24x–30x, Pooled Data)
Duckweed growth rate data (area-related growth rates for
the two time intervals) for the experimental series were
analysed separately, always in full two-way ANOVAwith the
independent variables treatment (n ¼ 2, all potency levels
versus pooled controls) and experiment number (1–3).
Results are given in ►Table 2 and in ►Fig. 2 for the area-
related growth rate (day 0–3 and day 3–7).

Homeopathic potencies of Merc-c. reduced the growth
rate of severely mercury-stressed Lemna gibba L. compared
with water controls (frond area growth rate [r], day 0–3
[p ¼ 0.021],►Table 2). The stress-induced growth inhibition
of 49% increased by 2.7% to 51.7% on the average of all
potencies. Growth rates in the second time interval (day
3–7) were not influenced by the homeopathic treatment.

Effects of Merc-c. (24x–30x, Single Potency Levels)
Duckweed growth rate data (area-related growth rates for
the two time intervals) were analysed in full two-way
ANOVA with the independent variables treatment (n ¼ 9,
seven potency levels and two controls) and experiment
number (1–3). Results for area-related growth rate are given
in ►Table 5 (day 0–3 and 3–7) and in ►Fig. 3 (day 0–3). The

Table 2 Analysis of variance (ANOVA) analysis of the two
experimental series (one with the test substance Mercurius
corrosivus and one with systematic negative control [SNC]
experiments) with the independent parameters experiment
number (n ¼ 3 independent experiments) and treatment
(n ¼ 2, potencies vs controls)

Experimental
series

Effects p-Values for growth
rate (r)

day 0–3 day 3–7

Merc-c. 1: Exp. no. < 0.001 < 0.001

2: Treatment 0.021 0.499

1/2: Interaction 0.136 0.494

SNC 1: Exp. no. < 0.001 < 0.001

2: Treatment 0.284 0.951

1/2: Interaction 0.235 0.176

Note: Data of the seven potency levels (24x to 30x) and the seven control
samples (three samples of unsuccussed water, four samples of succussed
water) were pooled into two groups. For the analysis of the SNC
experiments, the randomisation codes of the Merc-c. experiments were
applied. Measurement parameters were frond area-related growth rates
for two different time intervals (day 0–3 and 3–7). Data were normalised to
the mean of the pooled water controls for every individual experiment.
Significant values (p < 0.05) related to treatment effects are shown in bold.

Table 3 ANOVA analysis of the three independent single SNC
experiments with the randomisation of the three Merc-c.
experiments each

Experiment Randomisation p-Values for
growth rate (r)

day 0–3 day 3–7

SNC
Exp. no. 1

Merc-c. 1 0.210 0.443

Merc-c. 2 0.852 0.459

Merc-c. 3 0.429 0.983

SNC
Exp. no. 2

Merc-c. 1 0.470 0.781

Merc-c. 2 0.644 0.466

Merc-c. 3 0.302 0.718

SNC
Exp. no. 3

Merc-c. 1 0.309 0.482

Merc-c. 2 0.278 0.772

Merc-c. 3 0.385 0.088

Abbreviations: ANOVA, analysis of variance; SNC, systematic negative control.
Note: Data were allocated into two groups, corresponding to the rando-
misation codes of the Merc-c. experiments (group 1: beakers corresponding
to the seven potency levels (24x–30x); group 2: beakers corresponding to
the 7 control samples). Measurement parameter was frond area-related
growth rate for two different time intervals (day 0–3 and 3–7). No
significant values (p < 0.05) related to treatment effects were found.

Table 4 Comparison (ANOVA F-tests) of unsuccussed (c0) and
succussed controls (c1) for two time intervals (day 0–3 and 3–7)

Experimental
series

Effects p-Values for growth
rate (r)

day 0–3 day 3–7

Merc-c 1: Exp. no. < 0.001 < 0.001

2: Treatment 0.740 0.977

1/2: Interaction 0.721 0.948

Abbreviation: ANOVA, analysis of variance; Exp. no., experiment number.
Note: Data were taken from the Merc-c. experimental series with three
independent experiments. No significant values (p < 0.05) related to
treatment effects were found.
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SNC experiments were analysed analogously, with rando-
mised allocation of the beakers to the sham treatment
parameters (w0–w8).

In this analysis, significant homeopathic treatment effects
wereobserved in theMerc-c. series for the area-relatedgrowth
rate for day 0–3. Regarding single potency levels, 26x and 27x
of Merc-c. significantly reduced the main outcome parameter
growth rate for day 0–3. The stress-induced growth inhibition
of 49% increased by 6.4% on the average of the two potency
levels 26x and 27x. For the same test interval (day 0–3), we
found significant effects for the interaction of treatment with
experiment number (►Table 5, Series Merc-c.).

Sensitivity Analysis of Treatment Effects
Weperformed a sensitivity analysis regarding the stability of
the growth-inhibiting effects induced by Merc-c. on the
growth rate (r) for days 0 to 3. Eliminating extreme values
of growth rate (‘outliers’) with 2.0 � SD did not substantially
influence the significance levels of the F-test for the main
analysis of variance treatment effect (comparing eitherMerc-
c. with the pooled controls or comparing controls with
controls in the SNC experiments, ►Table 6). Hence, the
results are stable and not due to some extreme values.

General Discussion
Growth rate of severely mercury-stressed duckweed was
reduced after application of Merc-c. as measured in terms of
frond area for day 0 to 3 (p < 0.05). Due to the inherent use of
SNC experiments that did not yield any significant effects and
due to additional control calculations, false-positive results
can be excluded with a very high degree of certainty.

In previous experiments, treatment of slightly arsenic-
stressed duckweed with potencies of Arsenicum album
yielded growth-enhancing effects, measured in the growth
period of day 2 to 6, but not in the growth period of day 0 to
2.21

We hypothesise that the growth inhibition induced by
Merc-c. potencies is a consequence of the more pronounced
stress in the present experiments. We propose a stress-

Fig. 2 Growth rate of Lemna gibba L. (r, day 0–3) [d�1] (mean � standard error) treated withMercurius corrosivus. (A) Data for the seven potency
levels (24x–30x) were pooled and compared with the pooled data for the seven control samples (three samples of unsuccussed water, four
samples of succussed water). The systematic negative control experiment (B) compared 7 � 4 beakers of unsuccussed water (systematic
negative controls (I)) with another 7 � 4 beakers of unsuccussed water (systematic negative controls (II)), using the randomisation of the three
Merc-c. experiments. The two experimental series (A, B) comprised three independently performed experiments each (Exp. no.).

Table 5 Analysis of variance (ANOVA) of the two experimental
series (potentised test substance Mercurius corrosivus as well
as systematic negative control (SNC) experiments) with the
independent parameters experiment number

Experimental
series

Effects p-Values for growth
rate (r)

day 0–3 day 3–7

Merc-c 1: Exp. no. < 0.001 < 0.001

2: Treatment 0.012 0.844

1/2: Interaction 0.019 0.555

SNC 1: Exp. no. < 0.001 < 0.001

2: Treatment 0.964 0.952

1/2: Interaction 0.751 0.798

Measurement parameters were frond area-related growth rates for two
different time intervals (day 0–3 and 3–7). Significant values (p < 0.05)
related to treatment effects are shown in bold.
Note: Independent experiments (n = 3) and treatment (n = 9, seven
potency levels (24x to 30x) and two controls (c0, c1) in the Merc-c.
experiments, or nine samples of unpotentised controls in the SNC
experiments, respectively).
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response model with five ranges: (1) Low stress with no
significant homeopathic effect; (2) moderate stress with a
significant growth-enhancing effect of the homeopathic
treatment; (3) medium stress with neutralised effects; (4)

severe stress with a significant growth-inhibiting effect after
homeopathic treatment; and (5) very severe stress without
homeopathic treatment effect (►Fig. 4).

According to this model, the organisms react with growth
inhibition in thefirst growth period of day 0 to 3, inwhich the
stress is severe (range 4, immediately after stress applica-
tion) compared with a medium stress in the later growth
period day 3 to 7 (range 3), where no homeopathic treatment
effects were observed. The findings of previous experi-
ments,21 in which potencies of Arsenicum album yielded
growth-enhancing effects in slightly arsenic-stressed duck-
weed for day 2 to 6, would correspond to range 2 (moderate
stress); correspondingly, the zero treatment effect for day 0
to 2 in the experiments with Arsenicum albumwould corre-
spond to range 3 (medium stress).

The proposed stress–response model would also explain
the correlation between homeopathic treatment effect and
poisoning effect in the Arsenicum album experiments with
duckweed (►Fig. 5, Spearman correlation p ¼ 0.037). This
correlation strongly supports the hypothesis of a depen-
dency of the magnitude of effect on the degree of damage.
Furthermore, the appropriate degree of damage needed to
observe a therapeutic effect of the homeopathic treatment
seems to fall within quite a small range. For the experiments
with Arsenicum album, we would rate the stress as between
range 2 and 3 of our model (►Fig. 4), since the less-stressed
duckweed showed a stronger response to potentised pre-
parations than the more severely stressed duckweed.

Missing or reverse effects in basic homeopathy
research18,29–34 could be explained by a relatively small range

Fig. 3 Relative area-related growth rates (r, day 0–3) [%] of Lemna gibba L. growing in different potency levels ofMercurius corrosivus in comparison to the
correspondingwater controls (unsuccussedwater (c0) and succussedwater (c1)) (A). Part (B) shows the corresponding graph for the systematic negative
control (SNC) experiments with samples of identical origin (unsuccussed water ¼ dilutionmedium used). Mean values (dots) � standard error (bars) for
three independent experiments are shown. Every data point for single potency levels is an average from three independent experiments with four
replicates (beakers) each (n ¼ 12 per data point plotted). The two data points for controls are an average from three independent experiments with 16
beakers (succussed controls c1) or 12 beakers (unsuccussed controls c0) (n ¼ 48 and n ¼ 36 per data point plotted). Data were normalised to the
experimental mean of succussed and unsuccussed water controls (c0 þ c1) for each individual experiment. Statistically significant differences (Fisher’s
protected least significant difference test) between single potency levels and the pooled water control c are indicated by �(0.01 < p < 0.05).

Table 6 Analysis of variance (ANOVA) F-test statistics for the
main treatment effect of the outcome parameter growth rate
(r) day 0 to 3, as a function of excluded extreme values (2.0, and
3.5 � standard deviation [SD])

Experimental
series

Outlier limit
(x � SD)

2.0 � SD 3.5 � SD

Merc-c Outliers (n) 8 0

Outliers (%) 4.8 0

p-Value
(potencies vs
controls)

0.044 0.021

SNC Outliers (n) 7 0

Outliers (%) 4.2 0

p-Value
(controls vs
controls)

0.387 0.284

Treatment effect compared pooled data from Mercurius corrosivus
potency levels (24x to 30x) with pooled data from both water control
(succussed and unsuccussed), or unsuccussed control with unsuccussed
control in the systematic negative control (SNC) experiments.
Three independent experiments with test substance Mercurius corrosi-
vus or three independent negative control experiments were included
(SNC, Mercurius corrosivus; each 168 data points in total). Significant
values (p < 0.05) are shown in bold.
Note: No more extreme values were found with 3.5 � SD of growth rates.
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of stress levels appropriate for inducing a therapeutic effect of
potentised preparations in organisms. A narrow response
range may also be the reason that no effects were found in
experiment no. 3 of this study with mercury-stressed duck-
weed. In experiment no. 3, the degree of stresswas thehighest
of all three experiments (►Fig. 2), corresponding to stress
range 5 in our model (►Fig. 4). Postulating a steep gradient of

the relation between effect of potentised substances and stress
level, minor differences in the stress level may lead to zero or
inversed effects of potentised substances.

The control calculations conducted in the present and
previous experiments involving stressed duckweed21 indicate
that the effects of potentised preparations cannot be reduced
to artefacts. Furthermore, systematic errors would not lead to

Fig. 4 Hypothesis for the homeopathic treatment response as a function of different stress levels. Diagrammatic plot (proportions not based on
experimental data) of difference in growth rates between treated and untreated plants (Δr) as a function of degree of stress for Lemna gibba L.
Five ranges are proposed: (1) low stress with no significant homeopathic treatment effect; (2) moderate stress with a significant stress-relieving
effect from homeopathic treatment; (3) medium stress with neutralised effects; (4) severe stress with a significant inhibiting effect from
homeopathic treatment; (5) very severe stress with no homeopathic treatment effect.

Fig. 5 Left axis (squares): Homeopathic treatment effect (relative growth rate of homeopathically treated Lemna gibba L. relative to untreated
Lemna gibba L., r [%] day 2–6, both after arsenic stress). Right axis (filled circles): Relative growth rate of arsenic-stressed Lemna gibba L.
compared with unimpaired Lemna gibba L. (r [%] day 2–6), both without homeopathic treatment.21 Lemna gibba L. were treated with potencies of
Arsenicum album. Data for the nine potency levels (17x, 18x, 21x–24x, 28x, 30x, 33x) were pooled and compared with the pooled data for the
nine control samples (four samples of unsuccussed water, five samples of succussed water).21 The experimental series comprised five
independently performed experiments (Exp. no.). Lines connecting data points are not interpolations.
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growth-enhancingorgrowth-inhibitingeffectsasa functionof
stress level. Reverse effects controlled by the degree of stress
would support the notion that the duckweed bioassay with
stressed organisms is a highly stable test system.

The potency levels 26x and 27x of Merc-c. significantly
inhibited duckweed growth rate, while the other potency
levels did not. There seems to be a non-linear relationship
between successive potency levels and effect, with ‘active’ and
‘inactive’ potency levels. Such effects have been reported in
duckweed experiments showing growth-enhancing effects21

and in almost every basic research investigation examining
series of potencies.11 From the reverse effects of homeopathic
preparations depending on the stress level in the present
bioassay, it remains an open research question if it is possible
to draw conclusions regarding the homeopathic treatment of
more complex organisms like animals and humans.

Merc-c. 26x and 27x, corresponding to a nominal concen-
tration of 7.5�29 g HgCl2/L and 7.5�30 g HgCl2/L, respectively
—that is, well beyond the Avogadro limit—significantly
influenced duckweed growth rate. Significant effects from
preparations beyond the Avogadro limit have also been
reported for duckweed experiments with growth-enhancing
effects,21 as well as in several other studies.29,35–40 Specific
effects at these high dilution levels, where the probability of
finding any molecules of the potentised substance is extre-
mely low, are not indicative of molecular-based interactions
of material nature, but perhaps suggest informational and/or
force-like (non-material) effects. Part of a prospective
research approach, however, should also reflect the question
of any nanoparticles of mercury being present in the homeo-
pathic preparations used.41–43

We did not observe any effect of the succussion procedure
itself in this bioassay. Thus, duckweed does not seem to react
to physico-chemical changes induced by the succussion of
water in glass vessels (increased level of glass ions, air
suspension and dissolution).44,45 These results are also in
line with other experiments with stressed duckweed21 and
further recent investigations with various biological test
systems where no significant effects of water succussion
have been observed.17,46,47

Potentised medicines may cause an equalising effect on
variance.48 To test this assumption, all single experiments
with Merc-c. (growth rate [r], day 0–3) were analysed by
Levene’s test for a difference in variance between the pooled
potency levels and pooled controls. No significant differences
were found (data not presented).

Outlook
To further confirm or to dismiss the hypothesis of antag-
onistic effects as a function of stress intensity, the experi-
ments of this study should be repeated with moderately
stressed duckweed. For use in future research projects, the
present experimental set-up might be further optimised by
adjusting several experimental parameters: for example
modalities of application, time of impairment in relation
to time of homeopathic treatment, measurement time and
growth conditions (light and temperature regimen). Restrict-
ing the range of the tested potency levels to ‘active’ levels and

then increasing the number of replicates per potency level
would be another way to enhance the effect size of the test
system. Particularly interesting potency levels might be 26x
and 27x, since the present study found pronounced effects at
these two potency levels.

A further topic of research is the similia principle, which
could be investigated by varying the stressors and the applied
potentised substances. One question, for example, is whether
thegrowthofarsenic-stressedduckweed—physiologicallyvery
similar tomercury-stressed duckweed—could be enhanced by
Merc-c. and vice versa. Further down the line, it might be
interesting to test a combinationofmedicines, suchasmercury
and arsenic (both heavy metals) or other potentised prepara-
tions such asMercurius bijodatus, in contrast to the here used
isopathic preparation Merc-c. (mercury(II) chloride), using
both severely and moderately stressed duckweeds.

Continuing research is needed to reveal the specific nature
of the biological effects induced in duckweed. Metabolomic
analysis couldbesupportive in twoways. First, it could serveas
an additional measurement parameter for comparison
between homeopathically treated and untreated duckweeds.
Second, themetabolomes of moderately and severely stressed
duckweed could be analysed in comparison to defined che-
mical pathways activated by the homeopathic treatment. Any
such results might contribute to our understanding of the
biological mode of action of homeopathic preparations.

Future potential applications of this test system include
testing the influence of certain pharmaceutical procedures
(e.g. autoclaving, trituration versus dilution, machine poten-
tisation) or other external influences (e.g. heat, light, elec-
tromagnetic radiation) that might affect stability and quality
of homeopathic preparations. The investigations of external
influences might also help to reveal the physico-chemical
mode of action.

Conclusion

The present experimental set-up with severely mercury-
stressed Lemna gibba L. yielded significant effects compared
with water controls for the outcome parameter frond area
(p < 0.05, F-test). In contrast to slightly stressed duckweed,
where potentised preparations were observed to induce a
growth-enhancing effect,21 an inhibiting effect on growth
was observed in this study with severely stressed duckweed.
We hypothesise that duckweed has a range of stress levels
that is associated with differing directions of effects of
homeopathic preparations.

Highlights
• A test system with Lemna gibba L. that was severely
stressed by mercury yielded effects of Merc-c. 24x–30x:
namely a growth reduction in the first time period
(day 0–3).

• This is in contrast to former experiments with slightly
arsenic-stressed duckweed, where a growth increase
was observed in the second time period (day 2–6).

• We hypothesise that the finding is due to the difference
in stress intensity (severe versus slight).
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