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Abstract
This exploratory study characterized nanoparticles (NPs) in homeopathically-prepared silver medicine (Argentum 

Metallicum), succussed and unsuccussed control solutions. Methods included nanoparticle tracking analysis (NTA), 
zeta potentials, inductively-coupled plasma mass spectroscopy (ICP-MS) for silver, and ultraviolet visible spectroscopy 
(UV-vis). Homeopathy is a 200 year-old traditional medical system using mineral, plant, and animal sources to treat 
patients. Debate over the efficacy of homeopathic medicines (HMs) stems from its unique manufacturing methods 
involving dry milling in lactose and/or serial dilutions and succussions (intense agitation) in water or water-ethanol 
solvent. The present study examined commercially-made, randomized and blinded verum Argentum Metallicum HMs 
and succussed solvent controls at 6C, 30C, and 200C potencies, and unsuccussed solvent (95% v/v ethanol) in cork-
stoppered glass vials. NTA revealed >2 × 108 NPs/ml in 20 of 21 samples, with extensive polydispersity. Verum NP 
characteristics differed significantly from controls: (a) Although Verum 200C exhibited the highest NP concentrations 
and exemplar transmission electron microscopy of one Verum 30C sample showed scattered silver-like dark NPs 
embedded in an organic matrix, ICP-MS could not reliably detect elemental silver at 1 ppb (lower limits of instrument 
detection); (b) verum NPs were significantly larger sized across potencies (91 nm) versus unsuccussed controls (53 nm); 
(c) zeta potentials of verum NPs (mean -44 mV) were significantly more negative than the unsuccussed controls (mean 
-20 mV); (d) succussed controls were intermediate in NP concentrations and sizes between verums and unsuccussed 
controls; (e) All samples showed UV-vis absorbance peaks near 200-350 nm wavelengths, consistent with organic cork 
extract. Taken together, the findings suggest polydisperse heterogeneous nanohybrid mixtures of silver, silica shell/
silver core, silica NPs, and perhaps cork exosomes, self-assembled and surface-stabilized by silica coatings, organic 
plant extract (cork), and/or lactose in verums. Glassware-derived silica from succussions may contribute NPs and 
coatings for nonlinear source signal amplification to initiate clinical effects.
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Introduction
Recent studies indicate that homeopathically-prepared medicines 

(HMs) contain source nanoparticles (NPs) [1-9], silicates [3,5,10-
12], and other less well characterized nanostructures. Homeopathy 
is an over 200-year-old system of traditional medicine widely used 
in countries such as India, Germany, France, Belgium, the UK, and 
across Latin America for many different chronic and acute conditions 
including autoimmune, allergic, and infectious diseases [13,14]. Some 
doctors in India use homeopathic medicines to treat people with 
various cancers as well [15, 16]. Nonetheless, skeptics continue to insist 
that HMs are merely placebos containing no source material and no 
active material in any form [17].

From its inception, the field has generated debate over the nature 
of its medicines because of one aspect of its manufacturing methods, 
i.e., serial dilutions. For example, to produce metal-derived medicines
from insoluble sources (such as Argentum Metallicum (silver)), these 
methods involve initial prolonged dry milling or grinding of source 
material in lactose followed by serial dilutions in water or ethanol-
water diluent (e.g., in ratios of 1/10, designated by “X potency,” or 
1/100, designated by “C potency”) with each dilution step followed 
by multiple succussions, e.g., 10-100 per dilution step. Succussions 
are rapid, repetitive up-and-down agitations via vertical strokes of the 

borosilicate glassware containing the solution against a hard elastic 
surface or vortexing. Skeptics have focused on the dilutions beyond 
Avogadro’s number for bulk form source materials and ignored the 
trituration and succussion steps as well as their potential contributions 
to the final product [18].

Nanotechnology researchers have begun to recognize the 
overlaps between the traditional crude mechanical attrition 
manufacturing techniques of homeopathy and top down approaches 
for making nanostructures from insoluble source materials in modern 
nanotechnology. Using transmission electron microscopy (TEM), 
Chikramane et al. [2] first reported finding specific, irregularly-
shaped polydisperse source metal nanoparticles (concentration range 
of picograms/ml to nanograms/ml) in six different commercially-
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made metal HMs. NP sizes in the HMs were generally less than 15 
nanometers in size with no potency-related size differences. Estimated 
metal source concentrations with inductively-coupled plasma 
atomic emission spectroscopy (ICP-AES) testing after extensive pre-
concentration procedures ranged from the 30.6 picograms/milliliter 
(pg/ml) or less for silver, up to 3990 pg/ml for zinc. Findings differed 
between manufacturers and between batches within manufacturers.

Critics of the latter study objected to the lack of published controls 
and raised questions about why the average metal nanoparticle sizes, 
though polydisperse, reportedly did not differ between potencies 
despite increasing numbers of succussions over increasing potencies 
in the original Chikramane et al. TEM study. In a follow up study 
with controls, Chikramane et al. [1] used modern manufactured 
monodisperse gold nanoparticles prepared homeopathically with 
an initial trituration (grinding) process in lactose followed by serial 
dilutions and succussions in 90% v/v ethanol solutions up to 15C 
potencies (theoretically past Avogadro’s number of molecules for 
removal of all bulk source materials). 

They demonstrated the heterogeneous accumulation of the lactose-
milled gold NPs in layers near the top of the succussed solutions and 
the transfer of the same-sized nanoparticles coated in lactose across 
consecutive potencies, with an asymptote in particle concentrations 
starting at 6C. Lactose and bubble formation appeared key to facilitating 
the accumulation and transfer of the gold NPs. Bulk source material 
appeared to be gradually removed, but nanostructures persisted.

Subsequent independent studies in seven other laboratories 
using electron microscopy, atomic force microscopy, dynamic light 
scattering (DLS), or nuclear magnetic resonance (NMR) procedures 
have replicated the presence of nanostructures in homeopathically-
prepared medicines made from six different plants [3,4,8], two modern 
synthetic drugs [7], several other different organic source materials 
(alpha-tocopherol, potassium phenosan, ichfan C-10) [9], silica and 
lactose [5,19], and even succussed solvent [6]. These nanostructures 
appeared at homeopathic potencies seemingly diluted for bulk 
source forms beyond Avogadro’s number of molecules (24X or 12C 
potencies and higher). A separate research group showed that four 
different homeopathic plant extracts (mother tinctures) can generate 
biologically-active silver nanoparticles from silver nitrate at room 
temperature [20]. 

In addition, five laboratories reported silica and nanosilica from 
silicates in the parts per million range (ppm), released into solution 
by homeopathic manufacturing succussions or conventional 
vortexing in glassware [3,5,10,21,22]. In vitro studies have shown 
biological activity of homeopathically succussed control solutions 
at a magnitude intermediate between that of verum medicines and 
unsuccussed controls [23]. Other laboratories found aging phenomena 
in homeopathic medicines stored at smaller volumes in solution and/
or tested at high pH [21,24,25]. A separate body of research has shown 
that HMs have unique electromagnetic and optical signal properties in 
potencies, compared with controls [26-35].

The purpose of the present exploratory study was to replicate and 
extend colloidal NP characterization in commercial homeopathically-
made Argentum Metallicum(silver source) at 6C, 30C, and 200C 
potencies versus succussed and unsuccussed control solutions. 
Based on prior extensive literature reviews [36-40], as well as parallel 
nanotechnology studies on modern synthesis of tunable silver core-
silica shell composite NPs made in ethanol with saccharides as reducing 
agent and electrostatic stabilizer [41], we hypothesized the presence 

of polydisperse NP mixtures of silver, silica-shell/silver-core, silver-
doped silica, and coreless silica nanoparticles in verum homeopathic 
medicines versus mainly silica nanoparticles in succussed controls.

Materials and Methods
Rationale: Anticipating a need to detect low concentrations of 

polydisperse nanoparticles of different sizes, shapes, surface properties, 
and composition [2], we extended previous research by using the 
highly sensitive technology of nanoparticle tracking analysis (NTA) 
[42] as the primary outcome measure (see rationale below). To further 
characterize the nanoparticles, we measured zeta potentials, and ICP-
mass spectroscopy (ICP-MS) for silver. Finally, given past evidence 
of ultraviolet-visible spectroscopy (UV-vis) differences between 
homeopathic verum potencies and controls [31-35,43], we also 
evaluated UV-visible spectroscopic patterns. TEM was performed on 
one pre-concentrated verum 30C sample as an exemplar; budgetary 
limitations precluded further use of electron microscopy in this study. 
Although typically not done in mainstream nanotechnology studies, 
we randomized and blinded the contents of the specific sample vials for 
the analytical laboratories to eliminate operator bias during the testing 
procedures.

We chose silver as the initial source material for HMs because of the 
growing research literature on the potential clinical utility of engineered 
silver nanoparticles for cancer and infectious disease treatment [20,44-
50]. Silver has good optical contrast properties for visualization in 
TEM, NTA, and other NP characterization technologies and a well-
described UV-vis wavelength range, including red-shift of silver surface 
plasmon resonance peaks from interactions with silica [51,52] Prior 
infrared and Raman spectroscopy and photoluminescence studies on 
homeopathically-prepared medicines have shown that the material 
retains a spectroscopic [34,53,54] and photonic [28-30] “signature” of 
the original source material. 

However, silicates in HMs and succussed controls [3,5,10,11,21,22] 
could adsorb onto container walls and silver NPs and self-assemble into 
various silica nanostructures [55]. Rather than being removed by serial 
dilution-succussion processes, repeated succussions would potentially 
add fresh nanosilica [22] and other elements, eg, sodium, boron [21], 
and mechanically knock some adsorbed nanostructures from glassware 
walls into solution for particle collisions at each manufacturing step 
[56]. Silica is well-established as a nanoelectronic signal amplifier 
[57-59], immune adjuvant in vaccines [60-62], and general biological 
amplifier [63-68], as well as colloidal and chemical stabilizer [41,69].

Homeopathically-manufactured medicines 

The medicines and placebo controls were made by Hahnemann 
Laboratories, a commercial FDA-regulated U.S. homeopathic pharmacy 
specializing in supplying custom-made HMs to practitioners. They 
utilize materials and methods modeled after the original writings of 
Samuel Hahnemann, MD, the physician-chemist who first developed 
homeopathic medicines [70]. This manufacturer also follows published 
standardization procedures set by the Homeopathic Pharmacopoeia of 
the United States. Our group had used this company’s medicines in 
multiple previously-published studies showing both in vitro [34,71] and 
in vivo human preclinical/clinical [72-74] and electroencephalographic 
[75-77] differences between verums and placebo controls. 

The pharmacy follows clean-room procedures at room temperature 
and pressure and uses a standardized mechanical arm mimicking a 
human arm to produce their succussions. As do most homeopathic 
manufacturers, they use Hahnemannian methods by transferring one 
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part of the last succussed dilution into a fresh glass vial containing 99 
parts solvent to perform the next serial dilution in liquid solvent to 
make a 6C potency. The Argentum Metallicum HMs were made from 
source silver powder obtained from Alfa Aesar Chemical Company 
(Ward Hill, MA USA). Because of limited solubility of silver powder, 
trituration (milling) and dry dilutions were done in lactose through the 
3C potency.

To conserve glassware, homeopathic manufacturers routinely 
switch to a Korsakovian serial dilution method while making higher 
potencies after roughly the 15C-25C step (varies by manufacturer). 
The latter approach involves removing 99 parts of the last succussed 
dilution and adding 99 parts of fresh solvent into the same glassware 
containing the residual 1 part of the previous succussed dilution. 

That is, 6C potencies would utilize different containers at each 
preparation step, whereas 30C and 200C potencies would be utilizing 
the same piece of glassware for every serial dilution-succussion step, 
from, eg, in this study with Hahnemann Laboratories’ HMs, from 15C 
up to the final potency (30C or 200C). 

The manufacturer in this study made all of the placebo samples 
before making the verum Argentum Metallicum samples in this study 
to minimize the risk of cross-contamination. The manufacturer used 
clear borosilicate pharmacy quality glass 8 ml containers (Acme Bottle 
and Glass Co., Inc, Paso Robles, CA USA) with natural cork stoppers 
(size 3, Zandur, Nottingham, PA USA) for their sample production of 
5.5 milliliter samples at a time. 

The manufacturer shipped a set of 21 total vials of the sample 
potencies and controls to each of two different analytical laboratories 
by overnight courier. The corked vials were covered with parafilm and 
packed securely prior to shipment to prevent leakage. Contents of each 
set included 3 separate vials of each of 3 different verum HM potencies 
(6C, 30C, 200C) (total verum N=9) and their respective potentized (i.e., 
serially diluted and succussed ethanol-water only) placebo controls 
(total succussed controls N=9), as well as 3 separate vials of unsuccussed 
(unpotentized) diluent (total unsuccussed controls N=3). Diluent for 
all samples was 95% v/v pharmaceutical grade ethanol (Pharmco, USA) 
in double-distilled water.

For this initial study, we elected to make the succussed controls 
using only the ethanol-water rather than milled plain lactose in ethanol-
water solvent. The rationale was that homeopathically-prepared lactose 
can be clinically active as a salient medicine for certain individuals 
[78] and mechanical milling can change the nanostructure of lactose 
per se [79]. We wanted lactose-free succussed controls that could be 
compared directly to unsuccussed controls for their potential silica or 
other nanostructures without a lactose confound. 

The unsuccussed controls could not contain any lactose, even 
if it were to have dissolved. That is, stirring or shaking a lactose-
containing control vial to mix the material would add some degree of 
a “succussion” process to the preparation, thereby rendering such a 
control “succussed” and invalid. For the present exploratory study as 
a first step, we chose to treat the verum as a unitary composite of silver 
triturated (mechanically milled) in lactose, suspended in the solvent 
and compared with silver-free, lactose-free succussed and unsuccussed 
controls.

Randomization and blinding

The first author (IB) generated a spreadsheet of vials for 
production, used the list randomizer program at www.random.org to 

assign unique random vial code numbers to each sample, and emailed 
the code assignments to the manufacturer. The manufacturer applied 
labels on site with no other identifying information on each vial other 
than the unique number code. All placebo and verum samples were 
made between April 2-4, 2014 and shipped together directly from 
the manufacturer by overnight courier to the analytical laboratories 
(Northwestern University Core Laboratories, Evanston, IL, for NTA, 
zeta potential, and DLS tests; and Nanocomposix, San Diego, CA, for 
ICP-MS, UV-visible spectroscopy, and TEM tests).

The analytical laboratories tested the samples blinded and reported 
the findings only by vial number. The laboratories were told the 
ethanol concentration and that some samples might contain silver in 
order to calibrate their instruments appropriately. However, they ran 
the randomized and number coded samples in a blinded manner and 
received no information from the investigators or the manufacturer 
concerning the contents of any specific vial. Samples were stored at 
room temperature away from direct sunlight [33]. Based on clinical 
standards and past research [80], laboratories were asked to minimize 
the exposure of the samples to any external electromagnetic sources 
during storage.

Nanoparticle Tracking Analysis (NTA)

The nanoparticle tracking analysis testing was done in numeric 
order of the randomized vial number on all samples in triplicate per vial 
between mid-April and mid-May, 2014. NTA utilized the NanoSight 
LM 10-HS, with software version 2.3 (NanoSight/ Malvern, Malvern 
Worcestershire, UK). The equipment was located at the Northwestern 
University Keck Biophysics Core Facility, Evanston, IL USA. Particle 
size range detection is 10-1000 nm or larger per the manufacturer’s 
manual. The majority of samples were run without requiring additional 
dilution to achieve a concentration range that the instrument can 
detect. However, some samples with higher concentrations of particles 
at the analytical laboratory required dilution at a ratio of 1:2 or 1:10 
for testing purposes. Data reflect independent triplicate tests on each 
sample vial. Vials were tested with NTA in number coded sequence 
between April 15 through May 20, 2014. 

Data include both quantitative assessments of each sample and 
60-second videos of the Brownian motion of nanoparticles in the 
samples. The videos were recorded at 25 frames/second with a 25 ms 
camera shutter at room temperature.

The rationale for using NTA primarily rather than TEM or DLS for 
this study was multifold: (a) Compared with DLS, NTA is reportedly 
more sensitive to low concentrations of NPs, (b) less susceptible than 
DLS to sizing artifacts in polydisperse samples from the presence of 
larger particles [81], (c) able to quantify NP concentrations without 
subjecting as-manufactured samples to drying or processing that could 
confound findings, and (d) able to utilize test materials in solutions 
of any solvent without requiring additional preparation steps. NTA 
correlates well with findings from transmission electron microscopy 
for silica NPs [81], can detect exosomes from animal or plant sources 
[82], and was a practical economic choice over TEM for running all of 
the intended number of samples in this small exploratory study. TEM 
is not only labor intensive and costly, but it also requires more sample 
processing and drying that NTA does not. TEM sample processing 
might introduce artificial changes into the dried samples.

Zeta potential measurements

The samples at Northwestern University were transferred 
locally from the NTA Keck Biophysics Core Laboratory directly to 
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the Equipment Core Facility of the Simpson Querrey Institute at 
Northwestern University for additional characterization. The zeta 
potentials and DLS assessments were performed using a Zetasizer 
Nano ZSP (Malvern Instuments, Inc, USA) at 25°C with a scattering 
angle of 173°C. Limits of particle size detection for this instrument per 
the manufacturer manual range from 0.3 nm to 10 µm. These tests were 
all performed on June 19-20, 2014. 

Inductively-Coupled Plasma Mass Spectrometry (ICP-MS)

In a separate analytic laboratory (Nanocomposix, San Diego, CA), 
21 duplicate samples were tested using a Thermo Fisher X Series 2 
ICP-MS instrument, calibrated to detect silver. The blank control in 
this instrument showed a silver concentration of 0 up to extrapolated 
0.014 ppb. The instrument’s reliable lower limit of detection was 
approximately 1 ppb. Testing took place in mid-April to May, 2014. 
After finding multiple outlier values for silver in verums and controls, 
we requested repeat testing of only the 7 outliers, which was completed 
by July 3, 2014. 

The ICP-MS analysis is complicated by the presence of ethanol 
and dispersed silica nanoparticles. Evaporation of the Argentum 
samples yielded silica solids probably containing Ag. The amount of 
solid obtained upon evaporation was higher for the higher potencies 
compared to the lower potencies. Reliable concentrations of Ag could 
not be obtained even by evaporation of the Argentum samples followed 
by dissolution of the solids in a mixture of 3% HNO3 and 0.05% HF.

Ultraviolet Visible spectrometry (UV-Vis)

The same nanoparticle characterization laboratory (Nanocomposix, 
San Diego, CA) that performed the ICP-MS carried out the UV-Vis 
absorbance testing on all 21 vials. The instrument was an Agilent 8453 
UV-visible spectrometer. Testing was performed in a quartz cuvette 
with a 1 cm path length. Testing took place in mid-April to May, 
2014. Data reported encompassed the wavelength range of 190 to 1100 
nanometers (nm).

Transmission Electron Microscopy (TEM)

After the ICP-MS and UV-vis spectroscopy were completed and 
the final data reported, the investigators requested by vial number an 
exploratory TEM on one Verum 30C sample that had shown initial 
ICP-MS and UV-vis data consistent with the possible presence of 
silver nanoparticles. The Nanocomposix laboratory used a JEOL 
1010 Transmission Electron Microscope after several days of sample 
preparation. Given the ICP-MS findings of inability to detect elemental 
silver reliably, the technician elected to pre-concentrate the sample 
prior to TEM. Over a 3-day period, he placed a series of 25 separate 
10-microliter drops from the sample vial on the test grid and air-dried 
them at room temperature by evaporation. As noted above, budgetary 
limitations precluded using TEM on any other additional samples.

Statistical analysis

Statistical analyses used Statistica Academic 12.0 software and 
included analyses of variance over all 7 possible types of samples 
(verum 6C, 30C, 200C; succussed controls 6C, 30C, 200C; unsuccussed 
controls) with post-hoc Tukey tests for subgroup comparisons 
when indicated. Planned comparisons were to compare all verum 
and succussed control samples at each potency against unsuccussed 
controls as well as comparing verum and succussed control samples 
with one another at each of their respective three different homeopathic 
potencies.

Results
Nanoparticle tracking analysis

NTA findings revealed the presence of nanoparticles in most 
samples, but unique particle characteristics for verum (more NPs 
in the 200C potency; larger sizes for all potencies) compared with 
unsuccussed controls. The verum 6C NPs were also larger than the 
succussed control 6C NPs. Details appear below.

In specific, NTA revealed the presence of nanoparticles in 20 of 21 
test samples. The sole exception to the concentration findings was one 
succussed 6C control sample with no NPs detected on NTA. 

To facilitate reporting the post-hoc tests, the following 
abbreviations are used: V6=verum Argentum Metallicum 6C, 
V30=verum Argentum Metallicum 30C, V200=verum Argentum 
Metallicum 200C; SC6=succussed control 6C; SC30=succussed control 
30C; SC200=succussed control 200C; and UC=unsuccussed controls.

Nanoparticle concentration findings

The average concentrations of NPs were on the order of 108 to 109 
nanoparticles per milliliter. Sample types differed significantly for NP 
concentrations overall (Table 1). Post-hoc tests revealed that the verum 
samples at 200C contained significantly higher NP concentrations 
than did the unsuccussed controls (p<0.05), with a trend for verum 
200C toward more NPs than the succussed control 200C (p=0.07). 
The succussed controls 30C also showed a trend toward greater NP 
concentrations than the unsuccussed controls (p<0.054).

Nanoparticle size findings

The mean sizes of the NPs in the verum and control samples 
differed significantly (Figure 1). On post-hoc Tukey tests, mean NP 
sizes in all of the 3 verum potencies were significantly larger than the 
unsuccussed controls. The 6C, 30C, and 200C potencies of verum 
Argentum Metallicum were similar to each other in mean particle sizes 
on the NTA analysis.

The 7 different sample types also differed significantly overall for 
the standard deviations (SD) of their nanoparticle sizes (F(6,53)=9.17, 
p<0.00001), with the highest SD variations in the verum 6C versus 
both its respective succussed control 6C (average standard deviations 
respectively V6 at 49.33 nm vs SC6 at 21.67 nm), with post-hoc Tukey 
p=0.00022) and the unsuccussed controls (UC average standard deviations 
at 23.67 nm, post hoc Tukey versus V6C p=0.00012 and UC versus V200C 
at 47.00 nm, p=0.00034). The average SD for NP sizes at the verum 30C 
potency was 36.33 nm versus SC30C at 29.33 nm (p=0.77 ns).

Sample Type Mean NP 
Concentration 
(particles/ml, 

corrected for dilution)

-95% 
Confidence 

Interval

+95% 
Confidence 

Interval

Argentum metallicum 6C 4.864444E+08 -2.647450E+08 1.237634E+09
Argentum metallicum 30C 4.372222E+08 -3.139672E+08 1.188412E+09
Argentum metallicum 200C 19.78111E+08 1.226922E+09 2.729301E+09
Succussed Control 6C 3.012222E+08 -4.499672E+08 1.052412E+09
Succussed Control 30C 18.66667E+08 1.115477E+09 2.617856E+09
Succussed Control 200C 4.363222E+08 -3.148672E+08 1.187512E+09
Unsuccussed Control 2.622222E+08 -4.889672E+08 1.013412E+09

Overall ANOVA F(6,56)=4.056, p=0.0019; Tukey post-hoc tests *(p<0.05): 
V200>UC, where E+08 signifies 108 nanoparticles per milliliter
Table 1: Mean Concentrations of Nanoparticles by Nanoparticle Tracking Analysis 
Measurement. There were 3 samples of each sample type, and each sample was 
tested 3 times.
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Figure 2 illustrates the polydispersity of sizes and optical 
heterogeneity of the nanomaterials, especially in the verum samples. 
This figure shows exemplar still shots from the 60-second NTA videos 
of Brownian motion for each type of sample (each vial was tested with 
3 independent samples each, i.e., in triplicate). We chose the second 
video of the three recordings for the second randomized sample for 
each sample type. These screen captures may or may not always appear 
to correlate in a clearcut manner with the quantitative data averages. 
However, each still image represents only a split second out of the 
entire 60 second video recording for only one of 3 videos obtained on 
each of the 3 vials of each sample type.

Zeta potentials

The zeta potential data revealed greater stability (more negative 
values) in both low and high potency verum samples than in 
unsuccussed controls; the succussed control NPs at 30C were also 
more stable (more negative zeta potential values) than the NPs in the 
unsuccussed controls.

In specific, 20 of the 21 samples assessed with the Malvern 
Zetasizer instrument contained nanoparticles. The exception with 
this equipment was one succussed control 200C vial, which showed 
no detectable particles in this phase of the testing (performed 1 month 
after the completion of the NTA). All of the samples with particles 
exhibited a negative (anionic) zeta potential consistent with fair to 
good surface stability. 

Figure 3 illustrates the overall significant sample type differences 
in mean zeta potential (millivolts, mV). The unsuccussed controls 
tended to be the least stable by zeta potential tests (zeta=-20.21 mV). 
Verum 6C (zeta=-43.92 mV) and verum 200C (zeta=-39.06 mV) had 
significantly more negative mean zeta potentials (greater stability [83]) 
compared with the unsuccussed controls, with a trend for the succussed 
controls 30C toward more negative (more stable) zeta potential values 
compared with unsuccussed controls.

UV-Visible spectroscopy

UV-vis spectroscopy data revealed that the verum and succussed 
control samples all had greater average absorbance than did the 
unsuccussed controls. In addition, the findings indicated evidence 
for a progressive decrease in average absorbance values as a function 
of potency across both verum and succussed control samples. 
That is, within verums and within succussed controls, the lower 
potencies exhibited higher absorbances and the higher potencies 
exhibited lower absorbances. However, the unsuccussed controls 
had the lowest absorbances of all types of samples. The spectra per se 
revealed additional wavelength-related information, including higher 
absorbance in the 400-450 nm wavelength region for the verums versus 
both types of controls, i.e., consistent with the presence of a silver signal 
in the verums.

In specific, UV-vis spectral graphs revealed a large peak absorbance 
signal close to 200 nm wavelength with smaller peaks through 
approximately 350 nm wavelengths, notable in all samples (Figure 
4 exemplars by sample type). Literature review suggested that these 
peaks could reflect organic plant material, e.g., from use of natural cork 
stoppers, rather than silver (whose peak, depending on particle size, 
should occur around 400-450 nm wavelengths, possibly red-shifted 
to longer wavelengths with silica present (http://nanocomposix.com/
pages/silver-nanoparticles-optical-properties). 

At the same time, the verum silver potencies exhibit a higher 
average absorbance specifically in the 400-450 nm region than the 
succussed and unsuccussed controls, consistent with the presence of 
silver and silica-silver core-shell nanoparticles in verum samples. The 
latter finding might relate to surface plasmon resonance absorbance of 
the silver NPs and silica-silver core-shell NPs that could be generated 
during succussions. 

The only possible organic source of the large 200 up to 350 nm 
peak signals in the present samples as prepared was the natural cork 
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NTA=nanoparticle tracking analysis; Arg Met=Argentum Metallicum=Verum (V), always succussed at each potency (6C, 30C, 200C); Succ=Succussed 
Control (SC), always succcussed at each potency (6C, 30C, 200C); Unsucc (UC) = unsuccussed control; nm=nanometers; F(6,53)=6.975, p=0.00002; 
post-hoc Tukey tests (p<0.05): V6,V30, V200>UC; V6>SC6, where V6=verum Argentum metallicum 6C, V30=verum Argentum metallicum 30C, 
V200=verum Argentum metallicum 200C; SC6=succussed control 6C; SC30=succussed control 30C; SC200=succussed control 200C; and 
UC=unsuccussed controls. 

Figure 1: NTA Mean Nanoparticle Sizes (nanometers) by Sample Types.
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(Quercus suber bark) used to stopper every vial. Lactose was only used 
in the dry trituration of the initial verums at very low potency (eg, 1C-
3C) and was not present in succussed or unsuccussed controls.

Apart from the obvious dominant peaks in the 200-350 nm 
wavelength range across all samples, however, two other significant 
observations emerge. The UV-vis data were analyzed at 25 nm 
wavelength intervals from 200-1000 nm using an overall oneway 
analysis of variance over all 7 types of sample composition and 
potencies. The overall ANOVA F test over the 7 sample types had to 
be significant at a p<0.001 level or better to justify examination of post-
hoc Tukey tests. Although the study was exploratory, we wanted to 
reduce the risk of type 1 error.

The 7 different sample types did not differ significantly for 
absorbance magnitude (AU) for the 200-375 nm wavelength range. 

However, there appears to be an absorbance edge in the verum 
6Cs starting at 400 nm. As Figure 4 illustrates over increasingly 
longer wavelengths, the verum 6C samples showed significantly and 
consistently higher absorbance than all of the other sample types, 
beginning at 400 nm (apparently consistent with a small silver NP 
peak). The verum 6C absorbance remained low and plateaued, but 
significantly higher on posthoc Tukey tests (p<0.05) than any other 

(a) Verum 6C 

 

(b) Verum 30C 

 

(c) Verum 200C 

 

(d) Succussed Control 6C 

 

 

(e) Succussed Control 30C 

 

(f) Succussed Control 200C 

 

 

(g) Unsuccussed Control 

 

 

NTA=nanoparticle tracking analysis; Verum=Argentum Metallicum (silver) 
Figure 2: Exemplar NTA Still Images from Videos of Brownian Motion of NPs for Verums, Succussed Controls, and Unsuccussed Controls.

 
SpecificSampleType; LS Means

Current effect: F(6, 56)=3.6360, p=.00407
Effective hypothesis decomposition

Vertical bars denote 0.95 confidence intervals
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F(6,56)=3.64, p=0.004; post-hoc Tukey (p<0.05): V6, V200<UC; and SC 
30C<UC (trend at p=0.08), where Arg Met=Argentum MetallicumVerum; 
Succ=succussed; Unsucc=unsuccussed; mV=millivolts; V6=verum Argentum 
metallicum 6C, V30=verum Argentum metallicum 30C, V200=verum Argentum 
metallicum 200C; SC6=succussed control 6C; SC30=succussed control 30C; 
SC200=succussed control 200C; and UC=unsuccussed controls. 

Figure 3: Nanoparticle Mean Zeta Potentials (mV) by Sample Type.
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sample type from 400 nm through the 1000 nm, ie, towards near 
infrared wavelengths. The rest of the wavelength data patterns and 
right-shift of the UV-vis in the 6C verum suggests the possibility of a 
mixture of silver NPs, as well as possibly silica-coated silver NPs and 
perhaps coreless-free silica NPs for which the silica coat thickness 
varied. 

Second, a homeopathic potentization effect for both verums and 
succussed controls versus unsuccussed controls appears also to have 
occurred in the near infrared wavelength range. Visual inspection 
of the curves for the 30C and 200C potencies of both verum and 
succussed control samples exhibited another smaller but distinct 
rise in absorbance in the near infrared range from 950-1000 nm 

(consistent with the peak absorbance of water at 975 nm [84,85]). 
Post-hoc Tukey tests confirmed statistically greater absorbance for 
the succussed controls 30C versus the unsuccussed controls, starting 
at 750 nm consistently through 1000 nm wavelengths. This finding 
was less consistent, but showed either significance or a strong trend 
for the succussed control 30C samples versus the unsuccussed controls 
beginning at 400 nm up to the 750 nm, when it became consistent. 

Sample types did not differ significantly overall in average maximum 
peak wavelength or absorbance at the peak wavelength. However, they 
did differ significantly in the patterns of average total absorbance over 
all wavelengths (190-1100 nm) as a function of potency level (Figure 5). 
Total absorbance over all wavelengths was highest in the lower potency 

Sample Type UV-vis spectral graphs 

i) Argentum metallicum 6C 

 

ii) Argentum metallicum 30C 

 

iii) Argentum metallicum 200C 

 

iv) Succussed Control 6C 

 

vi) Succussed Control 200C 

 

vii) Unsuccussed Control 

 

 

v) Succussed Control 30C 

 

 

nm = nanometers
Figure 4: Exemplar UV-Vis spectroscopy spectra for each type of sample tested.
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verum and succussed controls at 6C and lowest in the unsuccussed 
control. 

On post-hoc tests, the unsuccussed controls were significantly 
lower in average absorbance across all wavelengths compared with 
verum potencies 6C and 30C (p<0.0001), with a similar trend toward 
significance (p=0.066) for verum 200C and compared with all of the 
succussed control potencies (6C, 30C, 200C)(p<0.0001).

ICP-MS findings

Despite repeated efforts, it was not possible to detect silver 
consistently in the samples with the lower limits of detection possible 
for the equipment used. Because of testing requirements, despite 
very low silver concentrations per unit volume, the samples were 
diluted in water to obtain sufficient volume to run the equipment. 
The measured silver quantities in the diluted test samples were all 
below 1 ppb except for one unsuccussed control sample with an 
extreme outlier value (measured = 2.047 ppb; analytical laboratory 
dilution-corrected value=20.665 ppb). Initial ICP-MS testing showed 
silver values estimated (extrapolated after dilution) at the very low 
ppb range across many verum and control samples with no systemic 
differences (range 0 to 20.665 ppb). When detected, these values for 
silver were higher than that found with the calibration blank. However, 
the majority of samples as measured fell at or below the 1 ppb lower 
limit of detection for the instrument for verums and controls. The two 
highest, non-reproducible initial measurements for silver occurred 
in an unsuccussed control (20.665 ppb) and a succussed control 30C 
sample (8.613 ppb). 

The unusual number and pattern of 7 outlier samples in all types 
of samples out of 21 total samples prompted repeat testing of those 
7 samples. None of the initial silver concentration findings replicated; 
all were 0 or close to 0. Nanocomposix concluded that the quantities 
of elemental silver in the samples were not reliably detectable with 

procedures needed for running the ICP-MS equipment. We ruled 
out silver cross-contamination at the manufacturer’s site because of 
the order of sample preparation (placebo controls were made first on 
one day, then verums). The lack of consistent silver detection across 
the types of samples and the inability to replicate any outlier values 
also cast doubt on low level reagent contamination [86] from water 
or ethanol as an explanation for the apparent low estimated levels 
of silver initially reported. Future ICP-MS, or preferably, ICP-OES 
(inductively-coupled plasma optical emission spectroscopy) or ICP-
AES (inductively-coupled plasma-atomic emission spectroscopy) 
testing may require extensive sample pre-concentration to achieve 
reliable measurements and quantitative estimates of source materials 
in homeopathic medicines [2]. Budgetary limitations precluded testing 
the samples for elemental silicon with ICP-MS or applying ICP-OES.

Transmission electron microscopy

After the UV-vis spectroscopy and ICP-MS data were completed, 
one exemplar verum 30C sample was chosen for TEM evaluation after 
pre-concentration procedures described in Methods above. For this 
specific verum sample, the initial silver ICP-MS value was 1.268 ppb 
extrapolated from measured concentration, with a repeat ICP-MS 
extrapolated value of 0.214 ppb).

Figure 6 of TEM images, all from a single Verum 30C sample reveals 
a complex mixture of materials. The four images in Figure 6 reflect four 
different areas of the same grid examined on which the single Verum 
30C sample was pre-concentrated as described above. Initial image 
direct magnification varied (25,000x to 40,000x to 60,000x), but for 
visual perspective, these cropped image exemplars share the same 50 
nm scale size shown in the lower right corner of each image. These 
materials on TEM appear to include polydisperse darker nanoparticles 
consistent with the appearance of highly faceted spherical shapes and 

Verum (V) = ArgMet, Argentum Metallicum (silver); Succ = SuccussedContro 
(SC); Unsucc = Unsuccussed Control (UC) (F(6,19124)=39.3, p<0.0001).
Significant post hoc tests (where V6=verum 6C; V30=verum 30C; V200=verum 
200C; SC6=succussed control 6C; SC30=succussed control 30C; 
SC200=succussed control 200C; UC=unsuccussed control):  V30<SC30; 
V200<SC200; V6, V30, SC6, SC30>UC (p<0.03 or better); trend for V200>UC 
(p=0.066). SC6, SC30, SC200>UC (all p<0.00003).
Figure 5: Mean UV-vis spectroscopy absorbance over all wavelengths 
measured (each datapoint=1 nm wavelength increments). All samples in 
ethanol 95% v/v solutions.

 
TEM=transmission electron microscopy; nm=nanometers
Figure 6: TEM images of one Verum Argentum Metallicum 30C pre-
concentrated sample.
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some irregularly shaped darker silver NPs embedded in an irregular, 
unstructured matrix of lighter gray background material (organic 
or another material). Budgetary limitations precluded performing 
additional TEM images of other samples, but TEM remains a priority 
for future investigations.

Discussion
To summarize the findings with the newer technology of 

nanoparticle tracking analysis, we demonstrated the presence of 
polydisperse nanoparticles in both traditional homeopathically-
prepared Argentum Metallicum (silver) verums and controls. The 
verum 200C samples exhibited significantly higher concentrations 
of NPs than did unsuccussed controls. Taken together with evidence 
from previous studies [2-4,6-9,19,20], these data demonstrate that 
the present homeopathically-prepared silver medicines (Argentum 
Metallicum 6C, 30C, 200C) contain nanoparticles. Furthermore, the 
NPs in Argentum Metallicum verum samples differ from those in the 
control samples. The verum HMs not only contain nanostructures, 
but also exhibit unique particle characteristics in terms of larger sizes 
and more stable zeta potential values distinct from those of succussed 
solvent controls and especially of unsuccussed solvent controls. 

The patterns of lower mean UV-vis spectroscopy absorbance as a 
function of increased numbers of succussions over increasing potencies 
of both verums and succussed controls suggest the possibility that the 
glass vials and natural corks were able to release more silicates and 
plant materials into solution when they were newest. The Korsakovian 
manufacturing process for higher potencies, reusing the same vials and 
stoppers over many serial dilution-succussion steps, could have led to 
progressive decreases in amounts of silicates from the glassware walls 
or cork stopper botanical materials available for release into solution 
from continued succussions. Unsuccussed samples, which had the 
lowest mean UV-vis absorbance, would have undergone much less 
agitation-caused release of silicates or plant materials into solution.

In specific, the current particle characterization techniques 
revealed: 

(a) Verums exhibited the highest average concentrations of 
nanoparticles per milliliter (almost 2 billion NPs/ml) in the verum 
200C potency samples versus the unsuccussed controls, although the 
succussed control 30C also contained almost 2 billion NPs/ml. 

(b) Verum samples had significantly larger sized nanoparticles at all 
potencies compared with unsuccussed controls. The verum 6C samples 
also had significantly larger mean particle sizes and greater variability 
of particle sizes than their succussed control 6C counterparts.

(c) The highly negative zeta potentials of the verums indicate greater 
NP surface stability than that of NPs in the unsuccussed controls in 
particular. 

(d) UV-absorbance data suggest that the material composition of 
the nanostructures in these samples is heterogeneous in nature, possibly 
including HM source silver, lactose in the triturated HM source silver 
samples, glassware-derived silica and other trace elements [21], cork 
(quercus suber plant material), ethanol and water itself.

(e) Compared with unsuccussed controls, higher potency verums 
and succussed controls at 30C and 200C showed UV-vis absorbance 
peaks at 975 nm. This 975 nm wavelength peak is that of water [85]. 
Thus, as other investigators have considered [26,87], the dilution-
succussion process per se appears to have enhanced the specific signal 
of water in the present samples [12,26,88,89].

(f) Overall, the TEM findings on the one verum 30C sample 
also suggest the presence of silver NPs together with some possibly 
hybrid silica-coated silver NPs with less electron-dense silica shells or 
adsorbed nanosilica, and some other lighter appearing nanostructures 
of indeterminate source material origins (perhaps organic and/or silica 
in nature, e.g., exosomes (organic nanosized particles) from the natural 
cork extract leached into solution. 

In nanobiology and nanomedicine, presence or absence of NPs is 
not the only relevant variable. Specific particle characteristics can affect 
bioreactivity, e.g., particle sizes [90], shapes [91], and surface properties 
such as zeta potentials as markers of particle stability [92]. In fact, the 
current verum NPs differed from control NPs in these key particle 
parameters, including larger particle sizes on NTA and more negative 
zeta potential (more stable) values. 

Nanotechnology considerations

Classical homeopathic manufacturing methods for Argentum 
Metallicum involve initial grinding of bulk silver source material in 
dry lactose followed by subsequent serial dilutions and succussions 
of ethanolic solutions within glass vials stoppered by natural corks 
(quercus suber, oak tree bark). It is thus possible that the early steps 
of prolonged milling of bulk silver formed lactose-capped core silver 
nanoparticles of relatively uniform sizes in the verum 6C, 30C, and 
200C samples. These lactose-coated core silver NPs would have 
transferred across all three types of verum potency samples [1], but 
should have been absent in all of the control samples. 

Cork Stoppers-Potential Roles. At the same time, in all types of the 
present samples, quercus suber botanical extract from the natural cork 
stoppers and silica from the succussed vial glassware walls could have 
further contributed, respectively, organic reducing and capping agents, 
quercus plant exosomes (nanoscale sized vesicles of plant proteins, 
nucleic acids, and lipids), silica NPs, as well as surface-stabilizing silica 
coats for other NPs in the samples. Leaching of the original natural 
cork into solution could have initiated this process [4,93,94].

Once in solution, the cork tree bark plant proteins (quercus suber) 
would likely form protein coronas around the surfaces of core silver 
and perhaps silica NPs [95]. The quercus suber particle coats could also 
have enlarged the sizes of the verum silver nanostructures observed 
with NTA vs TEM. However, as organic material from the corks [96-
99] would have added reducing and stabilizing capabilities for all 
sample types alike, cork by itself is not a sufficient explanation for the 
larger verum NP sizes of verum HMs versus control samples.

Based on the UV-vis absorbance differences in the current study 
and prior empirical studies [100,101], the mechanical agitations from 
succussions of verums and succussed controls could be generating not 
only previously-reported silica NPs [22], but also plant exosomes [4] 
from oak tree bark quercus suber extract of the natural corks. These 
nanosized vesicles of organic plant materials would contain proteins, 
lipids, and micro RNA [94] and have the capacity to contribute 
biologically active antioxidant and anti-cancer nanostructures 
[98,99,102,103], influence mammalian cells, and modulate biological 
function [94].

Succussions, pH, silicates, and trace element release from 
glass vials

Alterations in solution pH from the succussion process could have 
affected the findings as well. For instance, pH differences from organic 
plant materials such as acids from the corks could cause increased 
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absorbance in the near infrared wavelength range around the 975 nm 
peak of water [84] In releasing sodium from the borosilicate glass, Ives 
et al. showed that succussions foster formation of sodium bicarbonate, 
leading to an initial pH increase of the solution [6]. Subsequent 
succussions causes other changes that later neutralize the pH back 
toward 7.0 [10]. In turn, alkalinity of the solution will also affect the 
rate of dissolution of silicates from the glass surfaces of the container 
leading to a pH-modulated silica gel layer at the interface of glass and 
solvent [6]. Finally, pH changes interacting with silica concentrations 
can affect the transition between gel and nanoparticle states [104]. 
Thus, succussion-related pH changes might contribute to a number of 
the current findings. 

Potential NP dopants

Even earlier, Witt et al. [21] reported finding release of multiple 
trace element contaminants from brown glass containers during initial 
storage and the first potentization step from a homeopathic 1C mother 
tincture HM. The initial trace element “contamination” occurred 
within hours of contact between the solutions and the glassware. 
The most prevalent species that changed with sample age included: 
silicon, sodium, aluminum, iron, and magnesium. Polyethylene plastic 
containers did not produce the same contamination effects in the Witt 
et al. or subsequent studies that focused on measuring elemental silicon 
[3,5,10]. Using plastic containers or lining glassware with paraffin 
during production also reportedly reduces the biological effects of 
HMs [105]. These studies suggest that the silica NPs may be doped 
by other contaminants but present in any succussed material, with 
the dopants derived mainly from the glassware walls, whether or not 
natural cork stoppers are used. The present samples reflect the types of 
container (glass) and stopper (natural cork) materials that the founder 
of homeopathy, Samuel Hahnemann MD, would have had available to 
make the HMs that he first used for clinical treatment with his system 
of care.

A testable inference from the present evidence is that more 
succussions in glassware may lead to formation of greater numbers 
of micro- to nanoparticles of silica and any plant [4,106] or animal 
material exosomes over time. Storage over time may have fostered the 
aging of NPs in solution, as previously reported in other homeopathic 
medicine studies [25]. The serial dilutions during manufacturing keep 
the nanoparticles separated from one another, thus initially lessening 
the risk of particle collisions and agglomeration. Still, in nanoscience, 
dilution of a more concentrated NP solution per se can change NP 
characteristics of the diluted forms, including surface properties in 
unpredictable ways [107]. 

Possible silica-silver interactions

Ives et al. [10,108] originally proposed a silica model for the nature 
of homeopathic medicines. In vitro, plant, and animal studies have 
suggested some moderate biological activity even in succussed controls 
to an extent greater than unsuccussed controls [10,21,23]. Very small 
sized silica NPs formed during succussions could also interact with small 
silver NPs to contribute to the present findings in the verum samples. 
These might manifest with a flattened silver peak around 400 nm and 
cause the type of absorption edge starting at 400 nm wavelengths seen 
in the present UV-vis data for verum 6C. The significantly lower UV-
vis absorbance for the 30C and 200C verums versus their respective 
controls could reflect formation of silicon dioxide (silica) and silver 
oxide nanoshells, as previously reported for nanocomposite films of 
silver NPs embedded in partially oxidized amorphous silicon matrix 
on silica glass [52].

The present findings suggest that classical homeopathic 
manufacturing materials and methods generate complex polydisperse 
nanoparticles and nanohybrids of not only source material (silver 
in this case), but also any materials used during the trituration (if 
performed), succussions and storage. These manufacturing materials 
include triturated or milled lactose (from initial manufacturing steps for 
metal based HMs); silicates from borosilicate glassware; if utilized, cork 
stopper extract (oak tree bark); and specific ethanol concentrations. It 
is well-established that variations in manufacturing parameters such 
as these factors can affect the sizes, shapes, and surface properties of 
silica and other types of nanoparticles [20,109,110]. Such factors could 
literally tune the optical, electromagnetic, chemical, and biological 
properties of the final product [111-114]. Notably, other laboratories 
have reported unique optical [28-30], electromagnetic [27,89], and 
thermal [27] properties in HM basic science studies. An important next 
research question would be to evaluate whether or not it is the NPs in 
verum HMs that generate these types of physical chemistry properties.

Additional implications of uv-vis spectroscopy findings

Previous studies suggest that the enhanced water signal in the UV-
vis data could derive from stronger hydrogen bonding to the oxygen of 
silanol (-OH) groups of mesoporous nanosilica in the succussed verum 
and succussed control samples [11,12,115,116], in contrast with weaker 
hydrogen bonding typical of ordinary bulk water in unsuccussed 
controls [115]. Such data are consistent with both (a) Elia et al.’s report 
of nanostructured water in succussed homeopathically-prepared 
control solutions [6]; and (b) Cartwright’s observation [11,12] of the 
dependence of the homeopathic signal propagation on silanol groups 
from the quartz (glassware) walls, an effect absent with polystyrene 
cuvettes. 

The potential role of bulk water as solvent in HM manufacturing 
has historically received much attention. The controversial “memory of 
water” hypothesis for homeopathy might involve water in a final step 
when HMs are ultimately put into aqueous solutions [26]. However, 
the data to date suggest that the unique “signal” of specific HMs appears 
to depend more upon source [28-30,89] and silica nanostructures and 
glassware walls than on bulk water to propagate [12,20,88]. Very low 
potency Argentum Metallicum verum materials triturated or milled in 
dry lactose would not necessarily encounter water as a solvent during 
their initial manufacturing process. Furthermore, higher potency HMs 
made in ethanol or water solutions are routinely dried onto sugar 
pellets for storage and eventual administration [29,30]. Consequently, 
the nanostructures in HMs must persist intact after drying, an event 
that silica or metal NPs-but not bulk water-could survive [117-119]. 

Limitations of current study

The present study adds further support for a nanostructure model 
for HMs and their actions. However, various issues and additional 
questions arise. Ideally, the present study should have been performed 
at a single facility equipped with the specialized equipment and clean 
room areas needed to make and test the samples in the same facility. 
Shipping per se could have succussed the samples and affected the 
findings in the “unsuccussed” controls. However, all sample vials were 
packed and shipped together in the same box containers to minimize 
artifacts from any differences in handling during transport. This 
initial study design enabled evaluation of the same HM materials and 
methods used in clinical practice rather than an experimenter’s version 
of homeopathic manufacturing in a laboratory.

Stricter control over sample age at the time of testing would have 
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been highly preferable. Still, the tested samples were all made within 
the same two-day period, and randomization would have reduced any 
systematic bias effects on the laboratory testing data for different types 
of samples evaluated weeks apart. Rigorous repeat testing of the same 
samples over time is clearly needed in subsequent research. Marked 
increases in pH can increase calorimetric heat release and specific 
conductivity of homeopathic medicines at 15C versus control solution 
[120]. Assessing HM and control samples for any pH changes or 
differences that could foster formation of silica NPs from precursors is 
indicated [104]. Comparing NTA, DLS, and TEM for characterization 
of NPs in a full set of HMs, succussed and unsuccussed controls also 
would be useful.

Additional controls of triturated (dry milled) lactose in the ethanol-
water solution would have been valuable to evaluate the relative 
contribution of milled lactose to the verum findings. Consistent with 
homeopathic manufacturing standards, the original silver source metal 
was initially triturated in dry lactose and then prepared in the liquid 
potencies as described. Presumably, as in Chikramane et al.’s investigation 
of gold NPs in HMs [1], lactose could have served in multiple roles to 
reduce, coat and cap the NPs [121], as well as to foster accumulation 
of NPs within certain layers of the subsequently succussed liquids for 
transfer between preparation steps [1].

Other controls using non-cork stoppers, different sizes and 
types of glassware, plastic containers, different ethanol and water 
concentrations, different methods of serial dilutions, different force 
and numbers of succussions all merit further testing [122]. However, 
budgetary and practical limitations precluded these additional 
procedures in this exploratory investigation. 

Finally, future studies should not only characterize the nanoparticles 
in all HM and control samples as discussed above, but also evaluate the 
biological effects and therapeutic capabilities of well-characterized HM 
NPs (see below). Again, budgetary limitations precluded testing the 
specific samples in the current study for their biological or therapeutic 
activity. At the same time, as noted above, this specific manufacturer’s 
verum HMs have shown differences from placebo controls in both 
previous basic science [34,123] and clinical studies on human subjects 
[72,74,75].

Implications for future biological effect studies

In homeopathic practice, Argentum Metallicum is historically 
considered helpful in treating chronically ill individuals with a 
symptom pattern of nervousness, sensitivity, fatigue, weakness, and 
emaciation. Such patients may present with certain types of dypnoea 
and laryngeal symptoms along with gray mucus discharges [124]. 
Building upon the present NP data and prior physical chemistry 
studies [2,29,30] of Argentum Metallicum, the clinical context may 
help guide future studies of the biological and therapeutic effects of 
this homeopathic medicine in individuals for whom it is salient. From 
a nanomedicine perspective, the observed differences in the present 
sample types for nanoparticle characteristics could lead to differences 
in biological effects between the Argentum Metallicum (silver) verums 
and controls when tested in future cell culture studies [44,45,100,125] 
or clinical trials. 

Like engineered NPs [126], specific HMs exhibit capacity to 
modulate gene expression patterns in multiple different biological 
systems [16,127-131]. Some investigators report that HMs also can 
emit source-related electromagnetic signals across short distances to 
influence bacteria or plant seedlings [89,132]. One research group 

has found that Argentum Metallicum in homeopathic potencies can 
produce unique optical signals with possible quantum effects, e.g., 
delayed photoluminescence [28-30]. 

Such findings overlap with a growing body of similar evidence on 
top-down and bottom-up synthesis of non-homeopathic nanoparticles 
[56,93,133-136], their capacity for exerting biological or chemical effects 
at extraordinarily low concentrations [137-143], silica bioamplification 
[64-66,144,145], nano-opto-electronic tuning and amplification 
[52,58,64-66,68,146-153], and the propensity of NPs for aggregation 
[154], adsorption [107,155], self assembly[55,104,156], dilutional 
effects on surface reactivity [107,155,157], cell signaling interactions 
[57-59,158-164], and aging phenomena [119,154,165,166]. 

With HMs, the ability of low doses of specific NPs to initiate 
biological effects in recipient living systems is a key consideration. As 
discussed in depth elsewhere [36-40,167,168], the biological effects 
of nanomaterials in HMs likely stem less from direct high-dose 
pharmacological actions of nanomedicines on drug receptors, and more 
from the indirect nonlinear biologically adaptive responses to lower 
doses by the recipient organism [39]. For instance, both NPs, including 
silver NPs [169-171], and homeopathically-prepared materials [172-
174] can elicit the low dose phenomenon of  hormesis. The latter 
phenomenon has emerged as a leading model for homeopathic 
medicine effects [175,176]. Hormesis is defined as low dose stimulation 
and high dose inhibition of function in a biological system, manifested 
by biphasic, nonlinear dose response patterns [39,169-171,177,178].

Hormesis depends on bioplasticity [177,179], i.e., the adaptive 
capacity of the recipient biological system itself to respond to external 
danger signals [169]. Detailed examination of the NP surface properties 
in verums and controls would advance understanding of how such 
nanomaterials could convey salient, hormetic adaptive signals to a 
specific living system [95]. For example, a recent nanotoxicology study 
of diesel exhaust and diesel doped with cerium dioxide NPs revealed 
that nanoparticle size (60-120 nm) and zeta potential (-37 to -41 mV) 
were major factors in the bioreactivity of human immune cells [92]. 
Notably, the present verum HM NPs exhibited a comparable range of 
size and zeta potential characteristics. 

The observed nonlinear magnification of the small source signal 
from specific HMs at higher homeopathic potencies in cells, plants, 
animals, and human beings [180-184] could stem from two interacting 
phenomena. These would include both the well-known ability of 
nanosilica to amplify weak signals [62-64,66,185] and the capacity of 
recipient complex adaptive systems (CAS) such as cells or organisms 
to generate large magnitude, endogenously-amplified responses over 
time to very small salient external signals [186], e.g., specific predator 
odors or movements as examples [39,40]. The particle concentrations 
close to one billion NPs per milliliter observed in the present Argentum 
Metallicum verums, with particle sizes consistent with the nanoscale 
size ranges of viruses (10-150 nm), might also be sufficient to initiate 
immune cell activity within the biological cell defense response network 
[187-189]. As biological danger signals, NPs can trigger cell defense 
responses [189] as well as hormesis [169-171,178].

To trigger hormesis and other recipient organism-dependent 
response amplification processes, the HM treating agent in a low dose 
must serve as a salient danger signal, stressor, or biological threat to 
survival of the organism [39,187]. The signal itself has to be highly 
salient to the individual as a warning to initiate adaptive changes in 
function to strengthen the organism’s resistance against future injuries 
from higher doses of the same or a cross-adapted agent or stressor 
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[169,190,191]. Thus, future biological studies of NPs in HMs can begin 
by assessing signal properties of the agent, sensory and immune cell 
reactivity to the electromagnetic and optical signals emitted by the 
agent, and possible hormetic response effects on gene expression and 
cell defense response mechanisms.

Conclusions
The current NP findings and conclusions require additional 

rigorous and systematic study. Nevertheless, converging evidence 
from this and previous studies indicates that homeopathic medicines 
contain nanomaterials with sizes and surface properties different from 
those in succussed and unsuccussed controls. The composition and 
properties of those NPs in HMs need additional systematic research. 
The nanomaterials likely originate not only from manufacturer’s dry 
milling of the original source material (silver) in lactose, but also from 
silicates and other trace elements/dopants released by succussions 
from the glassware walls. These materials also would interact with any 
other released materials (e.g., natural cork extract from stoppers) with 
the ability to adsorb and self assemble around the source NP cores. 

If used as stoppers for the glassware, natural corks (quercus suber 
oak tree bark extracts) would further contribute (a) plant proteins to 
form a protein corona around the silver and/or silica NPs; (b) organic, 
biologically active nanosized plant exosomes formed mechanically 
during the multiple succussions for reducing and capping (stabilizing) 
nanomaterials that form; and (c) bottom up generation of additional 
silver NPs from any released silver ions [100] and nanosilica from 
silicates in solution off glassware walls as precursor agents [134]. 
Nanosilver made by plant extracts from botanical sources such as cork 
or other mother tinctures also used in homeopathic medicine (e.g., 
Thuja, Gelsemium, Hydrastis, Phytolacca, Ruta) can exert antibacterial 
and/or anti-cancer effects [20,100,125,192].

Since all other factors were controlled in the succussed and 
unsuccussed control samples and all samples were made within the 
same two-day period, the interaction of the original lactose-milled silver 
with the other factors involved during manufacturing (succussions, 
glassware, natural cork (Quercus suber), 95% ethanol-water solution) 
would appear to be the distinguishing feature of the present verum 
samples. Given the low but detectable quantities of the original source 
material in HMs at 6C, 30C, and 200C potencies [2], hormesis [176] 
and other organism-dependent adaptive processes [39] are likely to be 
more central to the biological effects of nanoparticles in HMs than are 
direct higher-dose conventional pharmacological mechanisms. 

Despite the comparatively crude nanotechnology manufacturing 
methods dating from the 1800’s, the low concentrations, intermittent 
dosing schedules, and extensive safety record over 200 years of HMs 
in homeopathic practice [180] may still provide important clues for 
optimizing modern nanomedicine. Ultimately, a merging of concepts 
and best practices from both traditional and modern approaches could 
foster development of a safer, more effective integrative nanomedicine 
for the future [38,167]. 
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