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Abstract

Objective: Ultra high diluted medicinal products are 
made by serial dilutions which are always followed by “suc-
cussion”. The aim of this work is to investigate the impact 
of the succussion on the nature of these solutions, when a 
source material is triturated up to micro and nanoscale par-
ticles and then used to prepare ultra-high diluted medicinal 
products. 

Methods: Hence, five source materials, which were used 
to prepare ultra-high diluted succussed solutions were stud-
ied from their initial stage up to 50M potencies with meth-
ods approved by chemical science.

Results: The results were that “succussion” contributed 
to the self-organization of the micro- nano particles present 
even in the most diluted solution. 

Conclusion: This will help to fundamentally redefine ba-
sic pharmaceutical research of these ultra-high diluted suc-
cussed solution products as well as to highlight their nano 
character.
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Introduction

The idea of using extremely low doses of diluted and potenti-
ated substances for medicinal purposes was originally proposed 
by S. Hahnemann, the founder of homeopathy, in the eighteenth 
century. From the eighteenth century to the present, only com-
plex hypotheses were formulated for the role of succussion and 
not only in the preparation of ultra-high diluted succussed solu-
tion products [1]. High dilutions have been reported as having 
specific effects in many basic research experiments, but most 
of the results await independent confirmations. There is only 
a small data set to support special effects unique to high di-

lutions, and not observed with low dilutions in basic research 
[2-4]. Further research is needed to clarify this aspect. Because 
of these aspects, it was considered necessary to investigate spe-
cific materials used as source materials with analytical control 
methods widely used by the scientific community and without 
any doubt as to these methods results. German Pharmacopeia 
adopted mainly the decimal or centesimal dynamization as the 
standard scales of attenuation, in either liquid or solid form, by 
which each successive attenuation or trituration is mainly pre-
pared using 1/10th or 1/100th of the preceding attenuation or 
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trituration. Sequentially the dynamizations are presented as a 
number correspondings and showings the number of succes-
sive triturations (for source materials) or dilutions (for liquid 
stock).  The number is always followed by the letters X, C, and 
M which indicates the decimal, the centesimal and thousandth 
(1/100)-1000 dilution, respectively.

Materials and methods

Preparation

Five different source materials were used after successive 
trituration in lactose. Afterwards, they were turned into ultra-
high diluted succussed solutions. The preparation process for 
1X to 6X, triturated solid samples was the same as the one de-
scribed in our previous works [5,6]. From 6X potency, we pre-
pared the initial 3C potency (1 g of substance was dissolved in 
99 mL of distilled water filtered through a 200 nm syringe filter), 
which it was utilized for making the 4C, 12C, 30C, 200C, 1M, 
10M and 50M potencies according to German Pharmacopoeia 
guidelines. The reason that this solvent was further purified 
was to exclude from our measurements any particle that could 
be contained in the initial distilled water.

The materials included were

Sodium chloride, Sulfur, Calcium phosphate, Calcium car-
bonate in powder from Sigma-Aldrich GmbH Germany (purity 
99%). Benzoic acid, in granules from Alfa Aesar GmbH Germany 
(purity 99%). Crystalline α-lactose monohydrate, from DFM 
Pharma GmbH & Co, Germany. Distilled water filtered through 
a 200 nm syringe filter.

The equipment required were

A hand mortar and pestle made from porcelain. Five measur-
ing tiles. A timer. A balance (Mettler Toledo, version AB204-S/
FACT- accuracy 0.0000 g). Dynamic Light Scattering Zetasizer 
Nano series (Nano ZS 173, Malvern instruments LTD) Dark vials, 
200 mL

Results and discussion

Three random samples from every potency (4C up to 
50M) were investigated. Figure 1 shows the middle in size 
measurement of three taken in every potency, so that, there is 
no any mismatch between the numerical and graphical results.

We can see for sodium chloride (Figure 1a, a’) that, the Z-
average size of the particles at the 4C potency started at 637.5 
nm and after succussion was 362.3 nm. For the 12C and 30C 
potencies, after succussion, particles with larger Z-average siz-
es were present. At 200C and 1M the reverse occurred. At the 
10M potency, dynamization appeared to result in the formation 
of agglomerates, while at 50M the dimensions were roughly 
equal. In addition, the polydispersity index followed the same 
course with a difference at 50M where in the resting state, it 
was higher than the succussion state. In the resting state, com-
plete heterogeneity in our sample dominated as a possible re-
sult of remaining on the shelf for a period of approximately 15 
days.

The behavior of benzoic acid (Figure 1b, b’) for all poten-
cies was similar to sodium chloride, as it can be observed in 
the same Figure.  We observed that in the 4C and 1M poten-
cies, the differences in the mean Z-average size was relatively 
small, and the polydispersity index suggested almost complete 
homogeneity of the samples. With succussion, the polydisper-

sity index became disproportionately large. At the 1M potency, 
the sample was also characterized by complete heterogeneity. 
This could primarily be attributed to the reduction in the size of 
the material agglomerates during succussion and secondarily to 
random sampling. 

 For sulfur (Figure 1c, c’) at the 4C mother tincture, after the 
succussion, there was a significant increase in the Z-average 
particle size, while Pdi almost completely dominated the homo-
geneity in our samples. In 12C and 30C dilutions, there were 
lower increases in the mean Z-average size before the succus-
sion state, and a decrease to 200C was observed. In the 1M, 
10M and 50M dilutions, the particles’ Z-average sizes remained 
in the order of the nanoscale before succussion. Afterward, 
the diameter increased considerably. As the polydispersity in-
dex increases, the Z-average size at 1M, 10M, 50M was greatly 
diminished, indicating the tendency for more uniform source 
particles.      

Figure 1: Z- Average size (dnm) and Polydispersity index of a, 
a΄ Sodium chloride, b, b΄ Benzoic acid, c, c΄Sulfur, d, d΄ Calcium 
phosphate, e, e΄Calcium carbonate in all potencies.

In the case of (Figure 1d, d’) calcium phosphate it was ob-
served that, although at 4C the Z-average size of the source par-
ticles was in nanoscale, during the succussion phase, there was 
a sufficiently large increase in the average diameter up to the 
50M potency. The exception was in the 200C potency, where 
there was an increase in the Z-average size of 0.001 nm. Addi-
tionally, with succussion, a decrease in the polydispersity index 
was observed related to the resting state, except for 12C, where 
it almost doubled.                           
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For calcium carbonate (Figure 1e, e’), we observed that from 
4C to 1M and 50M potencies, the average diameter of the source 
particles during the succussion phase showed an increase with 
the highest value attributed to 1M potency. An exception of 
this finding was the 10M potency, where a decrease in the Z-
average size of source particles was observed. In 12C potency 
after succussion, there was a large increase in the Z-average size 
and complete heterogeneity as a result of the particle collisions. 
An analogous result was observed in the 30C potency. In 1M in 
the resting state (i.e., before succussion), relative uniformity of 
the excessively large particles was measured and appeared to 
be above the measurement limits of the instrument. This issue 
seemed to be corrected with succussion. In 10M before succus-
sion and 50M after succussion, full heterogeneity was present 
in our samples.                                                                                  

All these results are justified and clearly explained by the fol-
lowing informations. It is important to note that the Z-average 
size is the size to be used if a quantitative variable is required 
for quality control purposes. For sample with slightly increased 
width, the Z-average size and polydispersity index will give val-
ues that can be used for comparative purposes. The Z-average 
size can only be used to compare results with samples measured 
in the same dispersant by the same technique, i.e., Dynamic 
Light Scattering [7]. The polydispersity index is a dimensionless 
size. It characterizes the distribution breadth resulting from the 
analysis of pooled data for particulate matter. It is a statistical 
size that represents the measure of homogeneity or heteroge-
neity of particles size and has a value from 0 (full homogene-
ity, monodisperse particles) to 1 (full heterogeneity, multi-size 
particles). The index is mathematically defined as Pdi=(𝜎)2/ 𝑑, 
where σ is the standard deviation and d is the particle size. Un-
der normal circumstances, it is encountered in particles that fol-
low latex standards or mono-solvent samples (Pdi <0.05). The 
calculations for these parameters are defined in the ISO stan-
dard document 13321:1996 E [8]. 

According to Brownian diffusion, solvent molecules are 
much smaller and lighter than solute molecules [9]. Further-
more, this observation has been shown in a previous work [10]. 
As Brownian motion theory supports, a particle with a mass, m, 
immersed in a fluid environment, undergoes a jittering move-
ment [11-13].

During succussion, an external force is exerted on the solu-
tion molecules, both the solute and the solvent. This power is 
considered to be a necessary condition to form agglomerates or 
to further dissolve existing species. In our research this theory 
is the basis on which the formation of larger agglomerates is 
justified. These forces also permit the flouting of the species all 
over the volume of the solution from the top to the bottom of 
the vial, in which they are contained.

Mathematical details about succussion will not be men-
tioned in this research. It is to be noted, however, that when 
suspended particles in a homogeneous solution within a well-
defined space, such as the space of a vial, receive forces that 
alter their kinetic state, their trajectories converge [14]. This 
detail may justify both the formation of agglomerates from the 
nanoparticles present in the resting state as well as the break-
down of agglomerates during succussion.

Dispersion stability is an important problem for many ap-
plications of colloidal and nanoparticle systems. Colloidal par-
ticles with sizes smaller than approximately 5 μm are subjected 
to significant Brownian motion in a liquid dispersion medium. 

As a result, the particles will eventually collide with each other. 
These collisions can cause the particles to “stick” together, that 
is, irreversibly aggregate or coagulate. 

Additional collisions lead to the formation of ever larger ag-
gregates, which either settle or float when they become suf-
ficiently large [15]. This is depicted in Figure 2 of the 200C sam-
ples, which were left immovable after their preparation on a 
shelf in a room for a six-month period. Because these sediments 
were very small, elemental control was impossible.                                                                                                                           

Lu and Wang [16] investigated the chaotic behavior of or-
dinary differential equations with a homoclinic orbit to a sad-
dle fixed point under an unbounded random force driven by a 
Brownian motion. They proved that, for almost all sample paths 
of Brownian motion in the classical Wiener space, the forced 
equation yielded a topological horseshoe of infinitely many 
branches. This result was then applied to the randomly forced 
Duffing equation and the pendulum equation.

Figure 2: Material agglomerates at the bottoms and the side 
wall of the vials for (a) Sodium chloride, (b) Benzoic acid, (c) Sulfur, 
(d) Calcium phosphate, (e) Calcium carbonate at a potentiation of 
200C.

Conclusions

‘Succussion’ is a necessary procedure in the preparation of 
ultra-high diluted medicinal products. Out of 35 samples, which 
were analyzed before and after succussion, 24 were found to 
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have agglomerate formations and no further dissolution of 
the source particles. In contrast, for the remaining 11 samples, 
potentiation acted as a factor for further dissolution of active 
ingredients which have particles with an average dimension 
over the micro scale. Additionally, ultra-high diluted solutions 
appear to be active even in the resting state. This feature was 
probably due to Brownian motion, to the form of the source 
particles after trituration in the solutions or to changes of their 
physicochemical properties. All samples in 12C and 30C dynam-
izations showed the same behavior, namely, the formation of 
aggregates. From the aforementioned results, it is clear that 
particles before and after succussion have colloidal dimensions. 
In future work, the properties of colloidal dispersion for ultra-
high diluted succussed solution medicinal products could be 
revealed.

Acknowledgments

We would like to thank Nopalia Natural Products for its help 
in this research.

References

1.	 Clausen J, Van Wijk R, Albrecht H. Review of the use of high po-
tencies in basic research on homeopathy. Homeopathy.  2011; 
100: 288-292.

2.	 Endler P, Thieves K, Reich C, Matthiessen P, Bonamin L, et al. 
Repetitions of fundamental research models for homeopathi-
cally prepared dilutions beyond 10(-23): A bibliometric study. 
Homeopathy. 2010; 99: 25-36.

3.	 Milgrom LR. Conspicuous by its absence: the memory of water, 
macro-entanglement, and the possibility of homeopathy. Ho-
meopathy 2007; 96: 209-219.

4.	 Walach H, Jonas WB, Ives J, Van Wijk R, Weingartner O. Research 
on homeopathy: state of the art. J. Altern. Complement. Med. 
2005; 11: 813-829.

5.	 Kalliantas D, Kassalia ME, Georgiadou A, Karagianni CS. The 
physical features -size and granularity- of solid materials are 
strongly affected by trituration in lactose, before turning them 

into homeopathic solutions. Mater Sci Eng. 2018; 93: 305-318.

6.	 Kalliantas D. The Chaos Theory of Disease, Kallianta A Publica-
tions, Eleusis, Greece. 2008.

7.	 Malvern Corporation, Zetasizer Nano Series User Manual issue 
1. 2004.

8.	 International Standard ISO22412, Particle Size Analysis, Dynamic 
Light Scattering    ISO, Geneva, Switzerland. 2008.

9.	 Gillespie DT, Seitaridou E. Simple Brownian Diffusion Oxford Uni-
versity Press, London, UK. 2013.

10.	 Kalliantas D, Kassalia ME, Karagianni C. Trituration and fractal 
dimension in homeopathic pharmacopoeia. Pharm Anal Acta. 
2017; 8: 554.

11.	 Sutherland W. Ionization ionic velocities and atomic sizes. Lond 
Edinb Dublin Philos. Mag J Sci. 1902; 3: 161-177.

12.	 Einstein A. Zur theorie der brownschen bewegung. Annalen der 
Physik 1906; 324: 371-381.

13.	 Smoluchowski M von. Zur kinetischen theorie der brownsch 
molekularbewegung und der suspensionen. Annalen der Physik  
1906; 326 :756-780.

14.	 Nelson E. Dynamical Theories of Brownian Motion Princeton 
University Press, Princeton, New Jersey. 2001.

15.	 Kelkar AV, Dong J, Franses EI, Corti DS. New models and predic-
tions for Brownian coagulation of non-interacting spheres. J Col-
loid Interface Sci. 2013; 389:188-198.

16.	 Lu K, Wang Q. Chaotic behavior in differential equations driven 
by a Brownian motion. J Differ Equ. 2011; 251: 2853-2895.


