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Extremely dilute systems arise in homeopathy, which uses dilution factors 10°, 104%°
and also higher. These amounts to potencies of 30c, 200c or more, those are far beyond
Avogadro’s number. There is extreme skepticism among scientists about the possibility
of presence of starting materials due to these high dilutions. This has led modern scien-
tists to believe homeopathy may be at its best a placebo effect. However, our recent
studies on 30c and 200c metal based homeopathic medicines clearly revealed the pres-
ence of nanoparticles of starting metals, which were found to be retained due to the
manufacturing processes involved, as published earlier.®'° Here, we use HR-TEM and
STEM techniques to study medicines arising from inorganic salts as starting materials.
We show that the inorganic starting materials are present as nano-scale particles in the
medicines even at 1 M potency (having a large dilution factor of 102°°°). Thus this study
has extended our physicochemical studies of metal based medicines to inorganic based
medicines, and also to higher dilution. Further, we show that the particles develop a coat
of silica: these particles were seen embedded in a meso-microporous silicate layer
through interfacial encapsulation. Similar silicate coatings were also seen in metal based
medicines. Thus, metal and inorganic salt based homeopathic medicines retain the start-
ing material as nanoparticles encapsulated within a silicate coating. On the basis of
these studies, we propose a universal microstructural hypothesis that all types of ho-
meopathic medicines consist of silicate coated nano-structures dispersed in the solvent.
Homeopathy (2016) 105, 160—172.
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Homeopathic medicines have dilution factors 10,
10*° and 102000, which amounts to 30c, 200c and 1 M
potency are routinely used for treatment. These super
Avogadro dilutions, if ideally done, should result in
complete absence of a single molecule in a typical me-
dicinal sample. To explain why activity is still retained,
theories such as liquid memory,l*4 clathrate formation,’
and quantum physical®’ have been proposed in the past.
Out of all theories only the silica hypothesis® implies the
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presence of physical entities. In several industrial and
biological processes we come across the ultra-high dilu-
tions, but are not well studied since there are still no easy
instrumental means to analyze the presence of trace ma-
terials. In the case of Homeopathic medicines the pro-
cess of manufacture uses dilutions that exceed
Avogadro’s number by several orders of magnitude—so
much so that one would not expect any measurable
remnant of the starting material to be present. A scienti-
fic approach is necessary to fully understand the process
of extreme dilutions and its implications to the materials
involved from a physical and chemical viewpoint. Also
important is the need to justify the prescribed process
of manufacture consisting of the tedious task of arriving
at ultra-high dilution involved in homeopathic medicine
preparations, and relate it to the structure and function of
the medicines.

There are few scientifically accepted studies in this area.
The first is by Chikramane ez al.” who have examined metal
based homeopathic medicines and have shown that respec-
tive starting materials are still present as nanoparticles even
at 200c potency. They have also explained this as a result of
froth floatation'’ due to extensive foaming during succus-
sion. The second is by Ives ef al. (Anick and Ives,” Ives
et al.’") who hypothesize but not prove that silica particles
are present in the sample.

Silicates from the glass walls are continuously leaching
out. We show that this silicate plays a key role in coating
and retaining the starting materials in the solution. The
role of this silicate shell is twofold, since it not only pro-
vides greatly enhanced colloidal stability in water, but
also can be used to control the distance between core par-
ticles within assemblies through shell thickness.'' > From
this point of view, extensive studies on metal—silica
core—shell particles prepared by a liquid phase procedure
have been made. !l 12 16 17. 26

In this present study, we have investigated the inorganic
salt based homeopathic medicines such as Natrum muriati-
cum (NaCl), Kali muriaticum (KCl), Calcarea sulfuricum
(CaSQ,), Natrum sulfuricum (Na,SO,) to show that these
salts also remain in detectable quantities in the high po-
tency medicines despite super Avogadro dilutions. More-
over, they are embedded in a silica layer containing
nano-voids or air-bubbles. We further show similar find-
ings for metal based medicines by reexamining the gold
one in detailed and explain why the silica coating was
not seen in our earlier work.

Materials and method

Materials

Five homeopathic medicines (6¢, 30c, 200c and 1 M di-
lutions) Sodium chloride (Natrum muriaticum or Natrum
mur.), Potassium Chloride (Kali muriaticum or Kali
mur.), Calcium sulfate (Calcarea Sulphurica or Calcarea
sulph.), Sodium sulfate (Natrum sulphuricum or Natrum
sulph.), and Gold metal (Aurum metallicum) used in this
study were purchased commercially from authorized dis-

Interfacial nano-structures in homeopathic medicines
MK Temgire et al

tributors of a reputed homeopathic manufacturer in India
(SBL), an Indian subsidiary of a multi-national firm viz.
Wilmar Schwabe India Pvt. Ltd., and Healwell, Sintex
Int. Ltd. The pure ethanol of HPLC grade was procured
from Commercial Alcohols Inc., Canada. The formvar-
carbon coated copper grids of 200 mesh were bought
from Pacific Grid-Tech (U.S.A.). The manufacturing pro-
cess used was ascertained by personal discussion with
the manufacturers. It consisted of solid substances for Na-
trum mur, Kali mur, Natrum Sulph that were used as raw
materials. 90 or 91% alcohol solutions were used in poten-
tization along with lactose trituration for the process of di-
lutions. The dilutions were carried out by Hahnemannian
method. Glass bottles used by the manufacturers for suc-
cussion were made of neutral glass or USP type III soda
lime glass.

Method

Preparation of TEM grids: High Resolution TEM/EDX/
STEM: Characterization of ultra-high dilute medicines
was carried out using JEOL JEM 2100 electron micro-
scope operated at 200 kV. HR-TEM formvar-carbon
coated copper grids were held using anti-capillary forceps.
A drop of medicine was directly placed on the grid. The
drop was allowed to evaporate until it visually appeared
to be dry, which took approximately Y2 to 1 h in air at
23°C depending on the ambient humidity levels. After
complete drying, another drop was placed as previously
on the grid. This process was repeated 5—6 times. After
letting the sample dry in air completely the grid was
warmed using an IR lamp for about 15 min for ensuring
a completely dry sample and removal of all solvent from
the grid. During TEM, bright field and dark field images
of the sample particles were captured with Orius 200 bot-
tom mount camera. Selected area diffraction patterns were
also taken. Energy dispersive X-ray analysis (EDX) was
done with Oxford instruments (Model: EDS7688) for
elemental analysis. Along with it STEM mapping was
used for detailed distribution of elements present in the
sample.

Typical TEM characterization: The most significant
finding we had with TEM was the detection and imaging
of inorganic salt based medicines, a typical figure of which
is in Figure 1 (A—C), which shows a particle in bright field
image along with selected area diffraction pattern of single
crystal and energy dispersive X-ray analysis showing pres-
ence of active ingredients in Natrum mur. at 200c potency.
The EDX shows prominent peaks of sodium and chlorine,
together with other peaks of carbon, oxygen and copper,
which are due to the substrate of Cu-grid coated with for-
mvar-carbon.

Special precaution had to be taken to achieve all of the
above: Inorganic salt based medicines were found to be
electron beam sensitive and sublimed on exposure to
the intense electron beam.”’ The phenomenon of sublima-
tion can be observed in Figure 1 (D—L), where the salt
particle is seen part by part disintegrating that begins
from bottom of Figure 1(F) and continues to the top in
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Figure 1 Transmission electron micrographs of Natrum muriaticum (NM 200c) showing (A) bright field image of sub-micron size particle,
along with (B) Selected Area Electron Diffraction pattern and (C) Energy Dispersive X-ray analysis showing sodium and chlorine as prom-
inent active elements present along with substrate carbon and a small oxygen peak. (D—L) are bright field images of a NaCl submicron par-
ticle subliming gradually, the subliming interface is marked with an arrow (F). The particle continues to sublime completely in successive
micrographs till (J) in approximately 2 min leaving behind a dark black patch in the location of the particle.
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Figure 1(J) indicated with an arrow leaving behind the
depression in the region with high dark contrast. This
makes it difficult to visualize the original microstructures
of many particles due to sublimation. To reduce the time
for observation, initially low magnification mode was
used to find the area containing particles, then switching
over to high magnification mode to focus on the particle.
Sublimation rate was also cut down by reducing the spot
size and thus decreasing the electron beam intensity.
These two steps together enabled us to observe and photo-
graph the structure of particles by preventing the sublima-
tion. It enabled us to obtain elemental spectra and STEM
mapping.

Sample particle size measurements and image process-
ing were done by the help of Digital Micrograph — Gatan,
Image-J and Gimp version 2.8 software.
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Results and discussion

Establishing the presence of inorganic salts and
elucidation of particle size and morphology by HR-
TEM

In this study we have chosen four inorganic salts and one
gold metal based homeopathic medicine. HR-TEM was
used to obtain the particle size, morphology, bright field,
dark field, selected area electron diffraction pattern
(SAED) and energy dispersive X-ray analysis (EDX).
Typical results of bright field, SAED and EDX are shown
in Figure 1 and have been discussed above. The beam sen-
sitive nature of samples is shown in Figure 1(D—L) and
points to the need for careful microscopy. With these in
mind, a systematic study was taken up. These are described
for each medicine type below.
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Figure 2 Natrum muriaticum 6c (A—D), 30c (E—H), 200c (I-L), 1 M (M—P) -SBL particles showing transmission electron microscopy in
bright field (BF), dark field (DF), selected area electron diffraction patterns (SAED) modes and energy dispersive X-ray analysis having prom-
inent peaks of sodium and chlorine followed by carbon, silicon and oxygen peaks, along with some minor sulfur and potassium peaks.
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Natrum muriaticum (NaCl)

Figure 2 shows typical results on Natrum mur. homeo-
pathic medicine with potencies of 6¢, 30c, 200c, and 1 M.
Bright field images of 6¢, 30c and 1 M were of a single
macro-particle, and in case of 200c there were many small
nanoparticles seen. All the electron diffraction patterns
are mosaic single crystal patterns in 6¢, 200c, and 1 M,
but 30c has polycrystalline pattern. EDX studies show sig-
nificant peaks of sodium and chlorine in all potencies
along with silica and oxygen peaks at higher potencies
from 30c, 200c and 1 M. As we start with the low potency
of 6¢ the EDX studies showed presence of active material
sodium and chlorine dominant peaks. As we perform anal-
ysis of the higher potencies 30c, 200c and 1 M other ele-
ments also emerged were silica, oxygen, sulfur, potassium
and oxygen. These supplementary elements are likely to
have leached out from borosilicate glass. Other peaks of

copper and carbon were due to the presence of copper
grid and carbon coating. The elemental analysis suggests
the presence of sodium silicates along with the active ma-
terial.

Kali muriaticum (KCl)

Figure 3 shows typical results on Kali mur. homeopathic
medicine with potencies from 6c¢, 30c, 200c, and 1 M.
Bright field images of 6¢, 30c, 200c and 1 M were single
particles. Electron diffraction patterns in case of 6¢ and
1 M were polycrystalline, and 30c, and 200c were mosaic
single crystal patterns. EDX studies showed significant
peaks of sodium, silica and oxygen prominent peaks in
all potencies along with potassium and chlorine peaks pre-
sent. There is also a feeble sulfur peak presence seen in all
potencies, which may have come from the color additives
in amber glass bottles used in preparation of homeopathic
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Figure 3 Kali muriaticum 6C (A—D), 30c (E—H), 200c (I-L), 1 M (M—P) -SBL micron size particles showing transmission electron micro-
scopy in bright field (BF) images, dark field (DF) images, selected area electron diffraction pattern (SAED) modes and energy dispersive
X-ray analysis (EDX) showing sodium, silicon and oxygen as prominent peaks along with potassium and chlorine peaks.
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medicines. Here also, copper and carbon peaks were due to
the substrate of copper grid with carbon coating.

Calcarea sulfurica (CaSO,)

Figure 4 shows typical results of Calcarea sulfurica ho-
meopathic medicine with potencies 6¢, 30c, 200c, and
1 M. Bright field images in all the potencies show macro-
clusters with varying contrast. Electron diffraction patterns
in case of 6¢ and 1 M were polycrystalline, 30c, and 200c
were mosaic single crystal patterns. EDX studies show sig-
nificant peaks of sodium, silica, oxygen and calcium in all
potencies. Sulfur and potassium peaks in all potencies have
been damped. Remaining additional peaks of iron, copper
and carbon were due to the presence of copper grid and car-
bon coating.

Natrum sulfuricum (Na,SO,)
Figure 5 shows typical results of Natrum sulfuricum ho-
meopathic medicine with potencies 30c, 200c, and 1 M.
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Bright field images of 30c, 200c and 1 M are single
macro-particles with varying contrast. Electron diffraction
patterns in case of all potencies were mosaic single crystal
patterns. An EDX study shows sodium, silica and oxygen
prominent peaks in all potencies along with calcium and
sulfur peaks present. As in all above medicines iron, copper
and carbon peaks were due to the substrate of copper grid
with carbon coating, and from the natural impurities in
glass.

HR-TEM studies of Aurum metallicum

Fifth noble metal Aurum metallicuam homeopathic med-
icine in Figure 6 shows results with bright field and dark
field images of potency 30c is single macro-particle. The
selected area electron diffraction shows polycrystalline
pattern with annular spots. EDX studies show significant
peaks of sodium, silica and oxygen. Gold peaks, though
present, have been damped, since the fine gold particles
were embedded in the large sodium silicate matrix. Gold

Cs6C
O Na Ca —CS6C
Cc
Cu
S
Si Ca
CIK Cu

08 1.8 2.8 3.8 48 58 68 7.8 88 9.8
Energy (eV)
—

CS30C

c si Ca —CS30C

o Fe
s IK Ca

Cu
Cu

2 3 4 5 6 7 8 9
Energy (keV)

CS 200C

0.8 1.8 2.8 3.8 4.8 58 6.8 7.8 88 9.8
Energy (keV)

Figure 4 Calcarea sulfurica 6¢ (A—D), 30c (E—H), 200c (I-L), 1 M (M—P) -SIL particles showing TEM Bright field, Dark field, selected area
electron diffraction pattern modes and energy dispersive X-ray analysis showing sodium, silicon, calcium and oxygen as prominent peaks
along with sulfur, chlorine, and potassium as minor peaks. There are other additional peaks of copper, iron and carbon due to the carbon

coated Cu-grids.
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Figure 5 Natrum sulfuricum 6¢ (A—D), 30C (E—H), 200c (I-L), 1 M (M—P) -SBL patrticles showing TEM Bright field, Dark field, selected area
electron diffraction pattern modes and energy dispersive X-ray analysis showing sodium, sulfur, silicon, chlorine, and oxygen as prominent

peaks along with aluminum, calcium, and potassium.

was confirmed by indexing the diffraction pattern. Thus,
coated nanoparticles of starting materials were commonly
observed for both metal and inorganic salt based medi-
cines.

In the earlier paper by Chikramane ef al.” energy disper-
sive X-ray analysis was not available for elemental analysis
so the overcoat may not have been detected. Moreover, the
process of sublimation described above by us may have
taken place to remove the coating because low-dose tech-
niques were not used then.

Thus, in all four inorganic samples studied above, the
starting elements Na, K, Ca, S were present in a particle
along with Si and O. It is well known in the literature®
that siloxanes leach out from glass walls and the amount
of silicate leaching out from the glass wall has been esti-
mated to be 3—5 ppm. Cations are also known to induce
crystallization of siloxanes.”® Taken together; it is highly
likely that the inorganic salts are present in these particles
along with silicates. We find that the inorganic particles in
the final medicines arising from the starting materials get
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Figure 6 Aurum metallicum 30c (A—D) -SIL particles showing TEM Bright field, Dark field, selected area electron diffraction pattern (SAED)
modes, and Energy Dispersive X-ray analysis showing sodium, silicon, and oxygen as prominent peaks along with gold, sulfur, calcium, and

potassium. The presence of silicates is evident from the EDX.
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coated with silicates during the manufacturing process as
we shall show subsequently in this paper.

Particle morphology

Figure 7A, B shows core—shell morphology, consisting
of inorganic salt core surrounded by sodium silicate. Both
Natrum mur. 200c and Kali mur. 30c are seen to have
coating of silicates. The size of all Natrum mur. nanopar-

Interfacial nano-structures in homeopathic medicines
MK Temgire et al

10—20 nm, whereas Kali mur. is a present as a single large
particle approximately 1.5 x 3.0 um with a silicate coating
of 0.5—1 um. Also, seen in Figure 7(A) are two sodium
chloride nanoparticles observed fusing into a single bigger
nanoparticle with a common coating. We later explain the
origin of the silicate coating during succussion. Since, the
silicate polymer coat prevents the separation of these par-
ticles. SAED analysis of Figure 7(C) and (D) shows pat-

ticles range from 30 to 50 nm with a silicate coating of terns consistent with both the inorganic salt and
Natrum mur. Kali mur.
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Figure 7 (A) Natrum muriaticum 200c nanosize particles, (B) Kali muriaticum 30c micron size patrticles, both coated with sodium silicate. (C)
& (D) Selected area diffraction pattern of Natrum muriaticum 200c and Kali muriaticum 200c, (E) & (F) Energy dispersive X-ray analysis of
Natrum muriaticum 200c and Kali muriaticum 200c showing presence of silicon, oxygen, and sulfur peaks along with other respective active
elements sodium, potassium and chlorine peaks in them. Copper and carbon peaks were from the substrate copper grid that was coated with
formvar-carbon. The presence of silicates is evident from the EDX, which is indexed as sodium silicate in Tables 1 and 2.
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simultaneous presence of silicate in it. Natrum mur. 200c
was indexed to sodium chloride and sodium silicate,
whereas Kali mur. 200c was indexed to potassium chloride
and sodium silicate, respectively.

Table 1 shows the d-spacings that were calculated from
the diameters in the ring pattern of particles found in Na-
trum mur. 200c [Figure 7(C)]. These d-spacings match the
strong lines from the standard JCPDS data for sodium
chloride (std# 75-0306) and sodium silicate (std# 82-
0604). Similarly, in case of Kali mur. 200c
[Figure 7(D)] the d-spacing’s were calculated from the
diameter in the ring pattern. These d-spacings match
well with the standard JCPDS data for potassium chloride
(std# 77-2121) and sodium silicate (std# 82-0604). This
confirms the presence of crystalline species of active ele-
ments along with the silicates in all the homeopathy med-
icines under study (as deduced from the SAED patterns) in
spite the ultra-high dilutions in 30c, 200c and 1 M.
Figure 7E showed presence of active material sodium
and chlorine dominant peaks, along with oxygen, silicon,
and sulfur peaks. Similarly, in Figure 7F the active ingre-
dients potassium and chlorine peaks are present, along
with sodium, silicon, oxygen, and sulfur peaks dominant.
Other additional peaks of carbon and copper were from

Table 1 Selected area diffraction pattern of Natrum muriaticum
200c potency matching d-spacing for NaCl and Na,0O.SiO,

NaCl Na0.Si0O, NM200

JCPDS-std#75-0306 JCPDS-std#82-0604 Expt.

hkl Rel-int d-spacing hkl

(A) (A) (A)

Rel-Int d-spacing d-spacing

200 397 5.233
110 397 5.233
111 94 32562 111 312 3.4983
310 999 3.0197 3.013
200 999 2.82 020 999 3.0197 2.836
400 15 2.6165
220 15 2.6124
311 501 2.5421 2.545
021 501 2.5421
002 561 2.355
202 4 2.1469
112 4 2.1469
220 573 1.994 420 68 1.9761 1.913
130 68 1.857
312 275 1.857
421 80 1.8205
131 80 1.8205
402 40 1.7504
222 40 1.7504
311 17 17006 600 205 1.7443 1.747
222 162 16281 422 38 1.5137 1.632
400 64 1.41 332 204 1.4002 1.401
241 10 1.3845
331 7 12939 622 21 1.271
420 152 12611 441 15 1.2587 1.23
422 102 1.1512

Comparison of d-spacing for Natrum mur. 200c potency in
Figure 8C electron diffraction pattern match NaCl and Na,0.SiO,
standard JCPDF # 75-0306 and 82-0604.

d-spacing values that are matching with the JCPDS std are repre-
sented in bold.
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the substrate copper grid and formvar-carbon coating
over it (Table 2).

Trapping of nano-bubbles in meso-microporous sodium
silicates

The silicate coated particles in Figure 8 clearly show
meso-microporous channels available for entrapping
nano-bubbles. In the literature it has been proposed that
such channels may provide a way to load porous solids
with high volume of gases.”” It is also predicted that
nano-bubbles are originated due to long-range attraction
occurring in hydrophobic surfaces and reduce density.”*
In Figure 8(C) we were able to visualize entrapped nano-
bubbles while coating of meso-microporous silicate
cross-linked polymers. These trapped nano-bubbles
(Figure 8(C)) in micropores vary from 5 to 50 nm in size.
These may help to attach the particle to a bigger bubble
that levitates the bigger silicate coated particles in solution
by surpassing several drag and gravitational forces in the
liquid and froth float to the air-liquid interface and get
transferred to the next potency, as per the mechanism pro-
posed by Chikramane et al.'’ Entrapment of these nano-
bubbles was observed deep inside the micro-porous cav-
ities too. There are several nano-bubbles present all around
the coated particles. This levitation process carries with it
several particles making the surface rich with coated active

Table 2 Selected area diffraction pattern of Kali muriaticum 200c
potency matching d-spacing for KCI and Na,0.SiO,

KClI Na0.Si0O, KM200C

JCPDS-std#77-2121 JCPDS-std#82-0604

hk!l Rel-Int d-spacing hkl Rel-Int d-spacing d-spacing

(A) (A) (A)
200 397 5.233 5.2024
110 397 5.233 4.2989
100 4 3.67 111 312 3.4983 3.4591
310 999 3.0197 3.0099
020 999 3.0197
110 999 2.595 400 15 2.6165 2.6095
220 15 2.6124
311 501 2.5421
021 501 2.5421 2.4680
002 561 2.355
111 2 21188 202 4 2.1469 2.1551
112 4 2.1469
420 68 1.9761
130 68 1.857
312 275 1.857
421 80 1.8205
200 132 1.835 131 80 1.8205
402 40 1.7504 1.7285
222 40 1.7504
210 2 16412 600 205 1.7443 1.7065
422 38 1.5137
211 220 14982 332 204 1.4002
241 10 1.3845 1.3335
220 57 12975 622 21 1.271
300 1 12233 441 15 1.2587
310 72 1.1605

Comparison of d-spacing for Kali mur. 200c potency in Figure 8D
electron diffraction pattern match KCI and Na,0.SiO, standard
JCPDF # 77-2121 and 82-0604.



Interfacial nano-structures in homeopathic medicines
MK Temgire et al

Figure 8 HR-Transmission electron microscopy bright field images of (A—B) Natrum muriaticum 30cshowing presence of meso-
microporous structures of sodium silicate coated on sodium chloride and (C) Kali muriaticum 30c with nano-voids (air bubbles) have shown

with arrow mark entrapped in meso-micropores.

particles. These images validate the mechanism predicted
by Chikramane ef al.'’ that due to rigorous turbulence in
the headspace of glass bottle containing air gets entrapped
in silicate polymer chains coating the starting materials.
Due to succussion the liquid vortex is initiated at the sur-
face and proceeds to the bottom of the glass bottle. Every
succussion may generate new nanoparticles from the walls
of the glass.

Elemental composition with STEM mapping

STEM mapping provides elemental distribution and
mapping across the particles. This information is converted
into a composite picture of the distribution of elements in
the entire particle. Such maps are provided in Figure 9.
Further confirmation of the elements location in the sample
can be tracked by this image mapping technique. All the
starting active element presence is observed in this method.
Figure 9(a) has the elemental analysis for Natrum mur. 1 M
which has Na, Cl, Si, and O. Sodium clusters match well
with the chlorine clusters that are clearly seen with a
mild presence of silicon and oxygen. Figure 9(b) shows
the elements analyzed for Kali mur. 200c which shows
presence of K, CI, Na, Si, and O. Potassium small cluster

HaKat1_2

200nm
200nm

match well with chlorine clusters along with clusters of so-
dium, silicon, and oxygen. Figure 9(c) is of Calcarea sulph.
1 M which has presence of Ca, S, Na, Si, and O elements
that are dispersed throughout the dissociated particles
spread evenly all over the particle region scanned.

Hypothesis for universal silica coating and retention

In view of the results obtained in the above study, we
would like to propose a universal hypothesis of micro-
mesoporous silica coat formation and retaining of the
active ingredients in the core for all the classes of homeop-
athy based medicines. As soon as the sodium silicate,
which has leached from the glass walls enters the ethanol
solution it begins to polymerize into silicate chains.””*’
Polymerization process (Figure 10) is initiated in presence
of ethanol that acts as a crosslinking agent to the silicon in
the sodium silicate solution. The cross-linked silicate
chains initially forms a sticky gel-like mass that easily
gets coated on to the nanoparticles of starting materials pre-
sent in the solution. Later, these silicate polymer chains
gain more elasto-plasticity and obtain a meso-
microporous structure. This coating plays a key role in

2000m Nakal_2 200nm Sikat 200nm O Kat

Figure 9 Scanning transmission electron microscopy elemental mapping images of (a) Natrum muriaticum 1 M, (b) Kali muriaticum 200C,
and (c) Calcarea sulfurica 1 M showing the mapping of Na, K, Ca, S, CI, Si, O elements.
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Figure 10 Schematic representation of silicate chains leached from glass walls during succussion process forming cross-linked silicate in
presence of alcohol and preserving the starting ingredients by coating them. (1) initial leaching of silicate chains (Il) intermediate crosslinking
of silicate chains polymers. (lll) Cross-linked silicate polymer chains coating active ingredient.

preventing dissolution of starting materials such as NaCl,
KClI, etc in the solution.

Step 1: Formation of silicate coating and retention:
Initially, lactose capping retains the active ingredients in-
side it during the grinding process. Subsequent succussion
processes are responsible for dissolution of the lactose
coating and enhancing the leaching out from the glass sur-

Homeopathy

face with release of more silicate chains in the ethanol so-
lution. Succussion process also leads to excess leaching out
of silica from the glass walls. It is known that the inorganic
solutes also help in silicate formation.® Later these form
long chains of silicates and initiate the polymerization in
presence of ethanol. Smaller coated particles also come
in vicinity of each other and fuse to form a bigger particle



with coating of silicate. These micro-mesoporous silicate
nanoparticles serve as active ingredient in remedies as
demonstrated by Ives e al.’' This phenomenon was
observed in Figure 7(A) of Natrum mur. 200c, in which
two sodium chloride nanoparticles out of many are
observed fusing into a single bigger nano-particle. Silicate
chains in presence of alcohol cross-link to form polymer
silicate chains seen in schematic representation of
Figure 10. Further, the different stages from (I) Initial
leaching of silicate from the glass walls, (II) Intermediate
cross-linking of silicate polymer chains, and (III) Final
stage of cross-linked polymer silicate chains coating the
active ingredients and entrapping the nano-bubbles in
them. As soon as the silica enters the solution, polymeriza-
tion process is initiated by crosslinking of the silicate
chains that adhere and coat firmly to the active nanopar-
ticles due to their sticky gel like micro-mesoporous mass.

Step 2: Air-nanobubbles entrapment for nanoparticles
levitation: The intense turbulence caused by the succus-
sion process that effectively engulfs air from the headspace
of the glass bottle. Meso-microporous coating of silicates
entrap air nano-bubbles [Figure 7(C)] in the gap of cross-
linked polymer silicate chains due to the vigorous shaking
involved in succussion process. These air nano-bubbles
later easily adhere to larger air bubbles and levitate the sil-
icate coated active ingredient to the top surface and get
transferred to the next potency. Entrapped air nano-
bubbles formed during the repeated succussion thus partic-
ipates proactively levitating the nanoparticles.

Thus the above steps result in a silica coat formation that
retains the active ingredient along with the entrapment of
nano-bubbles in micro-mesoporous silica. During succus-
sion this leads to the levitation of nanoparticles that assists
the whole process of capture, retention and transfer of the
active ingredient to the next potency. Our findings establish
the presence of silica, which is part of the hypothesis of
Ives et al.’' Based on the observations from the results of
the above inorganic salts and gold metal based medicines
we propose that this universal hypothesis applies not just
for these but for all homeopathy based medicines.

We propose that no matter what starting material is pre-
sent, it will be silica coated and the silica-coated particles
will persist in higher potencies. The universality of this hy-
pothesis needs to be proven for herbal and biological start-
ing materials, and so far it is proven for metals and
inorganic salts. Much more work is needed to address
several uncertainties like quantitative measurement of spe-
cies at these extreme dilutions and what, if anything,
changes with potency. However, what becomes abundantly
clear is that the material basis of these medicinal products
is demonstrated for inorganic salt and metal based medi-
cines. The medicinal and biological effects arising from
these materials however remains to be proven at the low
doses they are present.

Conclusion

Inorganic salt based homeopathic medicines retain par-
ticles, ranging from nano to large size particles, of the start-

Interfacial nano-structures in homeopathic medicines
MK Temgire et al

ing salt despite super Avogadro dilution. This is exactly
analogous to the behavior of metal based homeopathic
medicines. Furthermore, all the inorganic salt based ho-
meopathic medicines studied here, and also the gold based
medicine, show core—shell morphology consisting of the
salt/metal at the core and a silicate shell arising from the
glass wall, which provides an overcoat. Our understanding
of the process of manufacture indicates that the silicate
overcoat may also happen with all types of Homeopathic
medicines including organics and nosodes, but that needs
validation. Further, we have shown that the coating itself
is micro-mesoporous and contains nano-voids and nano-
bubbles presumably formed during the succussion process.
The presence of such mesoporous coating in a wide range
of homeopathic medicines agrees well, and gives credence
to the froth floatation hypothesis. Thus, we now have a sci-
entific explanation and microscopic evidence which ex-
plains why the particles containing starting materials are
present even at extremely high potencies such as 1 M which
correspond to dilutions of 1 part in 10°°°, well beyond
what could be imagined heretofore.
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