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Background: A series of different experimental approaches was applied in Zincum metallicum (Zinc met.) samples and lactose controls. Experiments were designed to elucidate the effect of zinc trituration and dynamization on physicochemical properties of
homeopathic formulations, using lactose as excipient.
Methods: Zinc met. potencies (Zinc met 1e3c) were triturated and dynamized using
lactose as excipient, according to Brazilian Homeopathic Pharmacopoeia. Lactose samples (LAC 1e3c) were also prepared following the same protocol and used as controls.
The samples were analyzed structurally by Atomic Absorption Spectroscopy (AAS), Xray Diffraction (XRD), Transmission Electron Microscopy (TEM) with Energy Dispersive
X-ray Spectroscopy (EDX) and Scanning Electron Microscopy (SEM), and thermodynamically by Thermogravimetry (TG) and Differential Scanning Calorimetry (DSC).
Results: AAS analysis detected 97.0 % of zinc in the raw material, 0.75 % (Zinc met 1c)
and 0.02% (Zinc met 2c). XRD analysis showed that inter-atomic crystalline spacing of
lactose was not modified by dynamization. Amorphous and crystalline lactose spheres
and particles, respectively, were observed by TEM in all samples, with mean size from
200 to 800 nm. EDX obtained with TEM identified zinc presence throughout the amorphous matter but individualized zinc particles were not observed. SEM images obtained
from dynamized samples (LAC 1c and Zinc met 1c) with electron backscattering could
not identify zinc metal grains. The dynamization process induced Derivatives of Thermal
Gravimetric (DTg) peak modification, which was previously centered near 158 C to
lactose, to a range from 140 to 170 C, suggesting the dynamization process modifies
the temperature range of water aggregation. Thermal phenomena were analyzed and
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visualized by Analysis of Variance (ANOVA) and Principal Component Analysis (PCA)
statistics. Both indicated that fusion enthalpy of dynamized samples (DynLAC 1-3c;
DynZn 1-3c) increased 30.68 J/g in comparison to non-dynamized lactose (LAC; p < 0.05).
Conclusions: Our results suggested no structural changes due to the trituration and dynamization process. However, TG and DSC analyses permit the differentiation of dynamized and non-dynamized groups, suggesting the dynamization process induced a
significant increase in the degradation heat. These results call for further calorimetric
studies with other homeopathic dilutions and other methodologies, to better understand the dynamics of these systems. Homeopathy (2017) 106, 160e170.
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Introduction
Homeopathic medicines are prepared through processes
of dilution and shaking or succussion (called “dynamization” or “potentization” in the homeopathic pharmacopoeia),
using exact quantities of active ingredient mixing and inert
excipient (lactose).1 Early in the 19th century, a prior trituration process was credited with the ability to render even
insoluble substances in soluble. Initially, plant extracts
were not triturated. However, in 1835, Hahnemann
concluded that all substances should be hand-triturated, to
the 3c and 6 potencies.2 In 1842, 3c trituration was also
adopted as the required starting point for the manufacture
of LM potencies.3
Since Hahnemann’s initial steps in the trituration process, its peculiar features were investigated by a number
of experimental approaches, such as spectroscopic measurements and NMR analyses. Other approaches, including
quantum physics and nanoscience,4e6 may increase our
understanding of physicochemical properties of solid
homeopathic medicines. Botha and Ross reported
statistically significant differences in NMR chemical
shifts, as well as relative integration values of some
signals from triturated and non-triturated homeopathic
samples.4
Some aspects of homeopathic drugs include speculative hypotheses such as the one proposed by Molski,5
in which potentization belongs to the class of quasiquantum phenomena, playing an important role both in
biological systems and homeopathy. Another such hypothesis identifies nanoparticles (NPs) at homeopathic
solid dilutions, as reported by Chikramane et al.6 These
authors demonstrated that the hydroxyl groups in lactose
could interact with the metal particles by hydrogen
bonds, as shown by specific infrared stretching/vibrational frequencies. Non-covalent interactions with
lactose seem to stabilize metal particles, including formation of NPs.6

Also, it has been speculated that NPs can occur in homeopathic products as a result of trituration and subsequent
shaking in glass containers.7,8 In fact, presence of
nanostructures in homeopathic solutions were detected in
highly diluted samples.7,8
The physicochemical nature of homeopathic medicines
is still far from being clarified, as too are the properties
of NPs produced by the dynamization process. Some reports suggest changes in physicochemical properties,
with potential biological implications of homeopathic dilutions.9e15 Further developments in basic research are
highly desirable, and one important challenge will be the
development of theoretical and experimental methods
able to yield consistent and reproducible results.16
The need for a better understanding of dynamized systems motivated the International Research Group on
Very Low Dose and High Dilution Effects (GIRI) to
develop a multicentric project using a single metal, zinc,
prepared by a unique laboratory (UFRJ, Rio de Janeiro,
Brazil), following the same Pharmacopeia (Brazilian Homeopathic Pharmacopea). Research on Zincum metallicum
can make a valuable contribution, as shown in recent
studies performed by GIRI’s researchers, with animal,17e20
wheat seed19 and physical models16,21 indicating that this
initiative introduces new important knowledge about
dynamized systems.
Zinc is an essential microelement required for various
cellular functions, including cerebral depression,22 acting
as antioxidant, structural constituent in numerous proteins,
and participating in cognitive development, immune
response, thymus activity, and others.23,24
This paper aims to consider how traditional homeopathic
manufacturing process modifies the physicochemical properties of Zinc met, comparing findings with dynamized and
non-dynamized lactose. Then, different experimental tools
were employed in order to characterize and increase the understanding of dynamized solid systems. This research is
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under development as a formal Brazilian-Italian inter-university partnership.

Materials and methods
Samples and controls
Potencies were produced manually according to the
Good Manufacturing Practices at the Faculty of Federal
University of Rio de Janeiro, following the Brazilian
Homeopathic Pharmacopoeia guidelines.1 The starting
materials, zinc and lactose monohydrate, were purchased
from Labsynth Ltd. (Diadema, Brazil) and Pharma Nostra
Comercial Ltda (Rio de Janeiro, Brazil), respectively. Zinc
raw material (99.0 % of zinc, 0.01% of iron, as declared
by the supplier) was acquired as crystalline bars and was
manually scraped using a metallic spatula until it became
a fine powder.
The homeopathic manufacturing process followed the
statements of the Brazilian Homeopathic pharmacopoeia
and started with the lactose separation, in three equal
parts.1 One third of the lactose was placed in porcelain
vessel to avoid zinc loss. Following this, zinc was added
and triturated, meeting the centesimal scale (1 part of material to 99 parts of inert vehicle), and the complex (Zinc
met plus lactose) was submitted to two independent and
vigorous cycles of crushing and scraping for 20 min. After
this first cycle, the second and third parts of lactose were
added to the porcelain vessel, and submitted to the second
and third cycles of crushing and scraping, for 20 min each,
respectively. The dynamization process was concluded at
the end of 60 min.
Each sample received the designation of first triturated 1/
100, coded as Zinc met 1c. For the second triturated compounding, 1 part of the first one (1c) was mixed in 99 parts
of lactose (centesimal scale), and all crushing and scraping
procedures were repeated to obtain Zinc met 2c1. The last
dynamization process produced Zinc met 3c, following
the same protocol described above, using 1 part of Zinc
met 2c for 99 parts of lactose. Control samples were prepared with dynamized lactose (LAC 1e3c) and nondynamized lactose (LAC).
Zinc content by AAS
Content was determined by Atomic Absorption Spectroscopy (AAS) using a Shimadzu (AA-6800) Spectrophotometer operated with air-acetylene flame atomizer. The
following samples: zinc (raw material), Zinc met 1c, Zinc
met 2c, Zinc met 3c, and lactose (Table 1) were analyzed

according to two independent sets. A calibration curve
was previously constructed and the absorbance values of
respective analyses were compared to this calibration
curve, allowing the calculation of atom content in each
sample. Zinc absorbance was measured at 213.9 nm.
X-ray powder diffraction
About 50 mg of each sample (LAC 1 and 2c; Zinc met 1
and 2c; zinc grains; lactose) was analyzed in a PANalytical
(Almelo, the Netherlands) X’Pert PRO diffractometer using CuKa radiation (l1.5418 
A). The X-ray powder
diffraction (XRD) pattern was recorded from 10 to 50
with a step size of 0.02 and counting time of 5 sec/step.
The position of peaks in the diffractograms (2q) was used
to determine the interplanar distances (dhkl) following
Bragg’s law (where hkl refers to Miller indices):
2dhkl sin q = nl

The dhkl values were compared to standard powder
diffraction data in the literature.25
Scanning electron microscopy
Zinc met 1c and LAC 1c were affixed in aluminum stubs
with a carbon tape, submitted to the critical point drying
and gold coating, following scanning electron microscopy
protocol. Samples were observed in JEOL JSM-7100F field
emission SEM operated at 5 kVof accelerating voltage. The
analyses were carried out at the Brazilian Center for Physics Research (CBPF, Rio de Janeiro, Brazil).
Scanning electron microscopy associated with X-ray
microanalysis
Samples of Zinc met 1c and LAC 1c were dissolved in
5 mL at the concentration of 10 mg/mL of ultrapure water
(centesimal dilution), and centrifuged to concentrate the
particulate matter as described below. The solutions were
mechanically succussed in a DynaA dynamizer (130 hits
in 7 s) in soda-lime sterile tubes, transferred to plastic
centrifuge tubes, and spun at 10,800 g for 30 min at
room temperature in a BeckmaneCoulter Optima LE80K ultracentrifuge. Visual inspection, after centrifugation, showed a dark pellet in Zinc met 1c and a clear white
bottom in LAC 1c sample. The supernatants were carefully
removed and the pellets recovered by the addition of 50 ml
pure water. Zinc met 1c and LAC 1c pellets (0.3 ml-drops)
were transferred to stubs with a plastic bottom, dried at
37 C for 1h, and examined with an XL30 ESEM scanning

Table 1 Concentration of zinc, potassium, iron, calcium and phosphorus measured by AAS analyses in weight percent (wt%)
Sample

Zinc
Zinc met 1c (1/100)
Zinc met 2c (1/10.000)
Zinc met 3 c (1/1.000.000)
Lactose
ND: not detected.
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Concentration in weight percent (wt%)
Zinc

Potassium

Iron

Calcium

Phosphorus

97.00  1.4
0.75  0.5
0.02  2.2
ND
ND

0.01  0.8
0.03  0.5
0.03  0.5
0.03  0.4
0.02  0.2

0.04  2.4
ND
ND
ND
ND

ND
0.0046  0.7
0.0044  0.4
0.0040  0.4
0.0052  1.1

ND
ND
ND
ND
ND
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electron microscope under high vacuum (FEI Company,
Eindhoven, Netherlands) equipped for Energy Dispersion
Analysis of X-Ray (EDX). These analyses were carried
out at the Technology Platform Center of the University
of Verona (Italy).
Particle size estimation by optical microscopy
Zinc met 1c (15.5 mg), Zinc met 2c (85 mg) and LAC 1c
control (15.5 mg) powders were dissolved in 1.5 ml of pure
water, centrifuged in minifuge at 13,000 rpm for 30 min,
suspended in 50 ml of pure water, and observed in a Burker
chamber by contrast phase microscopy, using an Olympus
IX50 microscope with 100 original magnification.

Figure 1 XRD patterns of dynamized and non-dynamized samples. (a) LAC 3c; (b) LAC 1c; (c) Zinc met 1c; (d) Zinc met 2c;
(e) zinc; (f) Lactose.

Table 2 Interplanar distances (dhkl) and relative intensity signal of
peaks (Int %) obtained from XRD data of zinc, and non-dynamized
lactose (Lactose) and dynamized lactose (LAC 1c, LAC 3c)
Zinc
dhkl
2,47
2,31
2,09
1,69
1,34
1,33

Lactose
Int
49
27
100
19
18
13

dhkl
7,06
5,39
4,63
4,53
4,43
4,26
4,18
3,89
3,73

LAC 1c
Int
12
8
34
36
100
10
23
5
7

dhkl
7,06
5,39
4,63
4,53
4,44
4,26
4,18
3,90
3,73

LAC 3c
Int
18
15
42
48
100
14
26
8
12

dhkl
7,06
5,39
4,63
4,53
4,43
4,26
4,18
3,90
3,73

Int
17
14
40
44
100
13
26
8
12

Transmission electron microscopy
Samples of lactose; LAC 1 and 3c; Zinc met 1 and 3c
were prepared using alcohol 96%, at a concentration of
5.0 mg/mL. Afterward, 10 mL of the solution was dropped
on Formvar-coated TEM copper grids, air-dried, and
observed in a JEOL 2100F operated at 200 kV equipped
with an energy-dispersive X-ray spectroscopy (EDX)
(Noran Seven).
Thermal analysis by differential scanning calorimetry
(DSC) and thermogravimetry (TG)
DSC and TG analyses were performed on a Shimadzu
DSC60 and Shimadzu TG50, respectively. The samples
analyzed were: lactose; LAC 1 and 3c; Zinc met 1 and
3c. DSC was performed in duplicate. The conditions
used for the DSC analysis were as follows: sample weight
(1e3.4 mg), aluminum cell, flow rate (50 mL/min), temperature rate (10 C/min until 230 C) under N2 atmosphere.
An empty alumina cell was used as reference and the heat
flow between the sample and reference pans was recorded.

Figure 2 SEM obtained with SE (A and B) and BSE (C and D) detectors. A e LAC 1c. B e Zinc met 1c. C e LAC 1c. D e Zinc met 1c.
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The conditions of TG analysis were: sample weight
(5 mg), platinum cell, flow rate (50 mL/min), temperature rate (10 C/min until 500 C; 50 C/min until 800 C)
and atmosphere (nitrogen). The analyses were made at
the Pharmaceutical Technology Laboratory of the Federal
University of Rio de Janeiro.26,27
Statistical analysis
Statistically significant differences among experimental
groups for the enthalpy fusion values (DSC analysis) were
detected based on differences between the individual
means determined using a non-parametric ANOVA followed by Tukey’s post hoc test. The statistical analysis
was performed using the software GraphPad Prism 5
(GraphPad Software Inc., La Jolla, USA) and the significance level (p-value) was set to 0.05. Principal components
analysis (PCA) is a procedure for identifying a smaller
number of uncorrelated variables, called “principal components”, from a larger set of data. The goal of PCA is to
explain the maximum amount of variance with the fewest
number of principal components. PCA was performed
with StatisticaÒ software by plotting two principal components (PC1 and PC2) as a function of both dehydration and
crystallization enthalpies.

Results
Zinc met measurement in dynamized samples
The Atomic Absorption Spectroscopy (AAS) is a sensitive analytical technique that measures down to parts per

billion of a gram (mg dm3). This analysis detected 97.0
% of zinc in the raw material, 0.75% (Zinc met 1c) and
0.02% (Zinc met 2c), showing zinc concentration
decreased with dynamization (Table 1). Besides, considering our interest to characterize the presence of other
metals in these samples, Potassium (K), Iron (Fe), Calcium
(Ca), and Phosphorus (P) were also quantified in different
percentage amounts (Table 1). Lactose used as trituration
excipient presented a minimum quantity of potassium
(0.02 %) and calcium (0.0052 %), probably as contaminant
ingredient.
Crystalline structure and morphology
XRD analyses from pure lactose (Lactose), triturated
lactose (LAC 1c; 3c) and triturated lactose containing
zinc (Zinc met 1c; 3c) were similar (relative intensity and
position of diffracted peaks), suggesting the dynamization
process was not able to modify lactose crystallinity, even in
the presence or in the absence of zinc atoms, at centesimal
proportions. Besides, zinc peaks could not be observed in
LAC 1c and LAC 3c diffractrograms (Figure 1). The interplanar distances (dhkl) and relative intensities of peaks (Int
%) from zinc and lactose (non-dynamized and dynamized)
measured in Figure 1 are in accordance with previous literature reports28 (Table 2). These XRD results suggested no
mutual interaction in these centesimal homeopathic preparations.
The morphology of LAC 1c and Zinc met 1c were
analyzed by SEM (Figure 2A and B). Analyses with the
backscattered detector (Figure 2C and D) showed images

Figure 3 TEM ultrastructural analysis of lactose, Zinc met 1c and Zinc met 3c samples. A e Lactose; B e LAC 1c; C e LAC 3c; D, E e TEM
bright and dark field analysis of Zinc met 3c; F e Zinc met 1c.
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low zinc amounts in some regions of Zinc met 1c and
Zinc met 3c samples (Figure 4B). Sodium (Na), phosphorus
(P), sulfur (S), chloride (Cl), potassium (K) and calcium
(Ca) were also detected in all samples (Figure 4A). Copper
(Cu) and siliceous (Si) x-rays are originated from the TEM
grid and from the EDX detector, respectively.

Figure 4 EDX obtained in the TEM of pure lactose samples; Zinc
met 1c and Zinc met 3c. Black line: lactose; red line: Zinc met 1c;
blue line: Zinc met 3c. A e Energy range from 0 to 4.0 KeV; B e
Energy range from 7.0 to 9.0 KeV. (For interpretation of the references to color in this figure legend, the reader is referred to the
web version of this article.)

with homogeneous contrast for both samples, indicating
absence of large metallic zinc grains in Zinc met 1c sample
at the observed magnification (Figure 2D).
Pure lactose, triturated lactose (LAC 1c and 3c), and
Zinc met (Zinc met 1c and Zinc met 3c) samples were
analyzed by TEM. Amorphous spheres from 200 to
800 nm were observed in all samples (Figure 3AeF). Crystalline materials were also detected in association with
amorphous spheres or isolated from them, as seen by bright
(Figure 3D) and dark (Figure 3E) fields, in which bright regions are indicative of crystallinity. However, individualized crystalline particles of lactose were also found
outside spheres with similar morphology and dimension
(Figure 3F). The presence of crystalline matter is in agreement with the XRD data which showed diffraction peaks of
lactose in all samples (Figure 1). TEM results suggested no
structural changes due to the dynamization process.
EDX compositional analyses (Figure 4A and B), obtained from pure lactose (black line), Zinc met 1c (red
line), and Zinc met 3c (blue line), showed the presence of

Scanning electron microscopy and microanalysis in
Zinc met solutions
SEM analysis of Zinc met samples performed in the laboratory of Verona University (Italy) confirmed the presence
of zinc particles after extraction from Zinc met 1c solution.
Since the molar presence of zinc versus lactose should be
theoretically around 0.02% (2c; Table 1), it is likely that
the failure of detection with EDX probe is due to technical
limits, mainly in the ability to precisely locate a particle of
zinc in the presence of a large excess of lactose particles.
Therefore, in order to remove the lactose and to concentrate zinc particles, before the microscopic detection,
Zinc met 1c, Zinc met 2c and LAC 1c samples were solubilized in pure water and submitted to high speed centrifugation. Then, Zinc met 1c showed a dark gray pellet, which
was not present in lactose sample (data not shown). The
structural analyses of Zinc met 1c pellets showed aggregates of smaller sub units, similar to a bunch of grapes
(Figure 5A), and the microanalysis spectrum confirmed
the zinc profile.
EDS analyses of Zinc met 1c pellet presented three characteristic zinc peaks due to the energy dispersion of the
electrons produced in the various orbitals (about 1.0, 8.6,
and 9.6 keV; Figure 5B and C). Zn was detected throughout
the whole microscopic field (Figure 5B) at 15.33% molar
weight and at higher level (27.48%) when focusing on a
0.5 mm-sized particle (Figure 5C). Control sample (LAC
1c) analyses showed the absence of zinc and the presence
of carbon and oxygen peaks, both of them related to lactose
itself and to the support surface (Figure 5D). Zinc met 2c
pellet was obtained from a concentrate powder suspension
(57 mg/mL).
The dimension of particulate matter in the pellet was
estimated by optical microscopy on a micrometric grid
slide and compared to the Zinc met 1c pellet (data not
shown). Zinc met 1c showed particle sizes ranging from
10 to 40 mm while smaller particles (10e20 mm) were
observed in Zinc met 2c. No particles were observed in
LAC 1c sample (data not shown). Particles smaller than
10 mm cannot be visualized by this method.
Thermal analyses
Thermal properties were evaluated by both DSC and TG.
The results suggest that both used thermal analyses are sensitive enough to identify aggregative differences between
zinc and lactose. The first weight loss all the samples
occurred between 120 C and 180 C: the peaked centered
between 155 C and 165 C. This weight loss is commonly
attributed to the loss of adsorbed water.29 The trituration
process induced DTg peak modification, which was previously centered near 158 C for lactose, to a range from 140
Homeopathy
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Figure 5 SEM image and microanalysis of the pellets from Zinc met 1c or LAC 1 solutions. A: SEM image at 15KX magnification of Zinc met
1c pellet; zoom on a metallic flake. B: Zinc met 1c microanalysis spectrum obtained by the EDAX (Energy Dispersion Analysis of X-Ray)
probe and carried on the whole microscopic field. C: Zinc met 1c EDAX spectrum on cross-marked point of the image in panel A. D:
EDAX spectrum of a drop of LAC 1c suspension.

to 170 C for all dynamized samples. Subsequent sample
heating resulted in a continuous loss of weight. The second
weight-loss peaks were around 260 C and were attributed
to the melting of lactose crystals, followed by the last peak
of lactose decomposition, around 322 C (Figure 6).
Figure 7 shows the comparison among DSC curves for
all samples. DSC data showed an endothermic process
near 145 C, which is attributed to a dehydration peak
(Figure 7, white arrow) with enthalpy values ranging
from 58.58 J/g to 77.01 J/g. The second endothermic process (Figure 7, black arrow) is near to 217 C and can be
attributed to the crystalline fusion of lactose crystals with
enthalpy values between 110.62 J/g and 173.58 J/g, as previously described by Figura and Epple.30
The effect of lactose dynamization on both dehydration
(Figure 8A) and crystalline fusion (Figure 8B) enthalpies
were better evaluated by ANOVA. Statistical studies indicated an increase of 30.68 J/g in fusion enthalpy when dynamized groups (DynLAC 1c-3c; DynZn 1c-3c) were
compared to lactose (LAC; p < 0.05). No significant variation (p > 0.05) was observed in dehydration values as a function of process (Figure 8A). In order to elucidate this point, a
subsequent statistical approach was applied to DSC results.
Principal component analysis (PCA) is one of the most
popular multivariate statistical approaches used.31 In
Homeopathy

Figure 6 Derivatives of Thermal Gravimetric Analysis (DTg)
curves of non-dynamized lactose (Lactose), dynamized lactose
(LAC 1ceLAC 3c), and dynamized zinc (Zinc met 1ce3c) samples
measured from 20 to 5000C with a heating rate of 10 C/min. Black
line: lactose; red line: LAC 1c; blue line: LAC 2c; green line: LAC
3c; pink line: Zinc met 1c; yellow line: Zinc met 3c; dark blue line:
Zinc met 3c. DTg curves of all samples in the range from
120 e180 C are shown on the upper right (plotted in set). (For
interpretation of the references to color in this figure legend, the
reader is referred to the web version of this article.)
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Figure 7 DSC curves of lactose control, dynamized lactose (LAC
1ceLAC 3c) and dynamized zinc samples (Zinc met 1ce3c)
measured with a 10 C/min heating rate and flow rate of 50 ml/
min. Black line: non-dynamized lactose (Lactose); red line: LAC
1c; blue line: LAC 2c; pink line: LAC 3c; green line: Zinc met 1c;
dark blue line: Zinc met 3c; purple line: Zinc met 3c. White arrow
shows the endothermic process, near 145 C, attributed to dehydration peaks; black arrow indicates the endothermic process of
the crystalline fusion of lactose crystals. (For interpretation of
the references to color in this figure legend, the reader is referred
to the web version of this article.)

general, PCA analyzes a collection that represents different
observations described by several dependent variables. In
our case, all enthalpy values, in both dehydration and
fusion processes, are collected as a function of sample
composition (lactose and zinc) and dynamization, as
showed in Table 3. PCA expresses a collection of data as
a function of new orthogonal variables (principal components) that, in many cases, express a pattern of similarity
among similar data. In the present paper, DSC enthalpy
values are analyzed by PCA as projection of variables
(loads) and of cases (scores) in factor planes. Figure 9A indicates that the factors (dynamization process) are
perfectly positioned on the circle of correlations. The projection of variables (DynZn, LAC, DynLAC) on Factor 1
axis is similar, as shown in Figure 9A. On the other hand,
the projection of these variables on Factor 2 axis indicates
that these samples are statistically different. The projection
of cases plot is presented in Figure 9B, and constructed using both dehydration and fusion enthalpy values obtained
from DSC thermograms, as presented in Table 3 (see
Supplementary data, Appendix A). The projection of all
cases under Factor 1  Factor 2 plane (98.77% correlation)
shows two distinct data groups: one corresponding to dehydration values (right side), the other one (left side) to the
crystalline fusion values (Figure 9B).

Discussion
Atomic absorption Spectroscopy (AAS) is a sensitive
analytical technique that measures down to parts per billion
of a gram (mg dm3). Here it showed that zinc

Figure 8 DSC data of the dynamized lactose group (DynLAC),
the lactose control (LAC) and the Zinc met group (DynZn) by
One-way ANOVA. A e Dehydration enthalphy; B e Fusion
enthalpy; *p < 0.005.

Table 3 Dehydration and fusion enthalpy values obtained from
DSC thermograms and used in PCA analyses
DH(J/g)

Samples
Non-dynamized

Dynamized

LAC

Dynamization

Dehydration

58.5

Fusion

110.62

D

1c
2cD
3cD
1cD0
2cD0
3cD0
1cF
2cF
3cF0
1cF0
2cF0
3cF

DynLAC

DynZn

68.75
68.76
45.85
62.37
77.01
73.41
145.99
150.43
105.25
141.66
173.58
160.74

52.34
79.36
68.92
67.87
64.26
72.11
111.75
157.69
149.26
127.76
122.20
149.27

cD: dehydration value.
cD’: dehydration enthalpy value (duplicate).
cF: fusion enthalpy value.
cF’: fusion enthalpy value (duplicate).
LAC: non-dynamized lactose.
DynLAC: Dynamized lactose samples (1e3c).
DynZn: Zincum metallicum samples (1e3c).
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Figure 9 Fusion enthalpy of the dynamized lactose groups (DynLAC), the lactose control (LAC) and the dynamized Zinc met groups
(DynZn) by PCA analysis. A e Projection of variables on the factor-plane (1X2) for lactose (LAC), dynamized lactose (DynLAC; 1e3c)
and Zinc met (DynZn; 1e3c); B e Projection of cases on the factor-plane (12) for different dynamization processes (1c, 2c and 3c).
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concentration decreases as the dilution process increases,
as expected theoretically. The presence of other elements,
such as calcium, potassium and iron, was also detected.
Zinc, calcium and potassium were also identified by EDX.
The XRD pattern shows a typical crystalline material,
with a high level of reflection overlap.32 Additionally, the
dynamization process did not modify these diffraction patterns, regardless of the presence or absence of zinc atoms,
in the centesimal samples analyzed. The d-spacing obtained from zinc and lactose were in agreement with
XRD patterns described by Wyckoff28 and Garnier
et al.,33 respectively. In order to confirm these results, it
is important to analyze additional zinc mixtures, especially
in higher zinc proportions. In fact, previous assays done by
our group (Holandino et al., unpublished results) in decimal proportion permitted us to register some zinc signals,
even in 106 (6; data not shown), indicating that further
XRD experiments should be important to analyze mutual
physical interactions between zinc and lactose in decimal
homeopathic mixtures.
Scanning electron microscopy (SEM) analyses did not
identify zinc grains in LAC 1c and Zinc met 1c samples,
and no modification was observed by SEM micrographs
in the lactose morphology after trituration. Given that
SEM analyses use small amounts of samples, further experiments with different batches and homeopathic proportions could be helpful to better understand interactions
between lactose and zinc.
Lactose monohydrate presents both crystalline and
amorphous phases. TEM images showed crystalline and
amorphous lactose particles with different morphologies
and dimensions (200e800 nm). Crystalline materials
were detected either in association with amorphous spheres
or isolated from them, as detected in bright (Figure 3D) and
dark (Figure 3E) fields (the bright regions are indicative of
crystallinity). Some authors6,7 could detect the presence of
nanoparticles of zinc, gold, tin, copper, even in extreme
homeopathic dilutions, but results did not conclusively
show the presence of zinc nanoparticles in a Zinc 1c
sample. Although Zn signal was detected by EDX, no
specific morphology could be associated with it,
suggesting that zinc nanoparticles could be
homogeneously dispersed throughout the lactose sample.
The presence of Zinc met pellets in 1c and 2c samples
was observed in SEM and optical microscopy. They clearly
showed that a considerable part of zinc grains remain insoluble in water, especially at first centesimal dilution
(Figure 5). The optical microscopy analysis of Zinc met
1c compared to Zinc met 2c pellet suggested that the trituration process was efficient enough to decrease grain size,
since trituration is a procedure to reduce particle dimension.
Differential scanning calorimetry (DSC) and thermogravimetry (TG) are techniques that can be used to identify
molecular interactions and incompatibilities between
drugs and excipients.34e36 These techniques are
frequently used for rapid evaluations of physicochemical
interactions37,38 using small sample sizes.39 DSC experiments give information about enthalpy variation (DH),

change in specific heat, temperature peaks, as well as
appearance, disappearance or shifts of exothermic or endothermic event peaks.38e40 On the other hand, TG analysis
provides quantitative information about mass loss related
to decomposition, evaporation or melting as a function of
temperature.41
Thermal analysis of all dynamized samples showed
different temperature ranges of water crystallization at
DTg curves when compared to lactose, which could be
attributed to the separation of lactose constituents induced
by the trituration process. With the help of statistical tools,
one may be conclude that dynamization plays a significant
role in the crystalline fusion of lactose (Figure 8B). Principal Component Analysis (PCA) of DSC data revealed
the presence of three distinct groups (DynLAC; DynZn;
LAC), indicating the dynamization process and the presence
of zinc affect the position of fusion enthalpy values on principal component axes, in agreement with Konar et al.42
The differences detected in fusion enthalpy values could
be correlated with changes in samples’ crystallinity, and
consequently in their solubility. These results should motivate further studies with other dilutions and additional sensitive methodologies, such as NMR and Raman
spectroscopy, in order to better understand the dynamics
of these systems. The influence of these alterations on
zinc solubility would be an additional important aspect to
new investigations. Data obtained in this study may prove
helpful for future research models in this field.

Conclusion
The present paper aimed to characterize physicochemical properties of homeopathic centesimal solid samples,
prepared with zinc and lactose, according to Brazilian Homeopathic Pharmacopeia methodology. Our results suggested no structural changes due to the trituration
process. Nevertheless, thermal analyses permit the differentiation of dynamized and non-dynamized groups suggesting the dynamization process was able to induce a
significant increase in the degradation heat. Besides, by using principal component analysis as a statistical tool, it is
possible to suggest the presence of zinc affects the position
of fusion enthalpy values, which may be correlated with
changes in sample crystallinity and consequent solubility.
We hope that this multicentre project developed by GIRI
will motivate new contributions to the development of homeopathic science.
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