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Summary

Objective:  This  study  sought  to  verify  whether  the droplet  evaporation  method  (DEM) can  be

applied  to  assess the  effectiveness  of  ultra-high  dilutions  (UHDs).  We  studied  the shape  char-

acteristics of  the polycrystalline  structures  formed  during  droplet  evaporation  of wheat  seed

leakages.

Methods:  The  experimental  protocol  tested  both  unstressed  seeds and  seeds  stressed  with

arsenic  trioxide  5 mM,  treated  with  either  ultra-high  dilutions  of  the  same  stressor  substance,

or with  water  as a  control.  The  experimental  groups  were  analyzed  by  DEM  and  in  vitro  growth

tests. DEM  patterns  were  evaluated  for  their  local connected  fractal  dimension  (measure  of

complexity)  and  fluctuating  asymmetry  (measure  of  symmetry  exactness).

Results: Treatment  with  arsenic at  UHD  of  both stressed  and  non-stressed  seeds  increased

the local  connected  fractal  dimension  levels  and  bilateral  symmetry  exactness  values  in the

polycrystalline  structures,  as  compared  to the  water  treatment.  The  results  of  in vitro  growth

tests revealed  a  stimulating  effect  of  arsenic  at UHD  vs.  control,  and  a correlation  between

the changes  in growth  rate  and  the crystallographic  values  of  the  polycrystalline  structures  was

observed.

Conclusions:  The  results  indicate  that  polycrystalline  structures  are sensitive  to UHDs,  and  so

for the  first  time  provide  grounds  for  the  use of  DEM  as a new tool  for  testing  UHD  effectiveness.

DEM could  find  application  as a treatment  pre-selection  tool,  or  to  monitor  sample conditions

during treatment.  Moreover,  when  applied  to  biological  liquids  (such  as saliva,  blood,  blood

serum, etc.), DEM  might provide  information  about UHD  effectiveness  on human  and animal

health.
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Introduction

The  droplet  evaporation  method (DEM)  is based  on  the
phenomenon  by which  particles suspended  in fluids  self-
organize  to  form nano-  and  micro-structures  during droplet
evaporation,1 and  has been  studied  by  researchers  work-
ing  in a variety  of  fields. The  DEM  has  found applications
in  DNA/RNA2—4 and  protein microarray  deposition,5 DNA
molecule  stretching,6 drug discovery,7 inkjet printing,8 and
the manufacture  of  novel  electronic  and  optical  materials,8,9

including  thin  films  and coatings.10 There  have  also  been
studies  investigating  possible  applications  of  DEM  in medical
diagnostics.11—18 As  we  have previously  reported  in detail,19

pattern  formation  during  droplet evaporation  is  a  complex
process,  dependent  on  the  phase  transitions  and  differ-
ent  flow  dynamics  which  occur  during  evaporation.1,20—22

Those phenomena  are in their  turn  dependent  on  condi-
tions  external  to the  droplet  (e.g., temperature,  relative
humidity,  pressure),7,20,23,24 as  well as on  conditions  inter-
nal  to  the  droplet  (e.g.,  liquid composition,  viscosity).23,25

However,  for  droplets  that  evaporate  under the  same  exter-
nal  conditions, any  variations  in  the  phase transitions  —  and
the resultant  variations  in patterns  —  will  depend  exclu-
sively  on  differences  in the droplets’  internal  conditions.23

This sensitivity  to liquid  composition  suggests  a  wide  range
of  potential  applications  for  DEM,  for  example  as  a tool
for  qualitative  analysis  of  agricultural  products  and  foods.
Recently,  our  research  team  investigated  using DEM  for
the  quality  analysis  of  wheat,  and  found  that  different
wheat  cultivars,19 or  different specimens  of  the same  cul-
tivar,  some  untreated  and  some treated  with  a  chemical
stressor,25 show significant  differences  in their  evaporation
patterns.  We also  found that  those differences  correlated
with the vigor  of  the  analyzed  seeds.  In  that study,  the
quality  indicators  which  we  used to objectively  evaluate
the  patterns  were: (i)  the  pattern  complexity,  measured  as
the  local  connected  fractal dimension  (LCFD)  characterizing
local variations  in image  complexity, and  (ii) the bilateral
symmetry  exactness  of the  polycrystalline  structures  (PCS)
expressed  as  fluctuating  asymmetry  (FA).  Both those param-
eters  have been  previously  shown19,25 to  correlate  with  seed
vigor  expressed  as  germination rate.

Our  purpose  in the  present  work  was  to  evaluate  whether
DEM  is  a suitable  tool  for  studying  the effectiveness  of ultra
high dilutions  (UHDs),  a form  of  treatment  commonly  used in
homeopathy  and,  in  recent years,  also  in agriculture.26 UHDs
are  prepared through  a  process  of  repeated  dilution and
rhythmic  shaking  (succussion),  starting  from a mother tinc-
ture.  Dilutions  are  usually  performed  on  a decimal  (1:10) or
centesimal  (1:100)  scale,  designated  with the letters  x and
c,  respectively. The  biological  effectiveness  of  UHDs  remains
controversial:  since their  dilution  levels are beyond  the  Avo-
gadro  limit,  the  probability that  such  ‘‘solutions’’  contain
molecules  of the original  substance  is close  to zero.27 There-
fore,  according  to the conventional  scientific  paradigm  of
the  ‘‘molecule/receptor’’  model,  any  biological  activity  is
highly  unlikely.  To  tackle  this problem, experimental  studies
of  high methodological  quality  have  been  carried out in  dif-
ferent  fields  of basic research on  UHDs,  providing  empirical
evidence  of  specific  UHD  activity  in  vitro28—30 and  in  vivo31,32

and  suggesting  a possible  mechanism  of  action.33—36 These

contributions  hypothesize,  based  on  physicochemical  mea-
surements,  that  the  technique  used to prepare  UHDs  (i.e.,
repeated  dilution  and  succussion  steps) may  cause  structural
alterations  in the aqueous  solvent  which  in  their turn  trigger
the  formation  of  molecular  aggregates  of water  molecules.37

In previous  works38—41 our  group  has  demonstrated  stimu-
lating effects  of  arsenic  trioxide  (As2O3) UHDs  on  wheat
seeds  previously  stressed  (poisoned)  with As2O3 5 mM.  In
these  types of  models,  referred  to as ‘‘isopathic’’,  a  biolog-
ical  subject is  first  poisoned  with  some agent  in  molecular
concentration,  and then an attempt  is  made  to  counteract
the  toxicity  by applying  a  UHD  of  the  same  agent.42,43 We
adopted  this  approach  because  our  previous  research  has
always  detected  an ‘‘isopathic  sensitization’’,  meaning a
notable  increase  in UHD effectiveness  when working with
seeds  previously  stressed  with the  same  substance.

Recently,  a crystallographic  approach  (biocrystallization
method)  has  been  successfully  integrated  into a seedling
test  system  for  UHDs,  yielding  results  which  show crys-
tallographic  structures  to  be treatment-specific.44 The
biocrystallization  method,  developed  around a hundred
years  ago45 and  mostly  used  for  quality  analysis  of  foods
and agricultural  products,46,47 involves  the formation  of
evaporation-induced  patterns  from  a  watery  extract  pre-
pared  by mixing the analyzed sample  with dihydrate  copper
chloride.

The  aim  of the  present  study  was  to  investigate  whether
DEM  might  serve  as  a test to evaluate  the  effectiveness  of
As2O3 UHDs  applied  to  both not-stressed  and stressed  wheat
seeds  (ns-  and s-seeds, respectively);  the  stress  consisted  in
pre-treating  the seeds  with  As2O3 5  mM. In  particular,  we
focused  on  the following  research questions:  (i) whether
DEM  patterns  produced  out  of ns- and  s-seeds  show signif-
icant  differences;  (ii) whether  the  UHD  treatment  applied
to  both  ns-  and  s-seeds  may  induce  changes  in DEM  pat-
terns  and, if so, (iii)  whether  these  changes  reflect  the  seed
viability  revealed  by  the  in  vitro  growth  tests. For what  con-
cerns  the  pattern  shapes,  a further aim  of  this  study  was  to
investigate  whether  the  same  parameters,  LCFD  and  bilat-
eral  symmetry  exactness,  already  applied  in our  previous
works,19,25 are  sensitive  to seed viability  changes  due  to  UHD
treatments.

Finally,  we  would like  to underline that  this study was
carried  out  taking  into account  the  present  guidelines  for
basic  research  investigations  with  homeopathic  remedies.48

Materials and methods

Plant  material,  classes of treatments and

experimental protocol

Seeds  of  the common  wheat (Triticum  aestivum  L.)  culti-
var  ‘‘Pandas’’,  from organic  farming,  were used after being
selected  for  integrity and  uniformity  of size, shape and  color.
A  portion  of  the  seeds  was  stressed  (s-seeds)  by immersion
for  30  min  in an  As2O3 5 mM water  solution  (As2O3,  Sigma-
Aldrich,  Milan, Italy;  H2O p.a. Merck,  Darmstadt,  Germany),
and then rinsed  in tap  water  for  60  min,  dried in ambient  air
until  the  seeds  reached  12%  moisture  content,  and  stored
in the  dark  at room  temperature  until  use.  This sub-lethal
poisoning  protocol  was  selected  on  the  basis  of  previous
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Figure 1 General  experimental  design.

experiments.40,49 Non-stressed  seeds  (ns-seeds),  used as  a
control,  were  pre-treated  in the  same  way,  but  using  dis-
tilled  water  instead of  As2O3 5 mM.

The  treatment  classes  for  testing  were:

-  Distilled  water  (control,  0)
-  As2O3 at  the  45th  decimal  dilution/succussion  level  (As

45×,  T).

Both test  substances  were  freshly  prepared  from the
same  batch  of water  and  supplied  by  Laboratoires  Boiron,
Sainte-Foy-lès-Lyon,  France.  The  As  45×  solution  was
prepared  following  the Hahnemann  multi-vial-method in
accordance  with  the European  Pharmacopoeia,  by  a process
of  repeated serial  dilutions  at decimal  scale  (starting  from
a mother  tincture  of  As2O3 0.01  M)  followed  by mechanical
shaking  (dynamization)  at each dilution  step. This procedure
was  continued  until  the  45× dilution/dynamization  level  was
reached.  To reduce  microbial growth,  Pyrex  glass  bottles
were  stored at a cool temperature  (4 ◦C) until  use. All treat-
ments  were letter-coded  (blinded)  by  a  person  not involved
in  the experiments,  and the  codes  were kept  by  independent
people  until  the time  of  disclosure.

As  shown  in Fig.  1,  the  following  four  experimental  groups
were  formed:

(1) ns-seeds  treated with  distilled  water  (ns  +  0)
(2)  ns-seeds  treated with  As  45× (ns  + T)
(3) s-seeds  treated  with distilled  water  (s +  0)
(4)  s-seeds  treated  with As  45×  (s + T)

These  four experimental  groups  were  analyzed  by both
DEM  and  in  vitro  growth  tests.

Droplet  evaporation  method  and  pattern

evaluation

The  experimental  procedure,  drawn from  Kokornaczyk
et al.,19 is  briefly  described  here. From  each  set  of  seed sam-
ples  (s-seeds  and  ns-seeds)  we  prepared  two  sub-samples,
each  consisting  of  five  entire  kernels  selected  for  integrity
and  uniformity  of  size, shape  and  color.  The  kernels  were
weighed,  cleaned  by rinsing  them in distilled  water,  and
placed  in four  test tubes.  Two  of  the  four  sub-samples  (one
from  s-seeds  and  one  from  ns-seeds)  were watered  with
distilled  water  and  the  other  two  with As  45×,  in w/v  pro-
portion  1:20.  The  test tubes  were  slightly  shaken  by  hand
and  left  at room  temperature.  After  1 h,  leakage drops were
collected  using  a micropipette,  placed  on  a clean  micro-
scope  slide,  and allowed  to dry  in a thermostat  at 25 ◦C
and  under UV  light PHILIPS  TL-D 18W  BLB  1SL,  Monza, Italy.
The  residues  were  then  photographed  under a dark  field
microscope  MT4300H,  MEIJI  Techno,  Saitama,  Japan,  with
a  connected  CMOS  Camera  UK1175-C,  EHD  imaging  GmbH,
Damme,  Germany,  in QXGA  (2048  × 1536)  resolution,  and
magnifications  25× and  100×.  The  experiment was repeated
four  times to obtain  a  total  of  240  droplet  residues  (2  sam-
ples,  2  treatments,  3 replicates,  5 droplet residues per
replicate,  4 experimentation  days).

The  PCS were evaluated  for  their  LCFD  and  FA using  the
software  Image  J for microscopy  1.43  m,50 as  described  in
detail  in Kokornaczyk  et al.19,25 The  evaluation  was  per-
formed  on  pattern  images in 100× magnification.  The  LCFD
measurement  was  done  on  images  converted  to binary  using
the  installed  fractal  analysis  plug-in FRAC-LAC  2.5.51 The
analysis  was  designed  to avoid  any experimenter  bias.  FA,  a
parameter  inversely  correlated to  bilateral  symmetry  (BS),
was  measured only on  images  containing  structures  that
exhibited  BS  (BS  structures;  an example  is depicted  in
Fig.  2).  BS  structures  were  preselected  on  the basis of  clearly
defined  end-points  of  the first-order  ramifications.  Subse-
quently, in up  to three randomly  chosen  BS structures  per
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Figure 2  Example  of  a BS  structure  from  an  evaporated

droplet of  wheat  seed  leakage  and  the  FA  measurements:  let-

ters indicate  the measured  lengths  of  both  symmetric  branch

pairs  (L1 and  L
′
1, L2 and  L

′
2) (Kokornaczyk  et  al.25).

image, the  first-order  ramification  lengths  were  measured
with  the  segmented  line  tool:  L1,  length  of  the  upper  left
branch;  L2,  length  of  the lower  left branch;  L

′
1,  length  of  the

upper  right  branch;  and  L
′
2,  length  of  the  lower  right branch

(Fig.  2).  The FA value  was  calculated  for  each  structure,  as
follows:

FA =
|L1 −  L

′
1|

L1 +  L
′
1

+
|L2 −  L

′
2|

|L2 +  L
′
2|

.

In vitro growth  test

Following  a procedure  described  in previous  papers,38,41

each of  the  seeds  (280 s-  and  280 ns-seeds)  was attached
to  the top of a  piece  of  filter  paper  (Perfecte  2-extrarapid,
Cordenons,  Pordenone,  Italy)  with clay (0.20 ± 0.05 g). The
filter  paper  was  inserted  into  a  transparent  polyethylene
envelope  (12 cm  ×  20 cm)  which  was  in its  turn  placed in a
larger  black  cardboard  envelope,  in such  a way  as  to allow
the  shoots  to develop  in  natural  light and the roots  in  the
dark.  Each  seed was  treated  by  wetting  the  filter  paper
with  3.2  ml of  distilled  water or  As2O3 45×.  The  cardboard
envelopes  (80  envelopes,  20  for  each experimental  group)
were  fixed, following  a completely  randomized  design,  to
a  wooden  support  (85 cm  ×  100  cm),  positioned  one  beside
the  other,  hanging  vertically.  The  experiment  was  repeated
7  times  and  carried out in a  glasshouse  at  a temperature
of  20 ±  1 ◦C,  in diffuse  natural  light,  following  a natural
day—night rhythm.  A  total  of  140 seedlings  for  each treat-
ment  was  analyzed.  The  main  variable  considered  was  the
shoot length  on  day  7  of  growth,  determined  by scanning  the
whole  plants  (Epson  Perfection  2480 Photo)  and measuring
the  length  of  coleoptiles  using  the  Assess  2.0 software.52

Statistical  analysis

All data were  processed  by two-way  analysis  of  variance;
the separation  of  means  was  performed  using  Fisher’s  least
significant difference  test at a significance  level  of  p ≤  0.05.
Correlations  between  average  shoot growth  data  and  LCFD

or FA were  evaluated  by r  Pearson  coefficient.  To  the  sta-
tistical  analysis  the  CoStat  software  (version  6.002,  Cohort
Software,  Monterey,  CA,  USA) was  used.

Results

All DEM  patterns  consisted  of a border line (BL), a rather
structure-free  peripheral  zone  (PZ), and polycrystalline
structures  (PCS)  placed  in the  middle  zone  (MZ) of  the
residue  (Fig.  3).  The  centrally  placed  PCS were  the  only
elements  that  varied,  and so  our  analysis  focused  only  on
these structures.  As  can  be seen  in Fig.  4,  the  patterns
obtained  from  ns-seeds  treated  with  water  (ns  +  0)  consist
of  ramified  PCS  surrounded  by single spots.  These  PCS  are
all  centered,  and their  complexity  ranges  from  simple  rami-
fied  structures  to  well-structured  and complex  ramification
networks  (Fig.  4a).  For  ns-seeds  treated  with  As  45× (ns  + T)
we  see  that  the  complexity  and regularity  of  the  PCS struc-
tures  is increased  compared  to  those  for  ns +  0 (Fig.  4b).  The
s-seeds  treated  with water  (s +  0)  created  only non-centered
patterns  with  no  PCS and a large  number of  separate  spots;
the  patterns  were  partially  dissolved  and  contained  amor-
phous  agglomerates  in their  MZ  and PZ  (Fig.  4c).  For  s-seeds
treated  with  As  45× (s +  T) we  instead  notice  a partial recov-
ery of  the  structured  patterns,  characterized  by an increase
in the  amount,  size  and  complexity  of  PCS with  respect  to
s + 0  (Fig. 4d).

For  the  pattern  evaluation  (Table  1)  we  measured  the
LCFD  on  60 images  for  each experimental  group, whereas
for  the  FA analysis  we  only  considered  those  patterns  that
contained  BS structures  (these  amounted  to 201,  or  84%,
out of the  total  of  240  patterns).  More specifically,  the  per-
centages  of  patterns  analyzed  for  FA for  each  experimental
group  were:  96.7%  for ns  +  0; 95.0% for  ns  + T;  70.0%  for  s + 0;
and 73.3%  for  s +  T.  As  regards  the  effects  induced by  As
45×  treatment,  we  found that  both ns-  and s-seeds  (ns + T
and s +  T,  respectively)  showed  a significant  LCFD  increase  —
denoting  a significant  increase  in pattern  complexity  (Fig.  4b
and d) — compared  to  the  same  seeds  treated  with  water
(ns  +  0  and  s +  0,  respectively).  The  As  45×  treatment  also
produced  a decreasing  trend  in  the  FA values  of  the  PCS,  cor-
responding  to  a  recovery  of  more exact  bilateral  symmetry,
to  a significant  extent for  s-seeds  (s  + T).  The  effects  of  stress
with  As2O3 5 mM,  evaluated  on  the  s +  0  group,  amounted
to  a significant  decrease  in LCFD  (reduced  PCS complex-
ity)  and increase  in  FA  (reduced  bilateral  symmetry)  with
respect  to the ns +  0  group,  as  also  shown  in Fig.  4c.  The  two-
way  analysis  of  variance with  independent  factors  treatment
and experiment  number  (experimentation  day)  performed
on  LCFD  and  FA data  showed  no significance  neither for  the
day  factor  nor  for  the  interaction  between  treatment  and
experimentation  day.

For  what  concerns  the results  of  the  in  vitro growth  test
(Table  1),  the shoot length  of  the  s-seeds  treated  with  water
(s  + 0)  was  significantly  less  than  for  the ns  + 0 group,  evincing
the  effect  of  the  stress  on  seedling  growth.  Following  the  As
45×  treatment,  both  ns-  and  s-seeds  (ns  +  T and s  + T,  respec-
tively)  showed  a significant  shoot  length  increase  compared
to  ns +  0  and s +  0, respectively.  The  two-way  analysis  of  vari-
ance  showed  no  significance  for  the  day  factor,  whereas
the  interaction  between  treatment  and  experimentation  day
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Figure  3  Examples  of  patterns  from  the droplet  evaporation  method:  (a)  a pattern  with  a  non-centered  polycrystalline  structure,

and (b) a  pattern  with  a centered  polycrystalline  structure.  BL: border  line,  PZ: peripheral  zone,  MZ: middle  zone,  SP: single  spots,

and PCS:  polycrystalline  structure.

resulted significant  (p < 0.01)  indicating  that  the experimen-
tation  day  influenced  the  seedling  growth.  The  results  of  the
growth  test  correlated  against  the  crystallographic  values  of
DEM  patterns:  we  found a positive correlation  (r =  0.91)  with
LCFD,  and  a  negative  correlation (r = −0.89)  with FA.

Discussion

First  of  all  the  conformation  of DEM patterns  obtained  in this
experiment  coincided  with the  pattern-type  we  reported
in  our previous  studies19,25 and  can be  considered  typical
for  wheat seed leakages. As  far as the  PCSs  are concerned,
partially  dissolved  patterns  without  connected  structures
(Fig.  4c)  were  obtained  from s-seed  leakages, reflecting
the destructive  effect  of  the  arsenic  treatment  on  seedling
vigor.  Conversely,  the growth-stimulating  effect  of  arsenic
at UHD  positively  correlated  with  an  increased  complexity
and  bilateral  symmetry  exactness  of  both  ns-  and  s-seeds
(Fig.  4b and d,  respectively).  In our  previous  studies19,25 we
showed  that  complexity  and  bilateral  symmetry  exactness  in
DEM  patterns  prepared  from wheat seed leakages  reflected
the  seeds  viability  differences  due  to  cultivar  characteristics
and  chemical  stress  influence.  The  present  study  is  consis-
tent  with  our  previous  results  and  highlights that  the  same

pattern  characteristics  (LCFD  and  FA)  might be  sensitive  also
to  UHD  treatment.  The  UHD  effect  was  higher  on s-seeds
than  on ns-seeds,  confirming  the  ‘‘isopathic  sensitization’’,
i.e.,  the  notable  increase  in  treatment  effectiveness  when
applied  to  previously  stressed  seeds.39,49

It  is worth  pointing  out that  in the  present  experimen-
tation  undiluted/unsuccussed  water  was  used  as a  control
instead  of  dynamized  water, as  recommended  in the  REHBaR
guidelines.48 As demonstrated  by  Witt  et al.,53 during  the
succussions  applied  to the  liquid  in the dynamization  pro-
cess  some  trace-elements  (inter  alia  Na,  Si,  Mg, Al,  Cu,  Rh,
and  Li) pass  from  the  vessel  walls  into  the liquid  changing  its
composition  in  confront  to the  undynamized  liquid.  In  accor-
dance  to this study  the  concentration  of  trace-elements  is
expected  to be higher  in dynamized  As  45× than  in undy-
namized  water and  the differences  in DEM  patterns  could
be  ascribed to  unspecific  physicochemical  alterations.54,55

This  aspect  should  be deeply  investigated  in  follow-up  tri-
als.  Nevertheless,  in  a pilot study56 we  examined  by means
of  DEM  the  effects  of  As  45× and dynamized  water  45×,
prepared  with a  different  number  of  strokes  between the
dilution  steps,  with respect to undiluted/unsuccussed  water.
The  data  showed  that  LCFD of DEM  patterns  take  higher
values  for  the  As  45×  in comparison  to  water  45× for
all  investigated  stroke numbers.  This  result  suggests  that

Table  1 Results  of the pattern  evaluation  and shoot  length  measurements  for  the  four experimental  groups.

Experimental  thesis  LCFD  FA  Shoot  length

N  Mean  CI  N Mean  CI N  Mean  CI

ns  +  0  60  1.7 (b)  1.64—1.76  58  0.20  (c)  0.18—0.22  140  25.10 (b)  22.67—27.53

ns +  T 60  1.8 (a)  1.70—1.90  57  0.15  (c)  0.11—0.19  140  31.40 (a)  27.83—34.97

s +  0  60  1.2 (d)  1.10—1.30  42  0.48  (a)  0.44—0.52  140  19.70 (d)  17.74—21.66

s +  T 60  1.5 (c)  1.42—1.58  44  0.30  (b) 0.28—0.32  140  22.40 (c)  20.24—24.56

Different letters indicate significant differences at p  < 0.05; LCFD local connected fractal dimension, FA fluctuating asymmetry, N  number

of  samples, CI confidence interval 95%.
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Figure 4  Examples  of patterns  from evaporated  droplets.  (a)  ns-seeds  treated  with  water,  (b)  ns-seeds  treated  with  As  45×,  (c)

s-seeds treated  with  water,  and (d)  s-seeds  treated  with  As  45× (magnification  100×).

the differences  might be  correlated  to the  action  of  the
dynamized  substance  and  not  only  to differences  in ion con-
tent due  to succussion.

Furthermore,  the here presented  method should  be
tested  for  its  reproducibility, one  of  the  main  problems  in
research with UHD  preparations,  by repeated  investigations
with independently  prepared  homeopathic  remedy  produc-
tion  lots,  different  wheat  cultivars,  several  seed  harvest  lots
as  well as different  dilution/succussion  levels.  In  order  to
assess  the  stability  of the  method, also  laboratory  external
reproduction  trials  should be performed.

Conclusions

Based  on  the ability  of  crystallization  methods  to reflect
sample  quality by tracking  differences  in evaporation
patterns,  we  have  here  for the  first  time  used DEM  as  a
complementary  and rapid  tool  for  evaluating  UHD  effective-
ness.  Our findings  show  that  this  method can be  considered
a promising  approach  to  study the  viability  changes  in
wheat  seeds  due  to  chemical  stress  and  UHD treatments,
and  we  hypothesize  that  it might  also  be useful for testing
the  effects  of  UHDs  on other  crops.  In fact,  since  DEM  is
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a simple  and  time-saving  method,  it  could  be  used  as  a
treatment  pre-selection  tool.  Furthermore,  because  of  its
noninvasiveness,  DEM  could  also  be  used to monitor  sample
conditions  even before  completing  the  treatment.  Finally,
DEM  might  be  applied  to biological  liquids (such  as saliva,
blood,  blood  serum,  etc.),  to also provide  information  about
the effectiveness  of UHDs on human and  animal health.

Conflict of  interest  statement

All  the authors  declare  no  financial/commercial  conflicts  of
interest.

Acknowledgements

The  authors  would  like to thank Demeter  Italy  for  funding
this research,  and Dr.  Antonello  Russo  and Dr.  Edda  Sanesi
for  their  precious  support and encouragement.  Moreover,
the authors  wish  to thank Laboratoires  Boiron,  Italy,  and  in
particular  Dr. Silvia  Nencioni  and  Dr.  Luigi  Marrari,  for  their
technical  assistance.  The  sponsors  had no influence  whatso-
ever upon the  design,  conduct,  evaluation  and  manuscript
of  this investigation.

References

1. Deegan R.  Pattern  formation in drying drops. Physical Review E

2000;61:475—85.

2. Schena M, Shalon D, Heller R,  Chai A, Brown PO, Davis  RW.

Parallel human genome analysis: microarray-based expression

monitoring of  1000 genes. Proceedings of the National Academy

of Sciences of the United States of America 1996;93:10614—9.

3. Jing J, Reed J, Huang J, et  al.  Automated  high resolution optical

mapping using arrayed, fluid-fixed DNA molecules. Proceedings

of the National Academy of Sciences of the United States of

America 1998;95:8046—51.

4. Dugas V, Broutin J,  Souteyrand E. Droplet evaporation study

applied to DNA  chip  manufacturing. Langmuir 2005;21:9130—6.

5. Deng Y, Zhu XY,  Kienlen T,  Guo A. Transport at the air/water

interface is  the reason for rings in protein microarrays. Journal

of American Chemical Society 2006;128:2768—9.

6. Arrabito G,  Pignataro B. Inkjet printing  methodologies for drug

screening. Analytical  Chemistry 2010;82:3104—7.

7. Takhistov P,  Chang HC. Complex stain morphologies. Industrial

&  Engineering Chemistry Research 2002;41:6256—69.

8. Small WR, Walton CD, Loos  J, Panhuis M.  Carbon nanotube net-

work formation from evaporating sessile drops. The  Journal of

Physical Chemistry B  2006;110:13029—36.

9. Kawase T,  Sirringhaus H, Friend RH, Shimoda T. Inkjet printed

via-hole interconnections and resistors for all-polymer transis-

tor circuits. Advanced Materials  2001;13:1601—5.

10. Chakrapani N, Wei B, Carrillo A, Ajayan PM, Kane RS. Capillarity-

driven assembly of  twodimensional cellular carbon nanotube

foams. Proceedings of the  National Academy of Sciences of the

United States of  America 2004;101:4009—12.

11. Rapis E.  A change in the  physical state of a nonequilibrium

blood plasma protein film in patients with carcinoma. Technical

Physics 2002;47:510—2.

12. Yakhno Y.  Protein phase  instability development in plasma of

sick patients: clinical observations and model experiments. Nat-

ural Science 2002;2:220—7.

13. Yakhno TA, Sedova OA, Sanin AG,  Pelyushenko AS. On the

existence of  regular structures in liquid human blood serum

(plasma) and phase  transitions in the  course of  its drying. Tech-

nical Physics 2003;48:399—403.

14.  Denisov AB.  Algorithm for evaluation of  crystal figures obtained

after drying of mixed saliva. Bulletin of Experimental Biology

and Medicine 2004;138:30—3.

15.  Killeen AA,  Ossina N, McGlennen RC, et  al.  Protein self-

organization patterns in dried serum reveal changes in B-cell

disorders. Molecular Diagnosis & Therapy 2006;10:371—80.

16.  Martusevich AK, Zimin Y,  Bochkareva A. Morphology of

dried blood serum specimens of viral  hepatitis. Hepatitis

2007;7(Monthly):207—10.

17.  Martusevich AK,  Kamakin NF. Crystallography of  biological

fluid as a method for evaluating its  physicochemical char-

acteristics. Bulletin of Experimental Biology and Medicine

2007;143:385—8.

18.  Sefiane  K.  On the formation of regular patterns from drying

droplets  and their potential use for bio-medical applications.

Journal of Bionic Engineering 2010;7:S82—93.

19.  Kokornaczyk MO, Dinelli  G,  Marotti I,  Benedettelli S, Nani

D, Betti L. Self-organized crystallization patterns from evap-

orating droplets of common wheat grain leakages as a

potential tool for  quality analysis. The  Scientific World Journal

2011;11:1712—25.

20.  Deegan RD, Bakajin O,  Dupont TF, Huber G, Nagel SR, Witten TA.

Contact line deposits in an  evaporating drop. Physical Review E

2000;62:756—65.

21.  Hu H,  Larson RG. Marangoni effect reverses coffee-ring deposi-

tions. The  Journal of Physical Chemistry B 2006;110:7090—4.

22.  Bhardwaj R, Fang X, Somasundaran P, Attinger D.  Self-assembly

of colloidal particles from evaporating droplets: role of  DLVO

interactions and proposition of  a phase diagram. Langmuir

2010;26:7833—42.

23.  Yakhno  T, Yakhno  V, Sanin A, Sanina O, Pelyushenko A. Dynamics

of phase  transitions in drying drops as an  information parameter

of liquid structure. Nonlinear Dynamics 2005;39:369—74.

24.  Chen G,  Mohamed GJ.  Complex protein patterns formation via

salt-induced self-assembly and droplet evaporation. European

Physical Journal E 2010;33:19—26.

25.  Kokornaczyk MO, Dinelli G,  Betti L.  Approximate bilateral sym-

metry in evaporation-induced polycrystalline structures from

wheat grain leakages and fluctuating asymmetry as  quality indi-

cator. Naturwissenschaften 2013;100:111—5.

26.  Betti L, Trebbi G,  Majewsky V, et al.  Use  of homeopathic prepa-

rations in phytopathological models and in field trials: a  critical

review.  Homeopathy 2009;98:244—66.

27.  Marschollek B, Nelle M, Wolf M,  Baumgartner S, Heusser P,

Wolf  U. Effects of  exposure to  physical factors on homeopathic

preparations as determined by  ultraviolet light spectroscopy.

The Scientific World Journal 2010;10:49—61.

28.  Belon  P, Cumps J,  Ennis  M,  et  al.  Histamine dilutions modulate

basophil activation. Inflammation Research 2004;53:181—8.

29.  Frenkel M, Mishra BM, Sen S, et  al.  Cytotoxic effects of  ultra-

diluted remedies on breast cancer cells. International Journal

of Oncology 2010;36:395—403.

30.  Endler PC,  Matzer W, Reich C,  et  al. Seasonal variation of the

effect of  extremely diluted agitated gibberellic acid (10e−30)

on  wheat stalk growth: a multi researcher study. The Scientific

World Journal 2011;11:1167—778.

31.  Magnani P,  Confori A, Zanoli  E,  Marzotto M, Bellavite P. Dose-

effect study of Gelsemium sempervirens in high dilutions on

anxiety-related responses in mice. Psychopharmacology (Berl)

2010;210:533—45.

32.  Wyss E, Tamm L, Siebenwirth J,  Baumgartner S. Homeopathic

preparations to control the rosy apple  aphid (Dysaphis plan-

taginea Pass.). The Scientific World Journal 2010;10:38—48.

33.  Khuda-Bukhsh AR. Towards understanding molecular mecha-

nisms of action of  homeopathic drugs: an overview. Molecular

and Cellular Biochemistry 2003;253:339—45.



340  M.O.  Kokornaczyk  et al.

34. Khuda-Bukhsh AR, Bhattacharryya SS, Paul S, Datta S, Bou-

jedaini N, Belon P.  Modulation of  signal proteins: a plausible

mechanism to explain how a potentized drug Secale  cor

30C diluted beyond Avogadro’s limit combats skin papil-

loma in mice. Evidence-Based Complementary and Alternative

Medicine 2011:12, http://dx.doi.org/10.1093/ecam/nep084.

Article ID  286320.

35. Das D, De A, Dut S, Biswas R, Boujedaini N, Khuda-Bukhsh AR.

Potentized homeopathic drug  Arsenicum album 30C positively

modulates protein biomarkers and gene expressions in Saccha-

romyces cerevisiae exposed to arsenate. Journal of Chinese

Integrative Medicine 2011;9:752—60.

36. Saha SK, Das S,  Khuda-Bukhsh AR. Phenotypic evidence of  ultra-

highly diluted homeopathic remedies acting at gene expression

level: a novel probe on experimental phage infectivity in bacte-

ria. Journal of  Chinese Integrative Medicine 2012;10:462—70.

37. Yinnon TA, Elia V.  Dynamics in perturbed very diluted

aqueous solutions: theory and experimental evidence.

International Journal of Modern Physics  B 2013,

http://dx.doi.org/10.1142/s0217979213500057.

38. Betti L,  Brizzi M,  Nani D, Peruzzi M.  Effect  of  high dilu-

tions of Arsenicum album  on wheat seedlings from seeds

poisoned with the same substance. British  Homeopathic Journal

1997;86:86—9.

39. Betti L, Elia V,  Napoli E, et  al.  Biological effects and physico-

chemical properties of extremely diluted aqueous solutions

as  a  function of  aging-time. Frontiers in Life Science 2012,

http://dx.doi.org/10.1080/21553769.2011.638986.

40. Brizzi M, Nani  D, Peruzzi M,  Betti L. Statistical analysis of

the effect of high  dilutions of arsenic in a  large data set

from a  wheat germination model. British Homeopathic Journal

2000;89:63—7.

41. Brizzi M,  Lazzarato L, Nani D,  Borghini F, Peruzzi M,

Betti L.  A biostatistical insight into the  As2O3 high dilu-

tion effects on the  rate and ariability of wheat seedling

growth. Forschende Komplementärmedizin und klassische

Naturheilkunde 2005;12:227—83.

42. Roth C. Literature review and critical analysis on the topic of

‘‘In- and Detoxification Experiments in Homeopathy’’. Berlin

Journal of Research in  Homeopathy 1991;1:111—7.

43. Hribar-Marko S, Graunke H, Scherer-Pongratz W,  Lothaller H,

Endler PC. Prestimulation of wheat seedlings with gibberellic

acid followed by  application of  an agitated high dilution of  the

same hormone. International Journal of High Dilution Research

2013;12:26—39.

44. Baumgartner S, Doesburg P, Scherr C, Andersen JO. Devel-

opment of a biocrystallisation assay  for  examining effects

of  homeopathic preparations using cress seedlings. Evidence-

Based Complementary and Alternative Medicine 2012:14,

http://dx.doi.org/10.1155/2012/125945.  Article ID 125945.

45. Kristalle PE, eds. Weises Buchhandlung: Dresden, Germany,

1930.

46. Kahl  J,  Busscher N,  Doesburg P, Mergardt G,  Huber M,

Ploeger  A. First tests of  standardized biocrystallization on milk

and milk products. European Food Research and Technology

2009;229:175—8.

47. Busscher N, Kahl J,  Andersen JO, et al.  Standardization of the

biocrystallization method for  carrot samples. Biological Agri-

culture and Horticulture 2010;27:1—23.

48. Stock-Schröer B, Albrecht H, Betti L,  et  al.  Reporting exper-

iments in homeopathic basic research (REHBaR) — a detailed

guideline for authors. Homeopathy 2009;98(4):287—98.

49. Brizzi M,  Elia V,  Trebbi G,  Nani D,  Peruzzi M,  Betti L.  The

effectiveness of ultramolecular aqueous dilutions on a wheat

germination model as a  function of  heat and aging-time.

Evidence-Based Complementary and Alternative Medicine

2011, http://dx.doi.org/10.1093/ecam/nep217.

50. Collins TJ. ImageJ for microscopy. Biotechniques

2007;43:25—30.

51. Karperien. FracLac for ImageJ, version 2.5. http://rsb.info.nih.

gov/ij/plugins/fraclac/FLHelp./Introduction.htm

52. Lamari L.  Assess: image analysis software for plant disease

quantification. St.  Paul, Minnesota, USA: APS Press; 2002.

53. Witt CM,  Lüdtke R,  Weisshuhn TE,  Quint P, Willich SN. The role

of trace elements in homeopathic preparations and the  influ-

ence of  container  material, storage duration, and potentisation.

Forschende Komplementärmedizin 2006;13(1):15—21.

54. Baumgartner S, Heusser P,  Thurneysen A. Methodological

standards and problems in preclinical homeopathic potency

research. Forschende Komplementärmedizin 1998;5:27—32.

55. Bellavite P, Marzotto M, Olioso D, Moratti E, Conforti A.

High-dilution effects revisited. 1.  Physicochemical aspects.

Homeopathy 2014;103(1):4—21.

56. Betti L, Trebbi G, Kokornaczyk MO,  Nani D,  Peruzzi M,  Brizzi

M. Effectiveness of ultra high diluted arsenic is  a  function of

succussion number as evidenced by wheat germination test and

droplet evaporation method. International Journal of High Dilu-

tion  Research 2013;12(44):127—8. Proceedings of  the XXVII GIRI

symposium. Switzerland: Bern; September 3—4, 2013.

dx.doi.org/10.1093/ecam/nep084
dx.doi.org/10.1142/s0217979213500057
dx.doi.org/10.1080/21553769.2011.638986
dx.doi.org/10.1155/2012/125945
dx.doi.org/10.1093/ecam/nep217
http://rsb.info.nih.gov/ij/plugins/fraclac/FLHelp./Introduction.htm
http://rsb.info.nih.gov/ij/plugins/fraclac/FLHelp./Introduction.htm

	Droplet evaporation method as a new potential approach for highlighting the effectiveness of ultra high dilutions
	Introduction
	Materials and methods
	Plant material, classes of treatments and experimental protocol
	Droplet evaporation method and pattern evaluation
	In vitro growth test
	Statistical analysis

	Results
	Discussion
	Conclusions
	Conflict of interest statement
	Acknowledgements
	References


