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Abstract

Objectives: Electroencephalography (EEG) offers psychophysiologic tools to improve sensitivity for detecting
objective effects in complementary and alternative medicine. This current investigation extended prior clinical
research studies to evaluate effects of one of two different homeopathic remedies on resting EEG cordance after
an olfactory activation protocol on healthy young adults with remedy-relevant, self-perceived characteristics.
Methods: Ninety-seven (7) young adults (N = 97, mean age 19 years, 55% women) with good self-rated global
health and screened for homeopathic constitutional types consistent with one of two remedies (either Sulphur or
Pulsatilla) underwent three weekly laboratory sessions. At each visit, subjects had 5-minute resting, eyes-closed
EEG recordings before and after a placebo-controlled olfactory activation task with their constitutionally rele-
vant verum remedy. One remedy potency (6c, 12c, or 30c) used per week, was presented in a randomized order
over the 3 sessions. Prefrontal resting EEG cordance values at Fp1 and Fp2 were computed from artifact-free
2-minute EEG samples from the presniffing and postsniffing rest periods. Cordance derives from an algorithm
that incorporates absolute and relative EEG values.
Results: The data showed significant two-way oscillatory interactions of remedy by time for ß, a, h, and d
cordance, controlling for gender and chemical sensitivity.
Conclusions: EEG cordance provided a minimally invasive technique for assessing objective nonlinear physi-
ologic effects of two different homeopathic remedies salient to the individuals who received them. Time factors
modulated the direction of effects. Given previous evidence of correlations between cordance and single-photon
emission computed tomography, these findings encourage additional neuroimaging research on nonlinear
psychophysiologic effects of specific homeopathic remedies.

Introduction

Psychophysiologic tools such as electroencephalogra-
phy (EEG) can improve the objective assessment of a va-

riety of modalities in the field of complementary and
alternative medicine (CAM).1–5 The use of CAM therapies
worldwide, involving both self-care and practitioner services,
is extensive and growing.6–8 Historically, CAM clinicians and
researchers often rely on patient self-reports rather than on
laboratory measures for outcomes evaluation. However, an
emerging challenge in CAM research is the need for devel-
oping sensitive biomarkers of early response to offset the

small sample sizes, short study durations, relative insensi-
tivity of self-report ratings, sometimes large placebo effects,
and resultant low statistical power of many CAM study de-
signs. At the same time, the ever-increasing use of CAM
therapies by the public and the paucity of evidence-based
CAM treatments highlights the need to identify objective
measures for use in CAM research. One promising such bio-
marker is EEG cordance, an algorithm-based derivative of
absolute and relative spectral EEG data.9 Empirically, EEG
cordance offers a minimally invasive, radiation-free, more-
accessible correlate of neuroimaging tests—such as single-
photon emission computed tomography (SPECT), positron
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emission tomography (PET), or functional magnetic reso-
nance imaging (fMRI)—that lends itself to repeated mea-
surement over short periods of time.10–13

Leuchter, et al. at the University of California pioneered
development of EEG cordance as a minimally invasive tool
for distinguishing verum medication responders, placebo
responders, and nonresponders to both verum and placebo
in antidepressant drug trials.14 Their articles on nonclinical
samples, neuropsychiatric patients, and persons with major
depression suggest that the direction and magnitude of
changes in EEG cordance can differentiate not only eventual
responders from nonresponders but also verum responders
from placebo responders early in treatment, even when
subjective and/or observer-rated clinical outcomes appear to
be indistinguishable.11

Within CAM research, Bell et al. adapted the EEG cor-
dance approach successfully to a double-blinded placebo-
controlled clinical trial of individualized homeopathy in
persons with fibromyalgia.1 Homeopathy is a controversial
200-year-old whole system of CAM that originated in Ger-
many.15 Homeopathy’s reliance on medications (termed
remedies) prepared from natural animal, mineral, or plant
sources by a process of serial dilution and succussion
(shaking) has engendered extensive debate. Skeptics claim
that many homeopathic remedies are diluted past Avoga-
dro’s number of molecules and thus could act ‘‘only’’ as
placebos.16 Proponents point to a body of basic-science, an-
imal, preclinical, and clinical evidence that show empirically
unique properties of remedies that differ from remedy-free
controls (placebos).17,18 Recent studies suggest the possibi-
lities of (1) measurable, persistent nanoparticles of source
materials in remedies previously believed to contain no re-
maining source molecules19 and (2) nonlinear dose–response
patterns to ultradilute doses20–24 (e.g., with hormetic, adaptive
reversal in the direction of host responses, compared with
higher dose toxicologic responses). Nanoparticles, which are
very reactive, can be toxic at relatively higher doses25 but also
elicit salutary hormetic responses at low doses.26

The homeopathy-fibromyalgia study1 found that the ini-
tial treatment EEG cordance response to sniffing verum
homeopathic remedies distinguished patients who subse-
quently showed an excellent clinical response from patients
who had limited clinical benefits from verum and patients
who received placebo after 3 months of treatment. Olfactory
administration is a less widely used, but nonetheless ac-
cepted, mode of treatment.27 The purpose of the present
study was to extend the EEG cordance method to other as-
pects of homeopathic remedy research (i.e., the interaction of
a phase I–like drug development study design in homeop-
athy—known as a proving or pathogenetic trial28,29—with in-
dividual differences in the neurophysiology of different
constitutional types over time.

In pathogenetic trial research28,29 relatively healthy human
subjects take test doses of a remedy under blinded conditions
and record their observations of symptoms for a period of
1–30 days.30 The state dependency concept in homeopathy is
that a substance that can cause symptoms in a healthy per-
son can cure them in a sick person who has a similar pre-
senting clinical pattern. However, not everyone responds to
a given remedy; the ‘‘ideal’’ responder is the individual
whose complete pattern of traits (constitutional type) and
states match what the remedy could cause.22,31 Previous re-

search in this laboratory showed complex interactions be-
tween trait and state variables of the individual exposed to a
given remedy.32 Moreover, animal studies have shown that
the direction of response to a given remedy can be biphasic,
depending on the state of the recipient at the time of ad-
ministration.33

The present study tested the hypotheses that: (1) resting
EEG cordance changes in human subjects, after sniffing a
specific homeopathic remedy,34 would fluctuate over sessions,
modified by recent exposure history to the agent35–37; and (2)
the EEG cordance patterns in two different groups of people,
each receiving a constititutionally salient homeopathic remedy,
would differ from each other, even after controlling for non-
homeopathic baseline subject characteristics.1,38

Materials and Methods

Subjects

Ninety-seven (97) college student volunteers, between
ages 18 and 30, enrolled in the introductory psychology
course at the University of Arizona and screened for inclu-
sion/exclusion criteria, were deemed eligible to participate.
Eligibility criteria included good global health (rating of 3 of
5 on a single-item screening question39) and either a score
‡ 25 for the remedy Sulphur on the Homeopathic Constitu-
tional Type Questionnaire (CTQ),40 along with a score £ 21
on the CTQ for the remedy Pulsatilla or a score ‡ 24 for the
remedy Pulsatilla together with a score £ 24 for the remedy
Sulphur. The CTQ subscales for each remedy include 8 items
that are self-rated on a 5-point Likert scale.41

In addition, subjects also completed baseline demo-
graphics and a validated trait questionnaire that covered
individual differences on perceived sensitivity to low levels
of environmental chemicals (Chemical Intolerance Index,
CII).42 Previous research has shown that the CII identifies
individuals who exhibit sensitization or oscillation of EEG
responses to repeated exposures to the same agent over a
several-week period.43–45 Textbooks in homeopathy specifi-
cally identify persons with chemical sensitivity as ‘‘universal
provers’’ with heightened reactivity to homeopathic reme-
dies in general30,46 and who are often clinically responsive to
the class of remedies drawn from carbon-based sources, such
as hydrocarbons or simple organic acids.47

Exclusion criteria were pregnancy or planning to become
pregnant, major psychiatric or serious medical conditions,
chronic use of medications other than contraceptives, history
of anaphylactic shock, asthma, and/or migraine headaches.
Study participants were paid $90 for completing the study.
Both the screening process and the laboratory study were
reviewed and approved by the institutional review board of
The University of Arizona.

Study design

The design was a repeated-measures laboratory-based
study in which each subject was tested in the laboratory at
the same time of day once per week for 3 weeks. Participants
chose the day and time of their visits according to their
schedules. Any subject who missed a session was scheduled
for follow-up immediately, and make-up sessions were
scheduled at the same time of day. Study recruitment and
implementation took place during the school year.
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In this component of the study, each weekly visit involved
only one homeopathic dilution (6c, 12c, or 30c, for which c
potencies are diluted at a ratio of 1/100 parts over 6, 12, or 30
steps and then succussed (shaken vigorously after each di-
lution step). An additional aspect of the larger study in-
volved evaluation of within-session transient EEG a-band
effects from different numbers of succussions (stirred, 20, 40,
or 100 succussions) performed on the verum and placebo
sniff dilutions (detailed methods on succussion levels and
sniff test results have been reported elsewhere).48 The con-
tents were one of two well-documented, widely used ho-
meopathic remedies, Sulphur (mineral) or Pulsatilla (plant),
and associated control solvents (water or a water–ethanol
mixture). The order of the dilutions used in a session was
randomized, using computer-generated sequences over the 3
weeks for each subject.

The design was single-blinded for the subjects from the
perspective of the identity of the remedy studied, but dou-
ble-blinded from the perspective of the order of the dilutions
from week to week and order of the presentation of verum
and control solvent vials during the sniffing tasks for each
week’s session. As part of the olfactory activation component
of the larger study, the constitutionally salient test remedy
and two types of control solvents (distilled water or distilled
water–alcohol) were each presented 32 times per session (at
four different succussion levels each within each session), for
a total of 96 sniffs between the resting EEG segments at
the beginning and end of each weekly session. Results of the
placebo-controlled olfactory activation component of the
larger study that examined specific transient relative EEG
a-effects from 2-second sniffs of remedy and placebos at
different succussion levels were reported elsewhere in de-
tail.48,* The data analysis and current article focus only on the
pre- and postresting EEG segments as functions of time
(week 1, 2, 3) and dilution (6c, 12c, 30c).

Laboratory procedure

Both research staff members and subjects were blinded to
the contents of the vials during the laboratory procedures.
The remedies and solvents were purchased from a U.S. Food
and Drug Administration–regulated homeopathic pharmacy
with experience in preparing materials for research purposes
(Hahnemann Laboratories, San Rafael, CA). Although the
pharmacy prepared the original remedy and water–ethanol
solutions in accordance with the pharmacy’s usual proce-
dures, using 95% ethanol in a distilled water solvent, the test
solutions that subjects sniffed were markedly diluted in
distilled water in a final local preparation step (0.5 mL of test
solution was placed in a cup with 150 mL of distilled water
and stirred, followed by pouring 10 mL of this final water-
diluted solution into the sniff vials). Subjects were instructed
not to consume alcohol, caffeinated beverages, and/or to-
bacco for 6 hours prior to the recording. Subjects were also
instructed not to wear strong perfumes or lotions the day of
the recording.

Laboratory EEG recordings were performed using Com-
pumedics E-Series equipment (El Paso, TX) and a 20 channel
Quik-Cap. Electrodes on the Quik-Cap are situated accord-
ing to the International 10-20 System. Recordings include 19
unipolar EEG channels referenced to contralateral mastoids,
bilateral electro-oculograms (EOG), a two-lead electrocar-

diogram (bilateral subclavicle electrode placement), and
a nasal pressure flow signal (Salter Labs Nasal EtCO2

Cannula). Electrode impedance levels were kept below 5 KO.
Equipment settings for data acquisition included an EEG
sampling rate of 512 Hz and a high pass filter set at 0.50 Hz.
A 60-cycle notch filter was used to eliminate ambient elec-
trical noise.

After hookup of the equipment and completion of state
questionnaires, each laboratory visit included a resting 5-
minute, eyes-closed EEG recording performed before and
after the sniffing test periods during which the remedy and
placebos were administered to the subject. In the sniffing
activation task period, subjects were asked to take a series of
two-second sniffs from the randomized and double-blinded
vials of test liquids containing either remedy or placebos. An
Austin Healthmate Junior air filter with 4-stage filtration
(including prefilters for medium and large particles, an ac-
tivated carbon/zeolite filter for volatile organic chemicals,
and a medical grade high-energy particulate arresting filter)
used on the low setting throughout each session to clear the
air of trace residual odors. Only the pre- and postsession
resting recordings were used for the EEG cordance analyses
reported in the present article. As noted above, relative EEG
a-frequency band findings from the sniffs per se are reported
in other articles.48,*

Cordance computation

A trained technician, who was blinded to group mem-
bership and outcomes, selected 2-minute artifact-free EEG
segments (e.g., excluding epochs with eyeblink and muscle-
movement artifacts defined as amplitudes > 50 mV) from the
5-minute pre- and postresting eyes-closed segments of the
laboratory procedure. Cordance was computed using a
previously published algorithm with software available from
a website of the University of California, Los Angeles
(UCLA) Laboratory of Brain, Behavior, and Pharmacology,
Los Angeles, CA (www.lbbp.org/lbbp).12,14,49 To prepare
the data for cordance analysis, electrodes were first re-
montaged offline to bipolar channel pairs of nearest-neigh-
bor electrodes that shared a common electrode. For example,
Fp1 was referenced to Fp2, F3, and F7; and Fp2 was refer-
enced to Fp1, F4, and F8, followed by averaging of the ab-
solute power values for the bipolar pairs. Then, the EEG
segments were subjected to fast Fourier transformation, set-
ting the frequency range for EEG band frequencies as d (0.5–
4 Hz), h (4–8 Hz), a (8–12 Hz), and ß (12–20 Hz).

Using the UCLA cordance software, EEG power values
were computed for each band for absolute (amount of power
in the band at a given electrode, in mV2) and relative
power (percentage of power in the band relative to the total
power in the overall frequency spectrum sampled by the
cordance software (i.e., 0.5–20 Hz). Next, absolute and rela-
tive power values for the four frequency bands were nor-
malized across electrode sites using a z-transformation
statistic at each site. Finally, cordance was quantified by
summing the z-scores for normalized absolute and relative

*Bell IR, Brooks AJ, Howerter A, et al. Acute electroencephalo-
graphic effects from repeated olfactory administration of homeo-
pathic remedies in individuals with self-reported chemical sensitivity.
Submitted for publication 2011.
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power at each electrode site. The Fp1 and Fp2 sites were
chosen for analysis in this article because of previous cor-
dance study findings at these prefrontal sites in both anti-
depressant50–53 and homeopathy1 research.

Statistical analysis

Baseline comparisons. Demographic and baseline vari-
ables were compared by remedy group using chi-square
analysis for categorical variables (gender and CII group) and
t-tests for continuous variables (age, CTQ score, and baseline
cordance value). To determine CII group in order to control
for this trait, if necessary, participants were divided into high
or low chemical sensitivity on the CII. High-sensitivity in-
dividuals were in the upper tercile (12 or higher of 25) and
low-sensitivity individuals were the bottom two thirds of the
sample. The cutoff was determined using this sample but
was similar to cutoffs in previously published samples.42,44,45

The baseline cordance value was the first 5-minute cordance
value obtained at visit 1 prior to performing the first sniff
task or exposure to any remedy. Linear mixed models were
also used to examine whether demographic characteristics
(age, gender, CII group) and site (Fp1, Fp2) were associated
with differences in baseline cordance values.

Cordance analysis. Cordance difference scores were
created by subtracting the presession resting cordance value
from the postsession resting cordance value. Negative
change scores indicated a decrease in cordance following the
session. A linear mixed-model regression analysis was per-
formed, using SAS Proc Mixed, with person as the random
effect. The regression equations used the subject’s cordance
change score at each visit as the dependent variable. Each
model included gender, CII group, and baseline cordance
value at the beginning of each weekly session.54 Main effects
in the model were for the week of the study (visits 1, 2, and
3), the remedy received (Sulphur, Pulsatilla), the dilution re-
ceived (6c, 12c, 30c), and the prefrontal electrode site (Fp1,
Fp2). Interactions between week and remedy; and electrode
site, week, and remedy were included. Stata 10.1 and SAS 9.2
were used for all data reduction and analyses. It was decided
to report on the full set of comparisons performed for all
bands, but not to apply the very conservative Bonferroni
correction on probability levels for judging statistical signif-
icance. While protecting against a Type I error, a Bonferroni
or multiple comparisons correction could lead to a Type II
error at this exploratory stage of the research.55

Results

Fifty-two (52) constitutional-type Sulphur subjects received
Sulphur, and 45 constitutional-type Pulsatilla subjects re-
ceived Pulsatilla. Table 1 summarizes the baseline descriptive
data for each treatment group. There were significantly more
males in the Sulphur group than in the Pulsatilla group, and
chemical intolerance scores were higher in the Pulsatilla
group. These differences were anticipated. Homeopathic
practice theory predicts the possibility of more male Sulphur
types and more female Pulsatilla types.56,57 Moreover, many
studies have shown that women score higher than men on
scales for chemical sensitivity.58 There were no baseline dif-
ferences in h, d, or ß–cordance bands, but the a-baseline

cordance value was significantly higher in the Pulsatilla
group than in the Sulphur group. Table 1 shows the values by
frequency band.

In the models examining whether demographic and site
variables account for differences in the baseline cordance
values, only one model had a statistically significant differ-
ence. CII group was statistically significant in the baseline
ß-cordance model (F(1, 93) = 7.99; p = 0.0058). Baseline cordance
was higher for persons in the high-CII group (Mean – stan-
dard error [SE] –1.99 – 0.25) than the low-CII group
(Mean – SE –2.86 – 0.17). To determine whether this differ-
ence varied by remedy group, an additional model including
remedy and the interaction between remedy and CII group
was conducted. In this model, CII group remained signifi-
cant; however, remedy and the interaction were nonsignifi-
cant suggesting this difference is the result of CII group
alone. Given the baseline differences for gender and CII,
these variables are included in the cordance difference score
models.

Cordance difference score analysis

Cordance changes were significantly different as a func-
tion of time (the week of the laboratory visit) and the remedy
received for each of the four frequency bands (Table 2). There
were no statistically significant differences by dilution level,
CII, or significant lateralized differences between Fp1 and
Fp2. Baseline cordance value was statistically significant in
the models; however, its effect on cordance change score was
controlled for, when interpreting the visit by remedy inter-
action. Only one band, h, had a significant main effect for
gender; males were more likely to increase (Mean – SE
0.17 – 0.11) and females to decrease (Mean – SE –0.20 – 0.10) h
band cordance. Cordance change scores by remedy over time
and pairwise comparisons of means are presented in Table 3.
Within the Pulsatilla group, d-cordance increased following
the olfactory activation task at visit 3 versus visit 2 ( p < 0.02)
and, to a lesser extent, for visit 1 ( p = 0.07). In contrast,
a-cordance decreased significantly for the Pulsatilla group at
visit 3 versus both visits 1 and 2. In the Sulphur group,
h-cordance increased at visit 3 versus visit 2 and differed
from Pulsatilla at visit 2.

Although the interaction patterns of remedy by time were
significant for all bands, the strongest evidence for oscillation

Table 1. Baseline Comparisons Between Remedy

Groups: Means and Standard Deviations

Variable
Sulphur

group (n = 52)
Pulsatilla

group (n = 45)

Age 19.2 – 2.0 19.0 – 0.98
Gender (% female) 31% 82%**
CII—Chemical intolerance/

sensitivity
9.5 – 0.5 11.0 – 0.6*

CTQ—Sulphur 27.3 – 0.3 22.4 – 0.2**
CTQ—Pulsatilla 18.7 – 0.3 25.8 – 0.3**
Baseline d 2.73 – 0.1 2.65 – 0.1
Baseline h - 2.27 – 0.2 - 1.94 – 0.2
Baseline a - 2.87 – 0.01 - 2.65 – 0.1*
Baseline ß - 2.56 – 0.2 - 2.30 – 0.2

*p < 0.05; **p < 0.001.
CII, Chemical Intolerance Index; CTQ = Constitutional Type

Questionnaire.
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was present in the ß-band (Fig. 1). In the ß-band, both rem-
edies showed within-remedy oscillations over time, and the
two remedies differed from one another at visit 1 and visit 3
on pairwise comparisons (Table 3). To summarize, within the
Pulsatilla group, ß-cordance decreased significantly following
the olfactory activation task at visits 1 and 3 versus no
change in cordance at the second visit. This difference was
statistically significant between visits 1 and 2, with a trend
for significance between visits 2 and 3 (Table 3). The opposite
pattern was observed in the Sulphur group, with significant
increases in cordance following the session at visits 1 and 3
versus no pre–post-session change in cordance for the second
visit. This difference was statistically significant between
visits 1 and 2. In addition, between group differences in re-
sponse to each remedy were observed at visits 1 and 3, with
the Sulphur group increasing in cordance at these visits,
while the Pulsatilla group decreased in cordance at these
visits. Both groups showed no change in cordance at visit 2.
The focus was on on change in resting ß-cordance because of

Leuchter et al.’s earlier articles13, 59 (1) suggesting that ß-1
discordance was associated with lower regional brain per-
fusion on SPECT neuroimaging scans, and (2) their proposal
that an activation task (in this case, repeated sniffing and
olfactory stimulation) might have brought out differential
blood flow in specific areas during a session that carried over
into the postsniff task, end-of-session rest period.

Discussion

The data indicate that changes in resting EEG cordance from
pre- to postsniffing (a central nervous system [CNS] activation
task) differ from week to week, as a function of the constitu-
tionally salient homeopathic remedy (Sulphur or Pulsatilla),
even after controlling for baseline remedy group differences in
gender and chemical sensitivity. The findings lend additional
support to the growing literature demonstrating the ability to
distinguish one homeopathic remedy from another, even at
doses believed to be diluted beyond Avogadro’s number, in
both basic science18,19,60–62 and human studies.28,29,32

The remedy received was confounded intentionally by the
subject-selection process, which was designed to mirror ho-
meopathic practice theory,15 by preselecting and matching
potentially reactive subjects to their respective remedies.
Thus, the most conservative conclusion is that people who
are Sulphur types and receive Sulphur show a different pat-
tern of changes in their cordance-related prefrontal brain
activity (e.g., perfusion) over time than do people who are
Pulsatilla types and receive Pulsatilla. The findings persist
even after controlling for gender and self-rated chemical
sensitivity/intolerance. From a methodological perspective,
an important finding of the present study is that cordance
may be a useful biomarker of early response to homeopathic
remedy administration in clinical testing.

The ß-cordance change pattern is nonlinear and oscillatory
from session to session over time in opposite directions for
the two remedies. A prior clinical trial study showed oscil-
latory effects of another homeopathically prepared remedy
(dust mite 30c) on several different, non-EEG outcome
measures assessed every 2 weeks, including both self-report
ratings and lung function in patients with asthma.63,64 A
recent review of basic and preclinical research on homeo-
pathic remedies also concluded that homeopathic remedies
produce nonlinear, bidirectional effects over time that appear
to be dependent, in part, on subtle differences in the state of

Table 2. Linear Mixed Models Results by Cordance Band: F-statistics

and Significance for Main Effects and Interactions

Independent Variables df d h a ß

Visit 2, 442 0.77 0.24 3.56* 0.28
Remedy 1, 442 0.03 0.56 0.32 3.90*
Dilution 2, 442 1.01 0.31 1.81 1.50
Gender 1, 442 0.46 4.77* 2.01 0.57
CII 1, 442 1.96 0.55 0.22 0.66
Electrode site 1, 442 1.28 0.09 0.26 0.00
Baseline 1, 442 370.09*** 230.09*** 173.68*** 244.1***
Visit X remedy 2, 442 3.13* 3.84* 4.98** 6.77**
Visit X remedy X site 5, 442 1.50 0.33 1.31 1.26

*p < 0.05; **p < 0.01; ***p < 0.001.
df, degrees of freedom; CII, Chemical Intolerance Index.

Table 3. Means and Standard Error Values

of Post–Pre Change in EEG Cordance for

Each Frequency Band by Remedy Group

Remedy group

Band Visit Sulphur Pulsatilla

d 1 0.15 (0.10) 0.15 (0.11)c

2 0.23 (0.10) 0.10 (0.10)b

3 0.13 (0.11) 0.32 (0.11)a

h 1 - 0.08 (0.15) 0.01 (0.17)
2 - 0.27 (0.16)a,c 0.21 (0.17)d

3 0.08 (0.16)b - 0.02 (0.17)

a 1 - 0.15 (0.05) - 0.07 (0.05)b

2 - 0.18 (0.05) - 0.07 (0.05)b

3 - 0.15 (0.05) - 0.23 (0.05)a

ß 1 0.39 (0.17)b,d - 0.37 (0.18)b,e

2 - 0.04 (0.17)a - 0.06 (0.18)a

3 0.22 (0.18)d - 0.35 (0.18)c,e

d: Pulsatilla a > bp < 0.02; a > cp < 0.07.
h: Sulphur a > bp < 0.02; Sulphur versus Pulsatilla c > dp < 0.05.
a: Pulsatilla a < bp < 0.0005.
ß: Sulphur a < bp < 0.04; Pulsatilla a > bp < 0.04; a > cp < 0.06; Sulphur

versus Pulsatilla d > ep < 0.03.
EEG, electroencephalographic.
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the recipient organisms at the time of administration.65 Time
factors and prior history also play roles in the direction of
effects with homeopathic remedies in animal and cellular
models.22,33,37,66,67 Similarly, seasonal variants (e.g., pollen,
temperature, light cycle, and barometric pressures), undoc-
umented differences in menstrual cycles for female partici-
pants, or external stress levels for individual subjects over
time (e.g., examination-related stress periods in students)
could have could each also have confounded the current
findings. However, none of those confounding factors was
systematically built into the design of this exploratory study.
About 4 subjects, with a maximum of 6 subjects, were run on
a typical laboratory testing day, making it unlikely that
specific environmental factors uniformly altered responses of
all subjects in a given remedy type to generate an overall
cohort effect. All sessions occurred at the same time of day
for a given individual, reducing the likelihood that ultradian
cycles could explain the data. Of course, to be more certain
that one or more confounding factors do not explain these
results, future replication studies can specifically examine the
impact of each of these additional potential environmental
confounding factors on EEG cordance changes. Nonetheless,
the present data raise the possibility of adding psy-
chophysiologic EEG measures to self-reported symptom
patterns in distinguishing effects of one homeopathic rem-
edy from another in future homeopathic pathogenetic
trials.2,28,29,32

The phenomenon of time-dependent sensitization (TDS)
may also be relevant to the current observations.34 TDS is the
progressive amplification of host response by intermittent
repeated exposures to an initially low-dose agent or stress-
or.68–70 In animal preparations pushed to their physiologic
limits, the direction of the TDS response becomes nonlinear
and oscillates up and down over successive weeks.35,36,71–73

Sensitization studies in animals and in cell cultures have
shown that the prior exposure history of the individual to a

given agent or a cross-sensitizing agent modulates the di-
rection of effects during the next exposure.31,37,70,71,73–77 TDS
adds the factor of time to explicate some variability of pre-
clinical and clinical remedy effects, in addition to the non-
linear dose–response curves at low doses postulated for
homeopathy on the basis of hormesis.24,78,79

Budgetary limitations in this exploratory study prevented
a full between-group design in which each remedy type
would have received both Sulphur and Pulsatilla or placebo
controls. Thus, the current authors do not know if the find-
ings are dependent specifically on the remedy received or on
the basis of the remedy interacting with the ‘‘right’’ consti-
tutional type person. The current research team examined
this individual difference question in a separate exploratory
study on sleep and mood effects of two other homeopathic
remedies and personality types in relatively healthy young
adults and found complex interactions between the type of
person who received a specific remedy and the remedy
given.32 Whether or not the current design would yield
similar person-type by remedy-received interactions remains
a testable but unexamined question.

Conclusions

In conclusion, the current findings suggest that repeated
sessions involving short-term olfactory administration of
homeopathic remedies can change the resting EEG cordance
response across all frequency bands (d, h, a, and ß) with time.
The ß-frequency band shows a particularly robust oscillatory
pattern. Remedy-type effects interact with time to produce
significant differences that imply a nonlinear variability in
the changes over a macro time scale of several weeks. The
data extend this research team’s previous findings that early
changes in EEG cordance were able to distinguish subse-
quent verum responders to homeopathy from verum non-
responders and from patients who received placebo.1

FIG. 1. Patterns of pre–post
change in resting ß-electro-
encephalographic (EEG) cor-
dance by visit.
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These data merit replication and extension in follow up
studies of homeopathy using both EEG cordance analyses
and eventually, neuroimaging techniques such as fMRI.
fMRI has already been useful and sensitive for spatial reso-
lution of CNS effects of other types of CAM modalities such
as verum versus sham acupuncture.3,4,80 EEG cordance, as
well as spectral EEG analyses per se, could provide a valu-
able objective tool for additional research on the temporal
and dynamic nature of verum versus placebo responses to
homeopathy81 and assist in more rigorous resolution of some
of the long-standing disputes about the nature of remedy
responses.
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