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Fibromyalgia (FM) patients show evidence of sensitizability in pain pathways
and electroencephalographic (EEG) alterations. One proposed mecha-
nism for the claimed effects of homeopathy, a form of complementary
medicine used for FM, is time-dependent sensitization (TDS, progres-
sive amplification) of host responses. This study examined possible sen-
sitization-related changes in EEG relative alpha magnitude during a
clinical trial of homeopathy in FM. A 4-month randomized, placebo-
controlled double-blind trial of daily orally administered individualized
homeopathy in physician-confirmed FM, with an additional 2-month
optional crossover phase, included three laboratory sessions, at baseline,
3 and 6 months (N = 48, age 49.2 £ 9.8 years, 94% women). Nineteen
leads of EEG relative alpha magnitude at rest and during olfactory
administration of treatment and control solutions were evaluated in each
session. After 3 months, the active treatment group significantly increased,
while the placebo group decreased, in global alpha-1 and alpha-2 dur-
ing bottle sniffs over sessions. At 6 months, the subset of active patients
who stayed on active continued to increase, while the active-switch sub-
group reversed direction in alpha magnitude. Groups did not differ in
resting alpha. Consistent with the TDS hypothesis, sniff alpha-1 and
alpha-2 increases at 6 months versus baseline correlated with total amount
of time on active remedy over all subjects (r = 0.45, p = .003), not with
dose changes or clinical outcomes in the active group. The findings
suggest initiation of TDS in relative EEG alpha magnitude by daily oral
administration of active homeopathic medicines versus placebo, with
laboratory elicitation by temporolimbic olfactory stimulation or sniffing.

Keywords EEG alpha, fibromyalgia, homeopathy, olfactory administra-
tion, oscillation, time-dependent sensitization

Fibromyalgia (FM) is a chronic syndrome associated with diffuse
musculoskeletal pain, fatigue, and, often, depression (Friedberg
& Jason, 2001). Convergent evidence implicates central nervous
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system involvement in the experience of lowered pain thresholds
(Staud et al., 2001) and increased waking electroencephalographic
(EEG) alpha activity (Bell et al., 2001). One study (Granot et al.,
2001) of evoked potentials during painful stimuli at tender versus
control points demonstrated findings consistent with sensitization of
both peripheral tender points and CNS pain pathways. Different
investigators have proposed that FM patients may be particularly
sensitizable individuals (Bell et al., 2001; Bell et al., 2001; Bell et
al., 1998; Ursin & Eriksen, 2001).

Conventional medical treatments offer limited symptomatic re-
lief, and most FM patients seek complementary and alternative medical
therapies (CAM) (Pioro-Boisset et al., 1996). One such CAM treat-
ment with prior evidence for efficacy in FM is homeopathy (Fisher
et al., 1989). Homeopathy is a 200-year old CAM system of care
with an integrative approach to diagnosis and treatment of the pa-
tient as a whole, extending beyond disease-specific issues. A single
homeopathic medicine is chosen for the total pattern of biopsychosocial
symptoms in the person (Merrell & Shalts, 2002; Rowe, 1998; Vithoulkas,
1980). Homeopathic medicines are prepared from animal, mineral,
and plant sources by serial dilution in fixed ratios and vigorous
shaking (succussion), a process that several basic science studies
have found capable of altering the biophysical properties of the
agent to differ from those of solvent or dilution without succussion
(Bell et al., 2003; Elia & Niccoli, 1999; Rey, 2003). Symptom pat-
terns of each remedy are documented in human testing on healthy
individuals (“provings”). Provings are based on the homeopathic
model that the direction of response is state-dependent, that is, a
remedy that can cause a set of symptoms in a healthy person can
reverse a similar set in a sick person (Vithoulkas, 1980).

The mechanisms by which homeopathic medicines may exert
their effects are not established, but some evidence suggests bi-
directional shifts in host function as a nonlinear system (Hyland &
Lewith, 2002). The bi-directional effects of homeopathic medicines
in low material doses also may overlap a well-documented process
from the field of toxicology termed hormesis. In hormesis, low doses
of a toxicant, typically below the no-observed-adverse-effect-level
(NOAEL), induce adaptive compensations in the host that oppose
the damaging effects of the same toxicant at higher doses (Calabrese
& Baldwin, 2001).
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One example of nonlinear response patterning is time-dependent
sensitization (TDS), in which repeated intermittent dosing of the
same exogenous stimulus (chemical, drug, or stressor) induces a
progressive amplification of host responses over time (Bell et al.,
1999). At the physiological limits of the system, the direction of
TDS can reverse and lead to an oscillatory pattern, that is, bidirec-
tionality (Antelman et al., 1997). Davidson (1994) previously hypothe-
sized that homeopathic medicines might act in part via mobilization
of TDS. Progressive increases in EEG alpha activity offer a repli-
cable biomarker of TDS in both animal (Stahl et al., 1997) and
human studies (Bell et al., 1998). The alpha sensitization reportedly
derives from activation of D2 dopamine receptors in the mesolimbic
pathway (Ferger & Kuschinsky, 1996; Stahl et al., 1997).

Three factors that can enhance sensitizability (Bell et al., 2001),
i.e., female gender (Friedberg & Jason, 2001), history of early abuse
(Fernandez et al., 1999), and sensitivity to low levels of environ-
mental chemicals (Slotkoff et al., 1997) all have a higher prevalence
in FM patients. Temporolimbic activation via olfactory stimulation
(sniffing) is also a strategy with which to elicit transient changes in
EEG alpha activity in sensitizable individuals (Fernandez et al., 1999;
Schwartz et al., 1994). Homeopaths claim that their medicines can
be administered by either an oral or nasal inhalation route (Hahnemann,
1996 [1843]). A testable hypothesis is that repeated administration
of individualized homeopathic remedies to FM patients, even with
progressively more dilute treatment materials, will produce measur-
able increases in EEG alpha responses over time, possibly due to a
time-dependent sensitization process within the host rather than to
the dose size per se.

MATERIALS AND METHODS
Participants

Participants were individuals with physician-diagnosed FM recruited
from the community who also met American College of Rheuma-
tology criteria for FM (Wolfe et al., 1990) on physical examination
of tender points. At baseline, patients completed a 5-item chemical
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sensitivity index rating scale (possible range 5-25) (Szarek et al.,
1997) and a modified self-rating scale on childhood abuse/neglect
(Bernstein et al., 1994). The present sample included patients who
completed both the clinical trial and EEG laboratory sessions of the
study. At baseline, 3 months, and 6 months, all patients underwent
an 18-tender point pain physical examination (with patient pain rat-
ings during standardized pressure on each point ranging from 0-10,
total score range 0—180) by a rheumatologist or physician’s assis-
tant (same assessor at each session for a given patient) blinded to
treatment condition. Before each laboratory session, participants also
completed a three-item global health rating (Bell et al., 1998) (cur-
rent health, health compared with 6 months ago, health compared
with peers, possible total score range 3—15) and a Profile of Mood
States (POMS) (McNair et al., 1981) scale.

The global health self-rating scale was used to capture the “whole
person” effects claimed in homeopathic practice (Vithoulkas, 1980).
In conventional medical research, global health self-ratings surpass
laboratory tests and physician assessments as strong predictors of
health service utilization and mortality (Bath, 1999; Idler & Benyamini,
1997; Idler & Kasl, 1991; Menee et al., 1999). The POMS assessed
any within-subject mood variations that might influence EEG.

Patients were on stable doses of concurrent conventional medica-
tions for at least 2 months prior to enrollment. Exclusion criteria
were alcohol or drug abuse history, current narcotic analgesic, benzo-
diazepine or antihypertensive medication use, nasal trauma history,
and any history of life-threatening medical illness, psychosis, or
acute active suicidality. The study was reviewed and approved by
the Institutional Review Board of the University of Arizona.

EEG Acquisition

During each session, subjects underwent hook-up using conductive
gel with a latex cap embedded with 19 EEG electrodes positioned
via the International 10-20 System (Electrocap International, Eaton,
OH). Cap electrode impedances were kept below 5K ohms. EEG
referenced to linked ears was recorded while subjects sat quietly
with eyes closed. Recordings lasted 5 minutes for the resting, pre-
sniff values, and 2-seconds each for the 32 sniff test bottle recordings
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per session. The gEEG raw signal was sampled at 512 hertz (Hz) on
a Lexicor NeuroSearch 24 apparatus (Boulder, CO) with a 2 Hz
high pass filter and a 60 Hz notch filter enabled.

Procedures

Each patient was evaluated and followed in a private Phoenix ho-
meopathic clinic by the same pair of experienced classical homeo-
paths (from a pool of three homeopaths) throughout their participa-
tion, who had to agree on the medicine selection with a high level
of confidence (at least 7 out of 10). Individually chosen single ho-
meopathic medicines (19 different single agents for 23 patients in
the active treatment group) were prepared in indistinguishable lig-
uid forms of LM potencies, starting for all participants with a daily
LM 1 dose by mouth, and progressing up in potency (additionally
diluted, additionally succussed against a soft-covered book at home
by the patient) on an individualized basis, compatible with usual
clinical practice. LM potencies were chosen because of their touted
ability in homeopathic practice to minimize the risk of antidoting
by conventional drugs and to optimize tolerability versus other dose
series (e.g., centesimal or ¢ potencies) in sensitizable individuals
(De Schepper, 1999).

LM 1 doses are pharmacy-prepared from a 3c (diluted in a (1/
100)® ratio) starting source, followed by serial liquid dilutions in the
ratio of 1 part prepared remedy material to 50,000 parts of water-
alcohol solvent. One-hundred succussions follow each dilution step.
An LM 3 dose, for example, represents a liquid dilution factor of
(1/50,000)* and a total of 300 succussions. Homeopathic remedies
are prepared from natural sources obtained and processed under a
standardized protocol, in accord with the Homeopathic Pharmaco-
poeia of the United States (see www.HPUS.com).

In this study, an FDA-regulated homeopathic pharmacy (Hahnemann
Laboratories, San Rafael, CA, USA, http://www.hahnemannlabs.com/
preparation.html) prepared the treatment bottles. In accord with a
randomization protocol, the homeopathic pharmacy dispensed ac-
tive or placebo treatment solutions blinded by number codes, with a
bottle sent directly to the patient and a split sample to the local
research pharmacist before each laboratory session. After 4 months,
patients were given the option to switch groups, still under double-
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blind conditions, from active to placebo or placebo to active for an
additional 2 months (optional crossover; Ernst & Resch, 1995).

Immediately prior to each of the three sessions, the local research
pharmacist prepared fresh laboratory test sniff bottles by diluting
10 drops of the patient’s current treatment solution (active homeo-
pathic medicine for the Active group or placebo solvent for the
Placebo group) or plain control solvent (20% ethanol in distilled
water) in 150 cc of distilled water and dividing the resultant solu-
tions over 16 randomly-ordered pairs of treatment and control solution
opaque bottles/session (adapted from a low-level odor sensitization
protocol from prior olfactory research in our laboratory; Fernandez
et al., 1999). Laboratory EEG sessions involving olfactory adminis-
tration of treatment and control solutions occurred three times dur-
ing the study, that is, on initiation of treatment, 3 months, and 6
months.

In the Tucson-based university psychophysiology laboratory, pa-
tients took 2-s sniffs of each test bottle and guessed which of each
pair might contain their treatment solution. On all other days during
participation, patients took their treatment solutions by mouth at
home as clinically prescribed (De Schepper, 1999). The patients
and all clinicians and research staff who interacted with patients
were kept blinded to bottle contents throughout the study.

Data Reduction and Analysis

After artifact removal (e.g., eyeblink and muscle movement, ampli-
tudes > 50 mv) by a technician blinded to the group assignments
and sniff bottle contents, the EEG was subjected to Fast Fourier
Transformation. Relative EEG alpha 1 frequency range was set at
8-10 Hz, and relative alpha 2 at 10-12 Hz. Because of high inter-
correlations between electrode sites and findings in the same direc-
tion, all 19 leads were averaged to yield a single global value for
each alpha band, at sitting rest and during sniff tests (16 treatment
solutions versus 16 control solutions).

Statistical Analyses

Statistical analyses were conducted with SPSS 11.0 and Statistica
6.0 for Windows using one way analyses of variance (with post hoc
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Tukey tests as indicated), chi-square tests, and general linear
models, with covariates as indicated for baseline differences be-
tween groups (Tabachnick & Fidell, 2001). Multivariate Hotelling’s
trace statistics were used for EEG repeated measure analyses. Pearson
correlations were computed between change scores in EEG and other
variables. Levels of significance were set at p < .05. Data are shown
as covariate-adjusted means + standard error of the mean (SEM)
unless otherwise indicated.

RESULTS
Patient Characteristics

The present sample with EEG data for baseline and 3-month labora-
tory sessions (N = 48, active, n = 23; placebo, n = 25; age 49.2 SD
9.8 years, 94% women; mean tender point count 16.6 SD 2.4; mean
tender point pain 88.6 SD 30.7; mean FM duration 13.4 SD 13.7
years; mean global health 7.4 SD 2.7; 88% right-handed; mean chemical
sensitivity index score 6.9 SD 2.8) was derived from an originally
enrolled clinical trial sample of 62 patients (randomized, in com-
plete blocks of six, to active, n = 30, and placebo, n = 32), of whom
N = 53 (active, n = 26; placebo, n = 27) completed the clinical
treatment protocol at 4 months and N = 50 at 6 months (full clinical
trial findings reported elsewhere; Bell et al., 2004a).

Active and placebo groups did not differ significantly in propor-
tion of dropouts or in proportions of each group electing to switch
groups, double-blind, at the optional crossover point (4 months).
For the post-optional crossover sample, EEG data for all three ses-
sions was available for N = 41 patients (active-stay, n = 13; active-
switch, n = 6; placebo-stay, n = 13; placebo-switch, n = 9). No
dropouts reported adverse reactions to remedies or placebo as a
reason for leaving the study; the most common reason given was
time/travel burden between Tucson and Phoenix (the cities are 120
miles apart in the rural state of Arizona).

Differences in sample sizes for completers between the clinical
trial and the EEG components of the study resulted from patients
with missing data because of refusal to participate in the laboratory
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sessions (pre-crossover, n = 5; post-crossover, n = 6) due to travel
time concerns (half of the patients were from Phoenix and half from
Tucson) or reported discomfort from the electrode cap hook-up pro-
cedures, or pharmacy errors or patient reversal of decision in imple-
mentation of crossover decision (post-crossover, n = 3). The find-
ings reported thus reflect all of the complete EEG datasets for the 3-
month (48/53 or 91% of the completed clinical sample pre-cross-
over) and 6-month (41/50 or 82% of the completed clinical sample
post-crossover) laboratory sessions.

Active and placebo groups did not differ at baseline in age, gen-
der distribution, handedness, degree of chemical sensitivity, child-
hood abuse/neglect, number of tender points, tender point pain on
physical examination, duration of FM, or global health ratings. The
active and placebo groups differed significantly for baseline expo-
sure to antihistamine (n = 4 active remedy patients: one each on
loratadine, fexofenadine, cimetidine, Tylenol Allergy) or expecto-
rant (n = 3 active remedy patients: guaifenesin) medications (Table
1). The optional crossover subgroups differed significantly for the
baseline POMS depression, POMS anger-hostility, and exposure to
antihistamine and/or expectorant medications (Table 1), but not for
demographic variables. Post-hoc analyses showed that the active-
switch subgroup scored significantly higher than all three other sub-
groups for depression and anger-hostility. Two patients in the ac-

TABLE 1. Optional crossover group means (SD) for medication use differences and
POMS subscales at baseline

Placebo-stay Placebo-switch  Active-switch — Active-stay

(n=13) (n=29) (n=26) (n=13)

Antihistamines or 0 0 2 (33%) 3 (23%)
expectorant®

POMS depression” 3.5 (4.5) 6.1 (6.9) 18.7 (16.2) 5.0 (7.9)
POMS anger-hostility* 2.9 (4.5) 1.6 (2.7) 12.2 (9.3) 2.2 (3.5)
POMS vigor 12.3 (5.4) 9.0 (4.6) 14.0 (6.7) 11.8 (5.9)
POMS anxiety 7.3 (6.2) 7.9 (6.2) 12.8 (8.7) 7.8 (6.0)
Childhood sexual abuse 1.5 (3.6) 2.6 (3.6) 24 (3.3) 1.5 (3.2)
Childhood physical abuse 3.4 (4.2) 5.1 (6.4) 4.0 (3.2) 2.9 (4.5)
Childhood physical neglect 1.1 (1.6) 2.3 (2.7) 1.0 (1.0) 1.2 (1.3)

‘p < .05, A>P; A-switch, A-stay>P-switch, P-stay.
*Qverall, F(3,37) = 4.7, p = .007; posthoc p < .05: A-switch>A-stay, P-stay, P-switch.
“Overall, F(3,37) = 7.2, p = .001; posthoc p <.05: A-switch>A-stay, P-stay, P-switch.
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tive-switch and three patients in the active-stay subgroups versus
none of the placebo-stay or placebo-switch subgroups had the an-
tihistamine/expectorant medication exposure history.

This part of the overall study was not focused on the clinical trial
outcomes (Bell et al., 2004a). However, to put the EEG findings in
perspective, Table 2 shows outcome data for the subset of patients
with EEG data used in the current analyses. Individuals who had
been randomized to active remedy, like those in the larger clinical
study, showed significantly greater improvements in tender point
pain and global health at 3 months compared with patients on pla-
cebo. At 6 months, patients with EEG data who chose to stay in the
active group throughout the study had a non-significant trend to-
ward less tender point pain and significantly greater gains in global
health than did the placebo-switch optional crossover subgroup.

As is standard clinical practice in classical homeopathy, patients
received highly individualized remedy choices intended to treat the
whole-person pattern of unique bio-psycho-social-spiritual symptom-
atology, rather than the fibromyalgia diagnosis per se (Bell et al.,
2003). Chi-square analysis revealed no significant difference be-
tween active and placebo groups or optional crossover subgroups in
the patterns of homeopathic prescriptions (overall sources: animal
2%, e.g., Lac Defloratum [skimmed cow’s milk]; mineral 56%, e.g.,
Calcarea Carbonica [calcium carbonate]; and plant 42%, e.g., Rhus
Toxicodendron [poison ivy]).

Relative EEG Alpha Magnitude Data

Consistent with the primary TDS hypothesis, Figure 1 illustrates
significant patterns of progressive increases over sessions during
the bottle sniffs, in both alpha-1 and alpha-2 magnitude in the ac-
tive group, whereas the placebo group declined between the initial
and 3-month sessions. The findings were elicited by sniffing or ol-
factory activation (averaged over treatment solution and control so-
lution sniffs), not by the specific contents of the sniff bottles, as
there were no significant within-subject interactions between sniff
bottle contents and group. Correct guesses as to the contents of the
pairs of treatment and control solution sniff bottles were at chance
levels and did not differ between active and placebo groups. Active
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Changes in Eyes Closed EEG Alpha 1 during Bottle Sniffs
Controlled for Baseline Mood & Medications
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FIGURE 1. Active versus placebo group adjusted means (= SEM) for relative alpha-1
(Hotelling’s trace F(1,45) = 5.46, p = .024) and alpha-2 (F(1,45) = 5.48, p = .024) from
GLM analyses using covariate of use of antihistamine/expectorant medications. Find-
ings remained significant even if all patients taking antihistamine/expectorant medica-
tions were removed from the analysis for alpha-1 (Hotelling’s trace F(1,39) = 5.33, p =
.026) and alpha-2 (F(1,39) = 5.54, p = .024).
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and placebo groups did not differ significantly for resting alpha
magnitudes within or between laboratory sessions.

Figure 2 shows the 6-month patterns of sniff-induced changes in
the subgroups created by the optional crossover decision at the 4-
month point. Notably, the active-stay group continued to exhibit fur-
ther increases in alpha-1 and alpha-2 magnitude through the 6-month
session. The findings were significant for alpha-2, with strong trends
for alpha-1. In contrast, although the active-switch subgroup had shown
an increase in alpha magnitude prior to crossover, their direction re-
versed after crossover. The placebo-stay subgroup decreased at 3
months, then returned close to their original baseline at 6 months.

The placebo-switch subgroup showed a slight increase in the alpha-
2 band on placebo at 3 months, followed by a somewhat sharper
increase, especially in the alpha-1 band, on active treatment at 6
months. Total magnitude of both alpha bands for the placebo-switch
group was below the active-stay patients on both follow-up sessions.

During the initial session, all patients received an LM 1 potency
of their individualized treatment solution. Active and placebo groups
did not differ in progression of homeopathic medicine potency in
the LM series at the 3-month visit (mean LM potency 2.4 SD 0.9,
or (1/50,000)*# dilution factor). Switch subgroups began treatment
with LM 1 potencies at 4 months, thereby leading to subgroup dif-
ferences in LM potencies at 6 months (F(3,33) = 6.2, p = .002
overall, with placebo-switch significantly lower in LM “potencies,”
than placebo-stay or active-stay subgroups). At 6 months, the ac-
tive-stay and placebo-stay subgroups had progressed comparably in
LM “potency” (4.8 SD 1.6 versus 4.6 SD 1.3 respectively, or ap-
proximately (1/50,000)*7 dilution factor).

After 3 months versus baseline, the changes in alpha-I and alpha-
2 did not correlate significantly with changes in LM remedy po-
tency, depression, anger, vigor, tender point pain, or global health
within either the active or placebo group. After 6 months versus
baseline, within the placebo-stay subgroup, increases in sniff alpha-
1 and alpha-2 correlated with higher vigor (alpha-1: » = .65, p =
.015; alpha-2: r = .60, p = .029), less anger (alpha-1: r = —.51, p =
.07; alpha-2: r = .53, p = .06), and lower LM “dose” (alpha-1: r =
—.65, p = .04; alpha-2: r = —.60, p = .065). In contrast, within the
active-stay subgroup, the sniff increases in alpha-1 and alpha-2 at 6
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Changes in Eyes Closed EEG Alpha 1 during Bottie Sniffs
Controlled for Baseline Mood, Emotional Neglect, & Medications
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FIGURE 2. Active-stay, active-switch, placebo-switch, placebo-stay subgroup adjusted
means (+ SEM) for relative alpha-1 (Hotelling’s trace F(6,64) = 1.88, p =.097) and alpha-
2 (F(6,64) = 2.5, p = .031) from GLM analyses using covariates of baseline POMS de-
pression, POMS anger-hostility, and use of antihistamine/expectorant medications. Findings
become stronger when all patients using antihistamine/expectorant medications were removed
from the analysis for alpha-1 (Hotelling’s trace F(6,56) = 2.04, p = .076) and alpha-2
(F(6,56) = 2.64, p = .025).
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months did not correlate with any clinical change variables, includ-
ing vigor (alpha-1: r = .10, p = .7; alpha-2: r = .05, p = .8), anger
(alpha-1: r = .08, p = .8; alpha-2: r = —-.06, p = .8), LM dose (alpha-
1: r =-.20, p = .6; alpha-2: r = —.10, p = .8), change in tender point
pain (alpha-1: r = .12, p = .7; alpha-2: r = =27, p = .4), or change
in global health (alpha-1: r = —-.08, p = .8; alpha-2: r = -.10, p = .7).
However, over the whole sample at the end of the 6-month study,
increased alpha-1 and alpha-2 correlated significantly with total amount
of time on active remedy treatment (0, 2, 4, or 6 months, as gener-
ated by randomized assignment and optional crossover decision)
(alpha-1: r = .45, p = .003; alpha-2: r = .45, p = .003).

DISCUSSION

The sniff EEG alpha findings may offer an objective biomarker for
eliciting evidence of differential effects of active versus placebo
homeopathic treatment in FM patients over time. The change in
relative alpha magnitude over sessions was time-, but not dose-
dependent, and did not correlate with clinical outcomes. Temporo-
limbic activation via sniffing has previously provided a neurobio-
logical challenge test to demonstrate differences between various
patient types and controls (Fernandez et al., 1999; Locatelli et al.,
1996; Locatelli et al., 1993). In normals, sniffing odors can produce
transient increases in alpha 1 and alpha 2 coherence over several
brain regions (Harada et al., 1996). The current findings were present
at most of the 19 leads, a global finding consistent with increased
coherence, although this parameter was not specifically assessed.
The spectral relative EEG alpha sniff findings for the 3-month ses-
sion differed from those of simple odor responses, however. That is,
certain odors acutely induce a brief decrease (Schwartz et al., 1994)
or even no change (Masago et al., 2000) in alpha magnitude or
power, as opposed to the increases seen in the present study.
Alternatively, as proposed earlier, progressive increases in EEG
alpha magnitude over the 19 averaged electrode sites during sniffs
could indicate sensitization of widespread changes in brain activity
to the remedies within the novel context of the laboratory (Ostrander
et al., 1998; Stahl et al., 1997), for example, EEG recording proce-



1210 I R. Bell et al.

dures with olfactory activation (Sorg et al., 2001; Vanderwolf &
Zibrowski, 2001). Patients were taking their treatment solutions by
mouth once daily at home other than on laboratory session days. As
in a typical time-dependent sensitization process (Bell et al., 1999;
Ferger & Kuschinsky, 1996; Stahl et al., 1997), the active and pla-
cebo groups did not differ in alpha magnitude at rest or in the first
session sniff response. They later diverged during bottle sniffs in
the 3-month and 6-month laboratory sessions. Consistent with a
time- rather than dose-dependent sensitization process (Antelman,
1994), greater alpha activity correlated with more time on active
remedy treatment, but not with dose (LM potency) of active remedy
per se.

If sensitization occurred, it was related more to the active remedy
exposure than to individual difference traits between active and pla-
cebo patients. The active and placebo groups did not differ in de-
mographics, degree of CI, or early abuse histories, host factors that
have facilitated sensitization in previous studies (Bell et al., 1999).
The alpha magnitude findings remained significant after controlling
for baseline mood differences and conventional drug exposures, in-
cluding re-analyses that removed the active group patients taking
the antihistamine or expectorant medications (Figures 1 and 2). Ethanol
can initiate sensitization (Hosbaw & Lewis, 2001), but both active
and placebo patients sniffed bottles containing the same low ethanol
concentrations and did not differ in their ability to detect bottle
contents.

The finding of a small, pre-crossover increase in alpha-2 in the
placebo-switch subgroup and oscillatory (down, then up) changes in
the placebo-stay subgroup over the two follow-up sessions, also
suggests the possible presence of sensitization-oscillation to non-
active treatment procedures as a partial mediator of the response
patterns over time. That is, stress alone can initiate or elicit sensiti-
zation (Antelman et al., 1980; Sorg et al., 2001b; Sorg & Prasad,
1997), and early environmental impoverishment favors, while en-
richment attenuates, sensitization in animals (Bardo et al., 1995).

In TDS, prior history of the individual influences the direction of
change from the previous session (Antelman & Caggiula, 1996). In
general, women with FM report increased rates of childhood abuse
and neglect (Walker et al., 1997). Thus, non-specific stress could
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have fostered a mild EEG sensitization or oscillation during olfac-
tory temporolimbic activation in some subjects, as seen previously
in sexually abused women sniffing odors (Fernandez et al., 1999) or
in women with FM and CI over repeated ingestions of sucrose-
water solutions (Bell et al., 2001). At the same time, within the
specific subjects who had EEG data, groups and subgroups did not
differ significantly from one another in quantified levels of POMS
anxiety in the laboratory or self-rated childhood abuse or neglect
histories (emotional neglect was significantly higher in the placebo-
switch subgroup of the larger sample; Bell et al., 2004b).

Findings may or may not have related to the actual remedy expo-
sure during the laboratory sessions. Two different possibilities could
account for the lack of within subject differences between active
and control solution bottle sniffs. First, the progressive effects of
the oral doses could have initiated the active versus placebo group
divergence over time. In that case, the novel act of sniffing, regard-
less of sniff bottle contents, by itself elicited differences in temporo-
limbic function (Locatelli et al., 1996). These functional shifts, though
not apparent in the resting state, would have resulted from the daily
oral remedy treatment but required a novel set of circumstances,
that is, the laboratory sniff protocol, to elicit (as in other sensitiza-
tion studies; Crombag et al., 2001).

Conditioning would not be a sufficient explanation (Newlin &
Thomson, 1991), based on the reversal of direction after changing
from active to placebo solutions that the active-switch subgroup
exhibited under otherwise identical laboratory conditions and cues
at 6 months. Progressive lack of molecules of the source materials
of the remedies as LM potency increased (with correspondingly
greater dilution) is an unlikely explanation for alpha changes within
the active-stay subgroup, as their difference scores for LM dose of
active remedy between follow-ups and baseline exhibited no corre-
lation with the changes in sniff alpha magnitude over time. More-
over, if simple dilutional effects from a conventional pharmacologi-
cal perspective had been a key factor, then the complete absence of
any possible remedy molecules for the active-switch subgroup, who
were sniffing placebo bottles at 6 months, should have led to even
larger alpha increases than those seen in the active-stay subgroup at
6 months. Instead, the active-switch subgroup reversed direction at
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6 months, whereas the active-stay subgroup continued to exhibit
increases in sniff EEG alpha magnitude at their higher potency LM
doses of active remedy (more dilute, more succussed).

Second, carry-over effects between active and control bottle sniffs
could have obscured acute differences between effects of active and
control bottle effects. Homeopathic researchers are generally con-
cerned about the possibility of lingering carry-over effects from active
to control conditions in within subjects research designs (Ernst &
Hahn, 1998). Clinical (Vitboulkas, 1980) and animal evidence (Sukul
et al., 1986) suggests persistent effects after a single dose of active
medicine for hours, if not many weeks.

Although carry-over effects on alpha magnitude effects are pos-
sible (Antelman et al., 1988), other findings in this study indicate
that the treatment and control solution effects did differ signifi-
cantly during sniffs of active versus control solutions. That is, the
subset of active-stay patients with exceptional clinical outcomes (Bell
et al., 2004c) diverged from all other study patients for prefrontal
EEG cordance (Cook et al., 2002) difference scores between treat-
ment and control solution sniffs during the first laboratory session.
Cordance is a spatially-localized derivative of absolute and relative
power in a given frequency band, which correlates with brain meta-
bolic activity or blood flow on functional neuroimaging scans (Cook
et al., 2002; Leuchter et al., 2002).

One explanation for the discrepancy in bottle content effects be-
tween global relative alpha and prefrontal cordance alpha in this
study is that prefrontal cordance appears more useful than relative
or absolute EEG power at differentiating active responders from
non-responders and from placebo responders to antidepressant medi-
cations (Cook et al., 2002; Leuchter et al., 2002). The relative alpha
data in the present study appeared only to distinguish patients re-
ceiving active from placebo treatment, not necessarily those with
different degrees of clinical responsiveness. Furthermore, in con-
trast with the spatially less localized relative EEG reference to linked
ears for the present analyses, cordance values were derived from re-
montaging between nearest neighbor electrodes for more precise
localization of effects.

Notably, both prefrontal cordance (Cook et al., 2002) and TDS
(Antelman et al., 1992; Pontieri et al., 2001; Sorg et al., 1998)
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effects in earlier research have occurred across multiple, chemically-
dissimilar agents, suggesting a greater mechanistic role for intrinsic
host characteristics than for structural properties of any single agent.
Perceived threat, foreignness, and/or relevance to the organism, that
is, individual salience, is one factor (Antelman, et al., 1992). The
latter concept could be especially relevant in accommodating the
heterogeneity of individualized homeopathic remedies, where the
majority of the patients in a clinical or research setting, including
the present study, receive a unique treatment agent chosen for the
idiosyncratic presentation of the whole person rather than one ho-
mogeneous intervention chosen for a clinical diagnosis (Merrell &
Shalts, 2002; Rowe, 1998; Vithoulkas, 1980).

Overall, the data suggest that active homeopathic remedies in
LM potencies have salient signal properties for initiating and per-
haps eliciting sensitization in the brain function (EEG) of the indi-
viduals taking them, apart from any clinical effects. If EEG alpha
magnitude sensitization occurred, it is possible that dopaminergic
D2 receptors in mesolimbic pathways were mobilized (Ferger &
Kuschinsky, 1996; Stahl et al., 1997) and/or prefrontal dopamine
activity was decreased (Bjijou et al., 2002). That is, the limbic and
mesolimbic pathways involved in TDS would have read the daily
oral doses of remedy as a recognizable, repeated intermittent signal
(Rey, 2003), even with an increasingly “higher,” albeit more dilute
and more succussed, dose (Bastide & Lagache, 1997). In this study,
if there was no carry-over effect from active to control solution
bottle effects, then the temporolimbic activation from sniffing alone,
not the bottle contents, elicited the evidence of a persistent, previ-
ously established sensitized response during sessions 2 and 3.

The groups were well-matched by random assignment on demo-
graphic and most other baseline variables, including non-narcotic
analgesic and serotonin reuptake inhibitor drugs. However, the active
group did turn out to report greater baseline exposure to antihista-
mine and expectorant drugs than did the placebo group. Although
it would have been preferable to perform this study in drug-free
patients, ethical and practical concerns did not make it feasible to
deny patients standard of care for any condition for 6 months. Sub-
jects were required to be stable on concomitant medications prior to
enrollment.
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To address the differential medication exposure, we performed
the EEG repeated measure analyses both with the drug variable as a
covariate, as recommended in standard statistics texts (Tabachnick
& Fidell, 2001), and with exclusion of all patients on the antihista-
mine/expectorant medications from the analyses. The results remained
the same, suggesting that differential conventional medication ex-
posure did not account for the sensitization findings. Moreover, the
medications were split fairly evenly between the active-stay and
active-switch subgroups. The direction of EEG patterns of those
subgroups after optional crossover diverged as a function of homeo-
pathic treatment condition at 6 months (the independent variable—
active or placebo), making the conventional drugs an unlikely ex-
planation for the alpha sensitization. Finally, all of the groups were
stable on concomitant medications and did not differ in resting or
sniff EEG alpha magnitude in the first session. If the drugs had
exerted a physiologically confounding effect of changing nasal pa-
tency and/or elevating alpha activity in the group on active remedy,
it should have been observed for all three sessions, but was not.

Skeptics might argue that the homeopathic remedies would have
been active only at the doses that contained physical molecules of
the original source material. All patients received LM doses prob-
ably in the material dose range (LM 1) in session 1, and some
reached into the range beyond Avogadro’s number in follow-up
sessions, that is, 6 x 10% (given the LM starting preparation at 3c
(1/100)* and subsequent dilution steps of (1/50,000), this ultra-dilu-
tion dose occurs around LM 4 to 5 and higher, comparable to the
centesimal potency series where a 12¢ (1/100)'* potency and higher
contains no remaining source molecules). On the conservative as-
sumption that remedies used at 6 months may not have contained
any original source molecules, the continued growth of the EEG
alpha response over time in the active-stay subgroup suggests re-
markably persistent effects of the initial doses of homeopathic rem-
edies in the host, beyond those typically associated with pharmaco-
kinetic or pharmacodynamic properties of conventional drugs, even
long-acting exogenous hormones.

Again, apart from the as-yet unresolved debates concerning struc-
tural alterations of solvent (Bell et al., 2003; Elia & Nicolli, 1999;
Rey, 2003) and biological activity in ultra-high dilutions of homeo-
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pathic remedies (Jonas et al., 2003; Langman, 1997; Linde et al.,
1997; Vandenbroucke, 1997), a TDS model can accommodate the
present observations for the LM potencies. For example, sensitiza-
tion to repeated, low levels of environmental chemicals can induce
a long-lasting change in adrenal steroid hormone response patterns
of the host (Sorg et al., 2001a). Hormetic compensation within the
host for the effects of the initial, low material doses of remedy
could also contribute to the current findings (Calabrese & Baldwin,
2001).

To determine any differential signal properties of different doses
(Bellavite & Signorini, 2002), it will fall to future studies to exam-
ine EEG alpha sensitization in persons or animals receiving homeo-
pathic remedies only in the material dose (low potency) range ver-
sus only in the above-Avogadro’s-number range (high potency). It
may be possible to study some clinical populations other than FM
for 3—6 months under conventional drug-free conditions, which would
definitively address concerns mentioned above. The feasibility and
plausibility of such research are emerging, given (a) prior animal
research showing a longer duration of action of higher potencies of
various homeopathic remedies versus lower potencies of the same
remedies or conventional haloperidol on restraint-induced catalepsy
(Sukul et al., 1986); and (b) the recently demonstrated ability of
homeopathic remedies prepared beyond Avogadro’s number to ex-
ert biophysical effects (thermoluminescence patterns) characteristic
of their original source material and different from plain solvent
(Rey, 2003).

In summary, the present findings during sniffing suggest that
time-dependent changes in EEG alpha magnitude responses may
offer an objective way to differentiate active from placebo homeo-
pathic treatment. These observations are supportive of Davidson’s
hypothesis (Davidson, 1994) that host responses to homeopatbic rem-
edies may involve time-dependent sensitization. However, home-
opathy is a controversial form of CAM (Bellavite & Signorini, 2002;
Ernst & Hahn, 1998; Langman, 1997; Vandenbroucke & de Craen,
2001; Vickers, 1999, 2000), and research in this field has long been
hampered by problems in reproducibility (Jonas et al., 2003; Linde
et al., 1997; Linde et al., 1994).

This study is the first to examine TDS of spectral EEG as a



1216 I R. Bell et al.

possible objective correlate of homeopathic remedy effects during a
controlled clinical trial. Taken together with prior animal EEG stud-
ies (Ruiz-Vega et al., 2002) and bottle contents-related sniff EEG
prefrontal cordance findings in this study (Bell et al., 2004c), the
present data support the need for replication and extension of the
current protocol, with additional EEG investigation of homeopathic
medicine effects in larger samples of FM and other clinical condi-
tions (Bell et al., 2002). Future studies will need to address method-
ological limitations of the current investigation and test the general-
izability of using EEG as a biomarker. Nonetheless, this study provides
a start towards a rational, systematic approach for clinical neuro-
physiological research in homeopathy.
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