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Endogenous cannabinoids activate cannabinoid receptors
in the brain and elicit mood-altering effects. Parallel effects
(eg, anxiolysis, analgesia, sedation) may be elicited by
osteopathic manipulative treatment (OMT), and previous
research has shown that the endorphin system is not
responsible for OMT’s mood-altering effects. The authors
investigate whether OMT generated cannabimimetic
effects for 31 healthy subjects in a dual-blind, random-
ized controlled trial that measured changes in subjects’
scores on the 67-item Drug Reaction Scale (DRS). Chem-
ical ionization gas chromatography and mass spectrometry
were also used to determine changes in serum levels of
anandamide (AEA), 2-arachidonoylglycerol (2-AG), and
oleylethanolamide (OEA). In subjects receiving OMT,
posttreatment DRS scores increased significantly for the
cannabimimetic descriptors good, high, hungry, light-
headed, and stoned, with significant score decreases for
the descriptors inhibited, sober, and uncomfortable. Mean
posttreatment AEA levels (8.01 pmol/mL) increased 168%
over pretreatment levels (2.99 pmol/mL), mean OEA levels
decreased 27%, and no changes occurred in 2-AG levels in
the group receiving OMT. Subjects in the sham manipu-
lative treatment group recorded mixed DRS responses,
with both increases and decreases in scores for
cannabimimetic and noncannabimimetic descriptors and
no changes in sera levels. When changes in serum AEA

were correlated with changes in subjects’ DRS scores,
increased AEA correlated best with an increase for the
descriptors cold and rational, and decreased sensations
for the descriptors bad, paranoid, and warm. The authors
propose that healing modalities popularly associated with
changes in the endorphin system, such as OMT, may actu-
ally be mediated by the endocannabinoid system.

Osteopathic principles and philosophy are based on an
appreciation of human beings’ triune unity (body, mind,

and spirit), the interrelationship between structure and func-
tion, and the body’s ability to heal itself.1 Osteopathic physi-
cians employ the entire therapeutic armamentarium of tra-
ditional Western medicine while maintaining a “holistic” or
patient-centered approach. Osteopathic physicians augment
standard medical interventions with osteopathic manipula-
tive treatment (OMT), the skillful and dexterous use of the
hands.

The founder of osteopathic medicine, Andrew Taylor
Still, MD, DO, originally intended the discipline to be a drug-
less school of medicine. In his autobiography (1897), Still
wrote, “Man should study and use the drugs compounded
in his own body.”2 Still hypothesized that manipulative treat-
ment stimulated the production of endogenous compounds
that promoted homeostasis and healing.

Candace B. Pert, PhD, the biochemist who discovered the
endorphin receptor in 1972, suggested that massage and
manipulation trigger a release of neuropeptides in patients.3
However, three subsequent studies tested whether OMT
augmented neuropeptide levels (enkephalins and �-endor-
phins) and found no effects.4–6 Although one chiropractic
study reported an increase of plasma �-endorphin in patients
after spinal manipulation,7 two later studies failed to con-
firm these findings.8,9

Investigators have begun studying the relationship
between OMT and the endocannabinoid system.10 The endo-
cannabinoid system, like the better-known endorphin system,
consists of neuroreceptors (cannabinoid receptors) and their
endogenous ligands (endocannabinoids).

The best-known endocannabinoids are anandamide
(arachidonylethanolamide) (AEA) and 2-arachidonoylglyc-
erol (2-AG). Oleylethanolamide (OEA), a natural analogue of
AEA, does not bind to cannabinoid receptors; instead, it
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binds to the peroxisome-proliferator-activated receptor
(PPAR-�), a nuclear receptor that regulates several aspects of
lipid metabolism, and regulates satiety and body weight.11 In
rodent studies, the administration of AEA induced changes
in locomotor activity, antinociception, hypothermia, and
catalepsy, known as the “cannabimimetic tetrad.”12

Anandamide is mimicked by an exogenous plant com-
pound, �9-tetrahydrocannabinol (THC). The effects of THC
and AEA substantially overlap in rodent behavioral studies.13

Anandamide has not yet been clinically tested in humans, so
its effects are unknown; but THC’s well-known effects on
humans include anxiolysis, easement of suffering, increased
sense of well-being, and euphoria,14,15 which are sensations
not easily measured in rodent studies. In human subjects,
the effects of THC have been measured with a neuropsy-
chological questionnaire, the 67-item Drug Reaction Scale
(DRS).16

Osteopathic manipulative treatment has long been
reported to induce psychotropic changes that resemble the
aforementioned reactions induced by THC.17–19 Recently, it
has been proposed that OMT generates these reactions by
stimulating the release of AEA.19,20 A small, uncontrolled
clinical trial (n=1, 5 replications) showed that OMT elicited
cannabimimetic effects that were measurable when the DRS
was administered.10

A conceptually related study demonstrated that the sub-
jective sensation of “runner’s high” in humans correlated
with a rise in serum AEA levels.21 Runner’s high has com-
monly been attributed to changes in serum �-endorphin
levels, but recent studies have not confirmed this hypo-
thesis.22

We hypothesized that OMT and other healing modali-
ties associated with the endorphin system—such as acupunc-
ture, chiropractic, massage, and meditation—may actually be
mediated by the endocannabinoid system.

The purpose of the current study is twofold: (1) to assess
the cannabimimetic effects of OMT by measuring subjects’
DRS responses and serum AEA levels in a dual-blind, ran-
domized controlled trial, and (2) to correlate changes in serum
AEA levels with changes in subjects’ results on the DRS.

Methods
Subjects
The institutional review boards at Unitec (Auckland, New
Zealand) and the University of Texas (San Antonio) approved
the study protocol prior to subject recruitment. All subjects
provided written informed consent. All work was conducted
in accordance with the Declaration of Helsinki.23

Inclusion criteria required subjects to be: (1) in good health,
(2) aged 18 to 80 years, (3) able to read the DRS, its accompa-
nying information sheet, and the informed consent statement
in English, and (4) have previous experience with OMT as a
treatment modality. Subject exclusion criteria were: (1) pre-
vious adverse effects from OMT, (2) currently receiving OMT

in the treatment of acute or chronic conditions, or (3) con-
traindications to blood sampling, including fear of needles.

Sample size was based on a power analysis conducted by
one of the present study’s authors (A.G.) for a previous exper-
iment using similar analytical methods.21

Subjects were 31 volunteers who were recruited and
enrolled within one month of the experiment by convenience
sampling from the patient population of one New Zealand
osteopath (J.K.). Subjects were selected to reflect clinical real-
ities (ie, a generalizable patient population), and were not
restricted (homogenized) to a specific demographic group by
age or sex.

In addition, although risks associated with OMT are min-
imal,24 safety was given a high priority during the design phase
of the study. Therefore, as noted in the exclusion criteria, we
recruited subjects who had previous experience with OMT but
had no history of adverse effects with that treatment modality.
Finally, as noted, no subjects were undergoing treatment for
acute or chronic conditions at the time of the experiment.

Subjects were unpaid volunteers. The only incentive to
participate in this study was one free session of OMT
(NZ $60–$100 value).

Some osteopathic manipulative (OM) and sham manip-
ulative techniques used in this study involved prolonged han-
dling of the top of the head—an area of the body considered
tapu (ie, sacred) by New Zealand’s native Maori people. Con-
sistent with these cultural considerations regarding the cranial
area of the body, and as delineated by the Treaty of Wait-
angi,25 all potential subjects were informed of this aspect of the
study and were reminded of their ability to withdraw from the
study at any time should they so desire.

Interventions
Subjects received OMT (n=16) or control (sham manipulative)
treatment (n=15), randomized by assignment of sealed
envelopes with a numeric coding sequence that was concealed
until interventions were assigned.

To enhance blinding of subjects, we used a calculated
deception protocol. As noted, all subjects were recruited from
the patient population of a New Zealand osteopath (J.K.) who
regularly uses direct OM techniques such as myofascial release;
muscle energy; joint articulation; and high-velocity, low-ampli-
tude thrust. Subjects were unfamiliar with a new, indirect OM
technique called biodynamic osteopathy in the cranial field
(BOCF).19,26

The experiment was described to subjects as a four-arm
trial: direct OM techniques, indirect BOCF, sham direct OM
techniques, and sham indirect BOCF. In actuality, only two
arms were executed: OMT using direct OM techniques or
sham indirect BOCF. Direct OM techniques used in this study
were: myofascial release; muscle energy; joint articulation;
and high-velocity, low-amplitude thrust. These direct OM
techniques are described in precise detail elsewhere.27

The practitioner administering direct OM techniques (J.K.)
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cannabimimetic drugs (THC, marijuana) positively correlated
with increased incidence of the DRS descriptors high, light-
headed, stoned, and hungry, and negatively correlated with DRS
descriptors sober and alert.33

In the present study, the DRS was administered twice to
each subject, immediately pretreatment and posttreatment. Sub-
jects were asked to score each DRS descriptor on a scale of 1 (not
feeling that descriptor at all) to 11 (the strongest feeling ever).

Prior to distribution of the surveys to study subjects, how-
ever, investigators labeled all DRS questionnaires with a num-
bering system to preserve subject anonymity. Once the surveys
were completed by study subjects, all completed question-
naires were shipped to Middlebury, Vermont, for analysis by
personnel who were blinded to treatment assignments (R.M.,
see also Acknowledgments section). Numerical means were then
calculated for each DRS descriptor, tallied from the active
treatment group and the control group (both preintervention
and postintervention), and differences between means were sta-
tistically analyzed with a 2-tailed paired t test.
� Blood Serum Testing
Peripheral blood samples (10 mL) were collected twice via
antecubital vein suction in EDTA (ethylenediamine tetra-acetic
acid) tubes by a certified laboratory technician using standard
sterile techniques. Blood samples were drawn once after sub-
jects completed each DRS questionnaire they were adminis-
tered, approximately 10 minutes pretreatment and 20 min-
utes posttreatment.

Prior to sampling, investigators labeled all EDTA tubes
with a numbering system to preserve subject anonymity.
Immediately after sampling, EDTA tubes were centrifuged
for 10 minutes at 800 � g. The serum layer was transferred to
nonsiliconized glass vials, stored at �80�C, and shipped on dry
ice to the University of Texas for analysis. Under the direction
of a fully blinded study investigator (A.G.), laboratory per-
sonnel performed endocannabinoid measurements also fully
blinded to treatment assignments—as were laboratory per-
sonnel who performed DRS calculations.

had 9 years’ clinical experience using these techniques. The
practitioner administering sham BOCF techniques (E.S.) had
14 years’ clinical experience. Both study protocols were admin-
istered in separate rooms at one clinical site and took 20 min-
utes for their respective practitioners to perform.

Direct OM techniques were delivered in an osteopathic
diagnostic paradigm known as the common compensatory
pattern (CCP) model.28 Diagnosis following this model
addresses specific somatic dysfunctions (eg, at spinal seg-
ments, using TART [tenderness, asymmetry, restricted range
of motion, and tissue texture changes] criteria27) as well as
generalized dysfunctions (eg, fascial and fluid patterns in the
body).29 The CCP protocol calls for physician administration
of individualized treatment plans based on physical findings;
it can also be effective as a preventive treatment plan for people
with no manifest disease or musculoskeletal complaints—
such as the subjects in this study.28,29

In a previous study, treatment based on the CCP model
elicited beneficial physiologic changes in “normal” subjects,
such as decreased heart and respiratory rates, increased tidal
volume, and decreased skin resistance.30

Sham BOCF techniques were delivered with subjects
lying supine on the treatment table while the practitioner (E.S.)
used light manual contact to “treat” subjects’ heads. The prac-
titioner’s attention and “healing intention” were diverted by
silently reciting “subtract serial seven” calculations.31,32

Outcomes Measures
� Drug Reaction Scale
Outcomes measures included the DRS questionnaire and
serum endocannabinoid levels.

The DRS measures changes in 67 descriptors, such as
good, optimistic, and irritated, categorized into indicators of per-
ception, emotion, cognition, and sociability.16 The DRS has
been validated for internal consistency and test–retest reliability;
it has sensitively discriminated between cannabimimetic drugs
and noncannabimimetic drugs.33,34 Administration of
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Table 1
Cannabimimetic Effects of Osteopathic Manipulative Treatment:

Characteristics of Study Subjects (N=31)

Osteopathic Manipulative Sham Manipulative 
Treatment Group, n=16 Treatment Group, n=15

Characteristic No (%)* No (%)*

� Age, y (mean) 40.6 39.9
� Sex
▫ Men 9 (29) 8 (26)
▫ Women 7 (23) 7 (23)

* Percentages reported were rounded for each study group by characteristic. Therefore, the sum
of these percentages may not equal 100%.
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Extraction and quantification of AEA, 2-AG, and OEA
were performed by chemical ionization gas chromatog-
raphy/mass spectrometry using deuterium-labeled AEA, 
2-AG, and OEA as internal standards, similar to methods

described previously.21 Changes in AEA, 2-AG, and OEA
measured pretreatment and posttreatment were subjected to
a 2-tailed paired t test with post hoc analysis using the Tukey
test. Correlations between changes in endocannabinoids and
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Table 2
Cannabimimetic Effects of Osteopathic Manipulative Treatment:

Pre- and Posttreatment Mean Drug Reaction Scale Scores
and Correlations (r Values) in Changes Between Scores and Changes in Serum Levels

Osteopathic Manipulative Sham Manipulative
Treatment Group Treatment Group Serum*

Drug Mean (SD) Mean (SD) Anandamide Oleylethanolamide

Reaction Scale Pretreatment Posttreatment Pretreatment Posttreatment r=�AEA r=�OEA

Active 6.4 (2.6) 5.6 (1.7) 4.7 (2.7) 5.2 (2.6) 0.008 0.059
Anxious 3.3 (2.3) 2.2 (2.1) 3.0 (2.4) 2.4 (1.7) �0.228 �0.022
Bad 2.9 (2.4) 2.4 (2.1) 2.6 (2.6) 2.0 (1.7) �0.399† 0.080
Careless 3.1 (2.4) 3.3 (2.4) 1.4 (0.7) 2.1 (1.4) 0.293 0.010
Cautious 4.0 (2.2) 4.0 (2.4) 4.5 (2.0) 3.9 (3.4) 0.141 �0.013
Coherent 8.1 (2.2) 7.6 (2.2) 7.3 (2.9) 7.5 (2.3) 0.198 0.223
Cold 4.3 (2.9) 3.6 (2.1) 4.2 (3.1) 3.6 (2.7) 0.473† �0.313
Confused 2.5 (2.3) 2.3 (1.4) 3.1 (3.1) 1.6 (1.1) �0.028 �0.104
Consistent 5.0 (2.4) 6.5 (1.8) 7.1 (2.9) 6.2 (2.6) 0.307 �0.151
Creative 5.6 (2.5) 5.9 (1.6) 4.8 (2.8) 5.2 (2.6) �0.044 0.038
Depressed 2.7 (2.5) 1.7 (1.1) 2.2 (1.6) 1.6 (1.2)‡ 0.020 �0.255
Distractible 5.5 (3.3) 4.2 (2.5)‡ 4.1 (2.8) 3.8 (2.3) �0.300 �0.244
Dizzy 2.3 (1.9) 2.5 (2.2) .7 (1.7) 1.9 (1.8) �0.157 0.050
Drunk 1.8 (1.4) 1.7 (1.1) 1.1 (0.3) 1.8 (1.9) �0.169 �0.096
Elated 5.3 (1.9) 5.7 (2.1) 4.5 (2.2) 5.2 (2.0) 0.139 �0.128
Euphoric 4.1 (2.1) 4.9 (2.3) 4.2 (2.3) 4.8 (2.3) 0.006 �0.173
Fast 4.9 (2.9) 4.1 (2.3) 5.4 (2.4) 3.9 (2.3)‡ 0.277 �0.065
Focused 6.0 (2.6) 6.1 (2.8) 5.9 (2.9) 5.3 (2.5) 0.217 �0.407
Forgetful 4.6 (2.7) 3.9 (2.8) 3.9 (2.4) 3.7 (2.6) �0.149 0.219
Free 6.8 (2.6) 7.1 (1.9) 5.9 (2.5) 6.1 (2.1) 0.265 �0.035
Gentle 6.7 (2.1) 6.7 (2.1) 7.2 (2.7) 7.5 (1.8) 0.094 �0.026
Good 7.0 (1.0) 8.3 (1.5)§ 6.7 (1.1) 7.8 (1.8)‡ 0.058 0.108
Happy 7.8 (2.0) 8.7 (1.3)‡ 7.5 (1.7) 8.0 (1.9) 0.244 0.020
Heavy in the Arms 3.3 (2.7) 2.9 (2.3) 2.5 (2.2) 2.3 (2.0) �0.201 0.060
High 4.6 (2.5) 5.7 (2.7)§ 4.2 (3.1) 3.5 (3.2)§ 0.120 �0.260
Hot 3.3 (2.3) 4.1 (2.2) 2.0 (1.3) 2.4 (1.6) �0.354† �0.240
Hungry 3.9 (2.6) 5.0 (2.5)‡ 2.7 (2.7) 3.0 (3.0) 0.187 �0.233
Impatient 3.7 (3.2) 3.3 (2.3) 3.2 (2.5) 2.1 (1.9)‡ �0.037 �0.401
Incapable 1.8 (1.6) 1.6 (0.7) 2.6 (2.6) 1.8 (1.4) �0.046 �0.329
Inept 2.7 (2.5) 2.6 (2.0) 1.9 (1.2) 1.9 (1.5) �0.060 �0.080
Inhibited 2.7 (2.0) 2.1 (1.5)‡ 3.9 (2.9) 3.2 (2.8) �0.159 �0.181
Insensitive 3.4 (2.1) 2.5 (1.6) 2.1 (1.6) 1.9 (1.5) 0.345 0.145
Irritated 2.8 (2.0) 2.1 (2.0) 2.4 (2.3) 1.3 (0.6) �0.132 �0.201
Light Bodied 3.7 (2.1) 4.7 (2.5) 3.1 (2.2) 4.8 (3.1)‡ �0.077 �0.136

(Continued)

* Pearson correlation coefficient (r) between changes in Drug Reaction Scale (DRS) descriptor ratings (scale: 1 to 11) pre- and posttreatment, and
changes in serum anandamide and serum oleylethanolamide levels pre- and posttreatment.

† Significant Pearson correlation between change in DRS descriptor and change in serum anandamide or serum oleylethanolamide.
‡ Significant difference between mean DRS descriptor ratings pre- and posttreatment (P�.05).
§ Significant difference between mean DRS descriptor ratings pre- and posttreatment (P�.005).
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Results
The two study groups shared similar demographic charac-
teristics (Table 1) and can be generalized to a mixed white-
Maori population. No subjects withdrew from the study and

changes in DRS descriptors were tested with the Pearson
product moment correlation coefficient coupled with the
Bartlett �2 test for statistical comparisons.
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Table 2 (Continued)
Cannabimimetic Effects of Osteopathic Manipulative Treatment:

Pre- and Posttreatment Mean Drug Reaction Scale Scores
and Correlations (r Values) in Changes Between Scores and Changes in Serum Levels

Osteopathic Manipulative Sham Manipulative
Treatment Group Treatment Group Serum*

Drug Mean (SD) Mean (SD) Anandamide Oleylethanolamide
Reaction Scale Pretreatment Posttreatment Pretreatment Posttreatment r=�AEA r=�OEA

Light Headed 2.8 (1.9) 4.9 (2.5)§ 2.7 (2.4) 2.8 (2.4) �0.049 �0.184
Lucid 6.7 (2.5) 6.7 (2.8) 6.9 (3.1) 6.7 (2.3) 0.060 0.130
Nauseous 1.9 (1.7) 1.6 (1.2) 1.5 (1.3) 2.0 (2.7) �0.101 �0.561†
Optimistic 6.2 (1.9) 6.7 (2.8) 7.9 (1.4) 6.9 (2.9) 0.262 0.262
Paranoid 1.7 (1.2) 1.6 (0.9) 1.1 (0.5) 1.1 (0.3) �0.357† �0.043
Pessimistic 2.9 (2.3) 2.5 (2.1) 2.4 (2.1) 2.5 (2.1) �0.012 �0.254
Quiet 5.4 (2.0) 5.9 (3.0) 6.5 (2.6) 5.7 (3.2) 0.096 �0.449†
Rational 8.3 (2.2) 7.7 (1.8) 8.1 (2.5) 6.9 (3.0) 0.489† 0.431†
Relaxed 6.0 (1.7) 6.8 (3.0) 5.6 (1.7) 8.4 (1.2)§ 0.164 0.357
Rested 5.8 (1.5) 7.1 (2.7) 5.0 (1.6) 8.0 (1.4)§ 0.019 0.483†
Rough 3.4 (2.8) 3.3 (2.9) 2.1 (1.8) 1.5 (1.2) 0.039 �0.440†
Sad 2.2 (1.7) 1.5 (0.6) 2.3 (2.2) 1.9 (1.9) �0.076 �0.125
Secure 8.1 (2.2) 7.9 (1.9) 7.5 (3.1) 7.0 (2.9) �0.054 �0.132
Seeing Details 5.5 (3.1) 4.3 (1.8) 5.3 (2.5) 5.7 (3.1) 0.218 0.095
Sensitive 5.4 (1.6) 5.6 (2.4) 6.3 (2.0) 5.8 (3.1) 0.167 �0.305
Sexy 4.1 (2.5) 5.1 (2.8) 3.2 (2.5) 3.3 (2.6) 0.144 �0.300
Silly 2.8 (2.5) 2.8 (2.1) 2.6 (2.6) 1.6 (1.6) 0.090 �0.286
Sleepy 4.9 (3.3) 5.7 (3.2) 4.1 (3.1) 5.1 (3.3) 0.153 0.004
Sober 8.7 (2.3) 5.7 (3.3)‡ 9.9 (1.2) 8.5 (3.3) 0.128 0.061
Stoned 1.2 (0.4) 2.1 (1.6)‡ 1.3 (0.6) 1.8 (1.6) 0.109 �0.10
Straight 7.5 (2.7) 7.5 (1.6) 7.9 (3.6) 6.4 (3.6) 0.184 �0.181
Stupid 3.0 (2.8) 2.4 (2.0) 1.7 (1.1) 1.4 (0.9) 0.073 �0.203
Sweaty¶ 2.7 (2.7) 2.0 (1.5) 1.9 (1.8) 1.6 (1.1) 0.020 0.202
Talkative 6.1 (1.8) 5.6 (2.9) 5.7 (1.9) 4.8 (2.6) 0.062 �0.169
Tense 3.7 (2.7) 2.5 (2.4) 3.7 (2.3) 3.0 (3.0) �0.036 �0.157
Thirsty 6.6 (2.7) 6.4 (2.8) 3.8 (2.0) 4.0 (3.0) �0.019 �0.174
Tingling 2.5 (1.3) 2.1 (2.0) 1.9 (1.8) 2.0 (1.9) �0.535† 0.034
Tired 5.9 (2.7) 5.7 (3.1) 6.3 (3.2) 5.9 (2.5) �0.186 �0.004
Uncomfortable 3.7 (2.8) 2.5 (2.1)‡ 2.6 (1.8) 2.0 (1.7) �0.045 �0.028
Unfriendly 2.9 (3.1) 1.7 (1.3) 2.1 (2.1) 1.3 (0.6) 0.134 0.134
Uninhibited 5.1 (2.5) 5.3 (2.8) 6.4 (2.1) 5.5 (3.1) �0.029 �0.377
Useful 7.2 (2.2) 6.7 (2.1) 7.3 (2.4) 7.0 (1.5) 0.109 0.204
Warm 6.3 (2.0) 6.0 (2.0) 4.7 (2.3) 6.1 (2.2) �0.295 0.273

* Pearson correlation coefficient (r) between changes in Drug Reaction Scale (DRS) descriptor ratings (scale: 1 to 11) pre- and posttreatment, and changes in serum
anandamide and serum oleylethanolamide levels pre- and posttreatment.

† Significant Pearson correlation between change in DRS descriptor and change in serum anandamide or serum oleylethanolamide.
‡ Significant difference between mean DRS descriptor ratings pre- and posttreatment (P�.05).
§ Significant difference between mean DRS descriptor ratings pre- and posttreatment (P�.005).
¶ The Drug Reaction Scale descriptor sweaty was used twice to check internal validity. For the second use of the descriptor sweaty, the pre- and posttreatment scores

for patients receiving osteopathic manipulative treatment were 2.7 (2.4) and 2.7 (2.7), respectively; for patients receiving sham manipulative treatment, 1.9 (1.8) 
and 2.0 (2.1), respectively. Serum anandamide levels were �0.110; serum oleylethanolamide levels were �0.127.
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none were unavailable during follow-up.
Subject blinding using the dual-blinding method was

partially successful. The success of blinding precautions were
assessed by investigators at the end of each study group treat-
ment sequence by asking subjects about their perceptions
regarding whether they thought they had received active
OMT or sham manipulative treatment. At this time, subjects
were informed of the calculated deception protocol and the
actual two-arm trial design. When queried as to which pro-
cedure (ie, active or control) subjects thought they had received,
12 (75%) of the 16 participants in the OMT group believed
that they had received active treatment, whereas 4 (25%)
believed they had received the control treatment. Among sub-
jects in the sham manipulative treatment group, 6 (40%)
believed they had undergone the active treatment procedure,
whereas 9 (60%) believed they had received control.

Subjects who received OMT experienced cannabimimetic
effects, as measured by changes in their DRS descriptor scores
(Table 2). These included highly significant increases in inci-
dence of the descriptors high and light-headed, and significant
increases in hungry and stoned, with significant decreases in
sober, inhibited, and uncomfortable.

Subjects who received sham manipulative treatment expe-
rienced mixed effects, with significant changes in the inci-
dence of the noncannabimimetic descriptors good, rested, impa-
tient, depressed, and fast; a significant decrease in the
cannabimimetic descriptor high; and significant increases in the
cannabimimetic descriptors light-bodied and relaxed (Table 2).

In the OMT group, mean posttreatment AEA levels
increased 5.02 pmol/mL over pretreatment levels (Table 3).
Surprisingly, this 168% increase did not reach statistical sig-
nificance (P=.14) because of large standard deviations.

In the sham manipulative treatment group, changes in
AEA levels were negligible with a pretreatment to posttreat-
ment increase of 17% (P=.64). Mean 2-AG levels did not change

between pretreatment and posttreatment measurements in
either group (Table 3). Mean OEA levels decreased 27% in
posttreatment OMT subjects (P=.07), whereas no change was
seen in control subjects (Table 3). Post hoc Tukey testing
revealed no differences in AEA, 2-AG, or OEA levels between
the two groups before treatment. Changes in AEA, 2-AG, and
OEA levels did not correlate with subject age or differ based
on sex.

Changes in AEA and OEA significantly correlated with
nine DRS scores (Table 2). Increases in serum AEA correlated
best with increased feelings of rational (r=�0.49, P=.007) and
cold (r=�0.47, P=.01), and decreased sensations of paranoid
(r=�0.357, P=.05) and bad (r=�0.40, P=.04). Decreases in serum
OEA best correlated with increased feelings of nausea (r=�0.56,
P=.003), rough (r=�0.44, P=.03), quiet (r=�0.44, P=.01), and
decreased feelings of rested (r=�0.48, P=.02) and rational
(r=�0.43, P=.04).

Comment
This experiment utilized a dual-blind, randomized controlled
trial design, which is difficult to perform in clinical OMT
studies. Osteopathic manipulative treatment is notoriously
difficult to blind in controlled studies.35,36 The novel approach
to subject blinding that we chose to use in our study (ie, dual-
blinding) required that we use a calculated deception pro-
tocol. In this protocol, we described our two-arm study to
subjects as a four-arm study. We found this approach to be
somewhat effective, as reported.

As noted, the standard methodology for use in random-
ized controlled trials is termed “double blinding” in the
majority of publications. However, we feel that the most appro-
priate and accurate terminology when investigating the clin-
ical effectiveness of OMT and certain other treatment modal-
ities (eg, surgery, psychotherapy, acupuncture, and
chiropractic) is better described as “dual-blind” to reflect the
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Table 3
Cannabimimetic Effects of Osteopathic Manipulative Treatment:

Serum Levels of Anandamide, 2-Arachidonoylglycerol,
and Oleylethanolamide Among Study Subjects

Osteopathic Manipulative Treatment Group Sham Manipulative Treatment Group
Mean (SD) Mean (SD)

Serum Level, pmol/mL Pretreatment Posttreatment Pretreatment Posttreatment

Anandamide 2.99 (5.39) 8.01 (16.22) 2.26 (4.31) 2.65 (4.38)

2-Arachidonoylglycerol 0.92 (3.31) 0.85 (2.96) ND* 0.003 (0.012)

Oleylethanolamide 15.58 (35.95) 11.43 (30.69) 13.90 (25.40) 14.27 (29.51)

* ND indicates not detected. No serum levels of 2-arachidonoylglycerol were detected within the limits of the assay.
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from 8:30 am to 7:30 pm may have been a confounding
variable in light of recently discovered circadian fluctuations
in AEA and 2-AG.40 Interestingly, a previous OMT study
based on the CCP model showed greatest physiologic
changes in subjects who underwent OMT during the late
afternoon.30 Anandamide has a short half-life in the serum,
so small differences in collection and processing of samples
could result in large variations between samples.

The effects from AEA administration have not been
measured in humans. In rodent studies, administration
of AEA13 or metabolically stable AEA analogs41,42 pro-
duced subtly different effects than THC.13 If post-OMT
changes in DRS scores are assumed to be the result of ele-
vations in AEA, then AEA’s effects on subjects’ DRS scores
were different than THC’s effects on subjects’ DRS scores,
as reported in previous DRS studies.16,33,34 Increased AEA
levels correlated best with an increase in subjects’ DRS
scores in the rational and cold descriptors, and with
decreased subject-reported scores among the descriptors
paranoid, bad, and warm. Increased subject DRS scores in cold
and decreased subject scores for warm were similar to
physiologic results in rodent studies, where AEA pro-
duced hypothermia.12,43

The increase in subject scores for rational and the
decrease in subject scores for paranoid were intriguing
because increased AEA levels have correlated with
decreased psychotic symptoms in schizophrenic patients.44

Osteopathic manipulative treatment has long been noted
to show improvements in patients with schizophrenia,45

and an increase in AEA levels could conceivably provide
a therapeutic mechanism for this patient population. Osteo-
pathic manipulative treatment decreased serum OEA
levels, and this result correlated with decreased feelings of
the descriptor rational. Thus, the effects of OMT on AEA
and OEA may produce additive effects to subjects in the
rational category. Paradoxically, decreases in OEA correlated
with increases in incidence of nausea as well as hunger,
although the correlation with nausea was twice as strong as
that with hunger.

As OMT has long been noted to improve appetite,17 a
decrease in OEA could conceivably provide a mechanism
for decreasing the sense of satiety.11

The common mechanism by which OMT maintained
health, according to Dr Still, was improved cardiovascular
circulation, “The rule of the artery must be absolute, uni-
versal, and unobstructed, or disease will be the result. I pro-
claimed that all nerves depended wholly on the arterial
system for their qualities....”2 Salamon et al46 lend additional
support to Still’s principle by suggesting that OMT aug-
ments blood flow and vasodilatation by stimulating the
release of nitric oxide. Anandamide causes release of nitric
oxide from vascular endothelial cells,47 thus OMT’s release
of AEA links OMT to Salamon et al’s nitric oxide hypothesis.

We plan to extend our investigations of AEA with

inability of researchers and clinical investigators to blind prac-
titioners and caregivers working in these modalities.37

Blinding subjects in the control intervention (sham BOCF)
group was more effective than blinding subjects in the OMT
group. Sham manipulative treatment, in this case sham BOCF,
may be intrinsically easier to blind, because the sham BOCF
practitioner applies a very light touch and follows the sub-
ject’s inherent rhythms (eg, respiratory excursions), so no
movement in the practitioner may be perceived by the subject.19

Thus, sham BOCF can be quite plausible.
Control interventions must be plausible to the subject yet

remain clinically ineffective (ie, carry little or no therapeutic
effect). Sham manipulative treatment is notoriously difficult to
render ineffectively because even the slight application of
human touch and attention may evoke physiologic responses
in subjects.32,35

Rather than conduct an uncontrolled study to maximize
the physiologic effects of OMT, we chose to conduct a con-
trolled study with sham manipulative treatment—with the
known pitfall of potentially diminishing the differences
between OMT and sham manipulative treatment. We chose
this option as preferable to the known pitfalls of conducting an
uncontrolled study, which is vulnerable to detractors as it is not
considered evidence-based medicine.

Laboratory personnel who performed the DRS evaluations
and the endocannabinoid measurements were fully blinded.
As noted, blinding practitioners who delivered OMT and the
sham manipulative treatment protocols was not possible.

Osteopathic manipulative treatment elicited changes in
subjects’ responses to the DRS questionnaire, especially in
cannabimimetic descriptors previously linked with THC
administration, such as high, light-headed, hungry, and
stoned.16,33,34 These psychotropic alterations may explain why
OMT, like THC, has been used to treat depression,38 to improve
appetite,39 and to treat anxiety and provide an improved sense
of health and well-being.18,19

Control subjects recorded a mix of DRS responses, with
a decrease in score for the cannabimimetic descriptor high,
and an increase in score for the noncannabimimetic descriptors
rested and relaxed. The latter descriptors seemed to reflect effects
of the control intervention itself (ie, lying comfortably on a
treatment table in a warm, quiet room).

Although the serum endocannabinoid assays fell short
of statistical significance (��.05) because of large variances, data
trends suggested that OMT selectively increased AEA levels
and decreased OEA levels, rather than influence a general
elevation of circulating endocannabinoid concentrations. Serum
AEA levels more than doubled in post-OMT subjects, and
OEA levels decreased 27% in post-OMT subjects.

Aspects of the experimental design may have biased
toward a beta error: a small study population was used and
there was insufficient homogenization of subjects (ie, too wide
an age range and use of both male and female subjects).

Additionally, the fact that we obtained serum samples
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nitric oxide, using a larger, more homogenized subject
population. Measuring AEA in cerebrospinal fluid, which
is more sensitive than measuring serum levels,44 has been
considered. Perhaps OMT’s effects on endocannabinoids
are amplified in symptomatic subjects or correlate with
somatic dysfunctions documented in specific body regions.
Testing different OM techniques would be interesting (eg,
indirect myofascial release versus direct high-velocity,
low-amplitude thrust), and perhaps more than one treat-
ment with OMT is needed to generate significant differ-
ences.

Acknowledgments
The authors thank Patricia Pruitt, DMV, and Nancy Dutton for tallying
DRS scores and other technical support. The authors also thank Stephen
F. Paulus, DO, at the A.T. Still Library (http://www.interlinea.org)
for his assistance in locating and confirming key quotations of Andrew
Taylor Still, MD, DO.

References
1. Ward RC, ed. Foundations for Osteopathic Medicine. 2nd ed. Philadelphia,
Pa: Lippincott Williams & Wilkins; 2003.

2. Still AT. Autobiography of A.T. Still [e-book]. 1897. Electronic library: early
American manual therapy page. Meridian Institute: Monterey, Calif; 2004.
Available at: http://www.meridianinstitute.com/eamt/files/still3/st3cont.html.
Accessed May 12, 2005.

3. Pert C. Foreword. In: Oschman JL. Energy Medicine: The Scientific Basis of
Bioenergy Therapies. Edinburgh, UK: Churchill Livingstone; 2000: ix–xi.

4. Richardson DL, Kappler R, Klatz R, Tarr R, Cohen D, Bowyer R, et al. The
effect of osteopathic manipulative treatment on endogenous opiate con-
centration [abstract]. J Am Osteopath Assoc. 1984;84:127.

5. Thornburg JE, Beal MC, Barnes S, Demarest KT. Neuroendocrine responses
to an osteopathic manipulative procedure, cold stress, and orthostasis in
normal volunteers [abstract]. J Am Osteopath Assoc. 1985;85:673–674.

6. Baumeier JL, Kuchera MM. The effects of osteopathic manipulative treat-
ment (CV4 technique) on human plasma �-endorphin levels [abstract]. J Am
Osteopath Assoc. 1989;89:1354–1355.

7. Vernon HT, Dhami MS, Howley TP, Annett R. Spinal manipulation and �-
endorphin: a controlled study of the effect of a spinal manipulation on
plasma �-endorphin levels in normal males. J Manipulative Physiol Ther.
1986;9:115–123.

8. Christian GF, Stanton GJ, Sissons D, How HY, Jamison J, Alder B, et al.
Immunoreactive ACTH, �-endorphin, and cortisol levels in plasma following
spinal manipulative therapy. Spine. 1988;13:1411–1417.

9. Sanders GE, Reinert O, Tepe R, Maloney P. Chiropractic adjustive manip-
ulation on subjects with acute low back pain: visual analog pain scores and
plasma �-endorphin levels. J Manipulative Physiol Ther. 1990;13:391–395.

10. McPartland JM. The serendipity of health and the botany of desire. In:
UNITEC Research and Development Report 2001–2002. Auckland, NZ: UNITEC
Press; 2002:42–43.

11. Rodriguez de Fonseca F, Navarro M, Gomez R, Escuredo L, Nava F, Fu J,
et al. An anorexic lipid mediator regulated by feeding. Nature. 2001;
414:209–212.

12. Smith PB, Compton DR, Welch SP, Razdan RK, Mechoulam R, Martin
BR. The pharmacological activity of anandamide, a putative endogenous
cannabinoid, in mice. J Pharmacol Exp Ther. 1994;270:219–227.

13. Wiley J, Balster R, Martin B. Discriminative stimulus effects of anan-
damide in rats. Eur J Pharmacol. 1995;276:49–54.

14. Weil AT, Zinberg NE, Nelsen JM. Clinical and psychological effects of
marihuana in man. Science. 1968;162:1234–1242.

15. Musty RE. Cannabinoid therapeutic potential in motivational processes,
psychological disorders and central nervous system disorders. In: Onaivi ES, ed.
Biology of Marijuana: From Gene to Behavior. London: Taylor & Francis Inc;
2002: 45–74.

16. Karniol IG, Shirakawa I, Takahashi RN, Knobel E, Musty RE. Effects of �9-
tetrahydrocannabinol and cannabinol in man. Pharmacology. 1975;13:502–512.

17. Hazzard C. The Practice and Applied Therapeutics of Osteopathy. 2nd ed.
Kirksville, Mo: Journal Printing Co; 1901.

18. Beal MC. Manipulative therapy for the aging. J Am Osteopath Assoc.
1956;55:674–677.

19. McPartland JM, Skinner E. Biodynamic osteopathy in the cranial field. In:
Liem T. Cranial Osteopathy: Principles and Practice. 2nd ed. Edinburgh, UK:
Elsevier Churchill Livingstone; 2005:653–674.

20. McPartland JM. Travell trigger points—molecular and osteopathic per-
spectives [review]. J Am Osteopath Assoc. 2004;104:244–249. Available at:
http://www.jaoa.org/cgi/content/full/104/6/244. Accessed June 21, 2005.

21. Sparling PB, Giuffrida A, Piomelli D, Rosskopf L, Dietrich A. Exercise acti-
vates the endocannabinoid system. Neuroreport. 2003;14:2209–2211.

22. Harbach H, Hell K, Gramsch C, Katz N, Hempelmann G, Teschemacher H.
�-endorphin (1-31) in the plasma of male volunteers undergoing physical
exercise. Psychoneuroendocrinology. 2000;25:551–562.

23. Ethics Unit: Declaration of Helsinki page. World Medical Association
Web site. Available at: http://www.wma.net/e/ethicsunit/helsinki.htm. Accessed
June 23, 2005.

24. Greenman PE, McPartland JM. Cranial findings and iatrogenesis from cran-
iosacral manipulation in patients with traumatic brain syndrome. J Am
Osteopath Assoc. 1995;95:182–188,191–192.

25. The Treaty of Waitangi page. Treaty of Waitangi Information Programme
Web site. Available at: http://www.treatyofwaitangi.govt.nz/treaty/. Accessed
June 23, 2005.

26. Jealous J. Jim Jealous, DO. Healing and the natural world. Interview by
Bonnie Horrigan. Altern Ther Health Med. 1997 Jan;3:68–76.

27. Greenman PE. Principles of Manual Medicine. 3rd ed. Philadelphia, Pa:
Lippincott Williams & Wilkins; 2003.

28. Pope RE. The common compensatory pattern: its origin and relationship
to the postural model. Amer Acad Osteopath J. Winter 2003;14:19–40. Avail-
able at: http://www.erikdalton.com/articleCCPThesis.pdf. Accessed June 21,
2005.

McPartland et al • Original Contribution

ORIGINAL CONTRIBUTION



JAOA • Vol 105 • No 6 • June 2005 • 291

39. Kneeland GL. Manipulative treatment rather than diet should be used
for dyspepsia. Osteopath Prof. 1952;19(7):16–19,44–46.

40. Valenti M, Vigano D, Casico MG, Rubino T, Steardo L, Parolaro D, et al.
Differential diurnal variations of anandamide and 2-arachidonoyl-glycerol levels
in rat brain. Cell Mol Life Sci. 2004;61:945–950.

41. Jarbe TU, DiPatrizio NV, Li C, Makriyannis A. The cannabinoid receptor
antagonist SR-141716 does not readily antagonize open-field effects induced
by the cannabinoid receptor agonist (R)-methanandamide in rats. Pharmacol
Biochem Behav. 2003;75:809–821.

42. Wiley JL, LaVecchia KL, Karp NE, Kulasegram S, Mahadevan A, Razdan
RK, et al. A comparison of the discriminative stimulus effects of �9-tetrahy-
drocannabinol and O-1812, a potent and metabolically stable anandamide
analog, in rats. Exp Clin Psychopharmacol. 2004;12:173–179.

43. Fride E, Mechoulam R. Pharmacological activity of the cannabinoid
receptor agonist, anandamide, a brain constituent. Eur J Pharmacol.
1993;231:313–314.

44. Giuffrida A, Leweke FM, Gerth CW, Schreiber D, Koethe D, Faulhaber J,
et al. Cerebrospinal anandamide levels are elevated in acute schizophrenia
and are inversely correlated with psychotic symptoms. Neuropsychophar-
macology. 2004;29:2108–2114.

45. Hildreth AG, Still FM. Schizophrenia. 1939. J Am Osteopath Assoc.
2000;100:506–510. Available at: http://www.jaoa.org/cgi/reprint/100/8/506.
Accessed June 22, 2005.

46. Salamon E, Zhu W, Stefano GB. Nitric oxide as a possible mechanism
for understanding the therapeutic effects of osteopathic manipulative
medicine [review]. Int J Mol Med. 2004;14: 443–449.

47. Deutsch DG, Goligorsky MS, Schmid PC, Krebsbach RJ, Schmid HH, Das SK,
et al. Production and physiological actions of anandamide in the vascula-
ture of the rat kidney. J Clin Invest. 1997;100:1538–1546. Available at:
http://www.jci.org/cgi/content/full/100/6/1538. Accessed June 22, 2005.

29. Zink JG, Lawson WB. An osteopathic structural examination and functional
interpretation of the soma. Osteopath Ann. 1971;7(12):12–19.

30. Ortley GR, Sarnwick RD, Dahle BS, Zink JG, Kilmore MA. Recording of phys-
iologic changes associated with manipulation in healthy subjects [abstract].
J Am Osteopath Assoc. 1980;80:228–229.

31. Quinn JF. Therapeutic touch as energy exchange: testing the theory.
ANS Adv Nurs Sci. January 1984;6:42–49.

32. Jonas WB, Crawford C. Healing, Intention and Energy Medicine. London:
Churchill Livingstone; 2002.

33. Musty RE, Karniol IG, Shirakawa I, Takahashi RN, Knobel E. Interactions
of �9-tetrahydrocannabinol and cannabinol in man. In: Braude MC, Szara S,
eds. The Pharmacology of Marihuana. New York: Raven Press; 1976:559–563.

34. Musty RE. Individual differences as predictors of marihuana phe-
nomenology. In: Chessher G, Consroe P, Musty RE, eds. Marihuana: An Inter-
national Research Report. Canberra: Australian Government Publishing Ser-
vice; 1988:201–207.

35. Licciardone JC, Stoll ST, Fulda KG, Russo DP, Siu J, Winn W, et al. Osteo-
pathic manipulative treatment for chronic low back pain: a randomized con-
trolled trial. Spine. 2003;28:1355–1362.

36. Noll DR, Degenhardt BF, Stuart M, McGovern R, Matteson M. Effective-
ness of a sham protocol and adverse effects in a clinical trial of osteopathic
manipulative treatment in nursing home patients. J Am Osteopath Assoc.
2004;104:107–113. Available at: http://www.jaoa.org/cgi/content/full/104/3/107.
Accessed June 22, 2005.

37. Caspi O, Millen C, Sechrest L. Integrity and research: introducing the
concept of dual blindness. How blind are double-blind clinical trials in alter-
native medicine? [review] J Altern Complement Med. 2000;6:493–498.

38. Plotkin BJ, Rodos JJ, Kappler R, Schrage M, Freydl K, Hasegawa S, et al.
Adjunctive osteopathic manipulative treatment in women with depression:
a pilot study. J Am Osteopath Assoc. 2001;101:517–523. Available at:
http://www.jaoa.org/cgi/reprint/101/9/517. Accessed June 22, 2005.

McPartland et al • Original Contribution

ORIGINAL CONTRIBUTION


