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O'HALLORAN, J. P., R JEVNING, A. F WILSON, R. SKOWSKY, R. N. WALSH AND C. ALEXANDER. Hor- 
monal control in a state of decreased activation Potenttatlon of argmme vasopressln secretton. PHYSIOL BEHAV 35(4) 
591-595, 1985 --Behaviorally induced stress is associated with increased arginme vasopressln (AVP) secretion. In this 
report we describe a phasic conditioned response of AVP secretion yielding 2.6--7.1 times normal plasma concentration of 
this hormone m assocmtlon w~th a physmlog~cal state of decreased activation, that associated with the mental technique of 
"transcendental meditation" (TM) in long-term practltmners (6-8 years of regular elicitation) Such a very large phastc 
response of AVP was previously unknown m the normal physmlogy of AVP. This elevation was not accompanied by 
elevatmn of plasma osmolality. Unstyllzed ordinary eyes closed rest in a separate group of subjects studied in the same 
manner was associated with normal plasma AVP concentration. Galvanic skin resistance (GSR) increased dunng both TM 
and rest with significantly larger increase assocmted with TM. Other measures of activation, including muscle metabolism, 
and the Spielberger Anxiety Inventory indicated marked relaxatmn in associatmn with TM. In previous research it has been 
shown that blood pressure does not change acutely dunng th~s behavmr. These observations in&cate that neither stress nor 
operatmn of other usual homeostatic control mechamsms are responsible for elevated for AVP in the meditators. It is specu- 
lated that the apparently unique mechanism of TM-mduced AVP secretion may be more specifically related to the 
behavmral effects of meditatmn. 

Hormones Meditation Consciousness Hypometabolism TM 

ARGININE vasopressin (AVP) is a nonapeptide which is 
synthesized within the central nervous system in medial hy- 
pothalamic nuclei. It is axonally transported to various brain 
regions including ependymal cells lining the third ventricle as 
well as to the posterior lobe of the pituitary gland from where 
it is secreted into the systemic circulation. Well established 
physiologic actions of AVP include regulation of total body 
fluids, blood volume and vasoconstrictor effects on the 
smooth muscle of the vascular system [25]. Although the 
mechanisms are obscure, recent studies of the effects of pe- 
ripheral and central administration of exogenous vasopressin 
and its neurally active analogues in animals and humans 
suggest involvement in a variety of cognitive processes in- 
cluding learning and memory functions [5, 7, 8] and, more 
specifially, the acquisition and retention of adaptive behav- 
ior patterns [4,8]. Additional reported effects of AVP in hu- 
mans suggest psychotherapeutic and behavior-modifying 
properties [9,34] as well as improvement of attentional proc- 
esses [ 1]. Implicit in many of these reports is the notion that 
naturally occurring modification of existing, or acquisition of 

new behavior patterns may be facilitated by an increase of 
endogenous AVP activity centrally and/or peripherally. 
However, except for states of stress, potentiation of AVP 
secretion associated with behavior modification or adapta- 
tion has not been demonstrated. 

The purpose of the present study was to determine if 
long-term, regular practice of the technique of "tran- 
scendental meditation" (TM), reported to induce numerous 
behavioral changes [10, 12, 16, 22, 28], may be associated 
with altered secretion of AVP. This behavior, elicited twice 
daily in the morning and evening for 20--40 minute periods by 
the regular practitioner, is associated with major physiologic 
changes in long-term subjects [17-19]. 

METHOD 

Twelve subjects, six long-term meditation practitioners 
(5-10 year instructors of TM) and six non-meditating indi- 
viduals ("ordinary rest" group), were studied. All subjects 
were normal, university educated individuals and did not use 
tobacco, alcohol or regular medication. Their ages ranged 

1Requests for reprints should be addressed to R. Jevning, Departments of Medicine and Physiology, University of Califorma, Irvine, Irvme, 
CA 92717. 
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FIG. 1. Plasma concentrations (mean_+S E ) of AVP for the TM 
group ($---$) and for the ordinary rest group (©----©1 before, 
dunng and after an eyes-closed penod of either meditatmn or rest 
The additional point for the TM group represents the mean pAVP 
level in samples taken on a &fferent day than the time senes sam- 
ples. These separate samples were taken at a time of day dLfferent 
from the usual t~me at which these subjects routinely practme TM 
(12-1 p.m.) 

from 22 to 31 years (mean of 26 in both groups). Each group 
consisted of 4 men and 2 women. The ordinary rest group 
was composed of individuals who did not practice any form 
of systematic relaxation nor any meditation technique. 

Blood sampling procedures were conducted in a small, 
semi-soundproof enlcosure and all samples were collected 
between 9 and 10:30 a.m., a time period approximating the 
typical time of morning at which these subjects regularly 
practice meditation. Subjects were familiarized with the lab- 
oratory and its personnel on a day previous to the day of the 
experiment. Written informed consent was obtained from 
each subject on this occasion. 

Arterial (brachial) and venous catheters (1.5 in 20-gauge 
Longdwell) were inserted into the arms of recumbent sub- 
jects following local anesthesia with a 1% lidocaine solutmn. 
Electroencephalographic (EEG) and galvanic skin resistance 
(GSR) leads were also attached. The monopolar EEG was 
recorded from C2-1eft mastoid process with forehead as 
ground using Grass silver cup electrodes. EEG records from 
a Grass model 7 polygraph (with low and high half-amplitude 
filters set at 0.15 and 35 hz, respectively) were scored in 
30-sec epochs according to the criteria of Rechstaffen and 
Kales [24]. GSR measures were denved from 9 mm Ag-AgC1 
electrodes attached to thenar and hypothenar eminences of 
the right palm. A Grass DC amplifier was used. GSR data 
was analyzed by calculating relative fractional differences of 
resistance values during the eyes-closed period (one minute 
intervals), compared to the value at the start of the eyes- 
closed period. After a 2 hours equilibration period to allow 
any changes associated with catheter placement to be at- 
tenuated, subjects were seated in a comfortable chair inside 
the enclosure. Intravenous extension lines were then at- 
tached, allowing blood to be drawn from outside the en- 
closure without disturbing the subject. Blood samples were 
drawn through 3-way stepcocks, connected to flexible 36- 
inch extension lines, kept patent with a heparinized saline 
solution. To facilitate meditation/relaxation, room lights 

were dimmed and noise was minimized during the e\pcr~- 
ment. 

Using a time series experimental design [ 14], blood sam- 
pies were drawn at 15 minute intervals over a 90 minute 
period, div,ded into a 15 minute (eyes-open) pre- 
meditatmn/pre-rest period, a 45 minute (eyes-closed) me&- 
tation/rest period and a 30 minute (eyes-open) post- 
meditation/post-rest period For the purpose of assessing 
psychologic stress each subject completed a Splelberger 
State-Trait Anxiety Inventory or STAI [33] both before and 
following the experimental period Forearm oxygen con- 
sumption, an indicator of skeletal muscle activity, was also 
determined and has been reported previously [18]. On a 
separate day, an additmnal single blood sample was taken 
from each meditation subject between 12-1 p m , ,t Ume dif- 
ferent from their routine medltatmn practme time. 

Blood samples were placed in chilled tubes and serially 
centrifuged (5°C) at 6000 g for 8 minutes and the separated 
plasma specimens stored at 70°C until assayed. Plasma ar- 
ginme vasopressin (pAVP) was quantitated under double- 
blind conditions using a highly specific radimmmunoassay 
[31]. Radioimmunoassay characterlstms Include a sensmvlty 
of 0 2 jzU/ml (0.6 pg/ml) and a C,V of 4.8% within assay and 
9.6% between assay. The antiserum used (R-71) has negligi- 
ble crossreact~wty w~th argmine vasotocm (AVT), the ratio 
of AVT:AVP at 50% binding is 350:3, and oxytocm did not 
exhibit any s~gmficant cross reactmn with labelled antigen 

RESULFS 

pAVP concentrations (mean-+S E.) for both groups are 
shown m Fig. 1. Initial mean AVP concentration of the TM 
group was approximately 5 times that of the rest group; mean 
values for the me&tation group ranged from 2.6 to 7.1 times 
the corresponding mean values for the rest group throughout 
the experiment. Of the 42 ind,wdual data points m each 
group, there was complete separation of AVP concentration 
between groups except at one point. Mean AVP levels were 
significantly different between rest and TM groups m the 
ANOVA (p<0.001). Regression coefficients of AVP change 
over time also differed significantly between groups (p <0.05) 
with a linear increase characterizing the TM group. Mean 
pAVP values for the rest group were within the normal range 
for measurements m this laboratory on healthy subjects 
(0,75_+0.50 ~zU/ml; [31]). pAVP levels in the single, separate 
samples drawn at a different Ume of day from those of the 
time series experiment were also w~thin the normal range in 
meditation subjects. 

Plasma osmolality values for both groups were within the 
range of values for normal ambulatory subjects (289_+5: 
[24,31]). Plasma osmolality did not vary s~gnificantly over 
time for either group, nor was there any significant differ- 
ence between groups at any time point. 

Scores on the STAI were significantly lower for the medi- 
tation group compared to the rest group both before and 
following the sampling period for both "A-state" and "A- 
trait" anxiety indices (Table 1). There was no significant 
change of STAI scores over the course of the sampling 
period for either group. Imtial GSR values (taken at the start 
of the eyes closed, meditation/relaxation period) showed no 
significant difference between subject groups. Both groups 
showed significant increase of GSR levels (Fig. 2) over the 
duration of the eyes-closed meditation/relaxation period with 
a significantly larger increase (p<0.01) associated with TM. 
Forearm respiration (mostly due to muscle) declined mark- 
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TABLE 1 
SPIELBERGER STATE-TRAIT ANXIETY INVENTORY SCORES 
MEAN (-+SE) FOR BOTH MEDITATION AND REST GROUPS, BEFORE 

AND AFTER THE EYES-CLOSED EXPERIMENTAL PERIOD 

State p * Trait p* 

Pre-experimental 23.17 (2.84) 25.32 (2.29) 
(meditation) p <0.01 

Pre-experimental 34.61 (4.98) 36.24 (7.56) 
(rest) 

Post-experimental 22.05 (1.81) 24.19 (2.86) 
(meditation) p <0.01 

Post-experimental 32.10 (4.69) 34.38 (7.31) 
(rest) 

p<O.05 

p<O.05 

*Scores were compared using the t-test for mdependent groups. 

edly during TM (28%) with smaller decline accompanying 
rest (11%); these data have been reported previously [18]. 

EEG recordings showed no significant difference be- 
tween the two groups, with alpha activity predominating dur- 
ing 90% of the eyes-closed period for both meditation and 
rest groups. Approximately 10% of the time was spent in 
stage I sleep. 

DISCUSSION 

The observed pAVP values in the meditation group are 
unusually high for healthy subjects. This elevation is not the 
result of a known endogenous rhythm, because AVP does 
not exhibit circadian variation during light hours in mamma- 
lian species, including man [27], although small, random noc- 
turnal fluctuations of AVP averaging 0.6/~U/ml have been 
reported [13, 15, 29]. 

That elevation of pAVP in the meditation group is tran- 
sient is indicated by the normal levels of AVP found in sam- 
ples taken at a different time of day in each meditation sub- 
ject. Also, if the increase in AVP levels had been sustained 
over a period of several hours prior to the experiment, 
plasma osmolality values would have been expected to be 
lower than those observed (due to antidiuresis). Finally, sub- 
jects did not exhibit obvious signs of excess water retention. 
Therefore, it seems probable that the elevation of AVP in 
these subjects is associated with their routine meditation 
practice at this time of day, although there was not an acute 
release of AVP precisely linked with meditation onset. 

The high levels of AVP prior to the actual start of medita- 
tion practice ( -  15 min sample) suggests a process of condi- 
tioning. Such an effect has not, however, previously been 
reported in other studies of hormones in meditation. This 
may indicate that the physiologic processes associated with 
regular, daily elicitation of this behavior may induce and 
entrain vasopressin secretion. It is interesting that the puta- 
tive conditioning process does not reflect in basal GSR, as 
well. However, the usual relationship between sympathetic 
activity and AVP secretion apparently does not apply in this 
behavior, as we discuss below. 

The mechanism of increased AVP may be either de- 
creased AVP clearance or increased AVP secretion from the 
posterior pituitary. The first alternative is unlikely for sev- 
eral reasons. AVP is primarily cleared by the liver and kid- 
neys, and previous study [19] of the distribution of blood 
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FIG. 2. Mean GSP values during and following the eyes-closed 
period for the TM group (O--Q) and for the ordinary rest group 
(0-- --0). 

flow during meditation and rest found no difference of hepa- 
tic/renal blood flow between meditation and rest prior to the 
eyes-closed meditation]rest period. Although a 40% decline 
of hepatic blood flow during meditation was reported (with a 
12% non-significant decline during rest), this decline would 
be expected to increase AVP values acutely by a maximum 
of 70% during or after meditation, assuming an 18 min half- 
life for AVP in whole blood and a secretion rate averaging 
2000/~U/15 minutes [26]. This contrasts with the persisting 
concentrations of 2.6-7.1 times normal levels that were ob- 
served. It is therefore probable that the mechanism of in- 
creased AVP secretion is primary in the genesis of high 
plasma AVP concentration in the TM group rather than the 
mechanism of decreased clearance. 

One of the most potent known stimuli of AVP release is 
blood hypertonicity. However, plasma osmolality values 
were normal for both groups at all points in the sampling 
series and did not change or differ significantly between 
groups. Additional, nonosmotic factors known to strongly 
potentiate AVP release in man include acute decline of arte- 
rial blood pressure, decrease in total blood volume, change 
in body posture and psychologic stress [26]. Increased AVP 
release due to acute drop in arterial blood pressure can be 
excluded because several studies have shown that medita- 
tion practice is not associated with acute variation of blood 
pressure [21,35]. Experimental procedures eliminated signif- 
icant alteration of total blood volume or body posture as 
possible contributors to increased AVP secretion, since the 
small volumes of blood drawn during sampling were simulta- 
neously replaced with identical volumes of isotonic saline, 
and subjects sat erect throughout the sampling period. 

Several measures obtained in this study also rule out con- 
tribution of psychologic stress: GSR data indicated progres- 
sive decrease of sympathetic nervous system activity during 
the eyes-closed period for both groups; EEG activity re- 
corded was consistent with relaxed wakefulness; marked 
decline of forearm muscle respiration in the meditation group 
indicated muscular relaxation [18]. Finally, before and after 
the experiment, STAI scores for the meditation group were 
significantly lower than those of the rest group and were well 
below average values for normal college age subjects [33] for 
both state anxiety (suggesting a decreased level of tension 
and apprehension) and trait anxiety (suggesting a decreased 
"anxiety proneness" or lessened tendency to respond to 
situations perceived as threatening with elevations in state 
anxiety intensity). 

The high level of pAVP associated with meditation is, 
therefore, due to other than usually accepted homeostatic 
modulation of the releasing mechanism. It is of particular 
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interest  that th~s state of  decreased act ivat ion along with ~ts 
opposite,  states o f  stress,  should both be associa ted with 
increased AVP secretion.  The data of  th~s study do not en- 
able understanding of  the specific m e c h a m s m  of  increased 
secret ion,  tt is known,  however ,  that e i ther  a special  feature 
of  TM and/or  its repeated elicltatlon is assocmted  with o ther  
hormonal  changes,  especial ly m the long-term pract i t ioner ,  
including increased prolactin [20] and markedly  decreased  
cortisol  secret ion [17]. A role of  subject  select ion is possible,  
al though it is unhkely,  since p A V P  levels  of  the magnitudes 
have not been observed  in a large number  of  [26] measure-  
ments  this laboratory except  m cases of  disease 

If the increased AVP secret ion in this s tudy is not associ- 
ated with ei ther homeostas is  or stress, it seems reasonable to 
propose  an action related to the behavioral  effects  of  me&- 
tation practice.  Such an action presumes  an ablhty of  periph- 
eral AVP to affect the central  nervous  system. This would 
not be incongruent  with previous reports  [4-8] which have 
shown an abihty of  per ipheral ly-adminis tered AVP (as well 
as synthetic AVP analogs) to affect learning and memory .  
The  m e c h a m s m  of action in such instances is not clear. In 
particular,  the quest ion of  blood-brain ba rne r  (BBB) pene- 
tration has yet to be answered,  al though it is widely held that 
neuropept ides  m general  do not cross the BBB m biologically 
significant amounts .  It should be noted,  however ,  that retro- 

grade transport  of  pttuitary hormones  back Into the brain 
may provide  an explanat ion [7] 

Based upon ev idence  this ability ol peripherally- 
administered AVP and its analogs to modify human and 
animal behavior ,  it is tempting to speculate that increased 
peripheral  A V P  achvi ty  may mediate repor ted  effects of  TM 
on learning, memory ,  and psychotherapeut lc  processes  I I 1, 
12, 32], and that the mechamsm of  its increased secret ion m 
me&tat ion  may be more specifically related to its role as a 
psychochemical .  Their  data  also further  support  previous 
research in&cating specificity of  TM (in the very long-term 
subject) among rest states in ~ts effects on hormones ,  me- 
tabolism, and circulat ion [17-20] 

ACKNOWLEDGEMENTS 

The authors wish to acknowledge gratefully the financial support 
of The Natmnal Institute of Health, Grant No NHLBI27894 and the 
MacArthur Foundation m thts research 

NOTE ADDED 1N PROOF 

In measurements  jus t  comple ted ,  p lasma oxy tocm con- 
centrat ions have been found to be normal  and unchanged 
during the exper iment  in both meditat ion and rest  subjects.  
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