
our experiments by condensation of 
acetaldehyde with epinephrine or norepi- 
nephrine have not yet been studied. 

We observed TIQ alkaloids by fluo- 
rescence microscopy in the adrenals of 
rats treated in vivo with methanol, a 
metabolic precursor of formaldehyde 
(23). In 1961, Mclsaac (24) reported 
the presence of a 1,2,3,4-tetrahydro- 
fl-carboline alkaloid in the urine of rats 
treated with ethanol, 5-methoxytrypt- 
amine, iproniazid (a monoamine oxi- 
dase inhibitor), and disulfiram (an 
aldehyde oxidase inhibitor). The Pictet- 
Spengler condensation of acetaldehyde 
with tryptamines to form tetrahydro-f8- 
carbolines is analogous to the condensa- 
tion with catecholamines to yield TIQ 
alkaloids; if formed in tissues, the tetra- 
hydro-fl-carbolines could play a role in 
alcoholism analogous to the one we 
postulate for the TIQ alkaloids. 

Our experiments demonstrate the rel- 
ative ease of formation of TIQ alkaloids 
in adrenal tissue. Other areas where 
these alkaloids might form are in adre- 
nergic fibers of the sympathetic nervous 
system and brain. These alkaloids retain 
the original catecholamine structure, 
but ring closure prevents free rotation 
of the ethanolamine side chain; if the 
resultant conformational state were to 
correspond to that required for binding 
to smooth muscle or brain receptor 
sites, these substances could be unique 
neurotransmitter or blocking agents. 
Since the TIQ alkaloids were not lost 
during the final perfusion of the glands 
with saline, it appears that they may be 
bound in tissues, perhaps at the same 
loci as the catecholamines. If so, they 
would be in a unique anatomical loca- 
tion to function physiologically, al- 
though present in small amount. We 
suggest that the TIQ alkaloids, either 
actively secreted or leaked from nerve 
termini, contribute to the behavior 
changes caused by alcohol. The charac- 
teristic neurological disturbances, such 
as hyperexcitability, tremulousness, hal- 
lucinosis, and seizures, which occur 
when concentrations of alcohol in the 
blood are falling or absent, could be due 
to the persistent physiologic actions of 
the TIQ alkaloids. In this way, the ac- 
tions of these alkaloids could under- 
lie the process of physical dependence 
and addiction in alcoholism. 

GERALD COHEN 

MICHAEL COLLINS 

Columbia University College of 

our experiments by condensation of 
acetaldehyde with epinephrine or norepi- 
nephrine have not yet been studied. 

We observed TIQ alkaloids by fluo- 
rescence microscopy in the adrenals of 
rats treated in vivo with methanol, a 
metabolic precursor of formaldehyde 
(23). In 1961, Mclsaac (24) reported 
the presence of a 1,2,3,4-tetrahydro- 
fl-carboline alkaloid in the urine of rats 
treated with ethanol, 5-methoxytrypt- 
amine, iproniazid (a monoamine oxi- 
dase inhibitor), and disulfiram (an 
aldehyde oxidase inhibitor). The Pictet- 
Spengler condensation of acetaldehyde 
with tryptamines to form tetrahydro-f8- 
carbolines is analogous to the condensa- 
tion with catecholamines to yield TIQ 
alkaloids; if formed in tissues, the tetra- 
hydro-fl-carbolines could play a role in 
alcoholism analogous to the one we 
postulate for the TIQ alkaloids. 

Our experiments demonstrate the rel- 
ative ease of formation of TIQ alkaloids 
in adrenal tissue. Other areas where 
these alkaloids might form are in adre- 
nergic fibers of the sympathetic nervous 
system and brain. These alkaloids retain 
the original catecholamine structure, 
but ring closure prevents free rotation 
of the ethanolamine side chain; if the 
resultant conformational state were to 
correspond to that required for binding 
to smooth muscle or brain receptor 
sites, these substances could be unique 
neurotransmitter or blocking agents. 
Since the TIQ alkaloids were not lost 
during the final perfusion of the glands 
with saline, it appears that they may be 
bound in tissues, perhaps at the same 
loci as the catecholamines. If so, they 
would be in a unique anatomical loca- 
tion to function physiologically, al- 
though present in small amount. We 
suggest that the TIQ alkaloids, either 
actively secreted or leaked from nerve 
termini, contribute to the behavior 
changes caused by alcohol. The charac- 
teristic neurological disturbances, such 
as hyperexcitability, tremulousness, hal- 
lucinosis, and seizures, which occur 
when concentrations of alcohol in the 
blood are falling or absent, could be due 
to the persistent physiologic actions of 
the TIQ alkaloids. In this way, the ac- 
tions of these alkaloids could under- 
lie the process of physical dependence 
and addiction in alcoholism. 

GERALD COHEN 

MICHAEL COLLINS 

Columbia University College of 
Physicians and Surgeons and 
New York State Psychiatric Institute, 
New York 10032 

27 MARCH 1970 

Physicians and Surgeons and 
New York State Psychiatric Institute, 
New York 10032 

27 MARCH 1970 

References and Notes 

1. H. Corrodi and N. A. Hillarp, Helv. Chim. 
Acta 47, 911 (1964). For a review see H. Cor- 
rodi and G. Jonsson, J. Histochem. Cytochem. 
15, 65 (1967). 

2. A. Pictet and T. Spengler, Chem. Ber. 44, 2030 
(1911). 

3. W. Whaley and T. R. Govindachari, Org. 
React. 6, 151 (1951). 

4. U. S. von Euler and U. Hamberg, Science 110, 
561 (1949). 

5. For each catecholamine, the products formed 
with formaldehyde migrated with different Rp 
than those formed with acetaldehyde. 

6. The 6,7-dimethoxy analog of TIQ, prepared 
from /3-(3,4-dimethoxyphenyl)-ethylamine and 
formaldehyde according to J. S. Buck [J. Amer. 
Chem. Soc. 56, 1769 (1934)], was demethylated 
by refluxing under nitrogen with concentrated 
HBr. 

7. H. Corrodi, N. A. Hillarp, G. Jonsson, J. Histo- 
chem. Cytochein. 12, 582 (1964). 

8. E. D. Bergman, Chem. Rev. 53, 309 (1953); 
C. F. H. Allen and A. H. Blatt in Organic 
Chemistry, an Advanced Treatise, H. Gilman 
Ed. (Wiley, New York, ed. 2, 1943), vol. 1, p. 
659. The reaction products of L-epinephrine 
with acetaldehyde were unaltered when sub- 
jected to catalytic hydrogenation with palladium 
on charcoal; these conditions lead to reduction 
of oxazolidines or Schiff bases, but not the 
4-hydroxy analogs of TIQ [G. Grethe, H. 
Lee, M. Usokovic, A. Brossi, J. Org. Chem. 
33, 491 (1968)]. The reaction products of L- 
norepinephrine with acetaldehyde were un- 
changed by treatment with sodium borohydride, 
another reducing agent. A reaction mixture of 
DL-norepinephrine-HCl (10 mg/ml) with acetal- 
dehyde at pH 6 was taken to dryness at 50?C in 
vacuum; the products were precipitated several 
times from 1 percent methanolic HCl and di- 
ethyl ether and dried in a vacuum over CaSO4. 
The TLC analysis showed the major and two 
minor products. An infrared spectrum (KBr 
pellet) showed no absorption at 1640 to 1670 
cm-', the region for Schiff bases, or at 1080 to 
1200 cm-1 the region for oxazolidines. 

9. Although ring closure ortho to the phenolic 
hydroxyl has not been reported (3), earlier 
work was based on isolation of a purified 
product and the minor products may have been 
lost. In our work, based on TLC analyses of 
unpurified reaction mixtures, minor products 
would be more readily observed. 

10. J. P. Fourneau, C. Gaignault, R. Jacquier, 0. 
Stoven, M. Davy, Chim. Thdrap. 6, 67 (1969). 

11. G. Schopf and H. Bayerle, Ann. Chem. 513, 
190 (1934). 

12. R. J. Shah, D. D. Vaghani, J. R. Merchant, J. 
Org. Chem. 26, 3533 (1961).. 

References and Notes 

1. H. Corrodi and N. A. Hillarp, Helv. Chim. 
Acta 47, 911 (1964). For a review see H. Cor- 
rodi and G. Jonsson, J. Histochem. Cytochem. 
15, 65 (1967). 

2. A. Pictet and T. Spengler, Chem. Ber. 44, 2030 
(1911). 

3. W. Whaley and T. R. Govindachari, Org. 
React. 6, 151 (1951). 

4. U. S. von Euler and U. Hamberg, Science 110, 
561 (1949). 

5. For each catecholamine, the products formed 
with formaldehyde migrated with different Rp 
than those formed with acetaldehyde. 

6. The 6,7-dimethoxy analog of TIQ, prepared 
from /3-(3,4-dimethoxyphenyl)-ethylamine and 
formaldehyde according to J. S. Buck [J. Amer. 
Chem. Soc. 56, 1769 (1934)], was demethylated 
by refluxing under nitrogen with concentrated 
HBr. 

7. H. Corrodi, N. A. Hillarp, G. Jonsson, J. Histo- 
chem. Cytochein. 12, 582 (1964). 

8. E. D. Bergman, Chem. Rev. 53, 309 (1953); 
C. F. H. Allen and A. H. Blatt in Organic 
Chemistry, an Advanced Treatise, H. Gilman 
Ed. (Wiley, New York, ed. 2, 1943), vol. 1, p. 
659. The reaction products of L-epinephrine 
with acetaldehyde were unaltered when sub- 
jected to catalytic hydrogenation with palladium 
on charcoal; these conditions lead to reduction 
of oxazolidines or Schiff bases, but not the 
4-hydroxy analogs of TIQ [G. Grethe, H. 
Lee, M. Usokovic, A. Brossi, J. Org. Chem. 
33, 491 (1968)]. The reaction products of L- 
norepinephrine with acetaldehyde were un- 
changed by treatment with sodium borohydride, 
another reducing agent. A reaction mixture of 
DL-norepinephrine-HCl (10 mg/ml) with acetal- 
dehyde at pH 6 was taken to dryness at 50?C in 
vacuum; the products were precipitated several 
times from 1 percent methanolic HCl and di- 
ethyl ether and dried in a vacuum over CaSO4. 
The TLC analysis showed the major and two 
minor products. An infrared spectrum (KBr 
pellet) showed no absorption at 1640 to 1670 
cm-', the region for Schiff bases, or at 1080 to 
1200 cm-1 the region for oxazolidines. 

9. Although ring closure ortho to the phenolic 
hydroxyl has not been reported (3), earlier 
work was based on isolation of a purified 
product and the minor products may have been 
lost. In our work, based on TLC analyses of 
unpurified reaction mixtures, minor products 
would be more readily observed. 

10. J. P. Fourneau, C. Gaignault, R. Jacquier, 0. 
Stoven, M. Davy, Chim. Thdrap. 6, 67 (1969). 

11. G. Schopf and H. Bayerle, Ann. Chem. 513, 
190 (1934). 

12. R. J. Shah, D. D. Vaghani, J. R. Merchant, J. 
Org. Chem. 26, 3533 (1961).. 

For thousands of years philosophers 
have held that it is possible for man to 
attain "higher" states of consciousness 
through meditation techniques. At pres- 
ent, scientists are investigating the phys- 
iological changes that take place during 
some of these practices and the practical 
applications that they may have. 

During the practice of various tech- 
niques of meditation, expert Zen monks 

For thousands of years philosophers 
have held that it is possible for man to 
attain "higher" states of consciousness 
through meditation techniques. At pres- 
ent, scientists are investigating the phys- 
iological changes that take place during 
some of these practices and the practical 
applications that they may have. 

During the practice of various tech- 
niques of meditation, expert Zen monks 

13. 0. Kovacs and G. Fodor, Chem. Ber. 84, 795 
(1951); S. Rachlin, K. Warning, J. Enemark, 
Tetrahedron Lett. 39, 4163 (1968); J. H. Rob- 
bins, Clin. Res. 16, 350 (1968); ibid., p. 554; 
M. Collins and G. Cohen, 156th Amer. Chem. 
Soc. Nat. Meet., Div. Biol. Chem., abstr. 274 
(1968). 

14. P. Holtz, K. Stock, E. Westermann, Nature 
203, 656 (1964); P. Holtz, Pharmacol. Rev. 18, 
85 (1966). 

15. J. A. Buzard and P. D. Nytch, J. Biol. Chem. 
234, 884 (1959); P. Holtz and D. Palm, Phar- 
macol. Rev. 16, 113 (1964). 

16. G. W. Kirby, Science 155, 170 (1967); T. Rob- 
inson, The Biochemistry of Alkaloids (Springer- 
Verlag, New York, 1968). 

17. J. M. Trifar6, A. M. Poisner, W. W. Douglas, 
Biochem. Pharmacol. 16, 2095 (1967). 

18. We used a modification of the method described 
by M. Goldenberg, I. Serlin, T. Edwards, and 
M. M. Rapport [Amer. J. Med. 16, 310 (1954)]. 

19. E. B. Truitt, Jr., and M. J. Walsh, in The Biol- 
ogy of Alcoholism. I. Biochemistry, B. Kissen, 
Ed. (Pergamon, New York, in press); E. B. 
Truitt, Jr., and G. Duritz in Biochemical Fac- 
tors in Alcoholism, R. J. Maickel, Ed. (Perga- 
mon, New York, 1966), p. 61. 

20. L. Reti, in The Alkaloids, Chemistry and Phys- 
iology, R. H. F. Manske and H. L. Holmes, 
Eds. (Academic Press, New York, 1954), pp. 
7, 23. 

21. R. E. Schultes, Science 163, 245 (1969). 
22. A. M. Hjort, E. J. DeBeer, D. W. Fassett, J. 

Pharmacol. Exp. Therap. 62, 165 (1938); ibid. 
63, 432 (1938); ibid. 68, 73 (1940); D. W. Fas- 
sett and A. M. Hjort, ibid. 63, 253 (1938). 

23. G. Cohen and R. Barrett, Fed. Proc. 28, 288 
(1969). 

24. W. M. McIsaac, Biochim. Biophys. Acta 52, 
607 (1961). 

25. An advantage of this spray is that it distin- 
guishes the catecholamines from the reaction 
products. Upon oxidation with ferricyanide, the 
catecholamines form bright rose-to-violet spots 
(for example, adrenochrome), while the alde- 
hyde condensation products show as tan spots 
that are difficult to observe. Upon spraying 
with FeCl, the ferrocyanide that was produced 
in the redox reaction yields readily visible ferri- 
ferrocyanide (Prussian blue) spots for both 
starting catecholamines and products. The 
method is sensitive to about 0.1 j/g of cate- 
cholamine. 

26. We thank D. Dembiec, J. Marcus, E. Dicker, 
and F. Cabbat for technical assistance. Sup- 
ported by PHS research grants MH-17071 and 
HE-01045 and training grant MH-10315. A 
preliminary report of our work has been 
presented (13). 

21 November 1969; revised 27 January 1970 * 

13. 0. Kovacs and G. Fodor, Chem. Ber. 84, 795 
(1951); S. Rachlin, K. Warning, J. Enemark, 
Tetrahedron Lett. 39, 4163 (1968); J. H. Rob- 
bins, Clin. Res. 16, 350 (1968); ibid., p. 554; 
M. Collins and G. Cohen, 156th Amer. Chem. 
Soc. Nat. Meet., Div. Biol. Chem., abstr. 274 
(1968). 

14. P. Holtz, K. Stock, E. Westermann, Nature 
203, 656 (1964); P. Holtz, Pharmacol. Rev. 18, 
85 (1966). 

15. J. A. Buzard and P. D. Nytch, J. Biol. Chem. 
234, 884 (1959); P. Holtz and D. Palm, Phar- 
macol. Rev. 16, 113 (1964). 

16. G. W. Kirby, Science 155, 170 (1967); T. Rob- 
inson, The Biochemistry of Alkaloids (Springer- 
Verlag, New York, 1968). 

17. J. M. Trifar6, A. M. Poisner, W. W. Douglas, 
Biochem. Pharmacol. 16, 2095 (1967). 

18. We used a modification of the method described 
by M. Goldenberg, I. Serlin, T. Edwards, and 
M. M. Rapport [Amer. J. Med. 16, 310 (1954)]. 

19. E. B. Truitt, Jr., and M. J. Walsh, in The Biol- 
ogy of Alcoholism. I. Biochemistry, B. Kissen, 
Ed. (Pergamon, New York, in press); E. B. 
Truitt, Jr., and G. Duritz in Biochemical Fac- 
tors in Alcoholism, R. J. Maickel, Ed. (Perga- 
mon, New York, 1966), p. 61. 

20. L. Reti, in The Alkaloids, Chemistry and Phys- 
iology, R. H. F. Manske and H. L. Holmes, 
Eds. (Academic Press, New York, 1954), pp. 
7, 23. 

21. R. E. Schultes, Science 163, 245 (1969). 
22. A. M. Hjort, E. J. DeBeer, D. W. Fassett, J. 

Pharmacol. Exp. Therap. 62, 165 (1938); ibid. 
63, 432 (1938); ibid. 68, 73 (1940); D. W. Fas- 
sett and A. M. Hjort, ibid. 63, 253 (1938). 

23. G. Cohen and R. Barrett, Fed. Proc. 28, 288 
(1969). 

24. W. M. McIsaac, Biochim. Biophys. Acta 52, 
607 (1961). 

25. An advantage of this spray is that it distin- 
guishes the catecholamines from the reaction 
products. Upon oxidation with ferricyanide, the 
catecholamines form bright rose-to-violet spots 
(for example, adrenochrome), while the alde- 
hyde condensation products show as tan spots 
that are difficult to observe. Upon spraying 
with FeCl, the ferrocyanide that was produced 
in the redox reaction yields readily visible ferri- 
ferrocyanide (Prussian blue) spots for both 
starting catecholamines and products. The 
method is sensitive to about 0.1 j/g of cate- 
cholamine. 

26. We thank D. Dembiec, J. Marcus, E. Dicker, 
and F. Cabbat for technical assistance. Sup- 
ported by PHS research grants MH-17071 and 
HE-01045 and training grant MH-10315. A 
preliminary report of our work has been 
presented (13). 

21 November 1969; revised 27 January 1970 * 

decreased their rate of respiration, oxy- 
gen consumption, and spontaneous Gal- 
vanic skin response (GSR), and their 
pulse rate and blood pH showed a slight 
increase (1). The electroencephalograph 
(EEG) record was predominantly alpha- 
wave activity (even with eyes half open). 
The alpha waves progressively increased 
in amplitude and decreased in fre- 
quency, and occasional theta activity 
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Physiological Effects of Transcendental Meditation 

Abstract. Oxygen consumption, heart rate, skin resistance, and electroenceph- 
alograph measurements were recorded before, during, and after subjects practiced 
a technique called transcendental meditation. There were significant changes be- 
tween the control period and the meditation period in all measurements. During 
meditation, oxygen consumption and heart rate decreased, skin resistance in- 
creased, and the electroencephalogram showed specific changes in certain frequen- 
cies. These results seem to distinguish the state produced by transcendental 
meditation from commonly encountered states of consciousness and suggest that 
it may have practical applications. 
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was noted. When repeated trials of click 
stimulation were given, there was no 
habituation of the alpha blocking re- 
sponse (2). Studies of autonomic func- 
tions in "practitioners of yoga" in India 
showed a lower breath rate, an increase 
in skin resistance, and no consistent 
changes in heart rate and blood pres- 
sure during various practices (3, 4). The 
electroencephalogram of yogis during 
meditation showed an increase in alpha- 
wave amplitude and activity, and in a 
few of the yogis studied there was a 
loss of the alpha blocking response to 
all external stimuli (5). 

Investigators have reported difficulty 
in obtaining expert practitioners of 
meditation and in taking measurements 
in a way that did not interfere with 
the subjects' contemplative or concen- 
trative efforts (4). Transcendental medi- 
tation as taught by Maharishi Mahesh 
Yogi was investigated for the following 
reasons. (i) It is claimed by the propo- 
nent that all practitioners immediately 
experience beneficial physiological 
changes (6). (ii) Subjects report that 
the technique is easy and enjoyable and 
does not involve concentration, con- 
templation, or any type of control and 
that they therefore find no difficulty in 
meditating during the experiment. (iii) 
A large number of subjects were readily 
available who had received consistent 
and uniform instruction through an or- 
ganization that specializes in teaching 
this technique (7). 

The technique is defined as "turning 
the attention inwards towards the 
subtler levels of a thought until the 
mind transcends the experience of the 
subtlest state of the thought and arrives 
at the source of the thought" (8). The 
technique involves no suggestion, men- 
tal control, or physical manipulation (9). 
The instruction is given personally by 
a teacher qualified by Maharishi 
Mahesh Yogi (7). The technique is 
normally practiced twice a day for 
periods of 15 to 20 minutes; during the 
practice the subject sits in a comfort- 
able position with eyes closed. 

A sample of 15 "normal" college stu- 
dents (that is, with no mental or phys- 
ical disabilities), whose practice of the 
technique had ranged from 6 months to 
3 years, was arbitrarily selected. Each 
subject sat quietly with eyes open for 
5 minutes and then with eyes closed for 
15 minutes; he meditated for 30 min- 
utes, continued to sit with eyes closed 
for 10 minutes, and then sat with eyes 
open for 5 minutes. Oxygen consump- 
tion was measured in nine of the sub- 
jects by either the open- or closed-cir- 
cuit methods (10). In both cases a large 
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mouthpiece and low resistance nonre- 
breathing valve were used. In the 
closed-circuit system air was circulated 
by an air-tight pump operating at 10 
liters per minute. A 6- or 13-liter Collins 
respirometer was used to record changes, 
and 02 was added periodically to keep 
the mixture of air slightly above ambient 
oxygen concentration. 

In the open system, gas was collected 
in a Collins 120-liter Tisot spirometer, 
and samples were analyzed in triplicate 
with a Beckman Physiological Gas 
Analyzer Model 160. The electrocardio- 
graph (ECG) tracing and skin resistance 
were recorded by a Grass Model 5 
polygraph, and the EEG tracing was 
recorded by a Grass Model 6 electroen- 
cephalograph. Beckman silver-silver 
chloride and Beckman gold-plated elec- 
trodes were used. The GSR electrodes 
were placed across the palm, and the 
EEG electrodes were placed according 
to the international 10-20 system at 
Fpl, Cz, T3, P3, 01, and 02. Record- 
ings were monopolar, with the reference 
electrode attached to the opposite ear 
and a ground over the mastoid bone. 
The EEG recordings were made on an 
Ampex Model FR1300 tape recorder, 
digitized by the Data Processing Labora- 
tory of the Brain Research Institute at 
UCLA, and then submitted to the UCLA 
Health Science Computer Facility for 
spectrum analysis by the BMDX92 
program. In several of the EEG studies, 
sound and light stimulation were given 
at irregular intervals (varying from 20 
to 120 seconds) to test habituation of 
alpha blocking. 

Oxygen consumption, measured by 
either the open- or closed-circuit meth- 
ods, decreased in all subjects within 5 
minutes after the onset of meditation. 
The mean decrease was about 45 cm3/ 
min, or about a 20 percent decrease 
from the control period. Oxygen con- 
sumption remained low during medita- 
tion and rose toward the resting level af- 
ter meditation (see Fig. 1 and Table 1). 
In measurements made by the open-cir- 
cuit method there was a mean decrease 
in total ventilation during meditation of 
about 1 liter/min. The respiratory quo- 
tient (the ratio of the volume of CO2 
eliminated over the 02 consumed) was 
in the basal range and did not change 
significantly throughout the experiment 
(Table 1). The observed decrease in 
total ventilation was caused by either 
decreased frequency of breath or tidal 
volume, varying from subject to subject. 

Skin resistance increased markedly 
at the onset of meditation, with some 
rhythmical fluctuations during medita- 
tion; it decreased to the resting value 

after meditation (Table 1). Electrocardi- 
ogram recordings were taken on only 
five subjects. The heart rate of each of 
the subjects decreased during medita- 
tion, with a mean decrease of 5 beats 
per minute. 

Before meditation, with eyes closed, 
all subjects showed alpha activity. Dur- 
ing meditation the regularity and ampli- 
tude of the alpha waves increased in 
all subjects. In four of the subjects, the 
alpha waves occasionally changed to a 
slower alpha wave frequency and in 
some cases stopped for 2- to 5- 
minute periods and low-voltage theta 
waves predominated. A time history 
of alpha-wave intensity (mean square 
amplitude) for one subject who showed 
the characteristic increase in alpha-wave 
activity and the less common long trains 
of theta activity is shown in Fig. 2. In 
almost all subjects, alpha blocking 
caused by repeated sound or light stimuli 
showed no habituation. After meditation 
regular alpha activity continued when 
eyes were closed, and irregular alpha 
activity developed when eyes were 
open. 

There are certain aspects of the 
respiration equipment that may have 
caused unwanted side effects and mini- 
mized the findings. In the open-circuit 
system there was a dead space of 120 ml 
(due to the large nonrebreathing valve 
and large mouthpiece). This large dead 
space, coupled with inadequate circula- 
tion, could have produced an increase 
of CO2 in the dead space, thus stimulat- 
ing breathing and possibly increasing 02 
consumption. During the rest period the 
circulation was probably adequate to 
eliminate most of the excess CO2, but 
during meditation, with decreased fre- 
quency of breath or tidal volume, it is 
possible that excess CO2 periodically 
built up and stimulated breathing. Res- 
piration during meditation may also 
have been hindered by the large collec- 
tion of moisture in the nonrebreathing 
valve after an hour of continuous use. 
Despite possible difficulties caused by 
the equipment, the physiological changes 
recorded during meditation indicate a 
significant and reproducible decrease in 
oxygen consumption and metabolic rate. 

During sleep there is also a decrease 
in metabolic rate; the reported decrease 
in mean 02 consumption during sleep 
varies with each investigator (11, 12). 
These values range from about 20 to 10 
percent, three of them showing less of 
a decrease over a full night's sleep than 
that which occurs during 30 minutes of 
transcendental meditation. 

The patterns of skin resistance 
changes during sleep (13, 14) are also 
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different from those seen during medi- 
tation. In individuals in whom there is 
a maintained increase in skin resistance 
during sleep (13), the magnitude and 
steepness of change is generally less 
than the change that occurs during 
meditation. 

The EEG pattern during meditation 
clearly distinguishes this state from the 
sleeping state. There are no slow (delta) 
waves or sleep spindles, but alpha-wave 
activity predominates. A few of the sub- 
jects showed EEG patterns similar to 
those found by Kasamatsu and Hirai in 
expert Zen meditators (2). These pat- 
terns, which are characterized by large- 
amplitude alpha waves, by a tendency 
for the alpha waves to decrease in fre- 
quency, and by occasional periods dur- 
ing which alpha activity stops and low- 
voltage theta activity predominates, are 
similar to the EEG activity seen in the 
transition from wakefulness to sleep 
(15). However, this transitional period 
of drowsiness is usually short and fol- 
lowed by sleep spindles, slow waves, 
and the loss of consciousness (15). Kas- 
amatsu and Hirai interpret the Zen 
monks' EEG pattern and the nonhabit- 
uation of their alpha blocking response 
as a "special state of consciousness in 
which the cortical excitatory level be- 
comes lower than in ordinary wakeful- 
ness but is not lowered as in sleep and 

Table 1. Physiological changes during tran- 
scendental meditation. The values given repre- 
sent the mean for all subjects tested. The 
resting values are typical for normal subjects 
(24). 
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(2). Since this type of EEG pattern was 
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whether these subjects were drowsy or 
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and Hirai. 
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transcendental meditation is different 
from states induced by hypnosis or auto- 
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The results of these studies and others 
indicate that the physiological changes 
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(17, 18). Many different EEG patterns 
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terns and all appear to be different from 
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tioning procedures can also alter auto- 
nomic functions and EEG patterns (19- 
21). A subject can increase his alpha- 
wave activity through auditory and 
visual feedback (19). By instrumental 
techniques animals can learn to control 
their heart rate, blood pressure, and 
some endocrine secretions (20). Studies 
on humans have produced some evi- 
dence that heart rate, GSR, and blood 
pressure can be controlled, but the prac- 
tical application of such procedures 
needs further investigation (21). Expert 
practitioners of some meditation proces- 
ses have been found to have some con- 
trol over certain "involuntary" physio- 
logical functions (1-5). Although some 
of these changes could have practical 
applications, research has been negligi- 
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ble, owing to the difficulty and impracti- 
cality of teaching these processes. 

The fact that transcendental medita- 
tion is easily learned and produces 
significant physiological changes in both 
beginners and advanced students gives 
it certain advantages over other, more 
austere techniques. Physiologically, the 
state produced by transcendental medi- 
tation seems to be distinct from com- 
monly encountered states of conscious- 
ness, such as wakefulness, sleep, and 
dreaming, and from altered states of 
consciousness, such as hypnosis and 
autosuggestion. Subjective reports cou- 
pled with the physiological measure- 
ments reported above suggest that this 
state might have applications to clinical 
medicine. Transcendental meditation 
has been reported to have practical 
therapeutic value in relieving mental 
and physical tension (22). Its value in 
the alleviation of drug abuse has been 
suggested, and its value in controlling 
arterial blood pressure is being investi- 
gated (23). It could also have other 
applications-for instance, in space 
travel and in certain diseases where ex- 
tended periods of low oxygen consump- 
tion that are simultaneous with respon- 
sive mental activity would be very useful. 

ROBERT KEITH WALLACE 

Department of Physiology, School of 
Medicine, Center for the Health 
Sciences, Los Angeles, California 90024 
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Paradoxical Sleep in Two Species of 

Avian Predator (Falconiformes) 

Abstract. Periods of disconjugate and conjugate eye movements occur during 
the sleep cycle in Buteo jamaicensis arborealis and Herpetotheres cachinnans 
chapmanni. Electromyograms are essentially isoelectric throughout sleep. Slow 
waves appear only in short bursts of low amplitude in contrast to the long trains 
of high-amplitude waves reported for chickens and pigeons. 
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Fig. 2. Rapid eye movement (REM) during sleep in avian predators. Dark stripes 
represent duration in seconds of a REM burst over a period of 30 minutes. The REM 
bursts averaged 7 to 10 percent of total sleep time. Figure was taken from a 5 a.m. 
recording and is a representative sample. 
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