
model results, h a ~ e  been carefully esti- 
mated to cont~ibute uncertainties of i- 15 
percent. Approximately two-thirds of all 
results fell within this range of experi-
mental error. 

Results of this critical experiment in- 
dicate that a cluantitati~e theory accurate 
to approximately 2 15 percent for body 
surface pote~ltials produced by ~ l o r n ~ a l  
ve~ltricular depolarization may he based 
on 	the assumptions of a fixed-location 
equivalent dipole and a homogeneous, 
linear, resisti~e conducting medium. 
Torso shape and, more important, dipole 
location are critical factors that cannot 
be ignored. Although the results pertain 
to o~lly a single subject, they are never- 
theless suggestive that three-dimensional 
homogeneous torso models may be sur-
prisingly pertinent for the establishme~lt 
of 	 an accurate. auantitative basis for, 	. 
human electrocardiography. 


F,RNES'~ I<
FRAN 
Moore School of Electrical Engineering, 
University of Pennsylvania, and 
Edward B. Robinette Foundation, 
Hospital of th,e IJniversity of 
Pennsyl~jania, Philadelphia 

References and Notes 

1.  	 Work was supported in part by grant H-339-C, 
United States Public Health Service. Tile ac-
tive participation and interest of C .  Kay, G.  
Seiden and R .  Keisman are qratef~tlly ac- 
knowledqed. 

2 .  	 E Frank. Ctrcalation 11, 937 (19551. 
3, 	 0. H. Schmitt et a!.. A m .  Heart J. 45, 416 

(1953). 
4. 	 E. Flank. J. APPL Pllys. 23, 1223 (1952); 

Circulation Researcll 1. 380 11953) :A m .  Heart 
J. 46. 364 (1953) ; E.Frank and C .  F. Ray, 
Circulation 9, 555 (1954). 

5. 	 E. Frank and C. F. Kay. Circulatiot~9. 724 
(1954) ; E, Frank, ibid. 10, 101 (1954).  

6. 	 E. Frank, A m .  Heart J. 49, 670 (1955). 
7 .  	--, Circulatton Research 3, 243 (1955). 
8. 	-, ibid. 2, 258 (1954) : A m .  Heart 1. 47, 


757 (19541. 

9. 	 E. Frank and C. F. Kay, .4m. Heart J. 46, 


195 (1951). 

10. 	 H. P. Schwan et a l ,  Federation Proc. 13, 131 


(1954). 


8 April 1955 

Compositional Lineation and Its 
Relation to Complex Folding 

A three-dimensional study has been 
made of the form and relationships of 
compositional lineation in gneisses of 
several types. 

Most of the linear units are composed 
of several or more grains of a mineral 
or minerals that form miniature chemical 
concentrations. As these mineral masses 
increase or decrease in number and size, 
the composition of the rotk changes. 
They are approximately parallel to the 
plane of foliation or mineral layering. 

Quartz, the latest mineral in the 
gneisses, forms linear masses in the plane 
of foliation that appear to be separate 
and scatttred. Study in three dimensions, 

holvever, shows that these linear masses 
form a connected network of curving 
veins along small folds and also along 
curved fractures. 

It 	is believed that the linear units 
tvere formed by metasomatism, with lit- 
tle or no change in volume along devia- 
tions of planar features undergoing 
movement of one wall or surface in re- 
lation to an opposite wall or surface ( I ) .  
The thickest parts of the quartz veins 
are bclieved to have formed in the de- 
viations nearest the tensional direction 
of 	 the shear fracture, and the thinnest 
parts are believed to have formed i11 the 
deviations farther from the tensional di- 
rection. Such a vein may co~ltinue into 
parts of the planar feature that contain 
little or no quartz. The end of the veil1 
is 	 probably nearest to the theoretical 
position of the shear plane. The intro- 
duction and removal of minerals is be- 
lieved to be synchro~lous with folding. 

Orie~lted specimens of gneiss were 
mounted in brass cylinders, and photo- 
graphic enlargements were made of many 
surfaces cut 1 mm apart. Tracings of the 
quartz veins or masses were made on 
transparent film. The resulting maps of 
these levels give information that is used 
to 	 determine the relative direction of 
motion of the layers in the rock during 
its 	 folding. Such determinations agree 
with results obtained by three other new 
methods that I have devised. 

Synchronous folding of layered rocks 
along axial directions at large angles to 
one allother appears to be common. Gen- 
erally the folding on one axial direction 
has. a relatively small radius of cun7a-
ture around a large element of arc, 
~vhereas the folding on the other axial 
direction has a relatively large radius of 
curvature around a small element of arc 
(arcuate fold). Since folds are rarely 
analyzed and discussed in three dimen- 
sions, the folding that is related to the 
axis of relatively large radius of curva-
ture around a small element of arc is 
usually neglected. Plane sections that 
are made to display the folding in an 
area are generally made transverse to the 
principal axis. 

Compositional lineation and the axes 
of small drag folds appear to be perpen- 
dicular to the local line of slip. There- 
fore, these features are "approximately 
parallel" to the principal axial direction 
of folding where, as is described in the 
preceding paragraph, the effect of cross-
folding is small. 

The compositional lineation and axes 
of small drag folds are only in a small 
part approximately parallel to either of 
the two axes where the synchronous fold- 
ing is pronounced along two cross~vise 
axial directions. Generally these linear 
elements are markedly nonparallel to 
either of the axial directions. 

Thc resultants of the vectors of slip 
have been used on models of cross-folds 
to analyze such deformation for orienta-. 
tion of compositio~lal lineatio~l and the 
axes of drag folds. Such diagrammatic 
models have been constructed for each 
of the several extreme structures. They 
can be used to bracket a natural exam-
ple, after which a model can be made to 
show the variability of li~leatio~lorien-
tation, the position of the main fold axes 
in relation to the lincatio11, and the direc- 
tion of s l i ~  on certain Darts of the fold. 

Vectors have also bee11 used 011 the 
planar features in the three-dimensio~lal 
study of folding. The relative attitude of 
a planar fcature 011 a fold, such as gneis- 
sic layering, as well as the lineation, 
should be comparable in some significant 
way with the other planar and linear 
structures of the same kind, One type of 
correlation is briefly described here. 

The  attitude of a planar feature may 
be described by the horizo~ltal bearing 
and plunge of the lineation that lies in 
the plane of layering or foliation and the 
plunge of a line (slip line) that lies in 
the same plane and at  90° to the linea- 
tion, These two plunge angles are pro- 
jected onto the horizontal plane as line 
vectors. The value of their resultant ( R ) ,  
together with the lineation bearing---
which also lies in the horizontal plane- 
prrmits graphic delineation of relative 
normal pressures on the planar features 
and also the position of the axes of cross- 
folding. 

1 have devised geometric methods to 
show whether folding is the usual "com- 
petent'' type or is the type caused by 
flowage (2'1. The latter was present in 
some rocks examined. 

W. H. N r , w ~ o u s r .  
Departntettt of Geology, 
Ilnivercity of Chicago, Illinois 
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Interaction of Reserpine, 
Serotonin, and Lysergic Acid 
Diethylamide in Brain 

We have previously demonstrated that 
reserpine, a tranquilizing agent widely 
used in the treatment of psychotic states, 
potentiates the hypnotic effects of hexo- 
barbital and ethanol in mice by a central 
action ( I) .5-Hydyroxytryptamine (sero- 
tonin), a normally occurring substance 
suspected to be implicatrd in brain func- 
tian (2),was also observed, in large dos- 
age, to depress mice and to potentiate the 
action of hexobarbital in these animals 
( 3 ) .This potentiating action of serotonin 
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Table 1. Antagonism of the potentiating action of reserpine by LSD. Adult male mice 
were given the various drugs intraperitoneally. In the hexobarbital experiments, reserpine 
(5  mg/kg) and LSD (10 mg/kg) were given 1 hr before hexobarbital. In the ethanol ex- 
periments, reserpine ( 5  mglkg) was given 1 hr before and LSD (10 mg/kg) was given in 
two divided doses 1 hr before and simultaneously with ethanol ( 4  g/kg in 50-percent solu- 
tion). The duration of hypnosis is defined as the time from the loss to the return of the 
righting reflex. Values for duration of hypnosis arc means t standard deviation. Figures 
in parentheses indicate the number of animals in each series. 

.ppp-p ---
Duration of Hypnosis 
-	 -. 

Hypnotic 	 Hypnotic t 
Hypnotic Hypnotic -t Reserpine -t 

alone Reserpine LSD 

(min) ( m i n )  (min) 
Hexobarbital (100 mg/kg) 19 2 6 (12) 68C 14 ( 7 )  32212  (8)  
Hexobarbital ( 150 mg/kg) 63 i: 1 1 ( 15) 1402 10 (15) 6 7 2  14 (15) 
Ethanol 4 0 2  9 ( 9 )  a11 > 300 ( 9 )  54C 11 (12) 

p---pp-ppp-- -p 


uas found to be antagonized by lysergic 
acid diethylamide (LSD) ,  a cornpound 
that produces profound mental disturb- 
ances in man (4 ) .  This paper describes 
experiments which indicate that LSD 
also antagonizes the ~otentiating action 
of reserpine on hexobarbital and ethanol 
and that reserpine induces the release of 
large amounts of serotonin from body 
depots. 

The sleeping times of mice given reser- 
pine and hexobarbital were cornpared 
with those of mice given reserpine, hexo- 
barbital, and LSD. Animals given hexo- 
barbital alone served as controls. I t  was 
found that reserpine exerted a marked 
potentiation on the effects of hexobarbi- 
tal but that LSD antagonized this poten- 
tiating action (Table 1) . Similar experi- 
ments, using ethanol as the hypnotic, 
again showed that reserpine exhibited a 
strong potentiating action that was 
blocked by LSD (Table 1 ) .  No effect on 
the hypnosis produced by hexobarbital 
or ethanol was observed when LSD was 
given alone. 

The observed similarities of reser~ine 
and serotonin suggested the possibility 
that some actions of reserpine might be 
mediated through the release of serotonin 
normally present in body depots. T o  test 
this possibility, reserpine was adminis-
tered to dogs and the resultant urinary 
excretion of 5-hydroxyindoleacetic acld 
(SHIAA), a major metabolite of sero-
tonin 15). was measured. 

Eleven animals each received, intra- 
peritoneally, 3 mg of reserpine per kilo- 
gram of body weight. Urine was collected 
over a number of 2-hr periods and 
5IIIAA was determined by the method 
of Udenfriend et al. ( 6 ) .  This method 
involves extraction of the 5HIAA into 
ether, reextraction of the material into 
buffer, p H  7, and the formation of a col- 
ored derivative by reaction with nitro- 
sonaphthol and nitrous acid. In  each ani- 
mal the rate of excretion of 5HIAA-like 
material markedly increased following 
the administmtion of reserpine, remained 
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elevated for 8 hr or more, and gradually 
dropped to below the normal value (Fig. 
1, typical experiment). 

The apparent 5HIAA in urine follow- 
ing the reserpine administration was 
identified by paper chromatography with 
two solvent systems as described by 
Udenfriend et al. (6) .  Additional evi-
dence for the identity of the material in 
urine was provided by comparing the ab- 
sorption spectra of the chromophores re- 
sulting from the reaction between the 
nitrosonaphthol-nitrous arid reagent and 
the apparent and authentic 5HIAA. 
These were found to be identical. Finally, 
the distributions of apparent and authen- 
tic 5HIAA between ether and water at 
various pH values were compared ac-
cording to the procedure of Brodie and 
Udenfriend ( 7 ) .  Both compounds were 
found to Rave the same partition ratios. 

The excretion of 5HIAA in three of 
the dogs was determined after a second 
dose of reserpine was administered the 
next day (Fig. I ) . An increase in 5HIAA 
excretion did not reoccur. This suggests 
that the first dose of reserpine had de- 
pleted the serotonin depots in the body 
and that they had not yet been replen- 
ished. 

Serotonin and reserpine exert a com- 
mon central potentiating action that is 
antagonized by LSD. This suggests that 
certain actions of reserpine may be medi- 

-2 0 2 4 6 8 24 26 28 30 

TIME IN HOURS 

Fig. 1. Effect of reserpinr on urinary ex- 
cretion of 5-hydroxyindoleacetic acid 
(5HIAA) in the dog. Arrows depict times 
at which reserpine, 3 mg/kg, was injected 
intraperitoneally. 

ated through the liberation of serotonin. 
In  accord with this hypothesis, there is a 
marked increase in the urinary excretion 
of 5-hydroxyindoleacetic acid in dogs fol- 
lowing aclsninistration of reserpine. 

PARKHURSTA. SHORE 
STANLEYL. SILVER 
BERNARDB. BRODIE 
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Osmotic Pressure 

In his recent communication J. I-I. 
Hildebrand ( I )  has given an interesting 
account of the role played by osmotic 
pressure in the theory of solutions. H e  
has omitted, however, to point out the 
dual nature of the common conception 
of osmotic pressure; for that reason it is 
perhaps worth while to expand his ex-
planation with some additional remarks. 

Hildebrand uses the term osmotic prey-
sure ( I ,  p. 117) in the sense of the 
". . . pressure of the solute against a mem- 
brane permeable only to the solvent." 
The pressure of the solute arises from the 
thermal motions of the solute molecules 
and, as originally pointed out by van't 
Hoff, is analogous to the pressure of a 
gas. In this sense, the osmotic pressure 
is a measure of the tendency of the solute 
to expand. 

The second picture of osmotic pressure 
arises from the classical osmotic experi- 
ment in which a solution is separated 
from pure solvent by a semipermeable 
membrane. From this experiment, the 
osmotic pressure is defined as the hydro- 
static pressure that must be applied to 
the solution in order to stop the flow of 
solvent through the membrane. This is 
the original and, as I shall demonstrate, 
the exact definition of osmotic pressure. 

It  has been customary to assume that 
the pressure of the solute against the 
membrane is intimately related to the 
hydrostatic pressure of the classical ex-
periment. In fact, it has often been im- 
plied that, in some obscure way, the 
solute pressure is the cause of osmosis. 
Haldane ( 2 ) , in 1928, pointed out that 
it was illogical to asgume that the pres- 


