
a pressure maximum to occur within the 
zone in ~vhich depletion has occurred. 

Between the inflow face and the pres- 
sure maximum a hydraulic countercur-
rent moves toward the inflow face alone; 
the central portion of the pores, while 
the electroosmotic flow occurs a t  the 
periphery. Between the  outflow face and 
the pressure maximum, hydraulic flow 
and electroosmotic flow are in the same 
direction. I n  both cases the net flow is 
the same. 

If the plug lacks homogeneity or if the 
solution in the electrode compartments 
is not one that would he in equilibrium 
pvith the original pore water, or if other 
conditions are altered. a varietv of stress 
conditions may be induced in the pore 
water, including pore-water tensions ( 3 ) .  
The  point to be made a t  this time is that, 
even when the electrode compartments 
are flushed \\ it11 a solution that is nomi- 
nally in equilibrium with the pore water, 
initiation of elcctroosmotic flow induces 
processes that destroy the initial homoge- 
neity of the pore water, distorting the 
applied electric field, altering the zeta 
potential, and confounding hydraulic and 
electroosmotic flow. T h e  system is simply 
defined only a t  zero time, and measure- 
ments should be interpreted on this basis. 

Zeta potentials computed by conven-
tional methods from measurements of 
electroosmosis may be in error if it is 
assumed that the composition and pres- 
sure of the pore water remains unaffected 
by the process. 

A more detailed analysis of electro-
osmotic flow in clay soils, together with 
pertinent experimental data, is in prepa- 
ration ( 4 ) .  

R.  D. hl11.1.~~ 
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References 

1.  	 H. R. Rruyt, Ed., Col lo id  Scienre I .  lrreuersible 
Systems (Elselier, New York, 1952), pp. 198-
L U I .  

2. 	 A. H. Bloksma, H e t  S~cspensie-Effec t ,  doctoral 
dissertation, Univ. of Amsterdam (1955). 

3. 	 L. Casaqrande. I. Boston Sac.  Ciuil Enpineels  
39, 51 (r952). 

4. 	 This work 1s being conducted at Harvard Uni-
lersitv under De~artlnent of the h'avv contract 

Serotonin Release as a Possible 

Mechanism of Reserpine Action 

Previous communications have re-
ported certain similarities in the physio- 
logic actions of reserpine, a tranquillizing 
agent, and serotonin ( 5 - h y d r ~ x y t r ~ p t a -
mine),  a substance postulated to have a 
role in  brain function ( I ) .  Both com-
pounds show sedative effects in mice and 
potentiate the action of certain hypnotics 
by a central mecllanism (2 ) .T h e  poten- 

Fig. 1. Serotonin concentration in small 
intestine at various times after adminis- 
tration of reserpine. The points at zero 
time denote serotonin concentration in 
controls. Thr  other points denote the sero- 
tonin conccntration after administration 
of reserpine ( 5  mg/kg) to rabbits intra- 
peritoneally (100 mg of reserpine was dis- 
solved in a few drops of glacial acetic acid 
and diluted with 4ml of propylene glycol, 
4 ml of ethanol, and 8 ml of water). 

tiation caused by either substance is 
antagonized by pretreatment with ly-
sergic acid diethylamide ( 3 ) ,  a com-
pound that blocks the effects of seroto-
nin on smooth muscles ( 4 )  and produces 
psychotic states in man ( 5 ) .  

I t  was also demonstrated that adminis- 
tration of relatively large doses of re-
serpine to dogs markedly increases the 
urinary excretion of 5-hydroxy-indole-
acctic acid ( 3 ) ,  a major metabolite of 
serotonin ( 6 ) .  These observations sug- 
gested that certain actions of reserpine 
are mediated through liberation of sero- 
tonin (3).T h e  present communication 
describes experiments that show by direct 
analysis that reserpine effects the release 
of serotonin from the intestine, a major 
dapot of serotonin in the body. 

Rabbits received 5 mg/kg of reserpine 
intraperitoneally. Untreated rabbits 
senred as controls. At various times after 
drug administration, animals were killed 
and 10 g of small intestine adjoining. 
the stomach was removed, cut open, and 
washed with isotonic saline. T h e  tissue 
was homogenized in 2 vol of 0.2N HC1, 
and the serotonin in the homogenate was 
mcasured by modification of the method 
of Udenfriend e t  al .  ( 7 ) .  This method 
involves extraction of the serotonin into 
butanol, reextraction into dilute acid, 
and the formation of a colored deriva- 
tive by reaction with a-nitroso-fl-naph-
tho1 and nitrous acid. Application of the 
method to intestinal tissue disclosed the 
presence of a small amount of interfer- 
inp material that also reacted with the u 

nitrosonaphthol reagent. T h e  interfering 
color was removed by shaking the solu- 
tion of colored products with butanol. 

Serotonin content of the small intes- 
tine declined progressively for about 16 
hr  after reserpine administration, finally 
reaching a concentration 15 to 20 per-
cent of that of the average normal value 
(Fig. 1 ) . T h e  concentration of serotonin 

rcmained at this low level for about 16 
hr  and then increased slo~vly, reaching 
the normal value after about 5 days. 

T h e  apparent serotonin in the tissue 
appeared to be identical with authentic 
serotonin as shown by comparison of 
fluorescence spectra ( 3 N  HC1) using a 
spectrophotofluorometer previously de-
scribed ( 8 ) ,  and by comparison of the 
absorption spectra of the nitrosonaphthol 
reaction products. I n  addition, on chro- 
matographing the intestinal extract on 
paper (n-butanol-IN ammonia),  thc 
major amount of material fluorescing in 
acid and forming a blue color wit11 
I_i-dimctl~ylaminobenzaldehyde sho~zcd 
the same Rf value as serotonin, 

T h e  effect of various doses of reserpine 
on the content of serotonin in small in- 
testine was determined. As the dose 7ras 
reduced, the decline in serotonin became 
qradually smaller but seemed evident 
with as little as 0.25 rng/kg of reserpine 
(Fig. 2 ) .  

T h e  serotonin content of the whole 
intestinal tract was determined follo\v- 
ing the administration of reserpine. I n  
three untreated rabbits, weighing about 
2 kg each, the intestines contained an 
average of approximately 1000 ug of 
serotonin. Sixteen hours after the ad- 
ministration of 5 mg/kg of reserpine, the 
content of serotonin in the intestines of 
three animals averaged 350 ug. Thus the 
reserpine had caused the liberation of 
about 650 ,ug of serotonin from this 
tissue. 

A number of rabbits, especially those 
given the larger doses of reserpine, had 
diarrhea. Consequently, the effect of 
laxatives in purgative dosage (castor oil 
and magnesium sulfate) and of a cholin- 
ergic agent (prostigmine 0.3 mg/kg in 
three divided doses) was determined. 
These substances did not change the 
serotonin content of the intestine. Seda- 
tion per se did not effect serotonin re- 
lease, since heavy barbital and pheno- 
barbital narcosis for 12 hr  failed to lolver 
the serotonin content of the intestines. 

Experiments described in this paper 

Fig. 2. Serotonin concentration in small 
intestine 16 hr after administration of 
various doses of reserpine. 
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are compatible with the view that some 
of the central effects of reserpine are 
mediated through the release of seroto- 
nin. I t  is conceivable that the beneficial 
effects of reserpine in mental disturb-
ances result from the liberation of sero-
tonin. T h e  posslbilit~ that reserpine also 
affects the level of serotonin in brain is 
now under investigation. 
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Burger Triangle as a Method for 

Correcting Inaccuracies of 

Einthoven Triangle 


The  triangle of Burger and van Milaan 
( I )  was constructed on the basis of the 
lead vector concept. Burger and van 
Milaan demonstrated that, in contrast 
with the triangle of Einthoven, their tri- 
angle is accurate for calculating cardiac 
vectorial directions in the frontal plane 
of a human phantom, regardless of tho- 
rax form, tissue nonhomogeneity, and ec- 
centricity of the assumed resultant heart 
vector. The  shape of the Burger triangle 
is determined by these factors; the three 
sides are usually unequal (though the 
influence of the dispersion of the electro- 
motive forces of the heart is not consid- 
ered in their concept). T o  use such a tri- 
angle it is necessary, before beginning the 
usual procedure, to divide the deflections 
written in the classic limb leads by the 
length of the corresponding sides: Subse- 
quent studies (2-8) suggest that the Bur- 
ger triangle may prove to be more valu- 
able in clinical electrocardiography than 
the Einthoven triangle. 

The  present communication demon-
strates the relationship between the shape 
of the Burger triangle and the inaccuracy 
of the Eiuthoven triangle in the calcula- 
tion of the vectorial directions in the 
frontal plane. A Burger triangle from a 
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given subject (human or animal, living 
or dead, or electrolytic model) could 
have one of three shapes: equilateral, 
isosceles, or scalene. If i t  is equilateral, 
~vhich is exceptional, the Einthoven tri- 
angle is obviously accurate. If it is not 
equilateral, the Einthoven triangle is in- 
accurate. But isosceles or scalene tri-
angles can have various accentuations 
and departures from the equilateral tri- 
angle. 

Figure 1 shows four hypothetical Bur- 
ger triangles from four subjects; a and b 
are isosceles, whereas c and d are sca-
lene. But b and d depart more from the 
equilateral than do a and c. For con-
venience, a Burger triangle may be trans- 
formed to a triaxial reference system 
(just as the Einthoven triangle has been 
transformed to the triaxial reference sys- 
tem of Bayley) with parallel transposi- 
tion of the three sides of the Burger tri- 
angle toward its geometric center until 
they coincide. In  the same figure four 
triaxial reference systems-transformed 
from Burger triangles a, b, c, and d, re-
spectively-are shown. 

We may designate 1, m, and n as the 
lengths of the lead vectors RL, RF, and 
LF of a Burger triangle; and p,, p,, and 
p ,  	as projections of the heart vector upon 
I ,  	 m, and n. O n  the basis of the con-
cept that the deflection of an electro-
cardiographic lead equals the scalar 
product of heart vector and the lead vec- 
tor, one gets 

I n  order to demonstrate the relation- 
ship between the Burger triangular 
shapes in Fig. 1 and the inaccuracy of the 
Einthoven triangle, it is necessary to as- 
sume the heart vector to be of equal 
length in the same arbitrary direction, 
V (1- 45 ) , in each case. From the ter- 
minus of V in each triaxial reference sys- 
tem, perpendicular lines to three sides 
were drawn; p,, p,, and p ,  were meas- 
ured. From the equations, the deflections 
in LI, LII, and LIII were calculated. T h e  
values were used to plot the vectorial 
direction for each subject in the triaxial 

Fig. 1. Four hypothetical Burger triangles 
and corresponding triaxial reference sys-
tems. V is the arbitrarily true hmrt vector, 
which is assumed to be the same in each 
case. 

reference system of Bayley (Fig. 2 ) .  The 
directions a, b, c, and d correspond to 
rubjects with Burger triangles a, b, c, and 
d, respectively. I t  may be observed that 
they deviate from V ( the  arbitrary "true" 
direction); that 6 b o V  is larger than 
LaoV ,  and that L d o V  is larger than 
L c o v .  

Fig. 2. The triaxial reference system oi 
Bayley showing the directions of V and the 
calculated vrctors. 

T h e  Einthoven triangle is inaccurate 
for subjects possessing Burger triangles 
eithcr of isosceles or scalene shape. The 
more the triangle departs from the equi- 
lateral, the more the vectorial direction, 
calculated in the Einthoven triangle, de- 
viates from the true one. Use of the Bur- 
ger triangle permits correction of these 
potential errors. 

ZANGZ. ZAO 
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IJnioersity of SZo Paulo, Brazil 
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Photochemical Activity of 
Chloroplasts Isolated from Sugar 
Beet Infected with Virus Yellows 

Sugar beet virus yellows is a serious 
disease in Europe, where even the mild 
forms can reduce sugar yields by more 
than 20 percent ( I ) .  The  d'  ~ s e a ~ e  now 
appears to  be widespread in the western 
United States. Watson and Watson ( 2 )  


