
tities, pre-empt a portion and, by sub
stituting a weak for a strong action, 
subtract from and compete with the 
stronger action. 

The parallelism between cerebral 
synaptic and behavioral actions, includ
ing reported clinical effects, of lysergic 
acid diethylamide and chlorpromazine 
and their competition lends support 
to the interpretation and confidence 
in the methods utilized. 

OAKLEY S. RAY 
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Action of d-Tubocurarine 
Chloride on Net Flux of Water 
across Isolated Frog Skin 

Abstract. d-Tubocurarine chloride, when 
added to the solution bathing the outside 
of the isolated frog skin, enhances the net 
flux of water which arises from the influ
ence of an osmotic gradient. Although 
this effect appears to result from alteration 
in the pore size of the membrane, it is not 
accompanied by any consistent change in 
the resting potential. 

Some years ago, Kirschner ( i ) 
showed that the addition of d-tubocura-
fine chloride (curare) to the solution 
bathing the outside of the skin of vari
ous species of frogs produces a reversi
ble increase in the active transport of 

sodium. These results have been con
firmed by others who observed a simi
lar effect with a variety of neurotropic 
compounds (2). On the other hand, 
the lack of response of the skin of 
Rana temporaria L. to curare, already 
noted by Kirschner, was also confirmed 
and shown to result from hormonal 
variation (3). 

In order to explain the enhancement 
of the active transport of sodium, it 
has been proposed that curare acts by 
increasing the passive permeability to 
sodium of the membrane of the skin 
epithelial cells which face the outside. 
This results in an increase in intra
cellular sddium concentration, which in 
turn stimulates the active transport 
mechanism for sodium. One way in 
which the passive permeability may be 
increased is by changing the pore size 
of the membrane. If this hypothesis is 
correct, one should also expect a modifi
cation of the net flux of water arising 
across the frog skin under the influence 
of an osmotic gradient. The purpose of 
the present study has been to test this 
hypothesis by measuring the net flux 
of water across the skin and to deter
mine the effect of curare on such flux. 

The apparatus used is similar in prin
ciple to the one described by Koefoed-
Johnsen et al. (4). The experiments 
were performed on the isolated skin of 
Rana temporaria temporaria L. bathed 
with ordinary Ringer's solution on the 
inside and with Ringer's at a 10-fold 
dilution on the outside. After a control 
period of about 4 hours, curare was 
added to the outside solution at a con
centration of 170 ju,g/ml. Table 1 shows 
the results obtained on the net flux of 
water as well as on the difference in 
electrical potential across the skin. 

It can be seen that curare at the 
concentration used consistently en
hanced the net flux of water. In some 
instances the flux rate was five times 
that of the control, although in most 
experiments the rate was enhanced two-
to threefold. These results are con
sistent with the hypothesis that curare 
acts on the frog skin by increasing the 

Table 1. Effect of curare on the potential difference and net flux of water across the isolated skin of 
Rana temporaria temporaria L. (Ringer 's solution inside, Ringer at 1:10 outside). The time in hours 
indicates the durat ion of the control or experimental periods. A Potential difference is the maximum 
variation of the potential difference observed after application of 170 /*g/ml of ^ - t u b o c u r a r i n 
chloride in the outside solution. T h e minus sign indicates an increase in potential difference. 

Experiment 
No. 

1 
2 
3 
4 
5 
6 
7 
8 

Time 
(hr) 

-4 
4 
4 
4 
4 
3.5 
3 
3 

Control 

Net flux of 
water 

(Ml' cm"* h~i) 

5 
3 
3 
3 
3 
3 
5 
4 

Time 
(hr) 

4 
3.5 
4 
3 
3.5 
3.5 
1.5 
2.5 

Curare 

Net flux of 
water 

(Ml cm-2hri) 

8 
7 
4 

16 
15 
9 

12 
11 

APotential 
difference 

(mv) 

— 
4 

11 
6.5 
7 

~4 
- 9 . 5 
- 1 . 5 

diameter of membrane pores. However, 
it is important to note that, despite the 
apparent increase in membrane per
meability to water, the membrane po
tential was not consistently altered. 

The following conclusions may be 
drawn from these results. Although 
some of the results are contradictory to 
the proposed mechanism, it may be 
suggested that in these cases, for still 
obscure reasons, an intracellular in
crease of sodium concentration due to 
an increase in passive diffusion may not 
always enhance active transport. On 
the other hand, the hypothesis first pro
posed to explain the effect of curare on 
the active transport of sodium may not 
be correct, in that an increase in net 
flux of water and an increase in passive 
sodium permeability may result from 
two different mechanisms. Finally, the 
enhancement of active transport by 
curare cannot be explained in terms of 
an increase in the passive permeability 
to sodium (5) . 
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Excretion of Dopamine in 

Diseases of Basal Ganglia 

Abstract. The urinary excretion of cate
cholamines has been measured in 32 pa
tients with disorders of the basal ganglia. 
Sixteen patients with Parkinsonism (idio
pathic, postencephalitic, and arteriosclerotic 
types) had a significantly lower amount of 
dopamine in the urine during a 24-hour 
period than a group of 24 normal control 
subjects. In a group of 16 patients with 
various striatal syndromes the excretion of 
dopamine and epinephrine was significantly 
higher than normal. Norepinephrine ex
cretion was similar in the three groups. The 
lowest mean value of urinary dopamine 
was found in postencephalitic Parkinson
ism; the highest occurred in Wilson's 
disease. 

Recent chemical studies have re
vealed that 80 percent of the dopamine 
(3-hydroxytyramine) content of the 
brain is located within the corpus stria
tum ( i ) . The differential concentration 
of norepinephrine and dopamine in 
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