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I N T R O I ) U C T I O N  

Hydroxytryptamine is widely distributed in the. animal body, and has been shown 
by pharmacological methods to have many effects. The physico-chemical basis of these 
effects however remains unknown. Similarly the mode of action of indole-3-acetic acid, 
the principal natural regulator of plant growth, is uncertain. It  was suggested by 
V E L I ) S T R A  ANI)  l{ooIJ l, part ly on the basis of ext)eriments like those to be described, 
that  one such action is to increase plasina-membranc permeability. Although evidence 
was adduced that  this was unlikely alone to account for the growth regulating properties 
of indole-3-acetic acid and related colnpounds, the experimental findings are not 
disputed. 

Hydroxytryptamine,  and more especially its metabolic product 5-hydroxy indole- 
3-acetic acid, fulfil some at least of the known structural requirements for plant growth 
regulating activity (AuI)tTse)..%) far as the authors are aware however, no experimental 
evidence of such activity has been described. I t  has seemed pertinent to enquire whether 
5-hydroxytryptamine and some related substances show the same effect on the permea- 
bility of red beet cells, as does indole-3-acetic acid. For this purpose the influence on 
pigment effusion, sodium influx, and potassium eifiux has been examined. The experi- 
ments on pigment effusion are described in Part I of this paper, (V.R.P.), and those 
concerned with sodium uptake and potassium output, which were performed independ- 
ently in London, are described in Part  II ,  (J.l:.S.). 

I ' A R T  1. I ' I ( ; M I , ; N T  I ~ t ; t ; I ' ~ I O N  

EXPERIMI~NTAL M E T H O I ) S  

T h e  s u b s t a n c e s  t o  be  t e s t e d  w e r e  d i s s o l v e d  in g l a s s - d i s t i l l e d  w a t e r ,  w i t h  o r  w i t h o u t  t h e  a d d i t i o n  
of  o .o  3 31 K H 2 P O 4 / N a 2 H P O  4 b u f f e r  t o  g ive  s o l u t i o n s  a t  p H  6. T i le  p r e s e n c e  of b u f f e r  c o n s t i t u e n t s  
w h i c h  \ ELI)STRA AND g o o I J  1 sa id  " i n f l u e n c e d  t h e  t e s t  in a n  u n f a v o u r a b l e  w a y "  c a u s e d  t h e  e f fus ion  
of p i g m e n t  i n s t i g a t e d  b y  c u t t i n g  t h e  t i s s u e  i n t o  s l ices  to  c e a s e  a f t e r  a b o u t  .5 h o u r s ,  ~ h e r e a s  i t  c o n t i n u e d  
f o r  m u c h  l o n g e r  in t h e i r  a b s e n c e .  I t  s e e m e d  d e s i r a b l e  to  use  b u f f e r e d  s o h l t i o n s  in a t  l e a s t  s o m e  
e x p e r i m e n t s  t o  e l i m i n a t e ,  n o t  o n l y  t h e  p o s s i b l e  e f f ec t s  of v a r y i n g  r e a c t i o n  on  p i g m e n t  e f fus ion ,  b u t  
a l so  t o  m i t i g a t e  s l ow  c h a n g e s  w h i c h  m a y  t a k e  p l a c e  in t h e  p i g m e n t  in vilro, e s p e c i a l l y  a f t e r  e f fu s ion  
i n t o  n e u t r a l  o r  a l k a l i n e  s o l u t i o n .  

]?e/VtCIlCCS /~. 2.51. 
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In the series in wllich indole-3-acetic acid was tested, the substance was first rapidly dissolved 
in an amonn t  of ethanol equal to I O~1 of the final volume, to which it was made up by adding water  
or butler solution. A similar percentage of ethanol was added to the other  solutions in the same 
series. In an exper iment  with indole-3-acetic acid. wi thout  the addition of ethanol, essentially the 
same results were obtained, The 5 -hydroxy t ryp tamine  was in the form of the creatinine sulphate,  
and in most  exper iments  in which it was used, creatinine and sodiunl sulphate were added to a 
corresponding concentrat ion in tile comparison s o h l t i o n s .  T h e s e  S t l b s t a n c e s  appeared to have \ e r r  
little effect at the concentrat ions used. 

The concentrat ion of the test  substances employed was generally l o o  Hg/ml, but  in some of 
the experiments ,  concentrat ions of IO/1g/nil and 1 Hg/ml were also used. 

Vreshly gathered specimens of btela vul~aris were kept in the lab~ratorv will: the roots in water  
mltil use. I)isks, (~ mm in diameter  and about  r m m  thick were cut, and-washed for lo I5o rain 
in glass distilled water  or buffer solution, and then placed in batches of about  eo in 5 ml aliquots 
of the test solutions. In two exlleriments tile disks were washed for iS h in running tap water, and 
then rinsed in glass-distilled water, before t ransfer  to the test  solutions, h i  most  of the exper iments  
to be described the first experimental  media were poured off after a period of about  3 h, and replaced 
by fresh solutions into which tile effusion of pigment  was again determined. 

The p igment  exuded from the tissue during the exper iments  was assayed spectrophotometr ical ly  
at 53 ° nl H. The optical deusity of I cm of each solution is expressed in the results presented below 
as a nlultiple of tha t  of a control sohltion into which exudation occurred for tile same peri(~(1, <w 
in some instances tile mean of two controls. 

All the p igment  exudation exper iments  were condncted at room temperature ,  18 to 22 '  C. 
The measurements  of oxygen consumpt ion were made with the \Vartmrg appara tus  at 21 C. 

RESULTS 

A s  a m e a s u r e  of  t h e  e x p e r i m e n t a l  e r r o r  of  t h e  t e s t ,  a c o m p a r i s o n  w a s  m a d e  in  

t h e  f i r s t  i n s t a n c e  b e t w e e n  I 2  s i m i l a r  b a t c h e s  of  t i s s u e  in  t h e  s a m e  s o l u t i o n s ,  w h i c h  

s h o u l d  i d e a l l y  h a v e  s h o w n  e q u a l  p i g m e n t  e f f u s i o n .  T h e  d i f f e r e n c e  b e t w e e n  a n y  p a i r  of  

d e t e r m i n a t i o n s  a v e r a g e d  9°0  of  t h e  m e a n ;  t h e  l a r g e s t  d i s c r e p a n c y  f o u n d  b e i n g  23 %.  

Ta t ) l e  I s u m m a r i s e s  t h e  r e s u l t s  of 8 e x p e r i m e n t s  in  w h i c h  t h e  ef fec t  of  5 - h y d r o x y -  

t r y t ) t a m i n e  w a s  c o m p a r e d  w i t h  t h a t  of t r y p t a m i n e ,  a n d  i n d o l e - 3 - a c e t i c  ac id ,  a t  a c o n c e n -  

t r a t i o n  of z o o / , g / m l .  T h e  d a t a  s h o w  t h a t  t h e r e  w e r e  n o  m a j o r  d i f f e r e n c e s  b e t w e e n  t h e  

e x p e r i m e n t s  in w h i c h  b u f f e r e d  s o l u t i o n s  w e r e  u s e d ,  a n d  t h o s e  in w h i c h  t h e y  w e r e  n o t .  

I t  is c o n c l u d e d  f r o m  T a b l e  I t h a t  h y d r o x y t r y p t a m i n e  c a u s e d  a t  l e a s t  a s  g r e a t  a n  i n c r e a s e  

in p i g m e n t  e f f u s i o n  as  d id  i n d o l e - 3 - a c e t i c  ac id  a t  t h e  s a m e  c o n c e n t r a t i o n ,  w h e r e a s  

t r y p t a m i n e  h a d  a n  i n s i g n i f i c a n t  e f fec t .  

T;\ FH.E I 

l'hosphale is! pcri.d ,,1 ~ It approx. 2rid period o I i-2 h ln i t i . l  washing 
period (rain) tmfhr H T  

lo ~ o.91 
lO ! 1.22 

x o  q 1.39 
3 ° + 1-75 
lO q 1.79 
45 1.3 ° 
45 - - 1.86 

15 o - 1 . 8 x  
Means of above ratios ~.5 ° 

Significance of 

7" IAA H T  7" IA.4 

o.87 1.10 1.32 0.60 1.03 
o.88 l .oo 2.o 5 0.30 i .00 
1.22 1.1, 3.35 1.39 2.(32 
LO 5 1.08 3.22 1.78 1.50 
1 . 0 1  1 . 0 7  4 . 0 0  1 . 1 8  1 . 9 4  

1.00 1.27 1.95 1"04 1.8I 
1.02 1.75 2.30 r.IO 2.38 
-- W "93 3'43 3'93 

(1.00) 1.3 ° 2.70 (I .01}) 2 . 2 2  

difference from 1 . o o :  P < o . o 2  N,G P < o . o  5 P < O . O l  NS P <O. Ol  

Ratios, in 2 periods in eacll of 8 experiments ,  of the optical densities at  53 ° nlf* of solut ions 
containing too itg/ml of 5 -hydroxy t ryp tamine  (ttT), t ryp tamine  (T), or indolylacetic acid (IAA), 
as multiples of tha t  of control solutions, taken as i.oo. 

Re/erentea p. 25*. 
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l:ig. I. The absorption characteristics o[ the pigment elhlsed in a typical experiment (the first in 
Table I). The relatively high control values in this experiment are unusual. / { : indole-3-acetic 
acid leo ffg/ml; 0 -  - -@ : 5-hydroxytrypta  mine ~oo ffg/lnl; O O : control. The upper 3 curves 

show the values for the lirst 3 h, the lower 3 those for the next I !2 h. 

Fig.  * s h o w s  t h e  a l ) s o r p t i o n  c h a r a c t e r i s t i c s  of t h e  p i g m e n t  in one  of t h e  e x p e r i m e n t s  

l i s t e d  in T a b l e  I. I t  i n d i c a t e s  t h a t  a l t h o u g h  m i n o r  n u m e r i c a l  d i f f e rences  in  t h e  r e su l t s  

may be obtained by selecting a different wave- 
length for the est imation,  this is not a nmjor  
sot l rce  of e r ro r .  

I;ig. '2 i l lustrates the fact tha t  in general, 
t h e  effect  of h y d r o x y t r y p t a m i n e  a n d  indo le -  3- 

ace t i c  ac id  c o n t i n u e d  for  s eve r a l  h o u r s  a f t e r  t h e  

s o l u t i o n s  h a d  b e e n  d r a i n e d  off t h e  s l ices a n d  

r e p l a c e d  b y  d i s t i l l ed  wa te r .  T h e  f igure  a lso s h o w s  

t h a t  l l y d r o x y t r y p t a m i n e  a t  a c o n c e n t r a t i o n  of 

Io  ffg/inl p r o d u c e d  a d e t e c t a b l e  i n c r e a s e  in 

p i g m e n t  ef fus ion.  A t  a c o n c e n t r a t i o n  of I f fg/ml  

h o w e v e r ,  no  m e a s u r a b l e  effect  was  o b s e r v e d .  

W h e n  b a t c h e s  of d i sks  were  w a s h e d  ini-  

t i a l l y  for  I8  h o u r s  in  t a p  w a t e r  be fo re  t r a n s -  

f e rence  to  t h e  e x p e r i m e n t a l  s o l u t i o n s ,  t h e y  

s h o w e d  a m u c h  s m a l l e r  a b s o l u t e  r a t e  of p i g m e n t  

ef fus ion,  in b o t h  t im " t e s t "  a n d  " c o n t r o l "  m e -  

d ia ,  b u t  t h e  r a t i o  " t e s t  e f f u s i o n " :  " c o n t r o l "  w as  

f o u n d  to  be  g r e a t e r  (9 :z  a n d  4 : z  in t w o  e x p e -  

r i m e n t s  on h y d r o x y t r y p t a m i n e  Ioo  ffg/ml) t h a n  

in t h e  ser ies  r e p r e s e n t e d  b y  T a b l e  I. 

A l t h o u g h  s eve r a l  a t t e m p t s  were  m a d e ,  no  

e v i d e n c e  was  o b t a i n e d  to  i n d i c a t e  t h a t  p r e v i o u s  

~2 

" 0.0 

t8 < 

c2 

. o  

4 ~ ~4 
Q, 

h - - -  :aa lOOFo/m: 
• . 5H7 lOOag/ml 

- - 5 H I 7 0 l x g / m l  

,Control 

% 1.o 

2e I i_  _ 
~.~ 

24 I I I i I I L _  
0 ~2 I 1t/2 2 31Z> z, 

Time ~n ~r 

] : i g .  e. E x p e r i m e n t  t o  i l l u s t r a t e  t h e  t i m e -  
course of the pigment eiffusion, "['he beetroot 
slices were washed for _' h before time o till 
the graph, when they were placed in the 
solutions as shown. From I h onwards water 
only was used for all batches. Ordinate 
log rate of increase of optical density at 

53 ° mff and I cm depth in h i 

or s i m u l t a n e o u s  t r e a t m e n t  of t i le  s l ices w i t h  t r y p t a m i n e  w o u l d  i n h i b i t  t h e  r e s p o n s e  to 

h y d r o x y t r y p t a m i n e ,  in  t h e  w a y  w h i c h  can  lye d e m o n s t r a t e d  w i t h  p l a i n - m u s c l e  p r e p a r a -  

t ions .  I n  t h e  p r e s e n t  e x p e r i m e n t s  i t  w as  i m p o s s i b l e  to  use  v e r y  h i g h  in i t i a l  c o n c e n t r a t i o n s  

of t r y t ~ t a m i n e ,  s ince  t he se  h a d  an  effect  l ike t h a t  of h y d r o x y t r y p t a m i n e  at  a lower  

Rc/ercuces  p.  2 5 l .  
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concentration. Thus a concentration of I mg/ml of tryptamine in two experiments 
increased the effusion of pigment by factors of 2.13 and 1.9o, the effect persisting after 
the withdrawal of the tryptamine. 

Other substances cursorily examined at concentrations of apt)roximately IOO tLg/ml 
included: creatinine, tryptophane, bufotenine, histamine, mepyramine maleatc, 
oestrone, oestradiol, (solution-suspension in 2 % ethanol) and the de tergent  "Lissapol"*. 
The only one of these found to have a marked  effect was "L i s sapo l "  which is known 
to 1)e a t}owerfid haemoly t i c  agent .  

The e/fect o~ 5-hydroxytryptamine on oxygen, consumption 
Previous experiments (unpublished) had suggested that 5-hydroxytryptamine 

creatinine sulphate, at a concentration of approximately 3oo t~g,/ml, temporarily 
diminished the rate of oxygen consumption by suspensions of yeast in huffered glucose 
solutions. One experiment on the beetroot preparation indicated that the suhstance at 
a concentration of Ioo ~g/ml d imin ished  oxygen up t ake  b y  abou t  I5°'o. Tha t  such an 
influence can be dissociated from the pigment effusion effect was shown hy three 
experiments in which lower concentrations (2o, 4 ° and 8o t~g,,'ml) of hydroxytryptamine 
were used. The results of Table I I  show tha t  this treatment caused no significant change 

T A B I . I  ~. I I  

Ratio o[ "e~ perimental" to control z alues o/; 
7imc (h) - -  

[)t3'gt'~t consltmpho?t l'tgment c{]usion 

I2.12 to  3.{) p .m.  l .o  4 1.22 
(bo th  b a t c h e s  of b e e t  
slices in w a t e r  on ly )  

3 . i o  to  5.5 p .m.  1.o 7 ~.3 I 
( h y d r o x y t r y p t a m i n e  4 ° /~gl ' rn l  
a{lded t{} " e x t ) e r i m e n t a l "  f lask)  

5 .2o to  8.4o p . m .  1.2S 1.3o 
(l}oth t ) a t ches  in  w a t e r  only)  

T h e  effect  {}f 5 - h y d r o x y t r y p t a m i n e  4 o p g / m l  on t h e  r a t e  of o x y g e n  c o n s u m p t i o n  a n d  t he  r a t e  
{}f p i g m e n t  ef fus ion  {}f beetroot  slices it~ v i tro .  T h e  figures s h o w  t h e  v a h l e s  for t h e  " e x p e r i m e l l t a l ' "  
1)atch of slices d i v i d e d  b y  t he  c o r r e s p o n d i n g  v a l u e  for t h e  " c o n t r o l "  l}atch.  

in the rate of oxygen consumption although pigment effusion was increased. Upon 
subsequently transferring the tissue to distilled water, oxygen absorption by the 
hydroxytryptamine treated slices was higher that in the control, and the rate of pigment 
effusion continued at the increased level. 

1}ART 11. S { ) I ) I U M  ITI 'TAI ( I~  A N I )  1}OT.XSSIUM I : . t ; I ? I . I 'X  

EXPERIMF.NTAL METHODS 

In  gene ra l ,  t h e  e x p e r i m e n t a l  m e t h o d s  were  t h e  s a m e  as  t h o s e  e m p l o y e d  in o ther  inves t iga t ions  
of s a l t  u p t a k e  b y  red  b e e t  root  t i ssue (SUTCLIFFE3). 

A n u m b e r  of disks were  cut,  7.5 m m  in d i a m e t e r  a n d  o.75 m m  t h i c k ,  w i t h  a h a n d  m i c r o t o m e ,  
a n d  w a s h e d  in s e v e r a l  c h a n g e s  of g l a s s - d i s t i l l e d  water  for e i t h e r  3 ° min  or 24 11 a t  r o o m  t e m p e r a t u r e .  
S o m e  of t h e  d i s k s  w e r e  t h e n  se t  a s ide  for d e t e r m i n a t i o n  of t h e  ini t ia l  s o d i u m  and p o t a s s i u m  c o n t e n t  

* I m p e r i a l  C h e m i c a l  Industr ies ,  L t d .  

Re]erences  p.  2 5 I .  
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of the tissue. The analyses were made by flame photometry ,  upon water  extracts  prepared as has 
been described in the citation abo~e. 

"['he remaining disks were weighe(l in batches of 3 ° (fresh wt about  o.9 g) and transferred to 
5() ml wide-mouthed conical flasks each containing ~ ml ()f o.o2 31 NaC1, in the absence, and presence 
of indole-3-acetic acid or hydroxytryl ) tamine at a concentrat ion of 5 ° /*g/ml.  The flasks were main- 
tained in a water  bath  at  25 C, and shaken to facilitate aeration for 6 hours. The influx of sodium 
and efitux of po tass ium l)y the tissue during this time was determined l)v an analysis of the extermtl 
medium with the flame photometer .  

Each group of disks was then washed free from the reinaining medium in several changes of 
glass-distilled water, blotted to remove adhering li(ltfid, and placed in 4 ml of o.o2 3 l  NaC1 for a 
further period of 0o h under the same conditions ()f tempera ture  and aerati(m as before, l)etermi- 
nations of sodium uptake an(l potassium ou tpu t  were made after 18h and thereafter  at intervals 
of 24 h until the end of the experimental  peri()d, l:or each analysis, 3 ml of the medium was with- 
drawn, and replaced by 3 ml of fresh o.o2 ..1/ NaC1 solution, so tha t  the concentrat ion ()f so(lium 
in the medium th roughout  the experiment  never decreased to below o.ol 31. 

Three replicate flasks were set u t) for each t reatment ,  and each experiment  was repeated twice, 
so tha t  the results presented I)elow represent the mean of 6 separate determinations.  Disagreement 
between replicates was always less than io 0i, of the mean value, and usually less than 5 %. 

The respiration (leterminations were made 11\" measuring oxygen uptake with a \Varburg 
appara tus  during the first 4 h()urs and last 2 hours ()1 each experiment.  

RESULTS 

l ) e t e r m i n a t i o n s  of  t h e  i n i t i a l  1 ) o t a s s i u m  a n d  s o d i u m  c o n t e n t  of  t h e  t w o  t y p e s  of  

t i s s u e  s h o w e d  t h a t  d i s k s  w h i c h  h a d  b e e n  w a s h e d  in w a t e r  fo r  3o ra in  c o n t a i n e d  a b o u t  

53 ~e(t. of  p o t a s s i u m  a n d  I 9  m ' q .  of  s o d i u m  p e r  g f r e s h - w e i g h t .  D i s k s  w h i c h  h a d  b e e n  

w a s h e d  fo r  24 h c o n t a i n e d  r a t h e r  less  (4 () ~e( 1. of  K a n d  17 ~eq .  of  N a  p e r  g f r e s h  w e i g h t ) .  

T h e  u p t a k e  of  s o d i u m  a n d  o u t p u t  of  p o t a s s i u m  b y  t h e  m a t e r i a l  u n d e r  t h e  d i f f e r e n t  

e x p e r i m e n t a l  c o n d i t i o n s  is s h o w n  in T a b l e s  I I I  a n d  IX'. T h e  d a t a  d e m o n s t r a t e  t h a t  

' l ' . \ 1 3 I . l ~  I l l  

Influx of sodium and efltux of potass ium (/te(l/g fresh wt.) with beet disks, washed in distilk~d water  
f()r 3 ° rain and transferred to o.oz 3[ NaCI in the absence or presence of indole-3-acetic acid (I.A.A.) 
or 5dD'droxyt ryp tamine  (H.T.). \11 disks transferred to o.oz 3I NaCI alone, at the end of 6 h. 

l ' tmc ,< h) 
Na  ln/ lu~ 

¢1 I .A .A.  1t .1' .  

f) 15 .1  12.  5 ( ) .2  

- '4  1°.3 7 .o 8 - 3  
4 ~ l().O ().9 2o.4 
72 38.7 I 7.4 43.7 
()0 4 °.2 27.3 44-7 

Total t 24 . 2 74. I i 26. 3 

]£ c'fflztv 

0 I .A .A. H . T .  

3.2 2.S 4.u 
n . 3  2 . 4  o . ( }  
2 .() I .S 2.4 
I .(I I "3 I "0 

1 . 0  ~ "4 1 . 6  

o . o  0 . 7  1 o . 0  

"1":\ l'l I A'7. 1\ 7 

lnt tux of sodium and efllux of potass ium (t¢eq/g fresh wt) with beet disks, washed in distilled water 
for 2 4 h. Other  details as for Table 11I. 

Na lnflu~ lq ,.~ux 
l i m c / h )  

0 I .A  .A .  11,1.  o I . A  .A. 11.7'. 

() I 8 . S  1 5" 1 111, 4 2 .  1 I "7 N ' 7  

24 15. 3 u I.  4 I i . q  1 . 6  I. 5 1.2 
48 25.2 t 7-4 24.o i ..5 o.0 u.6 
72 40.0 20.o 40.2 i '5 I. I I "3 
90 46.8 33 "~ 46. I I '3  1 .O x .  7 

Total I52. 7 xo7. 3 144.6 S.o (,.2 7.5 

Re/erences  p. 25±. 
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a l though sodium was absorbed  wi th  all  t r ea tmen t s ,  up take  was m a r k e d l y  inh ib i ted  
when e i ther  5 - h y d r o x y t r y p t a m i n e  or indole-3-acet ic  acid was present  in the medium.  
This effect pers is ted  dur ing 18 h following t ransfer  of the  t issue to a o.o2 M NaC1 
solution.  Subsequen t ly  the  absorp t ion  of sodium by  the 5 - h y d r o x y t r y p t a m i n e - t r e a t e d  
disks occurred at  a ra te  which was abou t  the  same as the controls  a t  first, and  la te r  
became higher,  so tha t  the final amoun t  of sodium absorbed  b y  this  tissue du r ing  the 
whole of the exper imen t  was about  the  same. On the o ther  hand,  the  indole-3-acet ic  
acid t r ea ted  mate r i a l  cont inued  to absorb  ions more slowly unt i l  the end of the experi-  
men ta l  period,  and  the to ta l  sodium absorbed  was therefore cons iderably  less than  with 
the  control  or h y d r o x y t r y p t a m i n e  t r ea t ed  disks. 

I t  should  be no ted  t ha t  the progrcssiw~ increase in the  ra te  of absorp t ion  of sodium 
with t ime observed  in these exper iments  is a charac te r i s t ic  feature  of salt  up take  b y  
do r m an t  t issue such as beet.  The possible causes of it  will not  be discussed here since 
they  are i r re levan t  to the  present  problem.  

The resul ts  of Tables  I I I  and  IV also show tha t  despi te  the  considerable concen- 
t ra t ion  g rad ien t  exist ing,  the  efflux of po ta s s ium occurred very  slowly under  all con- 
d i t ions ;  and  it was somewhat  reduced following the t r e a t m e n t  wi th  e i ther  5 -hydroxy-  
t r y p t a m i n e  or indole-3-acet ic  acid. 

A compar ison  be tween the d a t a  of Table  I I I  and  IV shows tha t  r a the r  more sodium 
was absorbed  dur ing  the  expe r imen ta l  per iod  b y  the disks which were given the longer 
p re l iminary  washing. This  is a t t r i bu t ab l e  to the deve lopmen t  of some absorp t ive  
capac i ty  dur ing  the washing period.  Conversely,  the loss of po tass ium by this ma te r i a l  
was somewhat  less, as a consequence perhaps  of leaching of read i ly  loseable po tass ium 
dur ing  the p re l imina ry  t r ea tmen t .  Otherwise the  resul ts  ob ta ined  wi th  the  two tissues 
were en t i re ly  comparable .  

In order  to examine  the possible metabol ic  effect of these substances,  de termi-  
nat ions  of oxygen absorp t ion  were made,  with each tissue, dur ing the first 4 hours,  
and  last  2 hours  of the  expe r imen ta l  period.  In  the  first per iod  the disks were in contac t  
with the  exper imen ta l  solutions,  and  in the  second they  had  a l ready  been in simple 

TABLE V 

Rates of oxygen absorption by beet disks relative to controls in o.o2 3l NaCI, (-- too) during and 
after treatment with indole-3-acetic acid (I.A.A.) and 5-hydroxytryptamine (H.T.) at a concentration 
of 5 ° [*g/ml, at 2 5 ~ C. Tissue A was washed for 3 ° min and Tissue B for 2 4 h in distilled water before 

transference to the experimental media. 

Tissue Time dz~ring exDcriment Control I.A .A. H.T. 

A 0 -  4 h I o o  I o o  i i 8  

A 9 4 - 9 6  h I oo  93 I o t 

13 0 -  4 h IOO 93 1o4 
B 94  9 6 h  l o o  91 IOO 

sal t  solut ion for m a n y  hours.  The resul ts  p resented  in Table V, which represent  ra tes  
of oxygen up t ake  re la t ive  to the  controls  (IOO), ind ica te  t ha t  the  effects of t r ea t ing  
the t issue wi th  e i ther  indole-3-acet ic  acid or 5 - h y d r o x y t r y p t a m i n e  are slight.  

i~e/eveJTces p. 2~r. 
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(;I,2NERAI. I)ISCUSSION (PARTS I ANI) II) 

The word "effusion" rather than "diffusion" has been used in the description of 
the results in Part 1 above, because it is not intended to imply that tile effects observed 
are necessarily to be interpreted in terms which apply to diffusion through membrailes. 
VELDSTI~.A ANI) l{OOIJ 1 however in describing similar experiments with plant growth- 
regulators, seem to accept such an interpretation. 

There is no evidence that diffusion of ions plays any important part in the inove- 
ment of inorganic salts across plant cell membranes, in either direction. 

It has seemed possible from the results of Part I, that the additional pigment is 
liberated front cells in a grossly almormal condition as a result of the "toxic" effect 
of 5-hydroxytryptamine or indole-3-acetic acid on them. Against this hypothesis 
howeww must be set the fact that the pigment effect can be demonstrated without 
any great change in the rate of respiration being observed, such as would occur if a 
proportion of the cells were injured. Moreover the depression of sodium uptake which 
hydroxytryptamine causes is completely reversible by washing the disks for about I8 h 
in an hydroxytryptamine-free solution. It has also been found, although the results 
are not presented here, that the effect of indole-3-acetic acid is likewise reversible, after 
more prolonged washing. Finally there is no evidence that either hydroxytryptamine 
o r  indole-3-acetic acid causes the increased output of potassium from the tissue expected 
if a number of cells are killed. 

It is suggested that the experimental findings may best be interpreted in terms 
of an effect on membrane permeability, which may however be not as simple as that 
proposed by VI.;LDSTRA .\NI) BootJ 1. Clearly the substances cause an increase in the 
permeability of the protoplasm to pigment, without having any corresponding effect 
on the permeability to cations. This may perhaps be associated with the fact that the 
resistance of the cell memlwanes in beet to diffusion and exchange of ions is very 
high (.qUT(:LIlq:Ea), aud uptake therefore depends entirely upon an active transport 
mechanism. The inhibition of sodium uptake by indole-3-acetic acid and 5-hydroxy- 
tryptamine probal)ly results from an influence on this mechanism, which is independent 

) 

of their effect in promoting the effusion of pigment. "['he mechanism of this inhibition, 
which apparently occtlrs ill the absence of marked respiratory effects, is to be the 
snbject of further investigation. 

The fact that both the effects on pigment effusion and ion uptake persist after 
the withdrawal of the active substances from the bathing medium suggests that hydroxy- 
tryptamine and indole-3-acetic acid become incorporated in the plant tissue. The much 
greater activity of hydroxytryptamine than tryptainine in the pigment tests is suprising, 
since the 5-OH substitution of indole deriwttives has not been known to have any 
significance in plant physiology. At present two such compounds have been reported 
as being isolated from plant sources: 5-hydroxytryptalnine (I/owDEN, 13ROWN . \ N I )  

BATTY*); and bufotenine or N.N dimethyl-5-hydroxytryptamine (Wn~).~NI) ~XND 
MOTZl,;La; STROMI~ER(;(;). It is possible that this series of compounds may prove of more 
importance in plant physiology than has so far been realised. 

The relevance of these findings to anilnal physiology is a matter of conjecture, but 
it may be suggested that a change in the permeability of membranes to water-soluble 
substances might accord teleologically with the predonfimmt occurrence of 5-hydroxy- 
tryptamine in glandular and nervous tissues. 

h ' e / c t e ~ c e s  p .  ..'5 z . 
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The 5-hydroxytryptamine (serotonin) creatinine sulphate used in these experiments 
was kindly supplied by Dr. K. RICHARDS, Abbott Laboratories, Chicago. 

SUMMARY 

1. Hydroxy t ryp tan l ine  shows approximate ly  the same power  of increasing the effusion of 
p igment  from beetroot  slices as does iT:dole-3-acetic acid, and a much greater  power than is shown 
bv t ryp tamine .  

2. Both 5-hydroxytryt ) tamine and indole-3-acetic acid are found to be s trong inhibitors of 
sodium uptake by this material,  a l though they have little effect on the rate of potass ium efftux. 

3- These effects are not  necessarily associated with any appreciable change in the rate of oxygen 
consumpt ion  by the tissue. 

4. The effects are generally irreversible in experinlents lasting only a few llours, bu t  may  be 
coinpletelv reversible over longer periods of time. 

5. T ryp t amine  is shown not  to inhibit the effect of hyd roxy t ryp t amine  in promot ing pigment  
effusion. 

(). The implication tha t  5 -hydroxy t ryp tamine  and indole-3-acetic acid affect the permeabi l i ty  
of cell membranes  to water-soluble substances is briefly considered in relation to animal and p lant  
physiology. 

Rt~SUI\I 1:; 

1. l . ' hyd roxy t ryp t amine  provoque la sortie des pigments  de coupes de bet terave presqu 'auss i  
efficacement que l'acide indole-3-acdtique et beaucoup plus que la t ryptamine .  

2. La 5-hydroxyt ryp tamine  et l'acide indole-3-ac6tique sont  t o u s l e s  deux des inhibiteurs 
puissants  de I 'absorpt ion du sodium, quoiqu' i ls  n 'a ient  que peu d'effet sur la vitesse de t ransfer t  du 
potassium. 

3- Ces actions ne sont  pas ndcessairement assocides £t un changement  appr6ciable de la vitesse 
de consolnmation de l 'oxyg6ne par  le tissu. 

4. Ces effets sont  g6n6ralement irr~versibles, dans des experiences qui durent  seulement quelques 
heures, mais peuvent  ~,tre compl6tement  r6versibles en des temps  plus longs. 

5. La t ryp tamine  n ' inhibe pas l 'action de l ' hyd roxy t ryp tamine  sur la sortie du pigment.  
0. La conclusion selon laquelle la 5 -hydroxy t ryp tamine  et l 'acide indole-3-acdtique modifient 

la perln6abilit6 des membranes  cellulaires aux substances hvdrosolubles est rap idement  examiv, de 
en relation avec la physiologie animale et v6gdtale. 

Z U S A M M E N F A S S U N G  

i. Hyd roxy t ryp t am i n  besitzt, ungeftihr in gleichem Masse wie Indol-3-Essigs/iure, und welt 
mehr  als Tryptanl in ,  das Verm6gen, die Farbstofleffusion aus Zuckerri ibenwurzelschnit ten zu erh6hen. 

2. Es wurde festgestellt, dass 5 -Hydroxy t ryp tamin ,  sowie Indol-3-Essigs/iure , die Nat r ium-  
aufnahme des obigen Materials s tark  hemmen,  obgleich dieselben wenig Einfluss auf die Geschwindig- 
keit der Kal iumausscheidung ausiiben. 

3. Es besteht  kein unbedingter  Zusammenhang  zwischen diesen Einwirkungen und dem Sauer- 
s toffverbrauch der Gewebe. 

4. Diese Einwirkungen sind im allgemeinen irreversibel, wenn es sich um Versuche handelt,  
welche nur  einige Stunden daueru. Im Falle von ltingeren Zeitspmmen k6nnen sich dieselben jedoch 
als vol lkommen reversibel erweisen. 

5. Es wird bewiesen, dass Tryp tamin  die durch H y d r o x y t r y p t a m i n  hervorgerufene erh6hte 
lrarbstoffausscheidung nicht hemmt .  

6. h n  Bezug auf Tier- und Pflanzenphysiologie wird kurz die M6glichkeit er6rtert,  dass 5- 
t t yd roxy t ryp t amin  mid hldol-3-Essigsiiure (lie Permeabilittit der Zellmembran wasserl6slichen 
Substanzen gegeniiber beeinflussen. 
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