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t ions .  F r o m  these  d a t a  t h e  osmot ic  changes  a f t e r  addi -  
t i on  of m i x t u r e  Q were ca lcula ted ,  and  a n  e q u i v a l e n t  
a m o u n t  of NaC1 was s u b t r a c t e d  f rom t he  K-so lu t i on  in  
t he  e x p e r i m e n t s  of Tab le  I I  (see also Figure) .  I n  conse- 
quence,  t he  osmot ic  pressures  were t h e  same  i n  t h e  
cont ro l s  a n d  in t h e  presence  of m i x t u r e  Q ' a n d  only  43 m M  
NaC1 (Figure).  
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Reduction of the swelling of brain slices by mixture Q. Mean values • 
S.E.; N = 8 for both series of experiments. Series 1.: Control 
106.0 mM NaC1, 273.0 • 0.1 inOsm �9 1-1; + mixture Q 43.3 mM 
NaC1, 273.0 z[z 0.3 mOsm-i  -1. Series 2.: Control 106.0 mM NaC1, 
272.0 -4- 0.1 mOsm �9 l-X; + mixture Q 42.6 mM NaC1, 270.6 -4- 0.3 
mOsm �9 1-1. 

I n  t he  e x p e r i m e n t s  of Tab le  I I ,  t h e  glucose c o n s u m p -  
t ion,  r e sp i r a t ion  and  CO 2 p r o d u c t i o n  were s t imu la t ed .  
The  degree of s t i m u l a t i o n  of t h e  O,  u p t a k e  d e p e n d e d  on  
t h e  O 2 supply,  whereas  s t i m u l a t i o n s  of l a c t a t e  and  of 
p y r u v a t e  f o r m a t i o n  were a l m o s t  t he  same u n d e r  n o r m a l  
and  hypox ic  condi t ions .  

As a consequence  of t h e  s t i m u l a t i o n  of t h e  energy-  
y ie lding glucose me tabo l i sm,  t h e  swell ing of t h e  b r a i n  
slices was r educed  in b o t h  series of e x p e r i m e n t s  to  50% 
of t he  con t ro l  values.  I t  was  m a i n l y  t h e  in t r ace l lu l a r  
space wh ich  decreased,  since t h e  inu l in  spaces  r e m a i n e d  
c o n s t a n t  in t he  p resence  of m i x t u r e  Q. P r o b a b l y  t h e  
effects c o n t a i n  also a c e r t a i n  c o m p o n e n t  of ' ch lor ide  
effect '  ana logous  to  BOURKE'S f ind ings  w i t h  i se th iona te* ;  
b u t  j u s t  t he  e x p e r i m e n t s  w i t h  succ ina te  plus  f ruc tose  
d i p h o s p h a t e  a n d  g lycera te  p h o s p h a t e  are t he  r eason  to  
s t ress  the  me tabo l i c  a spec t  of t he  obse rved  effects. 

Zusammen/assung. Es wurde  gepriif t ,  ob die Wasser -  
a u f n a h m e  yon  K a n i n c h e n - H i r n s c h n i t t e n  d u r c h  Zugabe  
b e s t i m m t e r  S u b s t a n z e n  zur  I n k u b a t i o n s l 6 s u n g  auf  n ich t -  
o smot i s chem W e g  v e r r i n g e r t  werden  kann .  Be t  E in-  
w i rkung  e iner  Mischung  aus  Succinat ,  CDP-Chol in ,  
F r u k t o s e d i p h o s p h a t ,  Phosphog lyce ra t ,  Lac tose  oder  
Saccharose  sowie U D P - G l u k o s e  werden  resp i ra to r i sche r  
und  g lyko ly t i scher  A b b a u  yon  Glukose s t a r k  gesteigert ,  
u n d  die Schwel lung  der  S c h n i t t e  n i m m t  u m  50% ab. 
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Occurrence of Light-Dependent  Acetylcholine Concentrations in Higher Plants 

A l t h o u g h  i t  is well  e s t ab l i shed  t h a t  ace ty lcho t ine  (ACh)  
is wide ly  d i s t r i b u t e d  in t h e  a n i m a l  k ingdonl ,  on ly  s c a n t y  
i n f o r m a t i o n  is ava i l ab le  a b o u t  t h e  occurrence  and  func t i on  
of ACh in t h e  p l a n t  k ingdom.  Ace ty lcho l ine  ha s  been  
de t ec t ed  in a smal l  n u m b e r  of p l a n t s  b y  b ioas say  1. 
A l t h o u g h  m o s t  biological  t e s t  ob jec t s  e x h i b i t  e x t r e m e  
sens i t i v i ty  to  ACh, b ioas say  p rocedures  are suscept i le  to  
a r t i f ac t s  a r i s ing  f rom u n k n o w n  c o m p o n e n t s  of p l a n t  
t i ssue  ex t rac t s .  

I n  a r ecen t  s tudy ,  ACh has  been  ident i f ied  in moss 
cal lus b y  a specific gas c h r o m a t o g r a p h i c  m e t h o d  ~. I t  h a s  
been  found  t h a t  t he  ACh c o n t e n t  b o t h  in moss  cal lus 2 a n d  
in  seconda ry  roo ts  of m u n g  b e a n s  3 is r egu la ted  b y  p h y t o -  
c h r o m e - m e d i a t e d  processes.  

The  p r e sen t  p a p e r  descr ibes  t he  d e t e r m i n a t i o n  of ACh 
w i t h  t he  gas c h r o m a t o g r a p h i c  m e t h o d  in d i f fe ren t  p l a n t s  
wh ich  h a v e  become  s t a n d a r d  ob jec t s  for  t he  i n v e s t i g a t i o n  
of p h o t o m o r p h o g e n e t i c  responses.  

Materials and methods. The  local ly  o b t a i n e d  seeds were 
g rown in  ve rmicu l i t e  in  t h e  g reen  house.  T he  e t io lu ted  
seedl ings were g rown in  t he  same s u b s t r a t e  in  a t h e r m o -  
c o n s t a n t  room in t o t a l  darkness .  The  per iods  of c u l t i v a t i o n  
dif fered d e p e n d i n g  on  t he  p l a n t  species used  (8-20 days) .  
The  d a r k  grown p l a n t s  were used for s t u d y  8 days  a f t e r  
t he  ge rmina t ion .  The  p l a n t s  were deep f rozen a n d  s tored 

a t  --28~ 20 g f resh  we igh t  of p l a n t  t i ssues  were homog-  
enized w i t h  a ]3 i ih ler-homogenizer  for 1 ra in  w i t h  10,000 
r p m  a t  + 4 ~  The  e x t r a c t i n g  m e d i u m  (50 ml) was  80% 
e t h a n o l  w i t h  2% acet ic  acid (pH 3.9). The  s u b s e q u e n t  
e x t r a c t i o n  p rocedure  a n d  the  gas c h r o m a t o g r a p h i c  
e s t i m a t i o n  of ACh were pe r fo rmed  as p rev ious ly  descr ib-  
ed4, ~. Tile gas c h r o m a t o g r a p h i c  ana lys i s  of all p l a n t  
e x t r a c t s  y ie lded peaks  whose  r e t e n t i o n  t i m e s  were 
iden t ica l  w i t h  t h a t  of a u t h e n t i c  ACh. I n  o rder  to  e s t ab l i sh  
r igorous ly  t h a t  t he  peaks  f rom p l a n t  e x t r a c t s  were 
a t t r i b u t a b l e  to  ACh, t he  e x t r a c t s  f rom each  p l a n t  were 
f i rs t  s u b m i t t e d  to  h igh  vo l tage  p a p e r  e lectrophoresis ,  a n d  
t h e n  ana lyzed  b y  gas c h r o m a t o g r a p h y .  

Fo r  e lec t rophores i s  t he  s u p e r n a t a n t  of t i le  cen t r i fuged  
p l a n t  e x t r a c t s  was  c o n c e n t r a t e d  b y  e v a p o r a t i o n  to  3 m l ;  
1.2 ml  of each  e x t r a c t  was s u b m i t t e d  to e lec t rophores i s  
(a l iquots  of 200 [~1 for  each  separa t ion ,  p a p e r  'Sch le icher  
and  Schtil l  2043 Mgl', p y r i d i n  (0.3 M) formic  acid 

1 V. P. WHITTAKER, Handbuch der experimentdlen Pharmakologie 
(Springer, Berlin, Heidelberg, New York 1963), vol. 15, p. 1-39. 

2 E. HARTMANN and H. KILBINGER, Biochem. J. 137, 249 (1974). 
3 M. J. JAFVE, P1. Physiol. if6, 768 (1970). 
4 H. KILBINGER, J. Neurocheln. 21,421 (1973). 
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(0.66 M) buffer ,  p H  4.6, 1500 V, 1.5 h). The  zone on  t he  
e lec t rophores is  p a p e r  co r re spond ing  to a u t h e n t i c  ACh was 
cu t  a n d  Muted w i t h  1 ml  of 0.1 M NaH~PO~ buffer .  Gas  
c h r o m a t o g r a p h y  of t he  e l u a t e  yie lded a p e a k  w i t h  t he  
same r e t e n t i o n  t i m e  as a u t h e n t i c  ACh. These  d a t a  p rov ide  
ev idence  for  t h e  a u t h e n t i c i t y  of t he  c o m p o u n d  in t h e  
p l a n t s  as ACh. No o t h e r  chol ine  es ter  a m o n g  t he  lower 
homologues  of ACh (propionyl- ,  bu ty ry l - ,  vMerylchol ine)  
was  found  in these  p lan t s .  Q u a n t i t a t i v e  e s t i m a t i ons  were 
pe r fo rmed  b y  gas c h r o m a t o g r a p h y  w i t h o u t  pr ior  electro-  
phoresis .  

Results and discussion. ACh could be  de tec ted  in all 
p l a n t s  t e s t ed  (Table).  T h u s  i t  is possible  t h a t  ACh occurs  
ub iqu i t ous ly  in  t he  p l a n t  k ingdom.  The  d i f fe ren t  p l a n t  
organs,  such  as leaves,  s tem,  roots  showed  va r ious  en- 
dogenous  a m o u n t s  of ACh, b u t  t h e  roo t  s y s t e m  a lways  
c o n t a i n e d  less ACh t h a n  t h e  shoot .  As can  be seen f rom the  
Table ,  ACh was no t  de tec ted  in e t io la ted  seedlings.  I n  

ACh content of higher plants 

Plant ACh (nmoI/g fresh weight) 

Phaseolus vulgaris 

stem 7.4 j_ 1.7 (7) 
leaves 2.0 ~ 0.6 (7) 
roots 0.4 (1) 

Pisum sativum (light grown) 
shoot 8.2 • 1.0 (10) 
roots 1.4 4- 0.2 (3) 

Pisum sativum (etiolated) 
shoot nil (<  0.01) (2) 
roots nil (<  0.01) (2) 

Sinapis alba (light grown) 
shoot 1.8 • 0.4 (5) 

Sinapis alba (etiolated) 
shoot n:l (<  0.01) (2) 

Cucurbita pepo 
shoot 10.5 :]= 0.9 (8) 
roots 3.3 ~ 0.3 (6) 

Helianthus annuus 
shoot 7.9 • 2.0 (9) 
roots 3.5 (1) 

Spinacea oleracea 
shoot 6.8 -4- 0.7 (6) 

A maranthus caudatus 
shoot 3.1 ~: 0.4 (4) 

Results are mean -4- SEM of the number of ACh determinations in 
parentheses. The lower limit of sensitivity of the method was about 
0.10 nmol of ACh, which is equivalent to 0.01 nmol/g fresh weight of 
plant tissue. 

a n o t h e r  series of expe r imen t s ,  t he  effect  of l igh t  i n t e n s i t y  
on  t he  ACh c o n c e n t r a t i o n  in peas  (Pisum sativum L.) 
was inves t iga ted .  Af te r  h a v i n g  grown in whi t e  l igh t  of a n  
i n t e n s i t y  of 7.5 J/m2/sec, these  p l a n t s  con t a ined  m u c h  
less ACh (1.5 nmol /g)  t h a n  peas  t h a t  h a d  grown u n d e r  
n o r m a l  l igh t  cond i t ions  (31 ] /m2/sec) .  I n  th i s  p a r t i c u l a r  
expe r imen t ,  t h e  q u a n t i t a t i v e  r e su l t  o b t a i n e d  b y  gas 
c h r o m a t o g r a p h y  was c.ompared w i t h  t h a t  o b t a i n e d  b y  
bioassay.  The  e lua te  f rom e lec t rophores i s  was  assayed  
on  t h e  r a t  b lood p r e s s u r e <  The re  was no dif ference be- 
tween  t he  ACh c o n c e n t r a t i o n  as e s t i m a t e d  b y  gas chro-  
m a t o g r a p h y  or b y  b ioas say  (1.9 nmol /g) .  Our  f ind ings  are 
in  keep ing  w i t h  t he  p rev ious  o b s e r v a t i o n  t h a t  l igh t  ha s  a 
r e g u l a t o r y  effect  on  t he  ACh levels in  p lants3 .  

JAI~FE 3, YU~GHANS and  JAFFE 6 sugges ted  t h a t  ACh 
m a y  ac t  as a p e r m e a b i l i t y  r egu l a to r  or as a local ho rmone ,  
b o t h  in p l a n t s  and  in animals .  The  ques t ions  as to  t he  s i te  
of syn thes i s  and  func t i on  of ACh ill p l a n t s  r e m a i n  
obscure  ~-1~ The  effect  of l igh t  m i g h t  be  to  increase  t he  
r a t e  of syn thes i s  of ACh, poss ib ly  b y  a c t i v a t i n g  t h e  en- 
zymes  respons ib le  for b iosyn thes i s .  

The  answer  to  t h i s  ques t ion  depends  on  a b e t t e r  
u n d e r s t a n d i n g  of h o w  b iosyn thes i s  of ACh occurs  in  
p lan t s .  A bas is  for i n t e r p r e t a t i o n  is i n fo rma t ion ,  essen- 
t ia l ly  b iochemica l  in  na tu re ,  a b o u t  the  e n z y m e  of synthes is ,  
i ts  p roper t i e s  a n d  in t r ace l lu la r  loca t ion  a n d  i ts  f unc t iona l  
b e h a v i o u r  in  r e l a t i on  to  o t h e r  m e t a b o l i c  sys tems  of t he  
p l a n t  celllL 

Zusammen/assung.  Der  A C h - G e h a l t  ve r sch iedene r  h6he-  
rer  P f l anzen  wurde  m i t  e iner  g a s c h r o m a t o g r a p h i s c h e n  
Methode  b e s t i m m t .  Die Iden t i f i z i e rung  des in  den  
P f l anzen  v o r k o m m e n d e n  ACh erfolgte  d u r c h  h o c h s p a n -  
n u n g s e l e k t r o p h o r e t i s c h e  A u f t r e n n u n g  des p f l anz l i chen  
E x t r a k t e s  und  nach fo lgende r  Gas -Chromatograph ie .  Der  
Spross en th / i l t  m e h r  ACh als die Wurzel .  I n  e t io l ie r ten  
P f l a n z e n  war  kein  ACh nachwe i sba r .  Es  wi rd  v e r m u t e t ,  
dass  der  endogene  A C h - G e h a l t  d u r e h  L ich t  regul ie r t  wird. 

E. 1-IARTMANN a n d  H, KILBINGER 

Insti tut  ]i~r A llgemeine Botanik der Universitiit, 
Saarstrasse 27, D - 6 5  Mainz  (German Federal 
Republic, B R D )  ; and Pharmakologisches Inst i tut  der 
Universitiit, Obere Zahlbacherstrasse 67, D - 6 5  M a i m  
(German Federal Republic, B R D ) ,  79 August  7974. 

5 D. W. STRAUGHAN, J.  Pharm.  Pharmac.  J0, 783 (1958). 
6 H. YUNGHANS and M. J. JAFFE, P1. Physiol. 49, 1 (1972). 
7 E. HARTI~ANN, Z. Pflanzenphysiol. 77, 349 (1974). 
s H. KASEMIR and H. N2OHR, P1. Physiol. 49, 453 (1972). 
9 R. L. SATTER, P. B. APPLEWHITE and A. W. GALSTON, P1. Physiol. 

50, 523 (1972). 
10 T. TANADA, Pl. Physiol. d9, 860 (1972). 
11 We wish to thank Mrs. U. KN~PPEL and Miss A. MUTH for skilful 

technical assistance. This work was supported by the Deutsche 
Forsehungsgemeinschaft. 

Sur  les  re la t ions  entre  la p r o d u c t i o n  d ' h e x o s a m i n e s  et d ' h y d r o x y p r o l i n e  de la part  
de f i b r o b l a s t e s  cul t iv~s  in v i tro  dans  dif f~rentes  c o n c e n t r a t i o n s  d '02  

Lecol lag6ne ,  a s s o c i 6 a u x m u c o p o l y s a c c h a r i d e s , c o n s t i t u e  Dans  des t r a v a u x  pr6c6dents ,  nous  avons  6tudi6 la 
le c o m p o s a n t  le plus  i m p o r t a n t  de la subs t ance  in te r -  morphologie ,  l ' a c t iv i t6  enzyma t ique ,  le m6 tabo l i sme  du 
cellulaire e t  des d i f f6rents  t ypes  de t i ssus  conjonct i fs .  Ces D N A  et  la p r o d u c t i o n  d ' h e x o s a m i n e s  de la p a r t  des 
deux  subs t ances  son t  p rodu i t e s  p r i n d p a l e m e n t  p a r  les f ib rob las tes  cul t iv6s  in  v i t ro  en  di f f6rentes  concen t r a t i ons  
f ibroblas tes ,  d'O~ 1-4. I1 nous  a p a r u  i n t6 re s san t  d ' 6 t u d i e r  dans  les 


