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The mode  of ac t ion of 6 -hyd roxydopamine  in inhibi t ing 
the  fo rma t ion  of l~C-catecholamines f rom tyros ine  remains  
to  be elucidated.  The c o m p o u n d  possibly interferes  d i rec t ly  
w i th  t he  enzyme tyros ine  hydroxylase .  This  migh t  be t he  
f i rs t  man i fe s t a t ion  of a damage  induced  by  6-hydroxy-  
dopam ine  which occurs before changes  become a p p a r e n t  
on e lec t ron microscopy.  On the  o ther  hand ,  an indi rec t  
ac t ion  of the  compound ,  e.g. by  a negat ive  feed-back on 
tyros ine  hydroxyla t ion ,  canno t  be excluded ~,  ~s. 

In  conclusion, doses of 6 -hyd roxydopamine  which do 
no t  cause u l t r a s t ruc tu ra l  damage  to the  bra in  neurons  
seem to impai r  the  b iosynthes is  of catecholamines .  This  
effect  is p robab ly  involved in t he  decrease of endogenous  
dopamine  and  norep inephr ine  in t he  bra in  due to in t ra -  
ven t r icu la r  in ject ion of 6 -hydroxydopamine" .  

l i ten im Gehirn.  Die 14C-Dopa bedingte  Anh~iufung yon  
cerebralen ~4C-Catecholaminen wird durch  Vorbehand lung  
mi t  6 - H y d r o x y d o p a m i n  leicht  ve rminder t ,  w~ihrend der  
Anst ieg  yon  ~C-Catecholamin-Metabol i ten  keine signifi- 
kan te  Ver / inderung erf/ihrt.  Es  wird  geschlossen, dass  6- 
H y d r o x y d o p a m i n  wahrscheinl ich  neben  einer Verdr~in- 
gung yon  Catecholaminen  auch eine H e m m u n g  der  
Hydroxy l i e rung  yon  Tyrosin  bewirkt .  

G. BARTHOLINI, A. PLETSCHER 
and  J. RICHARDS 

Forschungsabteilung der F. Ho//mann-La Roche & Co. AG, 
CH-dO02 Basel (Switzerland), 16 February 1970. 

Zusammen/assung. Intraventrikul~Lr verabre ich tes  6- 
H y d r o x y d o p a m i n  in Dosen, die keine u l t ras t ruk ture l l en  
Hirnver~tnderungen erzeugen, v e r m i n d e r t  bei  R a t t e n  die 
du rch  uC-Tyros in  bed ing te  Zunahme  yon  14C-Catechol- 
aminen  und  von  desamin ie r t en  l~C-Catecholaminmetabo-  
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Influence of Prometryne and Ioxynil  on Photosynthesis  and Nucleic Acid Metabol ism in Plants 

The herbic ides  P r o m e t r y n e  ~ and Ioxyn i l  2 are b o t h  
ex tens ive ly  used for weed control  in crops. I t  is well es tab-  
l ished t h a t  P rome t ryne ,  as well as o ther  der iva t ives  of s- 
t r iazines,  interferes  wi th  the  p h o t o s y n t h e t i c  react ions  in 
p lan t s  a. S o m e w h a t  con t rad ic to ry  repor t s  on the  incor- 
pora t ion  of s- tr iazines into nucleic acid have  a l ready been  
presented .  TEMPERLI et  a l J  d e m o n s t r a t e d  the  incorpora-  
t ion  of nC-label led P r o m e t r y n e  into bacter ia l  nucleic acid. 
In  a recen t  paper  1V[/3CKE et a l )  chal lenged the  va l id i ty  of 
these  results.  However ,  a recent  r epor t  by  GRASER s even 
d e m o n s t r a t e d  incorpora t ion  of 14C-labelled Simazine [2- 
chloro-4,6-bis(diethylamino)-s-triazine] in to  the  nucleic 
acid of Zea Mays, thus  fu r ther  suppor t ing  the  f indings of 
TEMPERLI et  a lA 

Regard ing  Ioxynil ,  i t  has  been  shown t h a t  th is  herbic ide  
uncouples  the  ox ida t ive  phosphory l a t i on  in pea-shoot*  
and  ra t  l iver mi tochondr i a  8. According to  PATON and  
SMITH 9, two  act ive  sites of inhib i t ion  in the  pho tosyn-  
the t ic  reac t ion  cycle are to  be found, while FRIEND and  
OLSSON 10 repor t  only  one act ive  site. The former  f indings  
could be conf i rmed by  BER/JTERll 

In  con t r a s t  to  similar  inves t iga t ions  carr ied out  on 
isolated p l an t  organelles, the  p resen t  s t u d y  deals w i th  t he  
effect  of these  2 herbic ides  on pho tosyn thes i s  and nucleic 
acid me tabo l i sm in whole plants .  In  order  to  clarify which 
metabol ic  p a t h w a y  is p r imar i ly  affected,  pho tosyn thes i s  
and  nucleic acid me tabo l i sm were de t e rmined  simul- 
t aneous ly  by  following CO 2 f ixa t ion  and  a2p incorporat ion,  
respect ively .  

Methods. Spinach  p lan ts  (Spinacia oleracea L.) were cul- 
t i va t ed  in ARNON'S 12 cul ture solut ion in t he  green-house:  
n igh t  t e m p e r a t u r e  15 ~ day  t e m p e r a t u r e  20 ~ and  2500 
Lux  l ight  in tens i ty  for 8 h a day.  A t  the  end of 8 weeks, 
6 samples  were taken,  each consis t ing of 7 plants .  E a c h  
sample  was immersed  in 650 ml of fresh cul ture  solut ion 
to  which  the  following componen t s  were added :  
I n c u b a t i o n  was carried out  a t  20 ~ and  at  a l ight  in t ens i ty  
of 2500 Lux.  Leaves  f rom each sample  were ha rves t ed  a t  
def ini te  t ime  intervals .  Apply ing  the  WARBCR6-technique 
as descr ibed by  KALBERER et  al. ~3, CO 2 f ixa t ion  of leaf 
discs f rom samples  1-3 was measured.  The values ob- 
t a ined  were expressed as percentages  of the  C1~O2 f ixa t ion  

ra te  ob ta ined  for the  control  sample  3. In  samples  4-6 the  
3~P-labelled nucleic acids were isolated according to a 
modif ied  SCHMIDT-TANNHAUSER14 method .  

The rad ioac t iv i ty  of the  ex t r ac t ed  azP-labelled nucleic 
acid was measured  according to CLAUSEN 15 in a Tr icarb  
l iquid scint i l la t ion counter .  Phosphorus  was e s t ima ted  

Sample Component 

4.9 X 104M Ioxynil 
8.3 • 104 M Prometryne 
None (control) 
4.9 x 104M Ioxynil + 1 mCi NaH32PO 4 
8.3 • 104M Prometryne + 1 mCi Na~Ha3PO 4 
1 mCi Na3H~ZP04 (control) 

1Trade name for 2,4-bis-(isopropylamino)-6-methylmercapto-s- 
triazine manufactured by J. R. Geigy AG, Basel (Switzerland). 
Trade name for 3,5-diiodo-4-hydroxy-benzonitrile manufactured 
by May & Baker Ltd. (England) and Amchem Products Inc. 
(USA). 
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accord ing  to  I~ING 16 and  t he  nucleic  acids spec t ropho to -  
me t r i ca l ly  by  m e a s u r i n g  e x t i n c t i o n  a t  260 nm,  us ing  calf 
t h y m u s  D N A  as a reference.  All resul t s  were expressed  as 
pe r cen t  of the  control .  

Results and discussion. I n  t he  F igure  t he  m e a n  of 2 inde-  
p e n d e n t  e x p e r i m e n t s  is given,  showing  u p t a k e  of 32p in to  
t he  nucleic acid, as well  as t he  CO 2 f ixat ion,  of sp inach  
leaves  in  t he  presence  of Ioxyn i l  a n d  P r o m e t r y n e .  As 
d e m o n s t r a t e d  in t he  Figure,  Ioxyn i l  and  P r o m e t r y n e  
af fec t  t he  a~p i nco rpo ra t i on  in to  t he  nucle ic  acid before  
CO 2 f ixa t ion  is inf luenced.  This  is pa r t i cu l a r ly  p r o n o u n c e d  
in t he  case of Ioxyni l .  The  a.~p incorpora t ion ,  t a k e n  to be  
a measure  of nucleic  acid me tabo l i sm,  shows a s imi la r  
p a t t e r n  for b o t h  herb ic ides :  the  u p t a k e  of a~p shows a 
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Time course stud}" ou the incorporation of pa2 into nucleic acid and 
CO 2 fixation. Result~ are expressed m percent of values obtained for 
the herbicide-free controls. ~, C~Oo fixation in the presence of 
Prometryne; II, p32 incorporation in the presence of Prometryne; 
A, C~O2 fixation in the presence of Ioxynil; A, pat incorporation in 
the presence of Ioxynil. The average rates recorded for the control 
plants were as follows : COo fixation, 150 ~zmole COz/mg chlorophyll/h ; 
pa2 incorporation, 1.75 btatom P/rag nuch, ic acid/b. 

m i n i m u m  a f t e r  12-18 h i n c u b a t i o n  a n d  increases  to  a 
m a x i m u m  level  a f te r  30 h. 

W i t h  regard  to t he  r a t e  of  p h o t o s y n t h e t i c  CO~ f ixa t ion  
of leaf discs f rom herb ic ide  i n c u b a t e d  p lan ts ,  i t  was  found  
t h a t  P r o m e t r y n e  i n h i b i t e d  p h o t o s y n t h e s i s  a f te r  12-30 h 
a n d  Ioxyn i l  a f te r  50 h. These  results ,  c o m p a r e d  w i th  those  
on 32p i nco rpo ra t i on  in to  nucleic  acid,  where  r a t e  of in- 
co rpora t ion  was a l m o s t  i m m e d i a t e l y  affected,  sugges t  
t h a t  t he  herb ic ides  do no t  in te r fere  p r i m a r i l y  w i th  the 
p h o t o s y n t h e t i c  r eac t ion  cycle. 

Th i s  f ind ing  was f u r t h e r  s u b s t a n t i a t e d  b y  fol lowing 
a4CO~ u p t a k e  in t he  he rb ic ide  t r e a t e d  p lan ts .  The  s t u d y  
revea led  t h a t  in t he  r ange  where  for  b o t h  herb ic ides  sup 
inco rpo ra t ion  in to  nucleic acid was a l r eady  affected,  t he  
'4CO 2 f ixa t ion  ra te ,  as well  as the  d i s t r i b u t i o n  p a t t e r n  of 
t he  ass imi la tes  {detected b y  r a d i o - c h r o m a t o g r a p h y ) ,  re- 
ma ined  u n c h a n g e d  when  compared  w i t h  t he  u n t r e a t e d  
control .  

A l t h o u g h  a p rope r  e v a l u a t i o n  of our  resul t s  is indeed  
diff icult ,  i t  m i g h t  r e a s o n a b l y  be  specu la ted  t h a t  b o t h  
herb ic ides  in te r fere  p r i m a r i l y  w i t h  t he  repl ica s y s t e m  be- 
fore t he  more  a u t o n o m o u s  func t ions  of t he  p h o t o s y n t h e t i c  
a p p a r a t u s  are affected.  

Zusammen[assung Sp ina tp f l anzen  (Spinacia oleracea 
L.) w u r d e n  in e iner  Nghr l6sung,  welche  die H e r b i m d e  
Ioxyn i l  r e spek t ive  P r o m e t r y n  en th ie l t en ,  ku l t iv ie r t .  Es  
zeigte sich, dass  in den  B1/i t tern dieser  P f l a n z e n  der  a2p_ 
E i n b a u  in die Nukleins/~uren bee inf luss t  wurde,  b e v o r  eine 
H e m m u n g  der  p h o t o s y n t h e t i s c h e n  COa-Fixierung e in t r a t .  

j .  B~R(~rER a n d  A, T. TEMPERL[ 

Federal Research Station, 
CH-8820 Wiidenswil (Switzerland), 23 December 7969. 
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P y r i d i n e  N u c l e o t i d e  O x i d i z e d  to  R e d u c e d  R a t i o  as  

Pyr id ine  nucleot ides  (DPN,  D P N H ,  TPN,  a n d / o r  
T P N H )  h a v e  been  ident i f ied  as i m p o r t a n t  cofactors  in 
a lmos t  all  m a j o r  me tabo l i c  p a t h w a y s .  I t  seems possible  
t h a t  the  abso lu te  levels and  the  s t a t e  of t he  oxidized 
to  reduced  moiet ies  could inf luence  t he  ac t iv i t ies  of t he  
severa l  me tabo l i c  p a t h w a y s .  The  pyr id ine  nuc leo t ide  
oxidized to  r educed  ra t io  has  been shown to be a l t e red  in 
several  me tabo l i c  s ta tes ,  inc lud ing  t issue i schemia  
(BuRcH and  VON DIPpE1), nerve s t i m u l a t i o n  (GIACOBINA 
and  GRASSO2), a n d  s t a r v a t i o n  (LARDY a and  GLOCK and  
McLEAN4). W e  hypo t he s i zed  t h a t  th i s  r a t io  could be 
ac t ing  as a fac to r  w i t h i n  t he  muscle  to  regu la te  per-  
formance .  T h a t  is, if a muscle  possessed t he  ab i l i ty  to  
m a i n t a i n  a h ighe r  ox id ized- to- reduced  ra t io  i t  would  
increase i ts pe r fo rmance  capabi l i ty .  

The  wel l -known ab i l i ty  of phys ica l  t r a i n i n g  to increase  
one ' s  capac i ty  for muscu l a r  pe r fo rmance  was ut i l ized in 
order  to  b r o a d e n  the  r ange  of responses  to  an  acu te  exer-  
cise s t imu la t ion .  2 groups  of 75-day-old Sp rague -Dawley  
ra t s  were chosen.  The  f i rs t  group h a d  been  s w u m  for 8 
weeks, twice  a day. for 2 h each session, wi th  up to 3 ~ of 
t he i r  b o d y  we igh t  a t t a c h e d  to the  tail. T he  second group 
was non - t r a ined .  At  t he  end  of the  t r a i n i n g  period,  the  
an imal s  were l igh t ly  a n a e s t h e t i z e d  w i t h  e ther ,  t he  

a R e g u l a t o r  of M u s c u l a r  P e r f o r m a n c e  

achil les t e n d o n  clipped,  a n d  the  d i s t a l  end  of t he  gas t ro-  
c n e m i u s - p l a n t a r i s  muscle  g roup  a t t a c h e d  to a l inear  
va r i ab l e  d i f fe ren t ia l  t r ans fo rmer .  The  muscle  g roup  was 
loaded  w i th  a 20-g weight .  D i rec t  muscle  s t i m u l a t i o n  
(0.2 mA) was appl ied  to t he  in s i tu  muscle  p r e p a r a t i o n  a t  
t he  r a t e  of 2 twi tches /sec .  A t  t he  end of 10 min  t he  con- 
t r a c t i n g  muscle  g roup  was  f reeze-c lamped wi th  a l u m i n i u m  
tongs,  precooled in l iquid  n i t rogen .  W o r k  pe r fo rmance  
was d e t e r m i n e d  b y  s u m m i n g  t he  d i s t ance  t he  20-g we igh t  
was  m o v e d  du r ing  each  of t he  1200 i n d i v i d u a l  twi tches .  
The  py r id ine  nuc leo t ides  (DPN,  D P N H ,  T P N ,  a n d  
T P N H )  were assayed  b y  a p p r o p r i a t e  e n z y m a t i c  r eac t ions  
(alcohol dehydrogenase ,  l ac t a t e  dehydrogenase ,  g lu ta-  
m a t e  dehydrogenase ,  a n d  g lueose -6 -phospha te  dehydro -  
genase, respect ively) .  The  change  in a b s o r b a n c e  a t  340 n m  
was measu red  on B e c k m a n  Model  D U  s p e c t r o p h o m e t e r .  
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