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into -lyric. F r o m  a c o m b i n a t i o n  of b o t h  t y p e s  of s u b s t i t u -  
tion, a m o r e  p r o n o u n c e d  dec rease  of t h e  i n t r i n s i c  a c t i v i t y  
can be  e x p e c t e d .  T h i s  was  c o n f i r m e d  b y  t h e  e x p e r i m e n t s .  
In th i s  w a y  in  t h e  v a r i o u s  h o m o l o g o u s  series, t h e  in-  
trinsic a c t i v i t y  r e a c h e d  zero for  B u - F - M e 3 ,  P r - F - M e 2 E t ,  
E t - F - M e E t ,  a n d  M e - F - E t 3  (see t he  tab le ) .  

No t  o n l y  for  t h e  i n t r i n s i c  a c t i v i t y  b u t  also for  t h e  
affinity,  r e g u l a r  c h a n g e s  w i t h  t h e  m o l e c u l a r  s t r u c t u r e  
were obse rved .  

I t  was  m e n t i o n e d  be fo re  t h a t  t h e  c h a r g e  d i s t r i b u t i o n  
and t he  s t e r i ca l  c o n f i g u r a t i o n  of t h e  d r u g  m a y  be  con-  
sidered t o  be  of spec ia l  i m p o r t a n c e  for  t h e  effect .  F o r  
drugs w i t h  a n  a f f i n i t y  to  cho l ine rg ic  r e c e p t o r s  t h e  m o s t  
p r o n o u n c e d  e lec t r ica l  c h a r g e  is f o u n d  on  t h e  q u a t e r n a r y  
N+-atom.  

E t h y l a t i o n ,  w h i c h  m e a n s  i n t r o d u c t i o n  of l a rge r  a n d  
e l ec t ron- repu l s ing  g roups ,  r e s u l t s  in  a dec rease  of t h i s  
posi t ive  cha rge .  A t  t h e  s a m e  t i m e  as  a c o n s e q u e n c e  of 
sterical h i n d r a n c e ,  t h e  in f luence  of t h i s  c h a r g e  on  t h e  
field of t h e  r e c e p t o r s  is decreased .  Pos s ib ly  a k i n d  of 
mask ing  of t h e  c h a r g e  b y  e t h y l  g r o u p s  m a y  also be  in-  
volved. F r o m  t h e  e x p e r i m e n t s  i t  m a y  be  c o n c l u d e d  t h a t  
there  is a s t r o n g  c o r r e l a t i o n  b e t w e e n  t h e  m o l e c u l a r  pro-  
pert ies  j u s t  m e n t i o n e d  a n d  t h e  i n t r i n s i c  a c t i v i t y .  W i t h  
respect  to  t h e  a f f in i ty ,  i t  was  f o u n d  t h a t  for  t h e  p a r a -  
s y m p a t h o m i m e t i c s  e t h y l a t i o n  r e su l t ed  in a dec rease  of 
the a f f in i ty ,  wh i l e  for  t h e  - lyr ics  no  c o r r e l a t i o n  was  
found. 

S u b s t i t u t i o n  on  t h e  n e g a t i v e  s ide h a s  h a r d l y  a n y  in-  
fluence on  t h e  c h a r g e  of t h e  q u a t e r n a r y  N + - a t o m .  T h e  
decrease in  t h e  i n t r i n s i c  a c t i v i t y  c a u s e d  b y  t h e  e longa-  
t ion of _R' p r o b a b l y  h a s  to  be  a s c r i b e d  to  a s te r ica l  i n t e r -  
ference w i t h  r e s p e c t  to  t h e  a p p r o a c h  of t h e  pos i t i ve  
charge to  t h e  r e c e p t o r s .  T h e  n e g a t i v e  g r o u p i n g  is n o t  
essential  w i t h  r e s p e c t  to  p a r a s y m p a t h e t i c  a c t i v i t y  on  
the r a t  j e j u n u m .  T h i s  is c l ea r ly  d e m o n s t r a t e d  b y  t h e  
results o b t a i n e d  w i t h  some  series of h o m o l o g o u s  a lky l -  
t r i a l k y l a m m o n i u m  c o m p o u n d s  (R ' -N+-R3) ,  w h i c h  c lose ly  
resemble t hose  o b t a i n e d  w i t h  t h e  d i o x o l a n e  c o m p o u n d s  
(see table) .  

I n t r o d u c i n g  a f f i n i t y  a n d  i n t r i n s i c  a c t i v i t y  i n t o  t h e  
receptor  t h e o r y ,  i t  was  poss ib le  to  p r e d i c t  b io logica l  
proper t ies  for  a l a rge  n u m b e r  of new  d i o x o l a n e  com-  
pounds a n d  a ser ies  of a l k y l t r i a l k y l a m m o n i u m  com-  
pounds. 
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Zusammen/assung 

Auf G r u n d  d e r  t h e o r e t i s c h e n  B e f u n d e  w a r  zu e r w a r -  
ten, dass  ] ~ n d e r u n g e n  a n  de r  n e g a t i v e n  u n d  p o s i t i v e n  
Seite de r  D i o x o l a n - V e r b i n d u n g  2249 F zu g r a d u e l l e n  
~)bergiingen y o n  P a r a s y m p a t h i k o m i m e t i k a  zu P a r a -  
s y m p a t h i k o l y t i k a  f f ih ren  wi i rden .  Die  E x p e r i m e n t e  be-  
s t i i t igten die E r w a r t u n g e n  vol lauf .  

U n t e r s u c h u n g  h o m o l o g e r  R e i h e n  y o n  A l k y l t r i a l k y l -  
a m m o n i u m - V e r b i n d u n g e n  ze ig te  die n e g a t i v e  G r u p p e  
als n i c h t  w e s e n t l i c h  fiir die p a r a s y m p a t h i s c h e  W i r k u n g  
und e r g a b  e b e n s o  e inen  g r a d u e l l e n  ~ b e r g a n g  v o n  
Mimet ika  zu L y t i k a .  

E i n f l u s s  von  I s o n i k o t i n s i i u r e h y d r a z i d e n  auf  den  
V e r l a u f  d e r  K 6 r p e r t e m p e r a t u r  n a c h  R e s e r p i n ,  

M o n o a m i n e n  und C h l o r p r o m a z i n  

Rese rp in ,  das  bei  K a n i n c h e n  S e d a t i o n  u n d  Miosis ve r -  
u r s a c h t ,  b e w i r k t  n a c h  V o r b e h a n d l u n g  m i t  I s o p r o p y l i s o -  
n i k o t i n s / t u r e h y d r a z i d  ( Ip ron iaz id ,  Marsilid) E x z i t a t i o n ,  
Mydr i a s i s  u n d  P i l o -E rek t i on ,  ~hn l i ch  wie LysergsAure-  
d i l t t h y l a m i d  (LSD)L R e s e r p i n  s e t z t  g e w e b e g e b u n d e n e s  
5 - H y d r o x y t r y p t a m i n  (5HT) u n d  C a t e c h o l a m i n e  in  Ge-  
h i m  u n d  a n d e r e n  O r g a n e n  frei*. Diese A m i n e  w e r d e n  
z u m  Tel l  d u r c h  W i r k u n g  v o n  M o n o a m i n o x y d a s e  i n a k t i -  
v ie r t ,  e i n e m  F e r m e n t ,  das  d u r c h  I p r o n i a z i d  u n d  in viel  
s chwAche rem Masse  d u r c h  I s o n i k o t i n s t t u r e h y d r a z i d  (Iso-  
n iaz id ,  Rimiform) g e h e m m t  wird  s. Die A b b a u h e m m u n g  
de r  infolge  R e s e r p i n - W i r k u n g  f re igese tz t en  M o n o a m i n e  
d u r c h  I p r o n i a z i d  f f ihr t  mSgl icherweise  zu u n p h y s i o l o -  
g isch  h o h e r  K o n z e n t r a t i o n  yon  freien M o n o a m i n e n  i m  
Geh i rn .  Diese  H y p o t h e s e  k 6 n n t e  den  L S D - a r t i g e n  E f -  
f ek t  yon  R e s e r p i n  n a c h  I p r o n i a z i d - V o r b e h a n d l u n g  er-  
kltLren 4. 

I n  de r  v o r l i e g e n d e n  A r b e i t  sol l te  die B e d e u t u n g  de r  
M o n o a m i n o x y d a s e  bei  de r  W i r k u n g  yon  R e s e r p i n  u n d  
e in igen  M o n o a m i n e n  we i t e r  abgek l~ r t  werden .  D a z u  
w u r d e  de r  E in f lu s s  y o n  I p r o n i a z i d  und  I son i az id  au f  die 
T e m p e r a t u r w i r k u n g  y o n  R e s e r p i n  u n d  v e r s c h i e d e n e n  
M o n o a m i n e n  bei  K a n i n c h e n  u n t e r s u c h t  u n d  m i t  L S D  
sowie C h l o r p r o m a z i n  ve rg l i chen .  C h l o r p r o m a z i n  s e t z t  
im  G e g e n s a t z  zu R e s e r p i n  ke in  5 H T  frei 5. 

Methodih. Bei  K a n i n c h e n  w u r d e  24 h n a c h  I p r o n i a z i d -  
B e h a n d l u n g  bzw.  o h n e  V o r b e h a n d l u n g  Reserp in ,  5 H T ,  
A d r e n a l i n ,  T y r a m i n ,  P h e n y l / t t h y l a m i n ,  Mezca l in  u n d  
C h l o r p r o m a z i n  in j iz ier t .  VCeitere Tiere e rh i e l t en  24 h 
n a c h  I s o n i a z i d i n j e k t i o n  R e s e r p i n  u n d  5 HT,  sowie L S D  
o h n e  V o r b e h a n d l u n g .  Die  r ek t a l e  T e m p e r a t u r  w u r d e  
m i t  T h e r m o e l e m e n t e n  zwe ima l  v o r  u n d  a c h t m a l  n a c h  
V e r a b r e i c h u n g  y o n  Rese rp in ,  C h l o r p r o m a z i n  u n d  d e r  
A m i n e  h a l b s t t i n d l i c h  gemessen  6. 

a) 
Resultate. 

0,5 u n d  1 m g / k g  R e s e r p i n  i n t r a v e n S s  e r z e u g t e n  be i  
K a n i n c h e n  H y p o t h e r m i e ,  wl ih rend  L S D  h y p e r t h e r m  
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Pr~iparat 

Ohne Vorbehandlung 

Reserpin 
Rcserpin 
5-Hydroxytryptamin 
Adrenalin 
Tyramin 
Phenyl~tthylamin. 
Mezealin 
LSD 

Chlorpromazin 

Dosis mg/kg 

Vorbehandlung mit 100 mg/kg Iproniazid intraven6s 

Reserpin 
Reserpin 
5-Hydroxytryptamin 
Adrenalin 
Tyramin 
Phenyliithylamin. 
Mezcalin 
Chlorpromazin 

0, 5 intraven6s 
1,0 intraven6s 

25,0 intraven6s 
0,25 subkutan 

37,5 intravenSs 
8,5 intraven6s 

50,0 subkutan 
0,02 subkutan 
0,05 subkutan 
5,0 intravenOs 

0,5 
0,75 

25,0 
0,25 

37,5 
8,5 

50,0 
5,0 

intraven6s 
intraven6s 
intraven6s 
subkutan 
intraven6s 
intraven6s 
subkutan 
intravenOs 

intravenOs 
intraven6s 

Vorbehandlung mit 100 mg/kg Isoniazid intraveniis 

Reserpin 1.0 
5-HydroxytTyptamin 25,0 

Mittlere Beeinflussung 
der K6rpertemperatur 
in °C (je drei Tiere) 

-- 0,92 
- -  1,33 
+ 0,34 
-- 0,07*** 
+ 0,57 
+ 0,34 
+ 0,34 
+ 1,20 

+ 1,39 

p ~ *  

0,04 
0,001 
0,05 
0,7 
0,001 

< 0,001 
0,008 

< 0,001 

< 0,001 
- 0 , 6 1  

+ 1,09 
+ 1,83 
+ 1,83 

0,001 

< 0,001 
< 0,001 
< 0,001 

+ 0,77*** 0,05 
+ 2,87 < 0,001 
+ 1,64 0,01 
+ 2,28 0,001 
- 1.03 < 0,001 

- 1 , 0 4  < 0,001 
- 0 , 1 4  0 , 5  

p = * *  

< 0,001 

< 0,001 
0,002 

< 0,001 
< 0,001 
< 0,001 

0,5 

0,45 

* Vergleich mit Ausgangswerten. ** Vergleieh mit entsprechender Gruppe ohne Vorbehandlung. *** ~2-Stunden-Versuch. 

wirkte (siehe auch v). Nach Iproniazidvorbehandlung 
verursachten 0,5 and 0,75 mg/kg Reserpin intra- 
ven6s ErhShung der K~Srpertemperatur, 1 mg/kg Re- 
serpin intraven6s bewirkte letale Hyperpyrexie .  

b) Bei nicht mi t  Iproniazid vorbehandel ten Tieren hat-  
ten 5HT,  Tyramin,  Phenyl/ i thylamin und Mezcalin 
leicht hyper thermen,  0,25 mg/kg Adrenalin keinen 
Effekt.  Nach Vorbehandlung mit  Iproniazid wurde 
die hyper therme Wirkung signifikant verstArkt, and 
auch 0,25 mg/kg Adrenalin verursachten signifikante 
Temperatursteigerung.  

e) Isoniazidvorbehandlung beeinflnsste weder den Tem- 
peratureffekt  yon Reserpin, noch yon 5HT.  

d) Die hypotherme Wirkung von Chlorpromazin wurde 
durch Iproniazidvorbehandtung nicht  abgeschw/icht. 

Diskussion. Nach den erwghnten Befunden erzeugte 
Reserpin bei Kaninchen nach Iproniazidvorbehandlung 
nicht nur Exzi ta t ion,  Mydriasis und Pilo-Erektion.  son- 
dern auch Steigerung der K6rpertemperatur .  Die Kom- 
bination Iproniazid/Reserpin hat te  also auch in bezug 
auf Beeinflussung der K6rper tempera tur  LSD-ar t ige  
Wirkung. 

Bei der ErhShung der KiSrpertemperatur durch Re- 
serpin und 5HT nacb. Iproniazidbehandlung spielte 

H. J. BEts, Exper. 9, 107 (1958). - H. J. BEIN, J. TRIPOD und 
R. MEIER, Schweiz. reed. "*Vschr. 83, 1007 (1953}, - A. HORITA und 
J. M. DILLE, Science 120, 1100 (1954). - Z. 8UPEK und S. MILKOVlC, 
Lancet 1955111, 562. 

wahrscheinlich Hemmung  der Monoaminoxydase eine 
Rolle. Dies geht daraus hervor, class Isoniazid, welches 
die Monoaminoxydase nicht wesentlich hemmt,  die 
Tempera turwirkung yon Reserpin und 5HT nicht be- 
einflusste. 

Die Befunde tiber Beeinflussung des Temperatur- 
effektes yon Reserpin, 5HT, Adrenalin und Chlorproma- 
zin durch Iproniazid sprechen dafiir, dass die Tempera- 
turerh6hung nach Iproniazid/Reserpinbehandlungdurch 
freigesetzte endogene Monoamine, zum Beispiel 5HT, 
Adrenalin, zustande kam. Reserpin, das Freisetzung yon 
Monoaminen aus dem Gehirn bewirkt, h'atte beim nicht- 
iproniazidbehandel ten Tier temperatursenkende Wir- 
kung. Nach Iproniazidvorbehandlung erzeugte es Hyper- 
pyrexie. Dies kann durch erh6hte Konzentra±ion yon 
~reigesetzten endogenen Aminen im Gehirn infolge 
Monoaminoxydasehemmung erkl~irt werden. Auch 5HT 
und Adrenalin ha t t en  nach Iproniazidvorbehandlung 
deutl ichc Temperaturs te igerung zur Folge. Die hypo- 
therme Wirkung yon Chlorpromazin wurde durch 
Iproniazidbehandlung nicht  abgeschw~tcht. Chlorproma- 
zin bewirkt  keine 5HT-Freisetzung,  eine Akkumulatioa 
yon freiem 5HT im Gehirn ist also nicht  m6glich. 

Exz i ta t ion  und Hyperpyrese  nach Iproniazid]Reser- 
pinbehandlung sind nicht bei allen Tierar ten ausge- 
pr/igt. Bei M/iusen bewirkte Iproniazidvorbehandlung 
lediglich Abschw~chung der sedativen und hypothermen 
Wirkung yon Reserpin +. 

8 A. XV. LESSlN und M. W. PARKES (1957), ia Vorbereitung. 
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Nach Iproniazid-Applikat ion ha t t en  nicht  nur 5HT 
und Adrenalin, sondern auch andere Monoamine 
(Phenyl/ithylamin, Tyramin,  Mezcalin) verst/ irkte tem- 
peratursteigernde Wirkung. Dutch  Hemmung  der 
Monoaminoxydase f/tilt mSglicherweise ein allgemeiner 
Schutzmechanismus des ZNS gegen die Einwirkung yon 
Monoaminen aus. Die Befunde bei kombinierter  Iproni- 
azid/Reserpin-Applikation lassen daran denken, dass 
endogene Monoamine (zum Beispiel 5HT, Adrenalin, 
Noradrenalin) bei gest6rter Akt iv i t~ t  der Monoamin- 
oxydase erregende Wirkung auf das ZNS ausiiben 
k6nnen. 

H. BXCnTOLD und A. PLETSCH~R 

Medizinische Forschungsabteilung der F. Ho[[mann- 
La Roche & Co., AG., Basel, den 31. Januar  1957. 

Summary  

The influence of isopropyl-isonieotinic acid hydrazide 
(Iproniazid) on the course of body temperature  after 
reserpine, 5HT, adrenaline, various other  monoamines, 
as well as chlorpromazine, was investigated in rabbits 
and compared with the tempera ture  effect of lysergic 
acid diethylamide. Furthermore,  the influence of iso- 
nicotinic acid hydrazide (Isoniazid) on the tempera ture  
effect of reserpine and 5-hydroxyt ryptamine  (5HT) was 
measured. Tile following results were obtained:  
(1) After p re t rea tment  with Iproniazid, reserpine no 

longer produced hypothermia ,  but  marked hyper- 
thermia. 

(2) The hyper thermic  effect of 5HT and various other  
monoamines was significantly increased by Iproni- 
azid-pretreatment.  

(3) Isoniazid-pretreatment  did not  influence the tem- 
perature effect of reserpine and 5HT. 

(4) The hypothermic  effect of chlorpromazine was not 
significantly changed by Iproniazid-pretreatment .  

D I  S P U T A N D U M  

Effects of P y r i t h i a m i n e  and  O x y t h i a m i n e  on the 
Thiamine  C o n t e n t  of  T i s s u e s  and B l o o d  P y r u v a t e  

in Mice  

Ds CARO et al. have stated in their  paper in Experien- 
tia 12, 300 (1956) tha t  VV'OOLLEY and MERRIFIELD based 
their evidence on the fact  tha t  pyri thiamine did not 
decrease the thiamine content  of tissues. This s ta tement  
is not true. WOOLLEY and MERRIFIED showed tha t  the 
cocarboxylase content  of tissues and the pyruvate  
content of blood were not  reduced by pyrithiamine. 
Actually they  feel very  strongly tha t  pyri thiamine 
should reduce the thiamine content  of tissues. The funda- 
mental mode of action of an ant imetabol i te  is to displace 
the related metabol i te  and thus to lower the content  of 
this metabotite in the tissues. In  the case of pyri thiamine 
then, one would expect  the thiamine content  of the 
tissues to be lowered. 

The whole point of WOOLLEY and MERRIFIELD'S argu- 
ment was not tha t  the thiamine content  was unchanged, 
but rather tha t  the cocarboxylase content  was not 
changed. Consequently, the demonstrat ion by DE CARO 

et al. tha t  the thiamine content  of brain is decreased in 
animals previously t reated with pyr i th iamine does not  
differ from the concept of WOOLLEY and MERRIFIELD 
and most certainly cannot  be taken as evidence tha t  the 
view of the lat ter  authors with respect to a new funct ion 
for thiamine is erroneous. 

D. W. WOOLLEY 

XYe think that  in our paper the essential points of 
WOOLLEY and MERRIFIELD hypothesis are clearly ex- 
posed, the importance of cocarboxylase content  of the 
tissues being sufficiently emphasized. 

In fact exposing our experimental  data  we clearly 
referred to the total  thiamine content,  once in the t ex t  
and once in the table. The term ' to ta l  th iamine '  cannot  
be misleading: as is well known, it means free th iamine  
+ phosphorylated thiamine (cocarboxylase). After the 
indications in the text  and in tile table, we spoke often 
of thiamine, but, obviously, always in the sense of to ta l  
thiamine:  we did not consider it necessary to repeat  i t  
every time. 

Further ,  it is well known that  the thiamine in the 
tissues is nearly all in the form of cocarboxylase,  es- 
pecially in the nervous and muscular tissues. 

In particular in normal mice brain, we recently found 
the following results: 

total  thiamine pg 3,16/g 
free thiamine /~g 0.05/g 

Hence it  is clear that  a significant decrease of the to ta l  
thiamine can only be a consequence of a significant 
decrease of the cocarboxylase. Now, it is out  the quest ion 
tha t  the Pyri thiamine sharply lowers (from 2-16 to 
0.74 F'g/g) the total  thiamine content  and, therefore, the 
cocarboxylase content  in the mice brain. 

In our recent paper [Intern. Z. Vitaminforsch. 26, 343 
(1956)] on the rats (treated by mg 2.5 of Pyr i th iamine  
for 6 days), we were able to show the behaviour  of free 
and phosphorylated thiamine (or coearboxylase). Actual-  
ly the Pyri thiamine lowered, in these experiments,  the 
brain phosphorylated thianfine from 2.8 iLg/g to 0- 72 t*g/g, 
while the free thiamine decreased from 0.08 l*g/g to 
0.02 /~g/g. In the muscle and in the liver too, the Pyri-  
thiamine lowered the phosphorylated thiamine content.  

Therefore we still consider our conclusion r ight  t ha t  
the WOOLLEV and MERRIFIELD hypothesis, based on the 
claim tha t  the Pyri thiamine does  not  modify the co- 
carboxylase content  of the tissues, is not  exper imenta l ly  
sustainable. 

L. Dm CARO, G. RtNDI, V. PERRI, 
and G. FERRARI 

Allow me to say once again tha t  D~ CARO et al. have  
not s tated the findings of WOOLLEY and MERRIFIELD 
correctly. Their  findings about  th iamine content  of tis- 
sues are not contradic tory  to the observat ions of WooL- 
LEY and MERRIFIELD and consequent ly they  are un- 
justified in stat ing in your journal  t h a t  they  have  been 
unable to confirm the exper imental  findings on which 
WOOLLEY and MERRIFIELD based their  conclusions. 
WOOLLEY and MERRIFIELD made their  measurements  of 
cocarboxylase. DE CARO, I~INDI, PERRI, and FERRARI 
are consequently unjustified in s ta t ing in their  paper 
t h a t  WOOLLEY" a n d  MERRIFIELD made measurements  on 
thiamine. Thiamine is not the same substance as cocar- 
boxylase. 

Although it is widely believed tha t  much of the thia- 
mine in normal tissues is present in a combined form, it 


