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S T U D I O R U M  P R O G R E S S U S  

The Curariform Activity of the Menispermaceous  
Alkaloids 

B y  DAVID F.  MARSH a n d  D .  A .  HERRING 1 

Types o/alkaloids in menispermaceous plants 

Interest  in agents tha t  produce skeletal muscular 
paralysis has existed since the sixteenth century 
writings of P. M. D'ANGnERA 2. Although extensive 
pharmacological investigations of crude curare were 
carried out by BERNARD ~ and some early clinical 
investigations followed his work, present interest in 
these agents is the result of the isolation of crystalline 
d-tubocurarine chloride and elucidation of its structure 
by  KING% the introduction of large quantities of an 
authent icated curare from a single menispermaceous 
plant  species (Chondrodendron tomentosum) by GILL 5, 
and the development  of a reproducible bioassay by 

1 Department of Pharmacology, \Vest Virginia University School 
of Medicine, Morgantown, W. Va. - This research was supported in 
part by a grant from S. B. Penick & Co., New York. 

PETER MARTYR D'ANGHERA, De Orbe Novo Decades (Petri 
Martyris Anglerii edidit Antonius Nebissensis) 1516 in folio. 

B C. BERNARD, CR. Aead. Sci. 43, 8125 (1856). 
a H. KING, J. Chem. Soe. 1935, 1381 and 19t8, 265. 
s R.C. GILL, Anesthesiology 7, 14 (1946). 

HOLADAY 1. BOVET and BOVET-NITTI 2 have excellently 
reviewed the entire field of agents with curariform action 
including many synthetic substances with this type of 
activity. Although d-tubocurarine chloride is widely 
used therapeutically to diminish skeletal muscle tone, 

"it does have several minor side-effects that  are undesir- 
able 3. We have investigated the alkaloids of the various 
menispermaceous plants in order to t ry  to find agents 
that  have lower toxicity, longer duration of action, or 
more selective effects on given muscular structures, 

The menispermaceous plants contain four fundamental 
types of a lka lo ids : - -  (1) The "berberine" type in which 
a single nitrogen atom is a member of two fused rings 
and consisting of berberine, columbamine, coptisine, 
and several similar compounds; (2) The "coclaurine" 
type which is a derivative of 1-benzyl-l ,2,3,4-tetra- 
hydroisoquinoline and consists of coclaurine and iso- 
coclaurine; (3) The "biscoclaurine" type or "bisbenzyl- 
isoquinoline" type in which two coclaurine type mole- 
cules are joined through ether linkages to give tert iary 
bases of either the curine or oxyacanthinc type; and (4) 
Quarternary bases structural ly related to the curine 
type molccula and consisting predominantly of d- and 
l-tubocurarine. See Table I for illustrations of these 
structural  types. 

1 R.F, VARNEY, C, R, LtNI~GAR, and H.A, HoLADAY, Fed. Proc. 
7, 261 (19.|8). 

2 D.BOVET and F. BovF.T-NITTI, Exper. 4, 235 (1928). 
E.B. SCnLF.SlSGUR, New York State J. Mcd. trT, 1689 (1947}.- 

T.C. GRAv and J. HALrON, Brit. Med. J. 1, 784 (19,18), 
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Table I I  
Discoclaurine ter t iary alkaloids ("Type 3") 

[ExPERIENTIA VOL. VI/1] 

Optical rotation 
Plant  source Tertiary base Formula McIting point [~t]D 

Chondrodendron tomentosum. . 
Chondrodendron platyphyllum . 
Chondrodendron microphyllum . 

d-Chondrocur ine  
/-Curine* 
d -Chondrodend r ine  
d - I s o c h o n d r o d e n d r i n e  

CaoHssOsN2 
CasH~OsN2 
C36H38OsN 2 
C36Hs806N 2 

232--234 ° C 
213--215 ° C 
213--215 ° C 
300--305 ° C 

+ 200 (in HCI a t  24 °) 
- -  190 (in CHCI a a t  24 °) 
+ 190 (in CHCI a a t  24 °) 
+ 120 (in HCI a t  22 °) 

Phwanthus ebracteolatus 
Berberis vulgaris 

Stephania tetrandra 
Coccutus trilobus 
Menispermum dauricum 
Stephania cepharantha 

• . P h m a n t h i n e  
O x y a e a n t h i n e  
t3erbamine  
T e t r a n d i n e  
Tr i lobine  
Daur i c ine  
C e p h a r a n t h i n e  
I s o t e t r a n d i n e  

C38H4~O~N2 
C37H4oOsN2 
Ca~H4oOsN~ 
CasH,mOsN2 
CssH~OsN2 

Cs~HssOsN~ 
CssH4,OsN2 

208--210 ° 
215--217 ° 
170--172 ° 
217--219 ° 
230--235 ° 
115--118" 
140--145 ° 
180~-182 ° 

C - -  263 (in CHC1 a 
C + 280 (in CHCI a 
C .[ 106 (in CHC1 a 
C + 263 (in CHCI a 
C + 280 (in CHCI~ 
C - -  139 (in CHCla 
C + 204 (in CHCla 
C + 146 (in CHC1 a 

a t  24 o) 
a t  24°i 
a t  25 ° ) 
a t  24 ° ) 
a t  29 ° ) 
a t  11 °) 
a t  11 ° ) 
a t  17 ° ) 

* Some of these agents are known under various other minor names and are found in several related plant  species. The species 
given are those from which the alkaloids actually used in this s tudy were isolated• 

Preparation o/ curari/orm active materials 

P r e l i m i n a r y  e x p e r i m e n t s  w i t h  r a b b i t s  i n d i c a t e d  t h a t  
n o  a v a i l a b l e  m e m b e r  o f  t h e  f i r s t  t h r e e  t y p e s  h a d  a n y  
c u r a r i f o r m  a c t i v i t y  a t  d o s e  l e v e l s  o f  5 m g / k g  i n t r a -  
v e n o u s l y .  T h e  a p p l i c a t i o n  o f  t h e  B R O W N - F R A s ~ R  ~ 
c o n c e p t  i n v o I v i n g  c o n v e r s i o n  o f  t h e  t e r t i a r y  n i t r o g e n  
a t o m s  t o  t h e  q u a t e r n a r y  a m m o n i u m  d e r i v a t i v e s  w a s  
o b v i o u s l y  d e s i r a b l e .  T h e  t y p e - 1  c o m p o u n d s  a r e  n o t  
r e a d i l y  c o n v e r t e d  t o  s u c h  d e r i v a t i v e s  d u e  t o  t h e  a b i l i t y  
o f  t h e  n i t r o g e n  a t o m  t o  t a u t o m e r i z e  w i t h  a n  i m i n o  f o r m .  
T h e  t y p e - 2  c o m p o u n d  m e t h i o d i d e s  a r e  b a r e l y  a c t i v e  a t  
t h e  5 m g / k g  l eve l ,  b u t  a l l  o f  t h e  d e r i v a t i v e s  o f  t h e  t y p e - 3  
a l k a l o i d s  a r e  h i g h l y  a c t i v e .  

In m a n y  i n s t a n c e s  t h e  t e r t i a r y  b a s e s  o f  t h e  t y p e - 3  
a l k a l o i d s  w e r e  a v a i l a b l e  ~ i n  p u r e  f o r m  (see T a b l e  I I ) .  
T h e s e  w e r e  d i s s o h ; e d  in  a b s o l u t e  m e t h a n o l  a n d  r e f l u x e d  
w i t h  m e t h y l  i o d i d e  f o r  t w o  h o u r s .  T h e  r e s u l t a n t  s o l u t i o n  
w a s  c o o l e d  a n d  t h e  q u a t e r n a r y  a m m o n i u m  c o m p o u n d  
p r e c i p i t a t e d  w i t h  a n h y d r o u s  e t h e r .  T h e  m a t e r i a l s  w e r e  
r e c r y s t a l l i z e d  f r o m  m e t h a n o l - e t h y l  e t h e r  (see T a b l e  I I I ) .  

1 A.C. BRowN and T.R.  FRASER, Proc. Roy. Soc. Edinburgh 6, 
557 0S69). 

2 We are grateful to Dr. XN.G. BYWATER of S. B. Pcnick & Co., 
New York, for generously supplying an authenticated specimen of 
Chondrodendron from which the d-ehondrodendrine was isolated and 
for large amounts  of Berberis vulgaris root from which tile oxy- 
aeanthine and berbamine were isolated; to Dr. D.L.TABERN of 
Abbott  Laboratories, North Chicago, Illinois, for the d-tuboeurarine 
chloride Irom which the d-0-methyltuboeurarine iodide was prepared; 
to Drs. JAxtES D. DUTCttER and JA~mS A. SHANNON of the Squibb 
Inst i tute  for Medical Research, New Brunswick, New Jersey, for the 
d-chondrocurine from which the d-ehondocurarine iodide was prepa- 
red; to Mr. H. KINo of the National Inst i tute  for Medical Research, 
London, for l-eurine from which the /-N-methylcurine iodide and 
1-0,N-methyleurine iodide were prepared; to Dr. F. v e x  BRUCtt- 
HAUSEN of the Pharmazeutiseh-chemisches Ins t i tu t  der Tech- 
nisehen Hoehschule, Braunschweig, Germany, for the O,N-methyl- 
berbamine iodide (N-methylisotetrandine iodide); to Dr. A.C. 
SANTOS of the Universi ty of the Phitlipines, Manila, P. I., for the 
bark of Pha~anthus ebracteotatus from which the phmsanthine was 
isolated and converted to the  N-methyl  derivative; to Dr. K. I(. 
CHEN of Eli Lilly & Company, Indianapolis, Indiana for dauricine, 
cepharanthine,  and tetrandine; to Dr. D.S.TARISELL of the Uni- 
versity of Rochester, Rochester, New York, for %2-dimethyl-1- 
benzyl-l ,2,3,4-tetrahydroisoquinolinium iodide; and to Dr. H. 
NONDO of the University of Tokyo for isotetrandine, trilobine, and 
additional supplies of cepharanthine.  Such other conlpounds as were 
used in the investigation were either prepared by the authors or 
purchased in the open market.  

T h e  p r o c e d u r e  is e s s e n t i a l l y  t h a t  u s e d  b y  I)UTCHF~R 1 fo r  
t h e  c o n v e r s i o n  o f  d - c h o n d r o c u r i n e  t o  d - c h o n d r o c u r a r i n e .  
Al l  o f  t h e s e  s u b s t a n c e s  a r e  s o l u b l e  i n  w a t e r  t o  o n l y  a 
l i m i t e d  e x t e n t ,  b u t  0 . 3 - 1 . 0 %  s o l u t i o n s  c a n  b e  p r e p a r e d  
w h i c h  a r e  a d e q u a t e  f o r  t e s t i n g .  

I n  t h o s e  i n s t a n c e s  i n  w h i c h  t h e  a l k a l o i d s  w e r e  n o t  
a v a i l a b l e ,  t h e y  w e r e  e x t r a c t e d  f r o m  t h e  o r i g i n a l  p l a n t  
s u b s t a n c e s  b y  m o d i f i c a t i o n s  o f  t h e  m e t h o d  o f  SPAETH 
a n d  KOLBE 2 a n d  SANTOS 3. 

Pharmacology o~ curari/orm agents 

A l t h o u g h  t h e r e  a r e  m a n y  m e t h o d s  o f  • d e t e r m i n i n g  
c u r a r e - l i k e  a c t i v i t y ,  t i l e  h e a d - d r o p  c r o s s - 0 v e r  a s s a y  o f  
~IOLADAY 4 (el. BOVET a n d  BOVET-NITTI  s) is r a p i d  a n d  
e a s y  t o  u se .  T h e  r e s u l t s  a r e  p r e c i s e  a n d  r e p r o d u c i b l e ,  b u t  " 
t h e  r a b b i t  d o e s  n o t  y i e l d  m u c h  i n f o r m a t i o n  c o n c e r n i n g  
s i d e - e f f e c t s  o f  t h e s e  a g e n t s .  A d d i t i o n a l  e x p e r i m e n t s  
w e r e  c a r r i e d  o u t  i n  o r d e r  t o  d e t e r m i n e  w h i c h  o f  t h e s e  
a g e n t s  m i g h t  be  c l i n i c a l l y  u s e f u l .  N - D i m e t h y l t e t r a h y d r o -  
p a p a v e r i n e  i o d i d e  a n d  2 , 2 - d i m e t h y l - l - b e n z y l - 1 ,  2, 3 , 4 -  
t e t r a h y d r o i s o q u i n o l i n i u m  i o d i d e  a w e r e  a l so  i n v e s t i g a t e d  
f o r  s t r u c t u r a l  c o m p a r a t i v e  p u r p o s e s .  

Technics o/ measuring curari/orm action 

Rabbits. S o l u t i o n s  c o n t a i n i n g  0-25 m g  of  d - t u b o c u r a r i n e  
c h l o r i d e  p e n t a h y d r a t e  p e r  cc. ,  o r  i t s  a p p r o x i m a t e  
e q u i v a l e n t  o f  t h e  o t h e r  a g e n t s ,  w e r e  i n j e c t e d  i n  1 5 - 2 5  
s e c o n d s  i n t o  a m a r g i n a l  e a r  v e i n  o f  e a c h  o f  18 r a b b i t s  
( 1 - 6 - 2 - 6  kg};  t h e s e  w e r e  r e s t r a i n e d  i n d i v i d u a l l y  i n  a n  
e n c l o s e d  b o x .  T h e  d o s e s  p r o d u c i n g  h e a d - d r o p  l a s t i n g  
a m i n i m u m  of  3 m i n u t e s  in  h a l f  a g r o u p  o f  10 a n i m a l s  
w e r e  d e t e r m i n e d  (see T a b l e  IV) .  T h e  e x p e r i m e n t s  w e r e  
r e p e a t e d  o n  t h e  s a m e  a n i m a l s  l i t e r  t w o  t o  f o u r  d a y  r e s t  
p e r i o d s  u n t i l  al l  t h e  a g e n t s  h a d  b e e n  i n v e s t i g a t e d  i n  t h e  
s a m e  r a b b i t s .  A f t e r  a n  i n d i v i d u a l  r e s t  p e r i o d ,  t h e  2 - d a y  
h e a d - d r o p  c r o s s - o v e r  a s s a y  o f  I-IoLADAY WaS p e r f o r m e d  
i n  t h e  e i g h t  m o s t  u n i f o r m  r a b b i t s  ( i .e , ,  t h o s e  s h o w i n g  

1 J .D.  DuTCI~ER, J. Amer. Chem. See. 68, 419 (1946). 
E. SFAErH and A. KOLBE, Ber. Dtseh. Chem. Soc. 58, 2280 

(1925). 
3 A.C. SANTOS, Rev. Filip. Med. Farm. 22., 243 (193t). 
4 H.A. HOLADAY, cf. R.F.  VAR~EV, C.R.LIN~:GAR, and t:I.A. 

HOLADAY~ ]. C. 
5 D. BOVET and F.BOVET-NrrTI, 1. c. 
6 The naines of these compounds are quite cumbersome and have 

been simplified wherever possible without producing confusion as 
to the exact material  or compound concerned. 
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Table 11I 
High curariform activity of quaternary ammonium derivatives 

Tertiary base fronl which prepared Quaternary derivative Formula Melting point 

(not known) . . . . . . . . . .  

(not known) . . . . . . . . . .  
l-Curine . . . . . . . . . . .  

d-Chondrodendrine . . . . . . .  

d-Tsochondrodendrine . . . . .  

d-Chondrocurine . . . . . . . .  
Ph~eanthine . . . . . . . . . .  
Oxyacanthine . . . . . . . . .  

Berbamine . . . . . . . . . .  
(Isotetrandine) . . . . . . . . .  
Tetrandine . . . . . . . . . .  
Trilobine . . . . . . . . . . .  
Dauricine . . . . . . . . . . .  

Cepharanthine . . . . . . . .  

d-Tubocurarine chloride 
d-O-Dinlethyltubocurarine iodide 
/-Tubocurarine chloride 
l-N-Dimethylcurine iodide 
l-O,N-Tetramethyleurine iodide 
d-N-Dimethylchondrodendrine iodide 
d-O,N-Tetramethylchondrodendrine iodide 
d-N-Dimethylisochondrodendrine iodide 
d-O,N-Tetramethylisochondrodendrine iodide 
d-Chondroeurarine iodide 
N-Dimethylph aeanthine iodide 
N-Dimethyloxyaeanthine iodide 
O,N-Trimethyloxyacanthine iodide 
N-Dimethylberbamine iodide 
O,N-Trimetbylberbamine iodide 
N-Dimethyltetrandine iodide 
N-Dimethyltrilobine iodide 
N-Dimethyldauricine iodide 
O,N-Trimethyldauricine iodide 
N-Dimethylcepharanthine iodide 

CasH4,O6N2C125 H20 
C 4 0 H 4 8 O o N ~ 1 2  
C3sH4,O6N~CI~5 H20 
C3sH~406NsI~ 
C,0H4sO6N212 
C.asH,tO6N~I~ 
C4oH,80,NaI~ 
CasH,t~O6N~I~ 
C4oH~sO6N~I~ 
C3sH,,O6Nfi2 
C40H4sO6NzI2 
Ca#H~O~N~I~ 
C,0H,sOsNfl~ 
CssHa~0~Na Ia 
C~oHasOsNzI~ 
C~,HasOoN2I~ 
Ca,HatO~N~I~ 
Ca0H~0OsNzI2 
CaxH~zOsN2Iz 
C~0tI4~O~NzI2 

268--270 ° C 
258--260 ° C 
268--2700 C 
270--272 ° C 
245--250 ° C 
251--253 ° C 
257--258 ° C 
280--281 ° C 
300--305 ° C 
272--2750 C 

260"--268 ° C 
258--261 ° C 
251--255 ° C 
258--261 ° C 
265--268 ° C 
260--265 ° C 
270--272 ° C 
200--208 ° C 
1 8 0 - - 1 9 0 0  C 
260--2720 C 

h e a d - d r o p  by  th i s  t e c h n i q u e  a t  0-14-0.16 mg  d- tubo-  
cu ra r ine  ch lor ide  p e n t a h y d r a t e  per  kg). In  th is  procedure  
the  r a b b i t s  are  t i ed  bel ly d o w n  and  0.1 cc. of solut ion 
a d m i n i s t e r e d  i n t r a v e n o u s l y  e v e r y  15 seconds  unti l  the  
head  will no t  rise w h e n  the  s h a v e n  back  is electr ical ly 
s t i m u l a t e d .  Since v e r y  l imi ted  a m o u n t s  of some agents  
were  ava i lab le  no t o x i c i t y  s tud ies  were  carr ied  out  in the  
r abb i t s .  

Tech~dcs o/ n~easuring secot~dary effects 

E x p e r i m e n t s  were  des igned  to  es tab l i sh  the  secondary  
or n o n - c u r a r i f o r m  ef fec ts  of t hese  agen t s  in o the r  
species  of an imals .  

Rats. The  re la t ive  t o x i c i t y  was d e t e r m i n e d  in 460 
a lb ino  ra t s  (150-260 g). Solu t ions  con ta in ing  0.12 mg 
of cu ra r i fo rm a g e n t  per  cc. were  in jec ted  in t r ape r i tone -  
ally a n d  t h e  l e tha l  doses  were  d e t e r m i n e d  (see Table I). 
F o u r  to  t en  m i n u t e s  a f t e r  rece iv ing  a le thal  dose, t he  
an imal s  b e c a m e  l inlp  and  unable  to  walk, respi ra t ion  
s t o p p e d  in an add i t i ona l  3 to  6 minu tes ,  and  finally 
card iac  a c t i v i t y  ceased.  The  ra t s  d id  no t  show any  gross 
s igns t h a t  t hese  agen t s  h a d  chol inergic  ac t iv i ty .  T h e y  
did  n o t  sneeze  or  sa l iva te  or ev idence  c h r o m o d a c h y r i a  
or f lush  as t h e y  do w i t h  some  samples  of crude  curare.  

Cats. Two h u n d r e d  f i f ty  mg  of sod ium barb i t a l  per  kg 
were  a d m i n i s t e r e d  i n t r a p e r i t o n e a l l y  60 minu te s  prior  to 
ope ra t i on  in 20 ca ts  (2-1-3.6 kg). The  femoral  and  
sciat ic  ne rves  to  one leg were  cut .  The per iphera l  end of 
t he  cu t  sc ia t ic  ne rve  was  s t i m u l a t e d  for one - t en th  
second  w i t h  6 vol ts  60 cycle hal f  wave  eve ry  ten  seconds 
by  a m o t o r  d r iven  i n t e r r u p t e r .  The con t rac t ions  of the  
ga s t rocnem ius  musc le  were  r ecorded  on pho tograph ic  
p a p e r  b y  m e a n s  of a s t r a in  gage (Ba ldwin -Sou thwark  
SR-4  t y p e  A-7) m o u n t e d  on an  i sometr ic  lever.  The 
b lood p r e s su re  in t he  oppos i t e  femora l  a r t e ry  was 
s i m u l t a n e o u s l y  r e c o r d e d  w i t h  a L a m b e r t - W o o d  1 s t ra in  
gage m a n o m e t e r .  The  r a b b i t  h e a d  d rop  dose of curar i-  
fo rm a g e n t  was  a d m i n i s t e r e d  i n t r avenous ly  and  a f te r  
t he  musc le  h a d  r e t u r n e d  to  normal ,  0.125 mg of d- 

1 I~.H.LAlVIBERT and E.H.WooD, Proc. Soc. Exp. Biol, a. Med. 
64, 186 (1947). 

t ubocu ra r ine  chlor ide p e n t a h y d r a t e  per  kg was given. If  
the  two  effects  were no t  equ iva len t ,  the  dose of t he  first  
agen t  was increased or  decreased  as necessary  until an 
effect  equal  (within 4-5%) t h a t  p roduced  by  the  d- 
t ubocura r ine  was ob ta ined .  The equ iva len t  doses are 
given in Table  I. No more  t h a n  four in jec t ions  were 
given to  any  an imal  and  no in jec t ions  were made  less 

-200 

7" 
i i 

l l l , ,  , , , , t l  
B 

i 

Fig. 1. - Cat (2.1 kg). Blood pressure, in mm Hg, ahove, and gastro- 
cnemius contractions, below. Peripheral end of cut sciatic nerve 
stimulated ever}, 10 seconds. Eighteea nfinutes deleted between 
portions of record. One hundred twenty five micrograms d-tubo- 
curarinc chloride pentahydrate per kg given at T; 150 nfierograms 

N-methylherbanfine iodMe per kg given at/3. 

t h a n  15 minu te s  apar t .  See Fig. 1 for por t ions  of a 
typ ica l  record.  

In  an addi t iona l  40 barbi ta l ized  ca ts  the  ca rd iovascu la r  
response  to  two  nf icrograms of ep inephr ine  h y d ro -  
chloride,  acc ty lchol ine  chloride,  and  h i s t amine  acid  
p h o s p h a t e  per  kg was d e t e r m i n e d  wi th  a L a m b e r t -  
Wood  s t ra in  gage in the  femoral  a r te ry .  The equ iva l en t  
paralysis  dose de t e rmined  above  was admin i s t e red ,  a n d  
the  epinephr ine ,  acetylchol ine,  and  h i s t amine  in jec t ions  
repea ted .  Fol lowing this,  e i ther  a t rop ine  sulfa te  (0.69 

3 Exper. 
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d-Tubocurarine chloride . . . . . . . .  
d-N-Methylchondrodendrine iodide . . , 
l-N-Methylcurine iodide . . . . . . .  
l-Tubocurarine iodide . . . . . . . .  
d-Chondroeurarine iodide . . . . . . .  
d-O-Methyltubocurarine iodide . . . . .  
d-O,N-Methylchondrodendrine iodide . . 
l-O,N-Methylcurine iodide . . . . . . .  

N-Methyloxyacanthine iodide . . . . .  
N-Methylberbamine iodide . . . . . .  
O.N-Methyloxyacanthine iodide . . . .  
N-Methylisotetrandine iodide . . . . .  
N-Methyltetrandine iodide . . . . . .  

N-Methylph~eanthine iodide . . . . . .  

N-Methylcepharanthine iodide . . . . .  

d-N-Methylisochondrodendrine iodide. . 
d-O-N-Methylisochondrodendrine iodide, 

N-Methyldaurieine iodide . . . . . . .  
O,N-Methyldauricine iodide . . . . . .  

N-Methyltrilobine iodide . . . . . . .  

Dimethyltetrahydropapaverine iodide 
Dimethylbenzyltetrahydroisoquinoline 

iodide . . . . . . . . . . . . . .  

Table IV 

Head drop assay 

0"125 
0.23 
0.20 
5,0" 
0.05 
0.016 
0-11 
0.05 

0.18 
0.125 
0.35 
0.28 
1.2 
0.61 

0.15 

2-5 
0.6 

0.87 
0.38 

0,22 

)5.0 

>5.0 

0-11 
0.31 
0.3: 

0-01 
0-0: 
0-1, 
0-0~ 

0"2; 
0-F 
0"4' 
0"4; 
1-5 
1"0 

0"2' 

3.5 
0"9 

1.3 
0-6 

0.3. 

5,0 

0.15 
0.6 

0-03 
0-15 

0.32 
0-18 

0.28 

Muscular paralysis 

Barhitalized cat 
equivalent 

Aver- 
[ age n ~ 

Dose ]changl ~ ~ ~o °. 

a l~< 

mg/kg inbloo, o ~ 
press. ~ '~ 

mmH, ~ 

0,125 45 0 
0.5 40 ~- - 
0.2 25 0 0 

0.05 .5 0 i  
0.02 20 0 1  
0.10 30 O i  
0,07 .20 0 i  

0.15 .5 + 
0.125 ,5 
0,3 -10 
0,3 10 + 
0,8 20 
0.3 10 

0.15 5 

2,0 ,35 0 
0.4 55 0 

0,4 50 + 

0,22 0 0 

1'0 -10 + O~ 

1 . 0  - 2 0  + 

Secondary effects 
in nnanesthetized 
dog at head-drop 

dose 

+ +  + ~ + + 

+ + 0 + + 
+ I- + + 0 + 

+ 0 0 + + 
+ +  t-q + ~-~ -H 

~ -  + + + + 

- 0 0 0 (~ 
0 0 0 0 13 
0 0 0 0 13 
0 13 0 0 (3 
+ ~ 0 + + 
0 13 0 0 13 

0 0 0 0 

+ + I + + 

b 4- I + t- 

++-I + -  + + 

++q  + + .  + 

0 13 + 13 

+ +  +q + ~ 4 +q 

~-~ 

O -  

01 

+ 

+ I 

+ I 

+ 

.~uinea 
pig 

trach- 
eal ring 

=-Ig~ 

I 

++1 0 

+ I 

I 
I 

+ +  [ 

t 

I 
0 1 +  

0 + 
I 
I 

++l 
I 

mg/kg)  or d i p h e n h y d r a m i n e  h y d r o c h l o r i d e  (2.9 mg/kg)  
was  g iven  a n d  the  c u r a r i f o r m  a g e n t  r e a d m i n i s t e r e d  
pe r iod ica l ly  eve ry  five m i n u t e s  un t i l  r e s p i r a t o r y  
col lapse  occurred .  

Dogs. Modif ied  h e a d - d r o p  c ross -over  a s says  were  per -  
f o r m e d  in 6 t r a i n e d  mongre l  female  dogs  (4-8.5 kg). 
The  a g e n t s  (2.5 mg/cc.)  were  a d m i n i s t e r e d  i n t r a v e n o u s l y  
in 30 s e c o n d s  or less in to  t he  m i n o r  s a p h e n o u s  vein  while  
t h e  dog rec l ined  on  one side. The  a n i m a l  was  a l lowed to  
rise, a n d  t h e  t i m e  of o n s e t  of pa ra lys i s  ( inabi l i ty  to  
s t and )  a n d  i t s  d u r a t i o n  were  r eco rded  wi th  a n y  o t h e r  
o b j e c t i v e  f ind ings .  The  h e a d - d r o p  dose  was  cons ide red  
to  be  t h e  dose  of an  a g e n t  t h a t  would  p r o d u c e  inab i l i t y  
to  s t a n d  for  a pe r iod  of t h r e e  to  f ive m i n u t e s  (see Tab le  
IV).  Doses  of a g e n t s  p r o d u c i n g  such  para lys i s  could  be 
r e a d m i n i s t e r e d  on  t h e  fol lowing d a y  a n d  the  s ame  
d u r a t i o n  of ac t ion ,  w i t h in  -I-45 seconds ,  could  be ob-  
t a ined .  These  a s says  w i t h  u n a n e s t h e t i z e d  dogs  were  
i n t r o d u c e d  as a p r e l i m i n a r y  to  t he  i nves t i ga t i ons  in  man .  

Man, In  o rde r  to  h a v e  i n f o r m a t i o n  conce rn ing  possible  
cl inical  usefu lness  of t h e  b e t t e r  agents ,  e x p e r i m e n t s  
were  ca r r i ed  ou t  on an  80 kg 29-year  old wh i t e  male ,  who  
h a d  b e e n  p rev ious ly  s t a n d a r d i z e d  to  d - t u b o c u r a r i n e  
ch lor ide  x. The  s u b j e c t  was  p l aced  in a modi f i ed  Fowte r ' s  
pos i t i on  on a t r e a t m e n t  t a b l e  (back e l e v a t e d  a b o u t  40 ° 

f r o m  t h e  hor izoa tM,  legs a b o u t  120 ° t o  t r u n k ) .  A s t r a p  
was  p laced  a r o u n d  t h e  lower  t h i g h s  t o  p r e v e n t  t h e  
s u b j e c t  f rom s l ipping off t h e  tab le .  The  r a b b i t  h e a d - d r o p  
dose of an  a g e n t  was  g iven  i n t r a v e n o u s l y  in 45 seconds  
a n d  inc reased  as neces sa ry  w i t h i n  t h e  n e x t  75 seconds  to  
p r o d u c e  h e a d - d r o p  l a s t ing  t h r e e  to  f ive minu te s .  The  
occur rence  of a p p a r e n t l y  m a x i m a l  p tos i s  a t  a p p r o x i -  
m a t e l y  e i g h t y  per  cent of t h e  h e a d - d r o p  dose  was  used  
as an  ind ica t ion  of t h e  t o t a l  a m o u n t  of d r u g  t h a t  wou ld  
n e e d  to  be given.  See Fig.  2 for p ro toco l  of a t y p i c a l  
e x p e r i m e n t .  

Isolated Tissue Segments. H e a r t s  f rom four  r a b b i t s  
were  p r e p a r e d  for  pe r fus ion  by  t h e  L a n g e n d o r f f  t ech -  
n ique  a n d  v a r y i n g  a m o u n t s  of  t he  m o s t  ava i lab le  
c o m p o u n d s  a d d e d  to  t h e  R i n g e r - L o c k e  per fus ion  fluid. 
I s o l a t e d  sec t ions  of i l eum f rom 2 r a b b i t s  were  p r e p a r e d  
for  r eco rd ing  b y  the  usua l  Magnus  t e c h n i q u e  in T y r o d e  
so lu t ion  a n d  t h e  r e sponse  to  ace ty lcho l ine  chlor ide  a n d  
to  .h i s t amine  p h o s p h a t e  were  t e s t e d  before  a n d  a f t e r  
a d d i t i o n  of t h e  c u r a r i f o r m  agen t s .  The  t r a c h e a  of f ive 
gu inea-p igs  were  p r e p a r e d  b y  t h e  m e t h o d  of CASXILLO 
a n d  DE BEER 1. Ten  m i c r o g r a m s  of cu ra r i fo rm a g e n t  
were  a d d e d  to  each  cc. of b a t h .  Tile larges  inc rease  in  
t o n e  f rom th i s  c o n c e n t r a t i o n  b y  d - t u b o c u r a r i n e  ch lo r ide  
was  e q u i v a l e n t  t o  t h a t  p r o d u c e d  b y  0.02 m i c r o g r a m s  

z D.F.MARs~I, C.K. S L E E T H ,  and E.B.TucKER, J. Pharmacol. 1 j . G . C A S T n ,  L O  and E.J. DE BEER, J. Pharmacol. Exp. Therap. 
Exp. Therap. 93, 109 (1948). 9o, 104 (1947), 



[15. I. 1950] In fo rmat ionen  -- Notes 3 5  

90 

Pulse 

80 

Rate 

150 

Blood 

p r e s s u r e  

I00 

mm Hg 

Fig. 2. - Exper imen t s  in man  

50 

Drug, I V  

Head-drop 

Nystagmus 

Swallow 

Reflex 

I 

B 

. 4  

B 

m 

m 

4- 
.4. 

4- 

! I 

+ 
4. 

at 
"1" + 

I I I I I ! I I I I I I I I I I I I I I I l a 

0 5 10  15 20 25 

Time in minutes °'5 rag. o-O-MelhyltubocurarinelSO kg 

at 

| ! | 

l:ig. 2. - Human male (80 kg, 29 years old). D-0-Methyltubocurarine iodide (2.5 mg as a 0.125 p. c. solution) was given intravenously at 
time indicated. Pulse rate, beats per minute, above; systolic and diastolic blood pressure, in mm Hg, between; and presence of 

miscellaneous effects indicated by solid lines below. 

h i s t a m i n e  ba se  pe r  cc. F u r t h e r  e x p e r i m e n t s  were car r ied  
o u t  to  d e t e r m i n e  t h e  a b i l i t y  of t h i s  c o n c e n t r a t i o n  of t he  
a g e n t s  to  a n t a g o n i z e  t h e  c o n t r a c t i l e  effect  of 0.5 micro-  
g r a m s  of a c e t y l c h o l i n e  ch lor ide  pe r  cc. 

Discussion o/act ion 
T h e  r e su l t s  a re  s u m m a r i z e d  in  Tab le  IV. I t  is no t  

d i f f icu l t  t o  d e t e r m i n e  t h e  c u r a r i f o r m  a c t i v i t y  of the  
h i g h l y  specif ic  a c t i n g  agen t s .  I t  is more  di f f icul t  w i th  
a g e n t s  t h a t  a re  n o t  p a r t i c u l a r l y  a c t i v e  a n d  t h a t  also 
p r o d u c e  c a r d i a c  a n d  v a s o m o t o r  effects.  E v e n  w i th  t he  
s imp le  r a b b i t  assay ,  t h e  poore r  c o m p o u n d s  yield 
q u e s t i o n a b l e  r e su l t s ;  i .e. ,  e x t e n s i v e  vasodepress ion  
l imi t s  t h e  a b i l i t y  of t h e  r a b b i t  t o  ra ise  i t s  h e a d  w h e t h e r  
a n y  ske l e t a l  m u s c u l a r  dep re s s ion  is p r e s e n t  or  not .  The  
m o s t  d i f f i cu l ty  was  e x p e r i e n c e d  w i t h  t he  c o m p o u n d s  
c o n t a i n i n g  o n l y  one  a m m o n i u m  ion, a n d  the  N - m e t h y l -  
t e t r a n d i n e .  

I t  m a y  be  n o t e d  t h a t  t h e  r e l a t i ve  effect  on ske le ta l  
musc le  does  v a r y  a m o n g  species a n d  a m o n g  t he  var ious  
m e t h o d s  of a s s a y  a l t h o u g h  t h e  r e l a t i ve  o rde r  of com- 
p o u n d s  r e m a i n s  f a i r ly  c o n s t a n t .  I n  general ,  dogs are less 
s ens i t i ve  to  t h e  ef fec ts  of t h e  a g e n t  on  ske le ta l  muscle  
t h a n  a re  t h e  r a b b i t s  a n d  t h e  p a r t i c u l a r  m a n  used  is s l igh t ly  
more  t o l e r a n t  t h a n  t h e  dogs.  Since t h e  a c t i v i t y  of mos t  
of t he se  a g e n t s  t h a t  h a v e  two  a m m o n i u m  ions is qu i te  
h i g h  in  c o m p a r i s o n  to  t h o s e  t h a t  h a v e  on ly  one, t he  
choice  of t h e  b e s t  a g e n t  for some p a r t i c u l a r  cl inical  use 

m a y  d e p e n d  on  t h e  p resence  or  absence  of undes i r ab l e  
s e c o n d a r y  effects.  

d - T u b o c u r a r i n e  chlor ide  usua l ly  lms l i t t l e  ac t ion  in 
u n a n e s t h e t i z e d  m a n  o t h e r  t h a n  t h a t  r e l a t ed  d i rec t ly  to  
depress ion  of ske le ta l  m u s c u l a r  f unc t i on  1, a l t h o u g h  such  
d iverse  s ide-effects  as t h r o b b i n g  headache ,  b roncho -  
cons t r i c t ion ,  cold sweat ,  ver t igo,  fall in b lood pressure ,  
sa l iva t ion ,  a n d  f lush ing  of the  e x t r e m i t i e s  h a v e  been  
r e p o r t e d  ~. LANDMESSER s has  e s t ab l i s h ed  t h a t  th i s  a g e n t  
p roduces  b r o n c h o c o n s t r i c t i o n  in dogs a n d  some s imi la r  
effect  has  been  obse rved  in m a n / .  U n a n e s t h e t i z e d  dogs  
t h a t  h a v e  h a d  p a r a l y t i c  doses of th i s  a g e n t  e x h i b i t  
m a r k e d  sa l iva t ion ,  a l m o s t  i n v a r i a b l y  defeca t ion ,  a n d  
of ten  vomi t ing ,  l a c r ima t ion ,  a n d  u r i n a t i o n  5. No such  
s ide-effects  are  obse rved  in r a t s  or r abb i t s .  

As i nd i ca t ed  in t h e  Table ,  t h e  d - t u b o c u r a r i n e  t y p e  or 
g roup  I (see Tab le  V) c o m p o u n d s  a lways  p roduce  some 
fall  in  b lood  pressure  in t h e  ca t  even  a t  c o m p a r a t i v e l y  
low doses. This  fall in b lood pressure  was  n o t  p r e v e n t e d  
b y  t h e  a d m i n i s t r a t i o n  of a t r o p i n e  or  d i p h e n h y d r a m i n e .  
In  genera l  the  c o m p o u n d s  h a d  ve ry  l i t t l e  ef fec t  on  t im 

I S.M. SMITII, H.O. BROWN, J.E.P,TOMAI% and L.S.  GoODMA~, 
Anesthesiology 8, 1 {1947). 

2 E.B.  ScHL~SIr~G*.'R, 1. c., and T.C, GRAv and J.l-lm.TOS, 1. c. 
3 C.M. LAm)~tEssv:R, Anesthesiology 8, 5(}6 {19.17). 
4 J.H.CoMRO~ and R.D.  DRt~Ps, Anesthesiology 7, 260 (l,q.16). 

- I). F. MARSh, C. I'[. SLl~.l~.rlb and  F-. B.TuCKER, 1. C. 
b G.M. EW,mETT, J. Pharmacol .  l':xp. Therap.  92, 236 (19.18), 
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Table V 
I High activity of menispermaceous curariform agents 

R'O~/~/~ II 

N ME2+ 
R , , O / / \ I / ~ /  M E O \ / ~ / ~  

\ 5 , t oo l \ l \~  
I I - - -  

\ / \ o R  
* . . . . .  " - - N  I 

+ME s \/~/\oM~ ;\/--\/o 
- \__/ 

R'  -- ME, R "  and R ' "  = H 
d-tubocurarine IR = H 
d-N-methylchondrodendrine 
l-N-methylcurine N-methyloxyacanthine 
l-tubocurarine N-methylberbamine 

R " =  ME, R '  and R ' " =  H 
d-chondrocurarine R = ME 

R', R",  and R ' "  = ME 0,N-methyloxyacanthine 
d-0-methyltubocurarine N-methylisotetrandine 
d-O ,N-methylchondrodendrine N-methyltetrandine 
l-O ,N-methylcurine N-methylphmanthine 

IV V 

NME~' 
R o / \ , / \ /  ~ i E O / N / ' \ /  

I I q 
o \ MEO\ /OME \ / \  

/ \  " "  \ ? \2\o  
/ \ -N / \  

\ o \ , / 
I \ _ /  \/\/oR +ME  

\ / ~ O M E  N-methyldauricine 

R = H R ~ ME 
d-N-methylisochondrodendrine 0,N-methyldauricine 

I I I  

o \ / \ / \  

H,c I 
M E O \  u ] I 

o ~ \ / \  

N-methylcepharanthine 

VI 
O 

/ \ / \ / \ / \ /  
s "~ I b 

\ /  IEo 

MEs " ~ O I v I E  
x,\ i 

,\ i 

N-methvltrilobine 

R = ME 
d-O ,N-methylisochondrodendrine 

response  to epinephr ine ,  ace ty lchol ine ,  or  h i s tamine ,  
a l t hough  occas ional  s l ight  increase in effect  by  epi- 
nephr ine  and  ace ty lchol ine  was observed .  The  group I V  
and  V c o m p o u n d s  are so m u c h  more  vasodepressor  t h a n  
the  g roup  I c o m p o u n d s  t h a t  no expe r imen t s  were  car r ied  
ou t  in m a n  w i t h  these  agents .  Most  of t h e  vasodepressor  
effect  of N - m e t h y l d a u r i c i n e  could  be an t agon ized  by  
d i p h e n h y d r a m i n e .  The  g roup  I I ,  I I I ,  and  V I  c o m p o u n d s  
had  m u c h  less effect  on b lood pressure  and  severa l  
m em b er s  of t he  g roup  had  the  ab i l i ty  to  increase  t he  
response  to  ep inephr ine  a p p r o x i m a t e l y  t w e n t y  per  cen t  
and  to  d imin ish  the  response  to  ace ty lcho l ine  by  as m u c h  
as t h i r t y  per  cent .  

The  s ide-effects  of the  g roup  I and  V c o m p o u n d s  in t h e  
u n a n e s t h e t i z e d  dog are  v e r y  p r o n o u n c e d  w h i l e t h e y  are  
a lmos t  n o n -ex i s t en t  for g roup  I I ,  I I I ,  and  VI  compounds .  

The  e x p e r i m e n t s  w i t h  i so la ted  r abb i t  hear t s  and  
r abb i t  i l eum ind ica t ed  t h a t  the  r e p r e s e n t a t i v e  agents  

/ -N-me thy l cu r ine ,  N - m e t h y l o x y a c a n t h i n e ,  N - m e t h y l -  
t r i lobine ,  and d - tubocura r ine  had  no effect  on con t rac t -  
i l i ty  or r h y t h m i c i t y  a t  concen t r a t ions  as h igh  as 
50 m g / l  (EVERETT 1 found  s l ight  increases in r abb i t  
in tes t ina l  amp l i t ude  wi th  5-12.5 lug d - tubocura r ine  
chlor ide  per  l i ter) .  N - M e t h y l t e t r a n d i n e  and  N - m e t h y l -  
daur ic ine  p roduced  some increase in tone  of t he  i so la ted  
in tes t ine  a t  concen t r a t ions  as low as 1 rag/1. B o t h  N-  
m e t h y l o x y a c a n t h i n e  and  N - m e t h y l t r i l o b i n e  pa r t i a l l y  
an t agon ized  the  effects  of 1 m i c r o g r a m  of s imu l t aneous ly  
added  ace ty lcho l ine  chlor ide  per  l i ter  of per fus ion  fluid 
in the  i so la ted  hea r t  and  isola ted  in tes t ine .  

The  resul ts  w i th  the  v e r y  sens i t ive  gu inea-p ig  t r achea l  
cha in  are more  appa ren t ,  b u t  even  here  d - tubocura r ine  
has  on ly  1/500 the  a c t i v i t y  of h i s tamine .  N - M e t h y l -  
daur ic ine  had  the  g rea tes t  con t rac t i l e  ac t iv i ty ,  w i th  

I G.M.EVF.RETT, 1. C. 
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d-tubocurarine and its methyl  ether less, /-N-methyl- 
curine some, and the other agents investigated none. 
Only N-methylcepharanthine ,  N-methyloxyacanthine,  
and N-methyl te t randine  had any  measurable anti-  
cholinergic activity.  

Although these various differences in agents are real 
and measurable in animals, their clinical importance is 
not so obvious. In  the few experiments carried out in 
man, the differences among compounds were not  so 
great. All the compounds tested produced very transient  
falls in systolic and  diastolic blood pressure of five to ten 
mm/Hg at  the head-drop dose level. Although the d- 
tubocurarine group produced some salivation and the 
N-methyloxyacanthine,  N-methylberbamine,  and N- 
methylcepharanthine  did not  produce any, this dif- 
ference would be of no importance in agents used as 
adjuncts  to anesthesia. However, if the agents are to be 
given repeatedly, or in larger doses or to allergic or 
vasodepressed individuals, the undesired effects ap- 
parent  in animals may indicate effects that  will be 
encountered in man. 

The conversion of a phenolic Oi l  to a methyl ether 
in the d-tubocurarine type molecule always leads to a 
marked increase in potency (d-O-methyltubocurarine 
eight times as active as d-tubocurarine, l-O,N-methyl- 
curine four times as active as l-N-methylcurine, d-O,N- 
methylchondrodendrine twice as active as the d-N- 
methylchondrodendrine).  Conversion of the phenolic 
OH to a methyl  ether in the oxyacanthine type molecule 
leads to a slight decrease in potency. Since the incidence 
of side-effects renlains almost constant  in relation to the 
curariform activity,  such conversion must  change the 
at t ract ion of the agent  for non-specific structures that  
are not  involved in neuromuscular  transmission. 

Although many  investigations have been concerned 
with d-tubocurarine I and a few with the other members 
of the group I compounds -°, almost none have been made 
concerning the group I I I  compounds, and of the group I I  
agents, only N-methyl te t randine  8 and N-methyloxy- 
acanthine 4 have been investigated. All oi the other 
compounds in group II,  and those of group I I I  and VI 
are pharmacologically new. 

Zusammen/assung 

Die-verschiedenen chemisch charakterisierten Alka- 
loide,rdie in Menispermazeen angetroffen werden, sind auf 
allf~llig ntitzliche Curarewirkung hin untersucht worden. 
Blog diejenigen Verbindungen mit  Dibenzyltetrahydro- 
isochinolinstruktur, die zwei Stickstoffatome mit je vier 
I(ovalenzen und  eine Elektrovalenz besitzen bzw. in 
solche ¥e rb indungen  umgewandelt  werden k6nnen, be- 
sitzen eine nennenswerte  "Wirkung. 

Die zwanzig wirksamen Verbindungen sind auf ihre 
F/ihigkeit, eine Paralyse der Skelettmuskutatur mit 
minimalen unerw/inschten Nebenwirkungen an Ratten, 
Kaninchen, Katzen,  Hunden  und Menschen hervorzu- 

1 A.R.MclNTYRE,  Curare (Univers i ty  of Ch i c a go  Press,  Chicago,  
19-17). - D . B o v E T  a n d  F.  BOVET-NITTI, Structure et activitg pharma- 
codynamique des mddicaments du systdme nerveux vdgdtatif (Kargcr ,  
BAle, 1948). 

z j . D . D o v c I t E R ,  t. c. - H .  O. J.COLLIER a n d  S. K. PaRIs ,  Na tu re  
161, 817 (1948). - O.V.  BRAZIL, R .A .  SEBA, a n d  J.S.CAMPOS, Bol. 
Ins t .  V i t a l  Braz i l  5, 79 (1945). - D, F.MARSH, C. K.  SLEErH, and  E .B .  
TUCKER, 1. e. 

H. M. LE~, A. M. VAN ARENDONK, and K. K.CHE~, J. Pharmacol. 
Exp. Therap. 56, 466 (1936). 

4 D.F.MARSH, D.A.HERRING, and C.K. SLEETH, J. Pharmacol. 
Exp. Therap. 95, 100 (1949). 

rufen, untersucht worden, Die d-Tubocurari1~grul)pe, ein- 
schliei31ich die Curarin-Chondrodendrin-Chondrocurin- 
Abk6mmlinge, besitzt die wirksamsten Verbindungen, 
weist aber zahlreiche unerwfinschte Nebenwirkungen auf. 
Die N-lV[ethyldauricin-Gruppe, in welcher zwei Ben zyliso- 
chinolingruppen durch blog eine Ntherbindung statt  
zwei verbunden sind, hat die diffuseste cholinergisehe 
Histaminwirkung. Die IsochondrodendrinabkSmmlinge 
sind nicht sehr wirksam, haben abet unangcnehme 
Nebenwirkungen. Die Oxyacanthingruppe ist insofern 
interessant, als alle ihre Glieder, obgleich sic identische 
Grundformeln besitzen, in ihrer Wirksamkeit und ihren 
Nebenwirkungen sehr verschieden sind: es gibt hoch- 
wirksame Substanzen, die, wie N-Methylberbamin, fast 
keine Nebenwirkungen haben; oder N-Methyloxyacan- 
thin, welches curariform und schwach atropinRhnlieh 
ist; oder N-Methyltetrandrin,  welches nikotiu- und 
muscarin~ihnlich, abet nut  schwach curare~hnlich ist. 
Von den iibrigen Gruppen sind die cjnzig brauchbaren 
Mitglieder N-Methylcepharanthin und N-Methyltrilobin, 
augergew6hnlich, indem sie eine erheblich paralysierende, 
aber fast keine andere Wirkung zeigen. 

Bericht fiber den internationalen Physiker- 
kongre8 vom 5. bis 15. September 1949 

in Basel und Como 

{ Schl u B ) 

]3eim Durchgang eines sehr schncllen Nukleons durch 
einen Kern kann dieser zu viclen Teilstficken explo- 
dieren; die so entstehenden ~Sterne~ sind schon vor 
Jahren mit  Hilfe photographischer Emulsionen nach- 
gewiesen worden. Durch die unerh6rt rasche Entwick- 
lung dieser Technik, die vor einem Jahr in der Herstel- 
Iung yon Plat ten gipfelte, deren F.mpfindlichkeits- 
schwelle unterhalb des Ionisationsminimums liegt, ist 
es m6glich geworden, Teilchen aller Energien und 
Massen (z. ]3, schnelle Elektronen) als Spuren festzu- 
halten. Das Arbeiten mit solchen Plattcn und insbe- 
sondere die Identifikation der Spuren stellt aber grol3e 
technische Probleme (Referat G. P, S. OCCmALINt und 
Kurzreferate seiner Brtisseler Schule). 

In den neuen Platten beobachtet nmn, dab viele 
Sterne neben den dickcn Spuren, die von Kerntrtim- 
mern und langsamen Mesonen crzeugt sind, auch dfinnc 
Spurcn aufwciscn, die man Tcilchcn rclativistischcr 
Energic zuschreibcn mul3. Zumindest cin Tcil der lctz- 
teren sollcn Mesoncn sein, womit der AnschluB an die 
bckannten Schauer hergestcllt ist. I)ic Anzahl solchcr 
Spuren pro Stern, ihrc Winkelvcrtcihmg usw. hildcn das 
Haupt thema der jiingstcn Arhcitcn (Rcfcratc yon C. F. 
P O W E L L ,  Bristol, L. Lum~INCl:-Rmt;Vl.:T, Paris, it. a.). 

Zur Deutung dieser Ereignisse schlagcn (lie Theorcti- 
ker zwei Erkllirungen vor, die auf cntgegcngcsetztcn 
Standpunkten ruben: 1. in eincm StoB zwischcn zwei 
Nukleonen soll jeweils nur ein Meson crzeugt werden 
k6nnen (HEITLER-JANoSSY); 2. bei einem Stof3 soll zu- 
gleich eine Vielzahl yon Mcsonen entstehcn k6nnen 
(Referat W. HI:.ISENf*It.RG, G6ttingcn). Fs ist auf Grund 
des heute vorliegenden Experimentalmaterials noch 
nicht m6glich, eine Entschcidung zu fiillen. 

Die harten Schauer bilden den Gegenstand vieler Unter- 
suchungen mit Z/ihlrohren (Referat L. JANossv, Dublin) 
und Wilsonkammern (Referat P . M . S .  BLACKET% 


