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kei t  yon  Na ja rohg i f t  k6cks tens  u m  den v ie r ten  Tell  
zurf ickgeht  1. 

Vor einiger  Zei t  wurde  sehr  k l a r  gezeigt,  dass im 
Na~arohgi]t drei  Ar t en  - S - S - B r t i e k e n  verschiedener  
Reak t ions fah igke i t  exis t ieren.  LSsst  man  Kal iurn-  
zyan id l6sungen  ve rsch iedener  K o n z e n t r a t i o n  auf  das  
Gif t  verschieden lange einwirken,  fRllt das  Pro te in  m i t  
Ammoniumsu l f a t ,  zen t r i fug ie r t  und  w~scht  es, dann  
wird  es in wechse lndem Grade  inak t iv ,  und  en t spre -  
chend  gross is t  die nachzuweisende  Menge der  freien 
Th io lg ruppen  "2 (Abb. 12). 

Die  Stfirke der  N i t rop rus s id r eak t i on  - in Abb i ldung  
12 du tch  + ,  + + ,  + + +  angegeben - zeigt  q u a l i t a t i v  
u n d  die Menge v e r b r a u c h t e n  Jods  q u a n t i t a t i v  die  Zu-  
nah lne  der  e n t s t a n d e n e n  Th io lg ruppen  an.  Man k a n n  
deu t l i ch  d re i  S tufen  der  Sch~digung des Gi f tes  nach 
v iers t t indiger  E i n w i r k u n g  des  Zyan ids  un te rsche iden .  
Die ers te  l iegt  bei  Gift ,  das  m i t  0 ,5prozent iger  Ka l i um-  
zyanid l6sung  b e h a n d e l t  wurde .  E s  v e r b r a u c h t  d a n n  
je 25 m g  1 cm 3 n[500 Jod l6sung  u n d  h a t  e inen 50pro-  
zent igen Akt iv i t~ i t svef lus t  e f l i t ten .  Mit  e inprozent iger  
Zyan id l6sung  behande l t ,  ist  das  Gif t  nur  noch  10% so 
wi rksam und  ve rb r auch t  2 cm 3 Jodl6sung.  Dre i -  und  
h6herprozent iges  K a l i u m z y a n i d  m a c h t  es nach der  
gleichen Zei t  vo l lkommen  unwi rksam,  und  es werden 
3 crn ~ J o d l 6 s u n g  ve rb rauch t .  

Nun  ist,  ~ i e  schon ausgeffihrt ,  die Molekelgewichts-  
bes t imrnung eines solchen P o l y p e p t i d s  wie des N a j a -  
neuro tox ins  n ich t  genau  durchff ihrbar ,  aber  n imrnt  
m a n  als e inen sehr wahrscheinlicl=en W e r t  daf t i r  3500 
an und  zieht  die vor l iegenden Schwefel-  und  Zys t in -  
ana lysen  in Be t rach t ,  so erg ib t  sich aus al len diesen 

1 F. MICHEEL und H. SCHMITZ, Bet. dtseh, chem. Ges. 71, 703 
(198s). 

2 G. WELLERS, Rex,. canad. Biol. 8, 139 (1949). 

Versuchen,  dass das  Molekfil  dieses Toxins  drei  - S - S -  
Br i icken enth~l t .  Man kann  sich vors te l len,  dass durch 
die Zyan ide inwi rkung  zuers t  eine, dann  die zweite und 
schliesslich die d r i t t e  dieser Brficken gesprengt  und  das 
Molektil  en t sp rechend  immer  u n w i r k s a m e r  wird.  

Die  nAhere Un te r suchung  der  Thiol -  u n d  - S - S -  
Gruppen  in den  Schlangengi f ten  und  anderen  Protei -  
hen im Z usa mme nha nge  mi t  deren  physiologischen 
Wi rkungen  ist  jedenfaUs eines der  g rund legenden  Pro-  
b leme  de r  Biochemie.  

Summary 

The different snake venoms are mixtures  of a large 
number  of physiological ly  act ive proteins.  So far only 
the  venoms of the  Ind ian  cobra  (Na]a naja) and the 
Bazil ian ra t t lesnake  (Crotalus t. t.) have been investi-  
gated.  The hemolyt ica l ly  act ive component  of the  Naja 
venom is a prote in  of molecular  weight  B3,000, which 
in the  e lect rophoret ic  exper iment  moves together  with 
tim neurotoxicat ly  act ive principle.  I t  was possible to 
separa te  the  two substances by  chemical  and  physical-  
chemical  methods,  to crysta l l ize  hemolysin  and to 
pur i fy  neurotoxin  to  a large degree. I t  p roved  to be a 
s t rongly  basic, su lphur  containing po lypept id .  

Ra t t l esnake  venom contains  a s imilar  compound of a 
globul in charac ter  which possesses all of the  hemolyt ic  
and  neurotoxic ac t iv i ty  of the  crude venom. I t  was 
crystal l ized,  named ~Crotoxin,  and  fur ther  invest igated.  
I t  ~s a homogeneous molecule of molecular  weight 30,000, 
which is p robab ly  also cons t i tu ted  by  basic po lypept id -  
residues and a protein.  Crotoxin is composed of 18 amino 
acids and is much more sensit ive to chemical  influences 
than  other  physiological ly  act ive proteins.  

The coagulat ing and proteolyt ic  act ivi t ies par t icu lar ly  
character is t ic  of the viper  venoms (Russelviper,  Both- 
tops sp., Crotalus t.t.) always appear  together  and are 
l iable to be quali t ies of another  protein.  

The great  virulence of those protein molecules prob- 
ab ly  depends on the presence of cyst in-  or cystein- 
residues, and on their  posit ion within the molecule. 
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T h e  C o n t e n t  of  Certa in  S p h e r i c a l  P o l y h e d r a  for  a n y  N u m b e r  of D i m e n s i o n s  

Consider in Eucl idean  n-space the  set of points  (zl, z~ . . . . .  z~) sat isfying 

Z d- = 1 ,  a n a  ~ "  b~  z ,  _~ 0 (i = 1 . . . . .  ~1 
k -1  k -1  

[the n polynomials  ~"  b~e z e (i = 1 . . . . .  n) being l inearly independent] .  
k=! 

(a) 
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Let  t h e  n u m b e r s  ci~ be de f ined  b y  
*t 

ci ~ = ~V' b ~  bs~ (i = 1 . . . . .  n ; / '  = 1 . . . . .  n). (2) 
k = l  

If, for  i =  1 . . . . .  n a n d  ] =  1 , . . . ,  n, 

.I C i / = l  if i - - ~ = 0  I 
[ I c i i [  < 1  if [ i - -  ] l  = 1 [ (3) 

e i ~ = 0  if l i - -  ] l  >__ 2 ~' 
K 

t hen  t he  ( n - 1 ) - d i m e n s i o n a l  c o n t e n t  of t he  p o i n t  se t  
def ined b y  (1) is g i v e n  b y  

m-I m 
(z/2)~. H (n-- 2~)- ' .  ~ (2/~)s • L, where  

k = l  s=O 

m = [ ~ n ] ,  I o =  1, a n d  f o r 0  < s : <  m 

%is 

i,, i . . . . . .  i s 0 - - _ _ ?  

s 

(4) 

fifli~i . . . .  isis)-~2 
D dyi l j ldyiz j2  . . .  dyisi s 

i, fi i~], i s i s /  J 

In  the  s u m  d e f i n i n g  I s (for 0 < s ~ m) : 

(a) j ~ = i u + l  ( p = l  . . . . .  s), 

(b) il, i ,  . . . . .  i s i s a n y s e t o f s i n t e g e r s  w i t h  i 1 < i ,  < . . .  < i s 
chosen  f r o m  t h e  whole  n u m b e r s  1 u p  to  ( n - l )  inc lu-  
sive in s u c h  a w a y  t h a t  for e ach  p a i r  (i r, iq) of i n t ege r s  

• i in  t he  se t  t h e  i n e q u a l i t y  ] iu - -  %1 ----> 2 ho lds  good,  

(c) s u m m a t i o n  is o v e r  all se ts  i 1, i 2 . . . . .  i o s a t i s fy ing  t h i s  
desc r ip t ion ,  

i ,  fi i2j~ . . . is is 
(d) D s t a n d s  for  t h e  d e t e r m i n a n t  of t h e  

i~it i2i~ . , . i s i s  
2s × 2s s q u a r e  s y m m e t r i c a l  m a t r i x  [legh][ in  w h i c h  
t h e  e l e m e n t s  egh (g a n d  h r u n n i n g ,  e a c h  of t h e m ,  
t h r o u g h  il, ]i ,  is, ]2 . . . . .  is, is) are  g i v e n  b y  

[ e # = ~ g a i f g = i ~ a n d  h =  ~ = i ~ +  1 (p = 1 . . . . .  s), 

a n d  

l e #  = Cgh o t h e r w i s e  [Cgh was de f ined  in (3)J. 
n n 

If  in (1) ~V'zg = 1 is r ep l aced  b y ~ ' z ~  < 1, t h e  r e s u l t  
k=l  k = l  

(4) is to  be  m u l t i p l i e d  b y  l / n ,  o f  course.  
The  ( n - 1 ) - d i m e n s i o n a l  c o n t e n t  of t he  p o i n t  se t  de f ined  

by  (1) occu r r ed  in a p r o b l e m  in  s t a t i s t i c s L  I t  h a d  b e e n  
inves t iga t ed ,  howeve r ,  as ea r ly  as 1852 b y  SCHLXFLI 2 w h o  
gave a n u m b e r  of t h e o r e m s  on  it,  b u t  n o t h i n g  l ike a 
genera l  r e su l t  b y  w h i c h  t h i s  c o n t e n t  s h o u l d  be  exp l i c i t l y  
d e t e r m i n e d .  COXETER 3 g a v e  a r a t h e r  c o m p l i c a t e d  series 
d e v e l o p m e n t  for  t h e  c o n t e n t  of o r t h o s c h e m e s  (see below) 
in case n = 4; t h e r e  is no  h i n t  a t  ou r  r e s u l t  (4) in  his  
pape r ;  m o r e o v e r ,  (4) ho lds  w i t h  a n y  ( integer)  v a l u e  of 
n (=> 2). 

If  c~  = 0 for  e a c h  p a i r  (i, ]) w i t h  [i -- /' [ :> 2 (i ~ 1 . . . . .  
n; ] = 1 . . . . .  n), t h e  p o i n t  se t  de f ined  b y  (1) is ca l led  a n  

1 H. R. VAN DER VAART, Proc. Kon. Ned. Akad. Wet. 53, 494, 
507 (1950); Indagationes Mathematicae 12, 146, 159 (1950). 

2 j .  H. GRAF, Mitt. Bern. Naturfor. Ges. 1896, 77. - L. SCttLXb'LI 
(hg. V. J. H. GRAF), Neue De~kschri/ten d~r allgemHnen schweizeri- 
schen Gesellscha[t liar die gesamten Naturwissenscha#en, Bd. 38 (1901), 
IV und 239 S. 

z H. S. M. COXETER, Qaart. J. Math., Oxf. Ser. 6, 13 (1935). 

n - s p h e r i c a l  o r t h o s c h e m e  b y  SCHLAFLI 1 (1.C., p. 74); if 
t h i s  e q u a l i t y  does  n o t  h o l d  t r u e  for  e ach  p a i r  (i, ?') w i t h  
[i -- ~'1 ;> 2, t h e  p o i n t  se t  de f i ned  b y  (1) is ca l l ed  a n  
n - s p h e r i c a l  p l a g i o s c h e m e  b y  SCHL£FLI (1.C., p.  58);  I 
wou ld  p re fe r  t h e  t e r m s  ( n - 1 ) - d i m e n s i o n a l  s p h e r i c a l  o r t h o -  
scheme ,  a n d  p l a g i o s c h e m e ,  r e spec t ive ly .  T h e  r e s u l t  (4) 
o b t a i n s  for  o r t h o s c h e m e s  on ly .  R e s e a r c h  on  p lag io-  
s c h e m e s  is in  progress ,  as  is r e s e a r c h  on  t h e  e x p a n s i o n  of 
I s in  a p a r t i c u l a r ,  r e l a t i v e l y  s imple ,  m u l t i p l e  series.  

T h e  r e s u l t  (4) c a n  be  p r o v e d  b y  t w o  wide ly  d i f f e r e n t  
m e t h o d s ,  one  of t h e m  b~ ing  a s t r a i g h t f o r w a r d  s o l u t i o n  
of t h e  s y s t e m  of l i n e a r  p a r t i a l  d i f f e r en t i a l  e q u a t i o n s  of 
t h e  f i r s t  o r d e r  g i v e n  b y  SCHLAFLI ~" (1.C., p. 65). B o t h  
m e t h o d s  a re  s o m e w h a t  l e n g t h y ,  b u t  f a i r ly  e l e m e n t a r y .  

H. R. VAN DER V A A R T  

Zoological  Labora tory  o/ Univers i t y ,  Le iden ,  N o v e m -  
ber 22, 1952. 

Z u s a m m e n [ a s s u n g  

I n  k u r z e r  F o r m  wi rd  de r  I n h a l t  gewisse r  (o r thosche -  
m a t i s c h e r )  sph~ir ischer  P o l y e d e r  f i i r  e ine  wi l lk i i r l iche  
D i m e n s i o n e n z a h l  m i t g e t e i l t .  Diese  F o r m e l  b i l d e t  die 
L 6 s u n g  e ines  v o n  SCHL£FLI a u f g e s t e l l t e n  S y s t e m s  l ine-  
a r e r  p a r t i e l l e r  D i f f e r e n t i a l g l e i c h u n g e n  e r s t e r  O r d n u n g .  

t L. SCHLAFLI (hg. v. J. H. GRAF), Neue Denkschri/ten der all- 
gemeinen schweizerischen Gesellscha# ]i~r die gesamten Naturwissen- 
scha]ten , Bd. 38 (1901), IV u. ~39 S. 

N o t e s  o n  t h e  A l k a l o i d s  of  P l c r a l l m a  

T h e  a lka lo id s  of P i c r a l i m a  n i t ida  occu r  in  t h e  seeds  
a n d  h a v e  b e e n  s t u d i e d  b y  HENRY a n d  SHARP 1 a n d  
HENRY ~, as  wel l  as b y  RAYMOND-HAMET s w h o  ha s  
g i v e n  a r e v i e w  of t h e  s u b j e c t  a. 

24 k u a m m i n e L - - - T h e  f o r m u l a  a t t r i b u t e d  to  t h e  ba se  b y  
HENRY a n d  SHARP 1 was  Cz2HzsOaN2, b u t  t h e  r e su l t s  d id  
n o t  e x c l u d e  C2zH2604N ,. 16 a n a l y s e s  of 12 d i f f e r en t  
s p e c i m e n s  (all d e c o m p o s i n g  a t  254 -259  ° ) gave  as a v e r a g e  
C, 69 .02;  H,  6 . 8 8 % .  10 r e su l t s  w i t h i n  4 - 0 - 3 %  of t h e  
m e a n  g a v e  C, 68.98 %, a n d  13 r e su l t s  w i t h i n  ~ 0 .1% of 
t h e  m e a n  g a v e  H,  6.88 %. T h e  a v e r a g e  of 6 r e su l t s  g a v e  
N, 7 .18%.  C2,H2804N 2 r equ i r e s  C, 69.09;  H,  6.85;  N, 
7 .33%.  C22H~sO4N2 requ i r e s  C, 68.73;  H,  7.34;  N, 7 .29%.  
T h e  f o r m u l a  w i t h  H26 is e v i d e n t l y  p re fe rab le .  

T h e  g r o u p s  k n o w n  to  be  p r e s e n t  a re  1 0 M e ,  i NMe,  
1 O H  w h i c h  we h a v e  c o n f i r m e d .  1 C1V[e is a lso p r e s e n t  
( found,  Me, 2 .89%) .  A k u a m m i n e  is a s t r o n g  base ,  pKa ,  
7"5 ( s t r y c h n i n e ,  7.6) a n d  e l e c t r o m e t r i c  t i t r a t i o n  w i t h  
a lka l i  g a v e  a c u r v e  w i t h  no  i n f l ec t i on  up  to  p H  10. T h i s  

1 T. A. HENRY and T. M. SHARP, J .  Chem. Soc. 1927 (i950). 
2 T.A. HENRY, J. Chem. S~c. 1932, 2759. 
3 M. RAYMOND-HAMET, C. r. Acad. Sci. 211, 125 (1940); Arch. 

exp. Path. Pharm. 199, 399 (1942); C.r. $3c. Biol. 137, 404 (1943); 
138, 199 (1944); C. r. Acad. Sci. 221, 699 (1945); 230, 1183 (1950); 
Rev. Int. bot. app. Agric. trop. 31, 465 {1951); C.r. Acad. Sci. 233, 
560 (1951). 

4 ~[. RAYMOND-HAMET, Rev. Int. bot. app. Agric. trop. 31, 465 
(1951). 

5 The initiation of the present investigation was the result of the 
good offices of Professor E. 8CIILITTLER who put us in touch with 
Dr. A. UFFER of Ciba, Ltd. Dr. UFFER separated the alkaloidal content 
of seeds of Picralima nitida collected in Kumasi (August, 1947} and 
very kindly sent us sub3tautial quantities of akuammine and fractions 
obtained in the course of his work. We are also deeply indebted to 
Dr. T. M. SHARP of the Wellcome Research Laboratories for spe- 
cimens of akuammine and some of its congeners. The akuammine was 
derived from Picralima Klaineana and was found by comparison of 
I. R. spectra to be identical with that from Picralima nitida. 


