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linear mit  der Konzentration, wenn das Startpotential  
und die Zeit genau eingehalten werden. Die Werte yon A 1 
streuen stgrker als die yon A v Bei Zugabe yon Queck- 
silbersahen zum Peroxid vergr6ssern sich A~ und A, 
unter ]3eibehaltung der Form des Polarogramms und 
ohne Verlagerung ihrer Reduktionspotentiale (Figur 3d). 
Schtitteln der Peroxidl6sungen mit  metallisehem Queck- 
silber ergibt trotz starker Niederschlagsbildung den glei- 
chen Spitzenstrom wie vorher. 

Sowohl Hg~+- als auch Hg+-Ionen liefern in diesem 
Potentialbereich auch ohne Peroxide Polarogramme, die 
dem des Dibenzoylperoxids sehr ~hnlich sind (Figur 

tJA 
7,5 

6,o 

£5 

3.0 

1,5 

IO0 

75 
C 

50 

-0.1 -01 -0.3 -ObVolt 0 

Fig. I 

At A z 

-dl -iz -o~ -04vol~" 
Fig.2 

pA 
100 

75 

50 

25 

0 

A~ A 2 

1@ 

50 

25 
% 

-01 -02 -0.3 -ObVolt 0 

A 
/ I  

"\. 

+-0.0 -0.1 -O.Z -03  Volt 

Fig. 3 Fig. 4 

Polarogramme yon oxydiertem Sehweinesehmalz und yon Dibenzoyl- 
peroxid (DBP) (Kathodenstrahlpolarograph). 1. (a) Reiner Grund- 
elektrolyt (0,3 m-LiCIin Methanol/Benzol (I:I)). (b)Autoxydiertes 
Sehweinesehmalz (9,66 g/l, Peroxidgehalt 31 mMol aktiver Sauer- 
stoff pro kg) in (a). (c)~-bestrahltes Schweineschmalz (15,5 g/l, 
107 rad, Peroxidgehalt 100 mMol aktiver Sauerstoff pro kg). 
2. DBP in I m-LiC1 in Methanol/Benzol (1,2: I). (a) 0,3~; (b) 0,68; 
(c) 0,73; (d) 0,93 mMol[1. 3. Hg*+-Ionen in 1 m-LiC1 in Methanol• 
Benzol (1,~2:1). (a) 0,~9; (b)0,58; (c)0,86 mMol[1; (d)0,19 mMol 
Hg2/1 + 0,67 mMol DBP[1. 4. (a) Grundelektrolyt (0,5 m-LiNO 3 in 
Methanol/Benzol (1,7:1). (b) 0,014 m-LiC1 in (a). (e) 0,68 mMol 

DBP/1 in (a). (d) 0,64 mMol DBP[1 + 0,014 m-LiC1 in (a). 

3a-c). Dabei ~indert sich das Verh~ltnis A J A  x von Hg 2+- 
oder Hg+-LOsungen wie bei Dibenzoylperoxid linear mit  
der Konzentration c. Die Steigung der Geraden A 2 = f(c) 
(die Kurve ergibt erst bei Konzentrat ionen c h6her als 0,5 
mMol/1 eine Gerade) ist ffir Dibenzoylperoxid- und Hg~+- 
L6sungen gleich und betr~tgt im vofliegenden Fall 153 
~zA/(mMol/l) ; ffir Hg+-L6sungen ist sie weniger als halb so 
gross (67 ~A/(mMol/1)). 

Ein Zusatz von LiCI zu einem LiNO3-Grundelektrolyten 
bewirkt die Ausbildung eines Peaks (Figur 4b), der in 
seiner SchRrfe dem anorganischer Ionen vergleichbar ist. 
Dibenzoylperoxid zeigt in LiNO3-Methanol-Benzoll6sung 
ein Polarogramm, bei dem A 2 welter im Negativen liegt 
(Figur 4c). Nach Zusatz yon Cl-Ionen (Figur 4d) ist A~ 
zur positiven Spannung hin verschoben und es wird ein 
Ahnliches Diagramm wie in den Figuren 1 und 2 erhalten. 

Aus diesen Versuchsergebnissen werden folgende 
Schlussfolgerungen gezogen: Das Elektrodenmaterial  
selbst ist fiir das Maximum A verantwortlich. Mit hoher 
Wahrscheinlichkeit werden dort die gebildeten oder auch 
zugesetzten Hg-Ionen reduziert. Bestimmte Peroxide 
bzw. oxydierte Fet te  begfinstigen die Oxydation des 
Quecksilbers der Tropfelektrode zu Hg-Ionen. Dadurch 
wird die H6he des Diffusionsstroms yon der Peroxidkon- 
zentration abhAngig. Durch Anwescnheit yon Chlorionen 
kann bekanntlich das Oxydationspotential  des Queck- 
silbers in das O-Volt-Gebiet verlagert  werden. 

J~hnliche Stufen wie die besprochenen k6nnen auch 
beim klassischen Polarographen bei Mittelung fiber meh- 
rere Tropfen beobachtet  werden. Die Arbeitsweise des 
Kathodenstrahlpolarographen begfinstigt die beschrie- 
benen Erscheinungen, da dem Peroxid eine relativ lange 
Zeit (ca. 5 sec) zur Oxydation des Hg zur Verfiigung steht. 
Zu Beginn des ca. 2 sec dauernden negativen Spannungs- 
ablaufs werden die gebildeten Hg-Ionen quant i ta t iv  re- 
duziert. 

Summary. The origin of the polarographic peak between 
0 and --0.2 V caused by oxidized fats and by different 
peroxides, especially diacyl peroxides dissolved in LiC1 in 
methanol/benzene, has been investigated with a cathode 
ray polarograph. This peak is caused by a reduction of 
Hg-ions. Certain peroxides favour the oxidation of the 
Hg-metal  of the electrode to Hg-ions; thereby the diffu- 
sion current is proportional to the peroxide concentration. 
An addition of Hg-ions to the peroxide solution increases 
the peak height. Hg 2+- and Hg+-solutions without per- 
oxide yield a similar peak. 

I{. MAACK und H. LOCK 

Deutsche Forschungsanstalt ]i~r Lebensmittelchemie, 
Miinchen (Deutschland), 8. April 1963. 

T h e  S t r u c t u r e  of  t h e  Aspidosperma A l k a l o i d  
C o m p a c t i n e r v i n e  1, 2 

Our systematic studies 8 of t he  alkaloids of the genus 
Aspidosperma have led to a remarkable var ie ty  of struc- 
tural  types of indole and dihydroindole alkaloids. Although 
occurring in related genera of the Apocynaceae, alkaloids 4 
with the chromophore I have not as yet  been encountered 
among .4spidosperma species. We should now like to re- 
port  the first isolation of such a type of alkaloid, compacti- 
nervine, from the bark (absent in leaves) of A spidosperma 
compactinervium Kuhlm. 5. 

Compactinervine could be obtained only in solvated 
form (m.p. 110-120 ° with decomposition at 235-245 °) and 
we were unable to obtain satisfactory analyses. I ts  empiri- 
cal formula Ce0Hi,N~O4 (356.4) was established by mass 
spectrometric molecular weight determination" and by 
elementary analysis and mass spectrometry of its trans- 
formation products. The presence of the chromophore I 

(~EtOH 
was indicated by the characteristic 4 ultraviolet  ~-max 
237, 297, 331 m[~, log e 3.97, 3.95, 4.15) and infrared 

(t~Hax cl' 2.87, 2.97, 6.04, 6.30 I~) spectra, the high rota- 

tion ([~]~)yridine _640 o) and negative O.R.D. Cotton el- 
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fect,  s imi la r  to  t h a t  of a k u a m m i c i n e  ( I Ia)  4a, a n d  f ina l ly  
t h e  n .m.r ,  s p e c t r u m  wh ich  closely r e sembled  t h a t  of I I a  
in  t h e  low-field region.  A doub le t  (3 p ro tons )  a t  1.15 p p m  
i n d i c a t e d  a s econda ry  m e t h y l  group,  s imi la r  to  t h a t  
f ound  4e in ech i t amid ine  (IIe),  whi le  t h e  a c i d - p r o m o t e d  de-  
c a r b o m e t h o x y l a t i o n ,  fol lowed b y  p o t a s s i u m  b o r o h y d r i d e  
reduc t ion ,  led to  a n  indote  (m.p.  230-232°) ,  j u s t  as  h a d  
been  obse rved  ear l ier  4a in  t h e  a k u a m m i c i n e  series a n d  
t h u s  e s t ab l i shed  t he  r e l a t i ons h i p  of Nb to  t he  indole  nu -  
cleus (see I). The  r e m a i n i n g  two  o x y g e n  a t o m s  were  recog-  
n ized  as h y d r o x y l  f unc t i ons  b y  c o n v e r s i o n  to  a d i a e e t a t e  
(m.p. 208 ° (dec.), [e]CHCi~ _ 6 2 3  o) w i t h  t h e  e x p e c t e d  
in f r a red  a n d  n .m.r ,  p roper t i es .  

c-~ ~ ~  
H COaMe ~ H ~e 

Me H Me 6H H Me ~ OH : 
b c C s ,H Me 

f 

- - ~  ~/~gg(R-H or OH) " ~ T - - N  

a R-OH Iv 
b R-H 

Va I£-H~ R~'~ 
b R=D R 

T h e  k e y  r e a c t i o n  p r o v e d  to  be  t h e  z inc-sul fur ic  ac id  
r e d u c t i o n  of c o m p a c t i n e r v i n e  (IIc)  to  t h e  d i h y d r o  de r i va -  
t ive  I I I a  (m.p. 265-270 ° (dec.) [a]CHCI3 --44°, "'max~F'tOH 245 

and  298 m~, log e 3.86, 3.55), t h e  mass  s p e c t r u m  6 of 
wh ich  e x h i b i t e d  a f r a g m e n t a t i o n  pa t t e rnT ,  s t yp i ca l  of 
t e t r a h y d r o a k u a m m i c i n e  (IIIb)4b, s. Mos t  i m p o r t a n t ,  whi le  
b o t h  I I I a  a n d  I I I b  e x h i b i t e d  m/e 130 a n d  199 p e a k s  (for 
fo rma t ion ,  see a r rows  in  I I I  a n d  w a v y  l ines  in  IV),  c leav-  
age a t  t h e  5-6  b o n d  (a) y ie lded  a n  m/e  228 f r a g m e n t  in  
I I I a  as c o m p a r e d  to  m/e 196 in t e t r a h y d r o a k u a m m i c i n e  
(IIIb)4b, s, t h e  mass  di f ference c o r r e s p o n d i n g  e x a c t l y  to  
the  two e x t r a  h y d r o x y l  g roups  of c o m p a c t i n e r v i n e .  Since 
fission of t he  20-21 b o n d  (b) gave  t he  s ame  f r a g m e n t  (m/e 
199) in  b o t h  a lka lo ids  ( I I I a  a n d  b),  t h e  t w o  h y d r o x y l  
g roups  m u s t  be  loca ted  a t  c a r b o n  a t o m s  19 a n d  20, posi-  
t ions  15 a n d  18 be ing  exc luded  because  of t h e  r equ i r ed  
presence  (see n .m.r ,  of I i c )  of a s e c o n d a r y  m e t h y l  func t ion .  
The  presence  of a vic. glycol s y s t e m  could  be  s u b s t a n t i a t c d  
b y  per iodic  acid c leavage  of t he  a lka lo id  (IIc)  w i t h  f o r m a -  
t ion  of a c e t a l d e h y d e  (83% yield).  F u r t h e r  s u p p o r t  for  a n  
akuammic ine - l i ke  ske le ton  was  suppl ied  b y  t he  course  of 
t h e  l i t h i u m  a l u m i n u m  h y d r i d e  a n d  l i t h i u m  a l u m i n u m  
deu te r ide  reduct ions ,  wh ich  led to  exocycl ic  m e t h y l e n e  
de r i va t i ve s  (Va or b), t h e  mass  s pec t r a  of w h i c h  showed  a 
f r a g m e n t a t i o n  p a t t e r n  (except  for t h e  a p p r o p r i a t e  mass  
sh i f t s  due  to  t h e  two  h y d r o x y l  groups)  s imi la r  to  t h a t  S 
of t he  co r re spond ing  d e r i v a t i v e  4a in t h e  a k u a m m i c i n e  
series. 

T h e  s t r u c t u r e  a n d  comple te  s t e r e o c h e m i s t r y  of  com-  
p a c t i n e r v i n e  (IIc)  could be  e s t ab l i shed  chemica l ly  as fol- 

lows. A k u a m m i c i n e  ( I Ia)  was  h y d r o x y l a t e d  w i t h  o s m i u m  
t e t r o x i d e  to  t h e  glycol  I I b  (m.p. 222-224 ° (dec.) [CejD ~ .pyridine 
--680°),  w h i c h  was  d i f fe ren t  f rom c o m p a c t i n e r v i n e  (IIc). 
C h r o m i u m  t r iox ide  o x i d a t i o n  in  ace tone ,  however ,  gave  
t h e  k e t o n e  I I f  (m.p.  224-226  ° (dec., [0~] CHC]* --607°), 
w h i c h  p r o v e d  to  b e  i den t i ca l  ( m i x t u r e  m.p. ,  in f ra red ,  m a s s  
spec t ra l ,  t h i n - l a y e r  c h r o m a t o g r a p h i c  a n d  r o t a t i o n  com-  
par i son)  w i t h  t h e  p r o d u c t  of s imi la r  o x i d a t i o n  of compac -  
t i n e r v i n e  (IIc) Consequen t ly ,  t h e  two  glycols I I b  a n d  I I c  
c a n  di f fer  on ly  ill c o n f i g u r a t i o n  a t  C-19. T h e  o r i e n t a t i o n  
of  t h e  h y d r o x y l  g roup  a t  C-20 m u s t  be  equa to r i a l ,  as  
d e m o n s t r a t e d  b y  t h e  ease  of i t s  a c e t y l a t i o n  a n d  t h e  diffi-  
c u l t y  in  e l i m i n a t i n g  i t  i n  a n u m b e r  of c o m p a c t i n e r v i n e  
t r a n s f o r m a t i o n  p roduc t s ,  in  c o n t r a s t  to  t h e  t e r t i a r y  h y -  
d r o x y l  f u n c t i o n  9 of l ochne r id ine  ( I I d ) %  where  d e h y d r a -  
t i o n  occurs  on  a t t e m p t e d  a c e t y l a t i o n  of z inc-sul fur ic  acid 
r e d u c t i o n  of t h e  2-16  doub le  bond .  O s m i u m  t e t r o x i d e  hy -  
d r o x y l a t i o n  of a k u a m m i c i n e  (IIa) t h u s  occurs  f rom t h e  
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r ea r  (~) side and ,  as t he  abso lu t e  con f igu ra t ion  and  geo- 
m e t r y  of t h e  e t h y l i d e n e  doub le  b o n d  of a k u a m m i c i n e  ( I Ia)  
h a v e  been  e s t ab l i shed  b y  co r re l a t ion  4a w i t h  a d e g r a d a t i o n  
p r o d u c t  10 of s t r y c h n i n e ,  t h e  glycol  de r ived  f rom a k u a m -  
mic ine  ( I Ia)  m u s t  h a v e  t h e  s t e r e o c h e m i s t r y  I I b .  T he  abso-  
lu t e  s t e r e o f o r m u l a  I Ic ,  the re fore ,  follows a u t o m a t i c a l l y  
for  c o m p a c t i n e r v i n e  n 

ZusammenJassung. E s  wi rd  t iber  die I so l i e rung  eines 
n e u e n  Alka lo ids  - C o m p a c t i n e r v i n  - a n s  de r  bras i t ian i -  
s chen  A p o c y n a c e e n - A r t  Aspidosperma compactinervium 
K u h l m .  be r i ch te t .  D u r c h  m a s s e n s p e k t r o s k o p i s c h e  und  
K e r n r e s o n a n z - M e s s u n g e n  u n d  chemische  U m w a n d l u n g e n  
k o n n t e  gezeigt  werden ,  dass  es s ich b e i m  C o m p a c t i n e r v i n  
u m  19, 20-Dihydroxy-19 ,  2 0 - d i h y d r o - a k u a m m i c i n  h a n -  
del t .  Seine  vo l l s t i ind ige  S t e r eochem i e  sowie die  des  ver -  
w a n d t e n  Alka lo ids  L o c h n e r i d i n  k o n n t e  abge l e i t e t  werden .  
C o m p a c t i n e r v i n  s te l l t  die e r s te  V e r b i n d u n g  v o m  A k u a m -  

m i c i n - T y p  dar ,  die aus  e ine r  Aspidosperma-Art i sol ier t  
w o r d e n  ist.  

C. DJERASSI, Y. NAKAGAWA, 
j .  ~ltI. WILSON, H. BUDZIKIEWICZ, 
B. GILBERT, a n d  L. D. ANTONACCIO 

Department o] Chemistry, Stan]ord University, Stan[ord 
(Calilornia, U.S.A.) and Instituto de Quimica Agricola, 
Rio de Janeiro (Brazil), June 10, 1963. 

n All substances in this communication gave correct mass spectro- 
metrically determined molecular ion peaks, which in many in- 
stances were confirmed by elementary analyses performed by 
Messrs. E. Meier and J. Consul, We are indebted to Prof. J. 
LEME~ (Faeult6 de Pharmaeie, Paris) for a generous sample of 
akuammieine and to Dr. L. J. DURItAM for the n.m.r, spectral 
measurements. 

Erythrocyte Catalase in Liver Cirrhosis and in 
Experimental  L i v e r  I n j u r y  

T h e  b e h a v i o u r  of e r y t h r o c y t e  ca t a l a se  a c t i v i t y  in  l iver  
diseases  is n o t  well  known.  J ONDERKO 1 a n d  KILLAR ~ ascer- 
t a i n e d  t h e  decrease  of th i s  e n z y m e  a c t i v i t y  in  v i r a l  hepa-  
t i t i s .  IAGNOV 3,* o b t a i n e d  s imi l a r  r e su l t s  in  l iver  cirrhosis ,  
h e a r t  fa i lure  a n d  v i r a l  hepa t i t i s .  T h e  p u r p o s e  of t h e  pres-  
e n t  work  was to i n v e s t i g a t e  t h e  b e h a v i o u r  of e r y t h r o c y t e  
ca t a l a se  a c t i v i t y  in  p a t i e n t s  w i t h  c i r rhosis  of t h e  liver,  and  
in dogs w i t h  e x p e r i m e n t a l  ch ron ic  l iver  in ju ry .  

E r y t h r o c y t e  ca t a l a se  a c t i v i t y  was  d e t e r m i n e d  b y  
JOLLES m e t h o d ,  mod i f i ed  b y  SUMMER a n d  DOUNCE s, 
w a s h e d  e r y t h r o c y t e s  or  h e m o l y s e d  whole  b lood  were used. 
E r y t h r o c y t e  ca t a l a se  a c t i v i t y  was  g iven  as m e a n  K .  ob-  
t a i n e d  f r o m  2 t e s t s  p e r f o r m e d  in  para l l e l  i n  3 in t e rva l s  of 
t ime .  T h e  e n z y m e  a c t i v i t y  in  p a t i e n t s  was  expressed  pe r  
~1 of e r y t h r o c y t e s .  O x a l a t e  or c i t r a t e  was  used to  p r e v e n t  
c lo t t ing .  Blood  was  k e p t  a t  4°C. D e t e r m i n a t i o n s  were 
m a d e  t h e  s ame  d a y  Mood was t a k e n .  E r y t h r o c y t e  ca ta lase  
a c t i v i t y  in  dogs  was  expressed  p e r  20 ~1 of e ry th rocy te s .  
S e r u m  g l u t a m a t e - o x a l o a c e t i c  t r a n s a m i n a s e  (SGOT) and  
s e r u m  g l u t a m a t e - p y r u v i c  t r a n s a m i n a s e  (SGPT)  were de- 
t e r m i n e d  acco rd ing  to  UMBREIT e t a l .  6. E x p e r i m e n t a l  l iver  
i n j u r y  in dogs was  caused  b y  a l o n g - t e r m  a d m i n i s t r a t i o n  
of c a r b o n  t e t r ach lo r ide ,  0.5 m l / k g  twice  a week  for 42 days  
w i t h  a id  of a gas t r i c  t u b e L  Blood  was  t a k e n  f rom dogs, 
f r o m  v e n a  s a p h e n a  pos t e r io r  4 t imes :  be fore  i n t o x i c a t i o n  
a n d  14, 28 a n d  42 d a y s  a f t e rwards .  C a r b o n  t e t r a c h l o r i d e  
(5 m l / k g  of b o d y  weigh t )  a d m i n i s t e r e d  for  t w o  successive 
days ,  caused  a n  a c u t e  i n t o x i c a t i o n  in  dogs. Fo r  each  ex- 
p e r i m e n t  6 dogs were used,  one  of t h e m  be ing  the  control .  
B lood  was  t a k e n  24 h a f t e r  i n tox ica t ion ,  

T h e  d iagnos is  in  p a t i e n t s  was  based  o n  l a b o r a t o r y  in- 
v e s t i g a t i o n s  a n d  cl inical  o b s e r v a t i o n ;  in  s e p a r a t e  cases, 
on  a u t o p s y  a n d  l apa rascopy .  T h e  d iagnos is  in  dogs was  
b a s e d  on  l a b o r a t o r y  i n v e s t i g a t i o n s  (SGOT a n d  S G P T  
d e t e r m i n a t i o n s )  a n d  a u t o p s y  da t a .  13 p a t i e n t s  w i t h  l iver  
cirrhosis ,  due  to  d i f f e ren t  reasons ,  were  examined .  Signifi- 
c a n t  decrease  of e r y t h r o c y t e  ca ta l a se  a c t i v i t y  was found  
in al l  cases. I n  i n d i v i d u a l  cases t he se  va lues  were be t w een  
38.6 a n d  82 .0% of n o r m a l ,  a v e r a g i n g  59%.  S imu l t a -  
neousIy,  h e m o g l o b i n  a n d  t h e  n u m b e r  of  e r y t h r o c y t e s  were 
d e t e r m i n e d ;  s ign i f i can t  d e v i a t i o n  f rom n o r m a l  va lues  was  
n o t  obse rved  (Table) .  

I n  e x p e r i m e n t a l  ch ron i c  l iver  i n j u r y  in  dogs,  e r y t h r o -  
cy tes  ca t a l a se  a c t i v i t y  dec reased  to  24 .6% of n o r m a l  
(range = 18 -30%) .  Howeve r ,  h e m o g l o b i n  a n d  t h e  n u m b e r  
of e r y t h r o c y t e s  r e m a i n e d  c o n s t a n t .  A cons iderab le  in- 
crease of S G O T  a n d  S G P T  was  s i m u l t a n e o u s l y  obse rved  
(Figure  1). Con t ro l  dogs  d id  n o t  s h o w  d e v i a t i o n  f rom ini- 
t i a l  va lues .  I n  a c u t e  i n t o x i c a t i o n  w i t h  CC14, m e a n  de-  
crease of e r y t h r o c y t e  c a t a l a s e  a c t i v i t y  was  56% of n o r m a l  
value ,  r a n g i n g  b e t w e e n  35 a n d  6 9 %  of no rma l .  H e m o g l o -  
b in  a n d  t he  n u m b e r  of e r y t h r o c y t e s  d id  n o t  a l ter .  A sig- 
n i f i can t  S G O T  a n d  S G P T  increase  was a sce r t a ined .  Re-  
sul ts  are  g iven  in F i g u r e  2. C o r r e s p o n d i n g  resu l t s  in  t h e  
con t ro l  dog  d id  n o t  c h a n g e  w i t h  r e spec t  to  t h e  in i t ia l  
va lues .  

Erythrocytes catalase activity in normal human subjects and in 
patients with liver cirrhosis 

Human subjects Number Catalasc activity Hemo- Erythro- 
of units per 1 [xl globin eytes 
cases of erythrocytes g% millions 

per mm S 

I Normal 20 951 :J: 104 13.7 4,28 
II Liver cirrhosis 13 566 :[: 121 12.0 3,91 

I and II:  t = 9.688; p > 0.001 
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