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capable  de les exci ter ,  mais  les con t rac t ions  r y t h m i q u e s  
sont  saccad6es (L. M. DICKSON1). 

Des obse rva t ions  analogues  o n t  6t6 fai tes  sur  des 
t e rmina isons  sensi t ives ;  t a n t  que les f ibres nerveuses  
cutan6es,  p a r  exemple ,  ne  son t  pas  t o t a l e m e n t  re-  
const i tu6es apr~s lear  sect ion,  seule la  sensibi l i t6  p ro-  
t opa th ique  r epa ra l t  (J .  BOEKE et G. C. HERINGA, 
1924, loc.cit,). 

Dans  de nombreux  cas d ' a l t 6 r a t i ons  pa tho log iques  
ou exp6r imcnta les  du  sys t~me ne rveux  p6riph6rique,  
les caract~res  de la sensibi l i t6  algique cutan6e  son t  
p rofond6ment  modifi6s. Cela  correspond tou jours  
une disposi t ion ano rma le  des  t e rmina isons  de f ibres 
nerveuses ;  a ins i  dans  la  r~g6n6ration de ces derni~res,  
la pr6sence h l ea r  ext r6mit6 ,  de c6nes de croissance 
s ' a ccompagne  tou jours  d ' u n  ph6nom~ne dou loureux  
insuppor tab le ,  ~ la sui te  d ' u n e  I6g~re piqfire p a r  une 
po in te  d '6pingle  (G. WEDDEL, D. C. SINCLAIR et W. H. 
FEINDELLt~). 

De m~me dans  les anas tomoses  crois6es, les synapses  
form6es dans  les gangl ions  de la chaine sympa th ique ,  
en t re  les f ibres de nerfs  somat iques  et  les cellules ner -  

1 L.M.DtcKsoN, J. Anatomy, Londres 74, ~268 (1939-40). 
2 G.WEDDEL, D.C. SINCLAIR et W.H.F~:INDELL, J. Neuro- 

physiol. 11, 99 (1948). 

reuses ,  ne dev iennen t  fonct ionnel les  que lorsqu 'e l les  
sont  capab les  d ' acqu~r i r  leurs aspects  n o r m a u x  (N. A. 
HILLARP, 1946, IOC. cir.). 

P a r  analogie ,  il  est  bien permis  de supposer  que les 
a l t6 ra t ions  tr~s v r a i s e m b l a b l e m e n t  cycl iques,  g r o u p i e s  
en pe t i t s  r iots et  observables  dans  le n o y a u  tha l amique  
an t6r ieur  du Lap in ,  aussi  bien au n iveau  des synapses  
p6ricel lulaires que de celles du neuropi le ,  co r responden t  
soft ~ une modi f ica t ion  de l ' in f lux  nerveux ,  soft m6me 

l ' i n t e r r u p t i o n  de sa t ransmiss ion,  

Summary  
In the  tissues of animals of normal  appearance  be- 

longing to very  different  classes of ver tebrates ,  both  
fishes and  mammals ,  I have observed des t ruct ive  
phenomena  in the  finest neural  terminat ions ,  the  
meta te rmina l  appara tus .  These phenomena are mani-  
fested through the product ion of t iny  accumulat ions  of 
a s i lver-staining substance,  or ra ther  by  the format ion 
of a t iny  round plaque (rondelle) character is t ic  of an 
abor t ive  regenerat ion.  

In  the  anter ior  nucleus of the  tha lamus  of the  adu l t  
rabbi t ,  these processes are localized in minute  islets, 
within which they  can be observed equal ly  well on the  
pericellular  te rminat ions  and on the terminat ions  of the 
neuropil .  

When  these synap t ic  a l tera t ions  are a t  thei r  maxi-  
mum,  the  nervous impulses are without ,  profoundly  
modified, or even in terrupted.  
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M a c r o z a m i n ,  a T o x i c  Nitrogen-containing 
P r i m e v e r o s i d e  

Macrozamin, the  cons t i tuent  responsible for the  
tox ic i ty  of Macrozamia spiralis to  sheep, ca t t le  and  
humans  was first  isolated b y  CooPER 1 In work described 
recently~ we have obta ined  macrozamin from the 
Western  Aust ra l ian  p lan t  M. RIEDLEI, and have shown 
it  to  have the molecular  formula  Cl~H24OuN 2. The 
molecule contains a pr imeverosyl  (6-fl-D-xylosido-D- 
glucosyl) residue, the  remaining fragment,  CzH50~Nz, 
being uniquely a t tached  to the  glycosidic centre of the 
glucose unit .  Acety la t ion  of macrozamin gives a hexa- 
acetate  in which all  acetyl  groups are a t t ached  to the 
disaccha~ide component .  We wish here to give a 
pre l iminary  account  of ~ome proper t ies  of macrozamin  
which are per t inent  to the  s t ruc ture  of the  hypothe t i ca l  

1 J.M.CoOPER, Proc. Roy. Soc. New South Wales 74, 450 (1941). 
2 B. LYTHGOE and N.V. Rmos, J. Chem. Soc., in the press. 

aglycone,  C~H602N v which must  contain  a double bond 
or a cyclic system. 

Macrozamin shows no specific absorp t ion  in the  
u l t rav io le t  above 2200 ~ ,  is devoid of marked ly  acidic 
or basic functions,  and  is not  affected b y  ni t rous acid  or 
by  5 % hydrogen peroxide. I t s  hexaace ta te  is unaffected 
by  t r ea tmen t  with ethereal  d iazomethane,  bromine in 
chloroform, or me thy l  iodide. The glycosidic l ink in 
macrozamin is broken,  and the sugar component  set free 
under  re la t ive ly  mild condit ions by  three classes of 
reagent ;  aqueous acids and alkalis, and certain reducing 
agents,  I t  has not  been possible to  isolate the  aglycone 
por t ion in tac t  by  the  use of any  of these reagents ;  
a l though macroz'amin itself is s table  a t  I00 ° alone and  
in neu t ra l  aqueous solution, i ts  aglycone is an unstable  
ent i ty ,  which breaks  down into  small  f ragments  imme-  
d ia te ly  on l iberat ion.  Nor have any  reagents  so far  been 
found which are capable  of modifying the  s t ruc ture  of 
the  aglycone wi thout  causing its separa t ion  from the 
sugar residue and subsequent  decomposi t ion;  the  
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chemical behaviour of macrozamin therefore provides 
only a l imited amount  of s tructural  information. 

The hydrolysis of macrozamin with hot  N hydro- 
chloric acid takes place stoichiometrically, the prime- 
verose appearing as glucose and xytose, and the two 
carbon atoms of the aglyconc as methanol  and formal- 
dehyde. The nitrogen atoms appear quant i ta t ive ly  as 
nitrogen gas. A formation of e lementary nitrogen on 
hydrolysis of a plant  product  has not previously been 
observed, and we consider it to indicate tha t  the two 
nitrogen atoms of macrozamin are linked directly to 
each other. 

Macrozamin is very labile to aqueous alkalis, even 
2 N aqueous ammonia  causing a rapid decomposition in 
which the primeverose is l iberated intact.  The reaction 
with hot  dilute sodium hydroxide has been followed 
quant i ta t ive ly ;  the principal nitrogenous products are 

c y a n i d e  ion (0.5-0,7 mol) and elementary nitrogen 
(0.5 mol), together with small amounts  (c. 0.09 tool each) 
of methylamine and ammonia.  

Macrozamin absorbs no hydrogen in the presence of 
Adams'  palladous oxide in aqueous alcohol. In aqueous 
acetic acid with zinc dust the glycosidic link is broken 
and primeverose liberated, al though macrozamin is 
stable to aqueous acetic acid alone. Use of the hexa- 
acetyl der ivat ive in purified ethyl  acetate with Adams'  
platinic oxide and hydrogen gave varyable results; in 
some experiments no reduction took place; in others 
some hydrogen was absorbed, but  afterwards only 
unchanged start ing material,  together  with a nitrogen- 
free substance could be isolated; the la t ter  gave hepta- 
acetyl  primeverose on acetylat ion and is probably 
heptaacetyl  primeverose. Using the same catalyst,  
macrozamin in 0-2 N hydrochloric acid absorbs 4 mols 
hydrogen a t  room temperature,  giving 2 mols of a 
volatile base, identified as methylamine by conversion 
to its chloroplat inate;  significant amounts  of dimethyl-  
amine or ammonia  were absent, Similar reduction in ix, r" 
hydrochloric acid causes absorption of only 3.3 mols 
hydrogen;  2 mots of base are formed, but  this must  
contain ammonia  as well as methytamine,  since 0.4 tools 
formaldehyde were also present in the products  of 
reduction. 

This behaviour excludes most of the known types of 
nitrogen structure for the macrozamin molecule. That  
oper~ to least objection i~ an aliphatic azoxy structure,  
such as 

® ® 
CH 3 • N =N • CH~OPv or CH 3 - N = N • CH2OPv, 

o ®  o ®  

where 1?v represents the primeverosyl  radical, CsHgO 4. 
C,H~005, and the synthesis of aliphatic azoxy compounds 
for comparison purposes is being under taken in this 
laboratory. The above experiments  will be described and 
discussed in greater  detail  elsewhere. 

B. LYTHGOE and N. V. RIGGS 

Univers i ty  Chemical Laboratory,  Cambridge, Eng- 
land, August, 30, 1949. 

Zusammen[assung 
Macrozamin, der toxisehe Bestandtei l  der austra- 

lischen Ptlanze Macrozamia Riedlei, besitzt  die Formel  
C13I-I~,OnN2 und entilXlt eine 1?rimverosylgruppe, glykosi- 
disch mit  einem Rest  C~H~O2N, verbunden.  Dieser Rest  
zerf/illt sofort quant i ta t iv  in ~'VIethanbl, Formaldehyd 
und elementaren Stickstoff, wenn er durch verdfinnte 
S/iure in Freihei t  gesetzt wird. Aucll durch kalte ver- 
dtinnte Alkalien wird die glykosidische Bindung ge- 

spalten. Es entstehen dann als stickstoffhaltige Haupt -  
produkte Stickstoffgas und 131ausXure. In  neutraler 
L6sung wird Macrozamin durch \Vasserstoff and 1?alla- 
dium nicht reduziert,  wohl aber in verdfinnter  S~iure 
mittels eines 1?latinkatalysators. Dabei werden 4 Mole- 
kiile "Wasserstoff aufgenommen unter  Abspaltung des 
Zuckerrestes und Bildung yon 2 Molekiilen Methylamin.  
Die angeffihrten Tatsachen weisen auf keine eindeutige 
S t ruktur  bin. Sic sind abet  am besten mi t  ether ali- 
phatischen Azoxyformel  vereinbar.  

Regenerationshemmende Wirkung einer leucin- 
fihnlichen Verbindung, des 2-Methyl-4-amino- 

hexanon-(5) 
Im  folgenden berichten wir fiber einige biologische 

Effekte 1 des 2-Methyl-4-amino-hexanon-(5) (I), einer 
Verbindung, die sich als struktur~ihnlich 2 mit  dem 
Leucin (II) formulieren l~il3t. 

CH3--CH--CH2--CH--CO--CH a 
J 

CH a NH 2 
(I) 

CH~--CH--CH2--CH--C0--0H 
r j 

CH a NH~. 
(II) 

Angabcn fiber die yon H. K/3HN~ durchgeffihrte Bar-  
stellung und die chemischen Eigenschaften dieser Ver- 
bindung erfolgen an anderer Stelle. Das Hydrochlor id  
des 2-Methyl-4-amino-hexanon-(5) schmilzt  bet 154 ° u n d  
ist in VVasser gut t6stich. Die Verbindung geht  in alka- 
tischen Lbsungen in Gegenwart  yon Oxydat ionsmit te ln  
in das entsprechende 1?yrazinderivat iiber, ist aber in 
saurer L6sung best~indig. 

Die Substanz wurde in destitl iertem ~vVasser geI6st 
und auf ihre biotogische Wirkung im Regenerat ionstest  
an der Larve des Krallenfrosches Xenopus laevis ge- 
prtift 3. Die L/inge der regenerierenden Schwanzspitze 
war bet den behandelten Tieren gegentiber der I<ontrolle 
(Regenerationsl~inge = 100%) im 10-Tage-Versuch we- 
sentlich reduziert. Sic betrug bet einer Serie lunger 
Larven yon ca. 2,5 cm L~inge in der Konzentra t ion 
1:10000 0,3%, in 1:20000 8% , in 1:30000 14%, in 
1:50000 3 3 % , i n  1:100000 47 °5 , in 1:200000 53% und 
in 1:500000 83%. Bet iilteren Tieren yon ca. 3 cm 
L~tnge war der Effekt  etwas geringer, er lag immerhin 
fiir die gleichen t~onzentrationen zwisehen 43% und 
83%. Damit  gibt die Substanz einen regenerations- 
hemmenden Effekt  bet groBer Wqrkungsbreite und ge- 
ringer Toxizit/it, wie er bet zahlreichen anderen, als 
wachstumshemmend bekannten Substanzen in diesem 
Ausmage yon uns bisher nicht  gefunden wurde 4. Der  
Effekt  wird durch Zusatz yon / -Leuc in  nicht beeinftuBt. 
Das histologische I3ild der gehelnmten Regenerate  zeigt 
wenige, aber normale Mitosen, dagegen sind die histolo- 
gischen Umwandtungen im Regenerationsbereich des 
Schwanzes schon nach 36 Stunden gegeniiber den gleich 
aiten Kontrollen deutlich verz6gert  und vor  allem in der 

t Uber die Eigeusehafteu des entsprechenden, mi~ Tyrosin 
isosteren Aminoketor~s s. H.EI~LEN~tEYER, mid H. KoHNE, Helv. 
chim. acta 32, 370 (1949). 

Siehe H.ERLEtCMEYER, Bull. Soc. Chim. biol. 30, 792 (1948). 
3 F.E. LEHMANN, W. BERNHARD, H. HADORN und M.L~3sCHER, 

Exper. 1, ~3'2 (1945); M. I.OSCliER, Heir. physiol, acta 4, 465 (1946). 
4 F.E.LEHvIAI~, Exper. 3, ~23 (1947) und unpublizierte Befunde. 


