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T h e  u l t r a v i o l e t  a b s o r p t i o n  s p e c t r u m  of f i l ixic ac id  is 
in  a g r e e m e n t  w i t h  s t r u c t u r e  V. I n  e t h a n o l  i t  h a s  m a x i m a  
a t  228 m/ ,  (e 41,000) a n d  288 m #  (e 29,000) w h i c h  a re  
t yp i ca l  of enol i sed  2-acylcyclohexane-1 : 3 -d iones  4. I n  con-  
n e c t i o n  w i t h  s t ud i e s  on  t h e  c o n s t i t u t i o n  of a s p i d i n  a n d  
f lavaspidic,  ac id  AEBI ~ h a s  s h o w n  t h a t  t h e  e x t i n c t i o n  
va lues  of t he se  c o m p o u n d s  m a y  be  a r r i v e d  a t  b y  ad-  
d i t i on  of t h e  e x t i n c t i o n  v a l u e s  of t h e  c o m p o n e n t  nuc le i  
i n s u l a t e d  b y  m e t h y l e n e  groups .  T h e  a d d i t i o n  of t h e  ex-  
t i n c t i o n  v a l u e s  a t  t h e  a b s o r p t i o n  m a x i m a  of t w o  b u t a n -  
oylf i l ic inic  ac id  nuc le i  (2 X 12,510) a n d  one  p h l o r o b u t y -  
r o p h e n o n e  (e 13,000) in  t h e  r eg ion  of 228 m #  gives  a 
v a l u e  of 38,120 w h i c h  is in  r e a s o n a b l e  a g r e e m e n t  w i t h  
t h e  o b s e r v e d  va lue .  S imi la r ly ,  t h e  c a l c u l a t e d  v a l u e  a t  t h e  
h i g h e r  w a v e l e n g t h  m a x i m u m  is 27,210. 

F i l ix ic  ac id  does  n o t  give a c o l o r a t i o n  w i t h  GIBBS 
2 : 6 - d i c h l o r o q u i n o n e c h l o r o i m i d e  r e a g e n t  s. Th i s  m a k e s  
sugges t  s u b s t i t u t i o n  of u n l i k e l y  a l t e r n a t i v e  s t r u c t u r e s  
for  fi l ixic acid in  w h i c h  t h e r e  a re  u n s u b s t i t u t e d  pos i t i ons  
para to  pheno l i c  h y d r o x y l  groups .  

\¥. R.  CHAN* a n d  C. H.  HASSALL 

Department o] Chemistry, University College o/ 
Swansea (Wales), April  t6, t957. 

Zusammen/assung 

E s  wi rd  die V e r m u t u n g  a u s g e s p r o c h e n ,  dass  F i l ix-  
siiure,  e in  I n h a l t s s t o f f  y o n  F a r n w u r z e l n ,  die K o n s t i t u -  
t i o n s f o r m e l  (V) h a t .  

4 }V. R. CHAN and C. H. HASSALL, J. chem. Soc. 1956, 3495. 
5 A. AEBI, Helv. chim. Acta 39, 153 (1956}. 
B H. D. GxBBS, J.  biol. Chem. 72, 649 (1927). 
* Present address: Department of Chemistry, University of 

Glasgow. 

C h r o m a t o g r a p h i c  D ~ t e c t i o n  a n d  E s t i m a t i o n  

o f  F u s a r i c  A c i d  

F u s a r i c  ac id  was  f i r s t  i so la t ed  b y  GAUMANN a n d  h is  
schoo l  of worke r s  I f r o m  c u l t u r e s  of Fusarium lycopersici 
Sacc.  a n d  h a s  s ince  b e e n  k n o w n  to  b e  p r o d u c e d  b y  
seve ra l  F u s a r i a .  T h e  p r e s e n c e  of t h i s  t o x i n  in rive i n  
w i l t - i n f e c t e d  c o t t o n  p l a n t s  w as  r e p o r t e d  b y  us  ea r l i e r  2 
a n d  e s t a b l i s h e d  to  b e  t h e  rive-toxin i n  t h e  Fusarium wil t  
of c o t t o n .  ZAHNER 3 r e p o r t e d  t h e  c h r o m a t o g r a p h i c  de-  
t e c t i o n  a n d  b io - a s say  of fusa r ic  ac id ;  a n d  KALYANASUN- 
DARAM 4, in  t h i s  l abora tory , ,  d e v e l o p e d  t h e  a g a r - c u p  
t e c h n i q u e  for  i t s  a s s a y  u s ing  a soil b a c t e r i u m .  I n  v i ew  of 
t h e  c o n s i d e r a b l e  d i f f i cu l ty  in  o b t a i n i n g  s h a r p  d e m a r c a -  
t i on  of t h e  fu sa r i c  ac id  b a n d  s e p a r a t e d  c h r o m a t o -  
g raph ica l ly ,  pos s ib ly  o w i n g  t o  t h e  p o o r  i o n i z a t i o n  of t h e  
acid,  we h a v e  ea r l i e r  i n d i c a t e d  t h e  a d v a n t a g e s  of s epa r -  
a t i n g  a n d  i d e n t i f y i n g  t h i s  t o x i n  as  i t s  c o p p e r  c h e l a t e  2. 
I n  t h e  p r e s e n t  c o m m u n i c a t i o n  t h e  d e t e c t i o n  a n d  q u a n t i -  
t a t i v e  e s t i m a t i o n  of Iusa r ic  ac id  is d e s c r i b e d  w i t h  t h e  
t e c h n i q u e  of p a p e r  d i sk  c h r o m a t o g r a p h y  d e v e l o p e d  b y  
one  of us  5. I t  was  c o n s i d e r e d  des i r ab le  to  a d a p t  t h e  

1 E. G~.UMANN et al., Phytopath. Z. 20, 1 (1952). 
2 K. LAKSHMINARAYANAN and D. SUBRAMANIAN, Nature 176, 

697 (1955). 
3 H. ZAtINER~ Phytopath. Z. 22, 227 (1954). 
4 R. KALYANASUNDARAM, J. Indian bet. Soc. 34, 43 (1955). 
5 K. LAKSHMINARAY'ANAN~ Arch, Bioctlem. Biophys. ~9, 396 

{1954}. 

a rea  m e t h o d  d e v e l o p e d  b y  FISHER et a l :  in  preference to 
e l u t i o n  m e t h o d s  w h i c h  h a v e  p r a c t i c a l  l i m i t a t i o n s  in  the 
s m a l l  c h r o m a t o g r a m s  espec ia l ly  w h e n  c o m p l e x e s  with 
close R f  v a l u e s  are  p r e sen t .  

T h e  fo l lowing  a m o u n t s  (as a q u e o u s  so lu t ion)  of Iusaric 
ac id  c o n t a i n e d  in  0.75 /A were  s p o t t e d  in t h e  centre  0I 
c i r cu l a r  f i l te r  p a p e r s  (7-4 c m  d i a m e t e r )  fo l lowed b y  4/~g 
of c o p p e r  as CuSO 4 (5 mg /ml )  : 1.0; 1.5; 2.0; 2"5; 3.0 and 
4/~g. T h e  p a p e r s  were  a i r -d r i ed  a n d  i r r i g a t e d  as indicated 
e l sewhere  s c o n t r o l l i n g  t h e  p e r i o d  of i r r i g a t i o n  a t  95 rain. 
T h e  s o l v e n t  used  was  N - b u t a n o l - a c e t i c  acid-water 
( 4 : 1 : 5 )  a n d  f i l t e r  p a p e r - W h a t m a n  No. 1. T h e  irrigated 
c h r o m a t o g r a m s  were  s p r a y e d  w i t h  r u b e a n i e  acid (0.1% 
in  ace tone)  a n d  t h e  co lou r  of t h e  b a n d s  in tens i f ied  by 
e x p o s u r e  to  a m m o n i a  v a p o u r  7 (10 s). T h e  developed 
c h r o m a t o g r a m s  were  c u t  i n t o  r e g u l a r  oc togens  tan- 
g e n t i a l l y  in  t h e  8 d i r ec t i ons  ( ~  45°), m o u n t e d  between 
t w o  s q u a r e  glass  p l a t e s  a n d  sea led  on  two  sides with 
p a r a f f i n  wax .  T h e  t h i c k n e s s  of t h e  Cu- fusar ic  acid com- 

Log fusaric acid--mean thickness curve n-butanol-HAC-water 4:1:5. 
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p l ex  b a n d  was  m e a s u r e d  o n  t h e  m i c r o s c o p e  using an 
o c u l a r  m i c r o m e t r e  (tow power) .  T h e  s tage  r e a d i n g s  were 
r e c o r d e d  b e t w e e n  t h e  p o i n t s  w h e r e  t h e  g r e e n  colour  ap- 
p e a r e d  a n d  d i s a p p e a r e d .  T h e  m e a n  t h i c k n e s s  of the 
b a n d  in  t h e  8 d i r e c t i o n s  was  c o m p u t e d  (as t h e  mean  of 
6 c h r o m a t o g r a m s )  for  e a c h  c o n c e n t r a t i o n  (varying 

3%)  a n d  p l o t t e d  a g a i n s t  log a m o u n t  of t h e  tox in  on 
t h e  absc issa .  T h e  t y p i c a l  s t a n d a r d  c u r v e  ob ta ined  is 
s h o w n  in t h e  F igure .  I t  w o u l d  be  o b v i o u s  t h a t  the  mean 
t h i c k n e s s  bea r s  a l i n e a r  r e l a t i o n s h i p  to  t h e  a reas  of the 
b a n d s  s ince  t h e  R f  v a l u e s  were  c o n s i s t e n t  a n d  repro- 
duc ib l e  a n d  t h e  b a n d s  q u i t e  c i rcu lar .  T h e  areas  of the 
c o m p l e x  b a n d s  a re  d i r e c t l y  p r o p o r t i o n a l  to  t h e  loga- 
r i t h m  of t h e  a m o u n t  of f u sa r i c  ac id  a n d  i n d e p e n d e n t  0f 
t h e  t o t a l  c o p p e r  s p o t t e d  w h e n  i t  is w i t h i n  reasonable 
l imi ts .  T h e  q u a n t i t a t i v e  e s t i m a t i o n  of  fusa r i c  acid in 
a n  u n k n o w n  s a m p l e  cou ld  eas i ly  be  ca r r i ed  ou t  by 
m e a s u r i n g  t h e  m e a n  t h i c k n e s s  of i t s  C u - c h e t a t e  in the 
r a n g e  of s e n s i t i v i t y  a n d  t h e  a m o u n t  r e a d  as t he  antil0g 
of t h e  absc issa .  I t  m a y  be  a d d e d  t h a t  t h e  cu rve  is not 
q u i t e  s e n s i t i v e  a t  c o n c e n t r a t i o n s  of fusa r ic  ac id  lower 
t h a n  i /~g or h i g h e r  t h a n  4 /zg. 

s R. B. FISR~R, D. S. PARSONS, and G. A. MORmSON, Nature 161, 
76.1 (194S). 

7 K. LAKSHMINARAYANAN, Proc, Indian Acad. Sci. tOB, 167 
(1954). 
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E m p l o y i n g  t h e  p r e s e n t  t e c h n i q u e ,  t h e  fusa r ic  ac id  
con ten t  of t h e  d i a ly sed  c u l t u r e  f i l t r a t e  of  F.  vasin/ectum 
Atk. (g rown in  R i c h a r d ' s  m e d i u m  in  H a f f k i n e  f lasks- -  1.51 
m e d i u m / 4  1 f lasks  for  8 weeks)  was  f o u n d  to  be  44.6 rag/1, 
The d i a lyzed  c u l t u r e  f i l t r a t e  was  c o n c e n t r a t e d  to  a sma t l  
volume u n d e r  r e d u c e d  p re s su re  p r io r  to  spo t t ing .  T h e  
Iusaric ac id  c o n t e n t  was  e s t i m a t e d  as i n d i c a t e d  earl ier .  
The c o n c e n t r a t e  was  t h e n  d i l u t e d  to  75% a n d  5 0 %  
{with d i s t i l l ed  wa te r )  a n d  s p o t t e d  again .  P u r e  fusa r ic  
acid was  a d d e d  to  m a k e  u p  t h e  d i f fe rence  in each  case  
and t h e  t o t a l  fusa r i c  ac id  c o n t e n t  e s t i m a t e d  for  r ecovery .  
The recover i e s  o b t a i n e d  a t  t h e  t w o  levels  were  9 5 . 5 %  
and 9 9 % ,  r e s p e c t i v e l y  i n d i c a t i n g  t h a t  t h e  m e t h o d  cou ld  
be e m p l o y e d  w i t h  a d v a n t a g e  for  t h e  a s s a y  of t h i s  tox in .  

Zusammen/assung  

E s  w e r d e n  de r  c h r o m a t o g r a p h i s c h e  N a c h w e i s  u n d  die  
B e s t i m m u n g  d e r  F u s a r i n s ~ u r e  a ls  K u p f e r c h e l a t  m i t t e l s  
d e r  R u n d f i l t e r t e c h n i k  b e s c h r i e b e n .  Die d u r c h s c h n i t t l i c h e  
B r e i t e  des  C h e l a t s t r e i f e n s  s t e h t  in  e i n e m  l i nea ren  Ver -  
hAl tn is  zu d e m  L o g a r i t h m u s  de r  K o n z e n t r a t i o n  y o n  
Fusa r i n s i i u r e .  I n  e i n e m  K u l t u r f i l t r a t  v o n  F.  vasin/ectum 
A t k .  w a r  e in  Z u s a t z  y o n  r e i n e r  F u s a r i n s i i u r e  q u a n t i t a t i v  
n a c h w e i s b a r ,  lRf-Wer te  y o n  Cu u n d  C u - F u s a r i n s ~ u r e -  
K o m p l e x e n  in  12 L 6 s u n g s m i t t e l n  w e r d e n  a n g e g e b e n .  

* Present address: Botany Department, The University of Manitoba, 
Vqinnipeg, Canada. 

Rf values of copper and copper-fusarie acid complex in different 
solvent mixtures. 

Solvent mixtures 

1. N-butanoI-HAc-water  (4 : 1 : 5) 
2. N-butanol-HAc-water  (3.5 : 1.5 : 5) 
3. N-butanol-formic acid-water 

(5:3-5:5) 
4. Isoamyl alcohol-HAe-water 

(4:1:5) 
5. Isopropanol-formie acid-water 

(4:1:5) 
6. Aq. Dioxan (1 : 1) 
7. Aq.phenol 
8. 400 ml of aq. butanol  containing 

5 g 8-quinolinol to which was 
added 40 mI glacial acetic acid 
warmed to solution 

9. Incorporat ion of 0-5 g EDTA* in 
100 ml aq. butanol  

10. Impregnat ing  tim paper  with  
10% alumina prior to irrigation 
with N-butanol-HAC-water  
(4:1:5) 

11. Aq. Collidine 
12. Aq. Lutidine 

* Ethylene diamine tetracetate. 

Rf values 

Copper Complex 

0.494 0.273 
0,666 0.617 

0,157 0.088 

0.230 0,090 

0.460 0.400 
0-790 O.630 
0.II0 Not 

formed 

0.450 0-180 
Not  

0-100 formed 

Not 
0.230 formed 
0.182 0.263 
0.784 0.299 

The  T a b l e  g ives  t h e  R f  v a l u e s  of c o p p e r  a n d  Cu-  
fusaric ac id  c o m p l e x  in t h e  12 s o l v e n t  m i x t u r e s  i n d i c a t e d  
therein.  I t  m a y  be  a d d e d  t h a t  t h e  m e t h o d  cou ld  be  
employed o n l y  in  t h e  a b s e n c e  of i n t e r f e r i n g  m e t a b o l i t e s  
which w o u l d  e i t h e r  a l t e r  t h e  R f  v a l u e  of t h e  c o m p l e x  
or fo rm che l a t e s  h a v i n g  close R f  va lues .  I n  s u c h  cases  
it wou ld  be  n e c e s s a r y  to  use  d i f f e r e n t  s o l v e n t s  to  
e l imina te  i n t e r f e r e n c e  a n d  use  t h e  c o r r e s p o n d i n g  
s t a n d a r d  cu rves .  

We thank Professor T. S. SADASlVAN for helpful suggestions, 
Professor E. G~,UMANN for a generous gift of pure fnsarie aci d and 
the National Institute of Sciences of India for the award of an I,C.I. 
fellowship to one of us (K.L.). 

K. LAKSHMINARAY'ANAN* and  

D. SUBRAMANIAN 

University Bo tany  Laboratory, Madras  (India), Apr i l  
4, 1957. 

C a r b o h y d r a t e s ,  C o l l a g e n  and  E las t in  of the  
N o r m a l  Aor t i c  Wal l  and  A r t e r i o s c l e r o t i c  

H y a l i n e  P l a q u e s  

R e p o r t s  in  t h e  l i t e r a t u r e  on  t h e  d e t e r m i n a t i o n  of t h e  
c a r b o h y d r a t e s  a n d  of t h e  co l lagen  a n d  e l a s t i n  c o n t e n t  
in  t h e  n o r m a l  a o r t a  a n d  t h e i r  poss ib le  m o d i f i c a t i o n s  in  
t h e  course  of a r te r iosc le ros i s ,  a re  r e l a t i v e l y  few. H o w -  
e v e r  s t ud i e s  c a r r i ed  o u t  b y  m e a n s  of m e t a c h r o m a t i c  s t a i n  
r e a c t i o n s  i n d i c a t e  t h a t  t h e  e las t i c  t i s sue  f ibers  of t h e  
a o r t a  a re  b a t h e d  in  a m a t r i x  of ' g r o u n d  s u b s t a n c e '  
c o n s t i t u t e d  m a i n l y  of s u l p h a t e d  ac id  m u c o p o l y s a c c h a -  
r ides,  a n d  t h a t  t h e  a l t e r a t i o n s  of t h i s  m u c i n o u s  s u b s t a n c e  
cou ld  b e  fol lowed b y  m o d i f i c a t i o n s  of t h e  c o n t e n t  in  
co l l agenous  a n d  e las t ic  f ib res  of  t h e  a o r t a ,  w h i c h  m a y  b e  
of f u n d a m e n t a l  i m p o r t a n c e  in  t h e  e v o l u t i o n  of a r t e r i o -  
sc lerosis  L 

There fo re ,  in  t h e  p r e s e n t  r e s e a r c h  t h e  c h e m i c a l  
c o m p o s i t i o n  of h y a l i n e  p l a q u e s  f r o m  a r t e r i o sc l e ro t i c  
a o r t a e  was  i n v e s t i g a t e d  a n d  c o m p a r e d  w i t h  t h a t  of a 
n o r m a l  ao r t i c  wall .  

T h e  s a m p l e s  were  s eve red  in t h r e e  f r ac t ions ,  l abe l l ed  
F. I . - F .  I I . - F .  I I I . - ,  a c c o r d i n g  to  NEUMAN a n d  LOGAN 2. 
W e  h a v e  a n a l y z e d  s a m p l e s  of 9 d i f f e r en t  n o r m a l  ao r t i c  
wal l s  of m e n  aged  f rom 20 to  40 y e a r s  a n d  s a m p l e s  col- 
l ec ted  f r o m  h y a l i n e  p l a q u e s  of 9 d i f f e r e n t  cases  of ar-  
t e r iosc le ros i s ;  t h e  a m o u n t  of t i ssue ,  f r o m  each  case,  
w h i c h  was  n e c e s s a r y  for  c h e m i c a l  ana lys i s ,  was  a b o u t  
1 g w e t  we igh t .  

T h e  f i rs t  f r a c t i o n  c o n t a i n s  m a i n l y  col lagen,  t h e  s econd  
f r a c t i o n  c o n t a i n s  s eve ra l  h e t e r o g e n o u s  p ro te ins ,  a n d  t h e  
t h i r d  one  c o n t a i n s  e las t in .  The  n i t r o g e n  was d e t e r m i n e d  
in  e a c h  f r a c t i o n  b y  Ness le r iza t ion3 ;  in  a d d i t i o n ,  t h e  
h y d r o x y p r o l i n e  c o n t e n t  in  F . I . ,  in  o rder  to  def ine  i t s  t r u e  
co l lagen  q u o t a ,  was  d e t e r m i n e d  b y  t he  m e t h o d  of TROLL 
a n d  CANNAN 4. T h e  c a r b o h y d r a t e s  were  d e t e r m i n e d  b y  
the m e t h o d s  desc r ibed  b y  DlSCHEL T h e  p r e s e n c e  of t h e  
SO~ g r o u p s  was  i n v e s t i g a t e d  q u a l i t a t i v e l y  b y  a d d i n g  
BaCI= 1 %  to  t h e  samples ,  h y d r o l i z e d  in  5 N HC1, d r i e d  
a n d  m a d e  u p  to  ml  i w i t h  w a t e r ,  in  o r d e r  t o  p r e c i p i t a t e  
B a S O  4. 

1 j .  F. RINEHART, in Connective tissue in health and disease 
(Munksgaard, Copenhagen 1954), p. 239. 

2 E. E. NEUMAN and M. A. LoGAn, J. biol. Chem. 186, 549 (1950). 
3 W. W. UMBR'qT, R, H. B,.,RRIS, and J. F. STAUFFER, Mano- 

metric techniques and tissue metabolism (Burgess Pub., Minneapolis 
1949). 

4 W. TROLL and R. K. CANSA~, J. biol. Chem. ZOO, 803 (1953). 
5 Z. DISCHE in Methods o/ Biochemical Analysis (Interscienee 

Pub. Inc., New York 1955), Vol. II, p. 31a. 


