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Co., Inc., Milwaukee, Wisc., U S A ;  methionine-CD3, 
epinephrine-e-D2-fi-D1, norepinephrine-a-D2-fl-D 1 and do- 
pamine-~-D 2 were ob ta ined  f rom Merck, Sharp and 
Dohme,  Kirkland,  Quebec, Canada.  OV-17, 3% on 
A n a k r o m  Q, 90-100 mesh, f rom Analabs,  Nor th  Haven ,  
Conn., U S A ;  t r i f luoracet ic  anhydr ide  and pentaf luoro-  
propionic  anhydr ide  f rom Pierce Chemicals, Rockford,  
II1., USA.  Ep in ine -N-CD 3 was generously dona ted  by  
Jansen  Fa rmaceu t i c a  (Beerse, Belgium) and a -methy l  
dopamine  was the  gift  of Dr  J.  Daly,  N I A M D ,  N I H .  
Results and discussion. Epin ine  in the  superior  cervical  
ganglia  of rats  was de tec ted  and identif ied by  GC-MS. 
The  mass spectra  of the  P F P  der iva t ives  of epinine and 
epinine-CDa are shown in figure 1. The  amount s  of 
epinine and o ther  amines present  in the  homogenates  of 
superior  cervical  ganglia  were de te rmined  f rom the  rela- 
t ive  peak  heights  of the  unlabel led compounds  and the  
added deu te ra ted  s tandards  a t  appropr ia te  re ten t ion  
t imes  for the  gas chromatograph ic  columns and m/e  in 
the  mass spectra.  A typ ica l  t rac ing  f rom the  GC-MS 
recording, af ter  in ject ion of an a l iquot  of the  der iva t ives  

Relative enrichment with CD a of epinine and epinephrine after 
administration of methionine-CD a 

Relative enrichment 

Methionine (carcass) 26 4- 3% 
Epinephrine (SCG) 19 4- 4.8 
Epinine (SCG) 0.74 =L 0.12 

Newborn rats received 10 txg/g methionine-CD a i.p. The rats were 
killed after 20 mira The relative enrichments with CD 3 of the indi- 
cated compounds were determined by GC-MS. 

der ived f rom the  homogena te  of sympa the t i c  ganglia  to 
which deu te ra ted  s tandards  had been added,  is shown in 
figure 2. 
Norepinephr ine  is the  major  ca techolamine  present  in 
sympa the t i c  ganglia  (figure 3). The  a m o u n t  of norepine-  
phr ine  present  progressively increases wi th  age as the  
ganglia  and the  animal  grow in size. Dopamine  levels are 
h ighes t  a t  bir th,  decline dur ing the  nex t  few days, and 
then  increase s l ight ly  as the  ganglia  become larger. The  
amount s  of the  N-me thy l a t ed  der iva t ives  of these cate-  
cholamines  are considerably  lower. Ep inephr ine  levels are 
h ighes t  a t  b i r th  bu t  its levels are main ta ined  only 
s l ight ly below those found a t  b i r th  for at  least  30 days. 
Thus the  re la t ive  a m o u n t  of epinephrine compared  to 
norepinephr ine  and ganglia  size decreases wi th  age, f rom 
10% of norepinephr ine  a t  b i r th  to less t h a n  1% at  30 days 
of age. 
Epinine,  the  N-me thy l a t ed  der iva t ive  of dopamine,  is 
present  in v e r y  small  amounts .  I t s  level is h ighest  a t  bir th,  
a t  which t ime  its levels are about  half  those of epine- 
phrine,  and rap id ly  declines dur ing the  first  4 days of life. 
The  a m o u n t  of epinephr ine  present  is usually less t h a n  
one- ten th  those of dopamine  (figure 3). 20 min af ter  i.p. 
in ject ion of meth ion ine  labelled wi th  deu te r ium on the  
m e t h y l  group (CDa), labelled epinephr ine  and epinine are 
found in the  superior  cervical  ganglia. The re la t ive  en- 
r i chment  of epinephrine wi th  CD a approaches  t h a t  of 
meth ion ine  found in the  carcass, b u t  t h a t  of epinine is 
only  4% of epinephrine (table). 
The  results of these  exper iments  establish t h a t  epinine is 
p resent  in the  superior  cervical  ganglia  and can be formed 
in vivo.  The  amount s  of epinine present,  however ,  are 
v e r y  small,  and even at  their  h ighes t  are less t h a n  half  
those of epinephrine.  The  re la t ive ly  low enr ichment  wi th  
CD a af ter  in jec t ion  of methionine-CDa indicates t h a t  the  
ra te  of epinine fo rmat ion  in the  ganglia  is v e r y  slow com- 
pared to t h a t  of epinephrine and t h a t  fo rmat ion  of epine- 
phr ine  f rom epinine is a t  most  a minor  pa thway .  
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Summary. In  v i t ro  s tudy  shows t h a t  the  m y c o t o x i n  ci t r inin binds to h u m a n  serum albumin.  

The  b inding of toxins  to p lasma proteins  and subsequent  
biological  a c t i v i t y  has been observed earl ier  3. Such ob- 
servat ions  have  been m a d e  wi th  the  food-borne myco-  
toxins,  a f la toxin  and ochra tox in  a-*. The  present  com- 
munica t ion  is a repor t  on the  b inding  of the  m y c o t o x i n  
ci t r inin to h u m a n  se rum protein.  
Material and method. Pure  crystal l ine ci t r inin (isolated 
f rom cul tures  of Aspergil lus candidus or  Penic i l l ium 
ei t r inum) was used in this  s tudy.  H u m a n  serum was cen- 
t r i fuged ou t  f rom pooled blood samples of hea l t hy  adul t  
vo lun teers  and used fresh. 3 di f ferent  p repara t ions  were 
then  ob ta ined :  a) 1 ml  of serum was dialysed a t  4-7 ~ 
ove rn igh t  agains t  1 1 of ba rb i tone-sod inm barb i tone  
buffer  (ionic s t rength  -0 .05 ;  p H  8.6) and the  dia lysed 
se rum was r eady  for e lectrophoresis ;  b) 0.2 ml  of chloro- 
fo rm solut ion of c i t r inin (200 ~g) was t aken  in a small  
beaker  and dried. To the  d ry  toxin,  1 ml  of serum was 
added  and incuba ted  a t  37 ~ for 2 h wi th  i n t e rmi t t en t  
gent le  agi tat ion.  This  was then  dialysed and kep t  ready  

for electrophoresis;  c) a solut ion of ci tr inin was prepared  
in barb i tone  buffer  (200 ~zg/ml) jus t  before electro-  
phoret ic  run. Paper  electrophoresis  was carried out  on a 
s tr ip (10 • 30 cm) of W h a t m a n  No. 3 paper :  10 V1 each of 
a), b) and c) was spot ted  separa te ly  bu t  alongside and 
placed for e lect rophoret ic  run  in barb i tone  buffer  a t  
180 V and 5 m A  for 31/2 h a t  room t empera tu r e  (29-31 ~ 
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Af te r  t he  run,  t h e  p a p e r  was  a i r  dr ied  and  m o i s t e n e d  w i t h  
5% acet ic  acid. The  we t  s t r ip  was t h e n  v iewed u n d e r  
U V  l igh t  for  green-ye l low f luorescence (charac te r i s t i c  of 
c i t r in in) .  The  f luoresc ing  po r t i ons  were m a r k e d  F. T h e  
s t r ip  was t h e n  s t a ined  for p ro t e in s  o v e r n i g h t  us ing  
b r o m o p h e n o l  blue.  5% acet ic  acid was  emp loyed  for 
des ta in ing .  

Results and discussion. F r o m  t h e  f igure i t  can  be  seen t h a t  
a f luoresc ing p o r t i o n  was p r e s en t  in  t h e  e lec t rophore t i c  
p a t h  of h u m a n  s e ru m-c i t r i n i n  mix tu re ,  an d  th i s  corre-  
s p o n d ed  w i t h  t h e  a l b u m i n  band ,  w h e n  s ta ined .  The  on ly  
o the r  f luorescence m a r k e d  was t h a t  of pu re  c i t r in in  ( run 
alongside)  an d  th i s  h a d  m o v e d  t o w ard s  t h e  anode  fas te r  
t h a n  t h e  a d j a c e n t  a l b u m i n  f r ac t ion  of serum.  These  
o b s e r v a t i o n s  sugges t  t h a t  a) c i t r in in  is capab le  of b i n d i n g  
to  a t  leas t  one of t h e  h u m a n  s e r u m  p r o t e i n s - a l b u m i n ,  a n d  
b) t h e  b i n d i n g  of c i t r in in  to  a l b u m i n  is fa i r ly  s tab le  
becauSe t h e  complex  was n o t  a f fec ted  b y  dialysis.  I n  a 
s epa ra t e  e x p e r i m e n t  i t  was  s h o w n  t h a t  u n d i a l y z e d  h u m a n  
se rum-c i t r i n in  m i x t u r e  e x h i b i t e d  2 f luorescen t  spots ,  one  
co r r e spond ing  to  free c i t r in in  a n d  t h e  o t h e r  to  t h a t  of 
a l b u m i n  por t ion .  All  t h e  above  o b s e rv a t i o n s  could be  
n o t e d  aga in  w h e n  aga r  gel was emp loyed  for e lectro-  
phoresis .  Moreover ,  s tud ies  w i t h  14C-citrinin Confirmed 
t h e  b i n d i n g  of c i t r in in  to  s e r u m  a lbumin .  
I t  is fel t  t h a t  t h e  obse rved  in v i t ro  b i n d i n g  of c i t r in in  to  
s e r u m  p ro t e i n  f r ac t ion  m a y  help  in u n d e r s t a n d i n g  t he  
possible  t r a n s p o r t  m e c h a n i s m  of toxic  c i t r in in .  S imi la r  
b i n d i n g  s tud ies  w i t h  cel lular  c o m p o n e n t s  will t h r o w  l igh t  
on  t h e  possible  mode  of ac t ion  of c i t r in in  w i t h  reference 
to  i t s  t ox i c i t y  in  an ima l s  a n d  p l a n t s  7-9. 

1, Human serum (dialyzed); 2, Human serum-citrinin mixture 
(dialyzed); 3, Citrinin; F, Fluorescence portions (marked before 
staining). 
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Summary. Sera  of h a p t o g l o b i n  s u b t y p e s  H p  I F - 1 F  a n d  H p  1S-1S i n c u b a t e d  a t  56~ show a d i f f e ren t  degree  of re- 
d u c t i o n  in t he  h e m o g l o b i n  b i n d i n g  capac i ty .  The  di f ference is smal l  b u t  s igni f icant .  

Ea r l i e r  i t  was  d e m o n s t r a t e d  t h a t  in  s e r u m  i n c u b a t e d  a t  
56 ~ t h e  h e m o g l o b i n  b i n d i n g  c a p a c i t y  (HbBC) is r educed  
a n d  t h e  e x t e n t  of r e d u c t i o n  var ies  w i t h  t h e  H p  p h e n o t y p e  
in t h e  o rder  of dec reas ing  H p  1-1 < H p  2-1 < H p  2-2 ~. 
The  d u r a t i o n  of t h e  h e a t  i n c u b a t i o n  also inf luences  t h e  
e x t e n t  of r e d u c t i o n  in t h e  H b B C  2. Agar-ge l  e lectro-  
pho re t i c  i nves t i ga t i ons  p r o v e d  t h a t  a smal le r  q u a n t i t y  of 
H p - H b  complexes are  fo rmed  in h e a t - t r e a t e d  s e r u m  a n d  
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Change of the HbBC mean value of sera heat-treated at 56~ as 
compared in percent to their not-treated controls. 

t h i s  q u a n t i t y  depends  on  t h e  p h e n o t y p e  3. On t h e  basis  of 
e x a m i n a t i o n s  of complexes  fo rmed  w i t h  sera  of t h e  p h e n o -  
t y p e  H p  1-1, one m a y  conc lude  t h a t  even  w i t h i n  these  
p h e n o t y p e s  t h e r e  is a n  a d d i t i o n a l  v a r i a t i o n  a m o n g  t h e  
i n d i v i d u a l  sera~. These  f ind ings  sugges ted  d i f fe ren t  h e a t -  
s t a b i l i t y  for sera  of d i f fe ren t  H p  sub types .  
Materials and methods. 28 sera  of H p  1 F - I F  a n d  H p  I S - I S  
s u b t y p e s  were ana lyzed .  S u b t y p i f y i n g  was  ca r r i ed  o u t  
accord ing  P a s t e w k a  e t  al. 5. P h o t o m e t r i c  m e a s u r e m e n t  of 
t h e  pe rox idase  a c t i v i t y  of t h e  complex  fo rmed :  t h e  sera  
were  d iv ided  in to  4 par t s .  One  r e m a i n e d  u n t r e a t e d ,  t h i s  
r ep re sen t ed  t h e  n a t i v e  con t ro l  sample .  T h e  o t h e r  3 were  
k e p t  for half ,  1 a n d  3 h r e spec t ive ly  in w a t e r  b a t h  a t  
56~ T h e  p lac ing  of samples  in to  t h e  w a t e r  b a t h  was  
car r ied  o u t  in  such  a m a n n e r  t h a t  h e a t - i n c u b a t i o n  of al l  
samples  was  f in i shed  a t  t h e  s ame  t ime.  Fol lowing  th is ,  
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