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s u p e r i o r  c e r v i c a l  g a n g l i a  a n d  f o r m a t i o n  i n  v i v o  
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Summary. E p i n i n e  was iden t i f i ed  in r a t  super io r  cerv ica l  gangl ia  b y  a gas c h r o m a t o g r a p h i c - m a s s  spec t rome t r i c  me thod .  
The  d e u t e r a t e d  m e t h y l  g roup  of i .v. a d m i n i s t e r e d  labeled m e t h i o n i n e  was i n c o r p o r a t e d  in to  ep in ine  a t  a s low ra te ,  
a l t h o u g h  ep inephr ine-CD~ was r a p i d l y  formed.  These  resul t s  ind ica te  t h a t  ep in ine  found  in t he  gang l i a  is n o t  a pre-  
cursor  of ep inephr ine .  

I n  1906, Hal le  3 p roposed  t h a t  ep i neph r i ne  m i g h t  be  
fo rmed  b y  # - h y d r o x y l a t i o n  of epinine,  b u t  t h e  l a t t e r  
c o m p o u n d  was n o t  r e p o r t e d  in a n y  a n i m a l  t i ssues  u n t i l  
1962, w h e n  i t  was  found  ill t h e  p a r o t i d  g land  of Bufo  
m a r i n u s  4. I n  1973, L a d u r o n  5 d e m o n s t r a t e d  t he  p resence  
of ep in ine  ill b o v i n e  ad r ena l  m edu l l a  a n d  showed t h a t  i t  
could  be s y n t h e t i z e d  in v i t r o  f rom d o p a m i n e  b y  t he  ac t ion  
of an  N - m e t h y l t r a n s f e r a s e  i so la ted  f rom t h e  a d r e n a l  me-  
du l la  ~ as well  as in  pe r fused  ad rena l s  ~. A l t h o u g h  nor -  
ep ineph r ine  is genera l ly  cons idered  to  be t he  p recurso r  s-z0 
of ep inephr ine ,  on t h e  bas is  of these  obse rva t ions ,  L a d u -  
r on  p roposed  t h a t  ep i neph r i ne  could also be  f o r m e d , b y  a 
p a t h w a y  invo lv ing  t h e  N - m e t h y l a t i o n  of d o p a m i n e  to  
ep in ine  a n d  s u b s e q u e n t  f l -hydroxy la t ion  to  ep inephr ine .  
E p i n e p h r i n e  is p r e s e n t  in t he  super ior  cerv ica l  gang l ion  11, 
p e r h a p s  in  c h r o m a f f i n  cells 12 w h i c h  are s imi la r  to  t h e  
p r inc ipa l  cell t y p e  of a d r e n a l  m edu l l a  ~3. Since c h r o m a f f i n  
or sma l l  i n t ense ly  f luorescen t  (SIF) cells in  t h e  super io r  
cerv ica l  gangl ia  d i s a p p e a r  d u r i n g  t he  deve lopmentZL i t  
was  of i n t e r e s t  to  d e t e r m i n e  if ep in ine  was p r e s e n t  in 
gangl ia  of n e o n a t a l  r a t s  a n d  if i ts  levels would  decl ine 
d u r i n g  d e v e l o p m e n t  in  t h e  s ame  m a n n e r  as do c h r o m a f f i n  
cells. T h e  re l a t ive  syn thes i s  r a t e s  of e p i n e p h r i n e  a n d  
ep in ine  in n e w b o r n  r a t s  was  e x a m i n e d  b y  d e t e r m i n i n g  t h e  
r e l a t ive  r a t e  of i n c o r p o r a t i o n  of CD~ f rom a d m i n i s t e r e d  
m e t h i o n i n e - C D  a in to  t h e  N - m e t h y l  g roup  of t he  2 com-  
pounds .  

Materials and methods. P r e g n a n t  r a t s  were o b t a i n e d  f rom 
Zivic Miller (Allison Park ,  Pa. ,  USA)  on  t he  18 th  day  of 
ge s t a t i on  a n d  were housed  i n d i v i d u a l l y  un t i l  b i r t h  of t he  
l i t ters .  P u p s  of d i f fe ren t  ages were ki l led b y  d e c a p i t a t i o n  
a n d  super ior  cerv ica l  gangl ia  were  r emoved ,  c leaned  and  
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Fig. 1. Chemical ionization mass spectra of epinine-PFP Oil a Finnigan Model 1015C Mass Spectrometer using methane as reagent gas. 
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Fig. 2. Typical GC-MS tracing, under chemical ionization conditions 
with methane as reagent gas, of pentafluoropropionic anhydride de- 
rivatives of cateeholamines in rat superior cervical ganglia and of 
added authenic deuterated cateeholamines. I Epinephrine-PFP, m/e 
604; 2 E-D~-PFP, m/e 607; 3 norepinephrine-PFP, m/e 590; d NE- 
D3-PFP , m/e 593 ; 5 dopamine-PFP, m/e 592; 6 DA-D2-PFP, m/e 594; 
7 epinine-PFP, m/e 606; 8 Ep-PFP, m/e 609. The retention time is 
given in min. 

25- l//~ ~- 500 

1,5 300 

EPINEPHRINEEPHR n ~ 
I 0  200~ 

,5 - -  I 0 0  

o I I I I | 0  

/ 

i O -- 2 0 0 ~  

1.0 

-- I 0 0  

o ~ EP,N,NE ~ = 
_-- ~ = = 

I I O o I I0 21o 3 0 
DAYS OF AGE 

Fig. 3. Catecholamine content of the superior cervical ganglia of rats 
at various ages. Results are mean values (-E SEM) for groups of 6-8 
rats�9 The levels of amines were determined by GC-MS. 
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cooled on  ice. I m m e d i a t e l y  after dissect ion,  gangl ia  f rom 
1 or 2 r a t s  were homogen ized  in ice cold 100 ~zl N He1. To 
an  a l i quo t  of t he  h o m o g e n a t e  was added  100 ~1 of 
0.1 N HC1, c o n t a i n i n g  d e u t e r a t e d  ep in ine  (epinine-N-CD3), 
ep inephr ine  (epinephrine-e-D~-fl-D1), no r - ep ineph r ine  
(nor-epinephrine-~-D~-/5-D1) and  d o p a m i n e  (dopamine-  
/%D~). The  a m o u n t s  of d e u t e r a t e d  s t a n d a r d s  added  were 
a b o u t  10% less t h a n  t h e  expec t ed  a m o u n t  of t he  respec-  
t i ve  endogenous  c o m p o u n d s  as d e t e r m i n e d  p rev ious ly  
w i t h o u t  s t anda rds .  To d imin i sh  losses, 50 ~1 of 0.1 N HC1 
c o n t a i n i n g  0.5% ascorbic  acid, 0 .1% E D T A ,  a n d  0 .05% 
~ -me thy l -dopamine ,  w h i c h  d id  n o t  in te r fe re  w i t h  t h e  
q u a n t i t a t i v e  m e a s u r e m e n t s ,  was  also added�9 The  homoge-  
h a t e  was cen t r i fuged  a t  10.000 •  for 15 min  a t  + 4 ~  
The  s u p e r n a t a n t  was  e x t r a c t e d  w i t h  500 ~zl e t h y l a c e t a t e  
and  t he  organic  l ayer  d iscarded.  Careful ly  avo id ing  con-  
t a m i n a t i o n  w i t h  m a t e r i a l  f rom the  a c i d - e t h y l a c e t a t e  
i n t e rphase ,  t he  aqueous  f r ac t ion  was t r a n s f e r r e d  to a 
5 ml  r o u n d - b o t t o m  f lask a n d  freeze-dried.  The  d r y  res idue  
was dissolved in 50 ~1 ace ton i t r i l  a n d  t h e n  t r e a t e d  a t  
r oom t e m p e r a t u r e  w i t h  100 ~1 pen t a f l uo rop rop ion i c  an-  
h y d r i d e  ( P F P A )  for 30 rain.  Af te r  t r a n s f e r  to  a 3 ml  
conical  cen t r i fuge  tube ,  t he  so lven t  was  e v a p o r a t e d  in a 
s t r e a m  of n i t r ogen  and  t he  d r y  res idue  was redissolved in 
5-10 ~1 d r y  ace toni t r i l .  Al iquo ts  (2-3 txl) were i n j ec t ed  on  
a GC-co lumn coupled  to a mass  spec t romete r �9  The  col- 
umn ,  150 c m •  ram,  was p a c k e d  w i t h  OV-17, 3 %  on 
A n a k r o m  Q. The  c o l u m n  t e m p e r a t u r e  was 160 ~ and  t he  
h e l i u m  flow was 20 ml /min .  T h e  r e t e n t i o n  t imes  were 
a p p r o x i m a t e l y  1.5 ra in  for e p i n e p h r i n e - P F P ,  2 m in  for  
i l o r e p i n e p h r i n e - P F P ,  3.5 m i n  for d o p a m i n e - P F P  a n d  
4 m i n  for e p i n i n e - P F P .  The  c o l u m n  e f f luen t  was sub-  
j ec ted  to  chemica l  i on iza t ion -mass  s p e c t r o m e t r y  us ing  
m e t h a n e  as r e a g e n t  gas. The  mass  s p e c t r o m e t e r  was  a 
F i n n i g a n  Model  1015C in te r faced  w i t h  a P r o g r a m m a b l e  
Mul t ip le  I on  Mon i to r  (PROMIM).  The  /3-hydroxyla ted  
c a t e c h o l a m i n e  de r i va t i ve s  were m o n i t o r e d  b y  t h e i r  m o s t  
a b u n d a n t  f r a g m e n t s :  m/e  604 and  607 for ep inephr ine -  
P F P  a n d  e p i n e p h r i n e - D a - P F P  a n d  m/e  590 a n d  593 for 
n o r e p i n e p h r i n e - P F P  a n d  n o r e p i n e p h r i n e - D 3 - P F P .  The  
o t h e r  a m i n e s  were e s t i m a t e d  f rom the i r  M H  + ions:  
m/e  606 and  609 for e p i n i n e - P F P  a n d  e p i n i n e - D 3 - P F P  
a n d  m/e  592 and  594 for  d o p a m i n e - P F P  a n d  d o p a m i n e -  
D2-PFP.  A s t a n d a r d  cu rve  was  p r e p a r e d  us ing  k n o w n  
a m o u n t s  of epinine,  ep inepr ine ,  no rep inephr ine ,  d o p a m i n e  
a n d  the i r  d e u t e r a t e d  homologues  15. W h e n  h y d r o l y s e d  
par t i a l ly ,  n o r e p i n e p h r i n e - P F P ,  c an  also give rise to  a re- 
sponse  a t  m/e  606. U n d e r  t he  cond i t ions  of t he  assay  t h i s  
was  n o t  obse rved .  W h e n  t he  d i s u b s t i t u t e d  d e r i v a t i v e  was 
m a d e  b y  p a r t i a l  hydro lys i s  of t he  fu l ly  s u b s t i t u t e d  der iv-  
a t ive ,  i ts  r e t e n t i o n  t ime  on  t he  gas c h r o m a t o g r a p h  was  
s l igh t ly  longer  (by 10-15 sec) t h a n  t h a t  of e p i n i n e - P F P  
so t h a t  t he  2 c o m p o u n d s  could  be  a d e q u a t e l y  d is t in -  
guished.  The  iden t i f i ca t ion  of ep in ine  was  conf i rmed  b y  
s imi la r  gas c h r o m a t o g r a p h i c  a n d  mass  spec t rome t r i c  be-  
h a v i o r  of t he  t r i f luoroace t ic  de r i va t i ve s  of epinine,  ep in ine-  
N-CD a a n d  t he  endogenous  amine .  
I n  a n o t h e r  expe r imen t ,  24 n e w b o r n  r a t s  rece ived  i.p. 
2 ml /kg  of a sal ine so lu t ion  c o n t a i n i n g  5 m g / m l  me th io -  
nine-CD~. The  r a t s  were ki l led 20 min  later ,  t h e  super ior  
cerv ica l  gangl ia  removed ,  a n d  groups  of 16 gangl ia  f rom 
8 an ima l s  pooled,  homogenized ,  a n d  t he  ep in ine  a n d  
ep ineph r ine  ana lyzed  b y  GC-MS as descr ibed  above ,  b u t  
w i t h o u t  a d d i t i o n  of t he  d e u t e r a t e d  compounds .  The  car-  
casses of t he  an ima l s  were homogen ized  in 0.1 N HC1, a n d  
t h e  re la t ive  e n r i c h m e n t  of t he  m e t h i o n i n e  w i t h  CD 3 
d e t e r m i n e d  b y  GC MS 16 
E p i n e p h r i n e - b i t a r t r a t e ,  n o r e p i n e p h r i n e - t a r t r a t e - H C t  a n d  
dopamine-HC1 were  p u r c h a s e d  f rom Calb iochem,  Los 
Angeles,  Cal., U S A ;  epinine-HC1, f rom Aldr i ch  Chemical  
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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 .  

I n  v i t r o  b i n d i n g  of  c i t r i n i n  to  s e r u m  p r o t e i n  1 
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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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