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Quantitation of Noradrenaline Fluorescence in the 
and the Effect of Postganglionic Axotomy 

The superior cervical  ganglion of the  ra t  contains two 
main  types  of sympa the t i c  neuron. Using the  me thod  of 
FALCK et  al. 1, i t  m a y  be shown t h a t  these neurons 
display specific f luorescence due to the  N A  2 con ten t  of 
the  per ikarya  of sympa the t i c  noradrenergic  neurons and 
to the  DA 2 conten t  of small, in tensely f luorescent cells 3-s. 
The noradrenergic  per ikar ia  conta in  var iable  fluorescence 
and by inference different  N A  concentrat ion.  ERX~I~6 
and HNRK6NEN ~ proposed tha t  h igh  fluorescence in tens i ty  
was correlated wi th  high ACHE ~ ac t iv i ty ,  a l though 
HJiRK~NEN s had also suggested an inverse re la t ionship  
be tween a posi t ive  react ion for non-specific cholinesterase 
and a high fluorescence intensi ty .  A different  and more 
plausible explana t ion  for the  he te rogene i ty  of gangl ion 
cells wi th  respect  to the i r  N A  con ten t  was advanced  by  
K. F u x E  (cir. 4) who assumed tha t  monoaminerg ic  
neurons wi th  short  axons exhib i ted  a higher  amine  
concent ra t ion  in thei r  non- te rmina l  axons and ill the i r  
cell bodies t han  neurons wi th  long axons. 

In  general, the  per ikaryon  vo lume  of the  neuron is 
propor t iona l  to the  neuronal  ter r i tory ,  i.e. to the  sum of 
the  vo lumes  of the  neuronal  processes 9,10. Assuming tha t  
the  to ta l  NA conten t  per  cell is about  constant ,  i t  m a y  be 
expected  tha t  the  large NA per ikarya  in the  superior  
cervical  ganglion belong to neurons wi th  long axons and a 
low average NA concent ra t ion  per  uni t  area and t h a t  the  
smal l  NA per ikarya  belong to short  neurons and therefore  
have  a high apparen t  NA concentrat ion.  

In  order to tes t  this  hypothesis ,  the  in tens i ty  of fluores- 
cence was eva lua ted  microf luor imetr ica l ly  1. The  superior  
cervical  ganglia  were t aken  f rom male  albino rats  (Spra- 
gue-Dawley  derived, weighing 270-350 g), frozen in l iquid 
nitrogen, freeze-dried, t r ea ted  wi th  fo rmaldehyde  gas at  
80~ for 75 mill  and embedded  in paraffin.  The  formal-  
dehyde gas was generated f rom para formaldehyde  powder  
equi l ibra ted  at  50% re la t ive  humid i ty .  Longi tud ina l  
sections of the  ganglia, 5 Fm in thickness,  were examined  
in a Zeiss-Cytofluorometer  equipped for f luorescence 
combined wi th  phase contrast .  For  exci ta t ion  a H130-200 
mercury  lamp was used wi th  a BG 12 filter. The  emission, 
l imi ted  by the  barr ier  f i l ter  to 470-650 rim, was measured 
in a circular area of 1.7 Fm in diameter .  This spot  was 
placed in between the  cell nucleus and the  per ikaryon  sur- 
fade. The  ga lvanomete r  readings were taken  as a measure  
of the  average cy toplasmic  fluorescence in tens i ty  of a 
par t icu lar  per ikaryon  and expressed in a rb i t ra ry  units  
(AU). These units  were based on a gelat ine s tandard  11 
conta in ing  np to 100 Fg/g of NA. Since there  is no str ict  
l inear re la t ionship over  the  whole range be tween the  
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Fig. 1. In the rat superior cervicai ganglion, the average intensity 
of NA fluorescence is inversely correlated to the estimated size of the 
perikarya. 

Superior Cervical Ganglion of the Rat 

readings of the  s tandard  and the concent ra t ion  of amine 
in situ, the  units reflect  only re la t ive  values obta ined under  
comparab le  condit ions of mesurement .  Only the  peri- 
karya  tha t  possessed a dis t inct  nucleus wi th  nucleolus were 
measured and 1 r andom value  of the  fluorescence of each 
per ikaryon was taken.  In  the phase contras t  image, the  
length and wid th  of each per ikaryon was de termined  by  
means  of an ocular  mic romete r  and the  approx ima te  
per ikaryon  volumes  were es t imated,  the  shape of peri- 
karya  being considered to be close to a sphere or a revolu- 
t ion ellipsoid 1~ The small, in tensely f luorescent  cells 
were purposely  omi t ted .  

In  order to de te rmine  the  normal  fluorescence intensi ty ,  
a to ta l  number  of 772 NA-conta in ing  per ikarya  from 3 
left  and f rom 4 r ight  superior  cervicwl ganglia  were 
measured.  The per ikarya  were grouped into different  
classes according to thei r  es t imated  volames  and an 
average fluorescence in tens i ty  was computed  for each class. 
The  results showed an inverse re la t ionship be tween the  
average fluorescence in tens i ty  and the  vo lume  of nor- 
adrenergic per ikarya  (Figure 1). This  re la t ion is s tat is t i -  
cally signif icant  according to SPEARMAN'S rank correlat ion 
(R = 0.943 and 2 P  < 0.05). I t  is concluded f rom these 
results t ha t  large and small  NA per ikarya  of the  superior  
cervical  ganglion of the  rat  could conta in  comparable  to ta l  
amount s  of NA. In  addit ion,  i t  was found tha t  the  th ick-  
ness of the  sections (i.e. 5, 10 and 15 am) did not  influence 
this  relat ion.  In  the  cy top lasm of the  small  perikarya,  the  
fluorescence was homogeneous ly  dis t r ibuted,  whereas in 
the large per ikarya  i t  was usual ly  more intense near  the  
cell surface. This per ipheral  fluorescence of some per ikarya  
was or iginal ly  not iced by  ERXNI~6 and H2~RK6NEN 3. To 
inves t iga te  the  N A  concent ra t ion  of pe r ikarya  under  the  
condit ions of a chromato ly t i c  reaction, a postganglionic 
a x o t o m y  was performed.  4 rats  were used in this experi-  
ment .  A x o t o m y  was carried out  on the  r ight  side and the  
contra la tera l  gangl ia  served as controls. 800 per ikarya  
(100 per ganglion) were measured  (Figure 2). 1 week af ter  
the  postgangl ionic  nerve  dissection the  chromato ly t ic  
react ion was very  marked  and at  this  stage the  cell nuclei  
were eccentr ical ly  p laced< If  such chromato ly t i c  peri- 
ka rya  were measured at  the  level  of their  nuclei, the i r  
profile fields appeared smaller  than  in ti le controls and 
the  es t imated  vo lumes  therefore  decreased. These appar-  
ent ly  small  per ikarya  revealed a significant  decrease in ti le 
average fluorescence in tens i ty  when compared  wi th  
control  cells of the  same size (Figure 2). In  the  inter-  
media te  size classes, no difference was seen bu t  there  was 
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an apparen t  increase in fluorescence in tens i ty  above 
control  level in those per ikarya  tha t  had remained large. 

The effect of axo tomy  on the  still  large per ikarya  
could possibly be explained by a s tagnat ion of NA axonal  
t ranspor t  under  condit ions of in tac t  ca techolamine  
synthesis. In  the  apparen t ly  small  chromato ly t ic  cells, 
the  catecholamine synthesis  m a y  be assumed to be de- 
creased. This view is in accord wi th  a number  of qua l i t a t ive  
observat ions s, ~ - ~ .  

The relat ionship of cell size to A C H E  ac t iv i ty  remains 
an  open question. Histological  studies of au tonomic  
ganglia in the ra t  revealed tha t  the  pa rasympa the t i c  
(i.e. h ighly cholinergic) per ikarya  of the  ganglion nodosum 
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Fig. 2 .1  week af ter  postgangl ionie  axotomy,  there is a decrease in NA 
fluorescence in the chromato ly t i c  per ikarya ,  which appear  to be 
smaller  (volume classes up to 5 and  10 • 10 ~ [xmS). The large pe r ika rya  
exhib i t  an increase in  average NA fluorescence (volume class up to 
30 • I0 ~ [xmS). 

D, control  gangl ia ;  ~ ,  gangl ia  1 week after postgangl ionic  nerve 
dissection. 

were on the  average larger than  the  sympa the t i c  (i.e. 
noradrenergic) per ikarya  of the  superior cervical  gan- 
gl ionlL By  using the  acetyl th iochol ineiodide  me thod  of 
KARNOVSKY and ROOTSt% we found in the ra t  superior  
cervical  ganglion bo th  small  and large per ikarya  to 
exhibi t  a h ighly posi t ive  react ion for A C H E  act ivi ty .  In  
conclusion, our inves t iga t ion  furnished no evidence t h a t  
the  size of the  per ikaryon determines  the to ta l  catechol-  
amine con ten t  or the  apparen t  A C H E  ac t iv i ty  of the  
sympathe t ic  neuron. 

Zusammen/assung. Die mikrof luor imetr ische  Messung 
der spezifischen Katecholaminf luoreszenz  von  sympa-  
thischen Neuren  im Gangl ion cervicale  superius der R a t t e  
ergab eine reziproke Beziehung zwischen appa ren tem 
Noradrenal ingehal t  und Per ikaryonvolumen.  Der  to ta le  
Ka techo lamingeha l t  der Neuren  sowie die qua l i t a t iv  
erfasste Azety lchol ines teraseakt iv i t~ t  erschienen yon der 
Zellgr6sse unabh~ngig.  Diese Beziehung war  nach post- 
ganglionS, rer Axo tomie  ver~ndert .  
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R e c o v e r y  of C h o l i n e s t e r a s e  Act iv i ty  in the  C e r e b r o s p i n a l  Fluid,  B r a i n s t e m  and P l a s m a  of 
the U n a n e s t h e t i z e d  Cat After  I rrevers ib l e  C h o l i n e s t e r a s e  Inh ib i t ion  

The apparent  recovery  of cholinesterase (ChE) ac t iv i ty  
following adminis t ra t ion  of an irreversible ChE inhibitor,  
such as Soman (pinacolyl methylphosphonof luor idate) ,  
has not  been reported for cerebrospinal  fluid (CSF). As sev- 
eral studies have  deal t  wi th  the effect of ChE inhibi t ion 
on bra in-s tem centers re la ted to basic funct ions such as 
respirat ion ~, 2, we were curious as to whether  ChE act iv-  
i ty  in C S F  migh t  be used as a measure  to reflect  the  level 
of ChE ac t iv i ty  in brainstem.  To s tudy  this, the  t ime  
course of recovery  of ChE ac t iv i ty  in brainstem, CSF, and 
plasma were compared  following Soman in toxica t ion  in 
cats. 

Materials and methods. Samples  of CSF  (1.0 ml) were 
obta ined daily from the  cisterna magna  of unanes the t ized  
cats previously  implan ted  wi th  c is terns  cannulae, as des- 
cribed elsewhere 3. Blood was s imul taneously  collected 
f rom the  brachiaI  vein  using a sterile, heparinized syringe. 
P lasma  samples were obta ined immedia te ly  after  with-  
drawal  by  spinning the  whole blood sample a t  1000 g for 
10 min in a refr igerated centrifuge. The to ta l  ChE ac t iv i ty  
of each sample was then  measured using the  radiometr ic  
method  of SIAKOTOS et al. ~ and prote in  levels obta ined 
using LOWRY'S methodK These assays were performed on 
pure  C S F  while p lasma was di luted 1:3 wi th  distilled 
wate r  and 1:100 for prote in  determinat ions .  Bra ins tem 
samples were obta ined by sacrificing other  animals  wi th  
an overdose of sodium pen tobarb i ta l  and perfusing the  
brain th rough the  descending aorta  wi th  0.9% NaC1 for 
3-5 min, or unti l  clear of blood. The brainstem,  tha t  tissue, 

exclusive of cerebellum, lying be tween the  inferior colli- 
culus and C-1, was then  removed  and washed in ice cold 
saline. An homogenate  was then  prepared by  dispersing 
the  tissue in a glass homogeniz ing tube  wi th  a teflon 
pestle in 10 volumes  of an ice cold solut ion consist ing of 
0.1M sodium phospha te  buffer  at  p H  7.8, 0 .3M MaC1 and 
1% Lubrol  W X  (I.C.I. Organics Inc., Stamford,  Connec- 
ticut).  This  homogena te  was then  di luted to 1% wi th  addi- 
t ional  volumes  of the  same buffer. Pro te in  de te rmina t ions  
as well  as ChE assays were per formed wi th  the  1% homo- 
genates. 

Af ter  the  es tabl ishment  of a stable baseline for 3 days, 
each animal  was pre t rea ted  wi th  a per ipheral  ant imus-  
carinic compound,  a t ropine  me thy l  n i t ra te  (0.5 mg/kg,  
i.m.). 1 h later, Soman (27 ~g/kg;  27 ~g/ml), or an equal  
vo lume of saline, was injected s.c. in a shaved region be- 
tween the  scapulae. CSF  and blood samples were t aken  
and assayed in dupl icate  as described above. Stat is t ical  
comparisons were made  using the  S tudent ' s  t-test statistic.  
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