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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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Recovery of cholinesterase activity ~ in cerebrospinal fluid, plasma and brainstem in cat as a function time following irreversible inhibition 
with Soman 

Days  

Pre inh ib i t ion  Pos t inh ib i t ion  T1 / ~ c 

- - 3  - - 2  - - 1  0 b 1 2 3 4 7 12 

CSF a 8.4 7.6 8.8 0.3 r 4.5 f 5.6 t 6.5 6.9 %4 7.5 0.9 
(1.2) (0.9) (0.9) (0.1) (1.4) (0.8) (1.6) (1.6) (0.9) (1.2) 

P l a s m a  ~ 0.62 0,54 0.68 0.03 r 0.27 f 0.30 ~ 0.33 t 0.41 0.42 0.57 2.2 
(0.09) (0.11) (0.16) (0.01) (0.03) (0.04) (0.09) (0.12) (0.03) (0.13) 

Brainstem ~ [2.6] [0.3] [0.7] [0.8] [1.2] [1.7] [2.2? -- 4.3 
[2.9] [0,3] [0.5] [0.6] [1.3] [1.6] [2.4] - -  

Activity expressed in terms of [xmoles of ~4C-ACh substrate hydrolyzed/h/mg protein; b Values at '0' were obtained 1 h after the administra- 
tion of Soman. Mean protein Ievels in CSF and pIasma were 0.36 ~ 0.08 mg/ml and 51.7 :E 4.9 mg/ml respectively; ~ TI/~ indicates time in 
days required for the recovery of 50% of enzyme activity after inhibition; ~ Values represent the mean and S.E. of ChE activity observed in 
the CSF and plasma taken concurrently from five animals; ~ Brainstem ChE activity was obtained from 2 animals sacrificed at each time 
period after inhibition, both values are given; ~ p _< 0.05 compared to control levels as determined by Students t-test. 

Results. As can be seen in the  Table,  a f ter  admin i s t ra -  
t ion of Soman,  CSF-ChE fell rap id ly  from around 8.1 
p.moles/h/mg, during the  1st h, to  3.9~o of basel ine and  
remained  s igni f icant ly  depressed th rough  the  first  48 h 
af ter  in tox ica t ion  (p <~ 0.05). P l a sma  ChE fell to 5.8% of 
baseline, or to 0.036 g_ 0.019 amoles/h/mg, and remained  
below control  levels for the  nex t  3 days  (p _< 0.05), while 
b r a in s t em-ChE  ac t iv i ty  fell to 13.5~o of baseline. Calcu- 
la t ion of t he  t ime  required for t he  a p p a r e n t  recovery  of 
50% of basel ine ac t iv i ty  (T~/2) gave values of 0.9 days  
for CSF, 2.2 days  for p la sma;  and 4.5 days  for bra ins tem.  
Sta t is t ica l  compar i son  of t he  pro- and  pos t in tox ica t ion  
levels of pro te in  for CSF  and for p lasma revealed no signif- 
icant  difference.  

To de te rmine  w h e t h e r  any  free Soman  was  in the  samp-  
les a t  the  t ime of assay, 50 V.I samples  of CSF, pIasma, or 
bra in  homogena t e  were mixed  wi th  an equal  volume of 
t he  same subs t r a t e  ob ta ined  f rom a non in tox i ca t ed  con- 
t ro l  an imal ;  a t  the  same t ime,  o ther  cont ro l  samples  were 
di luted wi th  50 ~zl of saline and  measured  for ChE act iv-  
ity. No difference was no ted  be tween  the  2 sets of assays,  
indica t ing  t h a t  no free inhib i tor  was present .  

Discussion. The a p p a r e n t  recoverY of to ta l  ChE enzyme  
ac t iv i ty  following admin i s t r a t i on  of an irreversible ant i-  
ChE such as Soman  has not,  heretofore ,  been repor ted  for 
CSF, bu t  it  is clear f rom these  d a t a  t h a t  i t  is subs tan t ia l ly  
more  rapid  t h a n  the  recovery  observed  in b ra ins tem.  The 
value we found  for t he  T1/~ of t issue recovery  cor responds  
to  resul ts  ob ta ined  wi th  guinea-pig b r a in s t em (4.5 days)6, 
monkey  pons  (4.9 days),  and  medul la  (5.0 days)~. 

The levels of to ta l  ChE ac t iv i ty  in ca t  c is ternai  CSF  are 
app rox ima te ly  three  t imes  those  r epor ted  in h u m a n  CSF 8. 
The ac t iv i ty  observed  in th is  l abora to ry  for ca t  b ra ins t em 
(2.8 amoles /h /mg)  is lower t h a n  t h a t  observed by  SIAI(O- 
TOS e t a l .  4 for the  whole bra in  homogena t e s  t aken  f rom 
mouse,  rat ,  guinea-pig,  and  r abb i t  (6.3-7.4 ~moles/h/mg) 
b u t  h igher  t h a n  for bovine  (2.1 amoles/h/mg)4.  

As dephosphory l a t i on  appa ren t l y  p lays  no role in the  
r e tu rn  of to ta l  ChE ac t iv i ty  following Soman  9, ~0, recovery  
of ChE ac t iv i ty  in CSF  m u s t  be associa ted pr incipal ly  w i th  
the  m o v e m e n t  of newly  syn thes ized  pro te in  in to  t he  CSF 
f rom ei ther  brain  or f rom a p l a sma  source. On the  basis of 
t he  ha l f t ime  of recovery,  it  is a p p a r e n t  "chat t he  ra te  of re- 
t u r n  for the  ChE ac t iv i ty  in CSF  mos t  closely cor responds  
wi th  t h a t  of plasma.  P re l imina ry  invest igat ions ,  however ,  
have  ind ica ted  t h a t  there  m a y  be s ignif icant  regional  dif- 
ferences in the  ra te  of a p p a r e n t  recovery  of enzyme activ-  

i ty  in brain  wi th  pe rhaps  the  mos t  rapid  being observed 
in cauda te  nucleus and h y p o t h a l a m u s  (YAI~SH and YA- 
MAMURA, in prepara t ion) .  Thus, it  is no t  possible to  de- 
t e rmine  at  th is  t ime  the  pr incipal  source of ChE ac t iv i ty  
in CSF. Al though  a likely source for th is  enzyme is f rom 
p la sma  e labora ted  th rough  the  choroid plexus,  as are o ther  
pro te ins  u,  12, con t r ibu t ion  by  bra in  canno t  be comple te ly  
disregarded,  as it  has  been pos tu la t ed  t h a t  the  CSF  m a y  
serve as a 'p ro te in  s ink '  for neural  t issues la. 

In  conclusion, these  s tudies  indicate  t h a t  the  recovery  
of ChE enzyme in CSF great ly  exceeds t h a t  of b r a in s t em 
and thus  does no t  reflect  the  re la t ive  s ta te  of recovery  of 
b ra ins t em cholinesterase.  The da t a  fu r ther  suggest,  iI1- 
directly,  by  s imilar i ty  of the  recovery  rates,  a role for 
p la sma  in t he  ma in t enance  of ChE ac t iv i ty  in t h e  cere- 
broventr icles .  The act ion of the  choroid plexus  in main-  
ta in ing these  levels in the  CSF  is p resen t ly  being examined.  
In  addi t ion,  we are inves t iga t ing  the  po ten t i a l  difference 
in t he  d i s t r ibu t ion  and t u rn o v e r  ra tes  of t rue  and pseudo 
ChE in bra in  and CSF, as opposed  to to ta l  ChE, as s tudied  
in these  p resen t  exper iments .  

Zusammen/assung. Nachweis,  dass  bei  K a t z e n  die Re- 
ak t iv ie rung  der to ta len  Cholinesterasenaktivi t~t t  nach  
Soman-Verg i f tung  am schnel ls ten in der Zerebrospinal-  
fltissigkeit, d a n n  im Blu tp l a sma  und  d an ach  erst  im Hirn-  
s t a m m  eint ra t .  
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