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The Effect of Perchlorate  Ion and S o m e  Phar-  
maco log ica l  Agents  on the Sens i t iv i ty  of the Frog 

(Rana pipiens) Rectus  a b d o m i n i s  to 
Acetylchol ine  1 

The frog rectus  abdominis  muscle p repa ra t ion  has been  
well es tabl ished as a dependab le  and s imple tool for 
acetylchol ine  assay in vi t ro  ~, and  has en joyed  wide use 
wi th  the  recent  increasing in te res t  in bra in  acetylchol ine  
levelsS-~. E x t r a c t s  of brain  m a y  sensit ize the  frog rectus  
abdominis  to  acetylchol ine  af ter  the  intr insic  acetyl-  
choline has been des t royedL  This  sensi t iza t ion has  been  
observed wi th  a va r i e ty  of ex t rac t ion  procedures ,  and it 
is cu s tomary  in bioassays to di lute the  s t anda rd  aeetyl-  
choline solut ions in a brain  ex t r ac t  which has been  boiled 
in alkali and neut ra l ized  in order  to contro l  against  th is  
sensi t izat ion 6-s. 

Various agents  have  been used to enhance  the  sensi- 
t i v i t y  of the  frog rectus  abdominis  to acetylchol ine.  
Physos t igmine  (eserine) su lpha te  (2 mg/1) is general ly  
used for this  purpose.  However ,  neos t igmine  (Prostig- 
mine) and t e t r a e t h y l p y r o p h o s p h a t e  (TEPP)  have  been  
suggested as a l t e rna tes  ~~ Addi t iona l  sens i t iza t ion  has 
been achieved in p repara t ions  fully sensi t ized to a cholin- 
esterase inhib i tor  wi th  choline and po tas s ium s, and 
acetone ~t,~2. On the  o ther  hand ,  a t ropine  has been claimed 
to have  no effect  5, while hemichol in ium desensi t izes  the  
non-eser inized p repa ra t ion  is. Such observa t ions  would 
indicate  t h a t  sensi t iza t ion of the  frog rectus  abdominis  
to acetylchol ine is no t  specific to one group or t ype  of 
compound.  Fur the rmore ,  agents  used in the  animal  ex- 
pe r imen t  or in the  ex t rac t ion  procedure  m a y  well influ- 
ence the  sens i t iv i ty  of the  prepara t ion .  

The presen t  r epor t  is concerned  wi th  an assessment  of 
the  influence of some of these  agents  on the  sens i t iv i ty  
and accuracy of the  assay. Emphas i s  has been placed on 
muscar inic  and a t ropinic  agents ,  since these have  been  
repor ted  to alter  bra in  acetylchol ine levels cons i s ten t ly  5,s. 

Methods .  Modified frog Ringer  solut ion wi th  the  fol- 
lowing composi t ion  was used:  114 mWI NaC1, 2 m M  
CaC12, 1 m M  KC1, 2 m M  sodium phospha t e  buffer  a t  
p H  7.3 and 4 m M  dextrose.  

Pure  O 3 was bubbled  t h rough  the  solut ion cont inuous ly  
and 2 mg/l  physos t igmine  salicylate were added  to the  
solut ion af ter  the  p repa ra t ion  had been  allowed to 
equi l ibrate  in the  b a t h  for 90 min.  The assay was begun 
60 90 min af ter  addi t ion  of physos t igmine .  All solut ions 
including the  b a t h  solut ion were kep t  a t  room t emp e ra -  
ture.  The b a t h  vo lume was 5 ml. I sometr ic  con t rac t ions  
were recorded wi th  a t r ansduce r  (S t a tham No. G7A-1- 
2500) and H e a t h  po ten t iomet r i c  recorder.  

At  the  beginning of each exper iment ,  a dose response  
curve to acetylchol ine  was ob ta ined  wi th  a m i n i m u m  of 
3 replicate responses  to each of 3 doses. Responses  were 
measured  2 rain af ter  adding  the  drug;  5 rain and 3 wash-  
ings proved sufficient  for comple te  recovery.  In  subse- 
q u e n t  tests,  var ious doses of possible modif iers  were added  
90 sec before a s t anda rd  dose of acetylchol ine,  and con- 
t rols  using all 3 doses of acetylchol ine  were r andomly  
in terspersed.  E x c e p t  where specific in te rac t ions  be tween  
modifiers were sought ,  only  one was s tudied  in each ex- 
per iment .  In  every  case, the  effect  of the  modif iers  was 
comple te ly  reversible when  exposure  t ime was l imited in 
this  way. I t  was expressed  by  reference to  the  acetyl-  
choline dose-response curve as the  factor  (poten t ia t ion  
ratio) by  which the  dose of acetylchol ine m u s t  be reduced 
in the  presence of a modif ier  to obta in  the  same response  
seen af ter  a s t anda rd  dose of acetylchol ine in its absence.  

Resul t s .  W i t h  the  excep t ion  of be thanechol ,  the  mus-  
carinic agents  t es ted  p roduced  s ignif icant  po t en t i a t i on  of 
the  response  to acetylchol ine  a t  concen t ra t ions  too low 
to cause con t rac t ion  themse lves  (Table I). E l eva t ed  K+ 
levels caused l i t t le effect,  in con t ras t  to  previous  repor t s  
in the  l i te ra ture  s , unt i l  concen t ra t ions  were reached  
which p roduced  a con t rac tu re  in the  absence of acetyl-  
choline. Pa r ao x o n  p roduced  no fu r the r  sensi t izat ion,  pre-  
sumab ly  because the  chol ines terase  was a l ready  com- 
p le te ly  inhib i ted  by  physos t igmine .  At ropine  reduced  the  
sens i t iv i ty  in suff icient  concen t ra t ion ;  1 , 4 - b i s - ( h e x a -  
methy len imo) -2 -bu tyne  (BHB),  a cent ra l  ant ichol inergic  
agent  ~4,t5, p roduced  no s ignif icant  change.  

The po ten t i a t i on  observed wi th  muscar in ic  agents  was 
more  marked  when  the assay was conduc ted  in the  
presence  of bra in  ex t rac t s  which  had  been  boiled wi th  
alkali to des t roy  intr insic  acetylchol ine;  these  ex t rac t s  
also caused s ignif icant  po ten t i a t i on  in the  absence of 
added  muscar inic  agents.  

In  these  exper iments ,  bra ins  were ex t r ac t ed  wi th  cold 
perchlor ic  acid which  was subsequen t ly  p rec ip i ta ted  by  
neutra l iz ing wi th  po tas s ium carbona te  s. Since po tas s ium 
perchlora te  re ta ins  a significant,  t hough  small, solubi l i ty  
at  0~ (0.75 g/100 ml;  or 5.4 �9 10-2M) ~, the  possibi l i ty  
was considered t h a t  e i ther  K+ or C10~ ions migh t  be 
responsible  for th is  po ten t i a t ion .  Li t t le  po ten t i a t ion  was 
observed wi th  added  po tas s ium (Table I). Perch lora te  
ions, on the  o the r  hand ,  p roduced  a marked  sens i t iza t ion  
to acetylchol ine  when  p re sen t  a t  a concen t ra t ion  above  
app rox ima te ly  2 - 10 ~M (Table II), a level which  is 
grossly exceeded when  reliance is placed on the  low solu- 
b i l i ty  of po tas s ium perch lora te  to remove  perch lora te  ion 
(see above).  W h e n  perchlor ic  acid ex t rac t s  of bra in  were 
neutra l ized by  the  addi t ion  of amine ion exchange  resins 
in the  basic form, sens i t iza t ion  to acetylchol ine  by  the  
inac t iva ted  ex t rac t s  was cons iderab ly  less t h a n  when  
perchlora te  was r emoved  by  K2CO ~, suggest ing t h a t  more  
efficient  removal  of perchlora te  ion is achieved in th is  
way  (Table III) .  

The grea te r  po ten t i a t i on  observed wi th  muscar inic  
agents  in the  presence of bra in  ex t rac t s  can also be inter-  
preted,  a t  least  in par t ,  as an addi t ive  effect  wi th  per-  
chlorate .  As Table IV shows, the  po ten t i a t ion  p roduced  
by arecoline and perchlora te  toge the r  is more  marked  
t h a n  t h a t  occurr ing wi th  e i ther  alone; similar results  were 
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Table  I. Potent ia t ion  of response of eseriuized frog rectus to acetyl-  
choline produced b y  var ious  compounds  in the presence and absence 
of a bra in  ex t rac t  (equivalent  to 75 m g  bra in  in 5 ml  bath)  in which 
intrinsic acetylcholine has been des t royed b y  boiling in alkaline 
solution. Poten t ia t ion  ra t io  is the  factor  b y  which the dose of acetyl-  
choline m u s t  be reduced to obta in  the same response seen af ter  a 
Standard dose of acetyleholine in the absence of added  modifier and  

bra in  ex t rac t  

Drug  Concentra-  Poten t ia t ion  ra t io  

tion (M) Drug  Drug  

only + bra in  
ex t r ac t  

Oxot remor ine  
sesquioxalate 
(M.~V. 341.3) 

Arecoline 
hydrobromide  
(M.W. 236.1) 

Aceclidine 
hydrochlor ide  
(M.W. 205.7) 

Bethanechol  
chloride 
(M.W. 196.7) 

Carbachol  
chloride 
(M.W. 182.7) 

Paraoxon  
(M.W. 275.2) 

Potass ium 
chloride 
(M.W. 74.6) 

Atropine sulphate  
(M.W. 676.8) 

B H B  
dihydrochloride 
(M.W. 321.3) 

2 . 0  �9 10 .6 
5.0 �9 10 -e 
1.0 �9 10 -5 
2.0 �9 10 -5 
3.0 �9 10 5 
3.6 �9 10 .5 
4.0 �9 10 5 
6.0 �9 10 .5 

5 . 0  �9 10 .6 
1.0 �9 10 -5 
2.0 �9 10 .5 
4.0 �9 10 .5 
1.0 �9 10 .4 
1.6 �9 10 .4 

8 . 0  �9 10 e 
4.0 �9 10 -5 
1.0 �9 10 .4 
1.4 �9 10 .4 

4.0 �9 10 .5 
1.2 �9 10 -4 
4.0 �9 10 .4 
2.0 �9 10 -3 

1.0 10 7 
2.0 10 - r  
4.0 10 - r  
8.0 10 .7 
1.6 10 e 
2.0 10 -e 
3.2 10 ~ 
4.0 10 .9 

2.0 �9 10 .9 
2.0 �9 10 -s  
1.0 �9 1 0  . 7  

5.0 �9 10 -~ 
1.0 �9 1 0  . 6  

5 . 4 "  10 .3 
1 . 1  �9 1 0  - 2  

1.6 - 10 .2 
2.1 �9 10 .2 

1 . 0  �9 1 0  - ~  

1.0 �9 10 -2 
2.0 �9 10 -5 
5.0 �9 10 .5 
1.0 �9 10 . 4  

4 . 7 "  10 -e 
2.3 �9 10 5 
4.7 �9 10 -5 
9.4" 10 5 

1.00 1.59 
- 1.77 
- 1.88 
1.00 2.38 
1.28 
1.29 3.35 
1.63 
1.75 
2.29 ~ 3.91 a 

1.00 2.05 
1.00 2.00 
1.00 2.19 
1.03 2.39 
1 . 0 4  

1 . 4 4  3.23 
1.35 

1.00 2.61 
1.04 2.91 
1.00 3.82 
1.34 
1.46 ~ 

1.00 1.62 
1.20 
1.07 
1.03 1.92 
0.93 

1.00 1.72 
1.00 1.83 
1.03 
1.17 2.17 
1.21 2.17 
1.61 3.42 
1.69 
2.14 �9 
2.69 �9 

1.00 
1.00 
1.05 
1.00 
1.00 
O.94 

1.00 
1.00 
1.00 
1.17 
1.44 ~ 

1.00 2.42 
1.00 
0.86 2.79 
0.85 
0.55 1.16 
0.00 

1 . 0 0  3.29 
1.00 3.36 

4.33 
1.08 4.73 
1.13 

Indica tes  threshold for con t rac tu re  in the absence of acetylcholine. 

Table  I I .  Potent ia t ion  of eserinized frog rectus abdominis  to acetyl-  
choline by  var ious  concentra t ions  of sodium perchlorate  

Concentra t ion (M) No. of Potent ia t ion  
NaC104 measu remen t s  ratio 

1.6 �9 10 5 2 1.0 
8 �9 10 .5 1 1.0 
1.6 �9 10 -4 2 1.19 
8 �9 10 .4 2 1.71 
8 �9 10 -3 3 5.32 ~ 

a Threshold concentra t ion for con t rac tu re  in the absence of acetyl-  
choline. 

Table  I I I .  Po ten t ia t ing  effects of perchloric acid ext rac ts  of r a t  bra in  
in which intrinsic aeetylcholine has been des t royed by  boiling in 
alkaline solution. The  acid ex t rac t  was neutral ized and 'excess'  per- 
chlorate was r e m o v e d  b y  t i t ra t ion  to neu t ra l i ty  with the reagent  

indicated at  0 ~ followed b y  centr i fugat ion 

Reagent  used No. of Mean 
for C10~ brains potent ia t ion 
r emova l  ex t rac ted  rat io 

K 2 C O  4 11 2.15 
AG 3-X4 3 1.33 
Bio-Rex 5 2 1.84 
Bio-Rex 9 3 1.47 

Table  IV. Potent ia t ion  ratios for acetylcholine on eserinized frog 
rectus abdominis  in the presence of var ious  combinat ions  of per- 

chlorate  and arecoline concentrat ions 

C10~ con- Arecoline concentra t ion (M) 
cent ra t ion  

0 4 '  10 .5 (M) 1 . 6 . 1 0  -~ 

0 1.00 1.00 1.35 
2 �9 10 4 1.00 1.18 1.49 
6 . 1 0  .4 1.34 - 1.90 

o b t a i n e d  w i t h  o x o t r e m o r i n e .  D e s e n s i t i z a t i o n  p r o d u c e d  b y  

a t r o p i n e  w a s  s h o w n  t o  d e c r e a s e  i n  t h e  p r e s e n c e  o f  p e r -  
c h l o r a t e .  

D i s c u s s i o n .  T h e  r e s u l t s  p r e s e n t e d  s h o w  t h a t  s e v e r a l  

m u s c a r i n i c  a n d  r e l a t e d  a g e n t s  m a y  a l t e r  t h e  s e n s i t i v i t y  

o f  t h e  f r o g  r e c t u s  a b d o m i n i s  t o  a c e t y l c h o l i n e .  

U n i f o r m  d i s t r i b u t i o n  o f  a d r u g  a f t e r  i t s  i n  v i v o  i n j e c -  

t i o n  i n  a v e r a g e  d o s e s  w o u l d  n o t  r e s u l t  i n  c o n c e n t r a t i o n s  

i n  b r a i n  e x t r a c t s  a s  h i g h  a s  t h o s e  r e q u i r e d  t o  s e n s i t i z e  

t h e  f r o g  r e c t u s .  C a u t i o n  is r e q u i r e d  i n  i n t e r p r e t i n g  a s s a y s  

if  t h e  a g e n t s  a r e  u s e d  i n  l a r g e  a m o u n t s ,  o r  m a y  b e  c o n -  

c e n t r a t e d  i n  b r a i n  t i s s u e .  T h i s  is p a r t i c u l a r l y  so  w h e n  

b r a i n s  a r e  e x t r a c t e d  w i t h  p e r c h l o r i c  a c i d ,  s i n c e  i t  h a s  

b e e n  s h o w n  t h a t  s e n s i t i z a t i o n  is s e e n  a t  l o w e r  c o n c e n -  

t r a t i o n s ,  a n d  is  m o r e  m a r k e d  i n  t h e  p r e s e n c e  o f  p e r -  
c h l o r a t e  i o n .  

T h e  d e g r e e  o f  s e n s i t i z a t i o n  p r o d u c e d  b y  p e r c h l o r a t e  
a l o n e  is c o n c e n t r a t i o n - d e p e n d e n t  i n  t h e  r a n g e  1 0 7 4 - 1 0  -2 M ,  

a n d  a s p o n t a n e o u s  c o n t r a c t u r e  is e l i c i t e d  b y  p e r c h l o r a t e  



15. VIII. 1966 Speeialia 539 

at  the  uppe r  l imit  of th is  range.  Del ibera te  inclusion of 
perch lora te  in a f ixed concen t ra t ion  canno t  be recom- 
m e n d e d  as a way  to enhance  sensi t iv i ty ,  since its effects 
a r e  var iable  and  s o m e w h a t  t ime-dependen t .  Comple te  
r emova l  is obviously  desirable prior  to assay if perchlor ic  
acid is used to ex t r ac t  t i ssues;  p rec ip i ta t ion  as the  po tas -  
s ium sal t  is less sa t i s fac tory  in th is  respec t  t h a n  neutra l i -  
za t ion  wi th  a basic anion exchange  resin. 

Sensi t iza t ion of the  frog rectus  abdominis  by  per-  
ch lora te  is of some in te res t  in itself. There  is evidence 
t h a t  it  is analogous to the  po t en t i a t i on  of con t rac t ion  by  
o the r  foreign anions according to  the i r  pos i t ion in the  
Hofme i s t e r  series ~7. Pe rch lo ra te  has  been  shown to reduce 
chloride pe rmeab i l i ty  and  prolong the  act ive s ta te  in frog 
sar tor ius  muscle ~s, and is roughly  equ iva len t  to thio-  
cyana t e  in this  respect .  Other  au thors  place perch lora te  
beyond  th iocyana te  in the  lyotropic  series 19. 

In  summary ,  perchloric  acid is p robab ly  bes t  avoided 
as an  ex t rac t ing  agent  pr ior  to b ioassay  of ace ty lchol ine  
because  of the  var iable  sensi t iza t ion i t  produces  par t icu-  
lar ly  when o the r  drugs m a y  be present .  W h e n  i t  is used 
for th is  purpose,  its subsequen t  r emova l  wi th  an ion 
exchange  resin appears  desirable.  

Zusammen/assung. Die Reak t ion  des mi t  Eser in  vor-  
b e h a n d e l t e n  musculus  rectus  abdomin is  des Frosches  auf 
Acety lchol in  liess sich d u t c h  Oxo t r emor in  (2.0 �9 10-6M), 
Arecolin (2.0 �9 10-SM), Aceclidin (1.0 �9 10-~M) und  Car- 
bachol  (2.0 10-TM) verst i i rken,  wAhrend At rop in  
(1.0 �9 10-SM) h e m m e n d  wirkte .  Pe rch lo ra t ionen  in Kon-  
zen t ra t ionen  fiber 2 �9 10-4M sensibi l is ier ten den  Frosch-  
muske l  erhebl ich  und reduz ie r ten  die Grenzdosis,  bei  der  
eine Po tenz ie rung  durch  Subs t anzen  mi t  muskar in -  
~hnlicher  W i r k u n g  b e o b a c h t e t  wird. Alle beschr i ebenen  
Reak t ionen  liessen sich durch  Geh i rnex t r ak t e  verst/~rken, 
in denen  zuvor  Acety lchol in  durch  K o ch en  in alkal ischer 
L6sung zers t6r t  worden  war. 
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Increased Level of 5-Hydroxyindoleacetic Acid 
in Cerebrospinal Fluid from Infantile 

Hydrocephalus 

CARLSSON, FALCK and HILLARP 1 have  suggested t h a t  
5 - h y d r o x y t r y p t a m i n e  (5-HT), as well as noradrena l in  and 
dopamine ,  are t r ansmi t t e r s  in the  cent ra l  nervous  sys tem.  
BOGDANSKI, WF.ISSBACH a n d  UDF.NFRIEND 2 repor ted  t h a t  
5-HT appears  in the  cerebrospinal  fluid (CSF) of ra ts  
and  dogs following admin i s t r a t ion  of 5 -hyd roxy t ry p t o -  
phan ,  the  precursor  of 5-HT. However ,  it  has  no t  been 
possible to show the  presence of 5-HT in CSF under  
normal  condi t ions  using sensi t ive spec t rophotof luoro-  
met r ic  methods .  On the  o the r  hand ,  5-hydroxyindole-  
acet ic  acid (5-HIAA) can be fairly easily de t e rmined  in 
CSF.  ASHCROFT and SHARMAN 3 and  SHARMAN 4 showed 
t h a t  the  level of th is  acid is increased in CSF  from hydro-  
cephal ic  pa t ients .  Their  mater ia l s  were no t  used for 
d iagnost ic  purposes.  

The clinical diagnosis of hydrocepha lus  is fairly easy 
in advanced  cases. However ,  wi th  the  new surgical me th -  
od (vent r iculo-venous-shunts)  in which  the  results  a r e  

uni fo rmly  be t t e r  5, the  d e m a n d  for ear ly  diagnosis,  and 
hence  earlier t r e a t m e n t ,  has  increased.  The ear ly  t rea t -  
m e n t  produces  be t t e r  results .  

The convent iona l  d iagnost ic  m e t h o d s  using pneumo-  
encepha log raphy  and ven t r i cu log raphy  carry  a cer ta in  
risk. They  are no t  sui table  for screening purposes .  A 
s imple l abora to ry  t es t  has  so far no t  been  evaluated ,  and 
our  in ten t ion  has  been to produce  a d iagnost ic  m e t h o d  
based  upon de t e rmina t ion  of acidic monoamine  metabo-  
li tes in CSF. We have  inves t iga ted  hydrocepha l ic  chi ldren 
and  chi ldren suspected  of hydrocepha lus .  Some pre-  
l iminary  results  were p resen ted  at  the  Meet ing of Scandi-  
nav ian  Neurologists  in 19646 . 

B o t h  groups have been subjec ted  to a careful clinical 
inves t iga t ion  using o ther  avai lable methods ,  e.g. en- 
cepha lography ,  ven t r i cu lography  and  echo-encephalo-  

g r ap h y  7, in order  to es tabl ish  the  correct  diagnosis.  Only 
chi ldren up to  1 year  of age have  been  included in th is  
repor t ,  i.e. cases of the  so-called infant i le  hydrocepha lus .  
75 chi ldren were inves t iga ted .  39 of t h e m  had  hydro-  
cephalus  and  were opera ted  upon.  The remain ing  36 were 
suspected  of hav ing  the  disease b u t  fu r ther  inves t iga t ions  
could not  ver i fy  the  diagnosis.  

The values  of 5 -HIAA in CSF  of the  75 chi ldren are 
t abu la t ed  in the  Table. Group II  consists  of non-hydro -  
cephal ic  chi ldren undergoing  inves t iga t ions  for various 
neurological  condit ions.  I t  is seen t h a t  the  level of 5 -HIAA 
in the  hydrocepha l ic  group is in a l l  cases above 0.09/ ,g/ml,  

5-HIAA Group I Group I I 

'hydroeephalic' 'non-hydro- 
cephalic' 

=< 0.08 0 23 
0.09 0.10 1 10 
0.11 0.14 7 3 
0.15 31 0 

Total 39 36 
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