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Changes in the levels of acetylcholine and histamine in the rat brain under various conditions 
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Treatment Aeetylcholine Brain stem Histamine Brain stem 
Cerebral hemispheres (~zg/g of fresh tissue ~) Cerebral hemispheres 

Controls 2.88 • 0.07 3.23 q- 0.07 1.77 =L 0.07 1.89 i 0.07 
Electrical stimulation b 1.71 • 0.06 (--37) 2.05 =E 0.04 (--39) 2.18 ~= 0.03 (+ 23) 2.40 i 0.02 (+ 27) 
Pysostigmine b 3.39 • 0.03 (+ 18) 3.91 ~ 0.03 (+ 21) 1.90 =L 0.07 ~ (+ 7) 2.36 -9 0.03 (+ 29) 
Eleetriealstimulation + 2.20 i 0.05 (--24) 2.70 q- 0.07 (--17) 3.02 + 0.04 (+ 70) 3.50 ~ 0.06 (+ 85) 
Physostigmine 
L-Histidine 2.81 • 0.08~ (--3) 3.12 ~ 0.05 o (--4) 2.05 + 0.03 ~ (+ 16) 2.58 • 0.03 (+ 37) 
Parathion 4.50• (+56) 5.92~=0.08 (+52) 2.43 -4- 0.04~ (+32) 2.54• (+35) 
L-Histidine + Parathion 4.48 d: 0.16 (+ 55) 5.82 -t- 0.18 (+ 51) 4.05 ~ 0.03 (+ 128) 4.81 • 0.10 (+ 153) 

Mean • S.E. for 8 experiments. All values for treated groups are different from controls, p < 0.001, except where indicated. In brackets 
percent change of controls, b Different from electrical stimulation+ Physostigmine, p<0.001. ~ Not different from controls, p>0.05. 
a Different from controls, p < 0.01. ~ Different from L-Histidine + Parathion, p < 0.001. 

F u r t h e r  detai ls  will be publ i shed  elsewhere as p a r t  of a 
mul t i -assay  t echn ique  13. 

Results and discussion. Electr ical  s t imula t ion  induces a 
deple t ion  of b ra in  acetylcholine,  which is accompanied  
by  a c o n c o m i t a n t  increase of b ra in  h i s t amine  in com- 
par ison wi th  controls  (Table). Acetylchol ine  deplet ion,  
p r e sumab ly  occurr ing th rough  an accelera ted  release of 
the  n e u r o h u m o r  f rom store sitesg-12 migh t  bear  a rela- 
t ionsh ip  wi th  the  increase of h i s tamine .  T r e a t m e n t  wi th  
chol ines terase  inhibi tors  (physos t igmine  salicylate,  0.2 
mg/kg  i.p., 30 rain before sacrifice, or an equimolar  dose 
of para th ion)  induced a s ignif icant  increase in the  levels 
of b o t h  acety lchol ine  and  h i s t amine  in the  cerebral  
hemispheres  and bra in  s t em of the  rat ,  except ion  made  
for h i s t amine  in the  cerebral  hemispheres  when  physo-  
s t igmine  was employed,  where  tile change was no t  signifi- 
cant .  The la t t e r  f inding is poss ib ly  re la ted  to a slower 
ra te  of syn thes i s  of h i s t amine  in the  hemispheres  as 
compared  wi th  t he  bra in  s t em in the  various exper imen ta l  
condit ions.  Free  acetylchol ine  seems to be p romot ing  an 
increase in the  levels of h i s t amine  in the  brain.  T r e a t m e n t  
wi th  p a r a t h i o n  showed more  marked  inc remen t s  of b o t h  
neurohumors ,  which is in ag reemen t  wi th  its more  p o t e n t  
chol ines terase  inhib i t ion  14 

Physos t i gmine  plus electrical  s t imula t ion  (the drug  
given 25 min before t he  s t imulat ion)  induced  a consider-  
ably  h igher  rise of h i s t amine  t h a n  the  one found wi th  
e i ther  t r e a t m e n t  alone. The levels of acetylchol ine  wen t  
below those  found  wi th  physos t igmine  alone or in the  
control  group, b u t  r emained  higher  t h a n  those  found  
wi th  electrical s t imula t ion  alone, as if the  acetylchol ine  
released dur ing  cent ra l  nervous  sys t em s t imula t ion ,  and  
accumula ted  because of chol ines terase  inhibi t ion,  en- 
hanced  in some way  to  a larger e x t e n t  t he  syn thes i s  
and /o r  the  accumula t ion  of h i s tamine .  

Admin i s t r a t i on  of L-hist idine (1000 mg/kg,  i.p., 1 h 
before sacrifice) induced an increase in t he  h i s t amine  

levels wi th  no change in t he  acetylchol ine  levels. W h e n  
pa ra th ion  was admin is te red  hal f  an hour  af ter  the  admin-  
i s t ra t ion  of L-histidine, the  combined  t r e a t m e n t  induced  
a s imilar  increase in the  acetylchol ine  co n t en t  to  t h a t  
found wi th  pa ra th ion  alone; however ,  the  increase in t he  
h i s tamine  co n t en t  was cons iderably  h igher  t h a n  t h a t  
found wi th  e i ther  t r e a t m e n t  alone, as if tile increased 
concen t ra t ion  of free acetylchol ine  were enhanc ing  the  
synthes is  of h i s t amine  f rom L-histidine. 

All these  f indings s t rongly  suggest  t h a t  tile b ra in  
acetylchol ine  released dur ing cent ra l  nervous  s y s t em 
s t imula t ion  is t r igger ing a mechan i sm to accelerate  t he  
synthes is  of bra in  h i s t amine  in vivo, since i t  is no t  l ikely 
t h a t  h i s t amine  migh t  be mobil ized f rom somewhere  else 
in the  b o d y  15. 

Rdsumd. P e n d a n t  l ' exc i ta t ion  du sys t6me ne rveux  cen- 
t ral  chez le rat ,  un  m6canisme chol inergique au g men te  
I 'h i s tamine  c6r6brale. 
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Behavioural  Aspects of the Extraocular Light Sense of Urodacus, a Scorpion 

An ext raocular  l ight  sense has been  d e m o n s t r a t e d  
electrophysiological ly  in the  Aus t ra l ian  scorpion, Uroda- 
cws 1. An indica t ion  was also given t h a t  the  eyes are no t  
necessar i ly  involved in some forms of l ight  d e p e n d e n t  
behav iour  ; the  p re sen t  pape r  cont inues  th is  line of enquiry.  

Urodacus is a noc tu rna l  animal .  Dur ing  the  day  it 
w i thd raws  unde r  s tones  or in its bu r row to emerge af ter  

sunse t  and  remain  act ive dur ing  the  first  few hours  of 
the  night .  These two aspects  of its behaviour ,  nega t ive  
p h o t o t a x i s  and  noc tu rna l  ac t iv i ty ,  were chosen for an 
assessment  of the  re la t ive  impor t ance  of eyes and ext ra-  
ocular l ight  sense. 

Withdrawal. Animals  in ha l f -da rkened  Pe t r i  dishes 
w i t h d r a w  f rom the  exposed to  the  da rkened  half  (Table). 
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This response is not  always immedia te ,  especially when 
the  animals  have  been handled repeatedly,  and the  dishes 
were therefore  scored a t  least  4 h af ter  the  animals  had  
been shaken into the  exposed half. In  a second exper iment  
the median  and la tera l  eyes were pa in ted  over  wi th  
opaque pa in t ;  the  wi thdrawal  response was not  impaired.  

This m a y  be due to the  ext raocular  l ight  sense or else 
to t empera tu re  differences in the  two halves  of the  dish. 
Scorpions are known to have  thermorecept ion,  bo th  on 
behavioura l  ~ and neurophysiologicaI  evidence (personal 
observations).  Since the  spectral  sensi t iv i ty  of the  extra-  
ocular  l ight  sense is known 3, the  two possibilities can be 
dist inguished by  the  use of appropr ia te  l ight  filters. 

The Pet r i  dishes wi th  the  bl inded scorpions were so 
placed under  a glass t r ay  tha t  t h e y  only received l ight  

Role of ex t raocu la r  photoreeept ion  in  the wi thd rawa l  response of 
Urodacus 

Eyes  I l l umina t ion  Side chosen : 

exposed shaded  

Func t iona l  �9 na tu r a l  2 38 

Pa in ted  b na tu ra l  2 30 

Pa in t ed  o blue ] ma tched  10 40 
Pa in ted  a yel low / energies 22 22 

~ , * p > 0 . 1 .  ~ , a p < 0 . 0 0 1 .  b,a p < 0 . 0 0 t .  

SO~ / ' ~,,, o r a n g e 6 ~  

, ; I  
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Fig. 1. Transmiss ion  spect ra  of f i l ter  solut ions and spect ra l  sensi- 
t i v i t y  of ex t raoeu la r  photoreceptors  of Urodacus. 

th rough a layer of l iquid placed in the  t ray.  CuSO 4 passes 
all the  wavelengths  visible to the receptors (Figure 1) bu t  
excludes all infrared. Unde r  these circumstances the  wi th-  
drawal  response still operates (Table). In  a comp lemen ta ry  
exper iment  a solution of orange G was used which filters 
out  all l ight  visible to the  scorpion:  the  animals  now lost 
all possibi l i ty of choice, a l though the  i l luminat ion levels 
had  been ma tched  wi th  a thermopile .  

The  difference in the  effects of equal  energy blue and 
yel low l ights is only  apparen t  a t  low intensities. I n  
br ighter  dayl ight  the  animals  choose the  dark half  even 
under  the  yel low filter. This  m a y  be due to the  fact  t h a t  
orange G t ransmi ts  well up to 2000 n m i n  the  infrared. 
Whi le  the  energies were ma tched  wi th  heat-f i l tered light,  
the  exper iments  made  use of the  full range of na tura l  
diffuse daylight .  Consequently,  a t  higher  intensit ies 
enough infrared m a y  have  reached the  animals  to enable 
t h e m  to respond. Al though the  scorpions are sensit ive to 
the rmal  radiat ion,  this is less effect ive than  visible l ight  of 
equal  energy 1 and m a y  therefore  fail as a cue at  lower 
intensities.  

Activity. The locomotor  ac t iv i ty  was recorded by  
placing the  animals  in l i t t le  t readmil ls  and count ing the  
revolut ions  photoelectr ical ly .  The  character is t ic  pa t t e rn  
consists of a lmost  complete  inac t iv i ty  dur ing the  day,  
followed by  a burs t  of ac t iv i ty  beginning at  sunset  and 
last ing for the  first hours of the  night.  This  pa t t e rn  per-  
sists a t  cons tan t  t empera tu res  bu t  fades away  af ter  about  
3 days in cont inual  darkness. 

For  our present  purpose it  is sufficient to consider the  
onset  of ac t iv i ty  at  dusk (Figure 1). Only the  4 h pre- 
ceding and those following the  t rans i t ion  are p lo t ted ;  the  
values  for re la t ive  ac t iv i ty  indicate  the  number  of revo- 
lut ions compared  wi th  the  m a x i m u m  count ing capac i ty  
of the  apparatus .  Counts were begun 3 days af ter  the  
exper imenta l  t r ea tment ,  when i t  had  reached its full 
effect. Pa in t ing  the  eyes of the  scorpions did not  result  
in a pa t t e rn  similar  to t h a t  caused by  cont innal  darkness.  
The  onset  of ac t iv i ty  of the  bl inded animals  m a y  be less 
sudden than  t h a t  of the  controls, bu t  a comparison of the  
re la t ive  act ivi t ies  before and af ter  dark  makes  t h e -  
p ic ture  clear:  un t rea ted  animals  0.13 to 0.87; dark 
animals  0.47 to 0.53; b l inded animals  0.19 to 0.81. 

Final ly,  some bl inded animals  were run  under  a CuSO 4 
f i l ter ;  this  did no t  abolish the  ac t iv i ty  burst .  The  noc turna l  
ac t iv i ty  period is therefore  not  controlled by  infrared 
cues, bu t  by  visual  ones which, in the  absence of func- 
t ional  eyes, can be received by the  ext raocular  l ight  sense. 
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Fig. 2. Ac tograms  of Urodacus for 4 h before and  4 h after  the onset  
of normal  noc turna l  ac t iv i ty .  

Zusammen/assu~g. Nach  Ausschal tung der  Augen ver-  
mag  der Skorpion Urodacus zwei Fo rmen  lichtabh~Ln- 
gigen Verhal tens  auf rechtzuerha l ten  (negative Photo-  
taxis  und Akt iv i t~ t s rhy thmus) .  Dies geschieht  mi t  Hilfe 
des bereits  beschriebenen extraokulXren Lichtsinnes.  
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