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Discussion. The quest ion is, how the  evacua t ion  of the  
wings takes  place when t h e y  conta in  an excess of haemo-  
l ymph  af ter  expansion (8 t imes  normal  in Bombyx ~7, 
5 t imes  in Attacus) and how an efficient  exchange  of 
h a e m o l y m p h  wi th  t h a t  f rom the  abdomen  is guaran teed  
in species wi th  re la t ive ly  large wings, The  general ly ac- 
cepted  model  of circulat ion in the  wings wi th  afferent  
and efferent  sinuses, jo ined to a longi tudinal  body  circu- 
la t ion s, 19,18, would imply  a short  c i rcui t  wing supply:  
the  h a e m o l y m p h  once sucked ou t  of the  wings by  the  
PO's  mus t  be t aken  to the  head  by  the  aorta.  I t  leaves 
the  f ronta l  sac and enters  the  thoracic  cavities,  whence i t  
can enter  the  anter ior  wing ve ins  again, only a pa r t  of i t  
being exchanged.  The delay in the  s ta r t  of t r anspor t  
ac t iv i ty  of the  PO's  seems to be a key  for the  under-  
s tanding  of hea r tbea t  reversal  and the  mechan ism of 
wing supply. As the  head and tho rax  become drained 
shor t ly  after  b a c k w a r d  peristalsis has begun, there  mus t  
be a h a e m o l y m p h  deficiency when the  PO's  s ta r t  the i r  
ac t iv i ty .  Thus the  anter ior  aor ta  and the  la tera l  thoracic  
passages to the  PO's  1~ do no t  compete  wi th  those f rom 
the  wings, so tha t  h a e m o l y m p h  can be sucked main ly  
f rom the  la t te r ;  addi t ional ly  no h a e m o l y m p h  can be 
avai lable  to enter  the  wing veins dur ing backward  
periods. The  wings mus t  also become drained.  One func- 
t ion of the  h a e m o l y m p h  oscillations, instead of a pure  
circulation,  would  be to accomplish  an effect ive exchange 
in the  wings conta in ing re la t ive ly  large amount s  of 

haemolymph.  The  correlat ion of backward  pulsat ions to 
the  q u a n t i t y  of wing haemo tymph  becomes obvious in 
Caligo, where the  dura t ion  of backward  periods is in- 
creased af ter  wing expansion 15. The  to and fro movemen t s  
of blood cells observed in the  wings, especially the  pupal  
wings of Ephestia ~9, show t h a t  similar  condit ions m a y  
exist  in Microlepidoptera.  

W h e n  the  wing h a e m o l y m p h  becomes reduced af ter  
wing expansion,  the  soft cut icular  surfaces can give way  
and approach one another,  while the  veins in fully 
developed adults  are ra ther  sclerotized. Changes in 
h a e m o l y m p h  pressure are thus  presumed to be compen-  
sated by  the  large t racheae  in the  wing sinuses and by  
the  airsacs of the  t ho rax  and head, which must  expand  
by  h a e m o l y m p h  evacua t ion  dur ing the  backward  periods. 
The  wing t racheae  mus t  cont rac t  under  their  own elas- 
t i c i ty  as soon as h a e m o l y m p h  flows in f rom the  anter ior  
body  at  the  beginning of the  forward period. The ac t iv i ty  
of the  PO's  on the  one hand, and the  elast ic i ty  of the  
t racheae  on the  other,  would  thus  be antagonis t ic  forces 
for air-  and haemo lymph  vent i la t ion  in the  wings, sup- 
por ted  by  coordinated  direct ional  changes of hear t  
peristalsis and abdomina l  movements .  
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Summary. The a m o u n t  of N-ace ty lsero tonin  (NAS) in the  granule layer  of the  ra t  cerebel lum was inves t iga ted  using 
immunohis to logic  double an t ibody  technique.  Af te r  5 days of t r e a t m e n t  wi th  parachlorophenyla lanine  (PCPA) an 
increase of N A S  was observed.  The  possibi l i ty  of a different ial  effect of P C P A  on serotonin synthesis  ill the  neurons 
and the  nerve  te rminals  is discussed. 

N-ace ty l indolea lkylamines  (NAI) are der iva t ives  of 
serotollin. The  two best  known NAIs,  mela tonin  and its 
precursor  N-ace ty lsero tonin  (NAS) were first identif ied 
in the  pineal  gland 2, however ,  subsequent ly  were localized 
in our  l abora to ry  in the  cerebellum, re t ina  3, hypotha la -  
mus, Harder ian  gland and the  lower bra in  s tem 4 using 
immunohis to logica l  double an t ibody  techniques.  The  
first  an t ibody  developed by  GROTA and BROWN 5 did no t  
dis t inguish be tween  N A S  and melatonin.  However ,  
c rossreac t iv i ty  to o ther  der iva t ives  of serotonin was only 
min imal  (to serotonin only 0.02%) and to o ther  hormones  
and I leurot ransmit ters  essential ly no crossreact iv i ty  was 
found 3. Recen t ly  a new type  of an t ibody  was developed 
which is a lmost  exclusively specific to mela ton in  (Table 
I). We  have  now used this an t ibody  to reexamine  tissues 
in which NAIs  were previous ly  seen. The  new an t ibody  
did n o t  induce any  specific s taining in the  granule layer  
of cerebel lum (Figure 1). On the  o ther  hand  in tissues 
where synthesis  of mela ton in  in v i t ro  has been shown 6 and 
in the  Harder ian  gland where mela tonin  has been iden- 
t i f ied by  gas chromatography-mass  spec t romet ry  (J. 
WARS~I, personal  communicat ion)  posi t ive s taining was 
seen 4. On the  basis of these findings and the  known cross- 

r eac t iv i ty  of the  N A I  an t ibody  to N A S  and melatonin we 
now conclude t h a t  the  previous ly  ident i f ied N A I  in the  
granule layer of cerebel lum s is NAS.  In  order to check the  
relat ionship of N A I  posi t ive s u b s t a n c e  to serotonin, we 
have  chosen to t r ea t  exper imenta l  rats  wi th  parachloro-  
phenyla lanine  (PCPA). P C P A  is a blocker of t ryp tophan-  
5-hydroxylase (TR-5-OHase),  an enzyme essential  in the 
synthesis  of serotonin f rom t ryp tophan  (Table II) .  The  
brain of animals  t rea ted  for 3-4 days wi th  P C P A  ex- 
hibits only  15-20% of the  original  a m o u n t  of serotonin 7, 
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Table I. Crossreactivity of antiserum (calculated on a weight basis 
as a equivalence at 50% displacement of ~H-melatonin) 

Antigen Melatonin-M-/3SA 

Melatonin 100.0 
N-Acetylserotonin 1.3 
Serotonin creatinine sulphate < 0.1 
5-Methoxytryptamine < 0.1 
5-MethoxytryptophoI < 0.1 

Table II. /3iosynthesis of melatonin from tryptophan 

TR-5-OHase 
Twptophan ) 5-hydroxytryptophan 

N-aeetyltransferase 
N-acetylserotonin < Serotonin 

Melatonin 
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which is regarded as the  only known precursor  of NAIsS. 
The results  of our s t u d y  can be charac ter ized  as para-  
doxical  to t h a t  we have  expected .  

Materials  and methods. 3 adul t  male ra ts  were t r ea t ed  
wi th  2-daily doses of 160 mg of PCPA / k g  in jec ted  i.p. 
Ano the r  3 adul t  male  ra ts  were t r ea ted  wi th  320 mg of 
PCPA / k g  in jec ted  once a day  also i.p. B o t h  groups were 
sacrified af ter  5 days  of t r e a tmen t ,  12 h af ter  last  inject ion 
of PCPA.  Af te r  decap i ta t ion  the  bra ins  were quickly 
r emoved  and immed ia t e ly  frozen in a c ryos t a t  to  --20 ~ 
10 ~m sect ions of cerebellar  co r t ex  were cut  and then  
s ta ined using the  double  a n t i b o d y  techn ique  descr ibed 
previously  8. 

Results.  The d i s t r ibu t ion  of NAS posi t ive  s ta in ing  was 
ident ical  to  t h a t  observed in un t r ea t ed  animals  (Figure 2). 
However  in all sect ions of all animals  t r ea ted  wi th  PCPA,  
the  a m o u n t  of d iaminobenz id ine  granules indica t ing  the  
presence of NAS appeared  increased regardless  of t r ea t -  
m e n t  schedule (Figure 3). There  were no differences be- 
tween  animals  t r ea t ed  once or twice a day.  

Discussion. NAS was descr ibed as one of m a n y  deriva-  
t ives  of serotonin  p resen t  in the  pineal  g land 9 w i t h o u t  ob- 
ta in ing  recogni t ion as a physiological ly s ignif icant  sub-  
stance.  Our d iscovery  of NAI  in the  granule layer  of cere- 
bel lum 3 is suppor t ed  wi th  the  obse rva t ion  of H s v  et  al. l~ 
They  have  inves t iga ted  15 regions of CNS on the  c o n t e n t  
of N-ace ty l t ransferase ,  t he  enzyme pa r t i c ipa t ing  in the  
synthes is  of NAS (Table II) and repor ted  t h a t  the  h ighes t  
concen t ra t ion  of the  enzyme was  found in cerebellum. 
Our f indings of NAI  posi t ive  subs tance  in t he  cerebel lum 

Fig. 1. Granule layer of cerebellum. Peroxidase-labelled antibody technique; using anti-melatonin antibody in the normal rat. No specific 
staining present. • 1,000. 

Fig. 2. Granule layer of cerebellum. Peroxidase technique, using N-aeetylindolealkylamine antiserum in the normal rat. Note the dark gran- 
ules of diaminobenzidine indicating NAI. • 1,000. 

Fig. 3. Granule layer of cerebellum. Peroxidase technique, using N-acetylindolealkylamine antiserum in the rat treated with PCPA. Note an 
increase of diaminobenzidine granules compared to Figure 2. • 1,000. 
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even 6 weeks af ter  p inea lec tomy also indicated the  in- 
dependen t  synthesis  of N A S  in this t issue 3. Using P C P A  
t r e a t m e n t  we have  expected  a decrease of N A I  posi t ive  
substance in the  granule layer  of cerebellum. The opposi te  
findings seems to cont rad ic t  the  established effect of 
P C P A  on serotonin synthesis.  However  this paradoxica l  
observa t ion  is no t  unique.  In  7 brain areas P C P A  was 
repor ted  to decrease the  con ten t  of serotonin (range 
31-46%).  On the  o ther  hand in cerebel lum the  serotonin 
was increased by  44% 12. AC-HAJANIAN et  al. 1~ discovered 
t h a t  P C P A  was no t  able to p reven t  the  L- t ryp tophan  
induced increase of serotonin fluorescence of the  neurons 
of the  raphe system, even though  the  region of te rminals  
in the  Iorebrain was subs tant ia l ly  depleted.  I n  1974 
HARVEY and GAL 14 observed no blockade of TR-5-  
OHase  in the  septa l  region af ter  PCPA.  The authors  of 
these two findings offer two different  explanat ions  of our  
unexpec ted  results. AGHAJANIAN et  al. hypothes ized t h a t  
synthesis  of serotonin by  P C P A  is blocked in the  nerve  
te rminals  while in the  per ikaryon of the  neurons the  
serotonin produc t ion  cont inues due to new synthesis  of 
TR-5-OHase .  The  same explana t ion  m a y  hold for granule 
cells. Toge ther  wi th  a feedback response to  deplet ion of 
serotonin synthesis  in the  terminals  of the  granule ceils i t  
could even expla in  an increase of serotonin synthesis in 
the  granule ceils, supplying the  substra te  for increased 

N A S  synthesis. Another  possible explana t ion  is the  
speculat ion of HARVEY and GAL 14 t h a t  a t  least  2 TR-5-  
OHase  exist, one which is blocked by  P C P A  and the  o ther  
which is not. T h i s  explana t ion  does no t  p rovide  any  
reason for increase in NAS.  

The th i rd  possibi l i ty is an as ye t  unknown metabol ic  
p a t h w a y  for N A S  synthesis  which does not  involve TR-5-  
OHase.  Such a p a t h w a y  migh t  involve the  metabol i sm of 
t r yp tophan  to t ryp tamine ,  t hen  to N-ace ty l t ryp tamine  
and f inal ly hydroxy la t ion  to N A S  by  an unident if ied 
reaction.  However  such a p a t h w a y  seems less probable  
in v iew of recent  findings of L. Hs l :  et  al. (personal 
communicat ion) .  They  observed an increase of N-acetyl-  
t ransferase in the  ra t  cerebel lum af ter  PCA t rea tment .  
A l though  this repor t  correlated wi th  our findings i t  does 
no t  help to explain the  mechan ism by  which N A S  is 
synthesized in the  granule layer  of cerebel lum af ter  
PCPA.  We  hope tha t  fur ther  invest igat ions  will  cont r ibute  
to the  solut ion of this  problem. 
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Summary. Applied by  microiontophoresis ,  1-hydroxy-3-amino-pyrrol idone-2 (HA-966) antagonized exc i ta t ion  by  
g lu tamie  acid bu t  no t  by  acetylcholine of neurones in the  ra t  cuneate  nucleus. HA-966 blocked the  short  la tency exci ta-  
t ion of cuneate  neurones following s t imula t ion  of the  py ramida l  t r ac t  on 28 of 40 cells (70%). Thus, g lu tamate  or a 
re la ted amino-acid  m a y  be the  neuro t r ansmi t t e r  released by  pyramida l  t r ac t  neurones. 

The  pyramida l  t rac ts  have  a t  least  two i m p o r t a n t  
physiological  functions.  T h e y  are involved  in the  control  
of fine m o v e m e n t s  of distal  l imb muscles 2, and t h e y  
modula te  the  a m o u n t  of sensory informat ion  reaching 
higher  centres such as the  cerebral  cor tex  3. Ye t  l i t t le  
a t t en t ion  has been paid to the  possible neuro t ransmi t t e r  
released by  the  py ramida l  t r ac t  (PT) neurones.  F r o m  
neurochemical  analyses t h e  t r ansmi t t e r  is unl ikely to be 
acetylchol ine ~, 5 or a mOlloamine such as noradrenal ine  6, 7. 

Studies have  therefore  been carried out  using the  
amino-acid  an tagonis t  1-hydroxy-3-amino-pyrrol idone-2 
(HA-966) to de te rmine  whe ther  an exc i t a to ry  amino-  
acid could be involved.  

Materials and methods. Adul t  male  rats  were anaes- 
thet ised wi th  urethane,  1.25 g/kg. i .p.  and placed on a 
hea t ing  pad to ma in ta in  the  rectal  t empera tu re  a t  
37-38~ The  lef t  cerebral  cor tex  and r ight  cuneate  
nucleus were exposed and then  covered wi th  5% agar  
in saline to reduce pn l sa to ry  movements .  P y r a m i d a l  
t r ac t  fibres were exci ted by  single anodal  pulses of 0.1 
msec dura t ion  applied to the  moto r  or  sensory areas of 
the  cor tex  by  a silver ball  electrode. E v o k e d  spike 
ac t iv i ty  in the  cuneate  was considered to be monosyn-  
ap t ica l ly  induced, and therefore  d i rec t ly  due to PT  
ac t i v i t y  a) if the  spike had a m i n i m u m  la tency not  ex- 
ceeding 5.0 msecS; b) if the  m i n i m u m  spike la tency  did 
no t  v a r y  by  more than  4- 0.2 msec wi th  jus t  threshold 
and 5 • threshold stimuli ,  and c) if the  spike would Iol- 

low 25-100 Hz  s t imula t ion  bu t  no t  more than  100 Hz. 
These cr i ter ia  were in tended to e l iminate  f rom s tudy  any  
polysynapt ica l ly  induced spikes. 

Drugs  were applied to single cells in the  cuneate  
nucleus by  microiontophoresis  using 5-barrelled micro- 
p ipet tes  as described elsewhere",  1~ One barre l  a lways 
conta ined 200 m M  NaC1 solution for current  balancing 
and current  testing% The remaining 4 barrels were filled 
wi th  a selection of: sodium L-glutamate  200 mM,  p H  8.0; 
acetylcholine chloride 200 m M ,  p H  5.0; a t ropine  sulphate  
100 raM, p H  5.0; 1-hydroxy-3-amino-pyrrol idone-2 (HA- 
966) 100 mM,  p H  4.5 in 0.2 N HC1. 

Ext race l lu la r  uni t  ac t iv i ty  was recorded by  a single 
electrode fixed alongside the  mul t ibar re l  assembly 10. 
Spikes were amplif ied in a Fenlow AD55 preamplif ier ,  
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