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skin  showed  h ighe r  c o n c e n t r a t i o n  of m e l an i n  p i g m e n t s  
t h a n  t h e  l iver  a n d  voca l  sac. A d m i n i s t r a t i o n  of A SA to  
n o r m a l  t oads  p roduced  an  increase  in m e l a n i n  c o n t e n t  of 
skin,  l iver  a n d  voca l  sac c o m p a r e d  to  sal ine t r e a t e d  
cont ro l s  (Figure).  
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Discussion. The  p r e sen t  s t u d y  d e m o n s t r a t e s  t h a t  A S A  
causes  a cons iderab le  increase  of me l an in  p i g m e n t s  in t h e  
skin, l iver  a n d  voca l  sac of toads .  The  possible  m e c h a n i s m  
respons ib le  for t h e  ac t ion  of A S A  on m e l a n i n  f o r m a t i o n  
ha s  no t  been  e luc ida ted .  A S A  in t h e  tes t i s  1~ a n d  o t h e r  
t i ssues  (unpub l i shed  observa t ion)  of t oads  is k n o w n  to be  
oxidized to  dehydroasco rb i c  acid. On t he  o t h e r  h a n d  
dehydroasco rb i c  acid he lps  in  o x i d a t i o n - r e d u c t i o n  of 
cell b y  oxidiz ing t he  r educed  g l u t a t h i o n e  11. I t  is genera l ly  
agreed  t h a t  t he  e n z y m e  tyros inase ,  wh ich  is respons ib le  
for m e l a n i n  fo rmat ion ,  is i n h i b i t e d  b y  r educed  g lu ta -  
t h ione  1~. The  presence  of oxidized g l u t a t h i o n e  in buf-  
fered t y ros ine - ty ros inase  m i x t u r e  increases  m e l a n i n  pig- 
m e n t a t i o n  ~a. F u r t h e r m o r e ,  dehydroasco rb i c  acid is k n o w n  
to  s t i m u l a t e  s~eroid h o r m o n e  syn thes i s  in  t o a d  tes t i s  6. 
FIGGE a n d  ALLEN 13 h a v e  r e p o r t e d  t h a t  local app l i ca t ion  
of es t rogen  increases  t he  skin  p igments .  T h e y  h a v e  sug- 
ges ted  t h a t  t he  e n z y m e  ty ros inase  oxidizes r ing  A of 
es t rone  to  a qu inone  which  in presence  of copper  c a t a l y s t  
oxidizes t h e  g lu t a th ione .  

The  poss ib i l i ty  remains ,  therefore ,  t h a t  ASA in i ts  
oxid ized  form (dehydroascorb ic  acid) s t i m u l a t e s  me l an in  
syn thes i s  b y  oxid iz ing  g l u t a t h i o n e  e i the r  d i rec t ly  or  
ind i rec t ly  b y  increas ing  sexhormones .  

The effect of ascorbic acid (ASA) on the melanin content of toad 
skin, liver and vocal sac. Melanin content of A) normal and ASA 
treated toad skin, B) normal and ASA treated toad liver and C) 
normal and ASA treated toad vocal sac. 
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Summary. H a e m o l y m p h  in ce r t a in  L e p i d o p t e r a  a t  res t  is per iod ica l ly  t r a n s p o r t e d  f r o m  the  an t e r i o r  b o d y  to  t h e  ab-  
d o m e n  a n d  reversed  b y  t h e  c o o r d i n a t e d  a c t i v i t y  of t he  h e a r t ,  t h e  accessory  pulsa t i le  o rgans  a n d  t he  a b d o m e n .  Th i s  
osc i l la tory  h a e m o l y m p h  t r a n s p o r t  is sugges ted  to  s u p p o r t  h a e m o l y m p h  exchange  and  a i r  v e n t i l a t i o n  in t he  an t e r i o r  
b o d y  and  wings. 

A l t h o u g h  h e a r t b e a t  reversa l  ha s  been  r e p e a t e d l y  de-  
scr ibed in insec ts  1-7, i t  is now  genera l ly  r ega rded  as be ing  
n o t  essent ia l  for c i rcu la t ion ,  b u t  r a t h e r  a d i s t u r b a n c e  of  
h e a r t  a u t o m a t i s m 6 ,  s or  p e r h a p s  a s t ress  react ionS,% In  
some r ecen t  papers ,  w h i c h  deal  w i t h  t he  e lec t rophys io logy  
of h e a r t  r h y t h m  in mo ths ,  r eve r sa l  is e i the r  n o t  men-  
t ionedl0,11 or  is r ega rded  as a ra re  a n d  i r regu la r  e v e n t  1~. 
W h i l e  m e c h a n i s m s  i nduc ing  a n d  con t ro l l ing  h e a r t b e a t  
reversa l  were t he  cen t r a l  p o i n t  of i n t e r e s t  s, 5, ~, la, l i t t l e  
has  been  e l a b o r a t e d  a b o u t  i t s  f unc t i on  2, is, 14 

Results. A new m e t h o d ,  ' c o n t a c t - t h e r m o g r a p h y  '15 
(Figure  1), a l lows one to  e x a m i n e  free, r e s t i ng  insec ts  
d u r i n g  t h e i r  whole  l i fe t ime w i t h o u t  d a m a g e  or n a r c o t i z a -  
l ion ,  so t h a t  per iodic  h e a r t b e a t  r eve r sa l  could  be shown  
to  be  a regu la r  p e r f o r m a n c e  in p h a r a t e  a n d  a d u l t  m o t h s  
(Attacus atlas L., Argema mittrei Gu6r.,  Sa tu rn i idae ,  F ig-  
ure  1) a n d  bu t t e r f l i e s  (Caligo brasiliensis Fldr . ,  B ra s -  
solidae) 15. S i m u l t a n e o u s  r eco rd ing  of t h e  h e a r t ,  meso-  
a n d  m e t a t h o r a c i c  pu lsa t i l e  o rgans  (PO's) ,  w h i c h  are  
respons ib le  for t he  a d d u c t i o n  of wing  h a e m o l y m p h  n,16 
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s h o w e d  t h a t  t h e s e  P O ' s  p u l s a t e  i n t e r m i t t e n t l y  w i t h  t h e i r  
a c t i v i t y  p e r i o d s  m a i n l y  d u r i n g  b a c k w a r d  b e a t i n g  a n d  
t h e  p a u s e s  c o i n c i d e n t a l  w i t h  f o r w a r d  b e a t i n g  of  t h e  h e a r t  
( F i g u r e  2). M o r e  p r ec i s e l y ,  a n  e f f e c t i v e  h a e m o l y m p h  
c o n v e c t i o n  b y  t h e  P O ' s  b e g i n s  s o m e w h a t  l a t e r  t h a n  t h e  
b a c k w a r d  p e r i o d s  a n d  t h e  p u l s a t i o n s  e x t e n d  i n t o  t h e  
h e a r t ' s  f o r w a r d  p e r i o d s .  S o m e  t i m e  a f t e r  t h e  s t a r t  of  
b a c k w a r d  p e r i o d s ,  p e r i s t a l t i c  m o v e m e n t s  of  t h e  p o s t e r i o r  
a b d o m i n a l  p a r t  c a n  g e n e r a l l y  be  r e g i s t e r e d  in  a l l  i nd i -  
v i d u a l s ,  b u t  t h e y  do  n o t  o c c u r  in  e v e r y  b a c k w a r d  p e r i o d  
( F i g u r e  2). T h e  b e g i n n i n g  of  t h e  f o r w a r d  b e a t i n g  of  t h e  

h e a r t  is g e n e r a l l y  a c c o m p a n i e d  b y  o n e  s l ow  a b d o m i n a l  
c o n t r a c t i o n .  T h e  c o n v e c t i v e  e f f ec t  of  t h i s  l a r g e  c o n t r a c -  
t i o n  is p e r c e p t i b l e  e v e n  o n  t h e  m e s o -  a n d  m e t a s c u t e l l u m .  
T h e  h a e m o l y m p h  i n f l o w  in  t h e  a n t e r i o r  b o d y  t h u s  h a p -  
p e n s  m u c h  m o r e  v i g o r o u s l y  t h a n  t h e  e v a c u a t i o n .  T h e  
p r e s e n c e  of  m u c h  m o r e  h a e m o l y m p h  in  t h e  a n t e r i o r  b o d y  
d u r i n g  t h e  f o r w a r d  p e r i o d s  is s h o w n  b y  t h e  i m p r o v e d  
h e a t  d i s s i p a t i o n :  d e s p i t e  t h e  p a u s e s  in  t h e  P O ' s  a n d  
c o n s t a n t  h a e m o l y m p h  t e m p e r a t u r e ,  t h e  e q u a l i z e d  t e m -  
p e r a t u r e  l eve l  o n  t h e  t h o r a x  r e m a i n s  b e l o w  t h a t  of  t h e  
b a c k w a r d  p e r i o d s .  
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Fig. i .  Thermocardiograms of Argema mittrei ((~, 14 days old), representing the (convective) activity of thehear t  during forward and backward 
beating. Each thermogram is produced with on 9 thermistor (diam. 0.1 to 0.25 ram), which at the same time serves for applying heat (Zl~9+ 
1.8 ~ to the cuticle above the pulsatile organ and for the measurement of temperature differences: Each pulse removes the applied heat to 
an extent  corresponding to its transport capacity. Each black bar represents the moment  of convective cooling during heart  contraction. In 
backward beating the contractions are first visible ill the aorta. 
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Fig. 2. Thermograms of A#acus atlas (~, 2 days old), a) heart  (2nd abdominal tergite), b) metatergal pulsatile organ (metascuteltum), c) meso- 
tergal pulsatile organ (mesoscutellum). The thermograms show the integrated convection beneath the measuring point. The pulses are super- 
imposed on periodic slow waves of abdominal movements and alternations of heat dissipation, caused by (haemolymph-) mass changes. 
Black bands in a) backward periods, in b) and c) activity periods. 
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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 .  

17 j . . j .  BOUNHIOL and R. MOREAIJ , C. r. hebd. Sc6ane. Aead. Sci. 
Paris 256, 5638 (1963). 

is j .  W. ARNOLD, Mere. ent. Soc. Canada 38, 2 (1964). 
19 H. ZELLER, Z. Morph. 0kol. Tiere 3d, 663 (1938). 

Immunohistological Investigations of N-Acetylserotonin in the Rat Cerebellum after 
Parachlorophenylalanine Treatment 
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Canada) ; and Department o/ Psychiatry, University o[ Rochester, School of Medicine and Dentistry, Rochester (N. Y. 
746d2, USA), 25 November 7975. 

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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