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s t i m u l a t i n g  secre t ion  in mammals4 ,5 ,  n , l~  and  t h a t  
h i s t a m i n e  is r e l ea sed  f rom iso la ted  gas t r ic  m u c o s a  of t he  
frog b y  b o t h  ace ty lcho l ine  and  p e n t a g a s t r i n  la s t r e n g t h e n s  
t h i s  theory .  Our  e x p e r i m e n t s  wh ich  d e m o n s t r a t e  t h a t  

m e t i a m i d e  is a powerfu l  i n h i b i t o r  of t he  acid gas t r ic  
secre t ion  wh ich  accompan ies  ch lo ra lose -u re thane  anaes-  
t hes i a  appea r s  to  offer f u r t h e r  s u p p o r t  for th i s  view, 
as is our  o b s e r v a t i o n  t h a t  ' s p o n t a n e o u s '  gas t r ic  secre t ion  
in conscious dogs is b locked  b y  me t i amide .  Despi te  t he  
above  facts,  t he re  are obse rva t ions  wh ich  ind ica te  t h a t  
t he  ques t ion  of w h e t h e r  h i s t a m i n e  is t he  f inal  c o m m o n  
m e d i a t o r  m u s t  be left  open  as yet .  For  example ,  the re  are 
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repor t s  t h a t  t he  acid secre t ion  evoked  b y  chol inergic  
agen ts  in  t he  r a t  a or dog a, 14 appea r s  to  be more  r e s i s t a n t  
to  b lockade  b y  H2-receptor  an t agon i s t s  t h a n  is t h e  secre- 
t ion  p roduced  b y  h i s t a m i n e  or pen t agas t r i n .  The  possibi l i ty ,  
therefore ,  t h a t  severa l  m e d i a t o r s  ac t  on d i s t i nc t  b u t  over-  
l app ing  recep to r  si tes in t he  gas t r ic  mucosa  c a n n o t  as ye t  
be excluded.  P e r h a p s  t he re  are o the r  qu i t e  d i f fe ren t  
e x p l a n a t i o n s  of these  facts.  W h a t  is clear,  however ,  is 
t h a t  H2-receptor  an t agon i s t s ,  p e rhaps  in c o m b i n a t i o n  
w i th  an t i -cho l inerg ic  agents ,  offer a new a n d  effect ive  
m e a n s  for t he  suppress ion  of acid gas t r ic  secre t ion  of 
physiological  or pa tho log ica l  origin.  

Summary. The  h i s t a m i n e  I-t2-receptor an t agon i s t ,  
me t i amide ,  i nh ib i t s  t he  acid gas t r ic  secre t ion  p r o d u c e d  
b y  ch lo ra lo se -u re thane  anaes the s i a  in dogs ca r ry ing  gas t r ic  
c a n n u l a e  chronica l ly .  Th i s  secre t ion  is also p r e v e n t e d  b y  
a t rop ine  a n d  h e x a m e t h o n i u m .  ' S p o n t a n e o u s '  gas t r ic  
secre t ion of v a g a l  or igin in  conscious dogs is also b locked  
b y  me t i amide .  
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A N e w  Glandular  Organ  in s o m e  T o x i c  Caterp i l lars  

Prev ious ly  undesc r ibed  exocr ine  g lands  associa ted  w i t h  
t he  t r achea l  sys t em a n d  p roduc ing  a mice l la r  l ipoidal  
secre t ion are p r e sen t  in ca te rp i l la rs  of some famil ies  of 
Lep idop te ra .  The  g lands  comprise  a smal l  n u m b e r  of large 
special ized cells ly ing m i d v e n t r a l l y  in the  t h i r d  to  s ix th  
a b d o m i n a l  segments ,  s l ight ly  below and  b e h i n d  the  gangl ia  
of the  v e n t r a l  ne rve  cord. T h e y  are associa ted  w i t h  and  
a p p a r e n t l y  der ived  f rom the  nodes  of t he  v e n t r a l  t r ans -  
verse  t rachea .  T rachea l  nodes  wh ich  are loca ted  segmen-  
t a l ly  on  l ong i t ud i na l  t r u n k s  or med ia l ly  on t r a n s v e r s e  
commissures  m a r k  t he  anas tomos i s  of a d j a c e n t  t r a c h e a l  
rud imen t s .  T h e y  h a v e  been  recognized in l a rvae  of b o t h  
D i p t e r a  I a and  L e p i d o p t e r a  4 no t  on ly  as po in t s  of anas-  

tomosis ,  b u t  also as po in t s  of dehiscence  t h a t  fac i l i ta te  
b reakage  and  w i t h d r a w a l  of t he  t r achea l  l in ing  a t  each  
ecdysis.  I n  the  l a rvae  of m o s t  L e p i d o p t e r a  t he  nodes  
occur  as d i s t inc t  d i la t ions  in wh ich  t he  t r a c h e a l  i n t i m a  
is modi f ied  in to  a t h i n  cut ic le  bea r ing  i nward ly  d i rec ted  
spines.  Usua l ly  t he  ep i the l i um of the  nodes  is composed  of 
cells t h a t ,  a l t h o u g h  cons ide rab ly  larger  t h a n  those  of t he  
a d j a c e n t  unmodi f i ed  t r a c h e a l  ep i the l ium,  are n o t  g l andu-  
lar. I n  l a rvae  of some species however ,  t h e  e p i t h e l i u m  on  
nodes  of 4 of t he  v e n t r a l  t r a n s v e r s e  t r a c h e a  is c lear ly  
modif ied  in to  g l andu la r  organs.  We  h a v e  found  such  
organs  in ca te rp i l la rs  of 7 of t he  20 famil ies  su rveyed  
(Table). T h e y  are bes t  deve loped  in arc t i ids  in w h i c h  t h e y  
occur  as sphero ida l  c lus ters  of v e r y  large cells. 

His to logica l  and  fine s t r u c t u r a l  i nves t iga t ions  of these  
g lands  in t he  b a n d e d  wool lybea r  ca terp i l la r ,  Pyrrharctia 
isabella show the  ceils to  be  b o t h  h igh ly  special ized and  
u n u s u a l  in s t r u c t u r e  (Figure 1). The  p r o m i n e n t  nuclei  are 
large, i r regular ly  shaped ,  a n d  w i t h  sparse,  even ly  d i s t r ib -  
u t ed  c h r o m a t i n .  However ,  t he  mos t  consp icuous  fea tu re  
of the  cells are large, dense ly  s ta in ing,  cy l indro id  a c c u m u -  
la t ions  of sec re to ry  p roduc t .  U l t r a s t r u c t u r a l l y  t he  secre t ion  
has  a micel lar  s t r u c t u r e  w i t h  a l amel la r  pe r iod ic i ty  of 
a b o u t  55 ,K_ (Figure  3). I t  lies w i t h i n  an  i n t e r c o n n e c t e d  
b r a n c h i n g  l a cuna r  s y s t e m  t h a t  is l ined w i t h  microvi l l i  
(Figure 2). The  l a cuna r  s y s t e m  opens  a t  t he  apica l  end  of 
the  cell on to  t he  t r a c h e a l  l in ing  of the  gland.  A l t h o u g h  we 
h a v e  n o t  found  unequ ivoca l  ev idence  of c h a n n e l s  or 
pores t r a v e r s i n g  t he  l ining, t he  presence  of m a t e r i a l  
h i s tochemica l ly  s imi lar  w i t h i n  t h e  t r achea l  l u m e n  ind ica tes  
t h a t  i t  passes  t h r o u g h  t he  cu t i cu la r  l ining. The  c y t o p l a s m  
of t he  ceils con ta ins  n u m e r o u s  m i t o c h o n d r i a  w i t h  dense  

.?5tom 

Fig. 1. Mid-ventral glandular tracheal node ill 5th abdominal segment 
of Pyrrharctia isabella as it appears in section. 
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Family Species Glands Family  Species Glands 
examined present examined present 

Agaristidae 1 + Noetuidae a 15 + �9 
Amatidae 1 + Notodontidae 2 - -  
Arctiidae 6 + Nymphalidae 3 - -  
Bombycidae 1 --  Papilionidae 2 + 
Citheroniidae 1 + Pieridae 2 --  
Danaidae 1 --  Pyralidae 2 --  
Eucleidae 1 --  Saturniidae 3 --  
Geometridae 4 --  Sphingidae 4 --  
Lasioeampidae 1 --  Zygaenidae 1 --  
Liparidae 2 + Hesperii dae 1 --  

a Present in the Heliothidinae, Pantheinae and Acronyctinae, absent in other sub-families. 

Fig. 2. Electron micrograph of glandular cell showing brush border 
and secretions within the lacuna. • 10,000. 

m a t r i x  a n d  r e l a t i v e l y  f ew c r i s t a e ,  a m o d e r a t e  n u m b e r  o f  
s m a l l  go lg i  b o d i e s  a n d  v e r y  e x t e n s i v e  s m o o t h  e n d o p l a s m i c  
r e t i c u l u m .  T h e  b a s a l  m a r g i n  in  c o n t a c t  w i t h  t h e  h a e m o -  
l y m p h  is c h a r a c t e r i z e d  b y  e x t e n s i v e  i n f o l d i n g s  o f  t h e  cell  
m e m b r a n e  b e n e a t h  a b a s a l  l a m i n a .  

T h e  l i po ida l  n a t u r e  of  t h e  s e c r e t i o n  is s u g g e s t e d  b y  i t s  
l a m e l l a r  s u b s t r u c t u r e  w h i c h  is s i m i l a r  t o  t h e  b i m o l e c u l a r  
l a m e l l a r  c o n f i g u r a t i o n  a s s u m e d  b y  p o l a r  l ip ids ,  a n d  t h i s  is 
c o n f i r m e d  h i s t o c h e m i c a l l y  b y  i t s  o s m i o -  a n d  s u d a n o p h i l i a .  
H o w e v e r ,  h i s t o c h e m i c a l  t e s t s  5 for  p h o s p h o l i p i d s  w e r e  
n e g a t i v e  as  w e r e  t e s t s  for  b o t h  p r o t e i n s  a n d  c a r b o h y d r a t e s .  
T h e  s e c r e t i o n  s t a i n e d  w i t h  p a r a l d e h y d e  f u c h s i n  a f t e r  ox i -  
d a t i o n ,  w h i c h  in  v i e w  of t h e  n e g a t i v e  t e s t s  for  p r o t e i n  a n d  
c a r b o h y d r a t e s  w o u l d  i n d i c a t e  t h a t  t h e  l i po ida l  m a t e r i a l  
is u n s a t u r a t e d .  T h e  s e c r e t i o n  is s o l u b l e  in  ac id ic  a q u e o u s  
s o l u t i o n s  a n d  o r g a n i c  s o l v e n t s  b u t  n o t  in  w e a k l y  a l k a l i n e  
or  n e u t r a l  a q u e o u s  s o l u t i o n .  

O n  t h e  b a s i s  of  t h e i r  u l t r a s t r u c t u r e ,  e s p e c i a l l y  t h e  
e x t e n s i v e l y  i n f o l d e d  b a s a l  m e m b r a n e ,  i t  s e e m s  l i ke ly  t h a t  
t h e s e  o r g a n s  a r e  i n v o l v e d  in  t h e  r e m o v a l  of  s u b s t a n c e s  
f r o m  t h e  h a e m o l y m p h .  T h e  s u b s t a n c e s  a r e  a p p a r e n t l y  
c o n j u g a t e d  t o  o r  i n c o r p o r a t e d  i n t o  a l ipo id  s y n t h e s i z e d  
o r  e l a b o r a t e d  w i t h i n  t h e  cel ls  a n d  t h e  m a t e r i a l  t h u s  f o r m e d  
t r a n s f e r r e d  b y  a p r o c e s s  o f  e x o c y t o s i s  t o  t h e  l a c u n a r  
s y s t e m .  As  t h e  s e c r e t i o n  a c c u m u l a t e s  s o m e  of  i t  p a s s e s  
i n t o  t h e  t r a c h e a ,  p r e s u m a b l y  to  be  r e m o v e d  a t  e cdy s i s .  
T h i s  p r o c e s s ,  t h e r e f o r e ,  h a s  t h e  c h a r a c t e r i s t i c s  o f  s t o r a g e -  
e x c r e t i o n  a n d  is u n i q u e  in  t h a t  i t  u t i l i z e s  t h e  t r a c h e a l  
s y s t e m .  

A p a r t  f r o m  t h e  s e v e r a l  n o c t u o i d  f 'amil ies  t h e r e  is n o  
c lose  p h y l o g e n e t i c  r e l a t i o n s h i p  a m o n g  t h e  L e p i d o p t e r a  
h a v i n g  t h e s e  o r g a n s .  A l t h o u g h  t h e y  o c c u r  in  s o m e  p a p i l -  
i o n i d s  a n d  h e l i o t h i d i n e s  w h i c h  a r e  n o t  h a i r y ,  t h e y  o c c u r  
p r e d o m i n a n t l y  in  l a r v a e  w i t h  a n  i n v e s t i t u r e  of  u r t i c a t i n g  
h a i r s  6. I t  is a l so  n o t e w o r t h y  t h a t  t h e y  o c c u r  in  g r o u p s  t h a t  
a re  g e n e r a l l y  c o n s i d e r e d  t o  be  d i s t a s t e f u l  o r  to  h a v e  a 
p r e d i l e c t i o n  for  p o i s o n o u s  p l a n t s ,  a n d  s o m e  of  t h e  A r c t i i d a e ,  
A m a t i d a e  a n d  P a p i l i o n i d a e  a t  l e a s t  a r e  k n o w n  to  h a v e  
t h e  a b i l i t y  t o  s e q u e s t e r  a n d  s t o r e  t o x i c  s u b s t a n c e s  ~-1~ 

Fig. 3. Electron micrograph of secretion showing lamellar substruc- 
ture. • 170,000. 
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A l t h o u g h  we h a v e  no d i rec t  ev idence  rega rd ing  t he  func-  
t ion  of these  organs  we sugges t  t h a t  t h e y  are i nvo lved  in 
the  s e q u e s t r a t i o n  and  s torage  of some subs t ances  f rom the  
l l a e m o l y m p h , - a n d  t h a t  these  subs tances  m a y b e  toxic.  

Summary. The  nodes  fo rmed  b y  t he  m i d - v e n t r a l  t r a c h e a l  
anas tomoses  in a b d o m i n a l  segments  3-6  are modif ied  in to  
conspicuous  g l andu la r  o rgans  in l a rvae  of ce r t a in  Lepid-  
optera .  T h e y  comprise  c lus ters  of e x t r e m e l y  large cells 
p e n e t r a t e d  b y  a n  ex tens ive  l a cuna r  s y s t e m  open ing  on to  
t he  t r a c h e a l  wall. These  cells a p p e a r  to  seques te r  sub-  
s tances  f rom t h e  h a e m o l y m p h  wh ich  m a y  be  c o n j u g a t e d  

w i t h  a l ipoid syn thes i zed  w i t h i n  t h e m  a n d  t h e  p r o d u c t  
excre ted  in to  t he  l a cuna r  sys tem,  u l t i m a t e l y  pa s s ing  in to  
t he  t r a c h e a l  lumen.  
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G l y c o g e n  i n  E p i d e r m a l  N e r v e  T e r m i n a l s  o f  Lacer ta  s icula ( S q u a m a t a :  R e p t i l i a )  

E p i d e r m a l  ne rve  end ings  in rept i les  were f i rs t  descr ibed  
in t u r t l e  skin  b y  HULANICKA 1. She descr ibes  t h e m  to  be  
' conspicuous  b u t t o n s ,  ly ing  j u s t  b e n e a t h  t he  s t r a t u m  
corneum,  ova l ly  shaped ,  t he i r  longer  axis  para l le l  to  t he  
skins  surface ' .  JABUREK'S 2 l igh t -microscopica l  s t u d y  
revea led  t h e m  to  be loca ted  ' i n t race l lu la r ly ' .  R e c e n t  
e lec t ron-microscopic  work  a-5 shows t h a t  axons  a scend  
t h r o u g h  t h e  in te rce l lu la r  space of the  epidermis ,  p e n e t r a t e  
t h e  u p p e r m o s t  k e r a t o c y t e s  ( jus t  b e n e a t h  t h e  e - k e r a t i n  
layer) a n d  enlarge to  severa l  am-s ized  'd iscoid t e r m i n a l s '  
(a t e r m  wh ich  we prefer  to  YON D/3RIN(;'S ' b u b b l e  r ecep to r '  
since t h e y  are n o t  gas-filled).  One axon  can  give rise to  
two or even  inore 2 discoid t e rmina l s  (Figure  1). These  
t e r m i n a l s  seem, in t he  sect ion,  to  be s u r r o u n d e d  b y  two 
m e m b r a n e s :  t he  ou t e r  is p a r t  of the  p l a s m a l e m m  of t he  
ke ra tocy te ,  t he  inner ,  t h i cke r  one, p a r t  of t he  a x o l e m m  
(Figure 2). T h e y  con t a i n  n u m e r o u s  m i t o c h o n d r i a ,  and  
are dense ly  filled w i t h  par t ic les  3, a, wh ich  t he  UAc-PbCi  
s t a in ing  (Urany l  ace t a t e  - Lead  ci t ra te)  (Figures 1 a n d  2) 
shows to be  250 370 ~_ in d i a m e t e r  (mean  d i a m e t e r  300 
~.). T h e y  are n o t  m e m b r a n e - b o u n d .  In  compar i son ,  free 
r ibosomes  are approx .  200 A in size. H i g h e r  reso lu t ion  
(Figure 2) reveals  no f u r t h e r  details.  Ea r l i e r  work  3 a 
p resumes  those  par t ic les  to  be glycogen.  In  o rder  to  
ver i fy  t h e  glycogen n a t u r e  of these  par t ic les  per iodic  
acid- lead c i t r a t e  (PA-PbCi)  s t a in  and  a -amylase  d iges t ion  
were appl ied .  

The  P A - P b C i  s ta in  6 (Figure 3) is specific for polysac-  
char ides :  Fol lowing ox ida t i on  b y  PA, a ldehyde  groups  
a p p e a r  in  the  po lysaccha r ide  cha ins  wh ich  m a y  be  
de tec ted  b y  P b  ions. The  par t ic les  are 250-350 A in 
size (mean  d i a m e t e r  300 A), t h u s  co r re spond ing  to  
g lycogen e-par t ic les  or roset tes .  The  h i g h  magn i f i ca t ion  
(Figure 3) shows /3-particles (mean d i a m e t e r  70 A, r ange  
50=100 A). B e t w e e n  t he  /%particles we f ind c o n t r a s t e d  
ma te r i a l  (Figure 3), accord ing  to DE BRUIJN 2 n o n p a r t i c -  
u la r  glycogen.  DE BRUIJN c la ims  i t  to  be  a s epa ra t e  
e n t i t y  composed  of o l igosacchar ides  or g lycogen-enzyme  
complexes  of t he  glycogen m e t a b o l i s m  a n d  re la tes  i t  to  
t he  y-par t ic les  descr ibed  b y  DI~OCHMANSS (discussion see 
below).  

E n z y m a t i c  d iges t ion  w i t h  a -amylase  accord ing  to  
MONNERON a n d  BERNHARD 9 br ings  t he  f inal  p roof  t h a t  
these  par t ic les  are glycogen.  F igure  4 shows t he  succesive 
s tages  of d iges t ion :  u n d i g e s t e d  e-par t ic les  are sti l l  recog- 
n izab le ;  soon a b r i g h t e n i n g  is obse rved  in t he  cen te r  of 
t h e  pa r t i c l e ;  w i t h  t he  p roceed ing  e x p a n s i o n  of t he  b r i g h t  
cen te r  t h e  e-par t ic le  looks l ike a m e m b r a n e - b o u n d  vesicle 
( these are  a b u n d a n t l y  seen) ; f ina l ly  no  t r a c e  of a -par t ic les  
can  be o b s e r v e d :  large areas  where  par t ic les  would  m o s t  
l ikely be  found  e x h i b i t  on ly  a h o m o g e n o u s  m a t r i x .  W e  
bel ieve all t hose  d i f fe ren t  s t r u c t u r e s  to  be  s tages  in t he  

d iges t ion  of the  e-par t ic le ,  because  of t i le iden t ica l  size 
of e-par t ic les  a n d  vesicle-l ike s t r u c t u r e s  ( 2 5 0 - 3 5 0 ) t ,  
m e a n  d i a m e t e r  300 A_) a n d  absence  of vesicle-l ike s t ruc -  
t u r e s  in  und iges t ed  m a t e r i a l  (Figures  2 a n d  3). The  big  
holes  of va r i ab l e  d i a m e t e r  c an  be  i n t e r p r e t e d  as follows : 
F igures  2 and  3 show t h a t  e -par t ic les  o f ten  aggrega te  
closely c o n t a c t i n g  each  o ther .  Since t he  t h i cknes s  of t h e  
sect ions  cor responds  to a b o u t  3 ave rage  e-par t ic le  
d i a m e t e r s  (800-1000 A), t h e  holes  m a y  be  si tes of such  
aggrega tes  a r r a n g e d  ve r t i ca l ly  wh ich  are comple t e ly  
digested.  Back ing  th i s  e x p l a n a t i o n  is t he  fac t  t h a t  t h e  
holes  are o f ten  s u r r o u n d e d  b y  an  e l ec t ron-dense  b o u n d a r y  
co r r e spond ing  to  t he  m e m b r a n e - l i k e  s t r u c t u r e  of t he  
e -par t ic le  d iges t ion  s tage descr ibed  above .  

These  e lec t ron-dense  boundar ies ,  respec t ive ly  m e m -  
b rane- l ike  s t ruc tu res ,  m a y  r e p r e s e n t  l im i t -dex t r i n s  aggre-  
ga t ed  pe r ipher ica l ly  b y  w h a t  cause  so ever.  a - A m y l a s e  
b reaks  a-I  -+4 glycosidic l i n k a g e s - w i t h  preference  in te r -  
na l  ones  b u t  c a n n o t  spl i t  t h e  a - l - ~ 6  b o n d s  ( b r a n c h i n g  
points)  c o n t a i n e d  in t he  l im i t -dex t r i n s  l~ Due  to  t h e  
a ldehyde  groups  a p p e a r i n g  fol lowing o x i d a t i o n  b y  PA,  
the  l i m i t - d e x t r i n  s t a ins  w i t h  P b  ions. B u t  increased  incu-  
b a t i o n  b r ings  t h e m  to d i s appea r  as seen in F igure  4, 
since t he  a 1-+6 bonds  m a y  spl i t  w i t h o u t  e n z y m a t i c  
ac t iv i ty ,  t h u s  g iv ing  to  the  a -amylase  t he  o p p o r t u n i t y  
to b r e a k  f u r t h e r  e -1-+4 l inkages  (glycogenolysis  occurs  
even  in con t ro l  sec t ions  wh ich  are t r e a t e d  w i t h  t r y p s i n  - 
i n h i b i t o r  b u t  in a m u c h  slower m a n n e r :  t h e y  need  a b o u t  
10 t imes  t he  i n c u b a t i o n  t ime  to show the  same  effect  as 
do the  sect ions  d iges ted  b y  e-amylase) .  Our  i n t e r p r e t a -  
t ion  cons ider ing  t he  e lec t ron-dense  b o u n d a r i e s  is b a c k e d  
b y  THORNELL'S 11 s t a t e m e n t  t h a t  e - amylase  t r e a t e d  
sect ions  r e m a i n  s t a inab le  w i t h  P A - T S C - S P  (periodic 
ac id -Th iosemi -ca rbaz ide -S i lve r  p ro te ina te ) ,  wh ich  revea ls  
polysaccharides12.  Suppos ing  these  b o u n d a r i e s  were 
g lycogen-enzyme complexes  w h i c h  m a y  be  p r e s e n t  
be tween  t he  /~-particles accord ing  to  DE BRUIJN 7, t h e y  
would  h a v e  to  be  v is ib le  even  in e x t e n d e d  i n c u b a t i o n  
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