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Gastric Secretion During Anaesthesia and its Inhibition;by Metiamide and Other Drugs  

The s t imula t ion  of a br isk gastr ic  secret ion b y  various 
anaes thet ics ,  par t i cu la r ly  b y  a mix tu re  of chloralose and  
ure thane ,  was f irs t  d e m o n s t r a t e d  in 19491. I t  had  previ-  
ously been  assumed t h a t  anaes thes ia  inh ib i ted  gastr ic  
secret ion ~. The surprizing secret ion of acid gast r ic  juice 
elicited b y  var ious  anaes the t ics  could be d e m o n s t r a t e d  
easily if dogs car ry ing  meta l  gastr ic  cannulae  chronical ly  
were anaes the t i zed  w i thou t  the  surgical t r a u m a  of inser t-  
ing the  cannula  acutely.  A l though  th is  secret ion was 
ar res ted  b y  a t ropine  or b y  acute  vagal  nerve  section, 
the  s imi lar i ty  of t he  secret ion to t h a t  elicited by  h i s t amine  
suggested t h a t  ' t he  fact  t h a t  the  ch lora lose-ure thane  
secret ion is largely d e p e n d e n t  on the  in tegr i ty  of t he  vagi  
indi rec t ly  suppor t s  the  poss ibi l i ty  of t he  med ia t ion  of 
h i s t amine  in th is  (vagal) phase  of gastr ic  secret ion '  z. The 
recent  d iscovery  of h i s t amine  H2-receptors  in the  gastr ic  
mucosa  and  of t he  drug bu r imamide  ~, and  the  more  
effect ive met iamide% which  antagonize  the  gastr ic  secre- 
t o ry  effect  of h i s t amine  a, suggested to  us t h a t  we t es t  
whe the r  me t i amide  blocks the  h is tamine- l ike  acid gastr ic  
secret ion p roduced  by  chlora lose-ure thane  anaesthesia .  
We found t h a t  me t i amide  was an effect ive inhib i tor  of 
th is  secret ion;  also, me t i amide  blocked the  ' spon taneous '  
gastr ic  secret ion in conscious dogs. 

Methods .  Anaes thes ia  was induced  in dogs car ry ing  
meta l  gastr ic  cannulae  inser ted  a t  least  2 weeks earlier. 
A mix tu re  of chloralose and  u re thane  conta in ing  25 mg 
chloralose and  250 mg u re thane  ml  -~ was used. A mod e ra t e  
d e p t h  of anaes thes ia  was a t t e m p t e d ,  and the  app rox ima te  
dose of mix tu re  required was 2.0 ml kg -~ i.v. Animals  
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The Figure shows the effects of various drugs on acid gastric secretion 
in 4 separate experiments (A, B, C, D) on a dog with a chronic gastric 
cannula. Secretion was produced by chloralose-urethane anaesthesia 
or by s.c. injection of histamine in the conscious animal (see text for 
details). Hi, histamine; Met; metiamide; C-U, chloralose-urethane 
anaesthesia; At, atropine. A) Acid gastric secretion after histamine 
0 - -0 ,  and after histamine plus metiamide �9 �9 Metiamide abolished 
the response to histamine. B) Acid secretion due to chloralose-ure- 
thane, its inhibition by metiamide, and after recovery, by atropine. 
Gastric reaction was alkaline just prior to anaesthesia. C) Metiamide 
blocks 'spontaneous' and histamine-induced secretion. D) 1V[etiamide 
blocks 'spontaneous' secretion in the conscious animal and also 
prevents secretion if given before ehloralose-urethane anaesthesia. 

were never  fed in the  exper imen ta l  room, nor  b y  the  
exper imenter ,  in order  to  reduce or e l iminate  psychic  or 
' spon taneous '  gastr ic  secretion.  The an imal  was suspended  
in a c loth  h a m m o c k  af ter  anaes thes ia  and  secret ion was 
collected f rom the  cannula.  E x p e r i m e n t s  on conscious 
dogs were pe r fo rmed  in a Pav lov  frame. 

Met iamide  was dissolved in HC1 and  the  stock solut ion 
(100 raM) was ad jus ted  to p H  6.0 w i th  N a O H  and  kep t  
a t  4 ~ for a m a x i m u m  per iod of 1 mo n t h .  At ropine  was 
used as sulphate ,  m e p y r a m i n e  as maleate ,  and  hexa-  
m e t h o n i u m  as bromide.  H i s t amine  was the  d iphospha te  
b u t  its weight  is expressed as t he  base. 

Resu l t s .  Effec t  of me t i amide  on h i s t amine - induced  and 
on ' spon taneous '  secret ion in conscious dogs: Met iamide  
(3.0 mg kg -1 i.v.) was given before or shor t ly  af ter  his ta-  
mine (15-25 txg kg -1 s.c.) in 3 expe r imen t s  on 2 dogs. The 
acid gastr ic  secret ion p roduced  by  th is  dose of h i s t amine  
was always e i ther  abol ished or reduced  to  near  zero values 
by  me t i amide  (Figure A and  C). These results  agree wi th  
recen t  similar expe r imen t s  4, s. In  3 expe r imen t s  on 2 dogs 
in which  the  animals  were ' spon taneous ly '  secre t ing 
despi te  an e m p t y  s tomach,  the  admin i s t r a t i on  of met i -  
amide  (3 mg kg -1 i.v.) also a r res ted  th i s  ' spon taneous '  
secretion,  p re sumab ly  of vagal  origin, since it was also 
abol ished by  a t rop ine  (75 ~g kg -1 i.v.). 

Ef fec t  of me t i amide  on g a s t r i c  secre t ion induced  by  
chlora lose-ure thane  anaes thes ia :  Met iamide  (3.0 mg kg -1 
i.v.) was  admin is te red  e i ther  jus t  before or dur ing anaes- 
thes ia  w i th  chlora lose-ure thane  mix tu re  in 7 exper iments  
on 5 dogs. The inhibi t ion was similar to t h a t  observed 
wi th  h i s t amine- induced  secret ion in conscious dogs. The 
inh ib i to ry  effect  was even more  effective if me t i amide  was 
given jus t  prior  to  induct ion  of anaes thes ia  r a the r  t h a n  if 
i t  was given dur ing  anaes thes ia  when  secret ion had  begun 
(Figure B and D). 

Ef fec t  of a t rop ine  and h e x a m e t h o n i u m  on acid gastric 
secret ion induced  by  chlora lose-ure thane  anaes thes ia :  
At rop ine  (75 or 100 txg kg -1 i.v.) was admin i s t e red  to 2 
dogs dur ing  anaesthesia .  In  each ins tance  the  secret ion 
of acid was sharp ly  reduced and t h e n  comple te ly  ar res ted  
for the  observa t ion  periods of 30 and 40 rain respect ively,  
t imed  f rom the  f irs t  m e a s u r e m e n t  of the  sharp  reduct ion.  
In  2 o the r  exper iments ,  h e x a m e t h o n i u m  (3 mg kg -1 i.v.), 
like atropine,  a r res ted  secret ion for observa t ion  per iods  of 
30 and  60 min respect ively.  This effect  of h e x a m e t h o n i u m  
has also been repor ted  b y  PrJILS. 

D i s c u s s i o n .  The discovery  of me t i amide  and  of h i s tamine  
H2-receptors  for gastr ic  secret ion has  revived the  old 
suggest ion ~-~0 t h a t  h i s t amine  is the  final  med ia to r  of all 
s t imul i  for acid gastr ic  secretion.  The fac t  t h a t  me t i amide  
effect ively blocks diverse nervous  and  chemical  ways  of 
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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  
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Fig. 1. Mid-ventral glandular tracheal node ill 5th abdominal segment 
of Pyrrharctia isabella as it appears in section. 
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