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Summary .  Tota l  ext racel lu lar  space values have  been  de t e rmined  in the  midgu t s  of 2 l ep idop te ran  larvae,  Phi losamia  
cyn th i a  and  B o m b y x  mori.  The values found  are 42~ and  45~ t issue wa te r  respect ively .  In t race l lu la r  concen t ra t ions  
of Na  +, Ca ++ and  Mg ++ are ve ry  low, while K + concen t r a t i on  is 197.2 mEq/1 cell wa te r  in Ph i losamia  and 180.9 mEq/1 
cell wa te r  in B om byx .  

Ext race l lu la r  space (ECS) eva lua t ion  is essent ia l  to  
de t e rmine  cellular ionic concen t ra t ions :  while  b o t h  ECS 
value and  cellular concen t ra t ions  have  been  ex tens ive ly  
s tudied  in v e r t e b r a t e  t issues, few d a t a  are available in 
the  l i t e ra ture  abou t  the  in tes t ina l  t issue of l ep idop te ran  
larvae.  These insects  have  an extracel lu lar  fluid, the  
h a e m o l y m p h ,  r icher  in b iva len t  (Mg++, Ca++) t h a n  in 
m o n o v a l e n t  (Na +, K+) cat ions,  where  the  N a / K  rat io is 
lower t h a n  11. Moreover,  t he  midgu t  of these  larvae is 
known  to  ex t rude  K ion f rom the  h a e m o l y m p h  to the  
lumen.  The act ive  t r a n s p o r t  of th is  ion is electrogenic,  
i.e. i t  genera tes  a large t ransep i the l ia l  p o t e n t i a l  difference 
wi th  the  posi t ive  pole in the  lumen2,K I t  has  been  
d e m o n s t r a t e d  in the  isolated midgu t  of H y a l o p h o r a  
cecropia t h a t  K+ t r a n s p o r t  is Na  independen t ,  ouaba in  
insensi t ive  and  s t r ic t ly  oxygen  d e p e n d e n t  4,~. The mor-  
phological  fea tures  of th is  t issue have  been  careful ly  
s tudied  6, ~: the  m idgu t  conta ins  in addi t ion  to  columnar ,  
goblet  cells, cytological ly  d i f ferent  f rom those  of ver te -  
brates ,  which  do no t  secrete mucus  and  whose part ici-  
pa t ion  in K + t r a n s p o r t  has  been  suggested.  B o t h  k ind  
of cells p r e sen t  deep  infoldings in the  basal  region of t he  
p lasma membrane .  

Intracellular ionic concentrations in the perfused midguts of Philo- 
samia cynthia and Bombyx mori 

K Na Mg Ca CI 

Philosamia 
cynthia 197.2• 5.9• 10.04-1.2 4.2• 39.2-{=5.1 
(mEq/1 
cell water) (4) (4) (4) (4) (4) 

Bombyx 
mori 180.9:h6.8 9.84-1.5 14.8• 18.4• 42.8:E3.4 
(mEq/l 
cell water) (8) (6) (8) (8) (4) 

I t  therefore  seems in te res t ing  to  inves t iga te  the  ex t ra-  
cellular space value and  int racel lular  ionic concen t ra t ions  
in t he  mi d g u t  of these  larvae.  In th is  work,  labelled 
sucrose has been  used to measure  the  extracel lu lar  volume 
in the  mi d g u t  of 2 d i f ferent  larvae of Lepidopte ra .  The 
intracel lular  concen t ra t ions  of Na  +, K+, Ca++, Mg++ and 
CI- have  been  calculated.  
Materials and methods. E x p e r i m e n t s  were pe r fo rmed  on 
Phi losamia  cyn th i a  and  B o m b y x  mori  larvae in the i r  last  
instar .  The midgu t  was excised f rom the  larva, the  peri-  
t rophic  m e m b r a n e  and  enclosed in tes t ina l  co n t en t  gent ly  
removed,  and  the  t i ssue  m o u n t e d  as a tube  on the  per-  
fusion appa ra tu s  descr ibed elsewhere 8. The perfus ion 
media  had  a compos i t ion  ve ry  near  to  t h a t  de te rmined  
exper imen ta l ly  in the  h a e m o l y m p h  (unpubl ished data) 
of each larva:  

NaC1 KHCO 3 KC1 MgSO~ CaCli Sucrose 
Philosamia 4 25 - 74 18 126 mEq/l 
Bombyx 1.7 25 21 88 18 80 mEq/1 

Sucrose was added  to  b o t h  solut ions to reach the  osmo- 
la r i ty  as d e t e r m i n e d  in the  h a e m o l y m p h  (Phi losamia:  
284.6 :h 9.3 mOsm/1, 3 expe r imen t s ;  B o m b y x :  290 • 
2.9 mOsm/1, 3 exper iments ) .  The perfus ion media  were 
ae ra ted  and s t i r red by  bubbl ing  wi th  95% O 3 and  5% 
CO S, p H  7.4. Tota l  ext racel lu lar  space eva lua t ion  was 
made  on t issues incuba ted  for d i f ferent  per iods (10, 20, 
40, 60 and 120 min) in these  perfus ion media  conta in ing  
on b o t h  sides of t he  ep i the l ium sucrose 14C (Radio- 
chemical  Center,  Amersham)  1 ~xC/ml. Af ter  incuba t ion  
the  mi d g u t  was removed,  b lo t t ed  on fil ter paper  W h a t -  
m a n n  N. 587 E, sha t t e red ,  p laced in a t a red  tube  and 
rap id ly  weighed. 1 ml  of bi-dist i l led wa te r  was added,  
the  suspension tho rough ly  mixed,  frozen, t h a w e d  and 
resuspended.  Af te r  cent r i fuging for 30 min,  s u p e r n a t a n t s  
were assayed for r ad ioac t iv i ty  by  a l iquid scint i l la t ion 
spec t rome te r  (Tri-Carb Packa rd  3003 series). The sedi- 
m e n t s  were dried ove rn igh t  and  weighed to ob ta in  the  
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Total extracellular space (ECS) determined by means of sucrose in 
tube preparations of Philosamia cynthia and Bombyx mori at dif- 
ferent periods. Means -b SE. 4 experiments for each point in Philo- 
samia, 5 in Bombyx. 
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we igh t  of d r y  t i ssue  a n d  t o t a l  t i ssue  water .  ECS expressed  
as % of t i ssue  w a t e r  was  t h e n  ca lcu la ted  f rom t he  follow- 
ing fo rmula  

Supernatant total cpm 
ECS % ~ . 100 

Perfusion media cpm/ml �9 Tissue water 

i n  a few expe r imen t s ,  ECS has  been  d e t e r m i n e d  b y  
m e a n s  of inu l in  14C in i so la ted  m i d g u t s  of B o m b y x  mor i  
pe r fused  for 60 rain,  fol lowing t he  descr ibed  procedure .  
S u p e r n a t a n t s  were also a s sayed  for N a  +, K +, Mg++, 
Ca++ a n d  C1-. Fo r  Na+, K+ a n d  C1- d e t e r m i n a t i o n s ,  
s u p e r n a t a n t s  were p rev ious ly  d i lu ted  1:1 w i t h  HC10 ,  
0.6 N and  cen t r i fuged  to p rec ip i t a t e  t he  pro te ins .  Na  + 
a n d  K+ were d e t e r m i n e d  b y  m e a n s  of a f l ame p h o t o -  
m e t e r  ( B e c k m a n  DU-2) .  Mg++ and  Ca ++ were assayed  
co lor imet r ica l ly  a f t e r  p r e p a r a t i o n  of samples  fol lowing 
M a g n e s i u m  Mercko tes t  (Art.  No. 3338) a n d  C a l c i u m ' K i t  
(Clinton) ind ica t ions .  Samples  were t h e n  read  b y  C.E. 
343 Single Sample  S p e c t r o m e t e r  Cecil I n s t r u m e n t  Ltd ,  
Cambr idge .  Chlor ides  were d e t e r m i n e d  b y  m e a n s  of 
m e r c u r i m e t r i c  t r i t r a t i o n  accord ing  to  Chlor ide Mercko-  
t e s t  (Art.  No. 3311). 
Results and discussion. I n  m i d g u t s  of P h i l o s a m i a  c y n t h i a  
m o u n t e d  as tubes ,  a s t ab le  t o t a l  ECS va lue  of a b o u t  42% 
t issue  w a t e r  is r eached  w i t h  sucrose a f te r  60 rain  (figure). 
E x p e r i m e n t s  no t  r epo r t ed  here,  pe r fo rmed  w i t h  s u l p h a t e  
35S, give a f t e r  10 m i n  a n  E C S  va lue  of 40.5 4 - 0 . 7 %  
t issue  w a t e r  (4 expe r imen t s )  : t h i s  va lue  r e m a i n s  c o n s t a n t  
for 60 rain,  b u t  in  t he  second h i t  s lowly increases  w i t h  
t ime,  p r e s u m a b l y  because  s u l p h a t e  en te r s  the  cells 
or  s o m e h o w  in te r fe res  w i t h  t he  charges  of ep i the l ia l  
m e m b r a n e s .  To ta l  ex t r ace l lu l a r  space ha s  also been  
d e t e r m i n e d  w i t h  :sucrose in B o m b y x  mor i  midgu t ,  where  
a c o n s t a n t  ECS  va lue  of a b o u t  45% is r eached  a f t e r  
40 min  (figure). I n  th i s  t i ssue  t he  inu l in  ECS a f t e r  60 m i n  
of i n c u b a t i o n  is  35.1 j :  0 .9% (4 e x p e r i m e n t s ) :  t h i s  lower 
va lue  can  easi ly be  exp la ined  b y  t he  larger  molecu la r  
w e i g h t  of t he  marke r .  I t  is k n o w n  t h a t  sucrose is n o t  a 
good m a r k e r  for i n t e s t i n a l  t i ssue  of v e r t e b r a t e s  since i t  is 
m e t a b o l i z e d :  on  t he  o t h e r  h a n d ,  t he  c o n s t a n t  va lue  
found  in t he  m i d g u t  of b o t h  L e p i d o p t e r a  sugges t  t h a t  

t he  e n t i t y  of me tabo l i za t i on ,  if any,  is negl igible  in t he se  
species. F u r t h e r m o r e ,  B o m b y x  mor i  m i d g u t  seems to  be  
l ack ing  in ~-glucosidase 9. 
A v e r y  smal l  ECS is r epo r t ed  b y  H a r v e y  e t  al. 1~ for t h e  
m i d g u t  of a n o t h e r  L e p i d o p t e r u m ,  H y a l o p h o r a  cecropia ;  
th i s  va lue  has  been  q u e s t i o n e d  b y  Z e r a h n  11. This  a u t h o r  
d e t e r m i n e d  on  t he  same  l a rva  a sucrose ECS va lue  v e r y  
s imi la r  to  those  r e p o r t e d  in  th i s  p a p e r  (45 -48% t i ssue  
water ) .  The  p a r t i c u l a r  morpho log ica l  fea tu res  of th i s  epi- 
the l ium,  cha rac t e r i zed  b y  deep  p l ica t ions  a n d  i n v a g i n a -  
t ions  of t he  p l a s m a  m e m b r a n e  e m a y  p rov ide  t he  r eason  
for t h e  large ECS.  Moreover  i t  should  be e m p h a s i z e d  t h a t  
t h e  m i d g u t  of these  l a rvae  c a n n o t  be  scraped,  so t h a t  t h e  
ECS d e t e r m i n a t i o n  is p e r f o r m e d  on t he  en t i r e  t issue.  
Besides,  t he  non-ep i the l i a l  p a r t  of t he  m i d g u t  is a m i n o r  
f r ac t ion  of t he  t i ssue  8. Large  ECS are no t  u n u s u a l  in  
v e r t e b r a t e s  in t e s t ines  too  13,12 
The  t i ssue  c o n c e n t r a t i o n s  of Na+, K +, Mg++, Ca ++ a n d  C1- 
h a v e  been  d e t e r m i n e d  in m i d g u t s  pe r fused  for 60 m i n  as 
tubes .  The  in t r ace l lu l a r  va lues  were t h e n  ca lcu la ted ,  
co r rec t ing  for t he  p r o p e r  ECS va lue  (table).  Na  ion con-  
c e n t r a t i o n  is v e r y  low, n o t  v e r y  far  f rom t h a t  of t he  per-  
fus ion fluid ; d i v a l e n t  ca t ions  are also p r e sen t  in v e r y  smal l  
a m o u n t ,  even  if Mg c o n c e n t r a t i o n  is qui te  h i g h  in t h e  
ex t r ace l lu l a r  fluids, be ing  in P h i l o s a m i a  the  m o s t  con-  
c e n t r a t e d  ca t ion  (74 mEq/1).  P o t a s s i u m  concen t r a t i on ,  
on  t h e  con t r a ry ,  is v e r y  h i g h  in b o t h  animals ,  be ing  
197.2 4- 8.4 in P h i l o s a m i a  a n d  180.9 4- 6.8 mEq/1  cel- 
lu lar  w a t e r  in  B o m b y x .  These  K + cel lular  c o n c e n t r a t i o n s  
are cons ide rab ly  h ighe r  t h a n  those  found  in t he  m i d g u t  
of H y a l o p h o r a  b y  Z e r a h n  who  r epo r t ed  a cel lular  con-  
c e n t r a t i o n  va lue  of 137 4- 8 mEq/ l* .  
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Summary. V i n b l a s t i n e  did  n o t  a f fec t  t he  basa l  secre t ion of enzymes  f rom the  r a t  pancreas ,  b u t  i t  p o t e n t i a t e s  t he  
sec re to ry  response  to  d i b u t y r y l  cyclic AMP.  This  p o t e n t i a t i o n  is conf i rmed  b y  t h e  o b s e r v a t i o n  of n u m e r o u s  p ic tu res  
of exocytos is  a t  t he  ap ica l  p a r t  of t he  ac inar  cell. D i b u t y r y l  cyclic G M P  b y  itself, or associa ted  w i t h  v inb la s t ine ,  fai led 
to mod i fy  t he  s p o n t a n e o u s  release of enzymes  or t h e  secre t ion  induced  b y  d i b u t y r y l  cyclic AMP.  

The  presence  of m i c r o t u b u l e s  in  t he  ac ina r  cell of t he  
exocr ine  p a n c r e a s  ha s  been  recognized  b y  severa l  au-  
t h o r s  ~,~. T h e y  h a v e  been  i n v o l v e d  in t he  s ec r e to ry  
response  of t he  p a n c r e a s  to  chol inergics  2 a n d  d iges t ive  
h o r m o n e s  s. B o t h  t ypes  of secre tagogues  e n h a n c e  t he  level  
of c G M P  4 in t he  ac ina r  cell s b u t  fail  t o  af fec t  t he  level  of 
c A M P  4=6. R e c e n t  ev idence  suggests  t h a t  cAMP~, 8 a n d  
c G M P  8 m a y  p l a y  a role in t he  r egu la t i on  of t he  s t r u c t u r e  
a n d  func t i on  of m i c r o t u b u l e s  a n d  t ubu l in .  I t  is genera l ly  
a d m i t t e d  t h a t  c A M P  a n d  i ts  d i b u t y r y l  d e r i v a t i v e  
( D b c A M P  4) s t i m u l a t e  e n z y m e  release in t he  p a n c r e a s  

of m a n y  species 9-12. However ,  t he  effect  of D b c G M P  4 
is sti l l  d i spu t ed  s, 12, 18. I n  o rder  to  inves t iga t e  t h e  possible  
p a r t i c i p a t i o n  of m i c r o t u b u l e s  in  t he  secre tory  response  of 
t he  p a n c r e a s  to  b o t h  cyclic nuc leo t ide  der iva t ives ,  we 
h a v e  e x a m i n e d  t he  effects of a mi to t i c  sp ind l e - inh ib i t o r  
(v inb la s t ine  4,x~) u p o n  b o t h  t he  func t i on  a n d  t he  u l t r a -  
s t r u c t u r e  of t he  ac ina r  cell. 
Materials and methods. P a n c r e a t a  were t a k e n  f rom 21/2 
m o n t h s  old a lb ino  r a t s  fas ted  for 12 h. T h e y  were t r i m m e d  
f rom l y m p h a t i c  gang l ia  a n d  epiploic f a t  and  cu t  in to  8 to  
10 pieces.  The  i n c u b a t i o n  med ium,  enr iched  b y  D-glucose 


