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The Chronic  Effects  of N ico t ine  M o n o m e t h i o d i d e  on Gas tr i c  Secre t ion  in P y l o r u s - L i g a t e d  Rats  

N i c o t i n e  i n c r e a s e s  g a s t r i c  s e c r e t i o n  in  r a t s  w h e n  g i v e n  
d a i l y  in  a dose  of  1000 ~zg/kg 1. W e  h a v e  r e c e n t l y  s h o w n  
t h a t  t h i s  e f f ec t  is m e d i a t e d  v i a  a n t e r i o r  h y p o t h a l a m i c  
n u c l e i  a n d  t h e  v a g u s  n e r v e s  ~-4. R e p o r t e d  h e r e  a r e  t h e  
c h r o n i c  e f f ec t s  o f  n i c o t i n e  m o n o m e t h i o d i d e  (I) o n  g a s t r i c  
s e c r e t i o n  in  p y l o r u s - l i g a t e d  r a t s .  N i c o t i n e  m o n o m e t h i o -  
d ide  is a q u a t e r n a r y  s a l t  of  n i c o t i n e  w h i c h  d o e s  n o t  c ro s s  
t h e  b l o o d  b r a i n  b a r r i e r  5, ~. 
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Mater ia l s  and methods. 24 m a l e  S p r a g u e - D a w l e y  r a t s  7 
w e i g h i n g  322.2 4- 4.7 g we re  u s e d .  T h e y  we re  f ed  a n d  
h o u s e d  as  d e s c r i b e d  p r e v i o u s l y  s a n d  r a n d o m l y  d i v i d e d  
i n to  2 g r o u p s  o f  12 r a t s  e ach .  T h e  r a t s  we re  i n j e c t e d  s .c.  
d a i l y  for  1 4 d a y s  w i t h  n i c o t i n e  m o n o m e t h i o d i n e  ( G r o u p  1) 
or  NaC1 ( G r o u p  2). 

N i c o t i n e  m o n o m e t h i o d i d e  w a s  p r e p a r e d  as  d e s c r i b e d  
p r e v i o u s l y  9-11 a n d  w a s  a g e n e r o u s  g i f t  f r o m  P r o f e s s o r  
BARLOW. F o r  i n j e c t i o n  i t  w a s  p r e p a r e d  in  6.0 g /100  m l  
g e l a t i n  ( p H  5.20, 24~ in  a c o n c e n t r a t i o n  of  1000 ~ g / m l .  
R a t s  in  G r o u p  2 r e c e i v e d  0.85 g /100  m l  NaC1 in  6 g /100  m l  
g e l a t i n  ( p H  4.30, 25 ~ 

A f t e r  14 d a y s  of  i n j e c t i o n s  t h e  r a t s  we re  i s o l a t e d  f r o m  
food  fo r  40 h as  d e s c r i b e d  p r e v i o u s l y  s. B a s a l  g a s t r i c  
s e c r e t i o n  w a s  co l l e c t ed  a f t e r  l i g a t i o n  of t h e  p y l o r u s  u n d e r  
e t h e r  a n e s t h e s i a  x,s. A f t e r  2 h of  p y l o r u s - l i g a t i o n  t h e  
a n i m a l s  we re  d e c a p i t a t e d  w i t h o u t  f u r t h e r  a n e s t h e t i c  
e x p o s u r e ,  a n d  t h e  g a s t r i c  j u i ce  co l l ec t ed  a n d  a n a l y z e d  as  
d e s c r i b e d  p r e v i o u s l y  a,s. T h e  b r a i n  w a s  r a p i d l y  r e m o v e d  
f r o m  t h e  s k u l l  a n d  s p l i t  s a g i t a l l y  i n t o  2 e q u a l  p d r t i o n s .  
O n e  h a l f  w a s  a s s a y e d  for  cho l ine ,  a c e t y l c h o l i n e  a n d  n ico-  
t i n e  c o n c e n t r a t i o n s ,  w h e r e a s  t h e  s e c o n d  h a l f  w a s  u s e d  for  
e s t i m a t i n g  a c e t y l c h o l i n e s t e r a s e  a c t i v i t y .  Cho l ine ,  a c e t y l -  
c h o l i n e  a n d  n i c o t i n e  w e r e  a s s a y e d  b y  g a s  c h r o m a t o g r a p h y  
a f t e r  N - d e m e t h y l a t i o n  w i t h  s o d i u m  b e n z e n e t h i o l a t e .  
C h o l i n e  a n d  a c e t y l c h o l i n e  we re  a s s a y e d  as  d e s c r i b e d  
p r e v i o u s l y  ~ .  A f t e r  t h e  i n t e r n a l  s t a n d a r d  h a d  e l u t e d  f r o m  
t h e  c o l u m n  t h e  t e m p e r a t u r e  w a s  r a i s e d  to  165 ~ A t  t h i s  
t e m p e r a t u r e  n i c o t i n e  e l u t e d  a t  8 m i n .  A c e t y l c h o l i n e s t e r a s e  
a c t i v i t y  w a s  d e t e r m i n e d  as  fo l lows  : O n e  h a l f  of  e a c h  b r a i n  
w a s  h o m o g e n i z e d  in  0 . 9 %  NaC1 w i t h  a t e f l o n  h o m o g e n i -  
zer  t o  f o r m  a 1 0 %  h o m o g e n a t e .  A f t e r  a c t i v a t i o n  w i t h  
T r i t o n  X-100 ,  1.0 m l  of  e a c h  h o m o g e n a t e  w a s  a s s a y e d  for  

a c e t y l c h o l i n e s t e r a s e  a c t i v i t y  b y  c o n s t a n t  p H  t i t r a t i o n  a t  
p H  7.4 a n d  3 0 ~  w i t h  3 m M  a c e t y l c h o l i n e  as  s u b s t r a t e .  
A R a d i o m e t e r  a u t o m a t i c  t i t r a t o r  w a s  u s e d  w i t h  a t o t a l  
v o l u m e  of  20.0 m l  0 . 9 %  NaC1 ~a. 

Results.  G a s t r i c  s e c r e t o r y  d a t a  a r e  p r e s e n t e d  in  T a b l e  I.  
T h e r e  we re  no  d i f f e r e n c e s  b e t w e e n  c o n t r o l  a n d  n i c o t i n e  
m o n o m e t h i o d i d e - t r e a t e d  r a t s  for  a n y  p a r a m e t e r .  S i m i l a r l y ,  
t h e r e  we re  n o  d i f f e r e n c e s  in  m e a n  c h o l i n e  a n d  a c e t y l -  
c h o l i n e  leve ls ,  or  m e a n  a c e t y l c h o l i n e s t e r a s e  a c t i v i t y  
b e t w e e n  t h e  2 g r o u p s  of  r a t s  ( T a b l e  I I ) ,  a n d  n o  n i c o t i n e  
w a s  d e t e c t e d  in  t h e  b r a i n  (Tab l e  I I ) .  

Discussion.  N i c o t i n e  w h e n  g i v e n  a c u t e l y  to  r a t s  p ro -  
d u c e s  e i t h e r  no  a l t e r a t i o n  in  g a s t r i c  s e c r e t i o n  or  s e c r e t o r y  
d e p r e s s i o n ~ ,  ~5. O n  t h e  o t h e r  h a n d ,  w h e n  g i v e n  d a i l y  for  
14 d a y s ,  n i c o t i n e  h a s  b e e n  s h o w n  to  i n c r e a s e  g a s t r i c  
s e c r e t i o n  b y  a m e c h a n i s m  i n v o l v i n g  t h e  a n t e r i o r  h y p o t h a -  
l a m u s  a n d  t h e  v a g u s  n e r v e s  a, 4. T h e  a b s e n c e  of  a c t i v i t y  in  
t h i s  e x p e r i m e n t  w i t h  n i c o t i n e  m o n o m e t h i o d i d e ,  a q u a t e r -  
n a r y  s a l t  of  n i c o t i n e  w h i c h  does  n o t  c ros s  t h e  b l o o d  b r a i n  
ba r r i e r ,  s u p p o r t s  p r e v i o u s  f i n d i n g s  i m p l i c a t i n g  a c e n t r a l  
m e c h a n i s m  in  c h r o n i c  n i c o t i n e - i n d u c e d  g a s t r i c  s e c r e t o r y  
s t i m u l a t i o n .  
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Table I. Gastric secretion following nicotine monomethiodide 

Parameter N NaC1 control N Nicotine/monom ethiodide P 

Gastric juice volume (m]/2 h) 
Gastric juice volume/100 g (ml/100 g/2 h) 
Acid concentration (mEq/1) 
Acid output  (~xEq/100 g/2 h) 
Pepsin concentration (mg/ml) 
Pepsin output  (mg/2 h) 
Sodium (mEq/I) 
Potassium (mEq/1) 
Chloride (mEq/1) 
Osmolarity (mOsm/kg water) 

12 2.5 ~- 0.27 12 2.8 4- 0.34 ns 
12 0.77 el= 0.08 12 0.86 4- 0.11 ns 
12 83.4 • 6.2 12 79.8 i 7.1 ns 
12 64.0 i 8.2 12 64.1 :~: 7.0 ns 
12 0.62 i 0.04 12 0.52 -~ 0.04 ns 
12 1.49 J_ 0.15 12 1.37 :~: 0.15 ns 
12 57.3 j= 4.3 12 57.9 =~ 4.3 ns 
12 39.2 -~ 3.6 12 34.8 ~- 4.6 ns 
12 102.1 4- 4.2 12 101.3 :~ 4.7 ns 
12 284.2 -c 16.8 12 293.3 ~- 19.4 ns 

Data are reported as mean value 4- S.E.M. for 12 rats per group. P-values are all non-significant. 
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Table II. Brain levels of choline, acetylcholine, acetylcholinesterase and nicotine following nicotine monometbiodide 

1177 

NaC1 control Nicotine monomethiodide P 

Choline (nmoles/g) 37.10 -4- 5.37 42.71 :k 6.52 ns 
Acetylcholine (nmoles/g) 12.81 ~: 0.76 13.50 • 0.77 ns 
Aeetyleholinesterase (bm~oles/min/g) 8.66 =k 0.10 8.88 ~ 0.24 ns 
Nicotine (big/g) 0 0 ns 

Data are reported as mean values • S.E.M. for 6 rats 

A d d i t i o n a l  effects of acu te  n ico t ine  a d m i n i s t r a t i o n  on 
ga s t r o -duodena l  f unc t i on  h a v e  r ecen t ly  been  repor ted .  
KO~TUREK e t  al. ~s h a v e  shown  t h a t  n i co t ine  r educed  
p a n c r e a t i c  b i c a r b o n a t e  ou t pu t ,  a n d  ROBERt et  al. ~7 t h a t  
n i co t ine  increased  ulcer  f o r m a t i o n  in r a t s  g iven  s y n t h e t i c  
gas t r i n  and  carbachol .  I t  r em a i ns  to  be  seen w h e t h e r  these  
effects are also p roduced  b y  n ico t ine  m o n o m e t h i o d i d e .  

As far  as pe r iphe ra l  a c t i v i t y  goes, n i co t ine  mono-  
m e t h i o d i d e  p roduces  ca rd iovascu la r  effects  in  sp ina l  ca ts  
c o m p a r a b l e  w i t h  those  of n ico t ine  h y d r o g e n  t a r t r a t e  9. For  
example ,  BARLOW and  DOBSO~ 9 r epo r t ed  t h a t  n i co t ine  
m o n o m e t h i o d i d e  was a t  leas t  as ac t ive  as, if n o t  more  
ac t ive  thai1 n i co t ine  h y d r o g e n  t a r t r a t e ,  and  t h a t  t h e  
responses  could be  abo l i shed  b y  pr io r  t r e a t m e n t  w i t h  
h e x a m e t h o n i u m .  However ,  t h e  ac t ion  of t h e  two  com- 
p o u n d s  m a y  be s o m e w h a t  d i f fe ren t  s ince  t he  shape  of t he  
b lood-pressure  response  to  t he  two drugs  was dif ferent ,  a n d  
i t  was  imposs ib le  to  p roduce  comple t e  b lockade  of 
s y m p a t h e t i c  gangl ia  w i t h  n i co t ine  m o n o m e t h i o d i d e .  

Based  u p o n  i n t r a v e n t r i c u l a r  in jec t ions  of n ico t ine  and  
t he  chol ine  es ter  c a r b a c h o l  in  cats ,  ARMITAGE and  HALL lS 
found  t h a t  c a r b a c h o l  h a d  two  act ions ,  one of w h i c h  
r e sembled  t h a t  of n icot ine .  The  n ico t ine- l ike  effect  was  
p o t e n t i a t e d  b y  cho l ines te rase  i n h i b i t o r s  and  p r e v e n t e d  b y  
hemicho l in ium,  in a g r e e m e n t  w i t h  t he  h y p o t h e s i s  t l l a t  
n i co t ine  ac ts  c en t r a l l y  b y  re leas ing  ace ty lchol ine .  Mean  
c o n c e n t r a t i o n s  of chol ine  a n d  ace ty l cho l ine  in t he  b r a i n  
did  n o t  differ  s ign i f i can t ly  f rom prev ious ly  p u b l i s h e d  
n o r m a l  va lues  ~2. Th i s  is n o t  su rp r i s ing  since n ico t ine  
m o n o m e t h i o d i d e  does n o t  cross t h e  b lood  b r a i n  bar r ie r .  
I t  is t heo re t i ca l ly  poss ible  t h a t  some n ico t ine  mono-  
m e t h i o d i d e  could be c o n v e r t e d  w i t h i n  t he  b o d y  to  a non-  
qua t e rn i zed  form, wh ich  could t h e n  cross t he  b lood  b r a i n  
barr ier .  However ,  no  n ico t ine  or n ico t ine  m e t h i o d i d e  was 

de tec ted  in b r a i n  t i ssue  b y  a m e t h o d  w i t h  a s ens i t i v i t y  
of 8.0 ng /g  b r a i n  20. 

Rdsumd. L ' a c t i o n  de la n ico t ine  m o n o m 6 t h y l i o d i n e  
(NMI) sur  la s6cr6t ion gas t r ique  bas ique  et  sur  les con- 
c e n t r a t i o n s  de chol ine  de cervelles,  d ' ac6 ty lcho l ine  et  de 
n ico t ine  et  sur  l ' ac t iv i t6  de la t ransac6tylchol ines t@rase  
a 6t6 ~tudi@e chez des ra ts .  Le  NMI,  sel q u a t e r n a i r e  de 
n icot ine ,  qu i  ne t r a v e r s e  pas  la  bar r i~re  h@matoenc@ha-  
l ique, a 6t@ administr@ dans  de la g61atine ~ 6% ell dosage 
sous -cu tan6  de 1000 ~zg/ml/kg/jour p e n d a n t  14 jours .  Le  
NMI  n ' a  pas  chang6 de p a r a m ~ t r e s  e t  aucune  t r ace  de 
n ico t ine  n ' a  ~t@ d@couverte dans  les homog@nates de 
cervel les  compl@tes. 
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Peritubular Capillary Permeabil i ty of Albumin in 

The  s ignif icance of p e r i t u b u l a r  phys ica l  fac tors  in  t he  
con t ro l  of rena l  p r o x i m a l  t u b u l a r  f luid r e a b s o r p t i o n  has  
received special  a t t e n t i o n  in r ecen t  years.  The  ev idence  
is in  favor  of a pos i t ive  co r re l a t ion  b e t w e e n  t he  oncot ic  
pressure  in  p e r i t u b u l a r  capi l lar ies  and  t he  r a t e  of t u b u l a r  
r e a b s o r p t i o n  1,~. Th i s  pos i t i ve  cor re la t ion  suggests  t h a t  
t he  oncot ic  p ressure  g r a d i e n t  across t he  p e r i t u b u l a r  
cap i l l a ry  wal l  p lays  a s ign i f ican t  role in  t he  r e m o v a l  of 
t u b u l a r  r e a b s o r b a t e  f rom t he  i n t e r s t i t i u m  and  in t u r n  
t he  t u b u l a r  lumen .  The  e x t e n t  of t he  g rad ien t ,  however ,  
m u s t  be  d e p e n d e n t  no t  on ly  on  i n t r a c a p i l l a r y  p r o t e in  
c o n c e n t r a t i o n  b u t  also on  t h e  c o n c e n t r a t i o n  in t h e  in te r -  
s t i t i um.  A n  i m p o r t a n t  f ac to r  in  t h e  r egu la t i on  of in te r -  
s t i t i a l  p ro t e in  c o n c e n t r a t i o n  is t he  p e r m e a b i l i t y  of the  
p e r i t u b u l a r  capil lar ies .  I n  order  to  p rov ide  i n f o r m a t i o n  on  

Saline and Water Diuresis 

t h i s  p r o b l e m  we h a v e  c o m p a r e d  t h e  m e a n  t r a n s i t  t i m e  of 
labe l led  a l b u m i n  f rom a r t e r i a l  b lood to r ena l  capsu la r  and  

h i la r  l y m p h  (t~lb), o b t a i n e d  u n d e r  con t ro l  condi t ions ,  w i t h  
t h a t  o b t a i n e d  in t he  s ame  k i d n e y  d u r i n g  sa l ine  or w a t e r  
diuresis.  Moreover,  w i t h  t he  aid of o the r  t r ace r s  we h a v e  
i n t e r p r e t e d  these  resu l t s  in  t e r m s  of m o d u l a t e d  per-  
m e a b i l i t y  of t he  p e r i t u b u l a r  capi l lar ies  to  a lbumin .  

Material and methods. The  e x p e r i m e n t s  were car r ied  ou t  
on chloralose  anes the t i z ed  dogs. Capsu la r  and  h i l a r  
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