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m e d i u m  c o n t a i n i n g  h o r m o n e s  (Table) .  T h e  sp ina l  cord, 
is morpholog ica l ly ,  b iochemica l ly ,  a n d  f u n c t i o n a l l y  
m a t u r e  in  chicks  b y  t h e  16 th  d a y  of i n c u b a t i o n  x4. I t  is 
suggested,  there fore ,  t h a t  m a t u r e  n e u r a l  t i s sue  is n o t  
in f luenced  b y  these  h o r m o n e s .  

A C h E  a c t i v i t y  was  s ign i f i can t ly  h i g h e r  in  ce rebe l l a r  
e x p l a n t s  c u l t u r e d  on  basa l  m e d i u m  c o n t a i n i n g  e s t r ad io l  
or  cor t i so l  t h a n  w i t h o u t  h o r m o n e  a n d  d id  n o t  d i f fer  f rom 
t h a t  in  n o n - c u l t u r e d  16-day-old  ce rebe l l a r  t i s sue  (Table).  
T h e  ce rebe l lum is i m m a t u r e  in  16-day-old  ch ick  e m b r y o s  
a n d  A C h E  does n o t  r e a c h  p e a k  a c t i v i t y  in  ch icks  un t i l  
90 days  a f t e r  h a t c h i n g  ~6. D e v e l o p i n g  e l e m e n t s  of t h e  
c e r e b e l l u m  may ,  the re fore ,  be  h o r m o n e - d e p e n d e n t  for  
t h e i r  g r o w t h  a n d  m a i n t e n a n c e ,  S tud ies  in  t h i s  a n d  o t h e r  
l abo ra to r i e s  h a v e  g iven  ev idence  t h a t  CNS g r o w t h  m a y  
be  s ign i f i can t ly  in f luenced  b y  t h e  p resence  of specific 
h o r m o n e s  is. H o r m o n a l  d e p e n d e n c e  for  b i o c h e m i c a l  m a i n -  
t e n a n c e  of  n e u r a l  e x p l a n t s  c a n n o t  d i r ec t l y  exp la in  
h o r m o n a l  d e p e n d e n c e  of  i n  v i v o  d e v e l o p i n g  sys tems .  
S tud ies  in  v i t ro ,  however ,  m a y  e luc ida te  some of t he  
u n d e r l y i n g  fac tors  i n v o l v e d  in neu ra l  h o r m o n a l  s e n s i t i v i t y  
d u r i n g  d e v e l o p m e n t  17. 

Rdsumd. L ' a c t i v i t ~  ac~ ty lcho l ines t6 ra s ique  e t  la  t e n e u r  
g lobale  en  pro t~ ines  de  f r a g m e n t s  de  ce rve l e t  e t  de  moet le  

d ' e m b r y o n  de  pou le t  de  16 jour s  d i m i n u e  lo rsqu ' i l s  son t  
m a i n t e n u s  e n  c u l t u r e  o r g a n o t y p i q u e  darts  le mi l ieu  
s t a n d a r d  de EAGLg. Apr~s a d d i t i o n  de cor t i so l  ou d 'oes t r a -  
diol  a u  mi l ieu ,  les ca rac t6 r i s t i ques  des  t i ssus  ne  s o n t  pas  
al ter~es p a r  la  mise  e n  cu l tu re .  
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Enhanced Hypoglycaemtc Effect of Exogenous 
Insulin Associated with an Increased Response 

of Adipose Tissue and a Diminished 
Response of the Dtaphral~m in 

'Meal Fed' Rats 

Per iod ic  h y p e r p h a g i a  e v o k e d  b y  i n f r e q u e n t  feeding 
(e.g. t r a i n i n g  r a t s  to  c o n s u m e  t h e i r  da i ly  r a t i o n  w i t h i n  
2 h or  force feeding  t h e m  twice  a d a y  b y  s t o m a c h  tube )  
leads  to  e n h a n c e d  l ipogenesis  ~-5 a n d  m a y  resu l t  in  a n  
inc reased  a m o u n t  of b o d y  fa t  - ' obes i t y  w i t h o u t  over-  
w e i g h t ' S - L  As MAYER 1° h a s  p o i n t e d  out ,  obes i t ies  of 
v a r y i n g  e t io logy  di f fer  g r ea t l y  in  m a n y  fea tures ,  in -  
c lud ing  t h e  response  to  h o r m o n e  a d m i n i s t r a t i o n .  T h u s  
t he  insu l in  s e n s i t i v i t y  or  go ld th iog lucose - t r ea t ed  obese  

mice  was f o u n d  to  be  n o r m a l ,  whe reas  mice  w i t h  t h e  
h e r e d i t a r y  obese  h y p e r g l y c a e m i c  s y n d r o m e  are  e x t r e m e l y  
r e s i s t a n t  e v e n  to  la rge  doses of i n su l in  1~,1~. T h i s  w o r k  was  
u n d e r t a k e n  to  assess t h e  in f luence  of feed ing  pe r i od i c i t y  
o n  t h e  s e n s i t i v i t y  of r a t s  to  exogenous  insul in .  

F e m a l e  W i s t a r  r a t s  we igh ing  150-250 g a n d  fed a 
s t a n d a r d  l a b o r a t o r y  d ie t  a3 were  used,  T h e  a n i m a l s  h a d  
e i t h e r  free access  to  food (controls)  or  were  a l lowed t o  
e a t  o n l y  for  2 h each  d a y  ( f rom 07.00-09.00) ;  t he se  a re  
re fe r red  to  as 'mea l  fed '  r a t s .  All  a n i m a l s  h a d  w a t e r  a d  
l i b i t um.  The  h y p o g l y e a e m i c  ef fec t  of i n su l in  was e s t i m a t e d  
a f t e r  a t  l eas t  5 weeks  of e x p e r i m e n t a l  feeding.  F u r t h e r -  
more ,  t he  g lycogen  c o n t e n t  a n d  in  v i t r o  14COz p r o d u c t i o n  
b y  p a r a m e t r i a l  ad ipose  t i s sue  a n d  d i a p h r a g m  a n d  in-  
c o r p o r a t i o n  of ~4C-U-glucose i n t o  t o t a l  l ip ids  of ad ipose  
t i ssue  was m e a s u r e d  in  o rde r  to  t h r o w  some  l i gh t  o n  t h e  

Table I. The effect of crystalline insulin on blood glucose levcls of control and 'meal fed' rats 

Experimental group Doses of Blood glucose 
insulin initial level 
U/kg body mg]100 ml 
weight 

Blood glucose changes after insulin injection (% of initial level) 

30 • 60 • 120~ 240 ~ 

Control (5) 0.1 82.0 4-4- 3.9 101.4 4- 6.9 b 88.2 4- 5.6 79.0 -t- 3.8 88.3 :t: 5.6 
'Meal fed' (6) 72.0 4- 4.6 92.1 4- 8.8 60.2 4- 6.9 a 74.9 4- 7.2 81.1 4- 6.2 

Control (10) 0.2 91.3 -I- 7.36 76.3 4- 6.5 55.4 4- 5.6 47.1 4- 3,7 70,9:1:3.8 
'Meal fed' (11) 83.7 4- 1.45 55.8 4- 7.7 c 38.0 -4- 2.4 ~ 41.7 2- 3.5 64,5 4- 3.1 

Control (5) 0.4 85.6 4- 3.13 55.9 4- 3.9 56.0 4- 3.6 57.9 4- 4.1 81.9 4- 4.8 
'Meal fed' (5) 92.6 ~ 2.50 48.4 4- 4.6 43.0 4- 1.9 a 47.4 4- 3.9 78.6 4- 3.1 

The figures in parentheses indicate the number of rats in each group. • Min after insulin injection. ~ Mean values 4- standard error of mean. 
Symbols for statistical significance of differences between compared group averages: c (p < 0.05); a (p < 0.02); o (P < 0.01). 
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p o s s i b l e  m e c h a n i s m  i n v o l v e d .  C r y s t a l l i n e  i n s u l i n  ( S P O F A )  
w a s  g i v e n  i .p.  to  r a t s  f a s t e d  22 h .  T h e  b l o o d  g l u c o s e  l eve l  
w a s  e s t i m a t e d  b y  a m o d i f i c a t i o n  o f  t h e  SOMOGYI-~ELSON 
m e t h o d ~ 4 ,  t i s s u e  g l y c o g e n  b y  t h e  a n t h r o n e  m e t h o d  ~5 
a f t e r  e x t r a c t i o n  w i t h  3 0 %  K O H .  R a d i o a c t i v i t y  w a s  
m e a s u r e d  i n  a T r a c e r  l ab .  s c i n t i l l a t i o n  s p e c t r o m e t e r .  

F r o m  T a b l e  I i t  i s  a p p a r e n t  t h a t  in  t h e  ' m e a l  f e d '  r a t s  
i n s u l i n  g i v e n  a t  0.1, 0 .2  a n d  0.4 U / k g  b o d y  w e i g h t  
i n d u c e d  a g r e a t e r  d r o p  i n  t h e  b l o o d  s u g a r  l e v e l  t h a n  i n  
t h e  c o n t r o l s .  T h i s  d i f f e r e n c e  w a s  p a r t i c u l a r l y  m a r k e d  
60 m i n  a f t e r  i n s u l i n  i n j e c t i o n ,  w h e n  t h e  d e c r e a s e  in  t h e  
b l o o d  s u g a r  l e v e l  is  g r e a t e s t .  T h i s  r e s u l t  i n d i c a t e s  t h a t  
t h e  o v e r a l l  e f f e c t  of  i n s u l i n  o n  c a r b o h y d r a t e  m e t a b o l i s m  
is e n h a n c e d  b y  ' m e a l  f e e d i n g ' .  N e v e r t h e l e s s ,  we  h a v e  
f o u n d  s u b s t a n t i a l  d i f f e r e n c e s  in  t h e  r e s p o n s e  o f  i n d i v i d u a l  

Table tI .  Effect of crystalline insulin on in vitro glycogen synthesis 
in adipose tissue of control and 'meal fed' ra ts  

Experimental  Glycogen content  of adipose tissue 
group 

Without  Insulin 
hormone 
/~g/g wet weight #g /g  wet weight % of means of 

groups without  
hormone 

Experiment  A 

Control 47.7 4- 2.6 • 60.1 ~: 7.0 126 
'Meal fed' 75.0 4- 10.4 b 117.0 + 21.6 b 156 

Experiment  B 

Control 90.9 4- 12.7 76.5 4- 10.9 84 
'Meal fed' 103.3 4- 16.8 147.3 4- 15.7 c 142 

In experiment (A) adipose tissue was removed from rats  60 min 
after injection of saline or insulin (0.2 U/kg body weight) and 
incubated for 60 rain in 5 ml K R B  buffer, pH 7.4, containing 25 
#moles glucose (no insulin added). In  experiment (B) adipose tissue 
was incubated for 120 rain in 5 mI K R B  buffer, pH 7,4, containing 
25/*moles glucose and 12.5 mg bovine aIbumin without hormone or 
with 1000 # U  insulin per ml. • Mean values 4. s tandard error of 
mean from 6 animals per group. Symbols for statistical significance 
of differences between compared group averages: b (p  <: 0.05); 

(P < 0,01), 

o r g a n s .  A t  l e a s t  o n e  o f  t h e m  is t h e  i n c r e a s e d  s e n s i t i v i t y  
o f  a d i p o s e  t i s s u e  in  t h e  ' m e a l  f e d '  r a t s  t o  i n s u l i n ,  a s  
e v i d e n c e d  b y  i n c r e a s e d  g l y c o g e n  a n d  l ip id  s y n t h e s i s  
( T a b l e s  I I  a n d  I I I ) ,  a s  we l l  a s  a h i g h e r  r a t e  o f  x4CO 2 
p r o d u c t i o n  f r o m  u n i f o r m l y  l a b e l l e d  g l u c o s e  ( T a b l e  I I I ) .  
O n  t h e  o t h e r  h a n d ,  t h e  r e s p o n s e  o f  t h e  d i a p h r a g m  o f  
' m e a l  f e d '  r a t s  h a s  b e e n  f o u n d  t o  b e  d i m i n i s h e d  a s  
i n d i c a t e d  b y  a s m a l l e r  i n c r e a s e  i n  t h e  g l y c o g e n  c o n t e n t  
a f t e r  i n s u l i n  a d m i n i s t r a t i o n  ( T a b l e  IV) ,  T h i s  is p r o b a b l y  
d u e  t o  a d e c r e a s e d  s y n t h e s i s  of  g l y c o g e n  r a t h e r  t h a n  t o  
i t s  e n h a n c e d  b r e a k d o w n  a n d  o x i d a t i o n ,  s i n c e  we  d i d  n o t  
f i n d  s i g n i f i c a n t  d i f f e r e n c e s  in  t h e  i n  v i t r o  f o r m a t i o n  o f  
14CO 2 f r o m  l a b e l l e d  g l u c o s e  b y  d i a p h r a g m s  r e m o v e d  f r o m  
r a t s  o f  t h e  2 g r o u p s  45 m i n  a f t e r  i n s u l i n  i n j e c t i o n  ( T a b l e  
iv). 

T h e  e n h a n c e d  h y p o g l y c a e m i c  e f f e c t  o f  i n s u l i n  i s  
p r o b a b l y  n o t  d u e  t o  a d e c r e a s e d  g l u c o s e  o u t p u t  b y  t h e  
l i v e r ;  i n  t h e  c o u r s e  o f  i n s u l i n  h y p o g l y c a e m i a  l i v e r  
g l y c o g e n  d e c r e a s e d  in  b o t h  g r o u p s  i n  p r o p o r t i o n  t o  t h e  
fa l l  i n  t h e  b l o o d  g l u c o s e  leve l .  

A n  i n c r e a s e d  s e n s i t i v i t y  o f  a d i p o s e  t i s s u e ,  a n d  a d e -  
c r e a s e d  s e n s i t i v i t y  of  d i a p h r a g m  to  e x o g e n o u s  i n s u l i n ,  
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Table III. Effect of crystalline insulin on lipogenesis and 14CO~ production from 14C-U-glucose by  adipose tissue of control and 'meal  fed' rats  

Experimental  Lipogenesis from 14C-U-glucose, Lipogenesis from 1*C-U-glucose 1'CO, production from x~C-U-glucose 
group in vivo b in vitroe in vitro~ 

Without  Insulin Without  Insulin Without  Insulin 
hormone hormone hormone 
eounts/min % of mean counts/min % of mean counts/rain 
mg protein of groups mg protein of groups mg protein 

without without 
hormone hormone 

counts/min counts/min counts/min % of mean 
mg protein mg protein mg protein of groups 

without 
hormone 

Control 104.3 480.4 461 638.0 1580.0 231 248.5 452.2 182 
:t: 23.7 a (6) 4-85.4(6) 4- 198.0 (6) 4-287.0(6) 4. 22.9 {6) 4. 25.2 (6) 

'Meal fed' 133.3 1823.0~ 1368 430.0 4450.0 r 1035 280.3 543.2* 193 
4- 27.0 (6) 4- 464.0 {6) 4- 86.4 (6) 4- 769.0 (5) -t- 34.6 (6) ~: 20.7 (6) 

14C-U-glucose (4/zC]100 g) administered i.p. simultaneously with saline or insulin, b Adipose tissue removed 45 min after injection of saline 
or insulin (0.2 U]kg). ¢ Animals treated as above adipose tissue incubated for 60 rain in 5 ml K R P  buffer, pH 7.4 containing 25/*moles 
glucose and 0,25/#C a4C-U-glucose (no insulin added}, a Mean values 4- s tandard error of mean; number  of rats  in parentheses. Symbols for 
statistical differences between compared group averages: ~ (P = 0.02) ; f (p  <: 0.01). 
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Table IV. Effect of crystalline insulin on glycogen content of diaphragm and ~4CO2 production from ~4C-U-glucose by diaphragms of control 
and 'meal fed' rats 

Experimental 
group 

Glycogen content of diaphragm b I~-C02 production from 14C-U-glucose in vitro c 

Without hormone Insulin Without hormone Insulin 
rag/100 g wet weight counts/min 100 mg 

mg/100 g wet weight % of mean wet weight counts/rain 100 mg % of mean 
of groups wet weight of groups 
without without 
hormone hormone 

Control 274 4- 9.8 • (5) 745 -t- 16.5 (5) 272 948.8 4- 91.4 (6) 1991.8 4- 177.6 (6) 210 
'Meal fed' 298 + 19.6 (6) 617 4- 32.3" (6) 207 1241.7 4- 58.2 a (6) 1959.9 :t: 151.0 (6) 158 

Mean values 4- standard error of mean; number of rats in parentheses, b Diaphragms removed 45 min after injection of saline or insulin 
(0.2 U/kg). c Animals treated as above, diaphragms incubated for 60 min in 5 ml KRP buffer, pH 7.4, containing 25/*moles glucose and 0.25 
/zC 14C-U-glucose (no insulin added). Symbols for statistical differences between compared group averages: d (p = 0.02); o (p < 0.01). 

has  s imilar ly  been  r epo r t ed  recen t ly  for he r ed i t a ry  obese xs, 
b u t  no t  for go ld th iog lucose- t rea ted  obese mice 17. I t  the re -  
fore appea r s  t h a t  in t he  'meal  fed '  r a t s  a nu t r i t i ona l ly  
induced  regu la to ry  m e c h a n i s m  is b r o u g h t  in to  p lay  which  
inf luences  the  sens i t iv i ty  of t a rge t  organs  to insul in  and  
di rec ts  t he  h o r m o n e ' s  me tabo l i c  effect  t owards  adipose  
tissue. The na tu re  of th is  r egu la to ry  m e c h a n i s m  is as ye t  
unknown .  

The increased sens i t iv i ty  of adipose t issue to  insulin 
m a y  be an i m p o r t a n t  fac tor  in t he  m e c h a n i s m  of t h e  
grea te r  syn the t i c  c a pac i t y  found  in adipose t issue of 
meal  fed '  ra t s  ls,19. 

Zusammen/assung.  In t r ape r i t onea l e  Verab re i chung  von  
Insu l in  ff ihrte be i  1Ratten, die titglich 2 h gef i i t t e r t  
wurden ,  im Vergleich mi t  ad l ib i tum gef i i t t e r ten  K o n -  
t rol l t ieren,  zu e iner  gr6sseren H e r a b s e t z u n g  des Blut -  

zuckerspiegels,  e iner  h6heren  F e t t -  und  Glykogensyn these  
im Fe t tgewebe ,  j edoch  zu einer  v e r m i n d e r t e n  Glykogen-  
syn these  im Zwerchfell .  
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The  Effect of E n d o t o x i n  on  the  Lactic  Acid 
Product ion  in P r e g n a n t  and N o n - P r e g n a n t  

Rats  

The effect  of e n d o t o x i n  on aerobic  glycolysis  has been  
e x a m i n e d  in cer ta in  t u m o u r s  1.2, leucocytes  8-s, pe r i tonea l  
macrophages ,  spleen ~, b ra in  ~, k idney,  mucosa  of small  
in tes t ine ,  t h y m o c y t e s  ~ and  placentaS,% Genera l ly  the  
ac t ion  was found  to  be b iphas ic  6,1°. 

Af te r  an ini t ial  e n h a n c e m e n t  of aerobic glycolysis,  a 
t r ans i t o ry  no tab le  inh ib i t ion  se t  in, followed again  by  a 
hyper func t ion .  The course of these  even t s  is r e m a r k a b l y  
dose -dependen t .  The  K-2 ca rc inoma  6 t h y m o c y t e s ,  kidney,  
mucosa  of smal l  in tes t ine  7, however ,  were endo tox in  
insensi t ive.  F ina l ly  we found  in p lacen tas  no th ing  b u t  a 
p e r m a n e n t  inh ib i t ion  of aerobic glycolysisB,% 

This  r epo r t  concerns  a compara t i ve  s t u d y  of lactic acid 
p roduc t i on  of some t issues of p r e g n a n t  and  n o n - p r e g n a n t  
ra t s  af ter  e n d o t o x i n  t r e a t m e n t .  

Method. R a t s  of mixed  breed (Nat ional  I n s t i t u t e  of 
Publ ic  Heal th)  in day  171/2 to day  181/2 of p r e g n a n c y  
were used t h roughou t .  The endo tox in  was  ex t r ac t ed  
f rom Serratia marcescens by  the  m e t h o d  of BOIWN and  
M~SROBEANU n.  In  p re l imina ry  t i t r a t i ons  in n o n - p r e g n a n t  
rats ,  t he  p r epa ra t i on  was ad jus t ed  to con ta in  one LDlo/ml.  
This  dose was inocula ted  i.p. in to  p r e g n a n t  and  non-  

p r e g n a n t  rats .  Similar ly  p r e g n a n t  and  n o n - p r e g n a n t  ra t s  
were g iven 1 ml  saline by  the  same rou te  for cont ro l  
purposes .  The animals  were killed b y  decap i t a t ion  24 h 
later .  Leucocy tes  were ob ta ined  f rom per i tonea l  e x u d a t e s  
p r o d u c e d  by  the  i.p. in jec t ion  of 20 ml  steri le  b r o t h  
(bouillon) in to  each ra t  6 h pr ior  to decap i ta t ion .  The 
per i tonea l  e x u d a t e s  con ta ined  8 - 1 2 .  107 cells/ml. Bone  
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