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ABSTRACT

'

o f  s o f t  r i p e  f r u i t  a r  1 wil 'J i n j -  r.t  70 o r  inor-. <1 i ,s> ov.n 

body  v/ei h i  o f  hanan;..-. d u r i r .  t h e  r  i l i t .  A3 t hou a the b a t  

consumes  t h r e e  l a r ^ c  q u a n t  i t ie . ' ,  o l  ! r u . i t  and nan a  v< : y 

r a p i d  t r a n r i t  t i m e  o f  4 ( r I n u t  c: n f o r  banan a  « 1 h ( 8:0001 f 01 

s u g a r  p r e r e n t  i n  th< f a e c e s  i s  v e r y  r-.u 1 1 , i n d i e  !t r n ;  Ui i t  

t h e  b a t  h a s  a v< r y  r a p i d  r a t e  o f  su " r  ar r.! mi .3 a t  i on.  ihc 

r a p i d  r a t e  o f  p i u c o c e  and  f r u c t o s e  a s r  n u t a t i o n  was c o r f  j x'r.ed 

i n  ex pe r i m  n t s ,  win r e  i t  was shown t o  t h e  c o n s c i o u s  b a t  

a s s i m i l a t e d  *3.ucor>e an 1 f r u c t o s e  thr-  ar. 1 f ou-" t i n e s  -  t e r

t h a n  t h e  v t  r e s :  :•* : t y .

The t r a n s f e r  o f  p l u c o r e  from t h e  i n t e s t i n a l  iun.er. t o  

t h e  b l o o d  i n  t h e  b a t  does  n o t  a p p e a r  t o  be e i t h e r  an a c t i v e

t r a n s p o r t  o f  1 o e a a i ;  :1 a c o n c e n t r a t i o n  g r a d i e n t  was

t r a n s p o r t  sy s t em  f o r  f r u c t o s e  c o u l d  be  demonst  r a t e d  .in e i t . a  i

.

i n t o  t h e  j e j un u m  , t." ->n the ■ bit on o'  •1 u ■ o < in - e t h.e 

s t om ach  w i l l  c a u s e  a two t o  t h r e e  f o l d  i n c r e a s e  in  t h e  r a t e  

o f  ar; i: j 1 -t i ion o f  1 u c o r e  fi  f 1 r  ‘ c s t  i n c .  

c r e a s e  in t h- r a t -  o f  as. i r  11 i t  i o n  i s  p r o b a b l y  dm t o  t h  

s t i m u l a t i o n  o f  a f a c i l i t '  ‘ i v - d i f f u s i o n  mechanism.

The b a t  di  ; es t .  s uc ro se  v c r j  o f f  ic i o n t l y .  The act  i 

v i t y  o f  t h e  su c r a :  in n o t  a l i m i t  , n f a c t o r  os bo th  g l u 

c o s e  and f r u c t o s e  were  font  I t o  be p r e s e n t  in t he  i n t e r  I L- 

n a l  lumen d u r i n g  t h  d i f  fcion o f  s u c r o s e .  Samples  o f  

b l o o d  Is t s from t h e  ; o r t a l  v; i n ,  d u r i  •; t h  so e p e r i m e n t s ,



iv

showed t h a t  no s u c r o s e  e n t e r e d  t h e  b l o o d  and  t h a t  t h e r e  was 

v e r y  l i t t l e  co r . v o r r  Lon o f  e i t h e r  ; h r o  c o r  I rue  t o s t  to  .'•ome 

o t h e r  p roduct ;  ; r  i o r  t o  a: ■ i 1 1 a t  i " f i •

I n t r a v e n o u s  p . l uco re  t o l e r a n c e  t e n t s  showed t h a t  the  v e r y  

h i g h  b l o o d  g l u c o s e  l e v e l ;  o f  700 m ; and more o f  g l u c o s e  p e r  

100 ml o f  b l o o d  r e c o r d ( 1 dui-1 rif t h e  o r a l  r 1 u c o re  t o l e r a n c e  

t e s t s  we re  n o t  due  t o  an  i n s u l i n  d o f i c i  ncy  b u t  p o s s i b l y  t h e  

r e s u l t  o f  t h i s  v e r y  r a p i d  r u t • o f  1uco. • ar a i r i 1 a t i e r .

The s t r u c t u r e  o f  the t u t ' :  g a r b r o - i n f e s t i n a l  t r a c t  s towed 

t l i a t  f i r s t  1; i t  t. 1 • 1 ........ ' ir.'  ' .'1 i • d c  C< • V. " ,  i t s

,

and c l o s e l y  pur'-, t t< t h u s  i r . u  - th-  l umina l

.

e l e c t r o n  :• i c r o n  ' : - • • how- I t 1 * t h e  • .1 ' r o v i l  . 1 vc r< v e r y  

lorn* and s i  r ; r  a: i  r o  ir ’T • d th- ; u i n !  cur . ucc 1 • 1 ; 

o f  t h e  nuco  a l  c n i  l y  a f s c l  o r  o f  ' ' e s  co, a r e d  t o  t h e

18 t i m e s  i n  ‘ h r  r a t ,

.

were  r e c o g n i s e d  ar ; a t t .  i '  van,  man* t o  comi • : s a t e  f t  t r . i c  

by  u s :  n r  t h e  b- . t  s t a t i s t  i t  ul  ti.utlu it t h e  tv -  atns< nt c ' ' o

e x p - r i m e r  ■ a 1 ■ .1 ' . C« r t a  : i . : ■ e r . t a t  i U d ,

h o w e v e r ,  a <•> f r o  t i ; ’ ' c !.
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1 .  JNTK01)!l('TTP']

1 . 1 .  The ar ;  i.r i Vit, ion oT ’! 11 'n • ■

At t h e  b e c i n n i n s  o f  t h e  c e n t u r y  Hendon ( 1 9 0 0 ) r e p o r t e d  

That t h e  d i f f e r e n t  s u c a r s  i n g e s t e d ,  were  a r . o imi .1 ate J a t  d i x -  

fcrcnt r a t e s .  C o r i  ( W / )  men. i rod t h e  r a t e s  o f  a s s i m i l a -  

ticn of a l a r g e  number  o f  s u g a r s  i n  t h e  c o n s c i o u s  rat and 
arranged t h e s e  s u g a r s  i n  o r l e r  o f  t h e  r a t  a t  w n i c ;  t hey  

were a s s i m i l a t e d .  He showed t h a t  g a l a c t o  o was t h e  most  

rapidly a s s i m i l a t ' d  f o l l o w e d  by  s l u c o s e ,  w i t h  f r u c t o s e  low 

down on t h e  l i s t  a t  a  r a t e  o f  compar  : t o  t h e  g l u c o s e

r a t e .  Ba ra n y  and I'.p r l  r  ( 1 9 ' ‘) : f W: cn 1 r ’oce

was p l a c e d  i n  an i s o l a t e d  l o o p  o f  r a b b i  I i n ' e. t i n e , a. s i r . i -  

1 a t i o n  o f  g l u c o s e  c o n t i n u e d  ev<a  when t h e  c o n c e n 1r a t i o n  ha I

to show t h a t  t h e  g lu c o .  • was a c t u a l l y  t r a n s f e r r e d  ••• ' n o t

m e r e l y  me ta bo l  • d .

R o s e n b e r g  ( 1 9 YO c l a s s i f i e d  th< n e t  movement o f  m o le cu -

les a g a i n s t  a  c o n c e n t r e  i o n  d i f f e r e n c e  as  t h e  pheno; onon of 
activ, t r a n s i  t .  At  i n s  n ,  C T / / )  " c i n , : a  dog

showed t h a t  ) - 0 - :  s t h y l - D - s  ' ;cc *•, wh ich  i s  n o t  met; b o l i s c d  

b y  t h e  d o g ,  b e h a v e d  l i k  d u o  e i n  t h a i  i t  c o n t i n u e d  t o  be  

a s s i m i l a t ' d  a g n i r u t  a c-.n<: r b r -  ' i o n  G r a d i e n t .

H c s t r i n - l o r ,  r  and :,h ; d r o  ( I  '93 a ,  b ,  9 ^ )  r  P o r t e d  

from c h r o m a t o g r a p h i c  c v i ! o u c  t h a :  when , l u c o s e  was a s s i m i 

l a t e d  i t  d i d  nol  app( , r  in t h e  b l o o d  a s  g l u c o s e  b u t  i n  some 

other f o r : . .  T h i s  howo " was q u i c k l y  shown t o  be  i n c o r -  

rect, f o r  many w o r k e r s  r e p o r t ' d  f  a t  mo t  o f  t h e  g l u c o s e  

a s s i m i l a t e d  was r cc ov  r( I a s  g l u c o s e .  Ki .yasu,  ^

using i s o t o p e s  howed t h a t  i n  r a t s ,  97 o f  t h e  i s o t o p e s



'ecovei a censistod of clucooe, lectio and alanine of which

.
M i n e  d o e r  showed t h a t  g l u c o s e  a c c o u n t e d  f o r  70 -  K »  o f  t h e

i .

t h a t  g l u c o s e  was a c t i v e l y  a s s i m i l a t e d  and ' here  was l i t t l e  

c o n v e r s i o n  o f  g l u c o s e  t o  some o t h e r  s u b s ,  ■ b e f o r e  i t  had

reached the blood sfcr1 ■ i'!:.
I n  t h e  c a s e  o f  f r u c t o s e  a s s i m i l a t i o n  t h e r e  was however

some s p e c i e s  d i f f e r e n c e . I n  t h e  e a ,  l y  t h i r t i e s  f o l l m a n  and

Mann (1 9 3 1 )  showed t i n t  i n  ti. h. , a t e c t o n i s c d  do , f r u c t o s e

l a r i ; . '  t h e  r a t ,  (K iyu  and  Ci ai  : ' . 19 ) g u i n e a  i i r ,

■

.

t o s o  was not  d e p e n d a n t  t o  any  - r o t  e x t e n t  on t  -  

c o n v e r s i o n  o f  f r u c t o .  e  t o  e i t !  " luce o o r  l a c t a t e  C o o h ,

I9 f . ! and Hoi i c wort  - an 1 ' w. r , I ' " ' )•

Many i n v e s t i g a t i o .  r. showed t h a t  r ruc-.c.  c n ,  c o ‘u 'I a v t  t 0  

g l u c o s e  doer,  n o t  app o r  t o  t -  n c t l v .  I> t r a n s p o r t e d  (Bogdanova

'

was i n c u b a t t d  i n  a «< H a  con t . o ln in . ;  I r u c t o s u ,  t he  c o n c e n 

t r a t i o n  o f  f r u c t o s e  i n  t h e  I n t e r s t i t i a l  f l u i d  i n c r e a s e d  t o  

l e v e l s  h i g h e r  t h a n  t h a t  o f  t h e  i n c u b a t i o n  f l u i d ,  s u p - e s t . s R  

gome act ive* t r a n .  p o r t  : r / r U r .

1 . 2 .  ba . ; L: • ?-r . J i - i i  '

Pol low i nn  t h e  i t  t l<  n o f  s u c r o s e  O r y b o a k i ,  i ' U ' - l -  • 

( 1 90 5 )  showed t h a t  u n l e s s  t h e  mu cosa l  c o l l . -  we re  damaged



I

t h e r e  was no t r a c e  o f  s u c r o s e  i n  t h e  u r i n e .  T h is  i n d i c a t e d  

t h a t  under no rma l  c o n d i t i o n s  s u c r o s e  was n o t  t r a n r  f c r m d  I 

t h e  i n t e s t i n a l  lumen i n t o  t h e  b l o o d  s t r e a m .  F r i d h a n d l e r  and 

Q u a s te l  (1 95 > )  and W i l s on  and V i n c e n t  ( 1 9 5 5 )  showed t h a t  

s u c r o s e ,  l a c t o s e  and m a l t o s e  were  a l l  h y d r o l y s e d  by i n t e s t i 

n a l  enzyme:. '<nd t h e  m o n o s a c c h a r i d e s  p r o d u c e d ,  C ^ c o r e - , f r u c -  

-

D a h l q v i s t  and B o r f s t r o m  ( 1 9  D  c o n f i r m e d  t h e  much e a r l i e r  

work o f  Rohmann and Na ano  ( 1 9 0 ) ,  t h a t  t h e  enzyme a c t i v i t y  o f  

t h e  i n t e s t i n a l  c o n t e n t s  was n o t  s u f f i c i e n t  t o  a c c o u n t  f o r  the

( 1 91 2 )  had  su'  '  -d t h a t  t h e  enzymes were n o t  i n  t he  i r i i s -

(1 96 1 )  d e n o n s t r a t  I t h a t  th r e  enzy  os  were  p r e s e n t  i n  ' h o

brush be • • rs o f  th- ::.uc 1 : •

g r e u t  amount  o f  work h a s  be- n c a r r ie d  ou t  on t h e  a s s i 

m i l a t i o n  o f  g l u c o s e  and f r u c t o s e  and a l s o  on t h e  d i  . s f i o n  

o f  s u c r e s  i n  a  nu: . ' r  o f  1 l i k ,  t;  . r a l ,  dc \  ham. t e r ,

.

'

been c a r r i - d  ou t  or. th ,  f r u i t  b a t ,  whose fru, i vorous  d i e t

c o n t a i ,  s v e r y  hi  h co,  i t  i ons  o f  lu  o s c ,  r ructos ,  a, d

s u c r o s e .  I t  was the  refer--  i cc ided  to  inv< st r. a t e  th- 

p e s t i o n  and a s s i m i l a t i o n  o f  su us, i n  the  f ru i t  b a t .

1 . 5 , Rous- Id in ;_2 ..... *.! 11.'

The f r u i t  ba t  h o u s e t t u s  a^^yptsi  a c u s  i s  one o f  the  s m a l 

l e r  me-ubers o f  the  m cg ac h ir opt era  wei bin ; approx imate ly  

120  ( J a c o b s o n ,  1 9 7 ) )  i '  ('%<' e x c e p t i o n  among the  f ' u i t

b a t s  i n  t h a t  i t  i s  a cav,  dw. l l e r .  Not o n l y  does  t h i s  bat



h a v e  e x c e l l e n t  eye r : i r ;h t ,  r . l m i l a r  t o  o t h e r  f r u i t  b a t e  ( t h e  

r e t i n a  be i n ada j - f ed  t o  tw.i I i ' h t  v i e  i on )  ( b u c k ,  p e r s o n  tl 

c o m m u n i c a t i o n )  b u t  a ].. o an a cu t e  r.cnca ot. rmel 1 (Lombard , 

19 G1 ) and in  a v o r a c i o u s  e a t e r  o f  a o f t  r i p e  f r u i t .  The 

a n i m a l ' s  n a t u r a l  d i e t  c o n s i s t s  na  i n l y  o f  w i l d  f i r s  ( F i c u s  

s p e c i e s )  and 1 i t c h i n  ( L i t c h i  c h i n , m s  i n )  wh-n a v a i l a b l e .  

J a c o b s o n  and du P i co ,  i s  ( 197 ' ) r epor t , .  1 t h a t  t h e y  a l . ro  a t e : -  

V/ater  p e a r  Syry n  U' ^ e r r a r d i  i

Wa t e r  b e r r y  S y r y r  i ir  eoT-dal ,im

K a f f i r  p 1 u m Harpei  i '11 n:: r a f f  rum

Cape a s h  E k e h c r  "in c a r  nr  i s

B i t t e r  a i r .  t. i P r u n u r  a f r  I c an e

A c o l o n y  o f  t h  r,  •••nir: a i r  i •,.? t - • 1:- : t  i n  c a p t i v i t y  i n

t h e  D c i a r t m "  t o f  Gvnerr  1 Pi y. I o l e  :y r . i r v  1972 where  t h e y  

h a v e  b r e d  f  l y ,  a jr. 11' -r con :i (-ion ar.l  r< ■ l i l y

p u t  on wei  IP on a  di< t  o f  r i p  t . 'm a i n s  s p r i n k l e d  w i t h  

p r o n u t r o *

The h a b i t -  o f  th-  Va t s  in  th e  w i l d  and i n  th< l a b o r a 

t o r y  have  b<■ -• !• r r I  b- i l y 2' ' ' '1' • 1' ' )» K u l . " (. 1 v ♦

1 9 0 )  and Jar -obr  n ( ! '  , 1 :v. )•

Van d o r  We. thuyren  ( 1 97‘ ) r,l.c .red ' ha t  111■ re 1 at r would

e a t  ?€'i o f  th- i r owr io- .y  w< i at o f  ban a nan per i 1 ht  i n

the l a b o r a t o r y .  J - • o ’ 1 ' re: e r f  i t.ha! i a tr  l.t \ t

i n  an a v i a r y  w ul  1 • a t  - n th-. : vet '  . el 1 i t c h i  i d u r i : ,

t h e  ri l i t ,  t i n ' ir  ; ' ' ' P ' ' ’ 0 tlv i r la !y we i h t .

B ecause  o f  th- re larpc amount: o f  food e a t e n  by th e  bat  

d u r i r  t h e  n i li' , so: - i o d i f i  rat i on to  i t -  d i r e c t  ivo  s y r  t;c":

*P ro n u tro :  Balanced break f a r t  c e r e a l  manufactured in
South Afi ' ica  by Find i ror a, I Co. Ltd.



5

c o u ld  bo e x p e c t e d .
E a r l y  Observations on t h e r e  b a t s  showed t h a t  when e a t  i n -

b a n a n a s ,  t h e y  m a s t i c a t e d  t h e  f ood th o r o u g h ly  r. i tin r, u. cd 

t h e  t o n n u e  t o  p r e s s  t h e  b o l u s  a Go l „ r t  t h e  h a r d  p a l a t e  so  

e x t r a c t i n g  t h e  f r u i t  j u i c e s .  The i n i t i a l  s u GSe r t i o n  was 

t h a t  t h e  b a t  sw allow ed t h e  j u i c e  and  s p a t  o u t  t h e  f ib r o u s  

r e m a in s .  T h is  h y p o t h e s i s  would e x p l a i n  why t h e r e  was no 

s o l i d  m a t e r i a l  i n  e i t h e r  t h e  b a t ' s  s t om ach  o r  t h e  i n t e s t i n e ,  

when i t  was k i l l e d  on r e t u r n i m :  t o  t h e  cave  a f t  - " '' " - ' '

.

'
following a  H ,  « .  ■ f l o o r  o f  t h e  ca,  e was l i t t e r ,  t m a i n l y

Wi th  ha rd  f i b r o u s  f :  -os .  A few p a r t i a l l y  e a t e r  p i e c e s  o f

b a n a n a  we re  a l s o  p r e s e n t  b u t  v e r y  few p e l l e t s  r e s u l t i n g  from

'

would t h e r e f o r e  a p p e a r  t h a t  i n  c a p  i v ,  y  U"

l a r g e  amoun t s  o f  s o l i d  m a t e r i a l s  and  t h e  r e a s o n  why t h e

Stomach and t h e  i n t e s t i n e  were empty a  few h o u r s  a f t e r  a

i n g e s t e d  %  ' o r  more o f  i t s  own b e d ,  w e i g h t  o f  b a n a n a s  d u r i n g  

.
a v a i l a b l e  t ,  t h e  i n f e r t i l e  f o r  a s s i m i l a t i o n  and  t h e  f a t e  o f

'

Due t o  t h e r e  i n t e r e s t i n ' -  o b s e r v a t i o n s  on t h e s e  b a t s  

k e p t  i n  c a p t i v i t y ,  t h e  p r e s e n t  s t u d y  was c a r r i r  . ou t  t o  i n 

v e s t , r a t e  t h .  d i f f e r e n t  a s , s e t s  in t h e  a s s i m i l a t i o n  o f  t h e  

s u g a r s  i n  t h e s e  f r u i t  b a t s .  At the  r a r e  t i m e e  i t  was d e 

c i d e d  t o  compe re  some o f  t h e s e  o b s e r v a t i o n s  w i t h  t h o s e  found 

i n  t h e  r a t  ( B a t t u r  n o r w r g l c u s )  where  a  g r e a t  d e a l  o f  work 

V: m ii ni T ' f i i  ■ b- on d o n e .



c o u l d  bo e x p e c t e d .
E a r l y  o b s e r v a t i o n s  on t h e r e  b a t e  showed t h a t  when e a t m e

b a n a n a s , t h e y  m a s t i c a t e d  t h e  food t h o r o e  ;hl.y -nd t h e n  . . r ed  

t h e  t o n g u e  t o  p r e s s  t h e  b o l u s  e r . a l n r t  t h e  h a r d  p a l a t e  so 

e x t r a c t i n g  t h e  f r u i t  j u i c e s .  The i n i t i a l  s u g g e s t i o n  was 

t h a t  t h e  b a t  sw a l low ed  t h e  j u i c e  and  s p a t  ou t  t h e  f i b r o u s

.

'

when i t  was k i l l e d  on r e t u r n  i ■ t o  t h e  cove a i t -  " ■- ■■

f e e d i n g .  Howeve r ,  t h e  amount o f  s o l i d  m a t e r i a l  t h a t  war

'

,

b a n a n a  we re  a l s o  p r  s r.t b u t  v e r y  few p e l l e t s  r e s u l t i n g  f rom

'

would t h e r e f o r e  a p p - a r  t h a t  in c a r  :v . y ’ ••• • 1 1,11 c itc 
l a r g e  a m o u n t s  o f  s o l i d  «: t e r i a l r  and  t h e  r e a s o n  why t h e  

s t o m ac h  ar  I t h e  i n t e s t i n e  were  empty a few h o u r s  a f t e r  a

■

i n g e s t e d  7- o r  more o f  i t s  own body  w e i g h t  o f  ba n a n a s  d u r i n g  

.

a v a i l a b l e  I,  t h e  i n t - n t i r e  for  a s s i m i l a t i o n  and the f a t e  o f

'
Due t o  t h e o r  i r t < r e c t i '  o b s e r v a t i o n s  on t h e s e  b a t .  

k e p t  i n  c m t . v i t y ,  t l -  , r. . . r . t  s t u d y  w c a r r i e d  out to i n 

v e s t i g a t e  t h e  d i f f e r e n t  a s ,  s e t s  i n  t h e  a s s i m i l a t i o n  of t h e  

s u g a r s  i n  t h e r e  f r u i t  b a t s .  At t h e  s- . re  t i m e ,  i t  was d e 

c i d e d  to compare  some of t h e n ,  o b s e r v a t i o n s  w i t h  those found 

i n  t h e  r a t  (T i a t t u s  n o r *  - I cu n )  where  a g r e a t  dea l  o f  work

had  alvea-l.N boon do, o.
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c o u l d  bo e x p e c t e d .

E a r l y  o b s e r v a t i o n s  on t h o s e  b a t s  showed t h a t  when e a t i n g  

b a n a n a s ,  t h e y  m a s t i c a t e d  t h e  food  t h o r o u  hl.y and t h e n  u sed  

t h e  t o n g u e  t o  p r o s e  t h e  b o l u s  a g a i n s t  t h e  h a r d  p a l a t e  so 

e x t r a c t i n g  t h e  f r u i t  j u i c e s .  The i n i t i a l  s u g g e s t i o n  was 

t h a t  t h e  b a t  sw a l l ow ed  the j u i c e  and s p a t  ou t  the f i b r o u s  

r e m a i n s .  T h i s  h y p o t h e c  i s  would e x p l a i n  why t h e r e  was no 

s o l i d  m a t e r i a l  i n  e i t h e r  t i e  b a t ' s  s t omach  o r  the i n t e s t i n e ,  

when i t  was k i l l e d  on r e t u r n  i r t o  t h e  c a v  a f t e r  a n i g h t ' s

f e e d  i n  ". h o w e v e r , t h e  amount  o f  s o l i  I mat* r i e l  1 h a t  war

s p a t  o u t  by Liu b a t s  in c a p t i v i t y  was i n s i g n i f i c a n t ,  and

f o l l o w i r .  a t • a l , t l  '‘l e e r  o f  t he  ca  • was l i t t e r  r I m a i n l y

.

b a n a n a  were  a l s o  p r e s  ■ • b u t  v e r y  few i el l e t s  r c s u l t i n . "  from

•

would  t h e r e f o r e  app< i r  t h a t  i n  c a p t i v i t y  t h e  b a t  i n g e s t e d  

l a r g e  amount  o f  s o l i  t n i t e r i  i l s  and th* r e a s o n  why t h e  

s t o m a c h  a- d 4 h< Li t.>'01 ine wer  empty a f, w h o u r s  a f t e r  a

meal  sh o u l d  V l n v < s i i  a t o d .  A l s o ,  s i n c e  t h e  f r u i t  b a t

i n g e s t e d  7‘ or' more o f  i t s  own body w e i g h t  t ' 4 ba na n a s  d.ui i r g  

t h e  n i g h t ,  v« r.y 1? qu ' e  i v, 1 ■ s o f  su n r  wort po t  ■ n t i a l  ! y

a v a i l a b l e  i r  t h e  i n t e n t i r -  f o r  a s i m i l  t i o n  and t h e  f a t e  o f

t h r  S' su ' 1 r■ s thus. \ ’o < c a t  i ntcr* d . .

Due t o  t h e s e  i n t e r e s t ! '  o b s e r v a t i o n s ,  on t h e s e  b a t s  

k e p t  i n  e n j t i v i t y ,  t h e  r • a t  s t u d y  w- c a r r i e d  ou t  t o  i n 

v e s t  i  - a t e  t h o  d i f f c r ' u  i. asp.  s ' i s  in th- a s s i m i l a t i o n  o f  t h e  

cu a m  i n  t h e n  f r u i t  t a t  s .  At t h e  sai • t i m e ,  i t  was d e 

c i d e d  t o  compare  s o n -  o f  t h e  s. o b s e r v a t i o n s  w i t h  t h o s e  found 

i n  t h e  r a t  ( R a t t u r  n o r  we pic us.) where  a g r e a t  d e a l  o f  wor t  

had a l  V‘ ady 1 < n d o n e .



2. METHODS

t - ion: ’ o f r-,u and l a r M c a r i d  in t;)v— L3J 2£.LHlLL:

o t l u ’T' : o ] u t i o n r ,

2 . 1 . 1 .  Glu 'y ■ _ r __- r ' n t r a  i jj_n

The c o n c e n t r a t i o n  o f  g l u c o s e  i n  the b l o o a  and i n  t h e  d i f

'

Perr id  Method"* T h i s  i s  a  r l u c o r  e o x i d a s e  method bus ed  on

t h a t  o f  V/cru v (1

The b l o o d  o r  s o l u t i o n ,  w r ,  d r ;  r o t ,  in i  zed by a d d i n g  ( , ]

ml o f  sampl ,  t o  1 , 0  ,1 o f  0 / "  M p e r c h l ,  r l c  a c i d .  The s o -

' ' •

.

'

; ‘

p o r t i o n a l  t o  t h '  .u u„ t  ( f  -  = ' c : . o i u t i o r .  lh,

c o n c e n t r a t i o n  o f  t b ,  - l u c o s e  i n  t h e  b l o o d  o r  s o l u t i o n s  was 

m e a s u r e d  d i r e c t l y  u s i n g  th- c o n c e n t r a t i o n  mode on a  n l l G c r  

and  Wat t s  "Uvichem" sp< c t r o j  I t c  ' t e r  at  a wavolor.-”! h of

578 n-Ti.

* 1 •
The method us<d f o r  th< d e t e r m i n a t i o n  of t h e  c o n c e n t r n -  

t i o n  o f  f r u c t o s e  i ,  t  " l ood  o d o t h m  s o l u t i o n s  was based 

on  t h a t  o f  Sch m id t  (17  1 ) .  T h i s  method u s , , i  h- o k i n a s o

• A BiOoh- vdca  T< t C o m b in a t i o n  p r o d u c t  by i i o e h r i n g c r  
Mannh' im G1 d ! i .

* * POD -  Pe r o x i d a :  <-

A r T C ~ - ' ' - 7 - A s i ! o - d i - ( 5  o t h y l - b r n s t h i a z o l l n o  s u l f o -  
n a t '  )
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f o r  t h e  e s t i m a t i o n  o f  t h e  g l u c o s e  c o n c e n t r a t i o n  and phon -
*  *

p h o g l u c o c e  i s o m c r a o e  f o r  t h e  f ruc . t o . ' c  cone ni r a t i c T , .

The method  c o n s i s t e d  o f  d c p r o b c i n : r i n g  t he  s o l u t i o n  w i t h  

0 , y j  M p e r c h l o r i c  a c i d  and c c n t r i t ' u g i n  t h e  s o l u t i o n  an i n

the g l u c o s e  e s t i m a t i o n .

The " B i o c h c m i c a  T e s t  C o m b in a t i o n "  s o l u t i o n  c o n t a i n i n g

th e  b u f f e r ,  NAD?"' and ATP*'"' war  p l a c e d  i n  a  q u a r t z  c u -  

vette h a v i n g  a  l i g h t  p a t h  o f  1 cm and  0 ,  ml of  th(  supe r 

natant a d de d .  The s o l u l  ion  war mixed an i t h e  o p t i c  ,1 
d e n s i t y  o f  t h e  s o l u t i o n  war  r e ad  a t  a wave.I - n t h  o ! y>0 run 

u s i n g  i i r  a s  t h e  r e f e r e n c e  i n  a H i 1 e r  and Va l . t r  "h v i e  hem

.

u s u a l l y  w i t h i n  v : i n u t -  , t h e  v a l u e  war. r e c o r d e d ,  0 , 0 ,  ml

'

The oi t i c a l  d e n s i t y  was r e a d  a t  5 m inu t e  i n t e r v a l s  u- t i l  

t h e r e  was no f u r t h  r  i n c r e a s e ,  ai t h e  mo:. i«-u o p t i c a l

.

i n g s  r e p r e s e n t e d  t h e  % o f  g l u c o s e  i n  t h e  s o l u f i o :  .

Once t h i s  v a l u e  was r c c o :  : i t h - n  0 , 0 ; ml o f  p h o s p h o g l u c o s e

•

d e n s i t y  was r e c o r d e d  u n t i l  no fu r t d  . r  cha,  r, e r r , r r  i .  The 

d i f f e r e n c e  u ; tween t h i s  r e  d i n  at i  t h e  I rev i.our re-a.i ,ng 

( i . e .  t h e  r c a d i r  a f i r  r  ! h i r r .  I cn ad ded )  e e -

p r e s  n t c d  t h e  amount  o f  f r u d o .  o in t h e  un .  S t a  dnr 1

Glucor . .  Hexokl ,  ' . r  m I ' o d  ioch,  ioa  T o s t  Combi-
n a t i o j  " hoc'nvi r r  Mannh im i . h .  • •

* • P h o s p h o r l u c o s c  i n o m o r a se .  l ioelir i n ; e r  iamr oim
G. M. l . H .

♦ WADP -  h i c o t i n a m i d e - A d f  n i n e  d i n u c l e o t i d e  ph osp ha t t  .

ATP -  Adc nor. it -  —t r i p '  o. ; ' a t e .
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c u r v e s  wore  p r e p a r e d  f o r  g l u c o s e  and f  r ue  to:  e and ! : o tli- s o ,  

t h e  c o n c e n t r a t i o n s  o f  the s u g a r 8 were  c u 1c u l a t e  u .

2.1. .
The m t t . od  f o r  s u c r o s e  d e t e r m i n a t i o n  war s i m i l a r  t o  t h a t  

o f  g l u c o s e  and f r u c t o s e .  tn che d e t 1 rm in a u io n  oJ t he  s u 

c r o s e  c o n c e n t r a t i o n  t h e  p l a s m a  e n  t- i : s  c o u l d  n o t  be removed 

by  p r e c i p i t a t i o n  w i t h  p e r c h l o r i c  a c i d ,  a s  t he  l a t t e r  c au se d  

'

T h e r e f o r e  i n  t h i s  method  t h e  j r o t e i n  was p r e c i p i t a t e d  by  

m i x i n g  0 ,1  ml o f  t h e  b lood  o r  s o l u t i o n  w i t h  1 , 0  ml o f  phy 

s i o l o g i c a l  s a l i n e  and p l a c i r  i t  i n  a w a t e r  ba t !  a t  t b °  0 

f o r  10 m in u t  s .  A • l a s s  m a r b l e  was p i  cod o v e r  the mouth 

o f  t h e  t e s t  t u b e  t o  rover  t l o r  • o f  w t e r  v a p o u r .  Tn i s  

method  r e u l  ed i n  no h y i r o l y s j s  o f  t h e  s u c r o s e  and  a p r o -

t e i n  f r e e  cu; r r a t u  t .

The c o n e  n t  r a t  io:  o o f  g l u c o s e  a n ;  f r u c t o s e  i n  the  --upvi -  

n a t a n i  were  r s t i m  t- > a s  i n  the p r e v i o u  m ‘ hod \ ■ i r g  he-AO-

d e n s i t i e s  o f  t h e  g l u c o s e  and  f r u c t o s e  had  been  d e t e r m i n e d  

t h e  sue :  i n  ' h cuve t t<  w; hydrolyo- .  d by add U 0 ,02 ml

I

was p r o p o r t i o n a l  t o  t h e  conce? Lj . i t i on .  o f  s u c r o s e  i n  t h e  

c u v e t t e .

The method f o r  o s t i m a t  t h e  b l o od  l a c t a t e  c o n c e n t r a 

t i o n  war t h a t  b a s e d  on Hohors' i  < 1 '■ )• 1 k i s  ava i  .labl v a.j
*  *

a " h i o c h e m i c u  T e s t  Com; i s a L Lo n" .

* Product  o f  P'Oehr i» ;<-r rp-it-nhcim G.M. b.K.  

*■ * Boi h r i i  a  s Msnnht iu G.M. l .H.
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The method w 3 s nod i f  icd i n  a nuint'-'T' of  • f i t .  1.1 / ,

t h e  b l o o d  vo lu mes  recommended were t o o  l a r ^ e  t o  be  t a k e n  from 

t h e  b a t ,  so  i n s t e a d  o f  a Id I nc  0 , 5  ml. o f  b l o o d  t o  1 , 0  ml o 1 

0 , 6  M p e r c h l o r i c  a c i d ,  o n l y  0 , 1  ml o f  b l oo d  was ado d t o  1 , 0  

ml o f  0 ,3 3  M p e r c h l o r i c  a c i d  a id c o n t r i f u  d .  Th i s  meant  

t h a t  t h e  r l u c o i ; , f r u c t o s e  and I a c t a  1 co u ld  a l l  be d o e . -

•

,

ml o f  t h e  s u p e r n a t a n t  was used  i n s t e a d  o f  t h e  recommended 

0 , 2  ml .  T h i r d l y , i r  t r  > cxj  ‘ri>. -r t s  .a r" s u c r o s e  was u sed

t h e  p l a s ma  \ rot< is s v.a r e  j •• ■ 1: tat:.' I ! ,y a i d  a i 0 , 1  ml of

.

t i o n  a t  8 5 ° C f o r  v Lnut . i* a waV: r b a t h  w i t h o u t  h y d r o 

l y s i s  o f  s u c r o s e  o c c u r '  •

. .

I n  t h e  exp rim< nbr  c a n  ' vd o u t  on na  s t h f t i s . 1 r a t s  and 

b a t s  t h e  b l o o d  sat"pi s were  t a k e n  from p o l y t h e n e  cannul  • 

t h a t  had  b n p l a n  d i n  the r i  -ht  j u  u l a r  v e i n  and p a s s e d

I n  t h e  expo rim- nt ;  on c o n s c i o u s  a n i m a l s  howeve r  d i f f e 

r e n t  nr I,’:1 . i s  bad t  . u • -1 or t h e  ba 1 at i th> r a t .

2 . 2 . 1 .  Th 'yJ  a t

The r c s t r a i n l r ,  on used  t o  h o l d  t • " b a t  c o n s i s t e d  of 

a p e r s p e x  c y l i n d e r  w i th  a; i i . t e r -n a l  d i a  t e r  o f  '.>,23 cm and 

20 cm 1 on ( F i r .  1 ) .  Th< cy l  i c i e r  a  s l o t  1 , cm wide

and 14 cm Tony s t a r t i n g  a t  t h e  p ro  . n n l  end o f  t h e  t u b e  and

.

o f  t h e  t u b e  was s e a l e d  w i t h  a p e r s p e x  p l u  which  was 

a t t a c h  d t o  r e t o r t  b a n d . A numb r o f  0 , ' cm d i a m e t e r
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h o l e s  were made i n  the  c y l i n d e r  a t  the  d i s t a l  end so th a t  

th e  bat  would not  s u f f o c a t e .

F i

A t i c h t l y  f i t t i r  - r i r  : ab o u t  1 cm wide was made which  

c o u l d  s l i d e  o v e r  the e n t i r e  1 n t h  o f  t h  o u t r i d e  of t h e  

c y l i n d e r .  Th< r i i  woo ren tv d a  d t h e  b a t  p l a c e d  head  

f  t  i n t o  t h '  c y l i n d e r ,  k-ie p i n  t h  n  vniM;; f o3 lea and 

t h e  o t h  t  o p e n , t h e  o% r ) :i i n  t h r v u  h t h e  • led. i n

t h e  c y l i n d e r .  The r i r  : war r i  b! ov r  th* c y l i n d e r ,  so

•

The p ro x i m a l  *' r 1 o f  t 1 t u b e  war •! o ! w i > 1 a  r •.. • * *■* ' •

The win' ;  was ox t e r  3(1 a i 1 t ! ; " b l o o d  s a -  pi  • wort t ak en  iro.n 

t h e  v e i n  runn i r r -  a l o i  tire I ' d i n ” • dec  o f  t h e  wit. ; w i t h  a 

m i c r o r y r i '  . ("/» l a r "  u r r o u  ■ W,-11 c o r e ) .

T h i s  method f o r  c o l l e c t i n g  t h e  b l o o d  s a m p le s  i n  t h e  bat;
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worked w e l l  and t h e  a n i m a l s  a p p e a r e d  c o m p l e t e l y  t r a n q u i l .

2 . 2 . 2 .  The r a t

The r a t  r e s t r a i n i n g  c ag e  c o n s i s t e d  oi a  w i r e  m? • h ca(,c 

5 cm x  5 cm x 19 cm, w i t h  a w i r e  d o o r  a t  b o t h  e n d s .  To be 

a b l e  t o  s h o r t e n  t h  l e n g t h  o f  t h e  cage  t h e r e  were  woolen  

i l o c k s  4 , 5  cm x 4 , 5  cm x ci wh i ch  c o u l d  b p l a c e d  i n s i d e

t h e  caye  b e f o r e  t h e  r a t  was p u t  i n s i d e . The r a t  was p l a c e d  

he ad  f i r s t  i n t o  t h e  c ag e  w i t h  i t s  f a i l  s t i c  King o a t  chtoup. :  

t h e  w i r e  d o o r .  The amount  o f  s p a c e  i n  t h e  ca ge  was a d j u s 

t e d  so  t h a t  t h e  r a t  had  no room i n  which  t o  move and so 

w i t h d r a w  i t  t a i l  i n t o  t h e  c go.  A c o n v e n i e n t  w=y oi 

q u i c k l y  c o l l e c t i n g  b l o o d  s a m p le s  was t o  chop o f I  t he  d i s t a l

•

p e a r  t o  s u f  - r  any d i .  -o f o  t  f r o i  t h i . : r o c c d u r  and 0 ,1 5

•

p r e v e n t  c o a g u l a t i o n  o c c u r i n  t o o  q u i c k l y  t h e  imal  wul 

h e p a r i n i s e d  b y  g i v l n  i t  1 000 u , 1 ' .  o f  h e p a r i n  i n t r a -  

p e r i t o n e a l l y  a t  l e a s t  h a l f  an nou r  b e f o r e  t h e  e x p e r i m e n t  

.

i n  wh ich  c a s e  e i t h e r  t h e  t a i l  was g e n t l y  " m i lk e d "  o r  a 

f u r t h<  r ' c.’ * in.- ■ 1 ot t u c  f a i l  i: c) • ; - o. . .

.

A number o f  d i f  r  t  ana  s t l  i <a wc ■ t . i< d d u i anx, 

t h i s  i n v e s t !  a t  Lon. F i n a l l y  oi l y  th< p h e n o b a r b . i t o n e ,

p c n t o l  a r t  i f '  • •• m i x t u r -  was u i (: - • • • 4 ) .

.

Pye ( l c, ’'7) r e p o r t -  i. t h a t  t h i s  was t h e  a n a e s t h e t i c  o f  

c* i c e  t o  be  u s e d  w i t h  b a t s  ev« n t h o u g h  t h e  d o se  r e q u i r e d  

f o r  anacs t t v .  ;i a v a r i e d  g r e a t l y  f rom a n i m a l  t o  a n i m a l .
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a n a e s t h e t i c  s o l u t i o n  was made up b y  m ix i n g  1 ml o f  n c n t o b a r -  

b i t o n e  sodium ( S a p i t a l  60 mp/ml May and B a r . r )  w i t h  9 ml o f

10]o e t h y l  a l c o h o l .

The a n i m a l s  wore a n a e s t h c ' i s '  d by  i n j e c t i n g :  0 ,6 6  ml o f  

t h e  a n a e s t h e t  i c  m i x t u r e  p e r  100 g body  weight/  i n t r u p o r i -  

t o n e a l l y .  I n  t h o s e  e x p e r i m e n t s  done  on b o t h  t h e  b a t  and 

t h e  r a t  i t  was found  t i l l  t h e  do se  o f  a n a o s t l v  t i c  needed 

v a n  d c .  ! t e a t  . n  • r  a: iv  t : ie e r e  ct;: o t  i • b e gan  t o  wear

o f f  and o , s e t  nd do se  o f  t h e  a n a e s t h e t i c  ha s  t o  be g i v e n .
*

2 . 5 . 2 . Thai  -c C]_a 1

Tha l amo na l  i s  a  m i x t u r e  o f  a n a e s t h e t i c s  and i s  c l a s s i 

f i e d  a s  a n e u r c l  t  a n a l ,  ’ i c .

.

d r u g  p r o v e d  u n s u i t a b l e  f o r  t h t  s t u d y  a s  t h  amount  o f  s u g a r

'

2 . 5 . 3 .  Ur, !,• • ' r-

The u r e  . e a n a e s t h -  ' i c  was, i n j  -c '-ed s u b c u t a n e o u s ! / ,

T h i s  a n a e s t h e t i c  how v- r  is - reas-  1 t h e  r e s t  i r  " t l o o d  p lucorv  

l e v e l  b y  a f a c t  r  o f  t 3 a; 1 vs t.au • r  d '*1 •' • •

.

A s t o c k  s o l u t i o n  o f  tin ai 1 . t h e t  :c c o n t a i n i n  ' ). f  o f

p h e n o b c r b i t o n e  sodium and 0 ,9 4  g o f  p e n t o b a r !  12 on so l i um

d i s s o l v e d  i n  100 ml o f  a O j rop.x I or-, g l y c o l / w a t e r  s o l u t i o n ,

‘

The s t o c k  s o l u t i o n  w a r  d i l u t e d  10 t i m e ;  w i t h  w a t e r  and 0 ,6 6  

m l /  100 2 body  wci  ;ht o f  d i l u t e d  a n a e s t h e t i c  c .otut  i on

■

i - Iglum.

♦



1 5

i n j e c t e d  i n t r a p e r i t o n e a ]  1 y .

Kiindig ( p e r s o n a l  coinmunicat  Lon) r e p o r t e d  t ta fc  t t  i s  a n a e s 

t h e t i c  worked v e r y  w e l l  in  r a t s  and i n  t h i s  inv< s t i  pit. ;on i t  

was found  t h a t  i t  a l s o  gave  e x c e l l e n t  .r< • u ! t s  i n  i ' a t c .

. 4 .

I n  t h i s  e s t i m a t i o n  4?  h a t . ;  o f  b o t h  s e x e s  wore u se d .

The h a t s  we re  f ed  n o r m a l l y  t h e  n i  h t  b e f o r .  t h e  e x p e r i -

f rom t h e  c a  -e .  P a t s  w i l l  r ot c a t  d u r  , t h e  da y  u n l e s s  t h e y

a r c  s t a r v i n r .

On t h e  n i  ht, o f  t h e  ext ""h: at; t h  b a t s  wcr< p l a c e d  i n 

d i v i d u a l l y  i n  a s m a l l  wire ca ■ so  t h  t  t h e i r  a c t i v i t y  c o u l d

.

was p l a c e d  i n  t h e  c; a a i d  t l  t  izm ■ r o c  o r . d when t h e  a n im a l  

s t a r t e d  t o  chew t h e  1 a r a r . a , t h i s  t i r  , was t a k e n  as  t h e  tame 

w

t a k e n  a s  t h e  p e r i o d  be tween  t h i s  t i m e  and t h e  t ime  when t h e

.

how lonr ;  t h e  food  re :  a i r  d i n  t h e  mouth befor e  t h e  f i r s t  

sw a l l o w ! n  o c c u r n  1, i t  i s  poo i b l  t  t  t h e  t c a r  t  t i m e s  

r e c o r d e d  c o u l d  be  s l i g h t l y  1.on :nr t h a n  t h e  r e a l  t r a n s i t  t ime  

.

o f  th- i n  - : t- :1 bn - a..--, was t o b .  - r va !  i c n  t h a t  when t h e  

b a t s  were  k i l l e d  aj : ^oxin it > 1 y t h r e e  h o u r s  o r  more a f t e r  

a meal  t h  r e  was r.o f ood  iri t  r i a l  in  e l l  h e r  the s t omach o r  

s m a l l  i n t -  s.Line and t h  s r  b a t s  had had no food f o r  a t  l e a s t  

10 h o u r s .

. .

These  t e s t s  were  c a r r i e d  ou t  on nnaer  t h e t i  sod b a t s  and 

r a t s .
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Tho n i g h t  b e f o r e  t h e  e x p e r i m e n t  t h e  nnimal r .  were i s o l a t e d  

i n  s e p a r a t e  cage's f rom the  r e s t  of t h e  c o l o n i c s , ,  I’koy were  

d e p r i v e d  o f  a l l  f ood  but  had fr-  < a c c e s s  t o  wa!. r .  The f o l 

l o w i n g  m o r n i n g  t h e  an i .maj . we re  we •. ghed and ana t . . t l i e t i :  ed 

w i t h  t h e  s.a<;il.a 1 / e t h y l  a l c o h o l  ana  s ' l r  l / ic ( s e e  page  1 1 ) .

A f r e s h l y  p r e p a r e d  s o l u t i o n  o f  g ' u c o  o was made c o n t a i n 

i n g  10 g / 1 0 0  ml o f  w a t e r  and k e p t  i n  a w a t r b a t h  a t  57° C.

A 10 ml l u o r  l o c k  s y r i n g  w i t h  a h y p o r d e r  i c  n e e d l e  a t t a c h e d  

war. f i l l ' d  w i t h  app rox  i ' ‘ s l y  11 ml o f  th* su{ • r  s i l u t i o n ,  

t h e  n e e d l e  was t h e n  s e a l e d  w i t h  a  r u b b e r  bung and  t h e  s y r i n g e  

p l a c e d  i n  a w a ' . r b a t h  at 57° i  u n t i l  i t  was r e q u i r e d .

A J a c q u e s  c a t h e t e r  ( c h a v - v i e r  0  was s h o r t e n e d  t o  a p p r o x i 

m a t e l y  20 cm from t h e  1 iq and a  18G l u o r  l o c k  net  H e  t i e d

t h e  ca t  h e ' r ,  s o  1;!s - ‘ v.1 ■ n 1 he 1 bs was 1 : ng i n t r o  . '.ed

down f he  ooso)  up i s , 1k- ■ • :•!: -sc .1 : c o i n  side w i t h  * • i n -

•

I n  t h e  r a t s  4 s r  i t j u g u l  r  v i n  was ex posed  and

b a t s  b l o o d  s a  i 1- s w< re  t alp-n f r o  t h -  win- vi in and no 

h e p a r  in i  s-at io: ..as four : r . a r y .

R e s t i n g  b i o s  : . v p i t  o f  apt  - o x i n a t  l y  0 , 1 5  -I were

.

t e d  i n  h e p a r i n i .  I mirror: t e r  sy r i n g e s .  ( " A g l u r "  Bu r r ou g hs

Wei loom ) and 0 ,1  l L ] ij X I n t o  1 , 0  1 o f  0 .  ' 1 p e r 

c h l o r i c  a c i d .  Th, b l o o d  s;!u< >. con •••ntral  ioi  wa: c a t  i -

ma t e  i u: " 1 0 . 0 . D. I Si I tc "in i qiv (p-igc G) .

Aft-  r  t lx  r e s t i n g  b l o o d  r an i  ! s had boon f s ’s n,  t he

n e e d l e  f rom t h  p r e t  a r e d  syr:i  go c o n t a i n i n g  t h e  g l u c o s e
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war. removed and  t h e  c tomach  t u b e  conn c t e d  t o  t h e  s y r i n g e .

The s t omach  t u b e  wan t h e n  f i l l e d  w i t h  g l u c o  e s o l u t i o n  f rom

t h e  s y r i n g e  and  t h e  volume i n  t h e  s y r i n g e  a d j u s t e d  so t h a t

•

p r e v e n t  a ny  l o s s  o f  f l u i d  f rom t h e  s y r i n g e  t h e  s t omach  t u b e  

was c lo .  ud w i t h  a  b u l l d o g  el  i p .

The a n i m a l  was h e l d  i n  t h e  l e f t  ha nd ,  he ad  up pe rm os t  and 

w t h  t h e  u s e  o f  t h e  ], f t  thumb and i ndex  f  ngo r  t h e  mouth 

was op nod an I t h  - s t omach  t u t • , l u b r i c a t e d  w i t h  l i q u i d

•

The p o s i t i o n  o f  t h e  t i p  o f  t h e  s t o n t c h  t u b e  b e i n g  i n d i c a t e d  

by  t h e  mark : r e v ' • .s ,y :/ ! on t 1 • tub- . The b u i l d  >r c l  i p

was r emoved an  i t h e  w a n  •;! i cosc  s o l u ' .on i n j e c t e d  i n t o  t h e

.

t h e n  i  p l a  %-i,  ins  : r  500 ' ; o f  g luco .  c p e r  100 g

body  w e : s a t  had  b g i v e n .  I'hc C  omae t u b e  was s l o w l y

.

i t  o f t e n  r e s u l t - ' 1 i n  th< t .i si l  r .  a i r g i t a t  i ng one o f  t h e  

sample  . Tn th-  < ■ ' o f  : ha] a •; t h e  a n i m a l  was.

immedia t  - l y  w t  : rawn f rc  th.  ex; - r i m - n t .

I n  some an i i  • I s  10 ml o f  d i s t i l l e d  w a t e r  was g i v e n

f l u i d  Is. : an;. "f- • on • t  l o t  I I • v e l a  o f  g l u c o s e .

F u r t h - r  b i o  ; : am; l< . wore t a k e n  ' , 10 and sO mi nut; vs  

a f t e r  t h e  a d m i n h  I r a  I ion o f  th< g l u c o s e  and t h e  c o n c e n t r a 

t i o n s  o f  g l u c o s e  cat  Lrsitc i. A f t e r  l he a n i r  air .  had r e c o 

vered f rom t h e  n r a o s i h o t  : • t h e y  were  r e t u r n e d  t o  t h e i r  

c o l o n ! o s .

Grai )i wore  drawn o f  Is - :• an  b l o o d  g l u c o s e  l e v e l s ,  

w i t h  t h "  s t a n d a r d  e r r o r  o f  th-  mean a g a i n s t  1 h< r e s p e c t i v e
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t i m e s  o f  c o l l e c t i o n .

2 . 6 .  Intp.-ivcriP' i" - 1 j j 1 

The b a t s  and  r a t s  were  removed from t h e  s t o c k  c a g e s  t h e  

n i g h t  b e f o r e  t h e  exp or.D. and  p l a c e d  i n  s m a l l e r  cage s .

A l l  t h e  a n i m a l s  we re  d e p r i v e d  of s a l  id. food t u t  no-i i roe  

a c c e s s  t o  w a t e r  and  an i s o t o n i c  g l u c o s e  s o l u t i o n .  f he  f o l 

l o w i n g  m o r n in g  t h e  a n i m a l s  were  weigh  l and anaes.1 n o t i c e d

■

t i o n  was p r e p a r e d  c o n t a i n i n g  5 , - 5  g o f  g l u c o s e  p e r  100 ml o f  

w a t e r  and p l a c e d  in a w a t e r ! n t h  a t  17 C»

I n  t h e  ex pc r i m  n ' s  p e r f o r m e d  on t h e  r a t s  t h e  r i g h t  ju:  

l a r  v e i n  was expo •1 and cant  i l a l  cd u ins; a pol  vt .hone t u b e

.

u n i t s  o f  hep- r i n  i s  savi a o t s !

R e s t i n g  b l o o d  sax .p l en  were c o l l e c t  nl i n  t h e  b a t  from

•

b lo o d  was c o l i c ' '  . w i t h  a ; i r i  n i s ■" l a r  • ,y i ■ r*g< , 

a l i q u o t s  c "  0 , 1  :.l o f  bloc .1 r- n p l e  v. •• a s led  t o 1 , 0  ml c:

0 ,  35 M j z 1 r  ■ ' o '  - ■ i ailf conei  r  ; on o g h .  o.n

c s t  i ' II ' t u. ' ; e G. O.D.  1 ' 1 ' • ( ;  •' • • ) •

The a n i m a l s  w- r t ie  r. • •' v« n 1 , /: ml o f  t i e  g / 00

ml g l u c o s e  s o l u t  •' on r  100 g bo ly we i ;hb i n t r  v- noi.s.l v .

In t h e  c a s e  o f  t h e  b a t  t i e  g l u c o s e  was i n j e c t e d  i n t o

•

t h e  g l u c o s e  s o l u t i  on had b> : L n j e c l '  I int  o th> r a t ,  t he

s o l u t i o n  s t i l l  r e m a i n i n g  i n  t i e  ( annul  a was washed i n t o  

t h e  a n i m a l  w i t h  0 , 2  ml o f  s a l i n e .  Blood  s am p]> n were

t a k e n  i n  e v e r y  case at 1 , 10,  0 and GO i i inu «•:; at i • ’j I so

admin  if-1 r a t i o n  o f  t h e  g luco t a  s o l u t i o n .

As c o n t r o l s ,  t  .o ba ts ,  w r e  g i v e n  0 , 0  ml p e r  100 g body



17

w e i g h t  o f  warm p h y s i o l o g i c a l  s a l i n e  i n t r a v e n o u s l y .  Blood 

s a m p l e s  we re  o n l y  t a k e n  a t  ; ,!• and 5 m i n u t e s  a s  t h i s  war  t h e  

t i m e  when t h e  e f f e c t s  on t h e  1 Lood g l u c o s e  1 . v e l a  wore found  

t o  bo  t h e  g r e a t  e t .

2 . 7 .  A a a i ■ ' I J    * a __;__ ' _  '"Q a s  : r, - a r . i r a i l

The t e c h n i q u e  u sed  t o  e s t i m a t e  t h e  amount  o f  s u g a r  t h a t  

had  b e e n  a s s i m i l a t ' d  f rom th< I n t e s t i n e  was b a s e d  on t h a t

o f  C o r i  (19 2 5 )*

The b a s i s  o f  t i i i a  method  was t o  g i v e  t h e  an ima l  known 

amount  o f  s u g a r  w i t h  a s t o i  i ch  t u b e  and t h e n  t o  k i l l  t h e  

a n im a l  a f t e r  a known l e n g t h  o f  t a r n  and e s t i m a t e  how much

■

The d i f f e r e n c e  b tween  th< amount  o f  s u g a r  g i v e n  and t h e

m a i n l y  f r  a t e ' u ‘ t.i ■

I n  t he .  c ex: r i r .  n t r  wh--: t h e  volumes  o f  c o n c e n t r a t e d

s u g a r  s a l  ; t  i on r* t o  bt  • 1. ; re i  * would be  an a d v a n 

t a g e  i f  t h  r e  w no fee i • ' si  la. i n  t h e  . tom act  and 

.
a n i m a l s  a* l e a s t  • 1 i.g 11 b- :’o r c  t h -  ex; e r  men t .  Cor i

d e p r i v e d  h a n i : l a  o f  al  l. food t h e  n i g h t  b e f o r e  t h e  e x -

p e r i : a t  : S ‘ : h i :  IV ( • a ■ - a s  t o  Wal., V.

method , few I, 1 I }■ \r h, i . ' a -  r, W t h  r,  s e c t  t o  4 lie

b a t s  f o r  t h e y  showed .signs, o f  w eak ne s s  f o l l o w i n g  24 h o u r s  

w i t h o u t  f  od and r<-! 3on ? u r v  i.ved 4 h o u r  p« r i o d s  o f  r.f a r -

V a t i o n .  To e n s u r e  that ;  t h e  -mima I s ,  e p. cl i l l y  t h e  b a t s

were  n o t  in t h i s  l o l c l o r i o n r  s l a t e ,  1 he  method u se d  by 

F i s h e r  and P a r s o n s  (1 94 9 )  was f o l l o w ' d  wh< re  t h e  a n i m a l s  

had  n o t  o n l y  a c c e s s  t o  w a t e r  b u t  a l s o  t o  a  s o l u t i o n  c on 

t a i n i n g  9 g o f  glw os.c p c s  100 ml o f  w a t e r  t h e  n i g h t  b e f o r e
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t h e  e x p e r i m e n t .

The f o l l o w i n g  m o r n in g  t h e  a n i m a l s  were  we igh ed  and 

p l a c e d  i n  r e s t r a i  i ng cage/ ,  ( page .  1 1 ) ,  in wh i >mi t h e y  

showed l i t  t l e  a i gnu o f  a I, I 'uggl  i n g  and app< a re  I t r a n q u i l .

The r a t o  were  g i v e n  an L n t r a p o r i t o n o a l  i n j e c t i o n  o f  500 

u n i t e  o f  h e p a r i n  t o  p r e v e n t  c o a g u l a t i o n  o f  t h e  b l o o d  when 

t h e  r a  I or  wo re t a k e n .  I n  t h e  b a t  th:i r wan no t  n e c e s s a r y  

a s  t h e  b loc  ! ra v e r  con i l a ' e l  i n  t i n  t i m e  a v a i l a b l e .

A s o l u t i o n  o f  s u g a r  c o n t a i n i n g  15 g o f  t h e  s u g a r  ( e i t h e r

g l u c o s e ,  f r u c t c r . e  o r  r u  r o  e )  p- r  100 n.l o f  w a t e r  was p r e -

.

s y r i n g e  c o n t a i : .  i ng  • l u • o n e  war p r e p a r e  I an b e f o r e  ( page  14)

.

a m i x t u r e  o f  g l u  o. e a n :  f r u c 1 one wan g i v e n  t h  n t h e  s o l u 

t i o n  c o n t a i  a-, d 7 ,  '= w. < !' t l . v  .n.ga -v p e r  100 ml o f

w a t e r .

R e s t i n g  b l o o 1 s a •: L were  c o l l e c t  e l  f rom t h e  wing v e i n s

.

A l l  b l o o  ’ cample.-  were  col  1 c ‘. t e d  i n  h e p a r i n i  1 m i c r o 

m e t e r  s y r i n g e .  , an 1 ' ho g l u e  or •• c o n c e n t r a t i o n  was e s t i m a t e d

by  t h  G.O.I) .  ' r l  i ' k 1 () ■; ■ •>). The f r u c t o r - e  c o n c e n 

t r a t i o n  was e." t im a t i  i u s i n g  t l  • he>:okina v method i n  con J u n e -

.

t r a t i o n  o f  : . -r . ■ w" t 1 n r : l lat ' -d a. de  c r i b c l  on page  S.

H a v i n g  a o l l - ' C t e  1 ‘ do re ;  . ag b l o o d  s a m p l e s ,  10 ml o f  t h e  

warm s u g a r  s o l u t i o n  was i n j c  t ed  i n t o  t he  b a t  and r a t  a s  

p r e v i o u s l y  d'  / c r i l e d  ( j  .ge 15 ) .

( I n  t h e  r a t ,  i f  d i f f i c u l t ' '  was e x p e r i e n c e d  in g i v i n g  

t h i s  v o l u m e , t h e s e  an in a Is. wo r e  t h e n  is sod l a t e l y  removed 

f rom t h e  ex pe r imen t : .  )



The a n i m a l s  were  t h e n  r e t u r n e d  t o  t h e i r  r e s p e c t i v e  r e 

s t r a i n i n g  o' ";os and b l o o d  sampl  os t a k e n  a t  t » 10,  20 ,  and JO 

m i n u t e s  a i t  r  t h e  a d m i n i s t r a t i o n  o f  * he s u n s r .  D u r i n g  t h e

e x p e r i m e n t  i f  an;/ m a t e r i a l  was d e f a e c a t e d  t h a t  a n i m a l  was

t a k e n  o u t  o f  t h e  e x p e r i m e n t .

A f t e r  t h e  JO m i n u t e  ■ b l o o d  so i]>le had  b e e n  t a k e n  t he  

a n i m a l  was remov.  1 f rom t h e  r e s t r a i n  trig c a g e ,  s t u n n e d  and 

.
t h e  o e s o p h a g u s  wl o r e  i t  <-nters  t h e  s t ov . ach ,  a round  t h e  p y l o 

r i c  s p h i n c t e r  and t h« 15 *t a ! end of  ‘ • 5 ! eui: . I n  dit r a t

t h e  f l u i d  had  soi imes r e a c h e d  t h e  c o l o n  i n  which c a s e  t h e

f l u i d  wa s  squee:-.'  1 ba ck  i n t o  t> • i l  • u b e f o r e  t y i n g  t

l i g a t u r  . The to- d. at; - i n '  • t i n  • wcr  - r> moved,  t he

f l u i d  c o n t  n t  a i n  e ach  were  e x t r a c t e d  and  u s  ing  a  10 m3

•

s t o m a c h  and i n t e s t i n e  were  i n  hi v i d u a 1 i y  r i n s e d  ou t  w i t h  

s a l i n e ,  ‘ is was- ■: • t o f M  " w i t h  1 is- o r i g i n a l  c o n t e n t s

•

A l i q u o t s  o f  0 , 1  • i o f  t h e .  s .o lu t i or ;  r e  u s e d  t o  d e t e r m i n e

t h e  con .- ‘ v  ' ion i f 1 '-it : ”• }"■' ' •

As, t h -  a - o' in i f . c a r  ren t- <> ar.< :r. o f  s u g a r

r e c o v e r e d  w s known t h e  a mom of . .Uj-;ar a- • ii 1 i t e  • evu 3. .

lie c a l  - .1 1 1.

The s.i.omach and t.ht Lr ' . - - s t i n e  Were we ig hed  n r .1 t h e

l e n g t  h o f  t h e  i n t -  ' Ln< u-.urc- I. !n t h e  l a t t e r  c a s e  t h e

i n t e n t i !io wa." l e f t  i n  a an ! inv sol.uf i o n  at room t o  ja i a > ui t 

f o r  JO m i n u t e s ,  t h  i a p p e a r s  I t o  g i v e  more c o n s i s t e n t  l e n g t h  

a s  t h e  i s  t e n  t i n e  war, s t r  I she d t o  s.om de g re ,  w h i l e  i t  was 

b e i n g  r  • moved and t h i s .  p< n o d  aJ l.owt.a i U t o r e t  u r n  t o  no.

The amount  o f  s u g a r  m  i m H a t e d  c o u l d  be  e x p r e s s e d  i n
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a b s o l u t e  t e r m s  o r  r e l a t i v e  t o  t h e  i n t e s t i n a l  l e n g t h  o r  

w e i g h t .

2 . 8 .  Tn v i t r o  , __ ; ; ; e t  ! s x ,  -

2 . 8 . 1 .  % - 1' ' '

The method  u s e d  was t h a t  o r i g i n a l l y  d e s c r i b e d  by  Wi l s on

and  Wi.'.eman (19  ' O .

The a n i m a l s ,  b o t h  r a t :  and b a t s ,  were  removed f rom t h e i r

had  a c c e s s  t o  w a t e r  an 1 a g l u c e s -  s o l u t i o n  (p ag e  1 7 ) .  rf1he  

f o l l o w i n g  morn i sg  a l l  tnc* an im a l  wore g v n 900 uni  t s  o f

.

.

a n d  t h e  i n t e s t i n -  r ,  nr 1 an I p l a c e d  i n  Krebs  b i c a r b o n a t e

.

c o n t i n  o ; s l y  w: t h  s i :  i r t  o f  oxys  n d  7: C02 . F i v e

s e c t i o n s  were  c u t  f ro :  t ■ in* .:t i no ea c h  approxima  e l y  9 cm

i n  I s. 1 h "in : r  : r> s.1 t ' ' io ; ' : i j e j u n u r : , i ‘ox iE  i l

i l eum, : -  - . 1  t l  s  s I • • • A glaz s r o : 3 tua

i n  d i a m e t e r  and 20 cm l o r  u sed  t o  e v e r t  t h e  d i f f e r e n t

s e c t i o n s  o f  t h e  i n t -  s l i c e  ad t h e  l e c t i o n s  once  e v e r t e d  wore

r e t u r n  1 t o  t 1 ■ h r e l s  Iu 1 on* 'hi .  p r o  • o . • ’’’ • v-ill m g

t o  e v e r t i n g  t  ■ r  :• <•. a r r i  #• I on ‘ as  q s i c . 1..' -is p o i . •* s i c ,

u s u a l l y  'sd'.j.r .1 e s s  t l  an ir.Lnu' , • o ••ha' th t  p e r  i o-. of

•

A c o t t o n  l i g a u r  was 4 i< 1 f i r - . ' , v  a ro u a  . th.  one end o f  t h e  

i n  tc  nt i .no w h i l e  a s econd  l i g a t u r e  was l i e d  i oo: e l y  ai  omiw 

t h e  o t h e r  e n d . A sma l l  p i n : ,  be ■ I was a t t a c h e d  t o  t h e  

f i r s t  1 ig.atu.r-- t o  a c t  a s  a  w e i g h t  so t h a t  when t h e  i n t e s 

t i n e  was. p l ace  ! in  th< i n c u b a t i o n  I I u i i i t  won I >1 I < t 1 1’  ̂

b e lo w  t h e  s u r f a c e  o f  t h e  f l u i d .  The i n t e s t i n e  was removed



from t h e  K r e b s  s o l u t i o n  and t h e  e x c e s s  w a t e r  on t h e  s u r f a c e  

o f  t h e  i n t e s t i n e  was removed by l i g h t l y  b l o t t i n g  t h e  i n 

t e s t i n e  w i t h  a pap  .-r f a c e  t i s s u e .  The i n t e s t i n e  was we ighed  

t o g e t h e r  w i t h  t h e  l i g a t u r e  and g l a s s  b e a d .  A b l u n t  h y p o r -  

dermic  n e e d l e  (G 18)  was p a s s e d  down t h e  now s e r o s a l  l i n e d  

lumen from t h e  open end o f  t l  e i n t e s t i n e .  Once t h e  n e e d le  

was i n  p o s i t i o n  t h e  l i g a t u r e  w! Lcli was a l r e a d y  in  pi  r ce was 

t i e d  f i r m l y  w i t h  a . i n , 1 k n o t .  A s y r i n g -  f i l l e d  w i t h  t h e  

Krebs b i c a r b o n a t e  s o l u t i o n  c o n t a i n i n g  i o f  g l u c o s e  p e r

100 ml was c o n n e c t e d  t o  t h e  n e e d l e  and  t in i n c u b a t i o n  f l u i d  

s l o w l y  i n j e c t e d  i n t o  t h e  g u t  s a c .  C a r e  was t a k e n  t o  ee 

t h a t  when t h e  i n t e s t i n e  was f i l l e d  t h e  v i l l i  were  j u s t  f r e e  

and t h e  i n t e s t  in-, n o '  o v e r l i e  i ■ U I. A sr.a ! 1 bu t :  1c o f

1

l a t t e r  s t e p  was four.;: t o  b< u n n e c e s s a r y  as  i t  had no e f f e c t  

on t h  r e .  h i t . . 'id..- s ■ l ie vs • d.owly ::' t h d r a w n  an.I once

i t s  t i p  p a s se ' ;  t h  s i t e  o f  Vac l i g a ' u r e ,  t h e  l a t t e r  was 

.

by  b l o t t i n g  i t  o f f  and  t i c  i n i  t i n e  we ighed  w i t h  t h e  f l u i d  

i n s i d e .  Th' d i f f e r e n c e  b e t w e e n  t h e  two w e i g h t s ,  was t h e  

w e i g h t  o f  t h  Kreb.  o l u V o n  : 1 t o  t h e  gut  s a c .  The gu t

s a c s  we re  p l a c e d  in  a w a t e r  j a c k e t e d  t i s . s u  b a t h  c o n t a i n i n g  

500 m! o f  t  a k.rehs. b Lea rb< sai .o 3 a t  ion a t  C. A 0

Oxygen and rf /  CO, gas, m i x t u r e  v, s c o n t i n u o u ;  l y  b u b b l e d  

t h r o u g h  t h e  Krebs  b i c a r d  in a! s o l u t i o n .  The g i s s . i i s ;  n o t  

o n l y  o x y g e n a t e d  t h e  VIui ’ b u t  a l s o  k e p t  t h e  s o l u t i o n  s t i r r e d  

so  t h a t  no s t a g n a t i o n  o f  f l u i d  cou ld  o c c u r  in t h e  v i c i n i t y  o f  

t h e  i n 1' ,  t i n e .  A f t e r  aO mi.nuV. t h e  itV • s t i . no  was removed 

and t h e  e x c e s s  w a t e r  removed by b l o t t i n g  t h e  mucosal  s u r f a c e
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w i t h  f a c e  t i s s u e : -  an'I t h e  i n t e s t i n e  w e ig h ed .  The d i f f e r e n c e  

i n  w e i g h t  b e tw e e n  th : ; s w e i g h t  and t h e  f i n a l  w e ig h t  o f  t h e  i n 

t e s t i n e  a f t e r  t h e  l u m i n a l  f l u i d  had  been  d r a i n e d  would  be t h e  

w e i g h t  o f  K r e b s  b i c a r b o n a t e  s o l u t i o n  i n  the gu t  s a c  a t  t h e  

end  o f  t h e  e x p e r i m e n t . The f l u i d  i n s i d e  t h e  s a c  was c o l l e c 

t e d  and  t h e  c o n c e n t r a t i o n  o f  g l u c o s e  d e t e r m i n e d  u s i n g  t h e  

G . O . D .  F o r  i d  m<' ho I ( pa  6 ) .

The l e n g t h  o f  t h e  in', os t i n e  b- ' tween  t h e  two l i g a t u r e s  

was m e a s u r e d  s>o t h a t  t h e  a - o u n t  o f  gl ucose  t r a n s f e r r e d  co u l d  

be  e x p r e s s e d  r e l a t i v e  t o  t h e  lengfc] o f  t h e  i n t e s t i n e  u s e d .

Knowing t h e  cons, n t r a ' i o n  o f  th< g l u c o s e  as  w e l l  a s  t h e  

volume o f  K r c : s b i c a r l o '  t  s o l u t  i. < i  In t l s  g u t  s a c  b o t h  b e 

f o r e  - s i  a f t  e r  ’ he  e x p o s , t h e  amount,  o f  g l u c o s e  i n  t h e  

g u t  s a c  b o t h  b e f o r  and a f t e r  t h e  e x p e r i m e n t  c o u l d  be  c a l 

c u l a t e  1. The i i .ff,  ren-- I a 1 • •' o r i ;;: r.al and f i n a l

a m o u n t : o f  g l u c o  w i l l  ' t h e  ne t  g a i n  o r  •o s s  o f  g l u c o s e  

w i t h  r  ■} • o t n  . e.-ros I - s i  - a u 0 • i nu tc .  . T h i s

v a l u e  was th- n d i v i d e d  by  t h t  l e n g t h  o f  i n t e s t i n e  u s e d

.

. . .
The a p p a r a t u .  u s e d  f o r  t h i s  i n v e s t i g a t i o n  was b a s e d  on

.

s i s  t e d  o f  e v e r t  ' n>; t h e  g i t  ir: I t l i en  c i r c u l a t i n g  t h e  s e r o s a l  

compa r t ;  n t  wi 1 h Kn bs b u s ,  -bonai - s.olut  i on .  The mucosa l  

c o m pa r tm e n t  was k e p t  s e p a r a t e  f rom t h e  s e r o s a l  compa r tment  

and  a l .  o c o n t a i r  i-d Krebs  b..c r b o n a l c  o 1 u i o n .  farnpJ.es 

o f  t J r  i n c u b  a i ion f  i1 i id coul  i I s  w i th d r aw n  f r o r  e i t h e r  com

p a r t m e n t  at any  inn .
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H,0

'  H

ttl i t  ion  of t h e  se
f l u i d  t h r c  t h e  ov r  ed it  ' ' ; n e .

A: f-u. l i f t  p . B: r .  ■ r v o ' ' - o r 1 '= ' n '  r. / o r o -
.

.
.

•
g a s  i n l e t s  f o r  s i x '  u r  o f  o:- t  ;n and 5 c a r bo n  
d i o x i  tc .  J ,  a* ' : *r. cl  i : . •: t i c
t u b  ir . L : :< o

The -.j : ' 'x.' in  ; . . coi si - C t • • na r a t o

p a r t s :  a gnn l i f t  : ; / r e .  rv Lr ”/• , B, C",  a  c a n n u l a  u n : !

"D" w i t h  two c l a a: A i 1 1 r . ;•> 1 : i vr  "B," •

t i s s u e  b a t h  and t h  ;u n p / r e  c r v o i r  we re  s u r r o u n d e d  b\ w a t e r -  

j a c k e t s  : o a s  t o  ke ep  t h e  Krebs  s o l u t  ion a t  a  c o n s t a n t  ;>V C

The a p p a r a t u s  was p r e p a r e d  by c l o s : ng t h e  two s i l a s t i c

t u b e s * " K " c o n n e r t  ns; t he  ras.  l i f t  pump t o  t h e  cannu l  a un . : !

•

t e d  f rom th e  t u b e s  an i h e l d  i n  a c l amp  r  c • idy l o r  t  h< o i n su 

l a t i o n .  The r< •ervo i r  ( s  r o  a t ) in t t ; uc h o l d e r  (muco: s i )  

were f i l l e t  w i t h  known v o l u  •■s o f  Krebs  b i c a r b o n a t e  so.Iu! Lon 

c o n t a i n i n g  a p p r o x i m a t e l y  [AX) {;Luco • / 1 00 ml .

* n i l  a. l i e  -  be. '  Corn • 13
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HO

■ r i i t  i on of t h e  se

.
.

.
.

g a s  5:: ! tr. f o r  :.. 'XV r- o f  • o> • . an j c a r b on  
.

t u b  L? . 1 : O';' 1 '11 .

The a] : i i . ,  con: "t< I ol ‘ • 7" ■ - ' ! e

"D" w i t  i t . .o ■!' ai t :  ■' hoi  u-.r

t i s s u e  b n t h  and t h  u i / r  r v o i r  we :*e . sur rounded by w a t e r -

'

The a p p a r a t u s  wan p r e p a r e d  by c l o n i n g  t h e  two s i l a s t i c  

t u b e s  " K" connec  t rig t h e  gar. T i l l  purr.p o , he cannu 1 > un.. t

w i t h  sc rc v c ' i J - ■ - * J * an; •' . c a n a u l  a un i  '1 disco .n o*
tod f rom t i n  tuber, an i h-'J<! a a c l amp  r e a d y  f o r  t h e  c u m u 

l a t i o n .  The r< ■ r v o i r  ( rc, I )  ar i l  t i  ue h o l i e r  (mucor .1 )

were  f i l l e d  w i t h  kno n / o lu i  r o f  K r c ! i b i c a r b o n a t e  s o l u t i o n  

c o n t a i n !  nr  a; p r o x i r i a t d ; /  1 00 mg g Luco o/HK) ml .

* n i l  a. t i c  -  Dow Corn nr;
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The s c r e w  c l i p ,  a t  "G" and  "1!" we re  a d j u s t e d  no t h a t  

t h e r e  was ■< s t e a d y  f l ow  o f  a w a t e r  a t u r a t e d  pa r  m i x t u r e  o f  

95% oxypcn  and ! c a r bo n  d i o x i  Le, throu--;!i b o t h  t i e  mucosal  

c o m p a r tm e n t  and .die p a r  l i f t  pump. 

s a t u r a t e d  i o n s  u f  w a t e r  by e v a j o r a t i o n  o c c u r r e d .

The animals ,  were  f a r t e d  o f  a l l  s o l i d  food t h e  n i g h t

f o l l o w i n g  morn i ’ : b o t h  t in  r a t  r  an 1 t h e  b a t s  were  g i v e n  500 

u n i t s  o f  h ' . p n r : n in! r -apcr i tor . -  a! 1,/ an 1 h a l f  an h o u r  l a t e r

.

f rom e a c h  a n i r . n l  ana : lar< 3 i n  an o x y g e n a t e d  Kreb: I Lea rbo-

.

were  a k m  T  r e g i o n ,  o f  t he g v ' r e a r -  • ni : ng t h e  duo -  

denu , ’ i!:U , t • x ' ' 1 h r . , :  l - . h a r .  -i: : a i r '  a ' 1 Lean.

A l l  v e gut • * i on ;  v.a r, qu i c  y e v e r '  : u s  ng a g l a s s  

r o d  0 , ' :  cm i n t Ur ’ ■r • i  ''O c-r l o r  ; and t h  n r e p l a c e d  i n

•

c a n n u l  ‘ e I "D" mal . i nr  ar t  ' f at t h e  p r o x i m a l  end o f  t h e  l a 

t e s t  i n  war. t  i • • : fi  11 c-r  •, il . o f  t.1 rr rmulf  ur . : t .

Any o x e r .  1- rad < ' 1 i; -no :oul ' !• . l i d  o v e r  t h e  c a n n u l a

•

When ' h g u t  J-a : t eon 1 Led. i n  p o r i  t ion  t h e  , annul  a u n i t  was 

r e c o n n e c t e d  t o  t l  •• gar. pan:a / re  a i r  r u b e s  and t h e  s c ;  w 

c l i p s  n e l r a .  e i ,  t h '  r e s e r v o i r  s - row "d." f i ’r t  so  t h a t  t h e  

K re bs  r o l  u ' i r n  1 r-U .1 t o  f l aw  in t h e  c o r r e c t  l i r e c f i o n .

The s o l u t i o n  t h  u f l o .  ad from tl, - • e s e r v o i r  1 a r ough t h e  

s e r o s a l  l u m- r  o f  t h e  ait t < t! g-.s l i f  t pump and b a d  t o  

t h e  r e s e r v o i r  ays  i n .

The ca l l ’ . u ! a u n i t  va: t h e n  p i  - ewd in f hr i i s s i . e  h o l d e r

and t h e  l e v  1 o f  H u  id in t h e  r< e r v c i r  a d j u s t e d  so  t h a t
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t h e  l u m i n a l  p r e s s u r e  was 7 cm o f  w a t e r .  :'wo e. , o.K-h

o f  0 , 1  ni] o f  t h e  K r e bs  b i  r .arbors  ••<• s o l o • Lon wop - 1 •'a i , ono 

f rom t h e  s e r o s a l  and l.h o t h e r  f r om t i e  n.u(;o: a 'id.m*.- ..

The c o n c e n t  r a t  A on o f  f lu. :©,  e i n  b o t h  sari j- Li • -'as do t  c i’m .no i .

One h o u r  a f t e r  t a k i n  t h e  . i n i t i a l  sample.-, o f  Kreos  b i c a r 

b o n a t e  s o l u t i o n  f u r t h e r  :’-ar: pi e s  o f  0 , 1  ml were  t aken  fro.:.

The g a s  m i x t u r e  was s w i t c h e d  o f f  and  t he  c a n n u l a  h e i d o r  r e 

moved f rom t h e  t i s s u e  b a t h ,  a 1 1 owing  any  J 1 u •„<? on t i e  muco-

•

o f  f l u i d  i n  \ )t ii cc r 1 : *.1 . wore  m* a i r e  i at : 3 c r  -

and w e i g h t  o f  1 he i at  ■•. * i n o  r o r  h d .

The a c t u a l  volu::  • o f  f l u i d  in b o t h  cor;pai’t ncn t s ,  a t  a 

s t a r t  o f  th< exper : : .  • : . t  was ' he  l i f f v r e t  oc be tw ee n  t n e  v o ' ur. e 

o f  f l u i d  a d d e d  and t o  0 ,1  ml s am p le s  t o k e n  a t  t h e  s t a r t  o f

■

end o f  th- e x p e r :  me a t  war t h  f  n , l  volume meant r e d  ; f u r  t h e  

.

co e c o n c e n t r a t i o n ;  an I t h e  volumes,  o f  f l u i  d i n  b o t h  com

p a r t  men*. , t h e  0 mount o f  gl i cose  pre .  e n t  i n  hot a compss 

m e n t s  a t  t h e  s t a r '  and a t  t h e  end o f  t h e  exper: ime:ut  wore  

c a l c u l  a t  !. P r o "  « '• : i t !  »r ! Lou Mu ount o f  g l ’U'ose

a s s i m i l a t ' d ,  t r a n s . f i  rr< 1 a r t  u t i l i s e d  -an be  on 1 cv.l at."'.! an : 

e x p r e s s e d  a s  mg o f  g l u c o s e  p e r  cm l e n  t h  o f  i a t '  si m e  p- r

hou r .

As soon  a s  th< duodenal ,  t i ’. sue  had b". -s  sol  up and * he 

r am / l c s .  o f  f l u i d  t h e  .hnjuuum, p v o v i :: a l  i l eum,  mi 1-

i l c r m  and d i s t a l  i i  urn w< r< f t  up in t u r n .
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2 . 8 . 5 .  1±  i rc. i  1 I • 1 in- . '   ; n l  ' ,1 ; ’1' i mp

The method, u s e d  In U h . i t e c h n i q u e  was "based on t h a t  of 

Fi i  h o r  and Pa r :  on: ' (1 id 9 ) .

.
i n t o . : t i n * '  . ' •' «

A: f :  1 i : ' t  j • • . I .  I -v * i r  '• n i r  : ; : o -
.

.
.

t i c  t  . d: (■ i ' 1 ‘ . t . : n
J ; )  ' 0  ■ ' ' ' ♦ ■ : d i .  1 ■ ! '■.
M: {-a. in i '  i- r r Lxt ir« o f  ' ' ox.  C n ; : !
c a r t o n  d i o x i d e .

The ' : l •! r -* * 11." . 5 eo: ■ ' f I Of '. .Oil'! .  .

The f i r  t ,  "A, E '■ ' 0" v/a. a uuid ' r ra .  1 i f b  : u:np and

r e s e r v o i r  c n c l o . - e i  in a w a t e r - , i e n k e i  , s i  m i 1 nr to  1 no otn;

1 •

had a 80 ml r e s e r v o i r  an 1 1 '• * ini e f an I ou < I* I- ! nbos. had 

g l a r n  s t O f  o c t s  (G and H). Th -•ecor.d u n i t  c o n s i s t  *'1 at a 

w a t e r - j  a c t  n t '-d tsi s. tv* hath  (D) in  which was pi act'd a f. I u.s  

tu b e  t o  s a 1/ . ira te  1 f' Kreb : oIut i on with  a c ; n r .  mixt ure of
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.

t h r o u g h  hoi h t h e  wai t r  / j acke t . ; .

The an imal : ;  we re  fasrta 1 ov e rn  i f;;h' o f  ro'\ id foo l but  ha d  

a c c e s s  t o  v;atoi  and  an i.aot-or : glueo. ' . e  no.1 ul i .

An h o u r  befor*,  t h e  s t a r t ,  o 1 t h e  oxpcri inci i t  t • ich an imal  

was a n a e s I  I el. j r e d  i n t  ••aj’ci t o n e  > !.y w 1 1 <- i ' ' ’l"- ij »

p e n t o b a r b i t o n e  mix! u r e  (jv.ige 1 ''"ho t ap  • (G and ) were

c l o s e d  and t h e  r e s e r v o i r  and t t- t.i ss.uc h a 1 h were  1 1 l ed

w i t h  known vo lumes  o f  t h e  K r e b s  b.L c a r b o n  a f e s o l u t i o n  -o*i-

*

t i o n s  v/er ga r e d  c o n ' ' m a 1 I; v h a >, s i x  u. • of o..t -  

gen  an 1 c a r b o n  d i o x  i f  . Two .! n g t l u  C  : ’ 1' :' t i c  t uu j  :g 

we r e  a t t a c h e d  t o  * h i :  pi v ;hi l (  t h e  di  s '  a ; ends  o; t he  t u b e s  

we re  conn • e t c  ; r  e ach  o'  r  v.it u . a o r f  : eng* a I ' n i j  'he 

tuh.i  Th , w • ' ; - : 1 •ad td l i f t  pxu.j- t e t  i n

m o t i o n  which  V.-.-pt t h  s o l u t i o n  c i r c u l a t i n g  and f u l l y  oxy 

g e n a t e  1.

Once t h e  a n i m a l  war a s l e e p ,  1 h • 5 h a i r  over'  t h e  al = m e n  

was rc.o-v 1 .d h  a  d. j i l  a t o r  ax t t he  abdomen opened  a l o n g  

.

and  t  ’o l i r a !  U!--:. w r- : 1 a - '  ! 1< • ly • "ound. t ) ;c  . mi" '  i on .

The c r a n i a l  o f  t h e  two 1 i . a.1 ur- war t i  ed t i g h t l y  j seven  1 -  

i n p  ai t l o r  o f  : 1 oo * f r o  td • ' •;! -•.’1 Inc when i t  war c a n n u -

la l . t  . Two f u r '  h r  11 a . r< w< r e  pi ac- 1 a noun . ! .i 1 *

about.  1 r n  p "oxi ina l  o Lleocc Li • June '  ion in t h e  rat ;  and

i\ cm f rom td • r e  - turn i n  th-  b a t .

] i { , at i - cs  war i d  d f  i r- I.". The i I cun v a ‘ a n  e a n m i l a i . e d ,

u s i n g  p o l y t h e n e  t u b e r  ( J  and K) ' cm in l e n g t h  and h a v i n g

* N •: i i- -  • .-it  a a N a I a I .
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an  o u t r i d e  d i a m e t e r  o f  5 iam, j u / t  d i s t a l  t o  t h e  j e j u n a l  l i g a 

t u r e  and  p r o x i n r  1 t o  th< i l e a l  l i c a t u r e ,  u;.; i n •; t h e  l o o s e  l i 

g a t u r e s  t o  t i e  t h e  c a n n u l a  f i r m l y  i n t o  ; o.  i t i o n .  A b l u n t  

n e e d l e  c o n n e c t e d  t o  a  10 ml s y r i n g e  van  i n s e r t e d  i n t o  t h e

p r o x i m a l  c a n n u l a  and t h e  i n t e s t i n e  gen l y  washed ou t  w i t h

10 ml  o f  s a l i n e  a t  57° C.

P o l y t h e n e  t u b e s  were  u s e d  a s  c a n n u l a e  a s  t h e y  had  t h e  

l a r g e s t  i n s i d e  d i a m e t e r s  f o r  a f i x e d  o u t s i d e  d i a m e t e r  due  t o  

t h e i r  t h i n  w a l l s  and  so  minimi  sod  t h e  chang es  o f  b l o c k a g e  a s  

w e l l  a s  k.. < p i n s  fch- re  s. i d  mce  t o  f l o w  o f  Krebs  s o l u t i o n  i n  

t h e  t u b e s  t o  a  r i i n i r s  .

The s l o p e  oak s  (G and H) were  c l  os.- d and t h e  two s i l a s 

t i c  t u b e .  . e p a r a t -  :1. T) t ,i ; (:•']) co c t e d  t o  t h e  r e s e r 

v o i r  was connec t  i tc t h  ■ j rox i ’iial c a n su  a insa  r t < i i n t o  t h e  

j e j u n u m  whi  e th- uc< : 1 t u t  ( I  ,) wa c o n n e c t e d  t o  t h e  d i s 

t a l  i l e a l  c n s u l a .  The s t a s  • s vs • op ne d ,  f i r s t  (G)

•

o f  t h e  r  - r v o  r  was a i j u s  t o d  so  t h a t  t h e r e  was a c o n t i n u o u s

•

The i n t s  t i n -  wa. p e r f u s .  1 f o r  two id s ,  t h e n  t h e

m e s e n t r y  c u t  e. i t ; i n t o ,  t i r- . -v- i . t i n  V ly.  Groa t  

c a r e  was t a k e n  t o  e n s u r e  t h a t  t h e  mue 1 p e r f u s i o n  was 

m a i n t a i n e d  c o n t i n u e s  . l y  so  t h a t  a t  no t im e  was the m u c o s a 1

d e p r i v e d  o f  oxyg<n.

The b l o o l  on t h -  o u t s i d e  o f  t h e  i n t e s t i n e  was washed 

O f f  w i t h  g l u c o s e  f r o  Kreh.  b i c a r b o n a t e  s o l u t i o n  and t h e  

i n t -  s t i n e  was t h a n  ] !-•< ! n h t i s s u -  1 n th  (Ik).  A l i q u o t s  

o f  0 , 1  ml o f  b o t h  r sees al u ro  a 1 f l u i d s ,  wore  t a  :on f o r  

g l u c o s -  e I.is - f i o n . A f t e r  CO mi nut  t h-> rxnor iD *nt was, 

t e r m i n a t e d  and flu vol un • • of f l u i d  i n  t h e  mucosa. I and s e r o s a l
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compar tment : ;  m e a s u r e d .  The w e i g h t  -and l e n g t h  o the a n ,  

t i n e  we r e  m e a s u r e d .

2 „ 9 . 1  „ T i n  d ' f (  ^  e "  ______ J h _ .   I_ ___ -— —----l i l — “

mi] e 1 : on e P' n : o / e  i n t i e  r a  t 

The a: imal ; '  had  b e e n  f a s t e d  o v e r n i g h t  o f  s c l i u  f ood  b u t  

had  a c c e s s  t o  w a t e r .  The an imal -  wore  ana- ' ho t  i : ■ i m t m -  

p e r i t o n c a l l y  t h  f o l l o w i n g  mornin  ; w i t h  one o f  t h e  f o l l o w i n g

a n a e s t  hot, I c s : -

a .  T h a i a r e n a :

b .  U r e t h o

c .  Phenol  ■ r: : 1 s '; ‘ 1

Once t h  r a t  ' u l e  ; , 1- h . r  was r  moved f r o ,  t h e

.

c an n u l  i l o d  w i t h  a  p o l y t h e n e  ! ,be ( t ,  cm l o n r i h )  U o r l e x  m )

•

phogus  was ox: ! and c , n  1 " e d  u s l r n ;  a J a c i u e s  c a t h e t e r

(Ch 8 )  f i l l e d  vri: h a  1 ‘ C i e r  100 g l i  : ose  solu* : o:: •=:- :

-

t h a t  t h e  t i p  o f  t h e  c a t h e t e r  was i n  t h e  s tomach  b e f o r e

t y i n g  th* c a th o '  • ** i n ! ' Of.-, o, ’ •

1

t h e  d i ‘ a l  en 1 o f  t :  • i l - u m  c a n n u l a t *  1 us  li i l r r d i  • I ul m g  

(0D 0 ,1  " ) .  Any cr ' f l  ;• fro*. ' i s  c annu l  a wa. c o l i c s '  e-i

in  an E r l  cm • ./< r  f  1 a: :.

The an in  v ' = h f , a r l n  i I b. in. ) ' ' '  i '' 1 0 , 1  ml o f  sa  ! lire

i n t o  t h e  j u g u l a r  car s  11 a , th.i. wash'  d th« h e p a r i n  ' at had

be en  i s  th* o. a n n u l  a i n t o  th  1

The oe. o p h a g o i l  c a t  I f o r  wa  1-h« n c o n n e c t e d  t o  a sv r . i oge

c o n t a i n i n g  10 nl  o f  a  warm g l u c o s e  s o l u t i o n  corf  - n u r n g
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1 , 5  g o f  g l u c o s e .

The proj -adj r . iniot  r a t i o n  hi  or, I rr nplo o f  0 , 1 '  ml war. c o l 

l e c t e d  "rom 1 ho -jugul.-.r w i n  t o  e . s t in .u to  t h e  b lood  g l u c o s e  

l e v e l .  Tb * b u l l d o g  c l i p  on t h  r t omuch  t u b e  war r em o ve i  

and t h e  10 ml o f  t h e  g l u co :  i ; o l u t i o n  s l o w l y  i n j e c t e d  i n t o  

t h e  s t o m ac h  e v e r  50 second;  . Once t h e  10 ml 1 ad b e e n  i n 

j e c t e d  t h e  o e e o j h  g e / 1  c a t h e t e r  was once  a g a i n  c l o s e d  w i t h

t h e  b u l l  do ; l i p ,  i n s  r i n p  tdial e x a c t l y  10 ml h-.d been  i n 

j e c t e d  a n d • p r e v e n t ^ ’ , t h e  1 os.  o f  any  f l u i d  from t h e

c a t  l e t e r .  b l ood  1c. w« rc 1 ' den f r o  t h e  j u g u l a r  c a t h e 

t e r  5 ,  10, 20 : 0 i : s u t t  r • f t ■ r  th* h u o e 1m ’ 1 -• a g i v e n .

When t h e  50 ; i nu la  1 .< i . • j  had be*, n  t nk ' - n ,  ' 'm a b d o 

men war q u i c k l y  rvo;  • s i  - '= d o u b l e  l b :  nirc- p i  s e e d  a ro u n d

t h e  p y l o r i  c ' n ■' - ,  f* w s ' ! 1 iet* r .  a p a r t .  Two f u r ! e r

.

o e s o p h a g e a l  c  • n u ! a  1 j u s t  b- n w i t h  r wn f rom t h e  s t o m ac h ,

and t h e  s e c o n d  a round  t h e  i l e u m  ju  t  p r o x i  a l  t o  t h e  d i s t a l

.

vo lumes  o f  ‘ he co t e n ' s  i n  th * sons eh n :  i n t e s t i n e  were 

3 r . ow d  an : : - sur< 1. T! -  st .o -h an . in" * ■ ! i< were  i nd  -

• due* l.v r  in. * i ov ‘ w i t h  s.*. i n n ,  t h e  v.-u t i n g s  tog* ' he r  w i t h

lw o r i g i n a l  c o n t i  nt :  o f  each o r  n were  p o o l e d  and t h e  

voluH; s : *.d u , ‘ o 100 ml .  A I i q n o 1, o f  0 ,1  ml o f  t h e  s o !u -  

t i o i  s we re  a ■: led t o  3 , 0  n I o f  0 ,  ' ' M pc.tvliil o r i  -• ac i .d ,  t. e 

g l u c o s e  c o n c o n t r a i  i or s, i n  th* * s o l u t i o n : ;  we re  measured  an 1 

t h e  : mou.' ‘ o f  g l u e  >/* sv :ov* *o i fro:  - ach o rg an  c a l c u l a i  od .  

From t h i .  i n f o r m a t i o n  t h e  an >un» Of g l u c o s e  a s s  Lmi l a tod  was 

c a l c t . l - a t n  1. The s! - a ch  and I h* int. ,  s t i s *  w re  we ighed  and

t h e  Ion,  th  o f  tin in ’. l i n e  *., a nr-* 1.
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2 . 9 . 2 .  Co ! • r l  - n __1 ; '___  L

b n t o  in 1). '! r  ; i i i t : ' ^ I ■: i 1 .-q -imC

f* r* u r1 : '' "

The b a t s  were  f  <. t e d  o v e r n i g h t  o f  so l  i d  i 'ood b u t  had  

f r e e  a c c e s s  t o  w a t e r  and an I s o t o n i c  g l u c o s e  s o l u t i o n .

In  t h e  f i r s t  two e x p e r i m e n t s ,  f o u r  h a t  were  gi .ven 1 , 5  B 

o f  f r u c t o s e  i n  a s o l u t i o n  c o n t a i n i n g  1.5 n / 1 0 0  ml.  I n  t h e  

l a s t  two e x p c r i : n ' s ,  two o f  th< b a t s  r e c e i v e  1 0 , 5  g o i  g l n -  

c o s e  w h i l e  t h e  o t h e r  two r e c e i v e i  0 , 5  g o f  f r u c t o s e ,  ' h i s  

t i m e  h ow ev e r  ' -on •• n t r a 4 i< as  o f  t h e  s o l u 1 ons w r- 5 , 2 5  g /  

100 ml .  The r e a s o n  Vi., low; - tor - e n ' r a t  on was u sed  i n

t h e  l a s t  two ex r i m  n ' s  was ocr.au ao t he f l u i d  was go ng 

s t r a i gh t . -  ?n t o  ' h j " un 11 : an 1 -• as.  ' ' as s,t.o: a -s tr.d

s h o u l - 1 t h e r e  fora be . sol  on c t o  t h (  i ! oc l •

a l t h c  h , a s  •■ire- ;■ i s  cuss-  - , < n p 'T "  ", i t  an, •••vs 1 h a t

i n  t  I at , irs. I a t -  • a- -o . '•-< • a ' . o'  ' .e L s.- n > f  --C

■

E ac h  ( :  o r  n. i - 1 o f  ■ v< b-i' .s., one con.  i <■ Co,

t h e  oi h( r* m i ;  il s s  ■ •

The method usod  on 1 - c o n s - l o u r  b a t  was 4 lie same a s  

p r e v i o u s l y  dc -s' 1. on j ' f~“ 17.  Is- ( " animal  • a.,

a n a o s r .  l i r e  I .. h an  n t r  ; o r i V o n -  I i n j i  l i o n  o f  pheno -

b a r b i i  on< j»ontobnr' .  ; ‘ on ni  x * r e  ( p"s- !•’ » and ‘h %i o r  i -

‘

(Wi th  1 rr oxer ; si.on t h a t  in t h e  1 ow <• n c e r  ‘ . f., on ess : i -

m en t s  t ’ e s o l u '  ' m was, i n t r o  ium -t d i r e c t l y  n t o  t h e  d u od e 

num) .

As. t h e  bu t  ho: no l a r s -  i nt« • t i n .  i I war no I: n r c  

f o r  t h e  al 'tori' n t o  bo op. no I. ho d i s i  nl end ot * a i n 

t e s t i n e  was, c annul  at  ed by  p a s s i n g  t h e  n i l  a s. t i c  c a t h e t e r  rip
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t h e  a n u s  and t y i n g  i t  in p o s i t i o n .

B lood  s a m p l e s  we re  t a k e n  a s  b e f o r e ;  t h e  f i r s t  was t a k e n  

p r i o r  t o  t h e  a d m i n i s t r a t i o n  o f  t h e  s u g a r ,  w h i l e  t h e  o t h e r s  

we re  c o l l e c t e d  2 , 5  5 ,  10 ,  20 and  30 m i n u t e s  a f t e r  t h e  a d m i n i 

s t r a t i o n  o f  t h e  s u g a r .  The d o s e  o f  10 ml o f  t h e  s u g a r  was 

g i v e n  e i t h e r  i n t o  t h e  s t om ach  o r  du ienwn as, b e f o r e  d e p e n d i n g  

on wh ich  t e c h n i q u e  was- u s e d .  A f t e r  t h e  30 m i n u t e s  b l o o d  

samp le  had b e e n  t a k e n  t h e  a n i m a l s  we re  k i l l e d , t h e  abdomens 

opened  and  t h e  amount s, o f  t he s u g a r s  s t : 11 p r e s e n t  i n  t h e  

stomachs,  and i n t e s t i n e s  were e s  t u r n  t e d  as  b e f o r e ,  

t h e  amount  o f  s u g a r  a i m i n i s t  e r o d  and t h e  amount  r e c o v e r e d  

t h e n  th- d i f f e r e n c e  would  I t h e  amount  o f  t h e  s u g a r s  a s s i 

m i l a t e d .



2.10.
The method ur.od f o r  : no i n f u .  i o n  e x p e r i m e n t s  we.s b a s e d  

on t h a t  o f  Jacob. ;  and L u p c r  ( 1 95 7 )  •

.
r a t e  1 .- o . .ju- • ' ' •

.

mol c a n r m i a .  D: ! i . ' - d . V: c e n t r i f u g e
t u )  e .  J’z he  : f i l l  t ■ ; '< ' ' i 01" f 1 • d i r t  al
canr :u a i -i: :>' it 1 ' U G: b n 1 .

The a p p a r a t u s  cons i s t e d  o f  a '.-O "1 hypode rmic  rvr i .nr je

•

The s y r i n g e  war. d r i v e n  by a  s t o p p e r  mo1 o r  . o t h a t  o o 1.1.e

epee  i o f  i.ac m o to r  had  h e  a a I j u s t - l , a  con. ! an t  r a t e  o f

i n f u s i o n  was ma i n^ a i  n ] even  i i  i h'- l o a d  on t h e  niot.or &1 -  

t e r e d .  The . ,vri 1 o v;a: -ouncet* ' by a s h o r t  long!  h of

s i l a s t i c  t u b  in,; t o  a s.r-all mdens .o r ,  t  h r  ugh whi ch  w a t e r  

a t  7>7° C -s .  cjs- In'  i . The. ] :-o in-al c a n n u l a ,  about  I Cl' 

I o n 1';, was c o n n e c t e d  d 1 rc o i l y  t o  t h ■ c o n d m s .o r  and w.u made
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from t h e  t i p  o f  a  J a c q u e s  c a t h e t e r  (CH 8 ) .  ± he djr.t-al c a n 

n u l a  cm i n  l e n g t h  vn.-, il o  made from th-- Jacque : ;  cathei . ->r .

The an ima l : '  w e n  f a c t e  I o f  s o l i d  food o v e r n i g h t  h u t  had 

f r e e  a c c e s s  t o  w a f e r  and an i a o t o n i c  g l u  o o so3nt  , o n . In  

t h e  m o r n i n g  t h e  a n i m a l s  we r e  a n a e s t h e t i z e d  w i t h  t h e  p a c n o -  

h a r b i t o n e / p e n t o b a rb i t o n <  m i x t u r e  a n ;  t h e  h a i r  removed from

.

c a n n u l a  were  f i l l e d  w i t h  t h e  I n f u s i o n  f l u i d  t o  be  us< 1 and 

t h e  vo lume  a d j u . ' e d  t o  50 ml .  To p r e v e n t  t h e  l o o s  o f  any  

f l u i d  f rom th > a p p a r a t u s , * hi t u b e  f r o  t h e  s . v  : 0 1

c o n d e n s e r  was clam: • i .

The  a n i m a l  was p l a c e d  on i t s  b a c k  on a  warmed o p e r a t i n g

.

u s i n g  an  8 cm I m r t  o f  p o l y t h ,  n, t u b i n g  ( p o r t c x  4' / p o l y )

.

j u g u l a r  v c i n  u n t i l  t h e  t i p  was in  t) o r i g h t  a t r i u m  so a s  t o  

o b t a i n  s a m p l e s  more m i l a r  t o  t h o s e  o f  a r t e r i a l  b l o o d  w i t h

The ah ion,' n was opened  w i t h  a m i d l i n e  i n c i s i o n  and vhc 

.

a ro u n d  1 c  : s, /  ns,l - a !  o f  t j  J u n t u .  At a d : s " , . u " s  s: 

a b o u t  6  cm d i s t a l  t o  ‘ : s e  1 i s ; s  ur- s , two f u r  Id,or . l i g o t v r e s

were  p l a c e  1 or 1 th- i • ' o. i : '• coin Uls i s  I w: h Mu d i s t a l

.

l a t e d ,  ad jus. t i n t  t h e  con len e.r so t h  i  ' h e r o  vsu no i n t e r 

f e r e n c e  w i t ’ t h e  i n to .  ; i n a l  b lood  s . i p i h v .  Th': d i . i t a l

c a n n u l a  was a l s o  a I,-us'  ■ d ,  i:v ki -ig u r e  t l  a t  the- n t o s f i r . r  

and  b l o o d  ve s . u  I s  were  n o t  o c - l u l e d .  The end of t h e  u i s -  

t a l  c a n n u l a  wss  p l a c e d  in a 10 ml c e n t r i f u g e  l u be  so  a s  o 

c o l l e c t  t h e  e f f l u e n t .  The t i p  o f  t h e  c a n n u l a  was ad jus . l od
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so  t h a t  i t  wa. a few mi 3 l im vtrc: ;  hi[',hor than  th e  i n  t e s t  i no .  

T h is  rnc'int t h a t  the i n t e n t  i no was s l i g h t  l y  dir.tcnd'.-d w ith  

f l u i d  due to  a h y d r o s t a t i c  j r- -ire.

The a n im a ls  wore o n l y  h e p a r i n i s i . d  a t  t h i s  a ta g e  --o t h a t  

i f  any damage had b een  done to  the  mucosa r e s u l t i n g  in  

haem orrhaging  the  normal c o a g u l a t i o n  p r o c e s s e s  co u ld  cause  

.

p a t e n c y  o f  t h e  j u g u l a r  ca n n u la  was checked  t o  see  i f  b lood  

sam ples  c o u ld  be withdrawn q u i c k l y  and f r e e l y  from t h e  can

n u l a ,  i f  n o t ,  th e  cannu la  was, adjust  l uni  ! t icy sou Id do

t a k e n  q u i c k l y .

The b lo o d  sample was ta k e n  fro; the  j u g u l a r  cannu la  and

e i t h e r  th e  g l u c o s e  or  g l u c o s e  ■ f r u c t o s e  concent  r a t io n

d eter ;  - 1 in  t :u X  oo :.

The i n f u s i o n  pump was s w i t c h e d  on and the jejunum i n -

t u b e s ,  in  which t h e  e f f l u e n t  was, c o l l e c t ,  d ,  were r e p la c e d  

a t  2 , 5  m inute  i n t e r v a l s  an th e  b lo o d  sat  p es  taken a t  r e 

g u l a r  i n t e r v a l  . The e f f l u e n t  c o l l e c t  i d u r in g  t h e  f i r s t  

10 m in u te s  w s d i s c a r d ; I  us t h e  volumes v a r i e d  ai t h e  b e -  

g i n n i n g  but  u s u a l l y  r ea c h e d  a s t e a d y  s t a t e  w i t h i n  th e  n r s t

10 minu*1 .
The volume, in  t h e  c e n t r i f u g e  tubes, wore measured and 

t h e  c o n c e n f r  ' i o n s  o f  1 -  . a. as. In ' ach sample est  imated.

From t h i s  in f o r m a t i o n  lh< amount o f  sugar  reco vered  was

c a l c u l a t e d  an i knowing bh< amount o f  s.ugar ml us. 1 in ,5  

m in u tes  t)i" amount o f  i igar a s s  i mil a ted  was. cat -u . la l . i .

At t h e  end o f  t h e  c s r e r i :  •nt  t i n  abdomen was oj-ened
and the- 1 n g t h  o f  t h e  i n t .  . t i n .  u s e d  was c a r e f u l l y  r emoved ,



t h e  CMinula. ;  were  t a k e n  out and  t h ^  i n t e c t i  ne pl  aced i n  a 

s a l  j no r o l u  {• i on .  A f t e r  10 m i n u 4 or t h e  lent t.n oi t l u  j e j u 

num us-. '1 was m e a s u r e d , t t  i s  f / tvo s .uf f  i c is nl. t i l  <■ ! o r  t.ne 

i n t e s t i n e  t o  ha v e  r e a c h e d  a c o n s t a n t  l e n g t h  : o.l ! owi.r:-r, ■ I r e t c h 

i n g  when r e m o v i n g  t h e  t  i s s u e #  The i n t o ;  t i n e  wa i t u e n  >1/l ed 

o f  e x c e s s  f l u i d  and  we i ghc !• The amount  (<. • U| i r  a at  i i a i -  

l a t e d  was e x p r e s s .  ! as m g / c m / . , r> m i n u t e s .

2.10.1. _A: ' i 1 • ' i _ • ■ '  ''  L:  22L— -  ——  L—
g rn  !j er , t  i n  v i v o  

The method  u s e d  i n  t h i s  e x p e r i m e n t  was b a s e d  on t h a t  

u s e d  b. • t'h f f  an ; OmyVh ( i : ) .

i s o l a t ' d  Ions;  o f  : mal l  it. t  ne J  v_s_o.

A: g a s  l i f t ;  } n.  1 : r- •t.-rv i r .  C: wal e r -

I): d i s. t .a I e an j i a . K: i 1 J 11' ’ • ' :
c a n n u l a . C: r  . onvt i r  ts ; . I1: g a s ,  ! ufl pun.i
t a p .

T h i s  e x p o r t  m< n t  was <• iri*i od o d. on t h r -  v h a t s  and 

t h r e e  r a t s .
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The e x p e r i m e n t a l  p r o c e d u r e  was e s s e n t i a l l y  t h e  :,amG ati 

t h a t  u s e d  f o r  t h e  in . fur . ion  e x p e r i m e n t s  except ,  that ;  i n s t e a d  

o f  t h e  i n f u s i o n  pump, a r e s e r v o i r  war r r -  1 and t h e  e i 1 ! u c n t  

r e t u r n e d  t o  t h e  r e s e r v o i r  by  a p a r  l i f t .  pump, 

o f  i n t e s t i n e  u s e d  war a i so  d i f f e r e n t  i n  t h a t ,  in t l r -ne  e x 

p e r i m e n t s  t h e  i n t e r . t i n e  f r om t h e  s p h i n c t e r  o f  Oddi  t o  t h e

d i s t a l  end o f  t h e  i l e u m  wa. p e r f u n  .

The r e s e r v o i r  was f i r r t  f i l l e d  w i t h  an i s o t o n i c  Glucose  

s o l u t i o n  ( '  , 2 5  p / 1 0 0  ml)  ' h e i i  1 o f  t h  a p p a -  b o r

a d j u s t e d  so  t h a t  t h e  l e v e l  o f  t h e  f l u i d  i n  t h e  r e s e r v e i r

'

h e i p h t  o f  t h e  r e s e r v o i r  r  r  ; '' t ■ i i n  a hydro;  f r* ; c pro;  .

and H) on t h e  p e r f u s i o n  ' : . r a t u r  v  n  opened  and t h e  i n 

t e s t i n e  p e r f u s e d  w i t h  t h e  g l u  o r e  . o l u t i o n  t o r  l b  m i n u t e s  

t o  r a i n  t he  1 I ck 1 "1 os  3 • v 1 .  At the c ad o f  t he  15 

m i n u t e s  t h e  a p p a r a t u s  war d i r  onn e t c :  from the  can nu l a :  , 

t h e  g l u e  or e s o l u t i o n  d i r  c a r  i d and t b  a p p a r a t u s  rin.-a:,: ou t

.

r e c o n n  c i c l  t o  1 a  p: )%: 1 . annul  Th, i n t o  f i r  , war ' sen

washed  ou t  w ^ u  00  ml o"  : : ' o f  f l u ,  i t  from t ' r  i l o um

b e i n g  d c u r  i d .

Once a l l  t h e  a3 hie h a d  be 'U u r  d t h e  r* a v o i r  in : ,  (G)

was d o  ' i an ! 50 : 1 o f  t h ,  g l u - u r  e o l u t i o n  ( I ' d  mg / lbd  ml)

was p l a c e d  i n  t h e  r e s e r v o i r .  PI 0(1 :in 1 P ^ r f u r a t v  r a i d e r  ot

o p p r o x b  l y  0 , 1 '  , 1  vorr  , ,n f r o  t h  j u g u l  i r  c a n n u l a  and

t h e  r e s e r v o i r  r e .  . o c t iv<  l y  and t h e  g iu  o. e conOvnf r a l  ton

e s t i m a t e d .  The apj . a r a l  a: . r. r e c o n n e c t e d  t o  t in d i r i a l

c a r m u l - :  and th-  r f u r i o n  li i r t o d  a g a i n .  The 1 ' me n . i e r -

vnl  b e t  w e n  s t o p p i n g  t in p r r f u r  ion c ‘ l : 5, « 3 r / lOO I -■> •
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s t a r t i n g  t h e  100 mg/100  ml g l u c o r e  s o l u t i o n s  was a p p r o x i m a t e 

l y  15  m i n u t e r .  At 15 m i n u t e  i n t e r v a l  d u r i n g  t h e  p e r f u s i o n  

s a m p l e s  o f  b l o o d  f rom t h e  j u g u l  a r  canuu  I a an ! pern u. il.e I roni 

t h e  r e r o r v o i  r  were  t a d t  n  f o r  gl uoo.  ■ dcd • n  t in ■ ion . - .  I hi; 

p e r f u s a t e  s a m p l e s  t a k e n  a t  th« s t a r  I and t h e  e? l o t  t lie ex 

p e r i m e n t  we re  c a i ' r  cd ou I in 1 u ; > I Lea ! e .

A f t e r  t h e  iO m i n u t e  amp le r  ha 1 be t  i t a k e n ,  t h e  p e r f u r  i on

was s t o p p e d ,  fch- ah r ' n opened  and t h e  i n t e r  t i n -  removed.

The vo lumes  o f  f l u i d  i n  t h e  r e r - r v o i r  and i n t e r t i -  were  

m e a s u r e d  and t h e  g l a o o / e  eon' -eni  ra t  It  in; > r  t i i f d  cd .  

l e n g t h  o f  t h e  i n t o r t  n -  u . - 1 war • r a r e i .

The d i f f e r e n c e  bo two n t h e  amount ot  g . uc o re  r o r o ; u r e l  

and  t h e  amount  o f  g l u c o r e  i n i t  •*! l y  j l ace  I i n  t h e  r e .  e r v o i r  

was t h e  amount o f  g l u  ■■ a. i: i l a t e d  o r  a c c r e t e d  by t h e  i n 

t e r !  in- i n  one 1 r .

T h i s  e x p e r i m e n t  war, r o t  c a r r i e d  ou t  u. ; ng f  r ue  to:  e a s  

t h e  b l o o d  f r u  i tor - .  lev* 1 cou l  1 not be  i n c r e a s e d  t o  l e v e l s

, . .
o f  g l u  -o * ft-' t,; bl c  1 t o tn in.- ten

T h i s  i n v e s t i g a t i o n  war c a r r i  • 1 out  on one b a t  and one 

r a t .  The a .in il wo-o f- ' d o f  o l i l  f(  d o v e r n i g h t  bu t  

had  f  r< 11 a c i i  • t o  w  '• r  an i n i r o ’ on: • g l u c o r e  so l  u t i o n .

The method ur ■ i war- s i m i l a r  t o  t h a t  u sed  i n  t lie i n t u r i o n

e x p e r i m e n t s .  I i t  i n  t h i  Inve:  t i r a t i o n  i l i n c  war u s  d i n 

s t e a d  o f  a r; nr s o l u t i o n  a !a i n Id i a i  :‘t u i  i. A! o ,  

l o n g  r l e n g t h s  o f  j e j u n u m  w- r -  u r -ed , 11 cm and Id cm i n  t he

b a t  and t h e  r a t  r e s p e c t i v e l y .

The an ima l  r  we re  ojin-'ofclvd i cd w i t h  ' h e  piienob r rb i  t o r e /  

p e n t ;  b a r b i t c  ue m i t u r e  a n d  I 1 o e peri .ment a l  p r o c  du re
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c a r r i e d  out: a s  p r e v i o u s l y  don e rL be  1 on pa c e  35.  A f t e r  t h e  

p r o l n f u c i o u  b l o o d  no:: p i  en 1 a I boon  eol  1 < ' d c 11 1 no an I u: Lon 

pump we n s w i t c h e d  on and t h e  phyn:io 1 ocLc a l  n a i n o  j ’c r l u n o d  

t h r o u g h  t he  , ;ut a I a  m e  o f  0 , r  nil p e r  10 minui  n.

•

I n  t h e  e xp e r i me n t  c - v r  i 1 o u t  on 1 he b a t , AO minute::: 

a f t e r  t h e  i n f u  ion o f  s a l i n e  had  b e g u n ,  lob  mg o : g l u c o s e  

was g i v e n  i n '  r a v  : I;/ a. an  i s o ' o n i c  p. I ur  > s • • o h s

T h i s  i n i t i a l  g l u c o s e  1 c d i n g  dose  was folLow I by r ep eac ed  

i n t r a v e n o u s  i n j e c t i o n  do es  of b , 1 rn; of g l u c o s e  eve: , /  10 

.

w i t h  an i n t r a v e n o u s  i n f e e  i o n  o f  , 5  u n i t s  c in.  n .1 n f o l 

l owed  b y  a  sec  >r I i n j c c ' i o v  o f  4 u n i t s  of i n s u l i n  8 r . inuJ es

l a t e r .

I n  t h e  r a t  t h e  i n i  t s '  i :  i t  r a v  nous  glucc  o l o a d  was 2bb 

mg and t h i s  was f o l l o w ,  by  an i n t r a v e n o u s ,  g l u c o s e  i n f u s i o n  

a t  a  r a t e  o f  4? r.g o f  ;iu e s r  10 m i n u t e s .  A) 1 o r  120 

m i n u t e s  t h e  s 1 i n f u s i o n  f l u i d  was r e p l a c e d  w i t h  s a l i n e

con t a i n i n g  0 , 5  I i d i e  s i  : i s .

The b a t  and  t h e  r a t  were  k i l l e d  140 and I rO m i n u t e s  

r e a p .  - i v c l y  i f '  s t in w i o n  . : th- i n t .  s. l i n e  had  . f a r t e d .  

The abdomens  w< vo r e - o p e n e d  a n ;  t h e  1 eng I us. -uiu Wvi g ■■5 o ,

■

f u s a t e  i n  t h e  e f f l u e n t  t u b e s  we re  m e a s u n  1 and  t h e  g l u c o s e  

c o n c e n t r a t i o n s  in t !c  ho.1 u * i ons  o; i r e  <■

2 .1 0 .5 . Fs ! i r '.it ■  1 : f t-S i ' ' ' s '5 s' ' aujL
] i. j.c -ie ̂ I , • | >,. . | sorb a 1 nod
(bn’ i r I 1 i as i ' i ! a 1 ' oe ° f n s* ar

I n  t h i s  i n v e s t  • t i t j  on o n l y  b •' s  were  in < : • !’l ic.>'

f a s t e d  o v s r n  i , 1 I. o f  so l  id f o o d  b had  f r e e  accc:  t o  w a f e r



and an i s o t o n i c  n l u c o s c  n o l u t  1 on .  The animal . :■ were  a n a e s 

t h e t i s e d  and t h e  same e x p e r i m e n t a  l p r o c e d u r e  foil lowed a s  

had  b e en  u s e d  i n  fch< i n f u s i o n  e x p e r i m e n t s  ( page  35) except;  

t h a t  i n  t h  r e  exj /er imt . -ni r  no d . i r t a l  c a t h e t e r  war u s e d .  As 

a  r e s u l t  t h e  whole  j e j u n u m  and a l a r g e  p a r t  o f  t h e  i l e u m

•

I n  t h e  b a t  t h e  cannu l  a t i o n  o f  t h e  p o r t a l  v e i n ,  so a s  t o  

g e t  p o r t a l  b l o o d  s a m p l e s ,  war i i f f i e u l I  n r  a l l  t h e  l a r g e r  

v e s s e l s  a r e  s h o r t .  Tin p o r t  al  b l o o d  . a . p i e r  were  t h e r e f o r e  

t a k e n  d i r e c t l y  f r v .  t h e  p o r t a l  v e i n  a b o u t  4 -  5 mm from t h e  

l i v e r .  T h i s  v;a. do: • u s  Lr a iG hypo  iermic  rv d i e  c o n 

n e c t e d  t o  an "Ar i a : ' "  ryad r.g- . The d i r a d v a n t ?  o f  t h i s

me thod  was t h a t  a p o r t a l  b l oc  I . rample c o u l d  o n l y  be t a k e n

IIo b l o o d  s a m p le s  cou l  • t h e r e f o r ' -  bo t a k e n  b e f o r e  t h e  i n f u 

s i o n  war r t a r t '  i.

'

m i n u t e s  0 , 5  ml . o f  sy. 1 • • b l o o d  were  < l l e c t  ;d from

t h e  j u g u l a r  c o n s u l '  '•••'■ • 0 , 5  r. L o f  p o r ! 1 b i o o i  ' i s : ,  t.hv 

p o r t a l  v  i n .  A l l  • 1 a ' • ( • were  n n-. n dni ' ' a t e .

a l l  t h e  ex pe r imen t  . ' ;.e co nc c a /  r a t  '..on o f  b lood  l a c t a t e  war

•

c o s e  i n f  u s '  ; a so ,i. t i< \> * n^ i  g l .ucor  <• f'onc> n v  Lon .•< n ;. 

e r . t i m " f' '■ i u 1 • • '• • • • r ' ( i ; a *  ̂ ,. ! c

t h e  o th i  s * wo e x p o r l i  ■ad . pi . ‘C -• w,a ■ - . t i - a l  t i u. ir.g 1 ne 

hcxok  i na ' hod . The b i o  1 f r u • ■ ‘ o. <: an l . in-ros'. vonct  ti

t r a t i o n s  we re  e r t i i  a t e d  uf inp  Mk hexokin / i .  ■ me- .ocl i n  c on 

junct .  on ' t h  pho, 1 ). i ■ rn <* n I ^  f r u c t v s i d a .  •

(pop;,-.; G and ; ) .  I n  th  : T o r t  ex pv r im  nfs, t h e  p l asma
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and  an i  no t o n i c  g l u e o n e  e o l a t i o n .  Thn animal:.' , were  a n a e s 

t h e t i s e d  and t h e  name e x p e r i m e n t a l  p r o c e d u r e  f e l l o w e d  an 

ha d  be<. n uned  i n  t h e  i n f  u n i o n  e x p e r i m e n t s  ( p a g e  35)  e x c e p t

a p e n u l t  t h e  whole  j e j u n u m  and  a l a r g e  p a r t  o f  t h e  i l e u m  

were  p e r f u . e d ,  by wh ich  t i me a l l  t h e  f l u i d  war ar.r. U i i l a t e d .

I n  t h e  b a t  t h e  c u m u l a t i o n  o f  t h e  p o r t a l  v e i n ,  so a s  t o  

g e t  p o r t a l  b l o o d  s a m p l e s ,  war d i f f i c u l t  n r  a l l  t h e  l a r g e r  

v e s s e l s  a r e  s h o r t . Th< p o r t a l  b l o o d  . a m p l e r  were  t h e r e f o r e  

t a k e n  d i r e c t l y  f r o ;  t h e  p o r t ' l l  v e i n  a b o u t  4 - 5  mm from t h e  

l i v e r .  T h i s  wa; lone u r  i : a ,'?3G hyi o : - i-;.ic n e e d l e  c o n 

n e c t e d  t o  • n "Ayl an" s y r i n g e .  The di  • ivant  • -e o f  t h i s  

method  war. t h a t  a p o r t a l  M >0.1 . ample  c o u l d  o n l y  be  t a k e n  

.

I3o b l o o d  s a m p l e s  c o u l d  t h e r e f o r e  i u t a k e n  b e f o r e  t h e  i n f u 

s i o n  war r. a r t e  1.

m i n u t e s  0 ,  ml r a  1 o f  r .yr t .  :c  b i o  1 were  c o l l e c t e d  f rom 

t h e  j u g u l a r  cun:.aIr .  a s  1 1 , 3  r.l o f  p o r t s  1 b l o c !  from the  

.

a l l  i h e  e x p e r i m e n t s  t h t  cone,  a tx - . t  . on o f  b 'oo. i  l a c  c a t e  war

•

c o s e  i n f u . ad s n i a a  ‘ io b l o o d  gl s c o r e  e o n c 1 r ion v.an 

c s t im u t . '  1 u s i n g  11 • G.O.D.  P e r i  l m- t h ed  (p ag e  <>) w h i l e  i n  

t h e  o t h  r  two e x p e r i m e n t s  g l u c o s e  war, e s t  i mat ed  u s i n g  t h e  

h e x o k i n n n c  me th od .  The b l o c  1 f r u c t o r a n  I s u c r o s e  c o n c e n 

t r a t i o n s  we re  e s t i :  f ed  u s i n g  t h e  h e x o k i n a r e  method i n  c o n 

j u n c t  on h ; .o I i s o  ra  n l p I ' r uc to r  i d a r c

( p o g a r  f, an 1 ) .  I n  t ic  si. ’r o s ■ u pi r im n t r  t he  pi ar'ua
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p rot e in . " ,  were  n o t  p r e c i p i t a t e d  w i t h  p e r c h l o r i c  a c i d  b u t  by 

b o i l i n g  in  a  n a l i n v  . o l u t i  m  ' ) ) .

. .
gLo.M-f1i ur  r a 1; • o f  u r  i : i l a t i o n  o f  p l u c o c o

f rom t h r  j r , ] u n i n  

On ly  b a t s  we re  \u-< d i n  t h i n  i n v e s t i e ' ' t  i on ,  t i n  y were  

f a s t e d  o v e r n i i  ht; o f  r.ol i d  f ood  b u t  had  ' r  c a c c e s s  t o  an 

i s o t o n i c  g lu co .  e r .olu '  i o n .  The f o l l o w  ay morni i  ; t h e  

a n im a l ,  wore  r v . a e c t h c '  ' 1 w i t h  ' a  plv a r b i  fcon< / i  a -n toba r -

b i t o n o  m i x t u r e  ( ’ 1 One.- • h* an : • ’ war a: l oop  t h e

r i g h t  j u g u l  a r  w i n  v;a. c annu l  a 1 L ( p a g e  / '•' and t h e  o e s c -

phagur.  po. t a r i  o r  t o  t !  l a rynx  war i d - n ^ ' r l c d ,  c l (  ant  1 and

p r e p a r e :  f o r  e annu l :  ' ■ a .  A Jac.pnr .  aa o f • r  ( C. ) ,  ap 

pro: : !  : a 0 a. l o i  , a t '  ' o  a 10 : 1 r y r l n g c  were  : o th

•

To p r e v e n t  t h e  l o r n  o f  any  f l u i d  f r o a t h e  r y r ' n g e  and  c a t h e 

t e r ,  ' h e  l a ' • van i ' > ' w: ' h . i ! lo( i p .  Tin.

s y r i n .  a wan th- n ] In • 1 ' r: an i n  .. ion ] p a p p a r a t  is and 

t h e  o e n op h ag 1' " c an nu l  at cd w i t h  V •.< catn • t- i k i n g  r a r e  t h e

t  ip Of t a : n tn ■ ' a -a.
The abdOi'n n wan oj >r I a lonn;  t e mid l i n e  and a doui  e 

l i g  a r  : f  i 1,. ■ • i i . . ' l or '  c . : i n " '  o r ,  t o  p r e 

v e n t  t 1 l o  o f  • • 7 f l u  i ! fro-;  t h e  t o  - . The Je junum

was i d '  n- i f  i ' ai 1 j ?< ; i r e d  : o r  l h i n f u  ' o? o f  a sup:ar o

l u l l  on ( p  ye ' ' i ) •

I n  t h "  c o n t r o l  < - a a t  . a s i n g l t  p r e - i n f u r  i ui b l o o d

S'.:;,p i "  war  ! a n an 1 ! • r  u • ■ i on let *r- ' no :.

The i n t e s t i n a l  i n f u s i o n  p m a  wan t h e n  nw. i tcht  i  on and  t h e  

j e j u n i  ■. i " r f u r -  i w: a ico. ' I a  ra t . c  o f  0 ,  m l /  ,'» 

minui  . 1:1" 1 . ; U ; were  taa!.- n at f> and 10 minut e.
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a f t e r  t h e  s t a r t ;  o f  kin i n fu  • i on ' ini  t h - n  a t  10 m in u t e  ; i l e r -

.

and t h e  expo r i m  nk t e r m i n a t e d  a f t i  r » ho i nke.-kin* had ■ .a

i n f u s e d  f o r  on h o u r .  A l t h o u g h  t h e  oexopliatju; l ad been  c a n -

r u l a t e d  t h e  s t o m ac h  i n f u s i o n  pump was n o t  s w i t c h e d  on and so  

no g l u c o s e  was. i n f u s e d  in t o  t h  st iomach.

I n  t h e  a c t  " expor imt  n* p l uco ; : - 1 f ; /100 ml)  was

u sed  f o r  b o t h  t l  o s.bo; ac'u ar t J••Juri.al nfu .  i o n s .  HIood

sam p les  wore c o l l o c k v j  p r i  ) r  t o  an 1 b ,  10, 0 and 3 0  m i n u t e s

a f t e r  t h e  i n t e s t i n a l  in fu i c a had  be  s t a r t e r .  A f t e r '  t h e

3 0  minu' • s b l o o d  . ar ; 1< ha 1 : ••on t a  - a ,  t in b u l l d o p  c l i p  was

removed ; tin. . : o: •ii a l s o  i n f  ;s w i t h  g ! n ' o. e al  0 ,  - m l /

.
4 0 ,  50 and 60 r ' ; s .  t . ■ w-.r t- e m i r a t e  I - '‘t e r

t h e  sfco:s h had o-: •; i n fu ;  i f o r  5 1  r nuke ' .

The a n i m a l s  went k i l l t  1 a f t e r  V o x ; a r i s e n :  and t h e

•

The vo lu mes  and  c o n c e n t r a t i o n s  o f  t h e  g l u c o s e  i n  t h e  

e f f l u e n t  ube  we n  ; ■ is 1 and t h  - sours  s o f  g l u c o s e  a s -

s i m i l e ' s  : .w ro  r- ! ci ! a t  ( 1 ( j  >). Graphs  and h i s t o 

g r ams  wes d r awn t o  show td co ncen t  r a ' i o n  o; he si; f 11 • >

•

2 . 1 1 .  :   '

2 . 1 1 . 1 .  _____ ____ ;   ____  -s ' ■

The a n i m a l s ,  h o t h  . m i  b a t s , wore  f a s t  o i o f  a l l

s o l i d  f o  i ov- r a ' u  k, 1 ut Die, /  d i  i >v fra e acco;  s. t o  w a t e r  

and an i s o t o n i c  p: 1 n os.o o'lut on .  Th fol  lowing morning  

t h e  an 1 . 1  wore- 1 i 1 l e d  and t h e  ah 1 o <.-n o s  u- i bp mi i 1 no 

i n c i s i o n  an  1 t h e  i ni -  . d i m  removed as  q u i c k l y  a s  p o s s i b l e  

an I pi  ■ • i in c o l d  : ■ • I j.n< . The i- - t i n e  wa: r  a I in >o
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s e c t i o n s ,  opened  up and p i n n e d  o u t  on a  wax p l a t e  made up 

o f  p i n k  model l i n p  'wax . The s u r f a c e  o f  t h e  mucc . a was 

washed f r e e  o f  mucous and  any o t h e r  w a s t e  m a t e r i a l  w i t h  

s a l i n e .

The method u s e d  i n  t h e  p r e p a r a t i o n  wa s i m i l a r  t o  t h a t  

u s e d  by H a l t . , e t  d . , ( ]  ) an 1 cons  ; s t -  i o f  f i x i n g  t h e

p i n n c d - o u t  t i s s u e  w i t h  g l u t a r a ] d r h y . i e  s o l u t i o n  f o r  24

The t i s s u e s  were  t h  ui d e h y d r a t e d  t h r o u g h  g r a d e d  e t h y l  a l c o 

h o l  and g r a d e d  a s y 1 a c e t a t e  i n  a b s o l u t e  a l c o h o l  u n t i l  t h e y

.

t h e  c r i t i c a l  no in  • t e c h n i  sue, moun'  ■ j ar i c o a t  ; w i t h  go ld  

p a l l a d i u m  and vs -wed  w i t h  a Cas.br i ig- s c a n n i n g  e l e c 1 rom 

m i c r o s c o j c .

. .

In t h e s e  i n v e s t i g a t i o :  s a c c m j i a r a t i v e  s t u d y  o f  t h e  

s t r u c t u r  • o ' 4 h : n t  t i s  e th- 1 a t  i t  ra< was l e .

The as ' s s . l s  were  f  ■' • ■ ; o f  s d i  1 foe, i ov r n i  h t  b u t  had f r e e

acces s ,  t o  b o t h  wot- - and an i. s o t  or - ; l u  o c s o l u t i o n .

The f o l l o w : '  : o r a  i. ' • ' s r e  k i l l e d ,  t 1 c

i n t e s t  in q u i c k l y  v  r.ovn 1 ' i 1 cut  i i  so l e n t  ' o f  about  1 cm, 

and irrmedi a t s  l y  f ' x e l  i n  a c o l d  (V  C) s o l u t i o n  o f  , v 

g l u t a r a l d '  h. Is ' r a r a c e  !,vl at c /s- ! .ucose 1 ' i i f fc r  (j d 7»•- nnd 

415 -  4 0 s' 0. • % A f t e r  c t h >t. - ‘ h t i s  ,a vs r e  r  .ov- 1

and  c u t  i n ' o  1 nr out • a- ' '.• .n r e t  srn d t v  t h e  f i x a t i v e .

Al. t h  cnJ o f  f o u r  h o u r s  tdie pesim were rvmox i f rou  

t h e  f i x a t i v e  an was a i in a 0 ,  1 M c c o d y l s  t< l  i f f c r  and

♦ P i n k  m o d e l l i n g  wax "As.sueia  1 c-d ])< n l a l  p ' \ ,  ?ucl 
t o u g h e n e d  il—l.



p o s t  f i x e d  i n  1% osmium t c t r o x i  I' in  c a c o d y l a t o  b u f f  u* f o r  

a f u r t h - T  f o u r  h o u r s  a f t e r  which t h e y  wore  washed in t h e  

c a c o d y l a t o  bu f e r  an .1 l e f t  o v e r n i g h t  i n  t .hin b u f f e r .  The 

s p e c i m e n s  we re  d e h y d r a t e d  i n  e t h y l  a l c o h o l  c o n t a i n i n g  2% 

u r a n y i - a c e t a t e  and f i n a l l y  p l a c e d  in p r o p y l e n e  o x i d e .  The 

t i s s u e : ■ we re  embedded i n  a r a l  f i t  •/- pon m i x t u r e .

T h i c k  s c t i o n s  L -  .1 yurt w* r e  f i r .  t  c u t  and s t a i n e d  w i t h

t o l u i d i n e - p y r o n i n  so  t h a t  t h e  b l o c k  c o u l d  be o r i e n t a t e d  and 

t r im m ed  so t h a t  t h e  m u co s a l  c e l l s  w< re  cut  a p p r o x i m a t e l y

•

m a t e l y  CO nn  t h i  •> a n :  s a : ■ 1 f i r s t  w i t h  u r a n y l  a c e t a t e  and 

f i n a l l y  w i t  a 1 c  1 a c v t  a.I.o. The .'a ;t i c were  exam is :1 w i t h

a J o e l  Jem 1.00 0 l e  son m ic r o s  •o:

The meas.ur- ■. o f  ‘ h l e n g t h  ; ,  d i a m e t e r s  and  d i s t a n c e s  

be tw een  t h e  m i c r o v i l l i  w- r< r:s k  d i r e c t l y  f rom t h  n e g a t i v e s .  

A n ’u r s e r  o i m . . r  r n f : v- :: !q f r e  each neg< t i v e  and t h e

.

t h i  • s s  o f  t h e  p l a s m a  i. - o r  an was m c a s u r  d b o t h  on t h e  

neg  v a n .  t h  p r  a t  a- i b r e  a ; a in  a  number  o f  m e a s u r e 

men t s  v; • rad* , r si I i • ; \i d i n  t h  f i n a l  c a l c u l a 

t i o n s .



3 .  RESULTS

3 . 3 .  T-L’1 __ 11 * ' " r c "  L'I? ILL

The mean t r a n o i f c  t i m e  f o r  b a n a n a s  i n  t h e  /»? b a t e  u s ed  

i n  t h e  i n v e s t !  a t i o n  war, 4( m i n u t e s .  The s t a n d a r d  d e v i a t i o n  

was fo un d  t o  be -  24- m i n u t e s ,

3 . 2 .  Or il j! r  • t  -I  r  r ' i r ‘ r

T a b l e s  17 and 18 ( s e c  a p p e n d i x )  and f i g u r e s  6 and ? show 

t h e  c h a n g e s  i n  t h e  b l o o d  e l u c o s e  c o n c e n t r a t i o n s  f o l l o w i n g  t h e  

o r a l  a d m i n i s t r a t i o n  o f  e i t h e r  10 ml o f  d i s t i l b  i  w a t e r  o r  500  

mg o f  g l u c o s e  p c i  100 g b o d y  w e i g h t  i n  t h e  an u s t h e t i s o d  r a t  

and b a t .

oo
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Hto
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2 0 0 -

100

r

- o

- 4 i
106 5

M i n u t e s  a f t e r  a d m i n i s t r a t i o n  o f  w a t e r

.
b a t  and r a t  f o l l o w  : s the o r a l  a d m i n i s t r a t i o n  o f  10 ml o f  
d i s t i l l e d  w t e r .

( S o l i d  l i n o  r e p r c  r - r i ts  th« b a t  and t h e  b ro k e n
.

moan v a l u e  ar i t h e  v e r t i c a l  1 , rc  -  t h e  s t a n d a r d  
e r r o r  o f  t i n  . ) .

From t a b l e  17 and f i r ; ,  f  i t  c an  be  s e e n  t h a t  a f t e r  t h e  

a d m i n i s t r a t i o n  o f  10 ml o f  d i s t i l l e d  w a t e r  t h e r e  were no 

s i g n i f i c a n t  chan  • 3 in t h e  b l o c  1 g l u c o s e  c o n c e n t r a t i o n  i n
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e i t h e r  t h e  I a  I c r  t h e  r a t .

•tioo
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2 0 0 -

103-1

i i i n u t ( s  a f t e r  a d :n in ir , t r a t io n  o f  g l u c o s ead

.
t i s e d  b a t  a r d  fc f c l l i  : 1 ' ■ i e t r a t i o n  o f  5>C0
mp o f  u o:  i' 1 - \

( S o l i d  l i r e    r< : re:  r t e  t l r  ' a t  and t h e  b r o k e n
l i n e  t • t  r . . . C 1 r i ohov; t h e
moan v a l u e  i ' h e  v« e t i c a l  i  -  t h e  s t a n d a r d
e r r o r  o f  t h  : :u ) .

F i r ; .  7 and T a b l e  1 ( r e t  aj  . or hix) r h o  . t h a t  a f t e r  t h e  

a d m i n i s t r a t i o n  o f  e l u e c  • , the b l o o d  T u c o . e  c o n c e n t r a t i o n  

i n c r o  d i n  t o t h  reuj  ,■ o f  mi  • s .  I n  t h e  r a t  t h i s  i n 

c r e a s e  was f ro :  a r e s t i r  l e v e l  o f  l i d  in /"100 ml o f  b l o o d  

t o  a  v a l u e  o f  1 0  • /]< ml o f  b l o c  i t i  e . 0 m inu t e  b i t  I 

.

s t a r t i n ' -  a t  a l e v e l  o f  mf/ lOO I o f  b l o o  1 in-l  i n e ^ o a c i n e  

t o  f‘>'A c / 1 0 0  1 o f  b l o o  1 i n  the  .'' i mi.nu' e b lood  sa -iple.

To s e e  i f  t h e  r e  was a s i  ; n i f i c a r  t  d:i ff< pence be tween  

t h e  r e s u l t s  o b t a i n e d  f rom tin r a t  and bn!, ,  a t e s t  was made 

f o r  t h e  s i ;;r, i f.i c a n t  di  f f e r '  .' •- h two n t in s l o p e s  o f  t h e
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c u r v e s  r e c o r d e d  f o r  the b u t  and t h e  r a t  r; I u c o e r  t o l e r a n c e  

l e s t .  (Gee a p p e n d i x  p a - e  1 ) .  T h i s  was found  t o  be

h i g h l y  s i g n i f i c a n t  i t  the 0,h; .  Level .

. .
T a b l e  19 ( s e e  a p p e n d i x )  and f i g .  8 .how th e  c h an ge s  i n  

t h e  b l o o d  g l u c o s e  c o n c e n t r a t i o n  f o l l o w i n g  t h e  i n t r a v e n o u s  

g l u c o s e  t o l e r a n c t  t r e t .

T)o o »—<
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2 0 0 i

103'

0 J

"-v

n r
0 10 20  60  

M i n u t e s  a f t e r  i n t r a v i  nous i n j e c t i o n  o f  g l u c o s e .

.

79 mg of  ,-lu- or- i - r  100 ; w-. i t .

( S o l i  i l i n e  r e v  re i t s  t h  i a t  a i d  the
b roll * ] .. ————— t 1 r< . u 1 *
d o t s  shows f "  mean v a l u e  and t h  v e r t i c a l  b a r s
-  th- s t a n d !  rd rrc r o f  t h e  o n .

The b a t ,  a s  u s u a l  , had r l o w e r  r e s ! ' n " Mood g l u c o s e  

c v e l  t h a n  t h e  r a t .  The amount  o f  g in  o r e  r i v e n  t o  e ach  

t n ima l  c a u s e d  non h l y  t h e  ame i n c r e a s e  i n  t he  b lood  f l u -  

:osc I t  .-el f : om ♦■! • r e s t  - b l o c d . Lucos, 1 < v i s .

X



48

i m p o r t a n t  o b s e r v a t i o n ,  h o w e v e r ,  in t h a t  t in- d e c a y  o f  t h e  

s l o p e  o f  t h e  two ^ r n : h: in i d e n t i c a l .

I n  the1 c n f . r o l  ex.. - rim,-nt •• whor ; t h e  an imal : ,  were Given 

an  i n t r a V '  noun i n j e c t : !  on o f  n il Inc o f  o q u i v a i ' n t  vo lu m t n ,  i t  

was fo und  t h a t  t h e r e  was no chang e  in t h e  b l o o d  g l u c o s e

c o n c e n t  r a t  i o n .

V,.  h .  A _ _  _  ! 1 1 :  ' r  ' ■   i n  ' ' ' r , °M.  - : : 1 ' 1___ar_d

r a t

5 . 4 . 1 .  A_ ' ' ■ 1 -i! - or  o i  L _ _ . i l

.
i n  3 0  m i n u t e s .

G l u c o s e  Bat  ( 6 )  Ra t  ( 4)

A d m i n i s t e r e d  (r  ) 1487 1740
♦ $ 1

R e c o v e r e d  f rom . tor at h (: J 459 + 0 70s + 1 ,

E n t e r  i n  t h e  i  t o r  t i n e  (r *) 1 0 . +  80 838 + 1 /

R e c o v e r e d  f rom i n t c  s t i r u  (:• r) -3 + 39 361 + 1?4

Amount a s s i m i l a t e d  ( 1 5 ) 763 + 60 c?78 + l i

% e s s ; : . !  l o t ' d  t o  a v : - l i a b l e  7'* ± ] • ’ , 5  +

• Ku:. : r  o f  ' - i: s i  r. $ v in  t h e  b r a c t -  t s .

The r  s u i t s  ( T a l l c  l )  shows t h  t  t h e  b a t  d i f f e r s  from 

t h e  r a t  in a  numt r  o f  wo. . . The f i r s t  war 1 h a t  t he  b a t  

a s s i m i l a t ' d  ?(V i- o f  g l v  :oro  com [■•.red t o  the . "78 mg o f  t h e  

r a t  d u r  g t h i :  30 r i n u t e  1 • r l o d , t hu s  t h i s  u n d e r  s i m i l a r  

c t r o u n i s t a r  <-es th< b a t ’ s r a t  o f  a 1 mi 1M l et  xva: 7 , 8  t  i mos 

f a s t '  r t h a n  thi r a t .

The s e co n d  d i f f t - r o r  -c was t h a t  i n  t h  30 m in u t e  p e r i o d
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more g l u c o s e  l e f t  he  b a t 1, c tomach  t h a n  uh«: r a t ' s .  F i n a l l y ,  

i n  t h e  b a t  t h e  p e r c e n t a g e  of’ t h e  amount  o f  g l u c o s e  a s s i m i l a 

t e d  compa red  t o  t h e  amount  o f  p l u c o r e  a v a i l  a Die in t in i n t e s 

t i n e  f o r  a s s i m i l a t i o n  was 75% as, compa red  t o  56 ,5 ,  f o r  t h e  r a t

T a b l e  2 .  The vo lumes  and c o n c e n t r a t i o n s  o f  g l u c o s e  found  
i n  t h e  s t o m ac h  and  sma l l  i n t e s t i n e  50  m i n u t e s  a f t e r  t h e  
o r a l  a d m i n i s t r a t i o n  o f  g l u - ' o s e .

Bat  O )  * P a t  ( 5 ) *

Volumes ( m l )

I n i t i a l  10 10

Stomach 5 , 4  + 0 ,h**  6 , 9  +

I n t e s t i n e  4 , 0  + 1 ,  8 , 6  + 0 , . '

C o n c e n t r a t  ion ,  g/1 0 i 1

I n i t i a l  1 4 , 8 7  15*4

Stoma 1 1 , 8  + r>, 5 l a  + o , “

I n t e s t  - c 7*5 i  0 ,  ■ 4 , o  + 0 , 4

* Nu: : :• Of s: ' :

Both t h e  r a t s  and t h e  b a t s  were  g i v e n  10 ml o f  the

15 g / 1 0 0  • I g l  rso: • solu* ' >a (T-.h! ’) .  I n  t h e  rat a

t o t a l  volume o f  1 5 , 5  ml o f  f l u i  1 wa: r e c o v e r .  1 f rom t h e  

stomach a- . ‘ • ! • ' ■ . '  n*■ m,: . 1 to  7*4 " 1 n lh> ba t  .

I n  t h e  b a t  no men u r a b ! e v o l u t s  o f  f ' iui  l was o r  r v e d  in 

t h e  d i s t a l  two t h i r l s ,  o f  th< Lnts st Lr s where  s in t he  rat .  

t h e  f l u i d  cccupis  (1 t h e  e n t i r e  l e n g t h  o f  t h e  smal l  i n t e s t i n e  

and so m e t '  s had • n t -  r- 1 lh« l a r g e  > 1 • ‘ i n e .

The con c e n t r a  f i on o f  g.l -sos.o i n  b o t h  uvimn'e. '  : t o m a c h s ,

showed t h a t  t h e  g l u c o s e  s o l u t i o n  had  b e e n  d i l u t e d ,  b u t  t h a t
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- t  wa., s t i l l  more t h a n  t w i c e  t h e  o c i a o l a r i t y  o f  t h e  p l a r m a .  

The s u r p r i c L n c  c om p o r a u iv c  d i f f e r e n c e  be tw ee n  t h c n e  two 

o n u n a l  s p e c i e s  was t h a t  i n  t h e  b a t  t h e  o s m o l a r i t y  due t o  t h e  

G l u c o s e  i n  t h e  i n t e s t i n e  was 40% g r e a t e r  t h a n  t h a t  o f  t h e  

plasma w h e r e a s  i n  t h e  r a t  i t  was l e s s  t h a n  i s o t o n i c .

5 10 20
M i n u t e s  a f t e r  a d m i n i s t r a t i o n  o f  g l u c o s e

'

CSoJj : ! in-  ______  r e p  re. u • - t a r  b a t  an  1 t h e
ohn-1!n+- T' ------  S"1j' rflt r( ' C i r c l e d  d o t ssh°. . -  a-- mean va in -  - a  i t i  v e r t  c a l  b a r s  -  t h e
s ta n d  a r  i e r r o r  o f  t h , n i ) .

.

b lo o d  g l u c o s e  c o n c e n t r a t i o n  "o in d  in t h e  con c io u r  b a t  and

.

P r i o r  t o  t h e  s t a r t  o f  t h e  e x p e r i m e n t  t h e  b l o o d  g l u c o s e  l e v e l  

i n  i ,h:  bat: v/,' ' r* ' ) n.g/100 il co .: v< i t o  'Y'j mg/ lOb ml i n  the  

r a t .  In  t h e  b a t  a f t e r  t h e  a d m i n i s t r a t i o n ,  o f  t h e  g l u c o s e  

t h e r e  was a r a p i d  i n c r e a s e  i n  t h e  b l o o d  g l u c o s e  l e v e l  wh ich
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s t a r t e d  t o  l e v e l  ou t  o t t e r  20 m in u te s  end reached  u moan

'
r a t  by  c o n t r a s t , t h e  b l o o d  g l u c o s e  l e v e l  i n c r e a n e d  s l o w l y  

f rom 55 mg/100 ml t o  r e a c h  a  l e v e l  o f  I 55 ®'V100 ' 1 e f t *r

50  m i n u t e s .

5 . 4 . 2 .  Aruvj.mi 1 ‘i l . i  o n  o f

.
i n  50  m inu t e r , .

Ba t  ( 6 ) *  Ra t

1491  1 1 5 0 °

F r u c t o s e

A d m in is te r e d  (mg)

R e c o v e r e d  f rom s to m ac h  (mg) 1 ' ^ ^

E n t e r i n g  t h e  i n  t e a t  . i.r ( tnt,)

R e c o v e r e d  f rom i n 4 ; t i '  (

Amount a s s i m i l a t e d  (" 1

*  a s s i m i l a t e d  t o  a v a i l a b l e

1158 + 50 883 + 95

82 , 27 615 1 82

1076 ± 71 268 + 40

92 4 5 50  + 4

'

The r e s u l t s ,  f a b l e  5 ,  sh owed  t h a t  t h e  b a t  n s s l M i l e f o d

m i l s  ■ d .
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Tab] u 4 .  The vo lu r  r- *i I <• - •er.tr\V. i on.'  o f  f ruc1;ore  f e u >.:]
i n  t h e  S t  or ach  and e- i l  1 i n i  :;t i ne ;)0 minut e :  a f t .  t' t h e  o r a l
adrnin i a t  ru I i o n  o f  f r u e 1 .. • e .

Bat, ( 4 )  Rat  ( 4 )

Volumes ( m l )

I n i t i a l  10 10

Stomach  2 , 5  1 0 , 6 * *  5 , 7  + l , l '

I n t e s t i n e  1 , 1  + 0 , 5  1 1 , 4  + 3 , 3

C o n c e n t r a t i o n s  c / 1 0 0  ml

I n i t i a l  1 4 , 9  1 5 , 0

Stomach 1 2 , ;  > 0 , 6  1 1 , 2  + 0 , 8

I n t  s t i r e  £■,' + 0 , 8  9 ,4  5 0 , 2

* Nunh c: f a n ’ - i r  I r r
* * M an c r .  . t a n  r  ■ j * r i -cr  c f t: m- an.

The an  in ii w  e i v e n  10 ml o f  a f r u c t o s e  s o l u t i o n

.

r a t  a  t o t a l  v e 1u- o f  1 7 , 1  ml e f  f l u i  t wan c o l l e c t .  1 f rom

,

The c o n c e n t r a + i  nn o f  f r u c t c  a i n  b o t h  t h e  s t omach  and

i n t e n t  i ’ a 1 :r>- : 1 • u war r< • r  i th  ba* v: • n com.] ire i t o

t h e  r a t .

The mean v  r.ouf coi  '.en t r a t i  or! o f  g l u e ,  . o and f r u c t o s e  

found  in t h e  b u t  ai 1 r a t  f o l l o w !  - t he  ad: i. i s  t r a t i o n  o f

1 , 5  o f  f r u e f ( - • v  • ••(]. i i , a: o I a 1 i } ' . 10

and 11 .

n i |  . 10 : if t h a t  f o i l  ov; i : t h  ad: in i in •at i m o f  f r u c 

t o se  th(  h i ' . '  1 ' •< 1 V 1 i >. bo th  i : ,' r o a r .  <1, i n

t h e  car. '  o f  t h e  b u t  from a jm. -adt  ir i s  t r  a t  i o n  l e v e l  o f
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60 mg/100  ml t o  r e a c h  261 mg/iOO m‘J in t h e  30 m in u t e  b l o o d  

. a m p l e .  In t h e  r a  t  th •: blood,  g ! uco  o J eve]  Inc non: ed from

70 mg t o  .100 m g / 1.00 ml .  '-"h-TG wax no f  r ue  to .  a- ; n t in  b l o o d

p r i o r  t o  t h e  a d m i n 1. t r a t  I on o f  t h e  f r u e  t oeo  i n  e i t h e r  s p e c i e

( F i g .  1 1 ) .  A f t e r  t h e  a d m i n i s t r a t i o n  o f  t he  f r u c t o s e  i n  t h e

b a t ,  t h e r e  was a v e r y  r a p i d  i n c r e a s e  i n  t h e  b l o o d  f r u c t o s e  

l e v e l  which  r o a c h  d a maximum v a l u e  o f  1J2 mg/100 ml i n  t h e  

5 m in u te  b l o o d  a: p i e  and t h e n  ; l owly  d e c r e a. e l .  In co n 

t r a s t  o n l y  a t r a c e  o f  f r u c t o s e  v; m found  i n  t h e  20 m in u t e  

b lo o d  s ample  f rom t h e  r a t  and t h i s  i n c r e a s e d  t o  9 mg/100 ml 

in  t h e  30 minu '  b l o o i  . a- ; t o .

The s t a t i s t i c a l  a n a l y s i s  t o  t e s t  t h e  s i g n i f i c a n c e  b e 

t we en  t h  amounl . o f  g l u cc  :e and f r u c t o s e  a; m i l a t e d  by

.

( S e e  a: p-.-nd ' x . ]

300-

Oo
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X>
f—f
H
Oo

ofOo
Vs

r -iW
(if)
H

2CG-

10C

J -r-
10

Minute  ; a f i . c r  ad l i n i s . t r a ' i o n  o f  f r u c t o s e

1 , 3  g o f  f r u e t  ■ .

(Mol : L ine ______ r u p r e . c  t  I h I a t  / ad I u b"- f  u
1 ini.  --------  i r a t  r  I . C i n - l i  i l o t  sh ou s  ?te
ri'uan v a l u e  rn  I Mi - v - ' d  i ca'I bars,  -  t in  s t a n d a r d  
t r r o i  o f  ' • s i ) .
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Minuton a f t e r  admini s t r a t i  on o f  f r u c t o s e

1 , 5  g o f  f r  ictc: .

( S o l i d  l i n e  r e r r ,  V t ! t  i t  .•m l t i e  brol  cn
.

mean v l a e  a n :  t) e v e r t :  • 1 b a r s  -  t h e  s t a n d a r d  
e r r o r  o f  t h  ) .

• • •

t o s e  i n  t h e  b i J

T a b l e  >• The a • * ' on <>f a m i y ‘ ire o f  g l u c o s e  ana
f r u c t o s  • i n  t h e  i f n 50  Li.ui

Gluco  e F r u c t o s e
( 6 )+ (6)*

Admini ' i ( ) ' /50 i 2 ** 748 i 2 **

R e c o v e r «■ ; f r o r  / t o -  a. ri (mg) I 59 218 1 58

E n t e r  in/;  t h  ini 1 q,.. ( r  /;) i 59 550 1 58

R e co ve r ed  f rom in i  / t i n e  ( ) 111 i 50 65 ■1 20

A ioun'  a i  /i l a t  i (• i ,) 55 465 + 50

% a n / i  1.. ’ 1 • t  d t o  avn 1 i a t  1 0 73 » 6 87 t 4 , 5

* Mi >or o f  • ::.i ■ a 1 i n  1 V :h 1
* * 11 • 1 an : 1" ■ 1 a rd e r r  r o f  1 a ir- an.

1



T a b l e  5 shows t h a t  th< amount::  o f  g l u c o s e  and  f r u c t o s e  

a s s i m i l a t e d  i n  50 m i n u t e s  f o l l o w i n g  t h e  a d m i n i s t r a t i o n  o f  a 

m i x t u r e  o f  t l n s e  two mono s ac  (dun* -t h  wu: o •• l , t-g nn • ■ .>) - 'g 

r e s p e c t i v e l y .  I n  e a c h  exj ' o r i in t  a ‘ more ! r u e  t o  e u Is  a — 

c o s e  was a s s i m i l a t e d .  The £ s u l c s i t  11 1 t e s t  con 1 u n o t  be 

u s e d  t o  t e s t  w h e t h e r  the r e  was a s i g n i ! l e a n t  d i a i n  ■ ncc  b e 

t w e e n  t h e  r a t e s  o f  a. inti! a t  i o n ,  because  o f  t h e  l a r g e  

v a r i a t i o n s ,  i n  t h e  amount s  o f  g l u c o s e  and f r u c t o s e  a e s i m i -

done  t o  s e e  w h e t h e r  I h- mean o f  t  ie d i f f e r e n c e s  was s ign. i t  l-  

c a n t l y  d i f f e r -  n t  f ro :  - no.

.

Su "<r a s s i m i l a t e d  n ;:/50 m in u t e s

Bat  N° F r u c t o  c Gluco  s D i f f e r e n c

1 404 3?7 77

2 555 3?9 26

5 ':49 554 15

4 311 74

5 580 503 17

6 59? 514 yy

2Zx

3 ' i 7 , f
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X
Compute t n _ j = vt—rj—

7 ^

( p a i r e d  cample  t - t c r t ) 

where  x 4 ? , 8

8 . D .  -  3 1 , 5

r  6

' 1 7 , 8   ___
so  t n    x f  3 , 718

5 1 , 5  ^

t r> ] 0 , 0 9  3,  69

So s i e n  i f i  " : •.! ' 1 ■ ] ' 1 ( . ■ 1.

The s t a t i c ! . !  l a l  a i . a l ;  i r  o f  t hee- -  ex; r im n t s  showed

t h a t  t h e r e  war a h i ,  hi  y • i ev i f i  a n t  d i f  f  ■ r  nee b e t w e e n  t h e

amount ; ’ o f  f r  . • > 1 t - d .  i’h- : - r e 

s u l t s  Were f u r '  • r  < '1 ::t i ! t h  f e c i  t a t  a l t  hoe i. t h

same arr.oun ‘ n o f  r . \■ 1 f r u  - t c  had e r t r - n d  t h e  i n t e s 

t i n e  , 8 o f  ' . i n i  i al f c ' v."..' a . ,  i r . i l  a t od  com

p a r e d  t o  t h e  a  . ' . -alue o f
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T a b l e  7 .  The volume.-' and c o n c e n t r a !  ion: '  of i u ro ne  and 
f r u c t o s e  found .in t h e  •'t oti.'ich and i n t e r  r i no i n  t h e  b a t  ;>Q 
m i n u t e r  a f t e r  th< u-lmn n:1:3t r-it i on  o f  a  m i x t u r e  o. , ;0  n 
k I u c o . c and 7 -- v:r‘ f  rue  tc .

Bat  (G)

Volumes ( m l )

I n  11 i a l 10 * »

Stomach 5 , 5  1 0 , 6

I n t e s t i n e 2 , 9  + 0 , 9

G l u c o s e  (* ) F r u c t o s e  (6 )

C o n c e n t r a t i  onr- / ICO ml

I n i t i a l 7 , 5 ♦ * 7 , 5

Stomach 6 , 4 1 + o H 6 , 2  + 0 , 1

I n t e s t i n e 4 , 1 1 * o VN 2 , 1  + 0 , 2

* Nu; • ■ r f • • ' 1!

The b a t s  w< re - i.vcn in!  -a m e t r i c a l l y  10 ml o f  t h e  mix-

l a t e r  t h e  a n i r a l s  were  k i l l  and i t  was found id a t  t h e

s t e m a c h  s t i l l  c o n t a i n e d  a p p r o / i  i S t e l y  a t h i r d  o f  t h e  i n i t i a l

volume b u t  t h a t  t h e  c o n c e n t r a t i o n s  o f  b o t h  f l t n ’Oi am: f n ; / -

.

volume o f  f l u i d  i n  t i e  i n i  ‘. t i n e  and r e x p e c t ,  1 t h e  f r u c 

t o s e  corm n t r a t i o n  war- 1 - r r  t i  an t h  • I- • t • 1 u<‘«. • .
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5 8

6 0 0 -

rH

H

0 J
M i n u t e s  a f t e r  a d m i n i s t r a t i o n  o f  s u g a r s

■

( S o l i  I l i n e  -------  repre. ; - :  tn t l /  fruc eo a:
broke ’■ 1 ' r ■ -------- t ' ; ' ' ' , ...i
Cj r e ]   ̂ i d o t  show.'  t h  a- v a l u e  ar i « v '■ 1 1 c

b l o o d  g l u c o s e  an d  f r u c t o s e  c o n c e n t r a t i o n s  i n  t in  V-at f o l -  

l o w i n r  t h e  a d n i n i s t r ' . f i o n  o f  a  r o l u W o r  c o n t a i n i n g  e q u i v o -

I t  n t  amount  o f  :1 u • - o and r u e  ' <'• <' • 1 : ■1 1 1 1 'L

n i s i  r a t .  i on  »f t h e  monos aoch '  r i d -  r, t h e r e  was no  f  rue  t o n e  .m

t h e  b l f a  i ai i t h e  b io-  d lu b..-Vi I vn; '' ■;//| 1 " 1 *

A f t e r  t h e  s u g a r s  had  be- n g i v e n  t h e  b l o o d  g l u c o s e  e o n c o n -

■

...
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t r a t i o n  i n c r e a s e d  v e r y  r a p i d l y  an 1 r e a c h e d  a maximum l e v e l  

o f  /Id 2 m : / 100  ml i n  t h e  10 m in u t e  ram pi o and t in n g l o w l y  

d e c r e a s e d .  F r u c t o  e a l n o  a; ; a r ed  i n  t h e  b lood  a n !  ached 

a  maximum c o n c e n t r a t i o n  o f  Gl mg/100 ml i n  t i n  9 m in u t e  s ample  

and t h e n  r , lowly de c . r e c c ed .

The p a t t -  r n s  r e c o r d e d  f o r  t h e  b l o o d  g l u c o s e  and f r u c t o s e  

co: • e n t r a t i o n s  dur i r . i  t h i s  •••.-• •■ri:; ' -nt  w- r e  v e r y  s i m i l a r  t o  

t h o s e  r e c o r d e d  when c i i h  -r o f  t h - s e  m o n o s a c c h a r i d e s  were  

a d m i n i s t e r e d  s e p a r a t e l y ,  accept t ; : a t  t i e  s u r a r  c o n c e n t r a t i o n s  

we re  l o w e r  ( l u e s .  f: . 9 nr I f' ru ' e • f  . 1 1 ) .

. . .

.
t h e  r-t o r a c h  a r t  n:: a l l  in i  ' i.i - 1 n t h e  ; a t ,  50 minute s a f t e r  
t h e  a : i r . i  r  o f  i ,  'U r  .

* Ku- r o f  a: i : • • i r 1 ' a
* * M e n  ' ) . ! • "  d t :• o f  ' n .

T a b l e  8 shows t h a t  iO n:inut< G a f t e r  t he  suc r e ,  e had 

be- n r i  v n  o n l y  '.-08 ' o f  t h e  su re .  o wa • s t i l l  i n  t h e  

s t o  ' c h .  ft i s  m- a n t  1 i.afc apj r : ii at.. 1 1000 n •; oh . o r  -,

e n t e r - d  t h -  .small  i n i -  s t  in’e o f  which o n l y  GO mg was r e -

S u c r o s e  (■ )

Admin i s t -  r,  1 (:n )

R e co v e r e d  from s tor  ach (•:. ) 

R e co v e re d  from infct . Line (: 0  

T o t a l  su  r o s e  r e c o v  red (m ") 

Amount o f  s - t o  - d i -er.tc 1 (:: :) 

% dig- '  sLed t o  ad-  i n i  s t o r e d

1500 

508 :  55 

GO > 19

568 1 ( i  

952 2 20 

62 + 2
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c o v e r e d .  Ax no x u c r o r n  wx found  in ,ny o f  cho b l o o d

s a m p l e r ,  if; i n  r n a x o n n b l ,  f.o axxmr . I,hat t h e  r e m a i n i n g  s u -  

c r o n e  was h y d r o l y s e d  t o  f i lucoru an i f r u c t o s e .

.

Gl ucor:o (G) F r u c t o s e  (G)

Suf ;ar  fo rmed  (m%) 490 +
• *

14 4 9 0 + 14
R e c o v e r e d  from - t o - a  -h (m •) 5 + 2 5 + 2
R e c o v e re d  from i n t e s t i n e  (m ) 116 + 59 91 + 55
T o ta l  sur -a r  r ,  cov r  i (mr) i ;?i 42 96 + 57
S u g a r  a s s i m i l a t e s  (t ) J69 + 50 594 + 46
% a s s i m i l a t  ed t o  av.-.; 1 a b l e 75 + 9 79 + 8

The h y d r o !y .  j o f  ' r . o f  r u - r o .  • r e s u l t e d  i n  t h e  

f o r m a t i o n  o f  AGO o f  bo th  , ; luco.  e and f r u c t o s e  i n  t h e  JO

.
showed U r i t  P/o o f  t h e  a v a i l a b l e  r l u c o s e  and 79% o f  t h e  

a v a i l a b l e  f r u  t o . -  w r  a, . . i l a t< 1. Oner a . i n  f r u c t o s e  

was asxinr, i ! a t .  • fast . ,  r  t h a n  Luc o r e  and a s t a t i s t i c a l  

a n a l y s i s  was c a r r i  d o u t  t o  s e e  w h e t h e r  t h e  mean c f  the 

d i f  f o r e r c o : .  |  b e t  we. • 1 ■ amour, t s  o f  l u c o r e  and f ruc to se -  

on. i m i l  it. d ,  war. : h , I f j  :. | y  U f f  r e  ! f rom x r o  ( s e e

r ( ’1 1,0 ! ) '  Tflf r e s u l t ;  : hew- d t h a t  t h e  amount, o f

f r u c t o s e  .a; :: Lmi 1 a t o d  was s i  i f i c a n t l y  c r e a t e '  t h a n  f o r
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g l u e o r e  a t  t h e  0 ,  l e v e l .

.
f ound  in t h e  .:l,<r ich and I L. n t h  • o f  t h e  b a t  yO m i n u t e s  
a f t e r  t h e  o r a l  a Imirii.  t m t i i  n o f  L ,1 g o f  micro,  e .

C o n c e n t r a t i o n  r / 1 0 0  n.l
F l u i d  ______________________________________________
Volume ( m l )
( 6 )  * >;'u1' p<i:’e Fruc  t one  G lucose

(6) '  (6) '  (6) '

I n i t i a l  10 ** 15 * * 0 ** o * *

Stoma 'n / | , 1  + 0 ,  ' 1: ' 0 , 4  0 ,1  _ 0 , 0 5  0 , 1 1  + 0 , 0 5

I n t e s t i n  , 2  + 1, (  1 , 1  + 0 ,1  1 , 9  g 0 , 1 7  2 , 7  1 0 , 1 5

* Nut ! e r  o f  11. i • k t, .

An i n i t i a l  volu:;  c f  10 •• 1 o f  a 1 ; p / 1 0 0  ml s u c r o s e

.

(Tab I f  K ) t:.-- tv t i l l  ,1 • 1 o f  f l u ;  1 i n  t h  s t om ach ,

,

T h e r e  were a l s o  t r e e  ;: o f  l uco .  e nr 1 f r u c t o s e  i n  t h e  s t omach  

f l u i d .

The vo 1 rrs of ' ' h : i • ! : • t i  r wa 4,5'  : 1 and I to

co r . eo n t r - a t i  r.s Of \  ■ w< rc 1 , 1 ,  l , o  a* 5 , 7 "  p / 1 0 0  n.l

f o r  ; , f r u  1 ■ a, i h. • ; 3 C  rc • r - ' i v  l y .  Thus t he

e q u i v a l e n t  o s m o l a r  i t,y \\.< t< f t  - so ; ; a r s  i s  a p p r o x i m a t e l y  

794 mOsi! n r  r • -i " l y  i s o t  oi ic’ witrn tit b a t ' s  bl< od.

T a b l e  2 (rv nptx nd i x)  ' ■ I Fi  •. I show th,  b l o o d  l e v e l  

o f  g l u e  . nr d f ru r . i  . du 11 th  - • • ; • rii:s i t . At no t ime

d u r  i n g  t ■ • ' / :  ; ml wi" any  ruc roso  found i n  t h e  venous,

hi o o ' .  i1 he b l o o d  , l ucos f  1 eve  I i n c r ,  • od a f t e r  t!ie ad; i -
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n i s t r a t i  on o f  t h e  s u r r o n e  and r e a c h e d  a v a ] u e  o f  m r /

100 ml by  t h e  50  m in u t e  r u m p l e .  F r u c t o .  -■ war not  f ound i n  

t h e  b lo od  p r i o r  t o  the a I m i n i r !.r a t i o :  o f  t h e  r u c r o r e  b u t  

a p p e a r e d  i n  vhe 5 minute  b l o o d  ramp]e and  r e a c h  d a maximum 

v a l u e  o f  21 mc/lOO ml o f  b l o o d  i n  W-c 10 m inu t e  b lo od  sample  

and t h e n  s l o w l y  d r e c r < a r o d .

600-

oo
,0 2 0 0 -

a
oo
H
'hfl
a 0J

1 ........................... J - -
-------------- --

y

. / 1

f
0

-o—
~r~
10

_ r —
20

M in utes  a f t e r  a d m i n i s t r a t i o n  o f  s u c r o s e

-r;_
30

.
t h e  ad . i n i : ' - • ie;  :* 3 , c . . c ro .  .

( S o l i d  I -  --------- r e p r r . - 1’ f r u c t o s e  and t h e  b r ok en
l i n e ------------f 1.e ’1 ucr  ■ e ' hr a*. ' . d e e d e d  d o t
shows t h e  mean . i luc  an i in v e r t i c a l  b a r s  -  t h e
S 1 and : ,i v (-1 t. n-

. .

t o r e  i n ' :  1 at  a* 1 •• • r a t

5♦ > • 1 • r<i. -

The n luco . r e  t r i e ,  fer re . d  t y  t h e  s m t i i  i n t e s t i n e  i s  shown

1

n l u c o s e  in Mr Se re :  tl cor.t a r i  1 . In c o n t r a s t  h t h e

h a t  1 h- r "  wa. a n e t  lor o f  Vlu n« from t h e  s e r e  ; a l  com-
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p a r t r n o n t .

T a b l e  11 .  The qu- ■ t U  r -i ur  t r a n s  Cor r ed  from the
m u c o s a l  t o  t h e  s e r o s a l  surfa ' . -o I n  the b a t  an t h e  r a t  u: it ; 
t h e  f;ut s a c .

Animal Glu c os e  t :  : f e r r e d  :/cii. /5o m in u t e s

Rat ( 5 )  

Bat ( 5 )

40  + l / , 5

l  11 ,0

* Number o f  a r i r  ••Is in b r a c k e t  
*4

. . .

5 5 0 1

n
oar-HxQ)
MOo
9

Hto
(in
M

500

4 5 0 -

"X

C 50
M in utes  a f t e r  t h e  s t a r t  o f  exper im en t

Fiff .  14 .  T ' o  co '  ' r rc. I r  1
mucosa l  (..■ . •< " k -  • • 1. : • f o r e  at. I a f t  ••r* t  o r  ■ i r c u l a l  ion o f  
p l  u co so  t u  h ' r e  r v< rl ■ 1 i ! • :

(Sol  i  i 11? r e i  1 ' tv r. th- ;•« ror.-al fJu. id and
the b r o k e n  t h ' u a l  f l u i  i . r e  c i r  l e d
d o t  shows t h r m-- an  I u r r. va • non f o r  t h e  Vat s  and

.

The r e s u l t s  r. oi ler] win n p! ucr . io was ra c i r c u l a t e  1 

t h r o u  gh s h o r t  I o n  t h s  o f  s m a l l  i n t  -sM ne o f  t h e  b a t  and

I

I
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r u t  a r c  shown i n  t a b l e s  12 and 24 ( s c  an* nd:ix) and f i f .

14 .  In  t h e  r a t  t h e  c l u c o i  c o r . n c n t r a t . l o n  i n  t h e  mucosal  

c o mp a r tm en t  f e l l  from 'd r: : t o  d m ( ’; / l ° 0  ml in t he  60 

m i n u t e s  w h i l e  .in t he  s e r o s a  I com; a r t  . t  t h  g l u c o s e  i n 

c r e a s e d  from ^ 8 me: t o  ms ; r J 00 ml.  When t a c  vo lumes

o f  f l u i d  i n  t h e  d i f f i  r e n t  con'i u r tmen  t,s and t h e  l e n g t h s  o f  

i n t e s t i n e  were  t a ' - e n  i n t o  cor . r i  Ic r a t  i o n , th- n t h e  amount:  

o f  g l u c o s e  a s s i m i l a t e  3, t r u r s f t  rr- d and u t i l i / i  d we re 4 , 0 ,  

0 , 9 6  and  3,

.
where  t h e  e w  r t i  1 a t  was r e  i n s u l a t e d  w i . h a r o l u t  on o f  
Krebs  h i  c o r 1, or. a t .  s o l u t i o n  • n ' a i n i n  ; aj-proxii:  satt l y  500 n.r 
o f  - d u c o . s  }" r  I t  0 i,l .

$
Fat  c f  ■ e ( / c m / h r . )

Ani::,al Nu. h e r Assim l a t ,  d t r a n s f t r r e d U t i 1 i z e d

Bat 4 1 , 0  + 0 , 0 5 - 1 , 0  ^ 0 , 1 8 2 , 0 6  + 0 , 1 ?

Ra t 4 4 , 0  4 < , ' 0 ,9 '  1 0 , 0 3 ,04  + 0 , 3 9

*

I n  t h e  b a t  ( t a b  12)  t h  - ;1 uc o se  c o n c e n t r a t i o n  i n  t h e  

mucosa l  co:: : i r t i  er t  ir.cr-t as ,  ; t u t  d u r‘ t o  t h e  m o v e - n t  of 

w a t e r  t h  ■ v s  th< in i ' -t) o f  1 , 0  i /cm/1 o f  > u-  

.

t h e  s e r o s a l  com p a r i  - • t a,  id h i s  r e p r e  : t e d  a n e t  l o s s  of

1 , 0 6  m- r .  Tr,* r< o re  t tn - r - - v .  a n, t  Los o f  ■duct,- o

from hr t h  oni) ur l s  it in t.h- i n t .



6 t>

. . .

The r e n u l  ! - o f  t h e  r e c i r c u l a t i o n  o f  g l u c o o c  t ' :r-ou,;h t he  

j h d a t e d  ir:t.i . t i n e  ar- ohown In fi  . 1 ana V.ablcr 16 and 

?y  ( a r c  a p - f - n d i x ) .

6 0 0 -

-o-

H
OorH
x0)w
oo3iH
O
60O

600

2 0 0 J

o -

' *x . .

M in utes  a f t e r  s ta -

 1-------------
30

expe i  ment

—T— 
60

F i r .  ) ! . rr v“  r CO; c- t  " - ' u  -c. t in n u c c r  i l
and p e r e n a l  f l u i  : r  wr i 1 r  r- . ;u a t  i - » t h e  r x . J l  I n t e s t i n e  
in  v i '

• -  rep.-'v. • f i t s  t : " n r n  ca] f l u i d  and
?he

(Sol  i d  3 ne —
the  t  ( . ■ : ;   t ; ! ‘"1 U ‘ .
C i r r i « 1 dc ’ ■ t i e  r <• r l i  ■' v a l u e r  f oe  t) <
b a t s  and t )  • '«;uar< r. th< v - a- - ' u o os e  va luer ;  f o r
the  r a i n ) .

In l i e  r a t  t i e  conn, n’t e a t i o r  o f  p l u c o  ■ I’o 1 .-o:. A0 '-!

t o  Py? " / IOC 1 h  tl.< 1 0 rr. i )ut . w h i l e  v  ' a  r e  no. il

c o m p a r t - n t  i.h-- i luce ? c o n r r n t r a t . i  on 4 nor.  a. f rcn  1 

t o  c/ ‘:- V l 00  n l .  Tie t i i  i u r  ;■ t h  » -'i-i ni t  d i  I

t h e  mucosa l  ■ 1 uco. r none--n t . ra t j  en exceed  i s e r o s a l  c o n -

C e n t r a  * i- r.. Tl us it / r e t  r.-’W. i. < : t  o f  luce ,  o from t h e

muro al  t o  t i e  . ■ -i] s ir far .  , no • i 1 by <1 f i r  il inn b,
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a c t i v - -  t r - m ' |  o r t .

I n  t h f  b a t  t h e  n lu cc : : o  c o n c e n t r a t i o n  dc c r« ' an rd  i n  b o t h  

t h e  comparer;: • t r ,  i n  t h e  muco '.‘1 t "o:n ' t o  1 nr  I in t h e  

s e r o r a l  f rom 1 hO t o  ' Y rj  / I f '■ nil.

.

and u t ' l i : -  d i n  t h e  roc  i r c u l a t  I i . . e l a t e d  smal l  i n t e s t i n e .

*
G1 uco::e m ; / r m / h r .

Animal  Number Amir :  11 a t e  1 Tran  nfe . "rod  U t i l i z e d

Rat r o ,g ^

Bat  b 0 , 5  - 0 , 5 '  0,

* Near, v a l u e .

T a b l e  1 ’ . h e  wo i n  at  t l .  r a t  a s  i m i l ' t d ,  t r a n s f e r r e d  

,
sp e c  t  i  . o 1 y • The v- \ • ; t • r  v • n i . i i l n r  t o  t h o r  e r e p .  r t  < u

.

war; l o r*  f l a  m b o t h  < ' i ■>.<' : t ' a r t  a: a 0 ,  \° n r / c m / h r .

o f  1T1 *;c • r  • h ; < val 1 i .

. . 

. .
a m i  :• i 1 -_J i ; •• " ' c i t  • 1" „ r a t

Table  14 : i.ovn tlwt t h  |i  . r.it.y o f  f l u c u r c  r o s i m i l a t o l

I _ Vi.. V> t . ' : ! ( !  • 1 't i • u. c d .  Th' 1' I "V a t

amount o f  ■ war in.il  it- i v.! • n ' ' - phenol a r b i t o n e ,

pr.-ntot Mrbito' c mi x t u v a n  v; U i'he - I'.'ect urc tbaro had 

on osc ir  i l ' l i c - n  war v e r y  c in. U a r  t,c t h a t  o f  the  r he n o /

]•.<•? to t  a r t  i t.i.M . Th< t ba lnmo!  • 1 a rm m  t h e  t i n e  d o: in a l



6 6 a

T a b l e  14 .  The e f f ec t ; : ;  o f  t h e  d i f f e r e n t  a n a e s t h e t i c 3 on t h e  
q u a n t i t i e s  o f  1 d u e  one ac.: Lroil atod, in $0 m i n u t e r  f o l l o w i n g

.

A n a e s t h e t i c .  G lueone  a s s i m i l a t e d ,  mg/30 min .

Th a l a m o n a l  1 5 9  ( l )

U r e t h a n e  289 ( 5 )

P h e n o / P e n t  obt».1 • b i  t  on e 294 ( 2 )

* Number o f  an i :n ,1.; i n  b r a c k e t . ; .
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a s s i m i l a t e d  th- l e a n t  amount  Luc )ne.

T a b l e  26  ( s e e  a; p o n d i x )  at 1 fi.R. 16 show t h e  b l o o d  [ l u-

c o s e  c o n c e n t r a t i o n  be fo r e  and a f t e r  t h e  a d m i n i s t r a t i o n  o f

6 o f  g ] u c o s e .

"g 300-j or4
A
iH
B
OO

owoo
y

2 0 0 -

ho 100-
to
B

0 J ! I I 1
0 10 20

M i n u t e s  a f t e r  a d m i n i s t r a t i o n  o f  g l u c o s e

—r'
30

.
b l o o d  " Iu cos e  l e v e l s  t  f o r e  a:..i a f t  r  t h e  a d m i n i s t r a t i o ng l
o f  1 , ;  o f  I s  o se

(So l  i  i 11' r e :  t s  , her o / p e r t o t  a r t  i t c :  o ,
t h e  b r o k e n  l i n e  ---------  t h a l a m o i i l  and t h e  d o t t e d

............
d o t  shows t h e  -" ; o conc< • - a t i o n .

A f t e r  t h e  a d n . i r i r  - a t  U a o f  t h  r l uco s*  t h e  b l oo d  g l u 

c o s e  l e v e l s  r o  :• v« ry  r a t  i d l y  i n  t h e  ph- no/%, a t o t  a r t  i t o n e  

anae n th  t i r e d  ar . i r  a l .  The i n c r e a s e  i t  t h e  b l o o d  -1 icor  

l e v e l s , w i t h  f o t h e r  two a r a r s t h  t  i r w re  o f  th ■ same 

o r d e r .  A l l  ♦ h- r a t s  t h a t  ha i rc . -e ;  ,• I ti ur(  thar* a n a e s 

t h e t i c  had r e  s. t i n e  aloe : u • o a  l e v  1 s a p p r o x i m a t e l y  >0 m ■

h ig h '  r  t h a n  t lv Usual  v< h i ' 1'  v I s .

. .

t_h' ; i S' -i b a t

The amount  o f  s u g a r  a s  i mil  at ed i n  50 m i n u t e s  by  t h e
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c o n s c i o u s  and a n n o " b h c t i r o d  b a t s  a r c  cl own i n  T ab l e  19.  The 

r e s u l t s  showed t h a t  w h i l e  t h e  c o n s c i o u s  b a t  a s s i m i l a t e d  o v e r  

1200  me; o f  f r u c t o s e  i n  '0 m i n u t e r ,  the a n a e s t h e t i s e d  a n i m a l s  

a s s i m i l a t e d  1 b>9 and 279 me; o f  f r ue  t o r .  i r  t h  same t i m e .  

However ,  when e i t h e r  i s o t o n i c  | : l v o s c  o r  f r u c t o s e  s o l u t i o n s  

we re  a d m i n i s t r a t e d  t h  -n t h e  amounts  o f  s u g a r  a s  i m i l a t e d  i n  

t i e  c o n s c i o u s  and a n a e s  t h e  t-i i a n i m a l s  were  v e r y  s i m i l a r .  

A l l  i he a n i m a l s  a t  t h e  en d  o f  t h e  e x p e r i m e n t  had  o n l y  sma l l  

q u a n t i t y  o f  " u - n r  i n  t h e  i r : to s t i n e ,  i r r e s p e c t i v e  o f  t h e  

amount  t .a t  was s t i l l  i n  th« s t o m a c h .  In a l l  t h e  a n im a l s

o v e r  90/p o f  th-' su n r  t h a t  had e a t  e re  I t h  i n t e s t i n e  had

.

n o t  so mu 'h  t;lv r a t e  o f  a s s i m i l a t i o n  of t he  su  a - b u t  t h e  

r a t e  and tt-.e amount  o '  su a r  t h a t  l e f t  t h e  s t om ach  t o  e n t e r  

t h e  i n t e s t i n  i u ' - l n  t h e  i L nu t e s .

300

200

oo
rH,o
H
U
Oo

a ICO

ANAESTHETISEDCONSCIOUS

— o'

Minutes after th, administration of fructose

F i r - .  17.  The a v - r a  - h i  Ot i : ucc ' ar  : fvu-’to.  e l e v e l s  
follow in  a :  i n i  ' r a '  • O f  1, o f  f r u c t o .  c t o  two
co n sc i o u s ,  an I two ar a- t l  ■ ’ i I i t s .

(The s o l i d  l i n e  —  
t h e  b r o k  n 1 In-; —

—  r ,. : •■o: , nt ,s I dn f r u c t o s e  and
.
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The b l o o d  l u c o r o  and f r u c t o s e  ] -vc t o f o l l o w i n g  t h e  a d 

m i n i s t r a t i o n  o f  1 , 7  i: o f  f r u c t o s e  t o  two c o n s c i o u s  and two

•

i n s  b l o o d  g l u c o s e  l e v e l  i n  the a n a e s t h e t i s e d  an im a l  was 27 

mg/100 ml ,  wh ic h  war r i i  l i a r  t o  p r e v i o u  1 ,y r e c o r d e d  r e s t i n g  

b l o o d  g l u c o s e  l e v e l s .  I n  t h i s  e x p e r i m e n t  however  a v a l u e  

Of 117 m r /1 0 0  ml f o r  the rc r t i r r  b l o o d  ;lu 'Or< c o n c e n t r a t i o n  

was r e c o r d e d .  Why the r e  s t i r  b l o c  I " l ucos e  l ev ,  1 r  i n  t h e  

c o n s c i o u s  b a t  ' i n  t h i s  exj --rimer.i were  ro  h i  h car. n o t  be  

e x p l a i n e d  a s  t h e s e  ex t ,  c i r . e n t a  w re c a r r i  I o u t  a t  t h e  same 

t i m e  o f  t :  e day  u n d e r  s i r  L i a r  c i r c u m s t a n c e s  a s  i n  p r e v i o u s  

e x p e r l : er t s .

A f t e r  t h  ad: : n> at : ‘ i cn  o f  t h e  f r u  ' t o e  , the maximum

blood  g lu co se  l e v e l s  w< ■< s i m i l a r  f o r  bo t h  th- c o n s c i o u s  

and a n a e s t h -  t i s  ri an i r . •, whict  v  s u r p r i s e  f o r  t h e  con -

c l o u s  a n im a l  h . i a h i  s ’. - i • at  : b l o o d  g l u c o s e  le v e l  and

had  as .  i r . i l a 4 ed more t is- . t w i c  ' . much f r u c t o s e  as t h e

ana- , t h e t  i  •-•.I : a t :  .

The b l o o d  f r u c t o s e  l e v e l s  we re  n o t  t h e  same i n  t h e  c o n s 

c i o u s  an ! a n . - e s ' : ‘ is i b a t s .  I n  th form, , : l o c  I f r u c t o s e

l e v e l s  r e a c h - !  a maxims o f  110 m / I 00 ml a f t e r  10 m i n u t e s  

and th- n d e c r e a s e d  s l o w l y  t o  ’•each a v a l u  o f  77 n • / 1 00 ml 

by  t h '  50 m in u t e  s 1< In  th- fir i c s t l  - 1 ' 1 ' r s i . -s i l ,

wh ich  had as;  i: i l* ' i c /  mu *. f ru  • , t ' b l o o d

f r u c t o .  • c o n e  n t  rat .  ix : r  - -.hoi a maxi  mum o f  11 4 mi/ I  CO ml 

i n  t h e  minu t e  sample an 1 th- - d- c r e a s e d  t o  r e a c h  a  v a l u e

o f  42  ms /100  1 1 in Us  10 minut  . am; 1 - .

5 . 7 .  I n  f  1) 1 < ' 1 ' : ; ' ‘ '

. . .

g rad  1° t t
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F o l l o w i n g  tli  ' i n i t i a l  p c r f u n i  on o f  t h e  smal l  i n te " .  I :i. n o , 

t h e  b l o o d  g l u c o s e  c o n c e n t r a t i o n  a t  t h e  b a r  I n n i n g  o f  t h e  

s e c o n d  p e r f u s i o n  was r a i  .ad above t h  normal  re s t i r  1 l e v e l s  

i n  b o t h  t h e  r a t  and t h e  b a t .

600

r-4
n
oo
—4
X.
fl)
to
oo
2HU)
bO
B ICC-

. — —

M i n u t e s  a f t e r  t h e  p e r f u s i o n  s t a r t e d
60

RA7

-------------

0 J T

O ------
-------- ■o--.

• - - O

30 60

• ■
g l u e o r e  s o l u t i o n .

’

r e p r e  ■ n t s  t 1 e b lood  an!  t he

.

t a r t  o f  t h e  p r fu:  I o n ,  wi a, u c l r  ; th ,  d i l u t e  g l u c o s e  c c l u -

n t h e  b a t  ar i t h - • r a t  re.-;  c f v <  l y ,  w h i l e  t h  c o n c e n t r a t i o n  

>f t h e  g l u c o s e  i n  t h e  i n t e s t i n a l  lumen was U mg/ICG ml.  

l u r i n g  t h e  c x ; o '  im a t  t h e  b l o o d  g lu co .  ,- l e v c l r ,  in  t h e  r a t n  

. n e r e n n n d  f o r  t h "  f i r u t  m i n u t e s  t , r e a c h  ''d'9 mg/l l 'O ml 

ind t h e n  s t a r t e d  t o  I r ea :  -. The g l u ' o  , c o n c e n t r a t i o n  

in t h e  p e r f u i o n  f l u i d  d e c r e e  .-.ed from t h e  s t a r t  o f  th« e x -

Der imont  and a f t  r  ■ 0 m i n u t e s  had f a l l e n  from 10.' t o  '/.> ms/
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.

t h e  f r lucocc  c o n c e n t r a t i o n  i n  t i n  b l o o d  war, r r o a t e r  t h a n  t h a t  

o f  t h e  p e r  f u e l  on f l u i d .  Du r l r  • t h i r  : ■ r l o d  3 1 ,9  c. ; o r  60% 

o f  t h e  f i l ucoae  i n  t h e  p e r f u s a t e  was a s s i m i l a t e d  by the  s m a l l  

i n t e s t i n e .

The r e s u l t s  c a r r i e d  out. on t i n  b a t  were  no t  c o n c l u s i v e .  

A f t e r  t h  s t a r t  o f  t h e  e x p e r i m e n t  t h e  b loo d  g l u c o s e  l e v e l  

d e c r e a s ' d  and a f t e r  r p p r o x i  matel-y '0 m i n u t e s  end f a ]  I en t o  

b e lo w  t h "  " l u c o . e  c o n c e n t r a t i o n  in  t h e  r - r f u i o n  fluid.
I n  t h e  meant ime  t h  g l u c c :  c o n c e n t r a t i o n  i n  t h e  p e r f u s i o n

f l u i d  had  i n c r e a s e d  and o n l y  s t a r t e d  t o  deer -  a s e  once  t h e  

c o n c e n t r a t i o n  i n  t h e  l u m c • was g r e a t e r  t h a n  * b l o c  . 1 u -

c o s e  l e v e l .  Th i ; t. ani 1 • i t  i n  t h e  s. exp- r im-  n t s  on t h e

,

p e r f u  i on  f l u i d  f o r  o n l y  V  • f i r s t  h a l f  o f  t h e  e x p e r i m e n t .

I n  t h e  V s  t! • no a; ' 11 v  o f  1 u o; , b u t  an

a c t u a l  i n c r e a s e  o f  11 ,  n ' t f  !u •-< i n ' o th- j < r . u. ten 

f l u i d .

. . .

The b l o o l  glu- c s c  cor. n t r a t i o n  b e f o r e  the i n t r a v e n o u s  

i n j e c t i o n s  o f  s lu-  o r e  had 1 ■ n miv ;n was 13* '0 mr;/lCC ml o 1 

b l o o d .  FV . 1 • a: i  t a b l e  ( np: - n l l x )  . sow that ,

d u r i n g  t h i s  i n i t i a l  s t a  t h  r e  was a  t r a c e  o f  g l u c o s e  i n

t h e  s a i l  - e f f l i v  r.t f ro ;  I - inf • • f. V • . How-, v r r ,  a f t e r  t h e  

i n t  rave.nous l u c e  i n j e c t  l< nr. were  l i v e n  th- b lood  g l u c o s e  

l e v e l s  i n c r e a  r ed  t o  * 73 rg / JQO ml and w i t h i n  It m in us e s  o 1 

g i v i r  ; th- i n f r a  • u u s  I n s  • i n , 5 " I - ion ' , lucosa  had a p 

p e a r e d  i n  t h  p e r  fur. a t e  at 3 a f t e r  h-O minuter ,  had r e a c h e d  a 

maxi  mu: n • rf r a t i o n  o f  I ti /  IV.- ml.  A11< v I he 1 n j e

t i  on o f  i n s u l  i n  b o t h  fch< b l o c  1 a rd  p e r f u s a t e  g l u c o s e  l e v e l s
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uTc '.80

F i r .  ? 0 .  '■ 1 I (>(. • >!' : t ' ul i it. i .on i n  * h r u t  f o l 
l o w !  n r  an i n t r a v '  non in,ie<* l i o n  u  I i n f u s i o n  o f  I u - o s , ■.

(Th c i r c l e d  d o t  shown t in bloc, I  g l u c o s e  c o n c e n t r a 
t i o n ) .

1
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T a b l e  29 (re* a p p e n d i x )  and ' ' if: .  0 .'•how t h a t  i n  t he  r a f

t h e  r e n t i n g  b l o o d  f l u c o e r  l e v e l  wan o v - r  100 mg/100 ml .

A f t e r  t h e  i n  I.rave noun r  l u c o .x  had  been  g i v e n  t-h( » 1 : ( 1' ‘~

cone  r o n e  t o  o v e r  500 mg/lCV ml o! M o o d .  •> ■ no . n.,v •• *n 

t h e r e  any t;;luco: ■ i n  t h e  s a l  i m  ei  f l u e n t  from t h e  i i ■ t i n e .  

The s a l i n e  p e r f o r a t e  war t h e n  ex ch an ge d  f o r  a s a l i n e  s o l u t i o n  

c o n t a i n i n g  ph i  o r  i !: i n ( 0 , ‘ mM) and rt . i  11 no gl ue o re  aj ; •'••= red 

i n  t h e  e f f l u e n t  ovr n when tin* b l o o d  g l u c o r e  1 < ve 1 had r e a c h e d  

a v a l u e  j u r t  s h o r t  o f  • 00 n ".

.
t h e  ny . d_ i r  nr 1_r 21 ‘ l l  M o o d  o r t h e  b e t  d u r i r g

t h e  a f r  iv  f ind in ;  o  ̂ t h "  M i l l

T a b l e  1 nh . t h  c< : :er  : " a t l o r  o f  g lu  -os< , f r v c t c  ie 

and 1 a c t  a t '  i n  t h e  r y r t i  ie ar i j o r d e l  b i oo : w s i 1- * hr i n 

t e s t i n e  war b e i r  i n f u r e d  v: i 1 h e i t  . r  " u o , f rue toe <•

s u c r o s e .

The b l o o d  g l u e  or  lev< 1 i n  t h t  i orfcal b l o o d  war M l

h i g h e r  t h a n  i n  s y s t e r i e  b loc  1 w h i l e  g l u c o r e  war b e : ng

i n f u s e d .  The b lood  l a e t n t e  toe v;n: f': h i gh '  r  : n the p o r t a l

b l o o d .

When f  r u -  t o - '  vr i n f n  1 t h e  bl  < I conc< ? ‘ i ‘ ic. ’ f o r

g l u c o r e  t f r u ^ f o  a ■ 1 ’ ae * at -  v.• 1 , '*nd

•

I n  t h e  s u e r o s e  enper imer  1 no t r a c e  o f  su  T o r e  war found

i n  c it h " fdr r:y i ' or1 id | ■ r i a l  f ! ;• • ; ; .■,

e v e r ,  t> • c o n c ' - n t m *  i o n s  o f  , 1 u - < , f  rue  t o  ar i In.*

i n  t h  p o r t a l  b lood  wa hi  h e r  t h '  ■ i i  t h "  .y. f M '  b lood  

b y  20% , r) < t i  and v  p o c f  l v i  l y .
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. . .

r.tonnir’h on  ' i r_  i mi l 'it j on  p c - ' f  t ! ;»

.io.innnni

.

th e  bl oo i g l u c o s e  Leve l  h a s  I n e r t  a. ed i n  t h e  l> minu t e  b l o o d  

sample and t h a t  t h e  c o n c e n t r a t i o n  c o n t i n u e d  t o  I n c r e a s e  

th ro u g h o u t  t h e  e x p e r i m e n t .

'Tt

2 0 0 -

a

rH

n

Tl0)
•r>

•rH •

n r m
<d ax

3 1C 20 OC 40 SC SO 55 
M inutes  a f t e r  s t a r t  o f  i n t e s t i n a l  i n f u s i o n

F i r .  ? i . : t h '  1 V - I u • n •- ■ 1 " ' ' - n ir 1 ••: t i e
amount  o f  1 ueoi a. 1 L]: . w, i 1 • it  f u s j  i, th- j e j u n u r
w i t h  . ' In o

The amount  o f  "It, - • . i mil ".ted app ro :  " . n! ,?1 , r . r /

cm/ f ’, 5 :rlr.u i, 10 t ' v u ' ■ a n  • r  1.‘ :i • t ' t  i i il i n f u s i o n  ha i

b e g u n ,  th- r a t e  . lo.-.Jy i r  ■- - 1 d u r  1 th< ext - ' i m ea t  t o

r e a c h e d  a, p-rr : m i 5 ,0  1 / ■ / ' , '  r, ' ■ < r at  t h e  rid o f

the  cxpc ri i .' .
L
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h  300-

2 0 0 -

h  100 -

STOMACH
INFUSED

• H  •
U CJ

•r< eH

CD CM 

V o

U 'i0
M in utes  a f t r

c V
a r t  o f  i n t e s t i n a l  i n f u s i o nRu

.
amount s  o f  -) n c .  a r  •.mil at-., d w h i l e  i n  fur- : • 11: - - s t omach

.
s- n t r  t h e  :: an valu<- an i t h e  v e r t i . - a 1 ba r e  th? s t a n d a r d  
e r r o r  c f  * • an -" Civo < , • r-v n ■ ) .

The r e s u l t s  o f  t h e  expf  r i m a n t r  wh n t h e  r - t o rach  and

•

Soon a f t '  r  t h  j r j u r a l  i n f u  c -ha.! ! un tV b lood  " l u -

c o so  l e v  •] i n c n  • i an 1 th n show I i nr o f  l e v e l  1 a :

out . Ho v o r  wh- a the 11 t..’h i n  fur. i o n  ' t a r t  • i t h  i re

was a n e e c . d  r i -e i " U b i o  "I l.u -o.-o 1 v o l .
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o v e r n  re  o.’fiount- o r  g 1 i v o , , f■ ' v .' i i  l o t  ‘Hi I u t * i n c  1 h e  j " - !  i (>ri 

f r om 10 -  "0 minu! ■ vi .  . 0 '  r minui  . r .  A f t  o r

t h e  s t - t r t  o f  i tv-  . fomach i n f n  ion t tv  r c  wo:? a Gra in.-..! i n 

c r e a s e  i n  t h e  r a l e  o f  r l u  oao uaoint i  • at.Lon wa i ooac:. i a

maximum v a i n  • o f  , 1 1 mo;/c ': /■ » m i n u t e a n d  i ln.n . J o.v.i.y 

d e c r e a s e d .

3 . 8 .  a 1 "u - •. ■

5 . 8 . ] .  f _ ________  T 1

, 2 0 / u m  ^

j •, r . i • •• •• r- • !h  i a t " ,  j i  f i 
n a l  ;; aco

I ' f p  . 3 i» : a ah« w i h i  a " f • • i f  ' j '  J a n a . ,  r • -o.  -

i n  t h  : • an : t h '  r a '  .

t h a t  5a *),' h , t  lh- v i l l i  ar f a r  more f i n d e r - l i k e  wl i l e

the  v '. 1.11 in la r a ' ar ■ If > '  - 1 :

the v i 1 i a ja■ f  r 1 -) • . 1 i a . 1 •o”i; r  : 1 a ‘ - r a ' .
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20 u m .I------------- 4

F i r ; .  ‘0/t • 
mu c o s - . .

<nr ' l e d  ror. n . icrograr^ o f  th«. ret  ' s

j . r . . d    • ' " __ ;____

.

i c r o v d d  f o u r :  1 ' ' ' ' ' i '  c; t i l  : f ,

ut in  1c? - i t ' .  :

• }

y

) /

,

O th  t  t h e  d i s t a n c e  bet feen t h e  m i c r o v i l l i  as  w e l l  as th e  

i a m e t  r .  r - c j l d  h e  r: ::ur< i .  i »  t h ' h a ‘ "•r; ' 1 ' p a l

I ' I

■cr,p< ■ t  v -1. .
The e r o r n  n e e 1 io n  r Lorogr .iih show .1 t h n t  t h e r e  was a 

• o u : :h ly  h-x-.u-on.' 1 a r r a r  'n >nt. b e t w e e n  t h .  m i c r o v i l l i  an d

. t , 1 an, r o r  u: ,1 I,- aril  m i e n  '’ i r l i  P01- / ,!!'
2
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i n  t h e  but  and r a t  rr . -[  • •t. i.v 1 ,y.

Mi c r .  v i l l i  - ■ - h< : a t 1. J e  j u r a l  r u  • o . ' i l  c r  11

i l l  " ( V i l l i  'if i -al  1 • j r  iui  ■ 1 o . " i l  < ' v l l  .



81

r e ' t  '■ on o f  th< m i c r o v i l l i  i n  t l  • b a t  j e j unum

,0,s /jm

Kir: .  (’r r .  . c. i i < • e f t '  i rv-v i 1 : i .i ?- t he r a t  j o j u -
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4. n ir-curmon 
. i .

T h r e e  t o  f o u r  hour :  a f t e r  a  me ' I , a h a t  when k i l l e d  war

found  t o  ha \  "■ no food  mr to r i a l  in t i n  gao t r o - i n t e u  t i n a l  

.

t i n e  and  anatom r a l l y  th< i rd • • t.in<* cha:  ' •  from the i l e u m

t o  t h e  r e c t u m .

The a b s e n c e  o f  f ood  m a t e r i a l  in t h e  i n t o ,  t i n e  r a i s e d  

two i n t e r c r t i n  f o r r . n  i l l l :  a . The f i r  t  was t h a t  the 

a n i m a l  o n l y  swallow* i the j u i c • of t in ' r u i t  i t  vas f - t t i r . - .

s p i t  t i n  ou t h  f i t  r< xr re:  a i r  . T i how . • r ,  c o u l d  be

d i ' v a r d -  d a s  ■ o f  at-cat i.on o f  s o l i d  mat  r i a l  was a lw ays  ob-  

e v e . ,  - r. i ’ r : i: a l  v."- ■ or a \ ana: .a d i • t .  Ph< o t h e r  

p o s s i ' i l i t y  www l i t  t . t a t  1".  a v ry  r a p i d  t r a s s  It t i m e .  

The e x p e r i m e n t s  ( p a r  ' 1 ar. I r e s u l t s  ( pa  o ) showed t h a t

a c o n s e r v a t i v e  e s t i m a t e  o f  t h e  rr- an t r a n  i t  t im e  f o r  b a n a n a s  

i n  t h e  b a t  was i inul  ■ s .  Thi  t r a n s i t  t i v  , howe ve r ,  was

much I o n  o r  t l . -m t h a t  r  p o r t e d  by I  or and (I'-- l )  who r e -

•

r a t  on t ot 'n1 1 s s  1 ban f o r  : a • i • , / th v u in /, 1 ncnol

r ed  .• i v 1 n Lv st  t u 1 ■ , • i 11 as  a " r  ( i min t  o r  nu

dye ha  I r e a r -  s d i s t a l  f i f t h  o f  t he  11 urn an I o n l y

o f  t i n  -lyr had  r e a c h '  I t 1 ; : a r t  o f  f i r  i l e u m  a f t e r  1 0

minu t  The e < :q • :• ■ s sac. .  t h a t  t dv  t ea s i t  t ime

f o r  f oo  ■ was mu • h s l -art ‘ r, t h - ■ b a t  1 ; *:i i n  t he  i*at . 1 h i ;

v e r y  r a :  id t e a -  [ ■ t l  • couj  ! L s th a r a :  id r a t  ' e ' d i 

g e s t i o n  and as,, im n a t i o n  o f  f o c i  would be o f  i mine in •> a d -  

v a n t a  - t o  t h e  i t .  I t  v ul ! • a n I t  th- bai weal  I n o t  

have  t o  f l y  horn* •, a f t  r  I' , , v-s.s 5 M y  0 -  iO t i l  c -t

hand j -asp ! w i th  any  r  s : ve a- i u - l e s s  we i h i .
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e s p e c i a l l y  t r u e  when i t  r e a l i s e d  t h a t  t h e  b a t  consumes  

7 0 % and  more o f  i t s  own woi hi in banana :  p e r  n i ^ h t  ( J . van 

d o r  W 0 s L b u y z o n , 1 9 7 5 ) .

I n d i r e c t  e v i d e n c e  t o  s u p p o r t  t h e  t h e o r y  t h a t  t h e  b a t  ha s

a  r a p i d  and  e f f e c t i v e  p r o c e s s  o f  d i p , s ! L o n  and a s s i m i l a t i o n ,

i s  t h a t  a l t h o u g h  t h e  a v e r a g e  s i z e  b a t  consumed a t  l e a s t  84 

o f  b a n a n a s  p e r  n i , ; h t , wh ' ■ would c o n t a i n  4 , 8  g g l u c o s e ,

3 , 2  g f r u c t o s e  and 5 , 5  g o f  s u c r o s e  (Widdowson and  McCance, 

1935)  t h e  f a e c e s  c o n t a i n ' d  v e r y  l i t t l e  g l u c o s e  (van  d c r  

Westhu;.  . : n , 1975)  •

4 . 2 .  Os": i ______' y -_______1 - st •

O r a l  g l u co .  • ‘ o l  r  a c i v: i s  wore  c a r r i e d  o u t ,  t o

o b s e r v e  t h e  r a t - . o f  i n c r e a s e s  in  t ),o b l oo d  g l u c o s e  l e v e l s ,

A more r - ;  i d  i n c r e  i n  a, b l o o t  gl  tec o l e v e l :  c o u l d

i n d i c a t e  a more r a p i d  r a t e  o f  a s s i m i l a t i o n  o f  g l u c o s e  i n

t h e  1 s t  t h e n  i n  t;  r a t .

I n  t h e  g r a p h  show in t h e  mean bl  ood g l u c o s e  l e v e l s  i n  

t h e  b a t  n : t h  r a t  d c r  : t ■ • or- g l u c o s e  t o l e r a n c e  t e s t ,

( f i g u r e  7 )  show-el t) a t  i n  t u- c a s e  o f  t h e  r a t  t h e  b l o o d  g l u 

c o s e  l e v e l  i n c r -  a i f rom a r e s t  ins;  l e v e l  o f  113 mg/100 ml o f

b l o o d  t o  1 0  s. /  r 1 o f  b l o o d  a t  Hi 20 minu t e  s a m p le .

Wherea s  i n  t h e  b a t  t h e  ms u r i s e  i n  t h e  b l o o d  g l u c o s e  was f a r

more  r a ;  id f rom a  r e s ' Lng l e v e l  o f  27 mg/100 ml t o  284 mg/

100 ml .  I n  I h- r a t  t t  ■ i rvli .vi  it)nil r  s u i t s  at a  spec  i f  lc

s a m p l i n g  t i m e  show, 1 l i t t  v a r i a t i o n ,  wi t )  t h e  r e s u l t  t h e

s t a n d a r d  e r r o r  o f  11s.- • r r  . as  n o t  v r.v l a r g e .  On t h e  o t h e r

h a n d ,  t h e  b a t  ra s a l t s ,  w.-s" v e r y  V a r i a b l e  r e s u l t i n g  in  l a r g e  

s t a n  a I'd e r r o r  o f  the m s .  Due I o t in s e  l a r g e  s t a n d a r d  e r r o r  

o f  t h e  • found  i n  t he  b a t  il was, d e r i d e d  t o  p r o c e s s ,  s t a 

t i s t i c a l l y ,  t h e  two s e t  s o f  r .  u I i s .  T h i s  was c a r r i e d  o u t



8 4

b y  t e s t i n g  f o r  t h  s i g n i f i c a n t  d i f f c - r e r  •;© betwc- n 4 he s l ope  s 

o f  t h e  two ; Luc o r e  t o l o r - m c o  cu rve : - .  T h i . t o r t  showed t h a t  

t h e  d i f f e r e n c e  b e t w e e n  t h e  two curve . -  v i s  hi  ;hly s i g n i f i c a n t  

a t  the 0 V l e v e l .

T hes e  an imal : ,  had a l l  r e c e i v e d  the same amount  o f  g l u 

c o s e  p e r  body w e i g h t .  T h e r e f o r e , i f  t h e  r a t e s  o f  a s s i m i 

l a t i o n  and u t i l i s a t i o n  o f  g l u ' - o s e  were  th - same i n  b o t h  

a n i m a l s ,  t h e  s l o p e s  o f  t h e  i n c r e a s e  in t i e  b l o o I  - d u e o r e  

c o n c e n t r a t i o n s  d u r i n g  a glucos. f  t o l e r a n c e  t e s t  would be  t h e  

.

same , w i t h  t  - re  t : av i • a s t e e ;  r  si. or . Thi .  means t h a t  

e i t h e r  g l u c o s e  was i ■' - a s s  i- i 1 a t e d  fa  :t- r  i n  t h e  b a t  t h a n  

i n  t h e  r a t ,  o r  t h a t  ' h- b a t  was no t  al i t o  han t h e  a s s i 

m i l a t e d  ,- lu -ese  a s  f f . - c t i v<  Ly a: t h .  r a t . To e l i m i n a t e  o r  

c o n f i r m  t h e  l a t t e r  p o s s i b i l i t ,  t h e  a n i m a l s  were g i v e n  i n t r a 

v e n o u s  r . lu " s o  t o !  “ ■■■■■: - e  t# si .

.

The r e s u l t s  o b t a i n .  3 a f t '  - c a r r y !  • - ou t  i n t r a v e n o u s  

g l u c o s e  t o l • s a i . c  t> ' s or. Ids h a t  and t h e  r a t  arc shown in  

f i g u r e  8 a: t a b l e  Id).

The r- s u i t  • showc-i f i r s t  ' y t h a t  t h e  b a t  had a  l owe r  

r e s t i n  ' b i o-  i i c  : - 1< v< L t har  t h e  r  t .  S e c o n d ly  the

i n c r ' - a s e  3 * t} lor  1 - tuco:  • c o n c c n t r a i  i- n in t h ' i n i t i a l  

b l o o d  s a s p l '  :• f o l l o w  Li t i c  j r * r-aV' : c u ! uco se  i n j e c t i o n  

was a p p ro x i -  a t e l y  t l  ■ same i n b o t h  f h ■ a n i m a l s  i n d i e  a t  i nr; 

t h a t  t h e  volume o f  t he e x t r a c e l l u l a r  co: per t inent  i n  b o t h  

an ima l ,  was op; rox i r a t e l y  th.  same,  r- 1 a: i v e  t o  i t s .  body 

w e b h t .  How - vc - , th* tnor- hr so r i a n t  o! r v a t i e n  was t h a t  

t h e  df c a y  in  the l e v  I. o f  the b l o o  1 , du e  os.  c o n c e n t  rat.  j oj.u 

was t h e  ssi f o r  bel  li gr-c ips o f  an in  a l :  . Thi s. means t h a t
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t h e  r a t e  o f  r emova l  o f  ( ' l u o o s t  f rom t lv e x t r a c e l l u l a r  s p a c e  

mus t  l>o t h e  sanr  for '  hoi  !i u iii’il.' ,.

T he s e  r e s u l t s  t h e r e f o r e  e x c l u d ' d  t h  p o s s i b i l i t y  t h a t  

t h e  r a j  i d  r i s e  i n  th< b l o o d  r Luco e l e v e l ,  i n  the b a t  when 

compared  t o  t h e  r u t  f o l l o w i n f  an o r a l  g l u c o s e  t o l e r a n c e  

t e s t , was due  t o  an i n a b i l i t y  on t h e  p a r t  o f  t h e  b a t  t o  

u t i l i s e  t h e  a s s i r i l a t e d  r i u  l ove .  Thus t h e  s t e e p  ris--  i n  

t h e  b l o o d  f l u e  os e l e v e l  in t h e  b a t  war. a good i n d i c a t o r  t h a t  

t h e  b a t  was a b l e  t o  a s s i m i l a t e  f l u  o e a t  a f a s t e r  r a t e  t h a n  

t h e  r a t .

. , .

The r e s u l t s  o f  t h  c hi and i n t r a v -  nous  g l u c o s e  t o l e 

r a n c e  t- s t s  i n  ' i r a t e d  s i  r r : l y  t ha t ,  t h e  b a t  a s s i m i l a t e d

c e r t a i n  i f  i n . b  i t h "  ba t  had a f a s t e r  r a t e  o f  g l u c o s e  a s 

s i m i l a t i o n ,  an accur  ate ar I 1 i n  t  -• xj erim- • l a l  method f o r

T h i s  method had t o  be  as. pi s i o l o g i c a l  as  was p o s s i b l e  b u t  

S t i l  a l l  os t :  • sixmutt.  • : ur  i

some work r s ,  n-r i ay ar I Cl r ' k  (1 ^  ) an!  P a u l s  and Drury  

(19/ ip)  have  qu- 'M e-  1 1 ' r- s u l t s ,  n e v e r ' h  i ,  '.3 t h i s

•

F i r s t l y  th  ar : -11 s- : ' ar-  1 !, t i e  c l , bu t  we sc f u l l y

c o n s c i o u s ,  so  t v o  any pc i b l e  a c t ' ens  th« a n a e s t h e t i c  

may hav e  had on t,h< a s s i  mil  a t  i o n  c f  g l u c o s e  were  e l i m i n a t e d

S e c o n d l y ,  th< a, it s i s  ur I- r n t  no ur- l c  1 p r o c e d u r e s  so

no dama n o r  i r r i t a t i o n  t o  t l i e  i n t .  t i n e  ot- b l oo d  v e s s e l s  

c o u l d  o c c u r  rind so  hence a d v e  r r . 1 y e f f e c t  th.  u imi 1 s t  i on  

.
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malt- v/oro f o r c e  f e d ,  on t h e  c r e d i t  r i d e  t h e  u s i n g  ol t h e  

s t o m a c h  t u b e  meant  fdiet  t h e  « xacl  volume o l  th« n u g a r  . solu

t i o n  a d m i n i s t e r  d was ; .1 • t• • • i a c c u r a t f  Ly n t o  orb y t h e  s t omach .

C o r i  u s e d  - . cry  h i g h  c o n c e n t r a t i o n s  o f  :?!>, f.O and t o  g o f  

g l u c o s e  p e r  100 m l , . r l iat  lie had o n l y  • m 1 I 1 v o l u  s of  t h e  

s u g a r  s o l u t i o n  t.C' ad. i n i .  ' o r .

o f  su. a r c  a r e  not n o r  a l,v f  ui d In n a t u r e ,  o t h  so  an imal .  

we re  be  i ng  s u b j e c t e d  t o  an u n a e c u s  tome i d i e t .

F e n t o n  (1 9 4 5 )  who a ! s o  us  d t h i s  method u s e d  b o t h  low 

and h i g h  c o n c e n t r a t i o n s  bu '  l i k e  C o r i  he • ' so  a d m i n i s t e r e d  

s m a l l  volume.  , 1 . * • ••n •' t  ! .

q u a n t  i t  i s o f  t h e  su. r  b i n g  g iy i  n win. a t h e  low c o n c e n t r a -

s u g a r  b e i n g  a i in - t e r  ' ' h' -n ' in a* imal t n e o r e i c a l l )

a b l e  ’ o a:: s r  1 ' ' .

I n  t l  i s  i m  s t i r  t i o n  i ‘ was d e c i d e  1 t o  u s e  a c o n c e n 

t r a t i o n  s i m i l a r  t o  t l r . t  foil'  i n ni r i ]  X ' u s e s . , ■ -i ■ i-

*

Widdo: ;son an : ' • ban -.o ( ) d'-V* : ae c r  c( - i t r s t  .os ol

f r u c t o s e ,  g l u  and . . ■ s rs s m a r  as  3 , 3  ,

and  g i r  .100 g o f  ba- s r  i v c i y .

t h a t  t h e  p o t e n t i a l  s.u ; ar  f r om a  b a n an a  d ■ • t was g o

100 , o f  banan a  . As ' f t r "  ' c a s t a ' '  -q : "Oxis a'  s

80% w a t e r ,  ( v a n  d c r  V/- ' tu.-' • - n ,  1 *7 5 ) t h t  c o n c e n t r a t i o n  ol

t h e  t o t a l  zn. 71 r r  i n  the banan a  ,iui "O i s  o f  the o r d e r  o . 0  ' 

p e r  100 r; I . As t i e  iu • o e f a  f i r .  t  t o  1 o d i .  ssd ed be

f o r e  a s s  i r  U a t  i on can  o r - a i r ,  i t  was dee  id* i t o  u se  a  s t a n 

d a r d  rot  ■ s ion  o f  15 ; o f  ' I f i r  P r  100  m l .

Hav in g  de c i de  1 w h i t  con e n t r a t  i on  o f  s u g a r  s o l u t i o n  t o  

u s e ,  two fur !  u r  f a c t o r s  had t o  t o t a i s . n  i n t o  c o n s i d e r s  u m .
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The f i r s t  was t h e  l e n g t h  o f  t i m e  t h e  e x p e r i m e n t  would l u s t  

and  t h e  s e c o n d  t h e  volume o f  t h e  .m g a r  s o l u t i o n  t o  be  admi 

n i s t e r e d .

The o r a l  g l u c o s e  t o l e r a n c e  t e s t s  were  c a r r i e d  ou t  f o r  

20 m i n u t e s  and a t h e  b l v o d  g l u c o s e  l e v e l  were  s t i l l  i n -  

c r e a .  i n g ,  i t  was d e c i d e d  t h a t  t h e  exper im-  a t  would  be  run

f o r  30 m i n u t e s .

Knowing t h e  cone  o n ' rul  i. on o f  t h e  s u g a r  s o l s '  ion t o  be 

u s e d  and  t h e  l e n g t h  o f  t ime t h e  e x p e r i m e n t  would Last  o n l y  

t h e  volume o f  f l u i d  luc t o  be d e e d e d .  I n  p r e l i m i n a r y  

e x p e r i m e n t s  c a r r i e d  oul on the b a t  1 wo found t h a 1 a p p r o x i 

m a t e l y  1 , 5  K o f  s u g a r  nc v  o be  p l a c e d  i n  t h e  b a t ' s 

s t o m a c h  t o  : e s u r e  t l  a;  e r  30 minu t e ,  t h e r e  was s t i l l

some s u g a r  1 oi t • n ti • . o::s. ■' . -'h i . sn* t ha i  10 n ; CJ

•

was exp " ■ 1 iv: ■ t: ' v flu. C  ' I s  : t o  the b a t ,

a l t h o u  h , i n  a  few c  . i n  • 7 ' , ' h  r* was r e g u r g i t a t i o n  

o f  t h e  f . u i  . These  an ima l .  . -0 d : s c a r  ied f rom t h e  e x -

p e r i  m« n t .

. . .  . _____  ;___ '.... .................. ....... t  __

The r  ecu 1 s show' 3, t a b l e  1 ,  t h a t  t h  b a t  a s s  Uni La t e d

765 mg o f  g l u e 01 •• co! ■ 1 red. t o  2?3  mg by  t h e  r a t  in JO

m i n u t e s .  Thus, tin :1< - th* exp- r  i " • rr ;,1 coi l i t  i o n s  t h e

b a t  a s  mils t • 1 g l u c o s t  a f a r a t e  f , '  t i r e ,  t as- fc< r  1 can  ' 10 

r a t .  T h i s  r a p i d  r a t -  . a l l  ti. more imprv: iv,  when t

i s  t a k e n  i n t o  coan idcr - t t -  Lon t iat; t h e  b a t  we ig hs  l e s s  td an 

had f  as, much as  t in r a t  .

The r a t e s ,  o f  as.  i m i t a t i o n  i n  t h e s e  e x p e r i m e n t s  were  

e x p r e s s e d  a s  mg p e r  a n im a l  p e r  "0 m i n u 1 e and not  in t.eriss 

o f  t h e  l e n g t h  o r  w e i g h t  o f  i n f o s t i r r  o r  t h e  w e i g h t  o f  t h e
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a n i m a l .  T h i s  was b e c a u s e ,  f i r s t l y  i n  t h e  b a t  t h e r e  was no 

a c c u r a t e  way i n  wh ich  t o  m ea su re  t h e  l e n g t h  o f  t t u  i n t e s t i n e  

i n v o l v e d  i n  a s s i m i l a t i o n  as. a; ;>rox i ma' el.y o n l y  th« p r o x i m a l  

t h i r d  o f  t h e  i n t e s t i n e  conta in■•d any  m a; a r a b l e  f l u i d  when 

t h e  an ima l :  were  k i l l e d  at  11:• end o f  t h e  e x p e r i m e n t .  S e c o n d 

l y ,  u n l i k e  C u r l  (1,1 O no c o r r e l a t i o n  b, '.we- n t h e  amount  o f  

g l u c o s e  a s s i m i l a t e : !  an 1 1 :>< body  w e i g h t  cou ld  be  fo u n d .

The r a t e  o f  g l u c o s e  a s s i m i l a t i o n  in  t h i s  i n v e s t i g a t i o n  

f o r  t h e  r a t  was -0 a r t  90s  h i g h e r  t h a n  t h e  v a l u e s  r e p o r t e d

.

162 -  178 c / 1 0 0  b< s • -lit p e r  h o u r  compared  t o  222 mg/

two f a c t o r s  1 f: '  .nd In ' . i n v  s i  - t . o n  s a l  C o i - ' s  was

t h a t  l a r  ; er  volui  o f  f l u i  I an i more d l u t e  g l u c o s e  - a—

.

ha v e  ha 1 t h e  oppo: Lie o f f -  ‘ as  F e n t o n  ( 1 9 4 / )  showed t h a t  

w i t h  i n  T e a s i n :  -ance.i t  s ' i.c , t h e  r a t e  o f  a s s i m i l a t i o n

i n c r e a  e l .  How * in v o l t s  c : t i t  i n  ••ease 1 he  r a t e  o f  a s -  

c i m i l - i d  on i  d i f f i  a l t  i.c ex;: , - ' n . F en to n  r e p o r t e d  v a l u e s  

o f  o n l y  I s 6 mg o f  gl issimi ' J  1 ir 50 m in u t e d  p e r  a n i -

.
ha d  o n l y  , i v n 1 , 7 '  i I . lei. me s 1. t h a t  t h e  t o t a l  amount  

Of g l u  o e p l a c '  d it the s i c  nch was o l y  57 mg, which  i s  

l e s s  l e a n  t h e  a: ' " in '  s. . i i: 21 - J  ■ : i n ' 1 i  i nv ' . gat i e :u  

T h e s e  sma l l  q u a n t i t i e s  o f  gI i r o su  i c i n g  p l a c e d  i n  t h e  s t o 

mach would c e r t a i n l y  ox el a In in p a r t  t h  low a s s L m i 1 at i o n  

r a t e s  he  r e c o r d ’ d b u t  <• von whet h ■ ’ d i  i u s e  I ' r g o r  juan i . i -  

t i . e s  h- r e - t o r  h d v; I i< • 01 ut i ly  400 m in one h e n r .

Mack ay and O a r . .  ( 1 9 4 2 )  and Pauls ,  and  Dr u r y  (1942)  

p o i n ' c d  o u t  t ha t  '< r  t h e  r a t  . a s s i m i l a t e d  g l u c o s e  a t  a r a t e
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o f  o n l y  180 mc/100  g body woip;ht ,  ao O a r i ' n  r e s u l t s  f>ho//e«l

t h e n  t h e  a n i m a l  would hav e  t o  an a, 1 m i l  a t e  food t h r o u g h o u t  t h e

•

T h i s  c o n t i n u o u s  a s s i m i l a t i o n  i n  t h e  r a t  i s  p o s s i b l e  a s  t h e r e  

i s  a l w a y s  fo od  m a t e r i a l  in t h e  s t om ach  and i n  t h- in te : . . uxne .

,

mg/100 g body  w e i g h t / h o u r  were  r e c o r d e d  which  would p l a c e  

t h e  r a t  i n  a f a r  b e t t e r  e n e r g y  b a l a n c e .

Ha v i ng  e s t a b l i s h e d  l h a t  t h e  r a t e  o f  a s s i m i l a t i o n  i n  t h e  

r a t  i s  c o m p a r a b l e  t o  o t h . r  r e p o r t e d  v a l u e s  t h e n  t h e  r a t e  of 

a s s i m i l a t i o n  in t in b a t  b- come a mo: ' i n t e r e s t i n g  oh. e r v a -  

.

cannot:  be  simpl; .  e x p l a i n -  d by  t h  p o s s i b : :  ' y t n a t  t h e  b a t  

may ha v e  a  l a r g e r  i n t e r /  n a l  u r f a c e  a r e a  o v e r  which a s s i 

m i l a t i o n  c an  1 . :e p l a c e ,  b au v a l 4 "nor..-a t h e i r  i n t e / v i n a l  

dieumet- r s  a r e  o f  t h e  same o r d e r  o n l y  t h e  p r o x i m a l  h „ r o f  

t h e  b a t ' s  i n t o  st  in- , abc /  ' cm, c o n ' a  nt : any me a j r abxe

f l u i d  a t  t h e  or 1 o f  t h  ex:  • - r imer/  , w h i l e  i n  t he  r a t  t h e  

g l u c o s e  s o l u t i o n  u s u a l l y  f i l l e d  t h e  e n t i r e  l e n g t h  o f  t h e

s m a l l  i n t e r n  i nn  ( X  c m ) .

I n  t h e  bat  a 1 t h e  < t o f  t h e  ox: o r  m-.-nt ' no consen t  r a 

t i o n  o f  t h e  g l u e 0 ; • in 1/ ■ i n t  . t ine ' , f  ‘ v • •1 »

w h il .  t  i n  t h  r a t  i t  w,. 4 , ' -  g / 1 0 0  mi .  Thi s  mein '  t h a t  i n  

t h e  bat  t h e r e  a p p e a r e d  t o  be  a l e s s o r  need  t o  d i l u t e  xhc 

g l u c o s e  s o l u t i o n  i n  th-  s t o m ach  t o  make i t  i s o t o r i  • t o  

blo od  b e f o r e  i t  e n t e r '  1 t h e  mal l  i a : < r : i n--. T ' n s  n he 

b a t  t h e  g l u c o s e  c o n c e n t r a t i o n  g r a d i e n t  be tween  t h e  i n t e s t i 

n a l  lumen an  i ' he bloc/ i  was DC g r e a t e r  t h a n  i n  t h e  r a t . 

Could t h i s  i n c r e a s e  i n  t h e  gUico:;n cone - n t  r a t  i o n  G r a d i e n t  

be a p o s s i b l e  e x p l a n a t i o n  f o r  th- '  more r . p i l  a s s i m i l a t i o n
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o f  g l u c o s e  in t h e  b a t  compared  t o  t h e  r a t  o r  i s  i t  t h a t  t h e  

b a t  h a s  a more a c t i v e  g: i l o s e  t r a n s p o r t  s y s t e m .

T h i s  v e r y  r a p i d  r a t e  o f  g l u c o s e  a s s i m i l a t i o n  by  t h e  bat; 

when compared  t o  t h e  r a t , would  c - t a i n i y  c a u s e  t h e  v e r y  

r a p i d  i n c r e a s e  i n  t h e  b l o o d  g l u c o s e  l e v e l s  s e e n  b o t h  i n  

t h i s  e x p e r i m  n t  and i n  t h e  o r a l  g l u c o s e  t o l e r a n c e  t e s t s .

The b l o o d  g l u  u s e  l e v e l ;  in t h e s e  e x p e r i m e n t s  ( f i g .  9)  f o l 

lowed a s i m i l a r  p a t t e r n  t o  t h o s e •r e c o r d e d  i n  t h e  o r a l  g l u 

c o s e  t o l c r a n  • t e s t s  ( f i r .  7 ) ,  th* d i f f e r e n c e  b e i n g  t h a t  

i n  t h e  l a t t e r  e x p e r i m e n t s  t h e  b l o o d  g l u c o s e  l e v e l s  did  n o t  

r e a c h  . u h h ' ;ii l e v e l s .  "'hi d i f f e r -  nr-., was p r o b a b l y  sue  

t o  t h e  f a c t  t h a t  i n  t i n  o r a l  g l u  o se  t o l e r a n c e  t e s t s  t h e  

b a t s  were  a n a e s t h e t  ic -d an 1 s- . - - . l ler  q u a n t i t i e s  o f  g l u c o s e  

had  be« n use 1.

4 . 4 .  \   ___        ••

The r e s u l t s  o f  t h e  as.  i m i i . t i o n  o f  f r u c t o s e  were  oven

.

.

s u i t s  ( t a b l e  3)  sh o w  ! t h a t  -i lie b a t  ar s I m i l a t e d  1076 mg o f  

f r u c t o s e  com: nr- i o '•.< 3' - r. o f  t h e  r a t  in 30 m i n u t e s ,  

i . e .  f o u r  '. . a. : as t h ' ,  r a t  u r  1c r  i h rs i . -al  c i r c u m -

.

f r u c t o s e  i n  t h e  r a t  o f  77 mg/100 • bo ly w e i g h t / h o u r ,  t i n s  

i s  c p j  i.vail it t o  a; : p ' ’ i ::'tls 100 ;/  iO i n .  .in ; n aver- . .  •:

.

s h o u l d  be s o  mu -h p n  --.tor t h a n  C<*ri v a i n  s i s  not known.

As d i s c u s s e d  when :!• i Ling w i t h  g-1 u or.- a s.i mil  at  i o n  t h e  

o n l y  two f  c t o r r  d i f f e r e n t  in t h e  two t e c h n i q u e s  were  t h e  

more c o n c e n t r a t e  1 s o l u t i o n s  he  u svd  c o u p l e d  w i t h  t h e  s m a l 

l e r  vo lume  .



Of t h e  i n i t i a l  volume;:'  o f  f r u c t o s e  p l a c e d  i n  t h e  s t o m ach ,  

o n l y  2 , 5  ml o f  f l u i d  war c o l l e c t e d  f rom t h e  b a t 1c s t omach  a t  

t h e  end o f  t h e  e x p e r i m e n t  compared  t o  5 , 7  ml i n  t h e  r a t . 

T h e r e f o r e  i n  t h e  b a t  f a r  more f r u c t o s e  e n t e r e d  t h e  i n t e s t i n e  

t h a n  i n  t h e  r a t ,  b u t  o f  t h i s  f r u c t o s e  t h a t  e n t e r e d  t h e  i n t e s 

t i n e  9 2 , was a s s i m i l a t e d  i n  t h e  b a t  compared  t o  30% i n  t h e  

I .

c a n n o t  t h e r e f o r e  be b e c a u s e  t h e r e  was no f r u c t o s e  i n  t h e  

i n t e s t i n e .  S i m i l a r  t o  th- bat  - l u c e m  e x p e r i m e n t s , no 

m e a s u r a b l  • f l u  :i L was f o u n t  in t h e  d.i s" a l  two 4 b i r d s  o f  t h e  

i n t e s t i n e  and t h e  c o n s e n t r  ‘ i o n  o f  t h e  f r u c t o s e  i n  t h e  i n 

t e s t i n e  was b , 5  t l/ lOO ml a {-a' n r e s u l t  Lng In a l a r g e  f r u c t o s e  

c o n c e n t : " ,  on r a  ! • n t  betw- - ri t h e  i n t e s t i n a l  lum n and t h e  

b l o o d .  Could  t h i s  h i g h  f r \ .  "  s.. g r e  l i e  a t  whi  h was 502 

h i g h e r  i n  t h e  b a t  t. n ' h r a :  be  the c a u s • - o f  t h i s  v e r y  

r a p i d  r a t e  o f  f r u  o e a  v e i l  a t  i on?

The b l o o d  s u g a r  l e v e l ,  snowed t h a t  i n  t h e  r a t  t h e  g l u 

c o s e  and f r u c t o s e  1 v : ii - e r a .  •;a s l o w l y ,  wh e re a s  i n  t h e

.

b l o o d  g l u c o s e  l e v e l s  r i s i n g  t o  o v e r  250 mg/100 ml o f  b l o o d  

i n  t h e  JO m i n u t e  -. pi- , t> ■ f n  - to.  1 . - I ,  howeve r ,  

r e a c h e d  a maximum valu.* o f  3 3 n g/ lOO ml o f  bl  ood i n  t h e

.

l i h i l y  ! ha t  t h e  b lo o d  f r u c t o s e  l e v e l  i s  an i n d i c a t i o n  o n l y  

o f  t h e  r a t e  o f  f r u  o: • as ! ' t i o n , f o r  t h e r e  was s t  i l l  

a l a r g e  q u a n t i t y  o f  i m c t o s c  i n  th-* i n t e s t i n e  5 m i n u t e s  

a f t e r  t lv  s t a r t  o t h e  exi - n i  merit and a l s o  t h e  b l o od  g l u 

c o s e  1 - v- 1 n a d  c o n ' inu< 1 t o  i n . * r eu se .  T h i s  d e c r e a s e  i n  

t h e  b l o o  . f r u c t o s e  l e v e l s  s a y  be  due  I o t h e  f a c t  that ,  a f t e r  

t h e  i n i t i a l  r i se-  in t h e  M o - i  f r u c t o s e  l e v e l ,  some r e a c t i o n



92

f o r  t h e  c o n v e r s i o n  o f  f r t v i o r e  t o  n l u c o r c  w-n s t i m u l a t e d .  

T h i s  c o u l d  bo i n  t h e  i n t e s t i n e  n t  t h e  s i t e  o f  a s s i m i l a t i o n  

o r  i t  may be  t h e  l i v e r .  Mi r t h  - v  ox] < r inientr .  i n v o l v i n g  t in 

s a m p l i n g  o f  t h e  p o r t a l  b l o o  t w i l l  h av e  t o  be c a r r i e d  o u t  i o 

e l u c i d a t e  t h i s  o b s e r v a t i o n .

I n  t h e  b a t  t h e  r a t e  o f  f r u c t o s e  and g l u c o s e  a s r  i::. i l a t i o n  

was 1076 mg/30  m i.nut ■ • and 763 mg/30 mi nut  . r e s j  : l i v e l y .  

The d i f f e r e n c e  b e t w e e n  t h  so t w o . g r o u p s  o f  e x p e r i m e n t s  was 

h i g h l y  r i g u i f i c a r . t  a t  t h e  0 , '  leva ! . These  r e s u l t s  w re  

s u r p r i s i n g  a s  no o ' h e r  w o rk e r  had  r e p o r t e d  an an ima l  t h a t

.

p o r t e d  a s r  : n i l s '  i o n  r a ' e s  o f  4 3' f o r  f r u c t o f  - compar '  d t o  

g l u c o s e .  Oth r  v; •:> : o r r  , ! is;, rid. ••'id Dawson (1904)  an 1

F o rd  t a n  an I I n g  I f  . r  ( I d ' :3) p o i n t  . 1 o u t  t h - t  f r u c t o s e  

a s s i m i l a t i o n  wa wore  rn;  ' . thru woul I be expec t  ed i f  a s 

s i m i l a t i o n  was or . ly pa r .  - j ve di  f f u s i o n  bu t  s t i l l  t h e  r a t e  

was l e s s  t  n t h  g ; or  r ; :• 13 r ' 1 " a t e .

F i s h ' S  an i h a r r o n r  (:! ■ ) ,  V/ilror.  an i Vh - n ( 1 9 5 4 ) ,

S h e f f  an I Smyth (1 955)  an ; r uy ot !• r work r r  have  shown 

t h a t  t h  r a t  i n t e r s  h e  i s  at I e t o  t r a n s f e r  g l u c o s e  a g a ' n a t  

a c o n c e n t r a h  ion g r a d : e n t .

An a c t i v e  t r a u :  o s '  : • err. f o r  g l u  o. c in  t in  ini  t r t  ne

h a s  been  demonr • r- 1 i  nol o n l j  i n  tr • r a t  b u t  ; n a l l  t h e  

mammalian . ; • ■ -i ■ . ‘ . a t  ho v-  be ui rd u i i • i . Th- b 1 , e s 

p e c i a l l y  a s  i t  a s s i m i l a t e d  g l u c o s e  a 1 a r a t e  t h r e e  t i m e s  

f a s t e r  t han  th- r a t ,  c o u l d  n o t  be  e x p e r t  d t o  be  an e x 

c e p t i o n  and have  no a -hi vi I runs.: n r  I r . v r t c : .. Once . I ha I 

been  p o s t u l a t e d  l.hul the tv was an a c t i v e  t r a n s p o r t  s y s t e m  

f o r  g l u  0 c , and -is, f r u  :l us- i. ass. i m l a  t e d  a1 n s t a t i s t i 

c a l l y  f a r , t e r  r a t e  t h a n  g l u c o s e  t h  n an a c t i v e  t r a n s p o r t
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s y s t e m  f o r  f r u c t o s e  must  a l s o  he p o s t u l a t e d .  1 he c i r c u m 

s t a n t i a l  e v i d e n c e  a g a i n s t  s u c h  a  p o s t u l a t e  i s  v e r y  g r e a t  a s  

t h e  a c t i v e  t r a n s p o r t  o f  f r u c t o s e  i n  t h e  i n t e r . t i  ie ha s  n o t  

b e e n  d e m o n s t r a t e d  e i t h e r  in v i v o  o r  in v i t r o .  The o n l y  p o s 

s i b l e  s u p p o r t i n g  e v i d e n c e  in f a v o u r  o f  an a c t i v e  sy s t em f o r  

f r u c t o s e  was t h a t  o f  Grace  y c t  nl . , ( I ' l ' M ) .  They i a owed i n  

i n  v i t r o  ex pe r i m en t s  u s i n g  t h e  r a t  i n t e s t i n e ,  t h a t  t h e  c o n 

c e n t r a t i o n  o f  f r u c t o s e  was h i g h e r  i n  t h e  t i s s u e  w a t e r  t h a n

i n  t h e  i n c u b a t i o n  f l u i d .

T hes e  r e s u l t s  o f  t h e  r a t e s  o f  a s s i m i l a t i o n  o f  g l u c o s e  

and f r u c t o s e  s u r  •. et:< i t h a t  t h e  b a t  had an a c t i v '  t r a n s p o r t

s y s t e m  f o r  b t h  o f  t i n  • 11 .

. . .

t o  in 1 a t  

The r a t e s  a t  wheel Lucore  and f r u c t o s e  were a s s i m i 

l a t e d  f rom t h e  m i x t u r e  o f  g l u c o s e  and f r u c t o s e  a d m i n i s t e r e d  

was 4 1?  and 405  mg r* p> c t i v <  l y  i n  t h e  50 m i n u t e s .  The 

f r u c t o s e  was as.  i m l l a t ,  1 s i g n i f i c a n t l y  f a s t e r  t h a n  g l u c o s e  

(i  < 0 , 0 1 )  wh ich  -o- f i rm- ; th-  . - r e v lo u r  ob. r r v a t  on; when 

c o m p a r i n g  th- r a t e s  o f  a s r i m i l a t  Lon o f  t h e r e  two s u g a r s  

when t h e y  we re  i v e n  no; rat  < l y .  In t h i r  cxper i .ni  i f i u c -  

t o s e  was a r :  i n f l a t e d  I," f a r l ' T  t h a n  r l u c o s e ,  wh ich  was 

l e s s ,  when compared  t o  t h e  4D% f a s t e r  r a t e  when t h e s e  s u 

g a r s  v/c r e  a !m in l e t -  r- I . • | ' »l -  ly .

When glU'-u "C or- f ru t o: - wore- g i v e n  r>< p a r a t -  y , t h e n  

th ' -  b a t  as  tim t i n t e d  10 G and '• mg ol I r u c t  O 'C an 1 g l u 

c o s e  r e s j  - a c t i v e l y  in t h e  0 r inti -

two s u g a r s  wore i v en  a s  a v - i x t u r e > b u t  e a c h  it  h a l  I t he  

o r i g i n a l  c o n c e n t r a t i o n  t h e n  i f  a s s i m i l a t i o n  were p a s s i v e  

i t  would be  e x p e c t e d  t h a t  t h e  r a t e  o f  a s s i m i l a t i o n  o f  e ach
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o f  t he  s u g a r s  would be  h a l f  t h e  .--i ci  na l  r a t e ,  i . e .  938 and 

583 rap; o f  f  n r  • t one  and f l u e  one r e s p e c t i v e l y .  In t h i n  ex 

p e r i m e n t  however  469 mG f r u c t o a c  and  17 mg ( i g; Luc one 

were  a s s i m i l a t e d ,  wh ich  me a n t  t h  r e  wan a 11% r e d u c t i o n  in 

t h e  r a t e  o f  f r u c t o s e  a s s i m i l a t i o n  and a 13% i n c r e a s e  i n  t h e  

g l u c o s e  r a t e .  Could  t h i s  d e c r e a s e  i n  t h e  f r u c t o s e  and an 

i n c r e a s e  i n  t h e  g l u c o s e  r a t e s  o f  as .  in il  s ' i o n ,  pos.  i l  l./' be 

e x p l a i n e d  by  S t e i n ' s  d i m e r  t h e o r y  (19'  )•

D u r i n g  t h i s  e x p e r i m e n t  t h e  same q u a n t i t i e s  o f  g l u c o s e  

and  f r u c t o s e  l e f t  t h e  s t omach  and a s  f  r ue  ton.  was more 

r a p i d l y  a s s i m i l a t  e 1 t h a n  1 ucone  , i tn  n o t  s u r j  r  i$ : r . 11 -t

87% o f  t h e  a v a i l a b l e  f r u c t o s e  . umpared t o  ‘ g l u c o s e  was 

a s s i m i 1 a t e d .

S i m i l a r  o t h e  e x p e r i n r t .  whe re  g l u c o s e  o r  f r u c t o s e  

were  a d m i n i s t e r .  1, th< cc > n- : con on '  n a t i o n :  o f  t h e  i n 

t e s t i n a l  s u r a r s  i r  f t :  in € :i • • r ' • ••'an , I r onosacc  a r  i e s /

100 ml ,  whi.Ti r at * t h a t  not  o n l y  w. re  ho i n t e s t i n a l  con 

t e n t s  h : e r t c n i c ,  1 u t  the ■•< was a • s u g a r  c o n c e r t  r av iv i .  

g r a d i e n t  whi - ’r. wr ul 1 f-t v o u r  a s n i m i l n . t : on.

The b l o o d  g l u t  or- and ' i n  • t one  1- v e i n  i n  t h i s  e x p e r i 

ment  r o s e  r a j  i d l y  ‘ t e r  t h  admin ‘ r  > vion o.f the . u 

m i x t u r e .  The b i o .  1 Luce l e v e l :  r- c rd- 3 d u r i r  ; a r  i d i 

l a t i o n     gr* -V • r t h in v r f r u e  o. • was iv. : a l e .  -■, b u t

a s  e xp ec t -  d ,  t h  h io<3 t Lv :o :< and f r u c t  or» cencf  n t r a t  i ons  

d i d  not; i o c r e a s e  an much as  wh- i t h  i n d i v i d u a l  s u g a r s  had 

been  ad:; i n i s  i t  n  d r.ej arat .c 

. . .

The amount  o f  sue  r o s e  i n  100 g o ’ r i p e  b a na na s  i s  a p 

p rox  imuf • l y  5 , 3  g (V/iddowsen,  193'  ) at d o a c c o u n t s  f o r  ! 0%

o f  t h e  tc t.F.1 m o n v c a c c h a r i d v . .nd d i .  a ccha t  i d e s  a v a i l a b l e  i n
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th e  b e t ' s  d i e t .  The t - .nimal1 s c a p a c i t y  t o  d i g e s t  t h i r  su 

gar  and a s r i n r i l a t e  the r e s u l t i n  '; f r u c t o s e  and g l u c o s e  was

t h e r e f o r e  o f  gr '  ii  '

The r e s u l t : "  showed t h a t  oi  t he  1 »5 Ci o '■ • ^ ■ v 1 1 ad.oin. i— 

s t e r e d  508 mg was s t i l l  pr< s e n t  i n  the r t omach  50  m i n u t e s  

a f t e r  t h e  s u r a r  had hee i  t i v en .  The re  war: s i  so  t r a c e s  of 

both " u o e and f r ue to. '<- in t h e  s tom' h ,  pvcb 1 ly •he re 

s u l t  o f  a c i d  h y d r o ! yr i s  . the qOant !  t.y of ruci'OGC t h a t  

e n t e r e d  t h e  i n t e s t i n e  va c  98 ' mg and o f  t h i s  95-° rng or y , %  

was d i g e s t ' d  , i f  hf os  sun j 1 r on t nut i ucr c . e c an  nc > 

a s s i m i l a t e d  i s  c o r r e c t  (ru e j -igc 1 1 4 ) .  The d i g e s t i o n  o'* 

s u c r o s e  r s u i t e d  i n  the fc rn ' -. t ic:,  o f  490 mg o f  both g l u c o s e  

and frv •1 cs- , wh i ch  wrr< 11 n a v a i l  !< : o r  a: s i r  i xf^  ic: . .

The r e s u l t s  show ,1 t h a t  < f t h e s e  amoun t s ,  5 4 mg a r d  5 ( 9  mg 

o f  f  r u e  t o  e end r  • -c.u r- s; c t i v c l y  w r e  a s s i m i l a t e d  l e a v i n s  

t h e  b a l a n c e  o f  9- mg o f  f r u c t o s e  and 121 mg o f  g l u c o s e  i n  the  

i n t e s t i n a l  l u r e - . S i m i l a r  t o  a l l  t h e  b a t  e x p e r i m e n t s  where  

g l u c o f  r nd f r u c f o  c a r :  I r t l a ^ L o n  w r c o m i n r c d ,  f r u c t o s e  was 

a s s i m i l a t e d  a t  a s i g n i f i c a n t l y  f a s t e r  r a t e  t h a n  was g l u c o s e  

( P < 0 , 0 C  ) .

When th-" r o t .  c o f  a s s i m i l a t i o n  o f  g l u c o s e  and f r u c t o s e

i n  t h i s  e x p e r i m e n t  wore c o r ; a r e d  t o  t h e  e : e i i m e n t  where  t h e

a n i m a l s  wen-- u i v  " r i :  fur-  o f  t h  two s u g a r r ,  i t  war found

t h a t  a l  t ho u  h t h  :• c a n  va 1 non vert  l o w e r  i n  t h e  rue  root  e

p c r i m e r t  t h e r e  w .  no s i , m l  f  l e a n t  d i f f e r e n c e s  be tw ee n  t h e

■

r e s u l t s  o f  t h e  r u e  r o s e  - :i r iment i s  showed tha? more Mian 

20)1 o f  t h e  mono s a c c h a r i d e : :  formed and CM o f  t h e  s u c r o s e  

we re  s i  i l l  p ro  - : 4 in th* 1 ur ■ n.  Hence th  d i g r M o n  c f 

s u c r o s e  i r  n o t  a l i m i t i n r  f a c t o r  in t h e  p r o c e s s e s  i n v o l v e d
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i n  t h e  d iGOGtion  o f  s u c r o s e  and t h e  u l t i m a t e  a s s i m i l a t i o n  

O f  i t s  : ' '

v e r y  e f f i c i e n t  r u c r a r c  enzyme . : n.

The combined  c o n c e n t r a t i o n s  o f  s u g a r s  i n  t h e  i n t e s t i n e  

a t  t h e  end  o f  t h e  e x p e r i m e n t  r e s u l t e d  i n  an  o s m o t i c  1 r e s e u r c  

i s o t o n i c  t o  the  b l o o d .  T h i s  was i n  c o n t r a c t  t o  t h e  o t h e r  

a s s i m i l a t i o n  e x p e r i m e n t s ,  e a r n ' d  out >'.! I • ,

t o n i c i t y  o f  t h e  f l u i d  vm; g r e a t e r  t h a n  t ha t ,  o f  the  b io.  t .

I n  t h e s e  s u c r o s e  e x p e r i m e n t s  t h e  volume o f  f ’ u i d  i n  t h e

'

more t h a n  had  p r e v i o u s l y  b e n  ob r v e d  i n  t h ,  o t h e r  e x p e r i 

m en t s  and as a  r e s u l t  t h e  s uc r o s e  s o l u t i o n  was fours! i n

■

f o r  t h i s  l a r g e  volume o f  f l u i d  was due p o r t l y  t o  t h e  l a r g e

■
t h e  i n t e s t i n e  and p a r t l y  t o  t h e  l o v e "  c o n c e n t r a t i o n s  o f  

t h e s e  i r e .
The b l oo d  g l u c o s e  and f r u c t o s e  l e v e l s  i n c r e a s e d  a f t e r

n o t  a s  g r e a t  an  s e e n  when t h e  m i x t u r e  o f  g l u c o s e  and f r u c 

tose war g i v e n .  T h i s  was t o  be  e x p e c t e d  v l r e e  n o t  a t  much

o f  t h e  m onos acchar ides  were  a s s i m i l a t e d  i n  t h i s  e x p  t t

a s  5Ti th< mixtvn ' %:f r i - .  n'  .

. . .

moM :--i- c h a r i

An i n t e r e r t i n p ;  o b s e r v a t i o n  wa. t h a t  d u r i n g  t m  .-e '• • -1 

. n a t i o n  exp.  r i m e n t s  t he  b a t s  v r y  se ldom , a r s e d  any  u r i n e  

and when k i l l e d  the b l a d d e r s  c e n t a l  r ed  o n l y  smal l  vo lumes

.
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*
" t e s t  t a p e "  v e r y  l i t t l e  i ; luco:  -•> i f  any  was found t o  be 

p r e s e n t .  I t  i s  o f  i n t e r e :  t  t o  r o t e  t h a t  when van d e r  

Wes thuynon  ( 1 9 7 9 )  ;ave 8C C i o f  «: Lue not p e r  100 g body 

wei g l i t  i n  o r a l  g l u e o . a  t o l e r a n c e  t e s t ; ; ,  g l u c o . a  war. demon

s t r a t e d  i n  9 o f  t h e  6 u r i n e  ram] l e :  . Whether  th-. h i g h e r

g l u c c r e  l o a d  g i v e n  i n  t h e ;  • a r .  L m i l a t i o n  e x p e r i m e n t s  c aus ed

a c o m p l e t e  shu tdown o f  t h e  k i d n e y  i s  n o t  known. A g l u c o s e  

l o a d  o f  1 ,  Ct a 8 a l r e a d y  d i s c u s b o d  (pap  f ) was n o t  e x c e s 

s i v e .  The shu tdown  o f  t he  k i d n e y  wo I d  t h e o r e t i c a l l y  be a 

g r e a t  a d v a n t a  c t o  t h e  ba i  , f o r  d u r i n g  t h e  p e r i o d  o f  f e e d 

i n g  t h e  b l o o d  g " u c o r r  would r i s e  t o  v e r y  h i g h  l e v e l s  w i t h 

o u t  th< 1 o. o f  any . f  t h (  " l i r a  :c i n  th- vr" r e .  However ,

i n  c a p t i v - t y ,  when the i a t  war v o l u n t a r ' l y  e a t i n g  a banana  

d i e t ,  th-. u r i n e  p r o s  ;c( 1, 'c? ' . a i n i '  0 ,  -  r; o f  " l u c o r o /

100 ml o f  u r i n e .

. .

The r e s u l t s  f r or  the a s s i m i l a t i o n  e x p e r i m e n t s  showed 

t h a t  b o t h  g l u c o s  _r ai 1 f r u c t o r -  were  f a r  more r a j  i d l y  a s s i 

m i l a t e  ; f r o r  t h e  V -f ' i i . '  t h ‘<: from th* r a t  ' s .

S e c o n d l y  th-- b a t  a s s i m i l a t e !  f r u c t o s e  a t  a f a s t e r  r a t e  t h a n  

.

i n  t h e  r a t  g lu co s -  was a c t i v e  y t r a n s ;  c r i e d ,  ha s  l ed  t o  t h e  

p o s t u l a t i o n  t h a t  hot  h rl u -c and f r u c t o s e  a r t  a c t i v e l y  

t r a n s p o r t '  1 i n  t h e  t i t .  To c o n f i r m  an a<- * ivo t r a n s p o r t  

s y s t e m  t h  re  must  be c v i d ■ nee t h a t  th-- s u g a r  i n vo lv e d  i s  

t r a n s f e r r -  1 nr .ai i  t i c ' er . t  t i  • . rad l e n t .

. , 1 ,

I n  th.  e x p e r i m e n t s  c a r r i e d  ou t  u r i i  ■: t h e  g u t  s a c s  t o

* "t t  t ap ,  " ur ine * .r  an  1 i p a p e r  , r educed  by
L i l y  hal ov i t  o r i c :  (. . A . )  P t y . L t d .
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m e a s u r e  t h e  r a t e  o f  t r a n s f e r  o f  g l u c o s e ,  i t  was found  t h a t  

when t h e  i n i t i a l  c o n c e n t r a t i o n  o f  f l u e  o r e  was '>00 mg/100 m3 

t h e n  t h e  r a t e  o f  t r a n s f e r  o f  r l u c o  e i n  t h e  r a t  was 40  [■ /  

cm/50  m i n u t e s , T h i s  r a t e  when compared  t o  t h e  v a l u e  o f  

a p p r o x i m a t e l y  50 /- / c m / •0 m i n u t e s  ( v a l u e  c a l c u l a t e d )  r e 

p o r t e d  by  V i ] s o n  and V ' soman ( 1 9 ' 4 )  showed t h a t  t h e  r e s u l t s  

r e c o r d e d  when u s . i n ;  t h i s  t e c h n i q u e  wt re  s i m i l a r  t o  o t h e r  

p u b l i s h e d  r e s u l t s . However ,  t he  r e s u l t s  o b t a i n e d  f o r  t h e  

b a t  showed t h a t  t h e r e  was a n e t  l o s s  o f  g l u c o s e  f rom t h e  

s e r o s a l  compar tment  o f  ' ?  f. - / c m / 50 m i n u t e s .

be due t o  a nun: o r  o f  :‘nc* r c .  The f i  r s.t was t h a t  t h e

t i s s u e  had b e e n  da  a d i y  t in i n i t i a ]  h y p o x i a  w h i l e  p r e 

p a r i n g  t h e  g u t  s a c  a n : was no l o i  q c r  c a p a b l e  o f  a c t i v e  t r a n s 

p o r t  . The c  cor : was t h a t  as  q u i c k l y  e t h e  g ' u c o c < was

t r a n s p o r t e d  f r o  t h e  -uco ;  nl  t o  t h e  s e r o s a l  s u r f a c e  i t  was

.

s i b i l  i t y  was t h a t  i n  t v  t a t  t in  s "  was no a c t i v e  t r a n s p o r t  

mechani sm f o r  g l u c o s e  and th< l o s s  o f  g l u c o s e  was due t o  

m e t a b o l i s m .

B e f o r e  t r y  r. o u t  ot  h e r  vi ♦ ••c :• ■ t ho  ’. s ,  t h e  gu t  sac  

e x p e r i m e n t s  w- : e  r- p* ■ t< 1 or t he ba t s , ,  but  t h i s  time t h e  

g l u c o s e  c o n e  n t m t i o r s  were  a l t e r e d  and t h e  e x p e r i m e n t s  

were  c a r r i  • c o u t  f o r  I or e r  ; ■ mi c is o f  t is e .  F i n a l l y  t h e  

t e m p e r a ' u r e  o f  th-  Krai ' s ! i c a r t , : ' t- ■ Hi t  .ion use i , when 

t h e  g u t  s a c  was h. i r \ s o j  i re i , was a l t '  r e d .  The re  s u l t s  

o b t a i n  d a f t e r  a l l  th'  ■'< mc> i i f i c a  l.i or.s si, i 1 . t bowed a n o t  

l o s s  o f  f l u 'Os<  f ro :  t in  no r  1 comp a r t  r t .

One d i s'  d - -us . ■ <. f t h i s  t e c h n i q u e  was I In v e r y  s m a l l

volume o f  f l u i d  in:  l i e  the  gut  s ue  compared t o  t in  mucosa l

I
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c o m p a r t m e n t . The e r r o r  in  the me ' ; ;u i■ ■ nr : t  of  the Quont,i by 

o f  g l u e  one i n  t h e  mu c o r a l  comj-'xrtmr n t  would he f a r  ci e a t e r  

t h a n  t h e  a c l u ' l  amount o f  g l u c o s e  i n  t h e  c o r o n a l  c o mp a r tm en t ,  

so  no a c c u r a t e  meaEUi’emc r t  o f  g lucc r . e  m c t a h o l i  . m c o u l d  he 

made.  I t  was t h e r e f o r e  d e c i  led t o  u se  a method whore t h e  

vo lu m e s  i n  t h e  two c< a r t  men t s  wet o s i m i l a r .

, . .

I n  t h e  ex pe r ime :  br c a r r i e d  ou t  on t h e  r a t  th< mean c on 

c e n t r a t i o n s  o f  s ' l u c e c e , xt  t »;• he f i i nn  i r " and a t  t h e  end o f  

t h e  e x p e r i m e n t ,  i n  th.  mucora l  •ompartr.- r. t  w, re  11p ar  i d [. c-

,

t h e y  were  1 d ■ at i : "/1C :• r e  ; •• ‘ i v  !y . At no I

d u r i n g  t h i s  e x p e r i r  nt wo. t> -- conce-r t m t i o r  o f  g l u e  or e  i n

t h e  muco ra l  compa: o n t  ,-rc at  • t h a n  ' n t h e  r e r o r a l  comp - . r t -

i n  t h e  g l u c o s e  conc< t * r a t  ion i n  t h e  n.uco a l  compa r tmen t  and

•

I n  t e r m s  o f  t he  a c t u a l  n ■ v< • • ‘ o f  du e  , 4 r / c m / h r  o f

g l u e  o r e  tr-d !■ f * t h  mucor * I • - .par t -  ‘ nr  1 o f  t h i s  1 , 0  n /

e r r / h r  had cnt -  r e d  t! c e r o r a l  co: p a r t  <•' t. a r a i n r t  a g ucoce

c o n c r n t r a t  j n r m  r . c i d  . IT r e m a i n ! '  m r / c m / h r  must

c i t ) :  r  ha V hr r n ? '■ a . e l i  • i ul* t ’ i n  t h e  1.

No r e c o r d s  o f  r  Lmile ' f : : p - r i m < r t c  us  i n -  t h e  e v e r t e d  r u t  

were  found b u t  i f  t h  - a s s i m i l a t e d  r e  u l t s  fro:: t h i s  i n v e s t i 

g a t i o n  o f  4 r Vci  / h r  rc or r- : t o  f h- • 0 /  '••• / h r  r e 

c o r d e d  in the p u t  : a-- ex pe r i me n t . -  t h  n tTv r e  war a >0 f o l d

i n c r e a s e  i n  th- r a t  -  o f  ar.. i ' i l l a t L  n.  Thii  showed t h a t  

t h e  r e c i r c u l a t i o n  methe I gave  a s s i m i l a t i o n  r a t e r  c l c ; . v t o  

a p o s r i i 1- p hy n i o l c  ■ i -al  v a l u e .

Fir-.lv' r  and T'arr-on :$ (1 did) r oc  o r  i ed a d i s c r e p a n c y  b e -
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t w e e n  t h e  r a t e  g l u c o o v  ii i . " ijm ' 'I tro.m t h e  mucoz-.al c o m p a r t 

ment.''. and t h e  a p p e a r  an -.e o f  g l u e  o r e  i n  t h e  o c r o n a l  c o m p a r t 

ment . .  o f  1 ,1  m tV cm /h r , w h i l e  i n  i h i .  e x p e r i m e n t  a v a l u e  o f  

5 mfi /em/hr  war r e c o r d s  1. Fi . ;hor  and Pa r ron . -  r e p o r t e d ,  t h a t  

i f  t h e  t i o r u e r  w« re  d e p r i v e d  o f  oxygen  w h i l e  r e t t i n g  up  t h e  

e x p e r i m e n t , t h  n t h e r e  wa. a •'•hi! t  n t h e  pli oj t h e  mucooal

f l u i d  t o  t h e  ac i I, s i r  -- vl : ng  1 I ' a c i d  fo rm a t  i o n .

would  m an t h a t  f o r  t h e  • u.moan f  e n e r g y  more g l u c o s e

would  have  t o  be  met a b o i l  I. I n  t h e  i i  h e r  and Par .  ions  *

exper t : : .  V r th* r • • i f  a wa. a • no 1 : rn- : ; r  vt 1 o f  ( 'D "n ,

wherea .  i n  th- pro .  - r  > • r i  at . ,  whe re  ' <  .it i r  I t o  be

e v e r t e d , t h e r e  v r  a  p> r  i o f  a; : r ox :  ma f e l o n e  mir. ; ‘,e 

w h i l e  t  . in*. ■ ‘ i r e  war rumov ! f rom t h e  an : a l  and t h e

'

.

s u r f  a? o u l  : j roi al ! y c •• in ‘ r * f r e n - ’.c i n  t hf r e 

s u l t s  o b t a i  nen f o r  t ’>.'•■ • ■:j "im- r. ' an i th- r e  o f  i i s h e r

and Par na. .
Th r e s u l t s  r  -v r the l .  err ,  i i d  do:", on ’ . r a t e  1 na t  a l  t hough

t h e  t i s .  ue had p r o ha l  Ly be m  ' amage i due  t o  t h e  I r a k  o f

oxygen i t  war . t i l l  (-a; at ! o f  t h e  a c t i v e  t r a n s j  o r t  o f  

gluCO: e .

In t h  ■ r a t  t h e  c on cen t  r a t  i.onr. o f  gl o r e  in t h e  mr c o r a l

compar t :  n t  a t  th< b e g i n n i t  and at t h e  end o f  t h e  e x p e r i -

n o n t  w r  ' ' - i ' ' i r / i o o  - I r  ; ' i v  l y ,  w h i l e  i i t h e

;;,-ro. .1 co:a;-a id.", at. 1 ;. w a n  i ' mi ;/H'v) I • ■ 1 •'T
f o r e  i n  t h e  b a t  t h e r e  wa. a n  i n c V - a r e  in t h e  concent  r a t  on 

o f  t h e  g l u c o e  i n  th< muca ra l  co- partm-.-nt and a  dec  r e  u-o in 

t h e  rr .ro:  . r .j a r t . r--.1 t .  The ('Xp< r i "  cnl a l  r e s u l t  .3 showed

t h a t  1 , 0  i n . / c Y l . r  o f  g l u  -orf  had a -1 u a l l y  1* f t  t h e  mucosal
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c o m p a r t m e n t , so t h  ■ i n c r e a s e  i n  t h e  cone - r a t  Lon o f  g l u c o s e  

i n  t h e  mucosa l  f l u i d  d u r i n g  t h e  <• tp- .vimont  must  be  e x p l a i n e d  

by t h e  t r a n s f e r  o f  w a t e r  f rom t i n  mucos:. o th- s e r o s a l  com- 

•

compar tmen t  was. h i g h e r  t h a n  i n  t h e  s e r o s a l  compart-  e n t  a t  

t h e  end  o f  t h e  exper imen t  , any n e t  lovem- n t  o f  g l u c o s e  f rom

t ’ m u c o s a l  t o  t h e  s e r o s a l  co mra r tnu  a t  was n o t  e v i d e n c e  f o r

.

was no n e t  g a i n ,  b u t  a lor  o f  1 , 0  • / c m / h r  o f  a s e  f rom 

t h e  s e r o s a l  cor.part : : ,  ■at , if would a; ; a r  t h a t  t h e r e  was no 

n e t  t r a n s f e r  o f  g l u c o s e  f rom e i t h e r  o t h e  co mp a r tm en t s  and 

t h a t  t h e  g u -o; -in f f e r c n  -o n e ach  o f  t h e  co mp a r tm en t s  was 

due t o  1 h- met a: ' no- Is s" • t  i ssu-- .

The r e s u l t s  o f  t h i s  ex; r i m - a t  showed t h a t  i n  t h e  r a t  

t h e  a c t i v e  t r a i . s p o r t  o f  -s by t.h- i n t e r "  Lne was c l e a r l y

demons '  r  • 1, i.n 1 s no • v : was f o u n d .

Bee: .ise o f  t iae 1 ar:  c a-  , un ‘ s o f  | Lu o s e  met ah,oil  r e d  and  

t h e  po: -i t  I 1-i-si tone o t h e  i.r.icv. i iue t o  h y p o x i a ,  t h e s e

e x p e r i i  s '  t o  le-.on ' r  t- t h : r- . f  an  a c t i v e  t r  ans

p o r t  s y s t e m  f o r  s u  o w- r e  r ep ,  - i 1 i t  t h i s  t i m e  t h e  

method u s e d  was s i m i l a r  t o  t h a t  u s ed  by F i s . a e r  and  P a r s o n s  

(19-19) v. r-t t h  i o. l  <•- 11s wt r ,  n o t  s u b j e c t e d  t o  any

p t  l e d  o f  .a 7! OX i .

. . .

t  j fe ■

The g r e a t  a d v a n t a g e  o f  t h i s  j_n v i 1 method a s  compared 

t o  t h e  two p r e v i o u s  : i v i I r o rn f a.o-is u s e d , was t h a t  In t h i s  

method th-  muc a l  c e i l s  w< r e  a t  no t i m e  s u b j e c t e d  to  h y 

p o x i a  , ' 'or  tli- h os-1 -.ui pi;/ i -1 i h i n t  - s t i  no was o n l y  t e r m i 

n a t e d  once  t h e  r e c i r c u l a t i o n  o f  t h e  i n t e s t i n a l  lumen w i t h
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o x y g e n a t e  1 K r e b ' a  s o l u t i o n  ha d  boon w e l l  e w t a b l i a h e d .

I n  t h e  r a t ,  t h e  c o n c e n t r a t i o n  o f  g l u c o r t  a t  t hv  : t a r t  

o f  t h e  e x p e r i m e n t  was l e s r .  i n  the mucosa l  t h a n  i n  t h e  s e n j -

.

c o s e  had  boon a . w i m i l  at-  1 fra -n t h e  i n t .  a t i n e  b e f o r e  t h e  

b l o o d  s u p p l y  had b e e n  t e rm in a  • 1 nd t h e  i n t e s t i n e  p l a c e d

.

p e r i m e n t  t h e r e  was a  cone  on 1 r a l  .on g r ad  i e n t  oppo. i ng  t h e  

movement  o f  g luco . - e  f rom t h e  mu .O; a l  t o  t h e  aero:  a l  comj o r t -  

.

s e r o s a l  compa r tmen t  h ad  i n o r e a .  >*d f ro  5 7 t o  5f-'7 mg/100 ml 

and had  f a l l  n i n  t h« r=uco; a l  lompa ' t . w n t  f rom h 94 t o  257 

.

s u i t e d  i n  a f a r "  : v-. ••..•o i a t h e  c •un tvn t . : on g r a d i e n t ,

b u t  i n  s p i t e  o f  t h i . i n  e r e  a ? a w e  ..a. . t i l l  a  n e t  t r a n s 

f e r  o f  ap p ro x i m  te l ; .  1 i . . - /c : . . /hr  >f gl  v e from t h e  mucosal

t o  t h e  s e r o s a l  co: :• La r i s e n '  p r o v e d  co n 

c l u s i v e l y  t h e  p r e / e n c "  o f  an a c t i v e  t r '  a p o r t  sy s t  em f o r  

g l u c o s e  i n  t h e  r a t  i t . 1 • ‘ in* .

In  t h e  r a t  e x p e r i m e n t  t.he amount o f  g l u c o s e  u t i l i z e d  

was approx.-  L - I, 1 , V  " i /  r , a v a l u "  im.i .1 :=r t o  t h a t  

r e c o rd ed  by hi i • a r  ( 1 ' ■ ) , t ut abo r t  !,al *' t h e

amo n t  u t i l i z e d  i n  1 v p r e v  otis e x p ' - r i ' en t  wl n t h e  i n t e s 

t i n e  had be - n ■ vert - i .  h 1 i s  t h i s ,  e x p - r i  m-.-nt t h e  g l u c o s e

t r a n s f e r r e d  was t h e  . ime as, i n  t h e  r e c i r c u l a t e  1 e v e r t e d  e x 

p e r im e n t s .

The r e s u l t s  o b t a i n e d  f o r  the- bat. were s i m i l a r  t o  t h o s e  

r e c o r d  e-1 in t h e  r e e  i i- - a 1 iti. i •iV-r ' .ed int.- t i n e .  As, w i t h  

t h e  r a t , , t h e  c o n c e n t  r a t  Lon o"  t h e  g l u o . o  a t  I ho s t a r t  Of 

t h e  o x p e r i i  en t ;  war 1 r-s.s in t h e  mucosa l  t han  s e r o s a l  c o m p a r t -
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ment : ; .  I n  t h e  b a t ,  h ow e v e r ,  i n  c o n t r a : ; t  t o  t h e  r a t ,  t h e r e  

wao v e r y  l i t t l e  chang e  in t h e  c o n c e n t r a t i o n  o f  g l u c o s e

.

c o n c e n t r a t i o n  o f  g l u c o s e  i n  t h e  u e r o . a I  f l u i d  r em a in e d  h i g h e r  

t h a n  i n  t h e  m u c o m l  f l u i d ,  t h r o u g h o u t  t h e  e x p e r i m e n t .  I n  

t h e  b a t  t h e r e  war  no ne t  movement o f  g l u c o s e  f rom t h e  muco

s a l  t o  t h e  s e r o r u l  s u r f a  e and r o  no e v i d e n c e  t h a t  t h e r e  

was an a c t i v e  t r a n s p o r t  r. • ' en for- g.  U' -oro.

The amount o f  g i u e o  • m e t a b o l i .  ed by  t h e  b a t  i n  t h i s  

e x p e r i m e n t  war a b o u t  40 o f  t h e  amount  r e c o i l e d  i n  t h e  r e -

.

t i o n  o f  g l u e o r r  by  b o t h  ! h- b a t  and the r a t  i n  t h e r e  e x p e r i 

m en t s  compared t o  t h e  e v e r t e  1 exp r iment  r  v/a.: p r o b a b l y  due 

t o  t h e  f a c t  t i n t  t h e  muco 1 c l I r  had  not  been  damaged by 

h y p o x i a  and  ;o war o r e  e f f i c i e n t  in  t h e  c a t a b o l i s m  o f  g l u -  

.

t o  t h e  mu cosa l  c 1. t.h ■ war an i n c r e a s e  in  t h e  l a c t i c  

a c i d  j - rcdu i t i o  .

The number  o f  b a t s  u r e d  in t h e r e  l a  v i t r o  e x p e r i m e n t s

.
t h e r e  : r  n o t  r a f f i . - ! on: iy a: ur ;• a ‘ ru;  : 1 y o 1 h e r e  a n i m a l s  ,

t o  r e j r  -if ox: -r r v f v ar; n g Wive r e s u l t  r .

However  a s  a l l  t a r e  o f  t ! -  j_n 1 • v  methods  shown 1 t h e

a c t  i v t r a n r p o r "  o f  gl i ;  • i n  t h e  r a t  but; n o t  i n  t h e  b a t ,

i t  would  a p p - a r  ti -jt in  t h e  b a t  an a c t i v e  t r a n s p o r t  mecha

n i sm  f o r  g l u  -or- c a r  not  t ■ demon, t r a t  e 

• •

o f  r u i

To examine  t h e  a s s i m i l a t i o n  o f  m g a r s  i n  mere d e t a i l  

in  v i vo i t  we; nc-ccs.  ar.v t o  ana  . I l i e1 i r e  the a n i m a l s .
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The a n a e s t h e t i c  u s e d  up t o  t h i s  s t a g e  was a  p e n t o b a r b i t o n e  

and  e t h y l  a l c o h o l  m i x t u r e . T h i s  a n a e s t h e t i c  m i x t u r e  s u g 

g e s t e d  by  Pyc (1 '  l worked on t h o s e  b a t s  b u t  t h e  d e p t h  o f  

a n a e s ‘ h e s i a  wa •,/ v a i 11 i b l e  and o f t e n  i t  was n e c e s s a r y  t o  

g i v e  f u r l  h e r  dost  s o f  t io a n a e s . t h c t i c  m i x t u r e ,  which  i.ieant 

t h a t  t h e  a n im a l  was n o t  i n  a s t e a d y  s t a t e .

•

. . .

t h e s i a  ha d  an  e l e v a t e d  bl  x  I g l u c o s e  l e v e l  f o l l o w i n g  an o r a l

d o s e  o f  g l u c o s e .

A y n r , l e y - G r o m  ( 1 ° 7 V ) shews I t h a t  Ke t amine  h y d r o c h l o r i d e

had  no e f f e c t  on t h .  r e .  i . . s  b l o o d  g l u e o  e l e v e l ,  w h i l e  p e n -  

t o b a r b i  - one o f f  c t  t • a * on wr '' anim •. w u  - ‘ ■ - 

o r  s t a r v e  :, i n  t h e  f o r  . r  4 was • n i n c r e a s e  w h i l e  i n  t h e

l a t t e r  t h e r e  was no i n c r e a s e  >n t h e  r e s t i n g  b l o o d  g l u c o s e  

l e v e l .  Alt .ho .as - r- s a c s  d t e a t  t h e s e  a n a e s t h e 

t i c  a g e n t ,  ha d  an e f f e c t  on t he  r e s t i n g  b l o o d  g l u c o s e  l e v e l s

a s  w e l l  a s  t h e  l e v e l ,  o f  g • ucos t  a n :  i n .  ul  i n  . ol. 1 ou . n«. an

i n t r a v e n o u  g l u c o s e  t e l  ran  ' t o s t ,  t h e y  do not show what  

e f f e c t  t h e  a n a -  • • • ' ' •  h-a i  cr; a: . • mi ! a" on.

4 .G.  1 . t * ___ _ _ _ _ _ ' ''' ' • ' ' ' h s  on 4h_

as .  is. :1 ' ' -s. o f  s -o.:.' i • ‘ r s '

Some a n a e s t h - M e  a g e n t s  we re  t e r  t e l  on r a t  s t o  s e c  a a

•

t h e  t i e r  t r i e d  wore  ' T h a i  a: . I '* u r e t h a n e  an n t o b a r b i -

t o n e / r  hc-toba r. it; ri • i x t u ia - .

The n o r m a l  r a t e  f o r  g l u c o s e  as  1 mi l a 1 i o n  i: t-ne u n -

a n a c s t h e :  - .vd r  . t  w, , ’77 w ' / i e  mIn.  (.. i  1 : r / i O  m i n . )

* 'Tha i  s o  a d '  a ; i . ' ur* ol f  on t. any I  and d roper. i  .ol , 
J  ,-in £i n  I ha rma c eu L .1 c a .
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p a g e  4 . I n  Uhir  e x p e r i m e n t  i t  wn.: f ouna  t h a l  the- r a t  n r -  

s:i m i l a t e d  , '94 -in i 999 n r/ ' jO  m in .  un . or  t h "  p e n t o b a r b i t o n e /  

phenoi  a r b  i t  on i i . . i r e  ruvi a r o t l r . n e  v- . |-" • iv<Ly,  w h i l e  vm l o r  

t h a l  amonal. t h e  i u w ; im i l a t  i o n  o f  (;] u o. was 159 in e / 5 0  min.  

( T a b l e  1 4 ) .  Duo t o  t he  l o w e r  r a t e  o f  nr :  Lmi.lat Lon u n d e r  

t h a l  amonal  ana ' - . J thor  i a  t h  i .. a n a o r  l.iiod. i c  war d i a c a r d o d .

In  t h e  p r a p h  o i  t i le b l o o  1 r;lu o. ■ lev* In ( f i g .  16)  i t  

c a n  be  r e e n  t h a t  the'  b a r a - i t u r a t e  and t h a l a m o n a l  d id  i n c r e a s e  

t h e  r« r ,! l a g  b l o o d  g l ’ico. c l o v  - l r  r l i g h t l y  but  n o t  t o  t h e  

same d e g r e e  as  u r e t h a n e  w: i -a i n - r  a. ed i t  t o  o v e r  160 mg/

100 ml o f  b l o o d .

To c o n f i r m  I h i  c l e v  ' d r e .  t i n g  b l o o  I g l u c o s e  c o n c e n -

.

sample ,  t a k e n  b e f o r e  and wa n u n d e r  u r e t h a n e  a n a e s t h e s i a  

show i t h a t  t h e  arise.  ; a • i n c r e a r , 1 t h e  b l o o d  g l u c o s e  

l e v e l  f rom an a v - r s  •• r  i a ,- I t  v< I o f  79 mg/100 ml ( 5EIT +

.

r c a s o r  u r o t h a n -  . n r  n o ' 1 an i f o r  * • r  . t  o f  t h i i  I n 

v e s t  i g  » t ! on t  i s '  o b a rb  i tor •/; d a r t  . 1 or •- ana  or. t h e  t i c  

was u : • • 1.

. . .
t h " ' ' ' • 1 r a t

l a  t h e  f i r  t  g r o u p  o f  r x p e r i m  r i t . , where  t h e  t o n i c i t y  

o f  t h e  f r u c t o s e  war a p p r o x i m a t e l y  t h r e e  t i m e r  g r e a t e r  t h a n  

t h a t  o f  b l o o d ,  th- anno: t a- i n i  h a t s  s r .  • i l  a f ed  h r . i  

f  r u e  to;  v th- in thi  con i ou r  animal  r..

The. e r e s u l t ;  •urge;'  d that ,  (die a n a e s t h e t i c  had  a 

marked i nh i I - i  f o ry  e f fe  •! c a t he  nr .  i .mila ion o f  f r u c t o s e .

T h i s  howev- r  wa. nol no,  f o r  Tah, 1 shows v e r y  c l e a r l y

t h a t  more t h a n  9 0 /  o f  t i e  f r u c t o s e  t h a t  had e n t e r e d  t h e
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i n t e s t i n e  i n  b o t h  t h e  a n a e s t h e t i s e d  and c o n s c i o u s  a n i m a l  had 

i n  f a c t  b e e n  as.  i m j l a t e l .  The c a u s e  o f  t h i s  d i s c r e p a n c y  

b e t w e e n  t h e  amoun t s  o f  f r u c t o s e  a s s i m i l a t e d  i n  t h e  c o n s c i o u s  

and  a n a e s t h e t  i s e d  bats ,  l i e s  i n  t h e  f a c t  t h a t  i n  t h e  a n a e s t h e 

t i s e d  a n i m a l  most  o f  t h e  f r u c t o s e  s o l u t i o n  t h a t  had  been  

g i v e n  was s t i l l  p r e s e n t  ii. t h e  s t o m a c h , a t  t h e  end o f  t h e  

e x p e r i m e n t  an  1 had  l u v e r  r e a c t s  i t h e  i n t e s t i n e  where  a s s i m i 

l a t i o n  c o u l d  t a k e  p l a c e .

The e f f e c t  o f  t h e  a n a e s t h e t i c  was t h e r e f o r e  n o t  t o  c a u se  

a d e c r e a s e  i n  t h e  r a t e  o f  a s s i m i l a t i o n  b u t  t o  d e l a ;  t h e

.

i n v o l v e d  i n  t h i s  a r e  not ins. . ■ .

The c x p e r i m  n t s  c a r r i c  1 out u s i n g  i so ton- '  c g l u c o s e  and 

f r u c t o s e  s o l m  i o n s  cm. ha: -c l t h a t  t h e  t o n i c i t y  o f  t h e  s o l u 

t i o n  was a  o r ,t  : al  f a c t o r ,  f o r  i n  t h e s e  o x p e r i r  n t s  t h e r e

•

S e c o n d l y ,  i n  1 ' .••sc ex; • *•'; r • a t . amount s  o f  g l u c o s e  an 1

f r u c t o s e  a. s : ' . l i s t e d  n th> cor  .clous,  an  . a n a e s t h e t i  ted

a n im a l  s w r  o f  o r  It s .

The ex p o r im  c t s  c a r r i  ed out  on t h e  co nsc ious  and anaes 

t h e t i s e d  b a t .  . t.r •• s.' 1 t h a t  when t h e  animals,  was a n a e r  "he- 

t i  s o d , t h e  s. i much had t o  be b y e - p a s s '  i so a s  t o  got r e s u l t s  

c o m p a r a b l e  t t h o s e  i n  ’ onsc  Lous a n i m a l s .

I n  a l l  f u r t . h  r  exj o r imen t  s, c a r r i e d  ou t  on a n a e s t h e t i s e d  

a n i m a l s ,  th-  as  i m i t a t i o n  o f  th<. s ug a r ,  was d e t e r m i n e d  us ing ,  

t h e  m-stho ! d - r i  t- -I by s: ui s an 1 L u p - r

4 . ? .  ' '_________ ' - s ‘ s

. . . '

p r a  '1 o n 1

I n  a l l  t h e  i n  v i t r o  cxi  u ' i m e n t s  t h e  a c t i v e  t r a n s p o r t
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o f  g l u c o s e  was d e m o n s t r a t e d  in t h e  r a t  , whe rea s  i n  t h e  b a t  

i t  war; n o t .  A po.:. Lblc exj I ana  t  ion f o r  I his- f a i l u r e  t o  

d e m o n s t r a t e  an a c t i v e  t r a n s p o r t  s y s t e m  in t h e  ' . a l t e r  was 

t h a t  when t h e  i n t e r i . i n < war, removed f rom Lh- a n i m a l ,  t h e  

r e s u l t i n g  l o s s  o f  c i r c u l a t i o n  had  c a u s e d  i r r e v e r s i b l e  damage 

t o  t h e  t r a n r p o r t  s y r l  orn.

An i n  v i vo in- t hod  . ' mil a r  t o  t l r  .t u s e d  by  S h e l f  and 

Smyth 0  955 )  war do r  i gne  1 whe re  t h e  c o n c e n t r a t i o n  o f  g l u 

c o s e  i n  t h e  lumen wa: l e s r  t h a n  i n  t h  b l o o d . Any a s s i m i 

l a t i o n  Oj. g l u  o r e  f r o :  t h e  i n t .  r . t i n o  a g a i n s t  t h i s  g r a d i e n t ,

would  be  v v id-  nee  f o r  an ac t  i ve  t r a n .  p o r t  mechanism f o r  

g l u c o s e .

I n  t h e  b a t  u n f o r t u n a t e l y ,  t h e  f a r c i n g  o r  r e s t i n g  b l o o d  

g l u c o s e  l e v e l  war low and t - l i r  would  m an t h a t  Large vo lumes  

o f  a  d i l u t *  p e r f r .  • wci l  t 1 ave t o  t • u s e d ,  so  a r  t o  have  

m e a s u r a , 1 a::.o-ra ‘ r f r  . :c ' ■ w r  w t h .  To overcome 

t h i s  d i m  ivan" age  th< b l o o d  g l u c o s e  l e v e l  war i n c r e a s e d  by  

p e r f u s i n g  t h e  i n t v r t : ne f i  " wi h  an i s o t o n i c  g l u c o s e  s o l u 

t i o n  f o r  15 rr.inut--. . Then v, r i l e  h b lood  g l u c o s e  l e v e l

was s t i l l  h i .  h ,  t h  « r:i:r -d war c a r  i  d out by p o r f u r  n j

t h e  i n t e r  t  i w  w i t h  a  . to lu '  ion h a v i n g  a low g l u c o s e  c o n c e n 

t r a t i o n .

The r* s u i t ;  f r o : ; t.hc ex: - r  m n t  r a r r i s d  out  on t h e

r a t  showed t h a t  t h r  rwghout t h  exp- r i m r n t  t h e  b l o o d  g l u c o s e

c o n c e n t r a t i o n  war : any t me ; . ;r- t e r  t i  ■n b ho t  o f  t h e  p o r 

f u r , a t e  and y- t  p i , )  o f  f a- e wa a s s  im:, l a t c l .

amount  o f  g lu co :  • a r r  iini 1 a t  ■ 1 was GO o f  t h e  a v a i l a b l e  g l u 

c o s e  and c o n f i r m e d  t! it in r a t  i n f r a  t i n e ,  t h e r e  war an

act  i v e  t r  in: p o r t  $ tf i vl i ;h war - :ble t o  -arr,im.i 1 a t e  g l u 

co.a- ag is.  f. n cor c e n t  r a t  i on g r a d i - n t .
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I n  t h e  h a t  h o w e v e r ,  t h e  b l o o d  g l u c o o e  c o n c e n t r a t i o n  

r e m a i n e d  h i g h e r  t h a n  t h a t  ot  t lie p e r  lu:  at • lot  oa ly  t h e  

f i r s t  ) 0  m in u t e : : .  T h i s  was b e c a u s e  th< b l o o d  f  Luc on e con 

c e n t r a t i o n  d e c r e a s e d  r a p i d l y  d u r i n g  t h e  e/ .per . imeat  anu  

s e c o n d l y , u n l i k e  he r a t , t h e  c o n c e n t v  ’ ion o 1 j\. i coao i n  

t h e  p e r f u s a t e  i n c r e a s e d  d u r i n g  t h e  f i r e t  l\ vj  m i n u t e s  o l  t h e

e x j ' e r ' m e n t .

Th es e  o b s e r v a t i o n s  c an  be  e x p l a i n  d by t h e  h y n o t h e s i r  

.

The e v i d e n c e  s u p p o r t i n g  su c h  a h y p o t h e s i s  was t h a t  a t  t h e  

s t a r t  o f  t i n  e x p e r i : V  , wh< n t '• < cone - nt r a t i o n  o'  g l u : o .  (

.

c o n c e n t r a t i o n  o f  g l n - o s o  i n  t h e  lumen i n c r e a s e d  and a s  no

l a r g e  c ha n g  . i n  t h e  volume o c c u r r e d ,  t h e n  t h e  i n c r e a s e  i n

t h e  c o n c e n t r . t i o n  mu t  be  du< t o  an i n c r e a s e  i n  t h e  movement

o f  g l u c o s e  fro-: t h e  b l o o l  ate 1 -ie l umen. Si mi l  - s , y  i n  -

l a t t e r  p a r t  o f  t h e  cxpcrim- a t  vs.-.-n th c o n c e n t r ' d  i or. of [

c o s e  was h i .  -r i; t .  luc-  n ' - a ao b l o o d ,  t h e n  glncos.-:  mus'

h a v e  b e e r  eras, f - r e d  from ' h e  lumen t o  t o b loo d  so a s  t o  r —

'

Th i . f a i l u r e  t o  : i:0xr any  e v i d e n c e  t a a t  g uco: o was

i

‘

T h i s  e x p e r i m e n t  o u l d  not; be  r e p e a t  <■ I u s i n g  I rue  t o n e  

b e c a u s e  even  a r o l a ' i v  l y  low b l o o d  f r uc to r . v  t eve I s ou l d  

n o t  be  moints! it ud in ei  t h - r  'tn- : o r  f in r a t  .

.

The i n c r e a s e  in t in c n c e n t r a f i o n  <-t t h e  g lueo.  e i n  

t h e  i n t e s t i n a l  l umen,  Obsevv 1 in t he  p r e v i o u s  o x p m -  

ment  c a r r i e d  o u t  on th- b a t  w duo t o  an  i n c r e a s e  i n  t h e
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q u a n t i t y  o f  g l u c o s e  in t h  lumen an t h e " e  had boon no d e 

c r e a s e  in t h e  vo lu me .  Th in  i ne r t . -m e  i n  t h e  amount  o f  g l u 

c o s e  c o u l d  ha v e  com f rom e i t h e r  o f  two s o u r  on .  The o r e  

was t h a t  t h e r e  was s t i l l  g i - o r e  in t h e  i n t e s t i n e  a f t e r  t h e  

i n i t i a l  p e r f u s i o n  when t h e  con e n t r a t o d  g l u c o s e  s o l u t i o n  was 

u s e d .  T h i s  wan mos t  u n l i k e l y  b e c a u s .  t h e  i n t e s t i n e  had  

been  r i n s e d  o u t  w i t h  s a l i r n  p r i o r  t o  t h e  f i n a l  i n f u s i o n .

The s econd  p o s s i b i l i t y  ws : t h a t  the  i n t o ,  t : no i n  t h e  b a t  

was f r e • ' y p e r m s o  .1 e t o  r l u  u s e .

T h i s  e x p e r i m e n t  was ha s .  1 on t h e  i n f u s i o n  e x p e r i m e n t s

.

s e e  i f  t h e  i n t e s t i n e  was f r e e l y  p e r m  b e t o  t h e  mover ■ n t

me thod  e n t a i l e d  p e r f u r i i  : s u a 1 e n g t h  o f  e i t h e r  t h e  

b a t ' s ,  o r  th-  r  1 ' i n t . « ' - w i t h  s a l ; u- an i th- n r a i s i n g

t h e  b l o o  l g l u c o s e  l e v e l s  wit  a i n t r a v e n o u s  g l u c o s e  i n j e c t i o n s  

and  i n f .  o

I n  t h e  b a t  t h  b l o o d  f -use ] --vel  b e f o r e  t h e  i n t r a v e 

n o u s  i n j e c t i o n s  o f  g l u c o s e  was l e s s ,  t h a n  , 0 mg/300 ml and 

t h e r e  wa a • ra  < f g lu  . e i n  ‘ ' ■ e f f l u e n t .  Th: $ t r a c e  

was o f  no s i g n i f i e s  •< ar I t  was a t  t h e  l i m i t s  o f  t h e  

s e n s i t i v i t y  f o r  t h  L red ho 1 f o r  g i n  so. s a n a l y s i s .

A f t e r  th-  i n t m v  sou inf-  - l i o n  o f  glucos.- , t h e  b l o o d  

g l u c o s e  c o n - e n t r s  t I o n  i n  , i an : r- a c h e d  ' 7< mg/100 ml 

o f  b l o o  I 10 r . i n s t i  ■ l a t e r .  The s;3u.-oso c x cent  - i t i o n  In 

t h e  e f f l u e n t  had a l s o  in-' .re . 1 from a t r a c e  t o  mg/1.00 ml

( T a b l e  and f i r .  19)  i n  t -  sen-- t im e  p e r i c  1.

I n  t h e  g r a p h  i t  would a p p e a r  t h a t  t h e r e  was a l a g  

p e r i o d  b e t w e e n  t h e  g l u c o s e  con c e n t r a  I. i on  i n  t h e  b lood  raid 

t h e  e f f l u e n t  b u t  i t  must  bo remembered t h a t  t he  e f f l u e n t
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c o l l e c t e d  ha  ’ been  i n  t h e  cannu l  a .come t  i me be for«  c o l l  e c t i o n  

and no would  l a c  b e h i n d  what  war a c t u a l l y  o c c u r r i n c  in t h e  

e x p e r i m t n t .

To i n v e s t i g a t e  what  would happen  t o  t h e  i n t e s t i n a l  g l u 

c o s e  i f  t h e  b l o o d  g l u c o s e  l e v e l  d e c r e a s e  !, i n s u l i n  war, g i v e n  

i n t r a v  nou I. t o  1 r n ,  lown ‘die b l o o d  g uco  o l e v  L. Thi  

r e s u l t e d  i n  a  f a l l  i n  t h e  g l u c o s e  l e v e l  i n  t h e  i n t e s t i n a l  

p e r f u n a t e .

From t h i .  r e s u l t  i t  war c l e a r  t h a t  in t h e  b a t  t h e  i n t e s 

t i n e  was f r o  l y  per :  -al  ! t c td v mov- • n'  o f  g l u c o s e  f rom

t h e  b l o o d  t o  t h e  l ure  a .  !io *opor'  i n  t h e  l i t e r a t  u r e  c o u l d

be  f o u n d ,  wh, re  an;.- • r i: il h a d  an i n to .  ' in pen:  eal U t o  t h e  

move: n t  o f  ! . ■ r e  f r  t . 1 c t o  t  e lumen.  An i n t e 

r n s  i n g  h y p o - h  i s  war t h a t  i n  ot • r  a n i m a l s  -n y  g l u c o s e

f t . a t  i d ;  c l i f f  s aor< t i - d  ' i t s  1 r d ’ l  wou l d , immedi

a t e l y ,  be  a • i  v- 1;. t r n n s ;  - ■ k ' n ‘ o t h e  b o d y . The b a t

n o t  h a v ’ng  or. r. f i v e  t. ran -i c»rt ... ‘ e r  would t h u s  a c c u m u l a t e  

g l u c o e  i n  s h e  l umen.

To t e s t  t h i s  hy po t l  " . ; i s  th-  same i n f  . . . ion  e x p e r i m e n t

.

g l u e o r  e l e v e l  was Inc r e  ice 1 by  g i v i n  - an i n t r a v e n o u s  g l u c o s e  

i n j e c t  i. on -.nd 'diet a a int. rave  uou. gl uco. e i n f u r  i m .  By t h i s  

me thod  t h e  b l o o d  r . u c o s -  l e v e l  was i n c r e a s e d  t o  ( 0 0  mg/100 

ml o f  b l o o d  and at  nr :.c was h e r e  any g l u c o s e  in t h e  

e m u - t v  . V/lun t h e  1 I oo I ;! . s o r e  l e v e l  had r e a c h e d  *>00 

mg/100 ml t h e  r a H n o  i n f u r d o n  f l u i d  war r u b s t i t u t  ed v i t h  

a o n l i n e  r o l u t ' an tor,! a i n  n 0 , '  mil p h l o r i  lr, i n .  :?h i s  

c o n c e n t r a t i o n  t a r  b- u shown no'  t o  a - i v o r r e l y  i f f  - s t  c e l l u 

l a r  me t a b  o 1 . (Nev.oy d  -■'! . , 14'.-')) t u t  w i l l  Ln l . i b i t  t h e

a c t i v e  t  r an  . p o r t  o f  ( l u - o r . o .  I n  t h i :  ex pe r i m e n t  even w i t h



t h e  p r e s e n c e  p h i o r  i d z i n  i n  t h e  lur ion t h e r e  war r t i l l  no 

g l u c o s e  i n  t h o  l u m i n a l  f  1 u i / l . T h e r e f o r e  i t  would a p p e a r

t h a t  a s  p h i  0.1 d dr, in d id  no '  r-. s u i t  In g l u c o s e  a p p e a r i n g  i n

t h e  lumen,  t h e r e  was. no move’ e a t  o f  g] ueosu  f rom t h e  c o l l

t o  t h e  l umen and  so  i t  would  a p p e a r  t h a t  t h e  i n t e s t i n e  o f

t h e  r a t  i s  n o t  p e r m e a b l e  t o  t h e  movement o f  g l u c o s e  from 

t h e  b l o o d  t o  t h e  l umen .

4 . 7 . i .  fh'"' ' 'Si '' St r a i  ' )■ ■ o f  I'' *■, f r a - -' o '' 'a: 1

I n a ' *t ‘ a ; • ; " : •____  ‘ ■ ! ood h i r  i :.s

t i l s  a s___  '' s '

As t h e  venou.  bi  ood sat : 1 e s  we re  t a k e n  from t h e  r i g h t

a t r i a , t h .  cons  n ' r  ' i s  a o f  : ; o s v , f r u c t o s e  and ] a c t  a t e

i n  t h e  e s amp le  ' be  v« -v n i l a r  t o  t h a t  f ound  in t h e

.

tw een  t h e  conce rn  r a t i o n s  oj d s c  s u b s t a n c e s  in t h e  :: y; ' mi c 

and  t h e  p o r t a l  b l o o d  wou ld  1 a s  r e f  o r e  s.upi l v  v i l u a b l e  i n f o r m a 

t i o n  a b o u t  t h e  m- chan i sms  in zo lved  i n  t h e  a s s  Jun. l a t  ...on of  

t h e  s u g a r s .

G1 ' s

T a b l e  16 show• i  t h a t  t h e  c o n c e n t r a t i o n  o f  g l u c o s e  i n  

t h e  p o r t a l  and b< Lc b loc  ! . t r ip les  were  388 and 28 d mg/

100 ml r* : <• - t i v '  1; . T: :. v. u n i • r  a. e o f  a:: most 1.00 

mg o f  g l u c o s e  p e r  100 ml in t a • j; t r i  a l  .a: ; Lee.  Phi s  marked 

i n c r e a s e  in t h e  gl ; *0 ; •) c o n c e n t  r a t  i on i n  t h e  p o r t a l  b l o o d  was

s t r o n g  - v: iene ■ t o  s ij o o r t  .• t he  or,- t h a t  g l u e  os wa ; b e i n g

a s s i m i l a t e d  as. g l u c o s e  a 1 11 s .t  i t  was no t  b e i n g  c o n v e r t e d  

t o  a n o t h '  r  ■ j is tar  -•< which  was t iv 1 a . i m i t a t e d .  I t  t h i s  

r e s p e c t  t h e  bn . was. s i m i l  a r  t o  o t h e r  r  p o r t e d  spec  Los 

( K i y a s a  jjj a 1 . ,  , ' an I A1 in < n , 1 7 ) .

The s l i g h t  r i  s e  i n  t l i e  It! 0 0  I l a c t a t e  l e v e l  c o u l d  be  due
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t o  t h e  c o n v e r s i o n  o f  g l u c o s e  t o  l a c t a t e  d u r i n g  a s s i m i l a t i o n  

b u t  t h i s  h a s  not  b e e n  c .emonst ra t  -m! i n  o t h e r  a n i m a l s  ( C r a n e ,  

I 9 6 0 ) .  T h i s  incre- i r .v  i n  I.ho I n o t a t u  c o n e  at r  .: i on was 

p r o b a b l y  t h e  r e s u l t  o f  t he  n o r m a l  m e t a b o l i s m  o f  g l u c o s e

.

by  t h e  o b s e r v a t i o n  t h a t  i n  a l i  t h e  e x p e r i m e n t s , i r r e s p e c t i v e  

o f  t h e  s u g a r  a d m i n i s t e r e d  o r  t }-•• sy s t e  mic l a c t a t e  c o n c e n t r a 

t i o n ,  t h e  i n i r ea . - . e  i n  p o r t a l  2 a c t  a t e  l e v e l  war, 0 , 5  t o  5 mg/  

100 ml h i g h e r  t h a n  t h e  y. t.• •. i c b l o o d .

y . *• .

The c o n c e n t r a t i o n  o f  f r u c t o s e  i n  t h e  s y s t e m i c  nd p o r t a l  

b l o o d  s a m p l e . we re  S and 1: ' • / 1 00 n.! o f  b lo od  r e s p e c t  i v e -

.

ml o f  p o r t a l  b l o o d  compared  * . 1 ho ■ c b l o o d ,  showed

t h a t  a l a r g o  amount o f  ' ne f r u c t o s e  b e i n g  i n f  a d  was b e i n g

.

t h e  s y s t e m ' • n l p o r t  1 cone - nl r a i  Lor . f o r  g l u c o s e  i n  t h e  

g l u c o s e  i n f u s i o n  • x: r i i s  a t  was most 100 mg/100 ml o f  

b l o o d  compared t o  57 i g o f  f r . • so n e / 1 0 0  s i  n t h e  f r u c t o s e  

.
t a l  and  c y h t c m i c  f r u - r  one l e v e l  s d u r i n g  ts.e f r u c t o s e  i n f u 

s i o n  e x p e r i m - ' n t s  c o s ; a n  1 t o  t h e  g l u c o s e  e x p e r i m e n t s  c a n n o t  

be  due  t o  do . f m c  o: • t h a n  gl i co s e  b e i n g  a s s i m i l a t e d  b e 

c a u s e  i n  a'I I th-  exj < r s a t .  •••vri • i o i n  t h e  b a t  , f r u c 

t o s e  was more r  . 11 •. • • i • LI.a • :. ' s n gl • icose .  A more

p r o b a b l e  ex j ’lan.a '  Lon as  t o  why he f r a ' t -  so  g r a d i e n t  was 

a b o u t  5 5, t h a t  o f  t h e  g l u e  os- g r ad  : on t  i s  that ,  f r u c t o s e  was 

b e i n g  conv  r t v d  t o  ano i . he r  s u h s t s n  'e p r i o r  t o  e n t e r i n g  i n '  o 

t h e  c i r c u l a t i o n .

As conv  r sLon  o f  fis.  d .os "  t o  g l u c o s e  i n  the i n t e s t i n a l
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mucosa  d u r i n g  t h e  a s s i m i l a t i o n  o f  f r u e t o s o  o c c u r s  i n  t h e  

g o l d e n  h a m s t e r  ( W i l s o n  nud Vincen i  , 1 9 3 3 ) ,  t h e  ravine a p i g

19G3) i t  was n o t  . u r p r i s i n g  t h a t  Ln (die b a t  t h e  p o r t a l  b l o o d  

g l u c o s e  l e v e l  was 2 . ag/100 ml o f  b l o o d  h i g h e r  t h a n  t h e  s y s 

t e m i c  v a l u e  o f  139 m g / i 00 ml o f  b l o o d .  T h i s  s l i g h t  i n c r e a s e  

i n  t h e  p o r t a l  b l o o  1 g l u c o s e  concen t  r a t  Lon was e v i d e n c e  t h a t  

some o f  t h e  f r u  ’t oe  must- ha ve  l-< • a conv* -r t ‘ 1 t o  g l u c o s e .

T h i s  i n c r e a s e  i n  t he p o r t a l  b i t  1 gl i co se  l e v e l ,  however  

was n o t  a lw a y s  r v o r  i I , f o r  in some • s ima l s  t h e  p o r t a l  g l u 

c o s e  l e v e l  wa • I  s t h a n  " o f  t sys.V i ■ bl  o d . When 

t h i s  m a i l  i n c r e a s .  n th< 3 - r i a l  f l u  : o r e  c o n c e n t r a 4 i on  

d u r i n g  t h e  f r u c t  o o i n fu ;  1 on was compared  t o  t h e  g l u c o s e  

l e v e l s  recv rd-. : : , r  ti; : n f u s i o n  o f  g ’ u e ,  i t  showed

.

T h e r e f o r e  i t  would  . • n r  t i n t  t ae b a t  was c a p a b l e  o f  con 

v e r t i n g  f r  t e to  ; .»cos< , I af that ;  i t  p l a y e d  a m ino r  r o l e  

i n  t o t a l  amount  o f  f ru i '  t o s e  a. j i n i l a  e l .

The c o n c e n t r a *  i o r s  o f  l a c t a t • i n  t h e  p o r t a l  b l o o d  was

.

i s  s i m i l a r  t o  1 h a t  r e c o r d ;  I when g l u  o e was- b e i n g  i n f u s e d  

and i s  age  in p roba l  i y iue  t o  r . c t a b o l  c p r o c e s s e s  an t n o t  

as .  o c i a f  - w i t h  he . s  i ! >n o f  f r u  to. ' . However ,  

t h e  s y s t e m i c  l a c t a t e  oncenf,  i--. ‘ i ons  d u r i n g  t h e  i n f u s i o n  were  

55 mg/100  ml o f  b l o o  1 which vr . s i x  f iin s h i g h e r  t h a n  when 

t h e  i n t e s t i n e  wa: b e i n g  i n f u s e d  w i t h  u e o s v .  T h i s  i n 

c r e a s e  i n  t h e  b l o o d  ' lac t a t  • l e v e l  i s  u n l i k e l y  1 o be : lo- 

r e s u i t  o f  t h e  a s s i m i l a t i o n  o f  l a c t a t e  as  t h e  g r a d i e n t  i s  

.

c r e a s e  i n  t he  1 I c o  1 1 i c t a t  ■ i s  (.list some o f  li  e f r u c t o s e  i s
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b e i n g  c o n v e r t e d  t o  l a c t a t e  by t h e  l i v e r ,  

n n c r o r o

The e x p e r i m e n t a l  r e m i t s  on t h e  d i g e s t i o n  o f  s u c r o s e  

showed t h a t  t h e  q u a n t i t y  o f  s u c r o s e  i n  t h e  i n t e s t i n e  f e l l  

r a p i d l y  and t h a t  t h e r e  was a s m a l l  amount  o f  g l u c o s e  and 

f r u c t o s e  p r e s e n t  i n  t h e  l umen .  T h i s  r e s u l t  meant  t h a t  

e i t h e r  s u c r o s e  was a s s i m i l a t e d  i t s e l f  o r  i t  was r a p i d l y  h y 

d r o l y s e d  t o  g l u c o s e  at. ! f r u c t o s e  . T h e r e f o r e  t h e  r e s u l t s  o f  

t h e  s u c r o s e  i n f  us ion expe r ime n t s ,  showing  t h a t  t h e r e  was no 

s u c r o s e  p r e s e n t  i n  e i t h e r  t h e  s y s t e m i c  o r  p o r t a l  b l o o d  

sample; ;  i n d i e  a t  e l  t h a t  t h e  b a t  had  a v e r y  e f f e c t i v e  s u c r a s e  

a y s '  os. f o r  th« s y  I r s l y a i  o f  s . t o . c t  g l u c o s e  an 1 f r u c t o s e .

I n  t h e s e  i n f u s i o n  exp e r i m  :• b o t h  g l u c o s e  and f r u c t o s e  

a p p e a r e d  i n  h i p  ; r  r a t i o n s  n t h e  p o r t a l  t h a n  i n  t h e

.

mg f o r  g l u c o s e  and f r i ;  "  o e r e s p e c t i v e l y  p e r  100 ml o f  

.
e x p e r i m e n t  vs. s ,  '5 g ; • r  100 ml 4 ae maximum c o n c e n t r a t i o n  

f o r  e a c h  o f  t h e  mono •= • h a r i d n ;  i f  c o m p l e t e  h y d r o l y s i s  

o c c u r r e d  so ; ' . : • ,• / 1 00 . Tin a  f o r e  the i n d i v i d u a l

c o n c e n t r a t i o n s ,  o f  t h  o m o n o s a c c h a r i d e :  i n  t h e  g u t  must  a l -  

wayr be  l e s s  t h a n  h a l f  ' s a t  wl • a e i t h e r  g l u c o s e  o r  f r u c t o s e  

was i n f  ur: ■••I at  os- . T h h  l o w e r  . . j -ose  and f r u  ' to:  c o n c e n 

t r a t i o n  i n  t h e  i n t e n t i r e  would r e s u l t  i n  s m a l l e r  g r a d i e n t  

i n c r e a s e s  i n  t h "  c o n c e n t r a t i o n  o f  g l u c o s e  and f r u c t o s e  in  

t h e  p o r t a l  b l o o d  when com; arc- I t o  t h e  i n f u s i o n  experiment ; : ,

.

The i n c r e a s e  i n  t i n  c o n c e n t r a t i o n  o f  l a c t a t e  i n  t h e  

p o r t a l  b l o o d  compared  t o  t h e  s y s t e m i c  b l o o d  was v e r y  sm a l l  

and s i m i l a r  t o  when g l u c o s e  and f r u c t o s e  were  i n f u s e d  s c -
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p a r a t e l y .  T h i r  i n c r e a s e  a s  p r e v i o u s l y  d i s c u s s e d  was p r o 

b a b l y  duo t o  t h e  normal  m" t ab o l : i c  p r o c e s s e s  and n o t  due  t o  

t h e  c o n v e r s i o n  o f  f r u c t o s e  o r  g l u c o s e  t o  l a c t a t e .  The 

s y s t e m i c  b l o o d  l a c t a t e  l e v e l  was h i g h e r  t h a n  t h e  g l u c o s e  

i n f u s i o n  e x p e r i m e n t s  b u t  l o s s  t h a n  t h e  f r u c t o s e  i n f u s i o n  

e x p e r i m e n t s  a g a i n  sugge.  t i n  t h e  p o s s i b l e  r o l e  p l a y e d  by  

t h e  l i v e r .

These  p r e l i m i n a r y  e x p e r i m e n t s  s u g g e s t c  1 t h a t  g l u c o s e

.

t h e  c a s e  o f  f r u - t o s e  how v r  t l  r e  was some e v i d e n c e  t h a t  

a  s m a l l  q u a n t i t y  o f  " f r u c t o s e  was b e i n g  c o n v e r t e d  t o  g l u c o s e

.

r a d i o e s t i v o l y  lab-  1 ■ cd g l u  a s- -in 1 f r u c t o s e  would 1 ave  t o

be u se  1 t o  t h e  fa t*  o f  ‘ - s-? . ••s.

The e v i d  e a s e  a t  t h i s  stag-, was t h a t  < h--re was no  a c t i v e  

t r a n  spor t  sy s t . en  f o r  e i t h< r g l u c o s e  o r  f - s e t o s e  and t h a t  t h e  

a s s i m i l a t i o n  was a pa. i vo  o r o c i . j s  c o n t r o l l e d  by t h e  c o n c e n 

t r e  t i c as o f  •"I • r- ' : f r  "  *

4 . 7 . 4 .  ___________  ________ _____ ______ ______________

St:Q--: h ' " s • ‘ ’ - *' 1 'iSS " 1 1 '! " i . S *:'* f

g l u e  f - 1 ' - ' .iu-mm.

f n t h e s e  exj.- r i r .  *.f s win s* s<s ;r;* s t  s o f  t h e  j e j u n um  

were  } < r f u s c  . w t h  rla.  x>s< i t  wa found t h a t  on a v e r a g e  t h e  

b a t  a s s i m i l *  i a: ; • •if-.-ly 1 ;n o f  1 o r e  p e r  c , Ion,  t h  o f

i n t ' - s . t i n e  i n  . , 5  r i r .  . • . . A  U v -  v* ' I ' -nmth o f  t h e

b a t ' s  i n ' e s t i r .  was • •'» cm, t h o u  i f  t h e  n t. r e  l e n g t h  o f  t h e

i n t e s t i n e  war. a; lo t o  a s s i m i l a t e  g l u c o s e  a t  t h e  same r a t e  as

t h e  j o j ’ num, t h e n  th* b; f won.I ! b-> ab l  t o  a s s i m i l a t e  15> mg

i n  JO m i n u t e s .  T h i r  v  u<: i s  a b o ' t w i c e  as  much a s  t h e

amount o f  g l u c o s e  a s s i m i l a t e d  in t h e  expo rim; htf.  c a r r i e d
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o u t  on n i o u n  b a t s  (pagt  J[ ) .  However ,  i n  t h e s e  c o n s 

c i o u s  an in  o f l u i d  was o n l y  found  in t h e  p r o x i m a l  t h i r d  o f  

t h e  i n t e s t i n e ,  sugg  t i n g  t h  t  t h e  i n t e s t  i.ne was a b l e  t o  

a s s i m i l a t e  g l u c o s e  a t  a  f a s t v r  r a t e  and  t h a t  a n o t h e r  f a c t o r  

had  t o  be  i n v o l v e d .

I n  t h e  c o n t r o l  expe r imen t s ,  t h e  r a t e  o f  ’no se  a s s i m i 

l a t i o n  i n c r e a s e d  s l o w l y  t h r o u g h o u t  t h e  exp "a... , n t .  I n  

c o n t r a s t  t o  t h e s e  cos. '  r o l  e x p o r  i r v - n t s , wh n g l a c o . a  was 

s l o w l y  i n f u  " d  i n t o  t in1 fci e d - o f f  s.ton ach  t h e r e  was a d r ama

t i c  i n c r e s s  in t h  r a t e  o r a. s L m i l n t i c . t .  A‘ i t s  peak  1

.
s u g g e s t s ,  t h a t  i n  son way t i n  s tomach ••..used an i n c r e a s e  i n  

t h e  r a t e  o f  g l u c o  a s s  n i l ?  ‘ : on .  The mech-' ini . : however  

.

g a s t r e c t c  - , ; s  rr . : nv<-lv.i • ' • p. ! si c a r e " , g l u c o s e  a s 

s i m i l a t i o n  as:  e a r s  1 v sc  eff . i  ' h a t  th- ■ n no r '  ' man (L andh ,  

1958).
I n  a l l  t h e  e x p c r i n n t s  c a r r i e d  o u t  so f a r  m  e v i d e n c e  

c o u l d  be  found  t h a t  g u c o se  was a c t i v e l y  t r a n . r s r t t  1 a c r o s s  

t h e  i n t e s t i n e  i n  th« ba t  , r u t  now we h v a s i  .ml ion where  

t h e  r a t e  o f  as  i m i l a t i o n  can  be i.ner- . s 1. At ' h i s  s t a g e  

i t  c a n n o t  be  s a i d  i f  i t  i s  an a c t i v e  t i  ram < r t  o r  a  f a c i l i 

t a t e  ve d i f f u s i o n  sy. ' . m.

4 . 0 .

The a s s i m i l a t i o n  e x p e r i m e n t s  c a r r i  d o u t  on t h e  b a t  and  

t h e  r a t  ( p a g e  17)  : owed t h  -t t h e  b a i as.  i n i  Lotvd  g l u c o s e  

and f  rue to.  e many t  in f ' ' v.v t h an  t h r a t . . T h e r e  were 

tv/o main ways an t o  how t h  i : i n c r e a s e s  r a t e  o f  a s s i m i l a t i o n

c o u l d  b- am i.< v< 1. The f i r .  1 was t h a t  t l  • hat  had a more 

o f f i c i o . 1 a c t i v e  t r a n s p o r t  s.. s. tern f o r  g l u c o s e  compared to
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t h e  r a t  and  t h a t  t h e  b a t  may a l : o  ha ve  an a c t i v e  t r a n s p o r t  

s y s t e m  f o r  f r u c t o c e .  I n  t h i s  i n v o . ' I i ^ a t L o n ,  an  a c t i v e  t r a n s 

p o r t  s y s t e m  c o u l d  nob bo d e m o n s t r a t e d  f o r  e i t h e r  g l u c o s e  o r  

f r u c t o s e  i n  t h e  h a t .  Th'-i" f o r e , i f  t h  i ; e x p l a n a t i o n  was

: .
The s e c o n d  e x p l a n a t i o n  war that ,  t h e  s u r f a c e  a r e a  o f  t h e  

roue os i In t h e  bat  wa. f a r  g m t c  :• t ivin in  t in  r a t .  A s t u d y  

o f  t h e  g r o s s  an . to: :y i n  t h e  b a t  and t h e  r a t  showed t h a t  t h e  

l e n g t h s  o f  t h e  i n to . " t i n -  i n  t h  ba t  an I t h e  r a t  were 68 cm 

and  96 cm r e s p e c t  ; v< l y  v: i 1< th< di  a m e t u r s  w r e  o f  1 he same 

o r d e r ,  when th i n f  • ' i wore f  i 1 t w i t  f  1) u i d .  T h i s

meant  t h a t  f r om h grow, e x a - n i r a t  Lon o f  t h e  i n t e s t i n e  t h e  

b a t  had  a  s m a l l e r  auco;  al s u r f a c e  a r c  t h a n  t h e  r a t .

. . .

.

showed 1 ha t  a mu cos a l  s u r f a c e s  o f  t h e  two a n i m a l s  were  

d i  f  f  ■ • . I n  t  . r a t  t  ■ v L V : v. *•.. l e a f - 1 1 ke w i t h  a

r e l a t i v e l y  l a ^ p  .ora • o f  . ■ ‘ we- n the::.,  w h i l e  i n

t h e  b a ' th' .  v ' 1 ! i w» re  f  • ” -11 1 ■ ! - o r e  c l o s e l y  l a c k e d .

From th-  . e mi • r o g r  p1 i t  would apj  r  t h a t  ‘ h e r e  was an 

i n c r e a s e  i  - th-  r . u co sa l  s u r f a c e  a r e a  in  t h e  bi t  coroj ' .red 

t o  t h  r a t .  T i. in •t - - h-'wev would no* b* ve ry  g r e a t

and  no . o r  i n i  o.ros. ior.s, were  - .ode t o  measu re  t h e  exact;

i n c r  -a. in th- s «r f ac -  ur< • .

A..' ,. :. K _  ;;________________

The most  s t r i k i n g  f - s a tu r e  wi;--n c om p a r in g  t h e  s t r u c t u r e  

o f  t h e  mu co a I cell 1 • i n  t h e  b a t  and t h e  r a t  were  t h e  m i c r o 

v i l l i .  I n  t h e  b a t  th< mi : r o v i l l i  wor- l o n g  at; 1 s l e n d e r  w i t h  

an avt  ra  lei. ,  a " .1 l iar. '  ' < t- o f  ,« fi  ai 1 0 , 1  fv.t r e s p e c 

t i v e l y  C0f t a!-. 1 t o  t.h rat: ' 1,171 /r:  and 0 ,1 4  f m .
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I h i s  1 • •i("! "i o ! 1,  ' 4  / in f o r  t h e  r a t ' s  m i c r o v i l l i  com; a r e d

we l l  w i f-h t h a t  o f  1 ̂ nn r e p o r t e d  by o t h e r  w o r k e r s  f o r  t h e  r a t

( H i l l i r e ; i , o n  and Kin an ,  196 an i P a l a y  an 1 K a r l i n ,  19 > 9 ) .

The? b a t ' s  m i a r o v i l l 1 wore  w e l l  o v e r  t h r e e  t i m e s  l o n g e r  t h a n  

t h e  r a t ' s .

The d i a m e t e r  oj‘ t h e  m i c r o v i l l i  in t h e  b a t  was l e s s  t h a n

i n  t h e  r a t  0 , 0 of) / compare 1 t o  0 ,  L4 /un. The m i c r o v i l l i

.

28)  and t h e  d i s t a n c e s  b e t w e e n  t h e  m i c r o v i l l i  i n  t h e  b a t  were  

I ' I

and d i s t a n c e  bet  ween t h e  m i c r o v i l l i  was known t h e  t o t a l  s u r 

f a c e  a r e a  o f  an i n d i v i d u a l  m i c r o v i l l u s  and i t  s u p p o r t :ng  

p l a s m a  i.-cr b r a n o  • m l . t  be 1 ■ , l ; i t  i .  m t h e  t  a t  ' h i :  a r e a

■ /

f  •

I

/

c a l c u l a t e  1 t o  be  app rox ima te  l y  57 i n  t h e  b a t  and v6 in t h e

same no .  os  o crovi.1 L i  cc i n t e l  i.n t h  .■ c r o s s  s e c  t i e r  i l  s p e 

c imen:  .

As t h  surfMc?, arc a o f  t, ;• m i c r o v i l l i  un i l  . and t h e

/

a r e a  o f  .n<- raicrovJ  ! Li an I su j  ; o r t  i n  p l asma  membrane p e r  
2

/

The r e s u l t s  ( T a b l e  * ) shown i that ;  an a r e s u l t  o f  t h e  m i -  

c r o v i l l u r  s t r u c t u r e  t h  r e  wan a ',7 and a 18 fo ld  i n c r e a s e  

i n  t h e  mucosal  s u r f a c e  o f  t)v i n t e n t  I na l  c e l l  in t h e  b a t  

an.! t h e  r a t  r e s p e c t i v e l y .  P a l a y  and Ka r l  i n  ( 19 59 )  r e 

p o r t e d  a 94 f o l d  i n  Tea; ' . -  in t i n  r  L. Thus in t h  - bat  t h e
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a s s i m i l a t i o n  s u r f a c e  o f  the em ai l  i n t e r . f i n e  was a t im es  

g r e a t e r  th a n  i n  t h e  r a t . T h is  meant tha' if tu  • plasma  

membrane war, the  l i n k i n g  f a c t o r  w i th  r gard t o  th e  r a t e  o f  

a s s i m i l a t i o n  th e n  th e  very r a p id  a s s i m i l a t i o n  0.1 the mono

s a c c h a r i d e s  o b s e r v e d  in  the b a t  cou ld  be a ccou nted  l o r  in  

p a r t  by t h i s  i n c r e a s e  in  the a r . ’imi ! a t  ion  a r e a .

The f u z z  on th e  m i c r o v i l l i ,  s u g g e s t e d  by if a:; D f.on and 

McMichael (1 9 6 8 )  and P r ic h a r d  ( 1 9 6 9 )  to  a c t  as- a p o s s i b l e  

b a r r i e r  t o  t h e  movement o f  g l u c c s e  b - < ' i n t o  1 he i n t e s t i n a l  

lumc; a f t e r  tli h y d r o ly  1- o f  i a tor-- i p o o r iy  dev- ; < f - 

I n  t h e  b a t  i t  would appear t h a t  t h i s  s t r u c t u r e  was not im-  

p o r t a n t  f o r  the  r a t e  a t  which -a< b a t  as d m l l a t e  th e  pro

d u c t s  o f  h y d r o l y s i s  o f  s u c r o s e  i s  o f  the  same o r d e -  as  u .e i  

a m ix t u r e  o f  g l u c o s e  and f r u c t o s e  o f  e q u i v a l e n t  c o n c en 1ra 

t i o n s  were g i v e n .
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5 . c o TJCLnsro’:p

A l l  a n im a ls  r e q u i r e  e n erg y  t o  be a b le  to  l i v e .  This

•

The range  o f  food  ca to i  by di.f ' cron t an im als  v a r i e s  v a ry  

g r e a t l y .  At the  one extrem e t h e r e  are  the  c a r n i v o r e s ,  

whose fo o d  c o n s i s t s  p r i m a r i l y  o f  p r o t e i n ,  w h i l e  a t  the  o th e r  

e x t r e m e  th  rc  arc  tin h e r b i v o r e s , w: th  a h igh  carbohydi i te  

d i e t .  Although t h e i r  d i e t s  d i f f e r ,  a l l  a n im a ls  however,  

have  a common problem , in  t h a t  th e  food has to  1 e dige.-da J

•

o f  t h e s e  p r o d u c t s  o f  di c a t i o n  i s  c o m p l ic a t e d .  Some mole

c u l e s  are  t r a n s fe rr <  1 a c r o s s  th e  in t e r ; 1 in e  i n t o  the 1 • cod 

by  s im p le  d i f f u s i o n ; others,  by a far,i l l a t a t i v e  mechani. ., 

w h i l e  i n  a t h i r d  group id i s  an a c t i v e  t r a n s p o r t  mechanism.

The f r u i t  b a t  i s  o f  s p e c i a l  i n t e r e s t , f i r s t l y  because  

i t  b e l o n g s  t o  th e  onlg Order o f  mammals t h a t  i s  c a p a b le  of  

t r u e  f l i :  h t  and s e c  or. i l y  i t s  d i e t  con i .  t s  e n t i r e l y  o f  

f r u i t ,  co- t a i n  in In.- 2 amounts o f  g l u c o s e ,  f r u c t c s e  and 

s u c r o s e .

T h is  i n v e s t i g a t i o n  s o t  ou t o  se e  what a d a p t a t i o n s  nid  

o c c u r r e d  in  the  b a t ,  so  that  i t  could  ov rcoi • the  handicap  

o f  h a v in g  t o  p r o c e s s  larg e  c o u n t s  o f  food and s t i l l  be 

c a p a b le  o f  f l y i n g  away from any p r e d a t o r .

T h is  s tu d y  showed t h a t  t h i s  bat  doe d i f f e r  markedly  

i n  i t s  h a n d l in g  o f  the i n g e s t e d  food compan d w ith  o th e r  

a n i m a l s .  F i r s t l y  i t  has  a v e r y  s h o r t  t r a n s i t  t ime and 

s e c o n d l y  i t  has a very  r a p id  and e f f i c i e n t  system  fo r  the  

a s s i m i l a t i o n  o f  s u  tr; from t h e  i n t e s t i n e .  As a r e s u l t ,  

a l t h o u g h  th e  food spends a very  s h o r t  p e r io d  o f  t im e  i n  the
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g a s t r o - i n t e s t i n a ]  t r a c t ,  most o f  t h e  sugar  i s  a s s i m i l a t e d  and 

t h e  w e ig h t  o f  food in  th e  animal i s  k e p t  a t  a minimum.

The f r u i t  b a t  Po us o t i . u s  ac " . / n t i a c u s  w i l l  i n g e s t  709: or 

more o f  i t s  body w e ig h t  i n  f r u i t  d u r in g  a n i g h t ' s  fee l in g .

I f  t h e  f r u i t  e a t e n  i s  bananas t h e n  a p p r o x im a te ly  20% o f  the  

i n g e s t e d  food  c o n s i s t s  o f  mono and d i s a c c h a r i d e s ,  w h i l e  over  

70% i s  w a t e r .  S i n c e  the  animal may have to  f l y  30 k i l o m e t r e s  

or more from i t s  f e e d i n g  ground t o  i t s  r o o s t i n g  c a v e ,  t h e  

r a p id  a s s i m i l a t i o n  and s t o r e  e o f  th e  n u t r i t i o n a l  c o n t e n t s  o f  

t h e  meal and the  e x c r e t i o n  c f  t h e  water  and u n d i g c s t a b l e  food

m a t e r i a l  w i l l  b, o f  a g r e a t  adv ents  • .

In t h e  l a b o r a t o r y ,  t f  t r a n s i t  t me fo r  bananas i n  the  

b a t  was shown t o  be v< ry raj id w i th  a moan v a l u e  o f  ; m i n u t e s . 

T h i s  c n be p a r t l y  exp la in  ed t r th-, f a c t  t h a t  t h e  bat  does not  

h a v e  a l a r  e in t i  s t i n e .  N e v e r t h e l e s s  t h i  t r a n s i t  t im e  i s  

r a p i d  compared w i t h  th e  t r a n s i t  t ime o f  food through t h e  smalx 

i n t e s t i n e  o n ly  o f  the  r a t ,  which tak s hou rs .  Thi; r a p id  

t r a n s i t  t im e means t h a t  th e  bat  must • i t h e r  have a v e r y  e f f i 

c i e n t  d i g e s t i v e  and a s s i m i l a t i o n  system  f o r  h a n d l in g  t h e s e

l a r g e  q u a n t i t i e s  o f  food so  j u i c k l y ,  or i t  must l o o s e  l a r g e

amounts o f  p o t e n t i a l  food i n  th e  f a e c e s .  Van dor Westhuysen  

(197i>) showed th? fc t h e r e  was v e ry  l i t t l e  sugar p r e s e n t  in  the  

f a e c e s  so  t h e r e f o r e  th< bat  must h ve an e f f i c i e n t  a b s o r p t io n  

s y s t e m .

In t h i s  t h e s i s , t h i s  rap id  r a t e  o f  a s s i m i l a t i o n  o f  both

g l u c o s e  and f r u c t o : ' was c o n f i r m e d ; when the  r a t e s  o f  a s s i 

m i l a t i o n  o f  t h e s e  sura i  s. werv measured u s in g  Cord's  method

( 1 9 2 9 ) ,  the  e x p e r im e n ts  showed t h a t  th e  ba t  (which wet ;hs

l e s s  than h a l f  th e  r a t )  a s s i m i l a t e d  g lue  os. o and f r u c t o s e  

t h r e e  and four  t i m e s  f a s t e r  than the r a t .  A f u r t h e r
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o b s e r v a t i o n  i n  t h e s e  e x p e r im en ts  was t h a t  the  bat a s s i m i 

l a t e d  f r u c t o s e  f a s t e r  than c l u e o s o .  T h is  o b s e r v a t i o n  was 

a l s o  r e c o r d e d  when c i th< r a m ix ture  of t h o s e  two monos '1 e -  

c h a r i d e s  wore g iv e n  or  when sue rose was j l iven  and th e  r a t e  

o f  a s s i m i l a t i o n  o f  th e  r e s u l t i n g  g l u c o s e  and f r u c t o s e  s t u d i e d

No e v id e n c e  c o u ld  be found i n  th e  bat  t o  show t h a t  e i t h e r  

g l u c o s e  or f r u c t o s e  c o u ld  be a c t i v e l y  t r a n s p o r t e d  a c r o s s  th e  

i n t e s t i n a l  v a i l  wlv-mas in  the r a t  th e  a c t i v e  t r a n s p o r t  mecha 

nism f o r  g l u c o s e  wa. d em onstra ted  i n  a l l  the  e x p e r im e n ts .

Not o n l y  c o u ld  no a c t i v e  t r a n s p o r t  mechanism be found in  the  

b a t ,  but  i t  was 0br< ved t h a t  when t h e  b lo o d  l u c o s e  l e v e l  

r o s e  t o  300  mc/1 0 0  m l ,  th<n g l u c o s -  e n te r e d  i n t o  the i n t e s t i 

nal  lumen. ' :  show i 1 h a t  th e  i n t  . t i n e  was f r e e l y  p e r 

meable  t o  , o s e .

The r e a l ' s  i n  t i  i s  t h  s i  sh ow ed , t h a t  i n  t h e  b a t ,  t h e r e  

i s  no a c t i v e  t r a n s p o r t  s y s t e n  f o r  e i t h e r  n luco i  e o r  f r u c t o s e  

and t h s t  t h e  i n t e s t i n e  i s  f r e e l y  per:::- ahP  • t o  g l u c o s e  and 

f r u c t o s e .  Th- r e  fore  any ; -w- icrst a c r o s s  th< i n t e s t i n e  1 

membrane a : p a r r  t o  : or o f  d I ffu.c on# The a s s i m i l a t i o n

o f  g l u c o . e  i s  n o t  o ro  o f  r i m p l e  d i f f u  i on ,  where  t h e  r a t e  

i s  govern-  d by  th- cor l e n t m 1 i on ; ra \ '■ • n t .  i’h i s  was demon

s t r a t e d  by t h e  f a c t  t h a t  when t h -  j e j un um  i s  b e i n g  i n f u s e d

w i t h  an i s o t o n i c  Iv -os- : o l u t i  or a a s t e a d y  r a t  , t h e n  t h e  

r a t e  o f  a s s i m i l a t i o n  ol g lucose  f rom t h e  j e j u n um  c ou ld  be 

i n c r e a s e d  by  a f a c t o r  o f  t h r e - '  t i m e s , when i s o t o n i c  g l u c o s e  

was added  t o  th-  t i c  1 - o f f  suomaeh.  T h i s ,  showed t h a t  th- r e  

c o u l d  be  a n o t h e r  mechanism e n h a n c i n g  a s s i m i l a t i o n  which  i s  

s t i m u l a t e d  by t h e  p r e s e n c e  o f  g l u c o s e  i n  t h e  s t omach  o f  t h e  

h&t#

The s t r u c t u r e  o f  the b a t ' s  i n t e s t i n e  a l s o  p la y s  a r o l e
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I n  t h e  r a p i d  r a t e  o f  a s s i m i l a t i o n  o f  s u g a r s  from t h e  i n t e s 

t i n e .  Mac roseop j  c a l l y  t h e  r a t  h a s  t h e  l o n g e r  sm a l l  i n t e s 

t i n e  b u t  m i c r o s c o p i c a l l y  t h e  b a t  h a s  a  much l a r g e r  mucosa l  

s u r f a c e  a r e a .  The b a t  h a s  a  g r e a t e r  number  o f  v i l l i  and 

m i c r o v i l l i ,  wh ich  a r e  l o n g e r  and  more c l o s e l y  packed  t o g e t h e r  

t h a n  t h e  r a t  and t h i s  g i v e s  t h e  b a t  t h e  much l a r g e r  and hence  

a more e f f e c t i v e  a b s o r p t i o n  s u r f a c e .

The v a l u e  o f  t h e s e  a d a p t a t i o n s ; t h e  r a p i d  t r a n s i t  t i m e ,  

t h e  r a p i d  and e f f e c t i v e  a s s i m i l a t i o n  o f  g l u c o s e  and f r u c t o s e  

t o  t h e  b a t ,  i s  c l e a r  w>r n one com id o re  the a n i m a l ' s  mele  o f

,

and  dawn i n  s e a r c h  o f  f o o d . Of p s r t i c u l a r  i n t e r e s t  would

be  t o  s t u d y  Ero o: horn.  11 ' a n o t h e r  s p e c i e s  o f  f r u i t

b a t ,  which a l s o  l i v e s  on thi  ear d i e t ,  b u t  does  no t  o r  v e r y

r a r e !  j  cov e  i t  any  Ion  d i d  anc< ■ c ’ i 1 i  ■ :1; i , a s  t h e y  r  c ;  ̂t  i n

o r  n e a r  t h e  t r • • s when t  y a r e  1c ■ >:

T h i s  i n v e s t !  a t i o n  wa- onc e r ne d  w i t h  t h e  modes o f

s t o r a g e  o f  t h e  a s s i m i I s t f  „ m s , o b v i o u s l y  a  p o t e n t i a l l y  

i n t v r c  s t i r . s ;  f  :i« 11.
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i n  th e  r a p id  r a t e  o f  a s s i m i l a t i o n  o f  su g a r s  from the  i n t e s 

t i n e .  M a c r o s c o p i c a l l y  th e  r a t  has  the  l o n g e r  sm al l  i n t e s 

t i n e  but  m i c r o s c o p i c a l l y  t h e  bat  has  a much l a r g e r  mucosal  

s u r f a c e  a r e a .  The bat  has a g r e a t e r  number o f  v i l l i  and 

m i c r o v i l l i ,  which a rc  l o n g e r  and m re  c l o s e l y  packed t o g e t h e r  

th an  t h e  r a t  and t h i s  g i v e r  the  b a t  th  much l a r g e r  and hence  

a  more e f f e c t i v e  al nor] 1 lor  s u r f a c e .

The v a l u e  o f  t h e s e  a d a p t a t i o n s ; the  ra p id  t r a n s i t  t im e ,  

t h e  ra id  and e f f e c t i v e  a s s i m i l a t i o n  o f  g l u c o s e  and f r u c t o s e  

t o  t h e  b a t , i s  c l e a r  when one c o n s i d e r s  ttv a n im a l ' s  mode o f  

l i f e ,  where 1 <  : d i s t a n c e s  have t o  be covered  between dusk

and dawn in  s e . r c h  o f  f o o d .  Of r r t i c u l a r  i n t e r e s t  would 

be  t o  s tu d y  bro:  o p h o r u . n ' s f l t  l i  a n o t h e r  s i  ' c i e s  o f  f r u i t  

b a t ,  which a l s o  l i v e s  on th e  s,a\ d i  t ,  but io e s  not  or v e r y  

r a r e ! y  cov- vs any lor i i s t  nces  o f  f l i g l  t , as t h e y  ro s t  in  

or n e a r  th e  t r e e s  whore t -y re f e e  :in .

T h is  i n v e s t i  a t i o r  was not  concerned w ith  the  modes o f  

s t o r a  e o f  th e  a s s i m i l a t e d  s.u -are , o b v i o u s l y  a p o t e n t i a l !y  

i n t e r n : t i  : f i e l d .
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6 . a 1 ■!’!•: ;dtz

6 . 1 .  A d d i t i o n a l  1 able

Table 1 7 .  The b lood  i’;luc.o. ■ con .on( r a t i o n  i n  a n a e : 1 h e t i a e d  
bubii an i r a t s  b e f o r e  an j a f t e r  t h e  o r a l  a d m i n i s t r a t i o n  o f  
10 ml o f  d i s t i l l e d  w a t e r .

Bioon f l u c o s c  c o n c e n t r a t i o n  
mf>;/100 ill

Time o f _________ ________________________
b lo o d  sam p le .  * .

Bat ( 4 )  Hat ( 2 )

* ♦ » » * * *
R e s t i n g 60 + 15 75

5 m inu tes 51 a 14 75

1 0  m in u te s 4 4 + 9 80

• Number o f  m i:  • n bv-.cVet
• * Me n.
• * * Star iard erro i  o f  th mean.

T a b le  I P .  The b lo o d  - It;cor c o n c e n t r a t i o n  in  a n a e s t h e t i s e d  
b a t s  an i r a t s  b- for- or. : a f t e r  t a e  o r a l  ad; in i  s t r a t i  on o f  
500 rag o f  glueo;- j • r 100 g 1 i; m.-ight.

Blood g l u c o s e  c o n c e n t r a t i o n  
mg/100 ml

Time o f  ______________________________
b lo o d  . 1 e .

Bat ( 6 ) ’ Rat (6)*

R est  in g 27* *  t  4'"* 113* * i  5* * *

5 m inu tes 110 t  55 145 i 8

1.0 m inu tes 171 j_ 40 t  9

2 0  minutes. 284 + 80 180 4 11

• Number o f  an im als  i n  b r a c k e t .  .
♦ * Mean*
* * * S t a n d -i d e r r o r  o f  < lie mean.



T a b l e  1 9 .  The b lo o d  g l u e  or c o n c en t  rati .  on. i n  anaer.tl ioti  r cd 
b a t s  and r a t s  f o l l o w i i  ] the  i n t r a v e n o u s  i n j e c t i o n  o f  / ;  mg 
o f  g l u c o s e  per  100 g body w e i g h t .

G lu c o s e  c o n c e n t r a t i o n  
mg/100 ml o f  b l o o d .

Time a f t e r  t h e  i . v .
g l u c o s e  i n j e c t i o n  - '
( m i n . )  Bat  (9)* Rat  ( ? )

Preinject ion
$ $

41 +
V * *

8 102* * 4 3

5 231 + 4 269 4 11

10 186 f 6 225 4 7

20 4 12 150 4 7

4 0 68 4 11 111 4 5

*

• •  Mean.
* * ♦ S t  ' r; f a r  r r o r  o f  1 ■ n an.
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T a b l e  2 0 .  Blood ftlu.-o; e c o n c e n t r a t i o n s  i n  t h e  c o n s c i o u s  
b a t  and  ra t ,  f o l l o w i n g  an e r a ]  d o :a.- o f  1 , b £ o f  g l u c o s e .

Time a n -  r g.lueo: e Blood gluco; o co ncen tra -
Animal a d m in i s t e r e d  mi nut • t ion mg/100 i d .

i t  ( 6 )

R a t  (A)

a d m i n i c l e  t i o n 29 4 A

5 507 + 52

10 518 + 7A

20 697 > 79

50 755 + 78

admini.  t r - r  ion 55 + A

5 54 + 2

10 60 + q

20 1C A + 12

50 155 + 15

* Humber c ' a n '  -d ■ in  b r a c k e t .  . 
** Mean.
*** Star i a r  ' e r r o r  o t h e  r e a r .
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T a b l e  2 1 .  B lood  r l u c o r ' and f r u c t o e e  c o n c e n t r a t i o n s  i n  t h e  
c o n s c i o u s  b a t  and r a t  f o i l  ov/ii ■ an o r a l  d o se  o f  1 , f  G o f  
f r u c t c .  ' .

Blood c o n c e n t r a t i o n s

Animal a d m i n i s t c r e d  ( m i n u t e :■;
Glucor, e F r u c t o se

Bat (6 )* B e f o r e  adminir.  : r a t i  on 60*
$

+
* * *

15 0

5 1^4 + 14
$ *

13? 1
* » *

38

10 220 + 13 122 + 22

20 248 + 42 74 + 8

30 261 + 47 51 i 11

R a t  ( 4 ) B e f o r e  ad: i n i s t r a t i o n 70 + 8 0

5 66 + 7 0

10 72 + 7 0

20 86 + 9 4 4 2

30 100 + 12 9 i 3

* Number o r '••.ir.al v  i r  b rae -  • . .
* * Me n .
* * * S t a n .a rd  > r r c r  o f  1 c an .
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Tab! '-  22 .  Blood f ]  ucora- and. f r u c t o r e  c o 1.cent  r a t i  one i n  t h e  
c o n s c i o u s  bat. f o l i o v i n   ̂ an o r a l  lo re  o f  a m i x t u r e  con La i n  i n  ■; 
7^0  my y lu c o .  ■ r.r:-l 7! 0 it.;/; f r u o t o .

Blood c o n c e n t r a t i o n s  
Time a f t e r  a d m i n i s t r a t i o n  my/100 ml

o f  m o n o s a c c h a r i d e s .  ________________________

Animal M i n u t e s . G lu c o se  F r u c t o s e

B a t  ( 6 )  B e f o r e  a d m i n i s t r a t i o n 38'
> + ♦ * <

1 3 0

5 289 + 96
* * $ $ »

61 + 23

10 442 + 127 34 + 9

20 423 i  81 23 + 2

30 418 + 74 23 + 4

* Numb •• o f  an.i 1 t  r; ■ t ;  . 
** Moan.
* * * S t  an e : : o r th< I • a? .

.
,

Time a f t e r  m e n  
ad in in i  st e r e d  .

Blood c o n c e n t r a t i o n s  
mg/100 ml

Animal M inu ter  . G lu co se F r u c t c s e

$
B a t s  (> )  Ire fo r" '  adr i r i r  ' r a t i e r 33*

$ ♦ * ♦
'« 9 0

3 147 -t 44
* $ $ # *

17 i  9

10 264 4 tO 21  + 7

2 0 500 :  97 19 + 3

30 531 + 97 12  + 1

* Number o f  i n  b rack -  t s .
* * Mean.
*** S ta i  iand e r r o r  o f  th e  mean.
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T a b l e  The mean cor ren t  r a t i o n s  o f  r l u e o o e  i n  the  mucosal
and s e r o s a l  f l u i d s  w h i l e  r e c i r c u l a t i n  • t h e  s m a l l  I n t e s t i n e  
in  v i  I . r o .

T ime.
h a t (2 )* Hat (2 )  *

S e r o s a l Mucosa l S e r o s a l Mucosal

♦ * ♦ * ♦ *
0 559 556 567 494

15 558 555 579 455

50 560 528 586 576

45 554 526 588 519

60 555 524 597 257

*

* * Me a n .

.
b l o o a  p-lu o. e cot '< r . t r a t  : cu f o l l o w :  ? t h e  a d r . i n i s t r a t  ion o f  
1 , 5  g o f  f l u c o r e .

mt' o f  r l u c o s e  100 ml b lo o d

Time Thai amoral  r< t!:-.. o (5 )  P h e r o /
P e n t o o a r l  i t o n e
( ? ) *  
---TT

P ro  ad." i r.i s t r a  t  i « r.
-■■■it

95
• *

160 102

88 195 140

10 109 218 216

20 150 257 270

50 165 290 290

* Nur ! « r- o f  ar i r/  1 v in  b r a c k '  I.e.
* * M 3 h .
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T a b l e  ?n The f l u e o n e  c o n c e n t r a t i o n  i n  t h e  b lo o d  and p e r f e -  
c a t c  d u r i n g  t h e  p. r f m i o n  o f  t h  - e m a i l  i n t e s t i n e .

G lu c o s e  c o n c e n t r a t i o n  ( im/lOG ml)

B a t s  ( 3 ) '  H a t s  ( 3 )
Time_________________________________________________________
M i n u t e s  —  -

Blood P e r f u s a t e  Blood P e r f u s a t e

0 363*
#

+
* * *

182 102*
#

+
• * *

1 231*
*
+

* * *
45 102*

#
>

* * *
1

15 ?02 + 103 123 + 30 304 + 33 87 + 16

30 142 + 62 135 + 40 329 + 45 68 + 15

45 112 + 33 138 + 43 317 + 39 91 + 12

60 90 + 23 107 + 18 276 + 19 35 + 12

** Me a* . . . .
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T a b l e  ?.n . The g l u c o s e  c o n c e n t r a t i o n  i n  t h e  b l o o d  and p e r f u 
s a t e  d u r i n g  t h e  p e r f u  i o n  o f  t h e  s m a l l  i n t e s t i n e .

G lu c o s e  c o n c e n t r a t i o n  (m r /1 0 0  ml)

Time
M i n u t e s

B a t s  ( 5 ) '  R a t s  ( 5 )

B lood  P e r f u s a t e  Blood P e r f u s a t e

0 565*
#

+
* * ♦

182 102*
»

+
* * *

1 251
#

+
*»*

45 102 + 1

15 202 + 105 125 + 50 504 + 55 87 + 16

50 142 + 62 155 + 40 529 + 45 68 + 15

45 112 + 55 158 + 45 517 + 59 51 + 12

60 90 + 25 107 + 18 276 + 19 55 + 12

*

* * Mi a n .
*** S t a n :  a d e r r o r  t f  th  m-- an .

<
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T a b i c  30 .  The r u n a r y  o f  t-hc m o rp h o lo g y  and t h e  r . u r f a c e  
a r e a : - o f  t h e  m i c r o v i l l i  i n  t h e  b a t  and ' h e  r a t .

BAT HAT

L e n g th  o f  m i c r o v i l l i  * «
(,im) 3 , 6  ( 1 5 )  1*14 ( 1 0 )

S . D .  4 1 , 0  S . I). + 0 , 2

S . E . M .  , 0 , 2 5 8  S . E . M .  + 0 , 0 f

D i a m e t e r  o f  m i c r o v i l l i  * , *
(fim) 0 , 0 9 9  ( 2 2 )  0 , 1 4  ( ? )

S . D .  4 0 ,0 1  S . D .  + 0 , 0 1

S . E . M .  4 0 ,0 0 3  S . E . M .  + 0 ,0 0 4

D i s t a n c e  b e tw e e n  * „
m i c r o v i l l i  (frn) 0 , 0 4 5  ( 2 2 )  0 ,0 3 5  (>)

S . D .  4 0 , 0 0 5  S . D .  + 0 ,0 0 1

S . E . M .  t 0 ,0 0 1  S . E . M .  1 0 ,0 0 0 6

S u r f a c e  a r e a  o f  , p 2
m i c r o v i l l i  (/jr. 1 , 0  .̂ini 0 , 5  pm

Number o f  m i c r o v i l l i  
p e r  inn

c a l c u l a t e d  57

c o u n t e d  5 0 , 5  ( 9 )  35 ( 5 )

S . D .  4 2,7

T h e r e f o r e  u r f a c e  ar< 1 
i n c r e a s e  due  to
m i c r o v i l l i  57 1®

* Number o f  ob; - r v a t i o n :  in b r a c k e t  .
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6 . 2 .  S t , ' i t  i ! I cr:

To t e n  I f or 1 a ." i | • nn Ti r ' m t  1 i f " ' c  b e t we e n  t-ho 

c l  ope." o f  two cir-V' ' '■ or =' I rnp t„h t ut, ar. t r - i t  

p l u c o r o  t o l r f  i ' _ L- o t r  

T h i s  was c a r r i e d  o u t  i n  e a c h  c a s e  by f i t t i n g  a s t r a i g h t  

l i n e  t h r o u g h  t h e  r e c o r d e d  p o i n t s  by l e a s t  s q u a r e s  and t h e n  

c o m p a r in g  t h e  s l o p e s  by  means o f  a S t u d e n t ' s  t e s t .

n I  y ,  ( b  *
- n  1 3____________

c" i  -  x° }

Where x and y a r e  t h- a v e r a g e  v a l u e s  a t  t h e  i  t h  p o in  

and x = o x - 5 x = 1 0  x^ = 20

0 + 5 + 1 0 + 2 0  
•* Xo = ----------4 ---------------

= 8 , 7 5

27  ( 0 -  ) - n o f - S '  ) ‘ 1 ^ 1 (1 -   ̂ " 8 4  ( 2 0 - 8 . " 5 )

,

- 2 3 ; -  4 ] - f 21 - r '  , - - tv
/

2 7 6 0
2 1 8 , 7 5

\ a t s  =
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Ab . 113(0-8 .7*3)  +  ̂ 1 6 5 ( 1 0 - 8 , 7 5 )  + ] 8 0 ( 2 0 - 8 , 7 5 )
' r a t s  -  ( o _ 8 , 7^)^ '  + ( 5 - 8 , 7 5 ) '  + ( 1 0 - 8 , 7 5 ) ^  + ( 2 0 - 8 , 7 5 ) '

- 0 8 8 , 7 ' -  ' v i 1_7' _ i _ : '0 5 ,7 '   ̂ ’QO.o
■

2 1 8 , 7 5

n

= 5 ,1 8 5

bats nrats” '
E . h - y o > U h - ^  1

b a t s  rats „ bats rats

w h e re  Sp is the pool 1 SD ol" both lines

27 + 110 + 171 + 284
y 0   4 * " ^
bats

= 148

. . I _ ( 7  - f o )  ( 2 7 - 1 4 3 ) ^  + ( 1 1 0 - 1 4 8 ) "  + ( 1 7 1 - 1 4 8 ) '  + ( 2 8 4 - 1 4 8 )  
bats = 55110

a r : d L 7 u t ,

11 * v r  4 i /, f i 8 o
a

= 1 5 0 ,2 5

. • . J j - o t r . ( y . - y ( ) (113-1 , 7 + (14' — ] ^, ) (1C '>-1 0,2‘ ) +

( 1 8 0 - 1 5 0 , 2 7 ) '

= 2 4 6 2 ,7 5
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* b a t £ (S - c /  ‘  1 2 ' M 7''' X 2 1 8 , 7 5
= 5 4 8 2 2 ,5 7

k a r a t s  -  *o )^  .  3 ,1 8 5 '  X 2 1 8 ,7 5

= 221G ,28

= -y}- (35110  < 24C ' , 7 5 )  -  ( 3 4 2 2 ,5 2  + 2 2 1 0 ,2 6 )

= 1 3 3 ,4 9

Sp 1 1 /  ' 4

" t "

A  A

^b a l  r -  ‘’’"it  •*
4

Sp
/  ^  : < - ’ v u , '  ' Z  X: -  x0 ,;

2
a t s

1 7 / 1 7  -  -’l -•

1 1 , 5 5 4  r z T —
J  !' /

= 8 , 5 4

and c om t a : 1 n th  •. ’ v a i n  w i t h  t a b u l a t  • d v a l u e r  o f  t h e  "t,"

d l c t r i b u t  i or w i th  4 d( r e o :  o f  f reedom we f i i  i  th is-  t o  be

s i g n i f i c a n t  a t  th< ' ) /  l e v e l .

( t A : 0 , 9 9 9  -  7 ,1 7 3  -  s i d e d  to . t )

Thus t h e  d i f f e r e n c e  be tw een  t h e  two c u r v e s  i s  h i g h l y  

s i g n i f i c a n t  a t  th< 0 ,  l e v e l  .h o w in  t h a t  t t  two r e s u l t s

a r c  d i f f e r ' n t .



S t a t i n t i r  .1 T r v ) 1 . y ; ' i  r,

To t e s t  t h e  r; i f n i  f 1 eanc^- bet;ween th '  emountr. o f  

^ l u r p r o  a n  ! t r e '' t " : '"" a r e - 1 mi 1 •» t.erl h;/ t he  J vh

F r u c t o s e  a s s i m i l a t e d  <.xy 10/(» mg

E C x  -  x ) 2 = 156251 

S . D .  1 7 6 ,5

and g l u c o s e  a s s i m i l a t e d  (x )  765 mg

2L(x -  x )  10T464 

S .D .  = 1 4 5 ,9

^ 1076 -  765______________

10 /I iZZ ZlZ L-  / _ ! _  + _ 1
V V

= - H I -------------------
f  ~ ✓ ;

  2 1 1 __________
% o ,  - / / -

= 5 ,5 7  

t 10 0 , 9 9 5  5 , 1 , 0

.*. S i r n i f i c a r  ! l i f f e r o r .  •<> a t  the 0 , ‘2  l e v e l .
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