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Changes in Activity of Rat Epididymal Adipose 
Tissue in vitro Due to Time Elapsed since Last 

Feeding 

The  m a n o m e t r i c  m e t h o d  for  insu l in  assay  w i th  epidi- 
d y m a l  f a t  p a d  x, is m o s t l y  used for i ts  sens i t iv i ty ,  b u t  i t  is 
l imi ted  b y  n o t  be ing  en t i r e ly  specific. O t h e r  subs tances  
l ike e p i n e p h r i n e  ~,a, p r o l a c t i n  a n d  g r o w t h  ho r m one  l, 
showed  a n  insu l in  l ike ac t iv i ty .  I n  addi t ion ,  resul ts  change  
acco rd ing  to  t he  reg ion  f rom which  fa t  is t a k e n  5,s, and  
w i t h  a n i m a l  w e i g h t  ~. A l t h o u g h  some a u t h o r s  prefer  to  use 
f a t  f r o m  a n i m a l s  sacr i f iced a f t e r  f a s t ing  7's, mos t  au tho r s  
r e c o m m e n d  t h a t  a n i m a l s  shou ld  be  fed Lz,9-x2. The  p resen t  
p a p e r  dea ls  w i t h  v a r i a t i o n s  of a c t i v i t y  of r a t  adipose t issue 
in r e l a t i o n  to  t i m e  e lapsed  since las t  feeding. In  th i s  way, 
we t r y  to  s t a n d a r d i z e  t he  m e t h o d  in order  to  make  i t  
easier  for  f u t u r e  r e s e a r c h  work .  

Material  and Methods. Three  groups  of W i s t a r  r a t s  
we igh ing  a p p r o x i m a t e l y  150 g were  used. The  groups  were 
sacr i f iced a f t e r  24, 5 or  2.30 h a f t e r  l as t  feeding. Animals  
were sacr i f iced  b y  d e c a p i t a t i o n  a n d  e p i d i d y m a l  f a t  was 
r ap id ly  r e m o v e d  f rom b o t h  sides. I n  these  an imals  the  
d i s t a l  end  of t he  e p i d i d y m a l  f a t  is n a t u r a l l y  divided,  so a 
cu t  is m a d e  l eng thwise  in  o rde r  t o  ampl i fy  t h e  n a t u r a l  
divis ion.  F r o m  each  piece on ly  t h e  d i s t a l  por t ion  was 
t aken .  I n  t h i s  way,  one a n i m a l  gives four  pieces, weighing 
a p p r o x i m a t e l y  50 rag. T h e  i n c u b a t i o n  m e d i u m  was Krebs-  
Hense le i t  b i c a r b o n a t e d  so lu t ion  w i t h  200 r ag% of glucose 
a n d  200 r a g %  of ge la t in .  On t h e  side a r m  of the  W a r b u r g ' s  
f lask in su l in  so lu t ion  d i lu t ed  in t he  same incuba t ion  
m e d i u m  is p l aced  in  o rde r  to  ob t a i n ,  a f t e r  t ipping,  t he  
f ina l  c o n c e n t r a t i o n  of 20, 50, 125 a n d  104 ~U of insul in  
( I n s u l i n - - L a b o r - t e r £ p i c a  Br i s to l  S.A.) pe r  ml  of medium.  
I n s u l i n  is a d d e d  1 h a f t e r  s t a r t i n g  i n c u b a t i o n  and  th i s  is 
car r ied  on  for  2 m o r e  h.  T h e  f lasks are gassed w i th  a gas 
m i x t u r e  c o n t a i n i n g  95% of O~ a n d  5% of CO 2. B a t h  
t e m p e r a t u r e  is 37°C a t  a f r equency  of 120 shakes]min.  
Af te r  i n c u b a t i o n ,  f a t  is dr ied  on  f i l ter  p a p e r  and  weighed 
in a t o r s i on  ba l ance .  Resu l t s  are  expressed  in ~1 of CO2 per  
g of t i s sue  a n d  pe r  h.  

To a s c e r t a i n  t h e  in f luence  of t i m e  e lapsed af ter  las t  
feeding,  we proceed  as follows: an i m a l s  are fas ted  over-  
n i g h t  a n d  fed n e x t  m o r n i n g  special  food ad libitum dur ing  
1 h,  a f t e r  t h a t  c h a n g e d  to  a n o t h e r  cage a n d  k e p t  the re  for 
24, 5 or  2*/z h,  a cco rd ing  to  t h e  group,  and  t h e n  sacrificed. 

Results. I n  t h e  Tab le ,  we can  see t h a t  spon taneous  
a c t i v i t y  (i.e. w i t h o u t  a d d i n g  insul in)  is h ighe r  in the  fa t  of 
r a t s  sacr i f iced w i t h  24 h of fas t ing  t h a n  in those  fed 5 h 
before.  Th i s  d i f ference  is s t a t i s t i ca l ly  s igni f icant  ( P <  0.01). 

A s imilar  difference ( P  < 0.02) is found  w h e n  c o m p a r i n g  
the  resu l t s  ob t a ined  w i th  an ima l s  f rom the  1st g roup  (24 h 
fast ing)  w i t h  those  sacrif iced 2t]2 h a f t e r  feeding.  Resu l t s  
w i th  an ima l s  fed 2t/~ a n d  5 h before d id  no t  show s t a t i s t i -  
cal ly s igni f icant  differences.  

P r o d u c t i o n  of CO o b y  adipose  t issue to  t h e  s ame  con-  
c e n t r a t i o n  of insul in  was h igher  in  r a t s  24 h of f a s t ing  t h a n  
in fed animals .  This  difference,  however ,  is n o t  s ign i f ican t .  
W e  can  observe  in t he  Table  t h a t  d ispers ion  of resu l t s  in 
the  1st group (24 h fas t ing)  is v e r y  high,  A n d  c o m p a r i n g  
resul ts  cor responding  to the  answer  to  nea re s t  insu l in  con-  
cen t ra t ions ,  such  as 20 and  50 I~U, 50 a n d  125, a n d  125 
and  104, no  s ta t i s t i ca l ly  s igni f icant  di f ference is found.  
The  opposi te  h a p p e n s  in fa t  b e h a v i o u r  of a n i m a l s  sacr i -  
ficed 2'/~ and  5 h a f te r  feeding. In  these  we f ind s t a t i s t i -  
cally s ignif icant  differences w h e n  we c o m p a r e  resu l t s  be-  
tween concen t r a t i ons  of 20, 50 a n d  125 tzU/ml. T h e r e  is no  
such difference be tween  resu l t s  o b t a i n e d  w i t h  concen-  
t r a t ions  of 125 and  104 tzU/ml. I n  add i t ion ,  i t  is i n t e r e s t i ng  
to note  t h a t  in  the  resu l t s  o b t a i n e d  ,Mth fa t  of an ima l s  fed 
5 h before, d ispers ion is less t h a n  in t he  o t h e r  two groups.  

Discussion. T a k i n g  in to  cons ide ra t ion  t he  fac t  t h a t  
spon taneous  ac t iv i ty  a n d  sens i t iv i ty  of e p i d i d y m a l  fa t  to  
i n s u l i n - w h e n  us ing  the  m a n o m e t r i c  m e t h o d - c h a n g e  
whe the r  the  an ima l  is fas ted  or  d u r i n g  digest ion,  i t  is con-  
ven ien t  to  es tab l i sh  t he  bc s t  m o m e n t  to  kill  t h e  an imals .  

F r o m  the  resul t s  o b t a i n e d  we c a n  ver i fy  t h a t  s p o n t a -  
neous ac t iv i ty  shown b y  adipose  t issue of an ima l s  d u r i n g  
fas t ing  is much  h igher  t h a n  those  in the  d iges t ive  per iod.  
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Epididymal adipose tissue activity in fasted and fed rats 
y.g of CO2}g tissue]h 

Insulin added 24 h (9) P 5 h (13) P 2.30.h (12) P 
~.U]ml 

Without insulin gl 4- 5.0 ~ ,1 4- 0.9 0 4- 2.0 
<~ 0.05 ~ 0.01 <~ 0.01 

o0 189 4- 67,5 76 4- 10.9 79 4- 10,2 
0.05 < o.ol <2 0.01 

50 271 4- 76.6 127 4- 8.6 160 4- 15.3 
~- 0.05 < 0.01 ,~ 0.01 

125 436 4- 124.0 268 ::t: 28.9 3-18 4- 50,0 
2> 0.05 ~> 0.05 :> 0.05 

104 531 4- 147.0 304 4- 22.7 35.t 4- 51.4 

Mean 4- standard error ( ) Number of animals 
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Since s p o n t a n e o u s  a c t i v i t y  is d e d u c t e d  for ca l cu l a t i ng  CO2 
p r o d u c t i o n  d u r i n g  t h e  l a s t  h o u r  of i n c u b a t i o n ,  t h e  l ower  
i t  is t h e  g r ea t e r  will  be  t h e  m e t h o d ' s  sens i t iv i ty .  O n  t h e  
o t h e r  h a n d ,  v a r i a t i o n s  in  t i m e  e lapsed  b e t w e e n  feeding  
a n d  a n i m a l  sacrif ice modi f ies  e p i d i d y m a l  f a t  s e n s i t i v i t y  to  
d i f f e ren t  c o n c e n t r a t i o n  of  insul in .  T h u s  i t  seems to  be  
b e t t e r  t h a t  a n i m a l s  s h o u l d  be  fed 5 h before  f a t  i n c u b a t i o n ,  
w h i c h  gives t h e  a d d e d  a d v a n t a g e  of  less d i spe r s ion  of 
r e su l t s  ~3. 

5 h semble  ~tre pr6f6rable  pa rce  qu ' i l  offre la mei l leure  
ba se  e t  des  r6 su l t a t s  p lus  c o n s t a n t s .  

M. MARQUES, E. MAGALH.~ES, 
a n d  P. RIET CORRI~A 

Instituto de Fisiologia Experimental,  Faculdade de Mecli- 
cina, Pdrto A legre (Brazil), October 29, 196 2. 

Rdsumd. Les  a u t e u r s  o n t  ver i f i6  l ' i n f luence  d u  t e m p s  
6cou16 depu i s  le de rn i e r  r e p a s  su r  la  sens ib i l i t6  de  la  graisse  
de  l ' 6 p i d i d y m e  du  r a t  k l ' i n su l ine  in  vitro, e n  u t i l i s a n t  la  
m 6 t h o d e  m a n o m 6 t r i q u e .  Des  g roupes  d ' a n i m a u x  o n t  6t6 
a l i m e n t 6 s  24, 5 e t  2x]~ h a v a n t  d ' e t r e  sacrifi6s. Le  d61ai de  
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Double pH Optima of Potato Invertase 

E n z y m e  sys t ems  r equ i r ed  for b o t h  t h e  b i o s y n t h e s i s  a n d  
hyd ro lys i s  of sucrose  h a v e  b e e n  s h o w n  to  be  p r e s e n t  in  
p r o t e i n  p r e p a r a t i o n s  f rom t h e  p o t a t o  t u b e r  ~. F u r t h e r  
s t u d y  on  t h e  effect  of p H  on t h e  i n v e r t a s e  a c t i v i t y  of 
these  p r e p a r a t i o n s  f rom co ld-s to red  po t a toe s ,  h a s  r evea l ed  
t h e  p resence  of a t  l eas t  one  o p t i m u m  a t  p H  6.0 a n d  one  
p H  m i n i m u m  a t  4.7 as s h o w n  in  F igu re  1. Acid  hyd ro lys i s  
of  sucrose  con t ro l s  ( comple te  a s s a y  s y s t e m  less enzyme)  
be low p H  3.5 v i t i a t e d  a t t e m p t s  t o  o b t a i n  a c c u r a t e  r a t e  
m e a s u r e m e n t s .  I t  is r e a s o n a b l e  to  assume,  however ,  t h a t  
t h e  s econd  o p t i m u m  ex is t s  be low p H  3.5. S imi la r  r e su l t s  
h a v e  b e e n  o b t a i n e d  us ing  buf fe r s  o t h e r  t h a n  c i t r a t e .  T h i s  
d o u b l e  p H  p h e n o m e n o n  is t he re fo re  n o t  due  to  t h e  effects  
of d i f fe r ing  ionic  species of b u f f e r  on  t h e  enzyme .  

F i g u r e  1 shows  t h a t  p o t a t o  i n v e r t a s e  also h y d r o l y z e s  
rMfinose ,  b u t  a t  a s lower  r a t e  t h a n  sucrose,  a n d  t h a t  t h i s  
h y d r o l y s i s  a lso e x h i b i t s  t h e  d o u b l e  p H  p h e n o m e n o n .  No  
free ga lac tose  was  re leased  d u r i n g  t h e  h y d r o l y s i s  of raff i -  

nose.  S ince  t h e  d i sacchar ides ,  mal tose ,  mel ib iose  a n d  
t u r anose ,  a n d  t h e  t r i s accha r ide ,  melezi tose ,  d id  n o t  serve  
as s u b s t r a t e s  e v e n  a f t e r  p ro longed  i n c u b a t i o n  (48 h) a t  
b o t h  p H  4.0 a n d  6,0, i t  a p p e a r s  t h a t  t h e  p o t a t o  i n v e r t a s e  
b e h a v e s  as a t y p i c a l  f l -D-f ruc tofuranos idase  a t  b o t h  t he se  
p H  values .  

E x p e r i m e n t s  on  t h e  effect  of v a r y i n g  s u b s t r a t e  con-  
c e n t r a t i o n  y ie lded  dec ided ly  d i f f e ren t  Km a n d  Vr~ax va lues  
a t  p H  4.0 a n d  6.0 (F igure  2). 

W h e n  t h e  e n z y m e  was  d i l u t e d  f ive-fold  to  0.07 m g  
p r o t e i n  n i t r ogen ]ml ,  t h e  p h e n o m e n o n  of t h e  d o u b l e  p H  
o p t i m u m  was  b a r e l y  in  ef fec t  a n d  d i s a p p e a r e d  c o m p l e t e l y  
w h e n  t h e  e n z y m e  was  d i l u t ed  t en - fo ld  to  0.035 m g  p r o t e i n  
n i t r o g e n  (Table) .  F u r t h e r m o r e ,  t h e  r a t e  of hyd ro lys i s  of  
sucrose  b y  t h e  p o t a t o  p r o t e i n  p r e p a r a t i o n  was  n o t  p ro-  
p o r t i o n a l  t o  t h e  e n z y m e  c o n c e n t r a t i o n  a t  m o s t  of  t h e  p H ' s  
i nves t i ga t ed ,  a l t h o u g h  t h e  r a t e  was  zero order ,  a n d  t h e  
e n z y m e  a c t i v i t y  was  m e a s u r e d  a t  a s u b s t r a t e  concen-  
t r a t i o n  w h i c h  ef fec t ive ly  s a t u r a t e d  t h e  e n z y m e  (F igure  2). 
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Fig. 1. Effect of pH on the rate of hydrolysis of sucrose and raffinose 
by protein preparation from cold stored Washington Russet potato 
tubers 1. The rate (v) is expressed as ~tmoles of reducing sugar produced 
per h at 37°C per ml reaction mixture containing 40 ~moles of citrate 
buffer, protein preparation corresponding to 0.35 mg of protein 
nitrogen and either 138.8 [zmoles of sucrose (curve 1) or 41.9 ~moles of 
raffinose (curve `2). The production of reducing sugar was linear with 
respect to time and was determined by adding aliquots after 1, `2, 4 
and 7 h of incubation to 3, 5-dinitro salicylic acid reagent ~. Controls 
without enzyme or without substrate did not produce reducing sugars. 
Extended incubation of the enzyme at pH 4.0 did not result in loss of 

activity. 
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Fig. '2. Effect of substrate concentrations on the rate of hydrolysis 
(v) of sucrose by potato invertase at pH 4.0 (o) and at pH 6.0 (o). 
Rate v is expressed as ~g reducing sugar produced per h and substrate 
concentrations as ~moles per ml of enzyme reaction mixture under 
the same conditions as for Figure 1. The smooth curves are calculated 
from the Miehaelis equation: For pH 4.0 (o), K m =  7.1 raM, Vmax = 

`215; for pH 6.0 (o), K m =  2.75 raM, Vmax = `275. 
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