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Influence of Dibutyryl  Cyclic 3 ' ,5 ' -AMP on Glucose and Fat Metabol i sm in N o r m a l  and 
Diabetic  Rats 

Cyclic 3', Y-AMP (cAMP) is involved in a wide va r i e ty  
of a p p a r e n t l y  d ivergent  processes ranging  f rom ac t iva t ion  
of enzymes,  such as phosphorylase ,  to  increasing adipose 
t issue lipolysis, s teroid hyd roxy la t i on  and  the  ac t iva t ion  
of t he  secre tory  mechan i sms  of some pep t ide  hormones ,  
par t i cu la r ly  of insulin < 

Since there  are only  a few repor t s  abou t  the  metabol ic  
act ions  of cAMP and  its der iva t ives  in i n t ac t  rats,  our 
purpose  was to inves t iga te  the  l ipolytic,  glycogenolyt ic  
and insulin s t imula t ing  ac t iv i ty  of a cAMP-analog,  the  
6-N, 2 ' -O-dibutyry l -der iva t ive  (Dt3A), which has shown a 
grea ter  effect iveness  b o t h  in vivo and in vi tro,  p ro b ab l y  
due to a grea ter  l ipid solubil i ty or res is tance to  inact iva-  
t ion by  phosphodies terase~.  

Three groups of 5 male  Sprague-Dawley,  non- fas t ing  
rats ,  weighing g 250 • 30, were in jec ted  wi th  D B A  i.p. 
a t  the  doses of 10-50 and 100 mg/kg,  30 rain before 
killing. Blood samples  were t aken  for analysis  of blood 
glucose by  a chemical  me thod  (o-toluidine reaction)~, of 
p lasma free f a t t y  acids by  Dole me thod  modif ied  by  
TROUT et al. ~, of glycerol by  the  enzymat i c  assay of 
WI~LASZD 4 and  of p la sma  immunoreac t ive  insulin by  the  
double  an t ibody  m e t h o d  of HAL~S and  RANDLE< In  a 
second series of exper iments ,  we per fo rmed  the  same 
schedule in s t r ep tozo toc in  d iabet ic  ra t s :  the  an imals  
were given a single in ject ion of 65 mg/kg  of s t rep tozo toc in  
i.v., 6 days  before the  exper imen t s ;  the  ra t s  had  free 
access to food and  wa te r  t h r o u g h o u t  the  week, dur ing  
which t h e y  lost abou t  30 g in weight .  

Our results  are repor ted  in Table  I : no rmal  ra ts  t r e a t ed  
wi th  D B A  showed a s ignif icant  increase (p < 0.01) of 
blood glucose concen t ra t ions  and  p l a sma  I R I  levels. On 
the  contrary ,  p l a sma  glycerol and  F F A  concen t ra t ions  
were marked ly  decreased by  D B A  (p < 0.01). 

The resul t  of F F A  and  glycerol depression,  i.e. ant i -  
l ipolysis ins tead  of l ipolysis observed in v i t ro  ~, 6, ~ induced  
us to r epea t ,  the  same expe r imen t  in s t rep tozo toc in  

d iabet ic  ra ts  s, ~, in order  to clarify w h e t h e r  hyper insul in-  
emia  was responsible  of the  a fo rement ioned  ant i l ipolyt ic  
effect  of DBA. 

In s t rep tozotoc in  d iabet ic  ra t s  there  was hyperg l icemia  
toge the r  wi th  a normal  range of p la sma  I R I  levels but ,  
while  D B A  produced  a fu r the r  increase of blood glucose 
concent ra t ions ,  it  was no t  able to modi fy  p lasma  IRI .  
Never the less  p lasma glycerol and F F A  decreased af ter  
D B A  t r e a t m e n t ,  showing at  the  h ighes t  doses t he  same 
p a t t e r n  observed  in no rma l  ra t s  (Table II).  

Our resul ts  show t h a t  D B A  in jec ted  in vivo increases 
b o t h  glucose and  insulin levels, p ro b ab l y  th rough  
separa te  mechanisms ,  as a l ready observed in p r imates  ~0 
and  in r a t s<  The F F A  and  glycerol depress ion induced 
by  DBA in normal  ra t s  is in ag reemen t  w i th  similar  
results  ob ta ined  by BIECK et al.~; but ,  while these  
au thors  observed no increase in blood glycerol concent ra-  
t ions  in al loxan diabet ic  ra ts  following D B A  injection,  our 
expe r imen t s  show a marked  fall of glycerol as well as of 
F F A :  th is  f inding migh t  be due to the  d i f ferent  d iabeto-  
genic drugs used : a l loxan d iabetes  in ra ts  is character ized  
by a s t r ik ing e levat ion in the  c i rculat ing concen t ra t ion  of 

A. G. ROBISON, R. W. BUTCHER and E. W. S~THXRLA~D, Cyclic 
A M P  (Academic Press, New York 1971). 

20. HYVARI~EN and A. NIKILA, Clin. ehim. Acta 7, 140 (1962). 
3 D. L. TROUT, E. J. ESTERS and S. J. FRIEDBERG, J. Lipid Research 

1, 199 (1960). 
40.  WIELANI), Bioehem. Z. 129, 313 (1957). 
s C. N. HALES and P. J. RANDLE, Bioehem. J. 88, 137 (1963). 
G p. BIECK, Arch. Pharmak. exp. Path. 263, 387 (1969). 
7 p. BIEK, K. STOCK and E. WESTERMANN, Life Sci. 7, 1125 (1968). 
s K. R. L. MANSFORD and L. OeIE, Lancet 7, 670 (1968). 
9 A. JuNo/p, A. E. LAMBERT, L. ORCI, R. PICTET, A. E. GONET and 

A. E. REZqOLI), Proc. Soc. exp. Biol. 1V[ed. 126, 201 (1967). 
10 R. A. LEVITE, S. OYAMA, A. KAGAN and S. M. GLICI<, J. Lab. clin. 

Med. 75, 30 (1970). 

Table I. Effect of DBA on blood glucose, glycerol, FFA and IRI of normal rats 

Blood glucose (mg/ml) Blood glycerol ([zmole]mI) Plasma FFA (~xEq/ml) Plasma IRI (lxU/ml) 

Controls 1.07 4- 0.06 0.094 i 0.007 0.36 4- 0.03 18.8 4- 0.73 
DBA (10 mg/kg) 1.66 �9 4- 0.08 0.054~ 4- 0.004 0,19~ 4- 0.015 32~ 4- 1 
DBA (50 mg/kg) 1.69 �9 i 0.08 0.036 ~ 4- 0.003 0.15 �9 4- 0.01 35.6 �9 -4- 1.33 
DBA (100 mg/kg) 1.89a 4- 0.09 0.036 * 4- 0.003 0.19 �9 4- 0.016 36 ~ 4- 0.8 

lffean values 4- SE. ~p-values < 0.01 compared with controls. The mathematical analysis was carried out by Students t-test. 

Table II. Effect of DBA on blood glucose, glycerol, FFA and IRI of streptozotocin diabetic rats 

Blood glucose (mg/ml) Blood glycerol ([zmole/mI) Plasma FFA ([xEq/ml) Plasma IRI ([xU/ml) 

Controls 2.94 i 0.i 0.071 4- 0.006 0.38 4- 0.03 17.4 4- 0.8 
DBA (10 mg/kg) 3.13 4- 0.15 0.093 4- 0.009 0.29 i 0.03 18 4- 1.09 
DBA (50 mg/kg) 3.55 �9 4- 0.20 0.035 ~ _-t= 0.002 0.19a 4- 0.01 23 4- 1.34 
DBA (100 mg]kg) 3.46 �9 4- 0.2 0.033" :~ 0.002 0.20 ~ 4- 0.01 18 4- 1.22 

Mean values i SE. ~p-values < 0.01 compared with controls. The mathematical analysis was'carried out by Students t-test. 
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glucose, F F A  a n d  ketones ,  whi le  in  s t r ep tozo toc in  d iabe tes  
fhere  is hype rg lycemia  b u t  p l a s m a  F F A  and  b lood 
ke tones  are  no t  s ign i f i can t ly  e l eva ted  8. On t he  o the r  
hand ,  our  resul ts  are in  a g r e e m e n t  w i t h  those  of ALTSZULER 
et  al. t t  in dogs. Therefore  i t  is ev i den t  t t l a t  decreased  
l ipolysis b y  D B A  can  occur  in  t h e  absence  of increased 
insu l in  secret ion.  

Up  to  now, t he  on ly  ant i l ipolyeic  h o r m o n e s  k n o w n  are 
insul in  and  p r o s t a g l a n d i n s :  since we m u s t  re jec t  t he  
hypo thes i s  of insu l in  be ing  respons ib le  for t he  D B A  
an t i l ipo ly t ic  effect  obse rved  in vivo,  we m i g h t  consider  the  
hypo thes i s  of a p ros t ag land in - l ike  subs tance .  H o  e t  al. t2 
observed  t h a t  a h o r m o n e  a n t a g o n i s t  is fo rmed  in fa t  ceils 
du r ing  h o r m o n e  ac t ion ;  the  effect  of th i s  a n t a g o n i s t  can  
be  m i m i c k e d  b y  p r o s t a g l a n d i n  E 1 and  E2~2; moreove r  
p ro s t ag l and in s  are released f rom adipose  t i ssue  in response  
to h o r m o n a l  s t i m u l a t i o n  la. 

Since bo t t l  c A M P  and  D B A  mimicked  t he  ac t ion  of 
h o r m o n e s  to p r o m o t e  a n t a g o n i s t  f o r m a t i o n  ~, i t  seems 
l ikely t h a t  ant i l ipolys is  b y  D B A  in v ivo  m i g h t  be  due to  
excessive p r o d u c t i o n  of t he  a n t a g o n i s t  i tself  wh ich  m i g h t  

therefore  be  able  to  overcome the  d i rec t  ac t ion  of t he  low 
c o n c e n t r a t i o n s  of cyclic nuc leo t ides  wh ich  can  reach  fa t  
cells in  vivo.  

Riassunto.  La  s o m m i n i s t r a z i o n e  di D B A  a r a t t i  s is  
n o r m a l i  che resi  d iabe t ic i  con  s t r ep tozo toc in  p rovoca  un  
pe r s i s t en te  ef fe t to  ant i l ipol i t ico ,  i n d i p e n d e n t e  dai  va lor i  
di  insu t ina  p lasmat i ca .  
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Pentobarb i ta l  A n a e s t h e s i a .  Effects  on B lood  Sugar ,  S e r u m  I m m u n o r e a c t i v e  Insu l in  and Free  
Fat ty  Acid  R e s p o n s e s  to G l u c o s e  ~ 

These  s tud ies  were m a d e  in dogs, basa l ly  and  d u r i n g  an  
i n t r a v e n o u s  glucose to le rance  test .  

Mater ia l  and methods. 7 male  and  1 female  mongre l  
dogs, weighing  9-16.3 kg, fed on  dog chow pel le ts  and  
w a t e r  ad  l i b i t u m  were used. Af te r  17-22 h fast ,  r i ley were 
a n a e s t h e t i z e d  (sodium p e n t o b a r b i t a l ,  33 m g / m l  aqueous  
solut ion,  1 m l / k g  b o d y  wt. ,  r ap id  i.v. in jec t ion) :  Tes t s  
were pe r fo rmed  1 h l a te r ;  glucose was r ap i d l y  in jec ted  in 
femora l  ve in  (1 g /kg b o d y  wt.,  20% aqueous  solut ion) ,  
a n d  b lood was w i t h d r a w n  (femoral  vein)  a t  severa l  in te r -  
va ls  the rea f te r .  Cont ro l  expe r i m en t s  us ing  u n a n a e s t h e t i z e d  
dogs were car r ied  ou t  (self-control  design).  

Blood  samples  were assayed  for b lood sugar  (t3S) 
(Technicon Autoana lyzer2) ,  b o t h  se rum i m m u n o r e a c t i v e  
insul in  ( IRI )  ~ and  free f a t t y  acids (FFA) 4. All  r esu l t s  
were ana lyzed  for va r i ance  5. 

ResultS. As shown in t he  Figure,  BS,  se rum I R I  and  
F F A  basa l  levels r e m a i n e d  unaf fec ted  b y  anaes thes ia .  

The  BS  p e a k  du r ing  t he  t e s t  ill t h e  u n a n a e s t h e t i z e d  
dogs was  h igher  t h a n  in cont ro l s  (p < 0.001 b e t w e e n  5 a n d  
25 rain,  p < 0.01 a t  45 min) .  Glucose d i s appea rance  f rom 

b lood  d u r i n g  t h e  t e s t  fol lowed a n  e x p o n e n t i a l  law in 
u n a n a e s t h e t i z e d  dogs, as shown  b y  a high,  h igh ly  signifi- 
c a n t  cor re la t ion  coeff icient  for t he  r e l a t ionsh ip  shown  ill 
t h e  Table .  P rev ious  r epo r t s  were t h u s  conf i rmed  ~. 
Tile law followed in a n a e s t h e t i z e d  dogs was also expo-  
nen t i a l  and  s imi la r  in  slope, b u t  t h e i r  y m e a n s  dif fered 
(see Table) .  Therefore ,  glucose space a p p e a r e d  to be  
modi f ied  b y  p e n t o b a r b i t a l .  
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