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Summary. Using the isolated, haemoglobin-free, perfused 
resting hindlimb of normal rats buformin neither had a direct 
insulin-like effect on glucose uptake by muscle tissue nor 
potentiated the effect of insulin on glucose uptake after oral 
pretreatment for one or several days with low and high doses 
(30 mg--350 mg/kg). Effects on glycogenolysis could not be 
detected. Glycerol release was inhibited after several days of 
pretreatment with low and high doses of buformin. The 

utilization of added oleate was also partly inhibited. The 
level of energy rich phosphates in the muscle tissue and 
oxygen consumption were not affected under any of the con- 
ditions used in these experiments. 

Key words: Buformin, muscle metabolism, isolated per- 
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The mode of action of the biguanides is still under 
discussion. In  recent studies f rom this laboratory con- 
cerning the effect of buformin on muscle metabolism 
we observed an increased glycogen content and a high 
rate of radioglucose incorporation into the glycogen 
of the diaphragm of normal  rats in vivo after a long 
term oral administration of buformin -- 150- -175  
mg/kg --  [12]. Similar results were reported with the 
perfused rat heart [15] and in in vivo experiments 
[11]. In  order to investigate a direct action of bufor- 
min on glucose utilization in skeletal muscle, the iso- 
lated perfused hindlimb of the rat was used as a suit- 
able model for metabolic studies [13, 14]. In this 
study we report  the effect of low and high doses of 
buformin, administered orally for one or several days, 
on the metabolism of the perfused resting hindlimb of 
normal  rats. 

Materials and Methods 

Male, fed Sprague-Dawley rats weighing 160 1 
240 g were used. Buformin (kindly supplied by the 
Chemie Griinenthal GmbH,  Stolberg, Rhld., Ger- 
many) was dissolved in physiological saline (solutions 
of 5 and 10 per cent respectively) and administered 
daily via a stomach tube. The doses ranged f rom 30 
to 350 mg/kg. The control animals received physio- 
logical saline. The perfusion lasted for 1 h and started 
2.5 h after the last drug administration. The perfusion 
technique, apparatus, synthetic medium and analytical 
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methods used have been reported in detail elsewhere 
[13, 14]. 

In addition, the standard medium contained oleate 
(1 mM, ac.ol. E. Merck, Darmstadt,  Germany). Oleic 
acid was added as an emulsion [9, 10]. Free fatty 
acids (FFA) were determined by the method of Dole 
and Meinertz [8]. In the perfusion with insulin (crys- 
talline bovine insulin, Hoechst AG, Frankfurt/M., 
Germany),  the hormone was added at the beginning 
of the perfusion period in a concentration of 100 ,uU/ 
ml medium. The Wilcoxon test was used for statistical 
analysis. 

Results 

The basal glucose uptake was not increased by 
buformin (Table 1). When the glucose uptake was 
stimulated by submaximal concentrations of insulin, 
the glucose uptake significantly decreased after prior 
oral administration of 3 - - 5  • 175 mg buformin/kg 
(Table 2). The lactate production did not increase 
significantly. Glycogenolysis could not be detected 
with or without insulin in the medium. 

The glycerol release was lowered after several 
days of pretreatment with low and high doses of 
buformin, regardless of the addition of insulin (Tables 
1 and 2). The decrease of the concentration of oleate 
in the medium was less with low and high doses of 
buformin, but inconsistently (Tables 1 and 2). The 
content of the energy-rich phosphates in the muscle 
tissue after perfusion was unaffected under all condi- 
tions, as was the oxygen consumption (control values: 
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A T P  7.8 + 0.3 9mol/g ,  creat ine  phospha te :  20.0 + 1.5 
9tool/g,  oxygen consumpt ion:  27.0 + 0.8 ~tmol/g • h). 

Discussion 

In  t h e  p resen t  s tudy,  bu fo rmin  d id  no t  increase  
basa l  or  insul in s t imula ted  glucose up t ake  of the  
per fused  h ind l imb  of n o r m a l  rats  after  ora l  p re t rea t -  
men t  for  one or  several  days.  I n  contrast ,  af ter  the  
admin i s t ra t ion  of 3 - 5  • 175 mg/kg  bu fo rmin  insul in 
s t imula ted  glucose up t ake  decreased  significantly.  
This  is in cont ras t  wi th  the  findings of most  of the 

authors  work ing  wi th  the  i so la ted  d i aph ragm (for a 
review see 1). S imilar  results  were  observed  in the  
per fused  ra t  hea r t  [15]. In  this s tudy,  phen fo rmin  was 
a d d e d  to the  m e d i u m  at concent ra t ions  ranging  f rom 
0 to 250 ~g/ml.  A sl ightly inc reased  glucose up t ake  
occur red  only  wi th  40 and 50 9g/ml.  However ,  pe r -  
fused hear ts  f rom rats  s ta rved  for  48 hours  showed a 
decreased  glucose up take  with  50 9g/ml  phenfo rmin  
in the  medium.  Using  the fo r e a rm  m e t h o d  a decreased  
glucose u t i l i za t ion  was also obse rved  in n o r m a l  h u m a n  
subjects  after  ora l  p re t r ea tmen t  wi th  phenfo rmin  for  
3 days [7]. W i t h  the  same m o d e l  b iguanides  inc reased  

Table 1. Effect of buformin on the metabolism of the per/used hindlimb of normal rats 
after oral pretreatment for one or several days. The standard medium contained 10 m M  
glucose, 1 m M  lactate, 0.15 m M  pyruvate, and I m M  oleate. The glycogen content of the 
muscle tissue was determined at the end of the per/usion period. Results are expressed as 

+_ S~, the numbers of observations in parentheses 

Glucose Lactate Glycogen Glycerol FFA 
uptake production content release uptake 

pretreatment ~mol/g • h 9mol/g X h vmol/g ~mol/g X h ~tmol/g X h 

8.4 _+ 0.3 8.3 +_ 0.7 36.3 + 1.8 0.31 _+ 0.01 0.64 _ 0.05 
control (12) (12) (11) (12) (12) 

1 X 100 mg/kg 7.1 +_ 0.6 7.5 ___ 1.3 36.8 • 1.6 0.31 ___ 0.05 0.41 ___ 0.08 ~ 
buformin (6 )  (6 )  (6 )  (6 )  (6 )  

1 X 250 mg/kg 9.6 • 0.9 9.6 X 0.5 46.7 _+ 4.5 0.34 + 0.02 0.71 + 0.06 
buformin (4 )  (4 )  (4 )  (4 )  (4 )  

1 X 350 mg/kg 7.6 _+ 0.6 9.1 + 0.8 53.9 ___ 4.6 ~ 0.25 -I- 0.006 0.55 -I- 0.05 
buformin (5 )  (5 )  ( 5)" (5 )  (5 )  

7 X 100 mg/kg 6.9 _+ 0.5 8.3 _+ 0.5 40.6 _+ 3.5 0.20 _+ 0.02 ~ 0.26 + 0.06 ~ 
buformin (5 )  ( 5 )  (5 )  (5 )  (5 )  

3--5 X 175 mg/kg 7.5 • 0.2 10.5 _ 0.7 46.3 _+ 9.7 0.21 _ 0203 0.46 ___ 0.02 ~ 
buformin (4 )  ( 4 )  (4 )  (3 )  (4 )  

Table 2. Effect of buformin on the metabolism of the perfused hindlimb of normal rats 
after oral pretreatment for one or several days in the presence of insulin (100 #U/ml). 

For further details see legend Table 1 

Glucose Lactate Glycogen Glycerol FFA 
uptake production content release uptake 

pretreatment ~tmol/g X h ~tmol/g )< h ~mol/g 9mol/g X h ~mol/g X h 

100 9U insulin 13.7 + 0.6 11.5 ___ 0.7 39.8 _+ 3.7 0.36 _+ 0.02 0.90 ___ 0.02 
ml medium (5) (5) (5) (5) (5) 

7 X 30 mg/kg 
buformin + 11.4 _ 018 10.2 _+ 0.7 46.9 _ 2.1 0.27 +_ 0.006 ~ 0.76 _+ 0.08 
100 9U insulin/ml (5) (5) (3) (5) (5) 

7 X 100 mg/kg 
buformin + 12.4 _+ 0.6 9.1 __ 0.6 ~ 45.6 _ 3.9 0.16 _+ 0.02 ~ 0.88 +__ 0.06 
100 ~U insulin/ml (7) (7) (7) (7) (7) 

3--5 X 175 mg/kg 
buformin § 10.8 _+ 0.7 ~ 11.2 ___0.6 52.2 _+ 4.0 0.25 _+ 0.02" 0.68 _+ 0.02 ~ 
100 ~U insulin/ml (7) (7) (3) (7) (7) 

a significantly different from control (p ~ 0.05) 
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glucose u t i l iza t ion  and the effect of insul in  in d iabe t ic  
subjects  [2, 3, 4]. 

In  our  exper iments ,  the  g lycogen conten t  of the  
h ind l imb  muscle  at  the  end of the  per fus ion  was no t  
affected when c o m p a r e d  to the  cont ro l  perfusions .  I t  
is not  poss ib le  to es tabl ish  glucose ba lances  in our  
exper iments  because  there  was no  in fo rma t ion  avai l -  
able  on the g lycogen conten t  of the  per fused  muscle  
at the  beg inn ing  of the  per fus ion  per iod .  Using the 
i so la ted  d iaphragm,  a g lycogen b r e a k d o w n  was always 
obse rved  in the  presence  of b iguanides  (for a review 
see 1). Wi th  in vivo exper iments  (11, for  a review see 
1) or  wi th  the  per fused  ra t  hea r t  [15] the g lycogen 
changes were  smal l  or  there  was an e levat ion  of gly- 
cogen conten t  under  the  influence of b iguanides .  W e  
therefore  assume tha t  the  inc reased  glucose up take  
and glycogen b r e a k d o w n  found  with  the  i so la ted  
d i a p h r a g m  unde r  the  influence of b iguanides  results  
ra ther  f rom the un favourab l e  mode l  than  f rom the 
biguanides .  Since no s imilar  invest igat ions  have  been  
pub l i shed  concern ing  the effect of b iguanides  on 
musc le  me tabo l i sm of the  i so la ted  per fused  rest ing 
h ind l imb  of n o r m a l  rats,  it  is difficult  to c o m p a r e  our  
da ta  with those  coming f rom o ther  in vitro and  in 
vivo exper imenta l  models .  

The  ant i l ipolyt ic  act ion we obse rved  is k n o w n  f rom 
in vitro studies with ad ipose  tissue (for a review see 1). 
The  u t i l iza t ion  of the  a d d e d  oleate  was pa r t ly  inhibi ted  
after  p r e t r ea tmen t  wi th  buformin .  I t  canno t  be  dec id-  
ed f rom our  exper iments  whether  this effect is caused  
by  a decreased  ac t iva t ion  of the fat ty  acid  o r  by  an 
inhibi t ion  of its oxida t ion .  Wi th  i so la ted  guinea pig  
hea r t  mi tochondr ia  a decreased  ox ida t ion  of a c y l - C o A  
derivat ives  of long chain fat ty  acids and of pa lmi ty l -  
carni t ine  was obse rved  unde r  the influence of phen-  
formin  [5, 6]. S imi lar  results  were  ob ta ined  in in vivo 

exper iments  after  severa l  days  of p r e t r ea tmen t  of no r -  
mal  rats  wi th  phen fo rmin  using an in t ravenous  in- 
jec t ion of 1 4 C , l - p a l m i t a t e  [11]. 

The  level of energy-r ich phospha te s  was no t  affect-  
ed under  all  condi t ions .  In  the per fused  ra t  hea r t  no 
effect on  the  in t race l lu la r  A T P  concen t ra t ion  was 
found  with  50 ptg/ml phenfo rmin  after  30 min of per -  
fusion;  after  60 rain perfus ion,  however ,  a significant 
decrease  was obse rved  [15]. Bufo rmin  had  no effect 
on the genera l  oxygen consumpt ion .  I t  is no t  poss ib le  
f rom our  da ta  to ca lcula te  ox ida t ion  rates for  the sub- 
strates employed .  

W e  conc lude  f rom our  observa t ions  tha t  bu fo rmin  
after  oral  p r e t r ea tmen t  for  one or  several  days  with 
low and high doses has ne i ther  a direct  insul in- l ike  
effect on glucose up take  by  the musc le  t issue of no rma l  
rats  no r  po ten t ia tes  the  effect of insul in on glucose 
uptake.  
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