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Summary.  1. 2 h after a single oral dose of 25 mg of 
buformin per normal rat, the blood glucose level was 
significantly lower when compared to the control group 
(78,9 4- 1.4 rag/100 ml to 67.1 4- 5.2 rag/100 ml, p < 0.05). 
The incubated diaphragms of these animals showed no 
differences with regard to glucose uptake, lactate pro- 
duetion and glucose oxidation in comparison to the con- 
trol. -- 2. When treated for 7 days with identical dosages 
of buformin the blood glucose level of the treated rats 
was lowered to a greater extent (80.5 4- 3.7 rag/100 ml to 
51.6 4- 5.7 rag/100 ml, p < 0.01) and the incubated dia- 
phragms showed a significantly increased glucose uptake, 
lactate production and decreased glucose oxidation. -- 
3. As a result of these findings and supported by reports 
in li terature it is suggested that  the drug may accumulate 
in the skeletal muscle of normal rats. -- 4. No insulin 
potentiat ing effect could be detected. --  5. With regard to 
previous reported results from our laboratory we suggest 
that  bignanides may increase Cori cycle activity in the rat. 

Effet de la buformine sur le taux du glucose sanguin chez 
le rat normal et sur le mdtabolisme des hydrates de carbone du 
diaphragme isold du rat 

Rdsumd. 1. Deux heures apr~s une administrat ion uni- 
que de 25 mg de buformine par animal h des rats m&les 
normaux, le taux du glucose sanguin chez los animaux 
traitds dtait significativement plus rdduit par comparaison 
aux tdmoins (78.94- 1.4 rag/100 ml ~ 67.14-5.2 rag/ 
100m], p < 0.05). Les diaphragmes incubds de ces anim- 
aux ne montraient  aucune diffdrence en ce qui conccrne la 
captation de glucose, la production de lactate et l 'oxyda- 
t ion de glucose par comparaison aux tdmoins. -- 2. Aprbs 
un  t ra i tement  de 7 jom's avec des doses identiques de 
buformine, le taux du glucose sanguin des rats dtait encore 
davantage rdduit (80.5 4- 3.7 rag/100 ml k 51.6 4- 5.7 mg/ 
100 ml, p < 0.01) et les diaphragmes incubds montraient  
tme captation de glucose et une production de lactate 
augmentdes de fa~on significative, ainsi qu 'une oxydation 
de glucose rdduite. -- 3. En  tenant  compte de ces rd- 
sulfurs et avee l 'appui  de la littdrature, on suppose qne le 

mddicament s'accumule duns les muscles du squclette des 
rats normaux. -- 4. Aucun effet potentialisateur de 
l ' insuline n 'a  dtd notd. -- 5. En  ce qui concerne los rd- 
sultats ddj~ publids par notre laboratoire, nous suggdrons 
que les biguanides augmentent  l 'activitd du cycle de Cori 
chez le rat. 

Die Wirkung yon Buformin auf  den Blutglucosespiegel 
yon normalen Ratten und den Kohlenhydrat-Stoffwechsel 
des isolierten Rattenzwerchfelles 

Zusammenfassung. 1. Zwei Stunden nach einer einma- 
ligen oralen Gabc yon 25 mg Buformin an normale m~nn- 
lithe l~atten war der Blutglucosespiegel der behandelten 
Tiere gegeniiber dem der Kontrolltiere deutlich gesenkt 
(78,9 4- 1,4 mg/100 ml -- 67,1 4- 5,2 mg/100 ml, p < 0,05). 
Die isolierten und inkubierten Zwerchfelle der behandel- 
ten Tiere zeigten keine Jknderung der Glueoseaufnahme, 
Glucoseoxydation und Laktatbi ldung im Vergleich zu den 
Kontrollen. -- 2. Ging der Untersuchung eine 7-tggige 
Behandlung der Tiere mit  identischen Buformindosen 
voraus, so war der blutglucosesenkende Effekt grSBer als 
nach einmMiger Vorbehandlung (80,5 • 3,7 rag/100 ml -- 
51,6 4- 5,7 mg/10O ml, p < 0,01) und die Glucoseaufnahme 
und Laktatbi ldung der isoiierteu und inkubierten Zwerch- 
felle der behandelten Tiere waren wesentlich grSl3er, die 
Glucoseoxydation wesentlieh geringer im Vergleich zu den 
Kontrollen. -- 3. Die Ergebnisse legen die Annahme nahe, 
dal3 Buformin im Skeletmuskel normaler Rat teu  akkumu- 
liert. -- 4. Ein insulinpotenzierender Effekt yon Buformin 
konntc nieht beobachtet werden. -- 5. Unter  Beriicksieh- 
t igung kiirzlich yon uns mitgeteilter Bcfunde aus in vivo- 
Untersuchungen an normalen l~atten, die ergaben, dal~ 
nach mehrt~giger oraler Vorbchandlung mit  25 mg Bu- 
formln der Einbau yon Radioglueose in das Zwerchfell- 
glykogen und der Glykogengehalt selbst erh6ht waren, 
erschcint es mSglich, dab Biguanide im Skeletmuskel nor- 
maler I~atten die Aktivitii t  des Cori Cyelus stimulieren. 

Key words: Biguanide, blood glucose level, rat  dia- 
phragm, glucose uptake, glucose oxidation, lactate pro- 
duction. 

Introduction 
The blood glucose lowering biguanides  have been 

shown to increase glucose uptake,  lactate  product ion  
and  glycogen breakdown of the isolated ra t  d iaphragm 
with a s imul taneous  decrease in oxygen up t ake  
(Williams and  Tyberghein ,  1957; Wil l iams et al., 1957; 
Steiner and  Will iams,  1958; I~afaelsen, 1959; Clarke 
and  Forba th ,  1959). The concentra t ions  of the drug re- 
quired for these in  vitro effects were considerably  above 
those l ikely to be achieved in  diabet ic  subjects  (Tran- 
quada ,  1961; Beckmann,  1965). I n  suppor t  of this 

a rgumen t  i t  has been questioned, whether  or no t  the 
oxida t ion- inhib i t ing  effect of biguanides is related to 
the hypoglyeemic act ion of biguanides in  vivo (Ungar,  
1960). I t  was reported earlier from our labora tory  
(Strohfeldt et al., 1972) t h a t  buformin  caused an  in- 
crease in  the glycogen content  of normal  ra t  dia- 
phragms in  vivo together  with an  increased incorpora- 
t ion  of radioglucose in to  glycogen when the ammals  
were pre t rea ted  over a period of 12--14  days (25 mg of 
buformin  per day per an imal  by  s tomach tube  = 100 - -  
125 mg of buformin/kg).  
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In the present study the effects of single, and seven 
days treatment with 25 mg of buformin per animal, on 
the blood glucose level and glucose "uptake, glucose 
oxidation and lactate formation of the isolated rat 
diaphragm are reported. 

2 h prior to decapitation or over a period of 7 days. The 
control animals received physiological saline. 

The statistical estimations were performed with the 
Wilcoxon-Test. 

Results 

Materials and Methods 

Male Sprague-Dawley rats weighing 120--150 g were 
used in all experiments. The rats were maintained under 
standard dietetic and environmental conditions and 
fasted for twelve hours before the diaphragms were re- 
moved. 

The preparation of diaphragms was carried out by a 
modification of the method of Valance Owen and Hurlock 
(1954). The animals were killed by decapitation. Blood 
glucose level was determined in the drained blood. The 
abdomen was opened and the diaphragm carefully ex- 
cised. I t  was placed immediately in icecold balanced salt 
solution (Krebs-t~inger-bicarbonate buffer). The dia- 
phragm, while so immersed, was divided into four ap- 
proximately equal parts, the thick posterior portion being 
discarded. After gentle blotting these parts were dis- 
tributed in the prepared incubation flasks. 

The incubation medium was t ml Krebs-Ringer-bicar- 
bonate-buffer containing 2 g of bovine serum albumin/ 
100 ml and glucose together with 0,1 ~Ci [ 1 -- 14C]-glueose 
(Spec. act. 3 mCi/mmol) 1 to make the final concentration 
200 rag/100 mY. The concentration of added crystalline 
insulin 2 to the media is shown in the tables 1 and 2. 

The incubation flasks were gassed for five minutes 
with 95% oxygen and 5% carbon dioxide, closed and 
weighed. The flasks were then incubated in a water-bath 
at 37~ and shaken at a rate of 90 oscillations per minute 
for 120 minutes. 

For the measurement of the oxidation of [1--14C]- 
glucose to 14CO2, we used the method of Renold et al. 
(1960) : After incubation 0.4 ml of hyamine (Hydroxide of 
Hyamine 10-X, 1 Molar solution in Methanol, Packard) 
was injected into the suspended plastic cup and 1 ml of 
6% HC10~ was added to the medium in each flask. Then 
the flasks were re-incubated in a water-bath at 37~ and 
shaken at a rate of 90 oscillations per minute for a further 
30 rain. The contents of each plastic cup were then trans- 
ferred to a glass bottle containing 8 ml of non-polar 
scintillation mixture based on toluene. 

The radioactivity of 14CO2 was measured with a 
Packard Tricarb scintillation spectrometer. The values 
obtained were expressed as counts per minute/100 mg 
diaphragm wet weight (ww)/2 h. After eentrifugation of 
the medium, the final glucose uptake over the incubation 
period was calculated from the decrease of glucose con- 
centration in the medium during the incubation. 

Glucose was determined by the hexokinase method 
(Bioehemica Test Combination, Boehringer Mannheim, 
Biochemical Department). The values were calculated in 
~zmoles glueose/100 mg diaphragm wet weight (ww)/2 h. 
Samples were analyzed for lactate by means of lactic 
dehydrogenase (Biochemiea Test Combination, Boehrin- 
ger Mannheim, Biochemical Department). The values 
were eMeulated in ~moles lactate/100 mg diaphragm wet 
weight (ww)/2 h. 

The pretreated animals received 25 mg buformin a in a 
volume of 0.25 ml per stomach tube either as a single dose 

1 The l~adiochemical Centre Amersham, U.K. 
2 Crystalline bovine insulin, 1 mg = 27.0 u, 0.33% zn, 

0.49% ashes, Fa. Hoechst, Frankfurt/M, Germany. 
3 Chemie Griinenthal, Gmbtt, Stolberg/Rheinland. 

Table 1 shows the measurement of glucose oxida- 
tion, glucose uptake and lactate formation of dia- 
phragms from normal male rats after pretreatment of 
the animals with buformin (25 mg/animal) as a single 
dose 2 h prior to investigation. Glucose oxidation, 
glucose uptake and lactate formation revealed no 
significant difference between the pretreated and con- 
trol animals. The blood glucose level of the control 
group was 69.0 • 3.6 rag/100 ml and that  of the pre- 
treated animals 53.7 4-6.2 rag/100 ml (p > 0.05) at the 
time of decapitation (Table 1 a). 

In  table 2 are shown the effects of 7 days oral treat- 
ment of normal male rats (25 mg buformin per day per 
animal) on the glucose oxidation, glucose uptake and 
lactate formation of the isolated diaphragms with and 
without crystalline insulin in the media. The dia- 
phragms of the pretreated animals showed a significant 
inhibition of 14C0~ production when compared with 
the control animals. Without insulin in the media the 
change was 2.574-0.26 to 1.744-0.15 (p<0.05)  and 
with insulin in the media the values were 2.65 4- 0.19 
and 1.994-0.14 cpm (xl03) 14COJ100 mg ww/2 h 
(p<0.05).  The glucose uptake of the isolated dia- 
phragms of the pretreated animals was significantly 
higher than that  of the controls when incubated with- 
out insulin in the media (4.034-0.32/3.174-0.20 
~moles glucose/100 mg ww/2 h (p<0.05).  With in- 
sulin in the media there was a similar rise in glucose 
uptake but it was not statistically significant. The 
lactate formation increased from 5.16 4- 0.32 to 7.23 4- 
0.33 ~moles lactate/100 mg ww/2 h (p < 0.05) without 
insulin and from 5.74 4- 0.30 to 7.23 4- 0.22 ~moles 
lactate/100 mg ww/2 h (p <0.05) with insulin in the 
test system. 

At the time of decapitation the blood glucose level 
of the pretreated group amounted to 51.64-5.7 rag/ 
100 ml in comparison with 80.5 4- 3.7 rag/100 ml of the 
control (p <0.01,  table 2a). 

Discussion 

~u consider the incubated rat diaphragm prepara- 
tion adequate for our investigations. Rookledge (1971) 
compared several parameters (water content, sorbitol 
space, rate of lactate production, the concentrations of 
tissue glucose, pyruvate, lactate, ATP and AMP) in 
both the perfused and non perfused incubated prepara- 
tions of diaphragm and no significant differences were 
found. Under our conditions we found a significant 
effect on glucose uptake with insulin concentrations of 
10 -3 U/ml. With 5 • 10 -3 U/ml no increasing effect 
was observed. 
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After a single oral dose of 25 mg of buformin per 
animal 2 h before investigation the blood glucose level 
was 53.7J=6.2 mg/100 ml in comparison to 69.0=L 
3.6 mg/100 ml of the control group (p > 0.05). In  order 
to elucidate the significance of this observation, the 
t rea tment  was repeated with a greater number  of 
animals (n--20) .  On this occasion the difference in 
blood glucose levels 2 h after the buformin administra- 
tion became significant in comparison to the control 

cose oxidation, in comparison to the control dia- 
phragms. 

With submaximal concentrations of insulin in the 
medium no potentiating effect could be detected after 
the pret reatment  with buformin. 

We conclude from the results of experiments with 
single and 7 days pretreatment  with buformin, tha t  
either the blood glucose lowering effect of the biguan- 
ides is not caused by  the observed alterations in the 

Table 1. Rates of [1-1tC]-glucose oxidation, glucose uptake and lactate formation in normal male rat diaphragms incubated 
in  vitro after a single dose of buformin by oral intubation (25 rag) 2 h before investigation. Numbers of animals and observa- 

tions are given in brackets..~/Ieans• S~ 

Medium concentrations insulin [/moles glucose uptake/ Rate cpm (xlO 8) ltC02/ ~moles lactate formation/ 
(~U/ml) 100 mg ww/2 h 100 mg wet weight/2 h 100 mg ww/2 h 

Control 0 (4) 4.454- 0.24 (6) 2.174- 0.33 (6) 6.364- 0.65 (6) 
Pretreated animals 0 (4) 3.994- 0.53 (6) 1.724- 0.08 (6) 6.864- 0.78 (6) 
Control 500 (4) 5.15~0.38 ( 1 0 )  2.464-0.19 ( 1 0 )  6.464-0.63 (10) 
Pretreated animals 500 (4) 5.03• ( 1 0 )  2.294-0.19 a ( 1 0 )  6.44~:0.69 (10) 

a Significantly different from the group of pretreated animals without insulin in the medium (p > 0.05). 

Table 1 a : Blood glucose level at the time of decapitation 

Animals Blood glucose (mg/1O0 ml) 
Control (4) 69.04- 3.6 
Treated animals (4) 53.74- 6.2 a 

a Not significantly different from control (p > 0.05). 

Table 2. Rates of [1-1tC]-glucose oxidation, glucose uptake and lactate formation in normal male rat diaphragms incubated 
in vitro after 7 days treatment with 25 mg buformin by oral intubatlon. Last dose 2 h before investigation. Numbers of animals 

and observations are given in brackets. Means4- Sg 

Medium concentrations insulin [zmoles glucose uptake/ Rate epm (xl03) ltCO2/ ixmoleslactatc formation/ 
(~U/ml) 100 mg ww/2 h 100 mg wet weight/2 h 100 mg ww/2 h 

Control 0 (6) 3.17-I-0.20 ( 1 2 )  2.574-0.26 ( 1 2 )  5.164-0.32 (12) 
Pretreated animals 0 (6) 4.034-0.32 a (12) 1.744-0.15 a ( 1 2 )  7.23~0.33 a (12) 
Control 500 (6) 3.674- 0.28 (12) 2.65=[= 0.10 (12) 5.74=t= 0.30 (12) 
Pretreated animals 500 (6) 4.384-0.28 (12) 1.994-0.14 a ( 1 2 )  7.234-0.22 a (12) 

a Significantly different from control (p<  0.05). 

Table 2 a. Blood glucose level at the time of decapitation 

Animals Blood glucose (rag/100 ml) 
Control (6) 80.5• 3.7 
Treated animals (6) 51.6• 5.7 a 

a Significantly different from control (p < 0.01). 

animals (78.9 ~: 1.4 mg/100 ml to 67.1 • 5.2 mg/100 ml, 
p < 0.05). The isolated diaphragms showed no differ- 
ence between treated and untreated animals in regard 
to glucose uptake, lactate production and glucose oxi- 
dation. 

After 7 days oral t rea tment  with 25 mg of buformin 
the blood glucose level of the t reated group differed 
markedly from tha t  of the untreated animals 2 h after 
the last dosage (80.5 ~= 3.7 rag/100 ml to 51.6 -~ 5.7 mg/ 
100 ml, p<0 .01 ) .  The isolated and incubated dia- 
phragms of the t reated animals showed an increased 
glucose uptake, lactate formation and decreased glu- 

muscle metabolism. Alternatively the low sensitivity 
of the test  system may  explain the negative results 
obtained with the diaphragms from the animals pre- 
t reated with a single dose. Significant effects on muscle 
metabolism were found after a 7 days pretreatment,  
together with a more pronounced lowering of the blood 
glucose level. This could be achieved if one were to 
assume a cumulative effect of the drug on muscle 
metabolism. The following results give support  to 
this point of view: 24 h after oral administration of 
50 mg/kg of buformin-[14C] to normM rats Beckmann 
(1965) found 0.9 ~g/g wet weight of buformin in the 
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skeletal muscle, the highest concentra t ion when com- 
pared with other  organs. Hall  et al. (1968) also detected 
considerable amounts  of labeled phenformin in normal  
ra t  muscles 24 h after parenteral  adminis t ra t ion 
(100 mg/kg). 

Wi th  regard to  our previously published results 
(Strohfeldt et al., 1972) with in  viva adminis t rat ion of 
radioactive glucose; the incorporat ion into glycogen 
and the glycogen content  of the diaphragms of normal  
rats following several days pre t rea tment  with buformin 
(25 mg per day  animal  orally) showed an increased 
incorporat ion of radioglucose together  with an in- 
creased glycogen content  of the diaphragms 2 h after 
the last dose of the drug. Our in  vitro observations 
suggest t ha t  biguanides m a y  increase Cori cycle 
act ivi ty  in normal  rats. The findings of several in- 
vestigators give support  to this assumption (Searle et 
al., 1966; E1 Defrawy a. Buekley, 1971; Davies et al., 
1971). 
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