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The effect of phenformin on gluconeogenesis from several gluconeogenic substrates
in perfused rat liver is reported.

1 mM phenformin inhibited gluconeogenesis from L-lactate and fructose (10 mM).
A lag period (20-40 min.) was required before phenformin showed a clear inhibitory
effect. The inhibition is more pronounced from 10 mM glycerol and takes place as
soon as phenformin is added to the perfusion medium.

Theese results suggest a wide and indirect effect of phenformin on gluconeogenesis,
probably related to its inhibitory effect on the electron transport chain.

Phenformin (phenethylbiguanide) is used
in the treatment of diabetes mellitus. The
mechanism of action of the biguanides
has been widely discussed. Steiner and
Williams (17, 18) have suggested that the
hypoglycemic effect of the biguanides is
related to their effects on aerobic proces­
ses. Falcone et al. (3) proposed that bi­
guanides inhibit oxidative phosphoryla­
tion. Shafer (15, 16) and Guillory and
Slater (4) demonstrated that this inhibi­
tion occurs at the cytochrome b level in
the electron transport chain. The decrease
of ATP following the inhibition of oxida­
tive phosphorylation by biguanides would
lead to a decrease in rates of gluconeoge­
nesis (7, 1). Howeber, Meyer et al. (12)
claimed to have demonstrated a specific 
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inhibition of gluconeogenesis by biguani­
des in rat kidney slices.

In this paper, the effects of phenformin
on gluconeogenesis from L-lactate, D-fruc-
tose and glycerol in isolated perfused rat
liver are reported.

Materials and Methods

Female Wistar rats weighing 150 to
200 g were starved for 48 hr. The perfu­
sion method, based on the methods of
Miller et al. (13) and Schimassek (14),
has been described by Hems et al. (5).
The perfusate consisted of Krebs-Hense-
leit physiological saline (8), bovine serum
albumin powder fraction V (Armour
Pharmaceutical Co. Ltd., Eastbourne,
Sussex, England) and washed human red
cells. Human blood, stored 30 days at
4 C in citrate-dextrose anticoagulant so­
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lution still possessed the full oxygen­
carrying capacity but did not glycolyse.

In all cases, the total volume of the
perfusion medium was 150 ml. The fo­
llowing final concentrations were used: al­
bumin, 2.6 % (w/v); haemoglobin, 2.5 %
(w/v) and substrates, 10 mM. When phen­
formin (kindly supplied by Laboratorios
Funk, Manlleu, Barcelona, Spain) was to
be added, 5 ml of the saline solution was
replaced by the same volume of phenfor­
min solution. Two perfusion experiments
were conducted simultaneously, one liver
serving as a control. 40 min. are needed
for liver stabilization, substrates being
added thereafter.

Glucose was determined by the glucose
oxidase method according to Krebs et al.
(9, 10). L-lactate was measured with lac­
tate dehydrogenase as described by Ho-
horst (6) and haemoglobin according to
Evelyn and Malloy (2).

Results and Discussion

1 mM phenformin strongly inhibited
gluconeogenesis from 10 mM L-lactate.
When the concentration of phenformin
was 0.1 mM only a slight inhibition oc-
cured. All the observations are in good
agreement. Representative experiments are
shown in figure 1. Lactate is not removed
following inhibition of glucose synthesis
by phenformin.

A lag period of 30 min. was required
before 1 mM phenformin showed a clear
inhibitory effect. This result is in agree­
ment with the lag period found by Toews
ct al. (19) when lactate or pyruvate were
used as gluconeogenic substrates.

This suggests that phenformin may
accumulate in liver until an inhibitory
concentration is reached or. alternatively.
that there is an indirect effect produced
cither by a metabolite of phenformin or
as a result of the inhibition of another
metabolic process, whose product, i.e.
ATP is needed for gluconeogenesis to
take place.

Fig. 1. Effect of phenformin on gluconeoge­
nesis from 10 mM L-lactate.

(a) Glucose found in the perfusion medium.
(b) Lactate found in the perfusion medium.
—•—•— 1500 ^moles of L-lactate added to
150 ml of medium at 38 min. Liver wet weight:
5.5 g. —O—O— 1500 /tmoles of L-lactate +
150 /xmoles of phenformin added to 150 ml
of medium at 38 min. Liver wet weight: 6.0 g.
—A—▲— 1500 /xmoles of L-lactate + 15
/xmoles of phenformin added to 150 ml of
medium at 38 min. Liver wet weight: 5.2 g.

Phenformin (1 mM) also inhibited glu­
coneogenesis from D-fructose (10 mM)
(fig. 2). This inhibition is less pronounced
than that found with L-lactate and, again,
30-40 min. of perfusion are needed before
a clear effect is observed.

The inhibition found using 10 mM gly­
cerol as substrate is much higher than that
obtained w'hen L-lactate or D-fructose
were employed (fig. 3). This inhibition ta­
kes place as soon as phenformin is added
to the perfusion medium.

Following phenformin addition to per­
fused rat liver. Toews et al. (19) found
marked elevations of pyruvate, phospho­
enolpyruvate, 2-phosphoglycerate, and
3-phosphoglycerate and decreased concen­
trations of glycerolphosphate, fructose-6-P
and glucose-6-P when lactate or pyruvate
were used as substrates. On the other hand,
when alanine was used, none of the glu-
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Fig. 2. Effect of phenformin on gluconeoge­
nesis from 10 mM D-fructose.

Glucose found in the perfusion medium.
—•—•— 1500 /xmoles of D-fructose added
to 150 ml of medium at 38 min. Liver wet
weight: 6.4 g. —O—O— 1500 jumoles of D-fruc­
tose 4- 150 /xmoles of phenformin added to
150 ml of medium at 38 min. Liver wet

weight: 6.1 g.

coneogenic intermediates were significantly
elevated and a-ketoglutarate concentration
decreased, suggesting that the tricarboxylic
acid cycle is inhibited between acetyl CoA
and citrate. The results obtained in our
experiments using glycerol or fructose
show that the gluconeogenic flux is also
inhibited when substrates directly con­
nected with the last steps of the sequence
arc used. Again this results suggest a wide
and indirect effect of phenformin on glu­
coneogenesis probably related to its inhi­
bitory effect of the electron transport
chain. Krebs (11) found that 1 mM phen-
formin inhibits the urea synthesis of rat
liver slices by about 40 %. Both proces­
ses. gluconeogenesis and ureogenesis, re­
quire ATP. Consequently, the inhibition
of both processes by phenformin is likely
to be related to its reported effect on oxi­
dative phosphorlylation (3).
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Fig. 3. Effect of phenformin on gluconeoge­
nesis from glycerol.

Glucose found in the perfusion medium.
—•—•— 1500 umoles of glycerol added to
150 ml of medium at 38 min. Liver wet
weight: 6.3 g. —O—O— 1500 /.tmoles of gly­
cerol 4- 150 /zmoles of phenformin added to
150 ml of medium at 38 min. Liver wet

weight: 6.2 g.

References

1. Altschuld, R. A. and Kruger, F. A.:
Ann. N.Y. Acad. Sci., 148, 612. 1968.

2. Evelyn, K. A. and Malloy, H. T.: J.
Biol. Chem., 126. 655. 1938.

3. Falcone, A. B . Mac, R. L. and Shara-
go, E.: J. Biol. Chem.. 287. 904, 1962.

4. Guillory, R. J. and St veer, E. C.: Bio­
chim. Biophvs. Acta, 105, 221. 1965.

5. Hems, R.. Ross. B. D.. Berry, M. N.
ands Krebs, H. A.: Biochem., 101, 284.
1966.

6. Hohorst, H. J,: In: Methods in Enzyma­
tic Analysis, ed. H-U. Bergmeyer (Verlag
Chemie and Academic Press. N.Y. and
London. 1%5. p. 266.

7. Jangaard, N. O„ Pereira, J. N. and Pin­
son. R.: Diabetes, 17, 96. 1%8.



256 J. M. MEDINA, F. SANCHEZ-MEDINA AND F. MAYOR

8. Krebs, H. A. and Henseleit, K.: Hoppe-
Seyl. Z., 210, 33, 1932.

9. Krebs, H. A., Bennett, D. A. H., Gas­
quet, P., Gascoyne, T. and Yoshida, T.:
Biochem. J., 86, 22, 1963.

10. Krebs, H. A., Dierks, C. and Gascoyne,
T.: Biochem. J., 93, 112, 1964.

11. Krebs, H. A.: Unpublished work.
12. Meyer, R., Ipaktchi, M. and Clauser,

H.: Nature, 213, 203, 1967.
13. Miller, L. L., Bly, C. G., Watson,

M. L. and Bale, W. F.: J. Exp. Med.,
94, 431, 1951.

14. Schimassek, H.: Biochem. Z., 386, 460,
1963.

15. Shafer, G.: Biochim. Biophys. Acta, 93,
279, 1964.

16. Shafer, G.: Biochim. Biophys. Acta, 172,
334, 1969.

17. Steiner, D. F. and Williams, R. H.:
Biochim. Biophys. Acta, SO, 329, 1958.

18. Steiner, D. F. and Williams, R. H.:
Diabetes, 8, 154, 1959.

19. Toews, C. J., Kyner, J. L., Connon,
J. J. and Cahill, G. F., Jr.: Diabetes,
91, 368, 1970.


