
REVISTA ESPAKlOLA DE FISIOLOGIA, 34, 93-96. 1978

Stimulation of Ketogenesis After Glycogen
Depletion by Nicotinic Acid

in Perfused Rat Liver*
M. Benito, F. J. Moreno, J. M. Medina and F. Mayor

Departamento de Bioquimica y Biologia Molecular
Centro de Biologia Molecular

Universidad Autonoma de Madrid
Cantoblanco. Madrid (Spain)

(Received on July 5, 1977)

M. BENITO, F. J. MORENO, J. M. MEDINA and F. MAYOR. Stimulation of Ketogenesis
After Glycogen Depletion by Nicotinic Acid in Perfused Rat Liver. R. esp. Fisiol., 34,
93-96. 1978.

Treatment with nicotinic acid produced an enhancement of ketone bodies produc­
tion from endogenous substrates, either oleate or octanotate. The enhancement was
accounted for by an increase of acetoacetate synthesis. These results suggest that the
increase of acetoacetate production may be due to the enhancement of extramitochon-
drial ketogenesis as a consequence of the inhibition of lipogenesis.

Nicotinic acid administration produces
a mobilization of liver glycogen (1) which
leads to its depletion within 5 h (14).
This effect is probably brought about by
the enhancement of glucose utilization
due to the antilipolytic effect of nicotinic
acid (3). McGarry et al. (13) have re­
cently suggested that the onset of keto­
genesis may be related with glycogen mo­
bilization. In this paper, we have investi­
gated the effect of glycogen depletion by 
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treatment with nicotinic acid on the ke-
togenic capacity of the perfused rat liver.

Materials and Methods

Treatment of animals. Female albino
Wistar rats, fed on a stock laboratory'
diet, were used for experiments between
9 and 10 a.m. Nicotinic acid was injected
intraperitoneally in neutral solution (500
mg/kg body wt.) 6 or 8 h before perfu­
sion, the controls being treated with 0.9%
NaCI solution. After injection, the ani­
mals were deprived of food but allowed
to take water ad libitum.

Perfusion technique. The perfusion
method was as described by Hems et al.
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(5). The perfusion medium (150 ml) con­
sisted of Krebs-Henseleit physiological
saline (6), dialysed bovine serum albumin
(fraction V) and washed human erythro­
cytes. Substrates were added to the per­
fusate disolved in 5% dialysed albumin
after 38 min of perfusion. The rates of
ketogenesis were calculated from the ke­
tone bodies produced by the liver in the
40 to 85 min perfusion period.

Analytical methods and reagents. Ace­
toacetate and 3-hydroxybutyrate were as­
sayed as described by Williamson et al.
(18) 3-hydroxybutyrate-dehydrogenase and
coenzymes were purchased from Boeh­
ringer (Mannheim, Germany). Bovine se­
rum albumin (fraction V) was obtained
from Armour Pharmaceutical Co. (Chica­
go, III. USA). Nicotinic acid, oleate and
octanoate were obtained from Sigma Chem­

ical Co. (St. Louis, Mo. USA). Sodium
pentobarbital was a gift from Abbot La­
boratories (Madrid, Spain).

Results

Tables I-III show the ketone bodies
production from endogenous substrates,
oleate or octanoate in liver pretreated
with nicotinic acid. The ketone bodies
production from endogenous substrates,
oleate or octanoate was increased 8 h
after administration of nicotinic acid. In
these conditions, rates of ketone bodies
production rose near to the values re­
ported for 48 h starved rats (7, 8). The
increase of ketone bodies production was
accounted for by acetoacetate whith min­
imal changes in the rates of 3-hydroxy­
butyrate production. The effect of the
pretreatment with nicotinic acid on the

Table I. Ketone bodies production from endogenous sources in perfused liver from rats
previously treated with nicotinic acid.

Well-fed rats treated by intraperitoneal injection of NaCl (0.9 %) or nicotinic acid (500 mg/kg
body wt.) 6 or 8 h before perfusion were perfused in the absence of added substrate. Results

are expressed in /imoles/h per g liver w.wt. and are means ± S.E.M. (n = 4 — 7).
Treatment of

animals
Elapsed time

from treatment h Acetoacetate 3-hydroxybutyrate Ketone bodies 3-HB/AcAc

NaCl 6 7±2 2±1 9±2 0.29
Nicotinic acid 6 20±1** 2±1 22±1** 0.10
NaCl 8 8±2 2±1 10±2 0.25
Nicotinic acid 8 20 + 3* 2±1 22 + 2** 0.11

• p< 0.025; •* p< 0.005.

expressed in /«moles,h per g liver w.wt. and are means ± S.E.M. (n = 4 — 7).

Table II. Ketone bodies production from oleate in perfused liver from rats previously
treated with nicotinic acid.

W ell-fed rats treated by intraperitoneal injection of NaCl (0.9 %) or nicotinic acid (500 mg/kg
body wt.) 6 or 8 h before perfusion were perfused in presence of 2 mM oleate. Results are

Treatment of
animals

Elapsed time
from treatment h Acetoacetate 3-hydroxybutyrate Ketone bodies 3-HB/AcAc

NaCl 6 37±2 26±4 63 ±4 0.70
Nicotinic acid 6 33±4 26±2 59±5 0.78
NaCl 8 34±6 35±5 69 ±8 1.02
Nicotinic acid 8 56±7* 44±5 100±9* 0.78

• p< 0 025.
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• p< 0.025; •* p< 0.005.

Table III. Ketone bodies production from octanoate in perfused liver from rats previously
treated with nicotinic acid.

Well-fed rats treated by intraperitoneal injection of NaCl (0.9 %) or nicotinic acid (500 mg/kg
body wt.) 6 or 8 h before perfusi6n were perfused in presence of 5 mM octanoate. Results are

expressed in /xmoles/h per g liver w.wt. and are means ± S.E.M. (n = 4 — 6).
Treatment of

animals
Elapsed time

from treatment h Acetoacetate 3-hydroxybutyrate Ketone bodies 3-HB/AcAc

NaCl 6 38±6 51 ±6 89±4 1.34
Nicotinic acid 6 60±2* 40±1 100±1* 0.66
NaCl 8 51 ±7 64±6 115 ±4 1.25
Nicotinic acid 8 87±3** 59±1 146±3“ 0.68

ketone bodies production from endoge­
nous substrates or octanoate was detec­
table 6 h after treatment while a delayed
onset was found when oleate was used.
These results suggest that several factors
should be involved in the effect produced
on ketogenesis by treatment with nicotin­
ic acid.

Discussion

The increase of the ketogenic capacity
of the liver by pretreatment with nicotinic
acid might be mainly due to 1) decrease of
free fatty acids esterification, 2) enhance­
ment of the fatty acids transport accross
the mitochondrial membrane and 3) de­
crease of the acetyl-CoA oxidation through
the tricarboxylic acid cycle. Althoug any
of these factors may not be absolutely
precluded, it seems unlikely that the in­
crease of ketogenic capacity brought
about by pretreatment with nicotinic acid
may be solely accounted for the decrease
of free fatty acids esterification. Actually,
the increase of ketone bodies produc­
tion was also observed from fatty acids
which do not undergo esterification i.e.
octanoate (11). In addition, the in­
crease of ketogenesis from oleate might
be achieved by the increase of the pal-
mitoyl-CoA-carnitine transferase activity
which is the main responsable of the long-
chain fatty acid transport through the
inner mitochondrial membrane (4). How­

ever, the increase of ketone bodies pro­
duction was also observed from octanoate
which does not require the activity of
palmitoyl-CoA-carnitine transferase but
a carnitine-independent transport system
which seems not to be adaptable to nu­
tritional or hormonal changes (12). Con­
sequently, our results suggest that some
other factors, besides the decrease of free
fatty acids esterification and/or the
enhancement of the fatty acids transport
into mitochondria may play an important
role on the increase of ketogenic capacity
of the liver pretreated with nicotinic acid.

It is noteworthy that the increase of
ketone bodies production observed in the
treated liver is accounted for by aceto­
acetate formation. This disbalance might
be accomplished by a decrease of the
NADH/NAD+ ratio. As nicotinic acid is
a precursor of NAD4", its conversion in
the nucleotide would change the NADH/
NAD+ ratio (20). However, a decrease
of the NADH/NAD+ ratio may increase
the rate of acetyl-CoA oxidation through
the tricarboxilic acid cycle decreasing
ketogenesis (17). Likewise, a direct effect
of nicotinic acid may be reasonably
precluded in our experimental conditions
taking into account that the livers were
perfused when the hepatic concentrations
of nicotinic acid are expected to be very
low (3). On the other hand, the overpro­
duction of acetoacetate by the treated
liver might be accounted for by the stimu-
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lation of extramitochondrial ketogenesis.
Actually, the activities of the enzymes
involved in acetoacetate synthesis have
been detected in the mitochondria-free
supernatants (16) and the inhibition of
ketogenesis by hidroxycitrate in livers of
fed rats has been recently reported (2).
Consequentely, it is reasonable to assume
that the acetoacetate is produced outside
the mitochondria in the liver pretreated
with nicotinic acid. If so, the increase of
acetoacetate production may be explained
by the inhibition of fatty acids and/or
cholesterol synthesis in the treated liver
(19). This inhibition might be accomplished
by the decrease of plasma immuno­
reactive insulin observed between 4 and
8 h after administration of nicotinic acid
(results not shown) through the decrease
of the activities of acetyl-CoA carboxy­
lase (10) and/or hydroxymetyl glutaryl-
CoA reductase (9, 15).
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Resumen

El tratamiento con acido nicotinico aumen-
la la production de cuerpos cetonicos a partir
de sustratos endogenos, oleato y octanato. El
aumento observado tiene lugar como conse-
cuencia del incremento de la sintesis de aceto-
acetato. Los resultados obtenidos sugieren que
el incremento en la production de acetoacetato
puede ser debido a un aumento de la cetoge-
nesis extramitocondrial, probablemente como
consecuencia de la inhibition de la lipogenesis.
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