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The effect of glycerol on the fate of free fatty acids in isolated hepatocytes from
starved rats has been studied. 5 mM glycerol inhibited the ketone bodies production
from endogenous substrates, acetate, octanoate or oleate. The incorporation of radio­
activity into ketone bodies from acetate, octanoate or oleate was also inhibited by
glycerol. The oxidation of radioactive fatty acids to CO2 was not significantly changed
by glycerol. However, the incorporation of acetate, octanoate or oleate carbons into
liver lipids were increased by glycerol.

Since Edson (7) described in 1936 the
inhibition of acetoacetate production
caused by glycerol, the antiketogenic effect
of this compound has been profusely stud­
ied. Briefly, the effect of glycerol on keto­
genesis has been explained through, the
increase of a-glycerolphosphate concentra­
tion which enhanced fatty acid esterifica­
tion (8, 20); the enhancement of glycolysis
which resulted on the decrease of the oxi­
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dative phosphorylation by competition for
ADP (19). This fact might promote the
decrease of the rate of respiratory chain
which prevented the recuperation of oxi­
dized coenzymes for /3-oxidation, and the
enhancement of the rate of the tricar-
boxilic acid cycle as a consequence of the
decrease of ATP (4, 23) and/or the in­
crease of oxaloacetate concentration (10).
However, none of these hypotheses have
been definitively proved.

The present investigation was designed
to study the effect of glycerol on the fate
of free fatty acids in isolated hepatocytes
from starved rats. Consequently, the ef­
fect of glycerol on the ketone body pro­
duction and on the incorporation of the
radioactivity into ketone bodies, CO2 and 
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liver lipids from acetate, octanoate and
oleate has been investigated.

Materials and Methods

Reagents. Substrates, enzymes and co­
enzymes were obtained from Sigma Chem­
ical Co. Boehringer or Serva Feinbio-
chemical. Standard analytical-grade labo­
ratory reagents were purchased from Sig­
ma or Merck. Bovine serum albumin was
obtained from Armour Pharmaceutical Co.
Sodium pentobarbital was a gift from Ab­
bot Laboratories. l-I4C-acetate, l-I4C-oc-
tanoate and l-^C-olcate were obtained
from The Radiochemical Centre.

Animals. Female albino Wistar rats,
fed on a stock laboratory diet, were used
for experiments between 9 and 10 a.m.
Animals were deprived of food 48 h be­
fore the experiments but were allowed to
take water ad libitum.

Isolation anil incubation of hepatocytes.
Hepatocytes were prepared by the method
of Berry and Friend (2) with the mod­
ifications described by Cornell et al. (5).
Rat livers were perfused with calcium-
free Krebs-Henseleit physiological saline
containing colagenase and hyaluronidase
(0.03 % w/v of each). After 20 min the
liver was scissed and incubated in the
same medium during 10 min. The prep­
aration was filtered through a nylon mesh
(0.44 X 0.44 mm) and washed twice with
Krebs-Henseleit physiological saline (11)
containing dialysed bovine serum albumin
(2.5 % w/v).

Analytical methods. Acetoacetate and
3-hydroxybutyrate were assayed as de­
scribed by Williamson et al. (22) and
long-chain acyl-CoA according to Michal
and Bermeyer (17). Labeled ketone bod­
ies were isolated as acetone-mercurial
complex as described by Bates et al. (1).
Radioactivity found in the carbonylic car­

bon of acetoatetate was considered as one
half of the total. The asymetry labeling of
acetoacctate was not changed by the pres­
ence of glycerol (P. Rosario, unpublished
results). Radioactivity in 3-hydroxybuty­
rate was calculated according to the 3-hy-
droxybutyrate/acetoacetate ratio measured
spectrophotometrically. Radioactivity in
CO2 was measured by trapping in 1 N
NaOH the CO2 evolved after acidification
of the incubation medium with 60 % (w/v)
perchloric acid. Radioactivity in liver lip­
ids was measured in the washed chloro-
form-methanol (2 : 1) liver cell extracts
(6). These fractions are considered as «liv-
er lipidsw which include triacylglycerols,
phospholipids, cholesterol and cholesterol­
esters.

Results

Table I shows the effect of glycerol on
the ketone body production by isolated
hepatocytes from starved rats. 5 mM gly­
cerol inhibited ketone body production
from endogenous substrates, acetate, octa-
noacetate or oleate. Glycerol decreased
the production of both species of ketone
body but 3-hydroxybutyrate production
from acetate was not changed by glycerol.
This was not unexpected considering that
acetate per se depressed the 3-hydroxy­
butyrate synthesis. It is noteworthy that
octanoate and oleate but not acetate in­
creased the 3-hydroxybutyrate/acetoace-
tate ratio suggesting that 3-hydroxybuty­
rate synthesis depends on the reducing
equivalents coming from ^-oxidation.

Table II shows the effect of glycerol on
the fate of radioactivity from labeled ace­
tate, octanoate or oleate in isolated he­
patocytes from starved rats. 5 mM glycerol
inhibited the incorpation of acetate, octa­
noate and oleate carbons into ketone bod­
ies. However, the effect of glycerol was
not observed in the experiment in which
only labeled acetate was added. This fact
suggests that the conversion of acetate
into ketone bodies requires high concentra-
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Table I. Effect of glycerol on ketone bodies production from endogenous substrates,
acetate, octanoate or oleate.

Hepatocytes coming from starved (48 h) rats were incubated for 1 h. Results are expressed
in /imolcs/h/g wet cells and are means + S.E.M. (n = 6-8).

Additions to the
Incubation medium Acetoacetate 3-hydroxybutyrate Ketone

bodies
3-hydroxybutyrate/

acetoacctate

none 38 ± 1 18 ± 1 56 ± 1 0.66

5 mM glycerol 21 ± 1 ** 8 ± 2 “ 29 ± 2 “ 0.38

5 mM acetate 37 ± 2 6 ± 2 43 ± 2 0.18

5 mM acetate 4-
5 mM glycerol 21 ± 1 “ 7 ± 2 28 ± 2 ** 0.32

2 mM octanoate 33 ± 3 60 ± 3 93 ± 5 1.73

2 mM octanoate 4-
5 mM glycerol 12 ± 1 “ 10 ± 1 “ 22 ± 1 “ 0.84

2 mM oleate 39 ± 1 52 ± 2 91 ± 3 1.05

2 mM oleate 4-
5 mM glycerol 25 ± 1 “ 32 ± 1 " 57 ± 1 “ 1.20

Table II. Effect of glycerol on the fate of free fatty acids in isolated rat hepatocytes.
Hepatocytes coming from starved rats were incubated for 1 h in the presence of 10 )xCi of
the radioactive fatty acid per gram of wet cells. Results are expressed in d.p.m. per g of wet

cells X 10“’ and are means ± S.E.M. (n = 6-8).
Additions to the

incubation medium Liver lipids CO2 Ketone bodies

1-,4C acetate 131 ± 11 1.021 ± 38 115 ± 15

1-'4C acetate 4-
5 mM glycerol 213 ± 13 ** 905 ± 20 123 ± 6

1-'4C acetate 4-
5 mM acetate 42 ± 9 653 ± 72 273 ± 10

1-'4C acetate 4-
5 mM acetate,4-
5 mM glycerol

130 ± 17 ** 774 ± 90 138 ± 21 **

1-,4C octanoate 4-
2 mM octanoate 195 ± 33 1.423 ± 120 263 ± 20

1-14C octanoate 4-
2 mM octanoate 4-
5 mM glycerol

567 ± 25 ** 1.768 ± 170 218 ± 8 *

1-,4C oleate-4-
2 mM oleate 1.393 ± 161 608 ± 90 214 ± 30

1-'4C oleate 4-
2 mM oleate 4-
5 mM glycerol

3.065 ± 903 “ 517 ± 62 122 ± 10“

p<0.1; p<0.01.
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lions of acetate to be competitive with
endogenous fatly acids. In addition, ace­
tate increased per se the incorporation of
radioactivity into ketone bodies but de­
creased the label in liver lipids. This re­
sult suggests that the increase of acetate
concentrations decreases the cytosolic uti­
lization of acetyl-CoA for lipogenesis.

On the other hand glycerol increased
the incorporation of acetate, octanoate
and oleate carbons into liver lipids (ta­
ble II). This effect was also observed in
the experiment in which only labeled ace­
tate was added. However the incorpora­
tion of radioactive fatty acids into CO2
was not significantly changed by glycerol.

Table III shows the long-chain acyl-
CoA concentrations in hepatocytes incu­
bated in the experimental conditions used
for the experiments depicted in tables I
and II. The presence of acetate or oleate
in the incubation medium increased the

Table III. Effect of glycerol on long-chain
acyl-CoA concentration in Isolated rat hepa­

tocytes.
Hepatocytes coming from starved rats were
incubated for 30 min. Results are expressed
in /imol/g wet cells and are means ± S.E.M

(n = 6-8).

*• pcO.Ot.

Additions to the
incubation medium

Long-chain
acyl-CoA

none 4.9 ±0.5

5 mM glycerol 5.6 ±0.4

5 mM acetate 5.9 ±0.4

5 mM acetate +
5 mM glycerol 4.3 ±0.2 “

2 mM octanoate 4.9 ±0.4

2 mM octanoate 4-
5 mM glycerol 2.9±0.5 **

2 mM oleate 7.5 ±0.9

2 mM oleate +
5 mM glycerol 8.6 ±1.6

long-chain acyl-CoA concentration in the
liver cells. The effect of oleate is not un­
expected because oleate may be a direct
source of long-chain acyl-CoA. However,
the effect of acetate increasing long-chain
acyl-CoA concentration is striking and
presumably indirect. Although this fact
requires a further investigation, it may be
suggested that acetate decreases the long-
chain fatty acids utilization by competi­
tion with /^-oxidation for coenzyme A.
Thus, the depletion of coenzyme A pre­
sumably caused by acetate might prevent
the conversion of long-chain fatty acids
into acyl-CoA, a compulsory step for
/2-oxidation. On the other hand, 5 mM
glycerol decreased long-chain acyl-CoA
concentration in the presence of acetate
or octanoate (table III).

Discussion

The antiketogenic effect of glycerol has
been explained as a consequence of the
enhancement of the rate of free-fatty acid
esterification caused by the increase of
a-glycerol phosphate concentrations (8,20).
However, the effect of glycerol is also
observed in the presence of octanoate (ta­
bles I and II) which is considered a non-
esterifiable fatty acid (7, 12). Therefore,
it may be assumed that glycerol interferes
with ketogenesis in steps other than ester­
ification. In addition, the antiketogenic ef­
fect of glycerol is also observed in the
presence of acetate (tables I and II) a fact
which suggests that glycerol does not af­
fect carnitin-transferase activities (18, 24)
and/or ^-oxidation. Consequently, it may
be concluded from our results that glyce­
rol interferes with the fate of acetyl-CoA.
Actually, it has been suggested that some
antiketogenic agents inhibit ketogenesis by
the enhancement of the rate of tricarbox­
ylic acid cycle as a consequence of the
increase of the oxalacetate concentrations
(10, 13, 21). This is probably not the case
with glycerol since no changes in the la­
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bsled CO, evolved were observed in the
presence of glycerol (tables I and II). On
the other hand, glycerol increased the
radioactivity incorporated into liver lipids
(table II), a fact consistent with the idea
that glycerol increases the rate of lipo-
genesis de novo. Actually, although the
experiments with oleate do not exclude
the enhancement of esterification, the in­
crease of acetate and octanoate incorpora­
tion into liver lipids clearly suggests that
the presence of glycerol increased the rate
of lipogenesis de novo. Regarding the ex­
periments with oleate, it should be men­
tioned that the enhancement of lipogene­
sis caused by glycerol may increase the
rate of oleate esterification through the
rise of malonyl-CoA concentration. Thus,
it has been suggested that malonyl-CoA
concentration regulates the fate of long-
chain acyl-CoA by the inhibition of pal-
mitoyl-camitine transferase activity (14-
16). Consequently, a rise of malonyl-CoA
concentration may inhibit fatty acid oxi­
dation which in turn increases the rate
of esterification.

Likewise, it may be suggested that the
effect of glycerol on ketogenesis may be
mediated by the stimulation of malonyl-
CoA synthesis and/or the citrate efflux
from mitochondria as the main limiting
steps of lipogenesis. Actually, it has been
reported that long-chain acyl-CoA inhibits
acetyl-CoA carboxylase activity and mito­
chondrial citrate transporter (3, 9). If so,
a decrease of long- chain acyl-Co A concen­
tration as a consequence of the enhance­
ment of acyl-glycerol synthesis caused by
glycerol may decrease the rate of keto­
genesis through the deinhibition of lipo­
genesis. Actually, glycerol decreased long-
chain acyl-CoA concentration in the pres­
ence of acetate or octanoate (table III) but
this effect was not observed in the pres­
ence of oleate or in the absence of exog­
enous fatty acids. However it should be
pointed out that the proposed mechanism
for the deinhibition of lipogenesis required
changes in the long-chain acyl-CoA con­

centrations which may not be detectable
with the available methods. Consequently,
it may be assumed that in the presence
of oleate or in the absence of exogenous
fatty acids the changes of long-chain acyl-
CoA pool which controls lipogenesis may
be overlapped by the changes of the long-
chain acyl-CoA concentrations which pre­
sumably occur in other cellular compart­
ments in these circumstances.

In conclusion, our results suggest that
glycerol inhibits ketogenesis by increasing
the rate of lipogenesis de novo. Wheth­
er this effect is mediated by the decrease
of long-chain acyl-CoA concentrations
caused by glycerol which deinhibits the
acetyl-CoA carboxylase and/or citrate
transporter, or by other unknown mech­
anism remains to be dilucidated.
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Resumen

Se estudia el efecto del glicerol sobre el des­
tine de los ticidos grasos en hepatocitos proce-
dentes de ratas en ayuno. El glicerol 5 mM in-
hibe la production de cuerpos cetonicos a
partir de substrates endogenos, acetato, octa-
noato y oleato, asi como la incorporaci6n en
cuerpos cetonicos de la radiactividad proce-
dente de acetato, octanoato y oleato. La pre-
sencia de glicerol no modifica substancialmente
la oxidaci6n a CO3 de los dcidos grasos ra-
diactivos, aunque aumenta significativamente
la incorporaci6n de C14 procedentes de aceta­
to, octanoato u oleato en lipidos hepfiticos.
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