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Summary

Isolated rat livers perfused in an open system exhibited a continous
net release of free acetate. 'pon intraportal infusion of hexanoate the
net release of total ketone bodies and of free acetate increased signi-
ficantly in livers from fed and 48 hours starved rats. The ratio ketone
body production/acetate production during infusion of hexanoate was simi-
lar with livers from fed and starved rats. Livers from diabetic rats,
however , did not only exhibit a higher rate of ketone body and acetate
production, but also a significant decrease of the ratio ketone body
production/acetate production. Intraportal infusion of oleate led also
to an enhanced release of free acetate. An examination of the activities
of 5 enzymes involved in ketone body and acetate metabolism showed no
correlation with the higher rate of acetate production by diabetic
livers.

INTRODUCTION

Usually the metabolic disorder in diabetic ketosis is more
severe than in starvation ketosis, even when the plasma levels
of ketone bodies are in the same range under both conditions.
Moreover, in balance studies total oxidation, ketone body pro-
duction, and synthesis of triglycerides could not completely
account for the total amount of non-esterified fatty acids
(NEFA) taken up by the liver, and this discrepancy increased
further during starvation (1).

Therefore, we have studied whether the liver is able to
release free acetate, and if so, whether the rate of acetate
release might be influenced by the supply of free fatty acids

and by the metabolic state.

901
Copyright © 1974 by Academic Press, Inc.
All rights of reproduction in any form reserved.



Vol. 57, No. 3, 1974 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

MATERIALS AND METHODS

For the study of acetate metabolism in isolated perfused
rat liver the glasware and tubings of the perfusion apparatus
had to be sterilized. The perfusion was performed in an open
system in order to permit the measurement of porto-caval con-
centration differences across the liver. The medium consisted
of Krebs-Henseleit bicarbonate buffer plus S/ug'mf1 ampi-
cillin with or without bovine serum albumin. When albumir
was used (as in experiments with long-chain fatty acids), it
was extensively dialysed and concentrated in a hollow fiber
dialysis apparatus and finally lyophilized. The medium was
filtered through a Millipore filter (pore size 0.45/u) imme-
diately before use.

The analysis of acetate was performed according to Berg-
meyer and Moellering (2). For this purpose 2 ml of the medium
were brought to pH 3.0 with 0.5 M citrate buffer, and a micro-
distillation according to Bartley (3) was performed. A correc-
tion for the losses during the distillation procedure was made
by the aid of (1—14C) acetate. After transfer of the liver to
the perfusion chamber, the organ was first perfused in a
recirculating system for 15 minutes. Thereafter, the non-re-
circulating perfusion was started (6 ml -g‘q-minm1 , tempera-
ture 32°C).

The activity of B-ketothiolase (EC. 2.3.1.9), B-hydroxy,
B-methyl-glutaryl-CoA synthase (EC. 4.1.3.5), B-hydroxy,
B-methyl-glutaryl-CoA lyase (EC. 4.1.3.4) were determined
according to Williamson et al. (4), acetate thiokinase

(EC. 6.2.1.1) according to Barth et al. (5), and acetyl-CoA

deacylase (EC. 3.1.2.1) according to Hepp et al. (6).

Alloxan diabetes was induced by intravenous injection of
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50 mg 'kg_1 of alloxan monohydrate into 24 hours starved male
Wistar rats. .The animals were treated with 4-8 units of insulin
(Lente-Insulin, NOVO) per day for about 2 weeks. Thereafter the
insulin treatment was stopped. The experiments were performed

60 hours after the last injection of insulin.

RESULTS ANDDISCUSSION

The results are summarized in tables 1 to 3. Livers from
chow-fed control rats produced very little ketone bodies during
this period (table 1).

In the presence of hexanoate the production of ketone bo-
dies increased but there was no significant difference between
livers from normal and from starved rats (table 1). Livers from
diabetic animals again produced significantly more ketone bodies
than was found in the other groups. After cessation of the hexa-
noate infusion, ketogenesis by livers from fed or starved rats
returned to the low basal values, but remained high in experi-
ments with livers from diabetic rats (table 1).

A net release of acetate occured with livers from all 3
groups {(table 1). However, this release was small with livers
from fed and 48 hours starved rats, whereas livers from dia-
betic animals released 3-4 times more acetate (table 1). When
hexanocate was infused a significant increase in the production
of free acetate was measured in all 3 groups. Again, there was
no significant differencé between livers from fed and starved

animals, while livers from diabetic animals released significantly

more acetate. Moreover, the absolute increase of acetate re-
lease following the infusion of hexanoate, was higher with
livers from diabetic animals. After cessation of the hexanoate

infusion, the release of acetate decreased to the same extent
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with livers from fed and from starved rats. Acetate production
by livers from diabetic animals decreased, but remained elevated

as it was before the infusion of hexanoate. Looking at the ratio

Xetone body release
acetate release

one can see (table 1) that this ratio is
similar with livers from fed and from starved rats during the
infusion of hexanoate, but much lower with livers from diabetic
rats. In cases of very severe diabetic ketosis ratios below 2

were observed (figure 1).
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Figure 1

Net production of total ketone bodies and acetate by an isolated
perfused liver from a severely alloxan diabetic rat. The dotted
lines refer to the release of total ketone bodies and acetate by
isolated perfused livers from non-diabetic fed rats. In all ex-
periments 1 mmole -h—1 of hexancate was infused intraportally from
the 4th to the 16th minute,

We are reluctant to bear too much on the ratios in the ab-
sence of hexanoate infusion, since at least in the non-diabetic

animals the rates of production of ketone bodies and acetate
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Table 2

Net formation of total ketone bodies (acetoacetate+3-hydroxybutyrate)
and of free acetate by the isolated perfused liver from an alloxandia-
betic rat. The perfusion was performed in an open system with Krebs-

Ringer bicarbonate medium containing 2% bovine albumine. From the 6th

to the 14th minute oleate (2 mmoles -h_1) was infused intraportally.
The albumin and the oleate were free of acetate.

For further details see Materials and Methods.

Total ketone Ketone body production
Time bodies Acetate Acetate production
(nmoles - g liver™! -min-1) (ratio)
o 765 945 0.81
1 447 174 2.57
3 905 273 3.32
5 569 226 2.52
6 685 209 3.28
8 1080 226 4.78
10 1172 556 2.11
11 1056 586 1.80
12 915 590 1.55
14 810 493 1.64
15 465 475 0.98
16 545 302 1.80
18 500 255 1.96
19 800 145 5.52
20 185 138 1.34

were very low, and therefore the ratios showed a large variation.
In order to avoid the argument that the high rates of acetate re-
lease by diabetic livers were the result of an insufficient

oxygen supply in the hemoglobin-free system, we performed 3 ex-
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periments with livers from severely diabetic rats in which the
medium contained washed aged human red cells. These livers (not
shown here) exhibited the same high rate of production of total
ketone bodies and free acetate as seen without red cells.

In 3 experiments with alloxan-diabetic rats oleate instead
of hexanoate was infused intraportally. In all 3 experiments the
infusion of oleate led to a significant release of free acetate
addition to ketone body production. A typical example is given
in table 2.

Except under conditions where ethanol is oxidized free ace-
tate arises mainly from the deacylation of acetyl-CoA. There-
fore, the net formation of free acetate will be determined by the
equilibrium between deacylation of acetyl-CoA and the reactiva-
tion in the acetate thiokinase reaction. For this reason, the
activities of acetate thiokinase and acetyl-CoA deacylase to-
gether with the activities of B-hydroxy, B-methyl-glutaryl-CoA
synthase, B-hydroxy, B8-methyl-glutaryl-CoA lyase, and B-keto-
thiolase were examined. The results are summarized in table 3.

The activities of B-hydroxy, B-methyl-glutaryl-CoA synthase
and B-hydroxy, B-methyl-glutaryl-CoA lyase showed a small in-
crease in both starvation and diabetes (table 3). This is in
accordance with similar findings of Williamson et al. (4) during
starvation. The decrease of the activity of acetate thiokinase
during starvation is in accordance with the data of Barth et
al. (5) and Murthy and Steiner (7}.

The ratio acetyl-CoA deacylase/acetate thiokinase increased
form 0.89 in fed rats to 2.65 in starved and to 1.79 in dia-
betic rats.

Therefore, the higher absolute and relative production of

free acetate by livers from diabetic animals cannot be ex-
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plained by a higher degree of acetyl-CoA deacylation or a lower
degree of acetate reactivation. An impaired oxidation of acetyl-
CoA during severe diabetes is the most likely explanation.
Studies performed in clinical patients in various metabolic
states (Seufert,Mewes and S6ling (8) ) will demonstrate that

the metabolism of free acetate has to be considered also in man.
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