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Summary. Carbohydrate and lipid metabolism has
been studied in perfused livers of lean and obese-hyper-
glycaemic (0b/ob) mice. The capacity for gluconeogenesis
from lactate or pyruvate was similar in livers of both
groups of mice. Incorporation of carbon from labelled
pyruvate into hepatic lipids was much higher in livers of
ob/ob mice than in those of lean controls. Total lipogenesis,
as well as newly synthesized triglyceride secretion by
perfused livers, was also estimated, by measuring 3H
(from. 3H,O) incorporation into total (i.e. liver 4 per-
fusate) and perfusate triglyceride fatty acids. Lipogenesis,
both in the absence or in the presence of substrates, was
greater in livers of ob/ob mice than in those of lean con-
trols, as was newly synthesized triglyceride secretion. In
the absence of oleate in the perfusate, the secretion of
unlabelled triglyceride by livers of 0b/ob mice was much
higher than that of non-obese mice, but it did not increase

The Bar Harbor obese mice (C57 BL/6J 0bjob) are
characterized by hyperglycaemia, hyperinsulinaemia
and obesity. They are thus an interesting experimental
model, since they bear some resemblance to human
maturity onset diabetes. It has been previously re-
ported that lipogenesis in both liver and adipose tissue
in vivo [1—3] or in vitro [4, 5] is greater in the obese
animals than in lean controls. In the liver of ob/ob
mice, the increase in lipogenesis is paralleled by an
augmentation in the activity of several lipogenic
enzymes, such as acetyl CoA carboxylase [6], fatty acid
synthetase [6] and citrate lyase [7], and by an increase
in hepatie triglyceride content [4].

One of the difficulties encountered in previous in-
vestigations has been the lack of a satisfactory method
for the in vitro study of liver metabolism. We have
recently developed a method enabling the in situ per-
fusion of livers of small rodents, such as the mouse [8].
Using this technique, we have studied carbohydrate
metabolism and, more specifically, lipogenesis and
triglyceride secretion by the perfused liver of lean and
objob mice. We have also attempted to assess the role
of hyperinsulinaemia in the disorders of lipid metab-
olism observed in livers of ob/ob mice.
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3.552.71 and No 3.8080.72 of the Fonds National Suisse de
la Recherche Scientifique, Berne, Switzerland, and by a
Grant-in-aid of Nestlé-Alimentana, Vevey, Switzerland.

further upon addition of oleate, as it did in livers of lean
controls. Ketone body production by livers of ob/ob mice,
perfused with albumin bound oleate, was considerably
lower than that observed in control livers. When 0b/ob
mice were made relatively insulin deficient by streptozo-
tocin treatment, all these anomalies of lipid metabolism
were restored towards normal. It is proposed that hyper-
insulinaemia is responsible, at least in part, for the ab-
normalities in lipogenesis, triglyceride secretion and fatty
acid oxidation to ketone bodies observed in livers of the
obese-hyperglycaemic mice.
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Materials and Methods

Anvmals

Male obese (C57 BL/6J ob/ob) mice purchased from
Jackson Memorial Laboratories, Bar Harbor, Maine,
and lean controls (C57 BL/6J), mice bred in these
Laboratories were used throughout these studies. They
were fed ad Libitum with laboratory chow, maintained
in a constant temperature (23°C) animal room, with a
fixed (12 h) artificial light cycle, and used at 8—11
weeks of age. Despite these precautions, variations in
some metabolic indices (particularly in lipogenesis)
have been encountered from one month to another.
Absolute values are therefore sometimes less meaning-
ful than relative ones. Mice made insulin-deficient were
injected intraperitoneally, following a fast of 24 h,
with 220 or 230 mg/kg streptozotocin (The Upjohn
Company, Kalamazoo, Michigan), diluted in 0.99,
NaCl, acidified (pH 4) with 0.05 M citric acid.

Perfusion Technique and Medium

Mice were anaesthetised by intraperitoneal injec-
tion of Nembutal (110 mg/kg) and livers were perfused
wn silu, according to the method described previously
[8]. In most experiments, livers were perfused with re-
circulating Krebs-Ringer bicarbonate buffer, containing
1.5%, bovine serum albumin (Boehringer Mannheim
GmbH, Mannheim, Germany), defatted with charcoal
according to Chen [9], 259, charcoal-treated bovine
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serum [107, 209/, washed bovine erythrocytes [8], and
3H,0 (8 mCiin 50 ml perfusate), as indicated for each
individual experiment. The addition of serum to the
perfusate was found to be an absolute requirement for
triglyceride secretion. The reason for this is unknown,
but may be related to the presence of an apoprotein in
the serum, as well as to some other factor(s). Bovine
serum was used since it would have been impractical to
obtain the quantities of mouse serum required. It is
not known whether mouse serum would have allowed
a greater triglyceride output. In experiments carried
out with labelled pyruvate (U-14C pyruvate, 2.5 pCi in
50 ml perfusate), the perfusion medium was not re-
circulated (“flow through experiment’’) and was modi-
fied to consist of Krebs-Ringer bicarbonate buffer,
with 8.5% defatted albumin, 209, washed bovine
erythrocytes, but no serum.

Analysis of Perfusate and Tissues

Aliquots (3 ml) of perfusion medium, were taken at
30 min intervals. 0.5 ml was deproteinized in 0.5 ml
1 N perchlorie acid and used for the determination of
lactate [11], pyruvate [12], acetoacetate [13] and g-
hydroxybutyrate [14]. The nondeproteinized medium
was centrifuged at 4°C and the supernatant was used
to measure glucose with the glucose oxidase method
(Biochemica test combination kit, Boehringer, Mann-
heim GmbH, Germany), free fatty acids by the method
of Ho [15], as modified by Heindel et al. [16], and tri-
glycerides [10]. 1C glucose appearance in the perfusate
was measured following a previously described method
[8], with aliquots (0.5 ml) that had been deproteinized
with 0.15 M Ba(OH), and 5%, ZnS0O,. The production
of 14C0, by perfused livers was measured by collecting
the perfusate, over a period of 2 min, in a closed tube
fitted with a hanging plastic cup, containing a small
piece of filter paper moistened with 1 N NaOH.
Following the collection period, 2 ml of 1 N H,S0,
was added to the perfusate and 1 h later the filter paper
was removed, dried and counted in toluene seintillation
fluid. Blanks were done with perfusate which had not
been circulated through a liver. At the end of the ex-
periment with recirculating medium, the remaining
medium was collected and centrifuged. A 4 ml sample
was extracted according to the procedure of Folch ef al.
[17], and washed 4 times. Following removal of the
upper phase, the chloroform phase was dried and
saponified for 60 min at 75° with 3 ml 0.5 N, alcoholic
KOH. The alkaline solution was then acidified with
259, H,80, and fatty acids extracted 3 times with
petroleum ether. Petroleum ether extracts were
evaporated, the fatty acids redissolved in toluene
scintillation fluid and their radioactive content deter-
mined in a liquid scintillation Spectrometer (Packard
Instrument, Inc., Tri-Carb Model 3380, Downers Gro-
ve, Illinois). The non-saponified fraction found in the
perfusate was negligible and its extraction therefore
omitted. Pieces of liver (300—400 mg) were homo-
genized by sonication (Sonifier B-12, Branson Sonic
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Power Company, Connecticut) in methanol and their
lipids extracted and washed 3 times according to Folch
et al. [17]. The chloroform phase was dried and saponi-
fied for 90 min at 75° in 3 m! 0.5 N alecholic KOH. The
non-saponifiable fraction was extracted 3 times with
petroleum ether, the infranatant acidified, and fatty
acids exfracted into petroleum ether as described
above. Aliquots of the saponifiable fraction were evap-
orated and counted for their radicactive content. Liver
lipids were determined by weighing aliquots of the
washed chloroform extract after evaporation.

Electron Microscopy

The thin sections were prepared in a manner des-
cribed previously [10] and were examined with a Phi-
lips EM 300 or Zeiss EM 9 microscope.

Calculations

All results have been expressed per gramme of wet
liver weight. Tritium incorporation into lipids was
calculated on the basis of H* specific activity in the
initial medium (53 M water concentration) and results
given as patom H* per gramme wet liver weight.
3H,0 specific activity did not change during the 2 h
perfusion time. '

Chemicals

All organic and inorganic chemicals were purchased
from E. Merck (Darmstadt, Germany) or Fluka AG
(Buchs, Switzerland) and were of analytical grade.
Labelled compounds came from the Radiochemical
Centre (Amersham, Buckinghamshire, England). Most
enzymes and coenzymes were a gift of Dr. Schmidt
(Boehringer Mannheim GmbH, Mannheim, Germany).
Zeolite was obtained from Serva (Entwicklungslabor,
Heidelberg, Germany).

Results

Gluconeogenesis by Perfused Livers of Fed or Fasted
Non-Obese and obfob Mice

As shown in Table 1, basal glucose production was
similar in livers of both fasted lean and fasted ob/ob
mice, although livers of 0b/ob mice were not completely
depleted of glycogen even after a 24 h fast (liver gly-
cogen content: fasted lean mice =less than 1 mg/g
liver, fasted ob/ob mice between 1 -5 mg/g liver). The
addition of lactate to the perfusate resulted in an
augmentation in net glucose production, due to glu-
coneogenesis, that was similar in livers of both groups
of mice (Table 1). Similarly, in fed animals, rates of
gluconeogenesis were the same in lean and 0b/ob mice
when labelled glucose production from labelled pyru-
vate was measured (Table 2).
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Lipogenesis and Triglyceride Secretion by Perfused
Livers of Lean and objob Mice

As illustrated in Fig. 1, it is obvious that livers of
0b/ob mice have an abnormal regulation of lipid metab-
olism that eventually results in excessive storage of fat
within the hepatocytes. Thus, liver parenchymal cells
of ob/ob mice contain numerous lipid droplets of vary-
ing size, whereas only a few lipid droplets can be ob-
served in the hepatocytes of lean controls. This mor-
phological observation is consonant with the finding of
a much higher total lipid and triglyceride content in
livers of o0b/ob than in those of control mice (total
lipids 32 42 (n=13) mg/g for controls, 243 + 12 (n=
12) for ob/ob; triglycerides 15 -- 2 for controls, 151 - 12
for ob/ob).

Table 1. Gluconeogenesis in perfused livers of fasted lean
and ob/ob mice

Glucose production,

(wmoles/g/h) Glucose
production
Animals  No substrate 10 mM lactate (umoles/g/h)
in perfusate in perfusate
(A) (B) (B—4)
Lean 1417 6248 48
objob 816 55-+5 473

Livers from 24 h fasted mice were perfused with re-
circulating medium. Lactate was added to the reservoir
at the beginning of the experiment. Each value is the
mean of 5 experiments -+ S.E.

a Difference from control livers : NS.

Table 2. Pyruvate metabolism by perfused livers of fed lean
and obfob mice

Lean objob
Perfusate: (vmoles/g/h)
Pyruvate uptake 12042 11244
Lactate production 4943 3145
14C glucose production 1641 1942
10 pyruvate oxidation to CO, 1241.3 6+1.22
Liver: (vmoles/g/h)

C pyruvate incorporation 0.9640.23 2.47-4-0.38P

into fatty acid

Livers from mice were perfused with non-recirculating
medium containing 2 mM U-14C pyruvate (25 pCi/mmole).
Each value is the mean of 3 experiments - S.E.

2 p < 0.05.
b p < 0.05.

In an attempt to delineate the anomalies of lipid
metabolism prevailing in the liver of 0b/ob mice, a first
series of experiments was carried out using U-14C
pyruvate as a substrate (Table 2). Interference by
other labelled substrates (e.g. glucose), derived from
labelled pyruvate, was avoided by using a “‘flow
through” technique in which the perfusion medium
was collected after a single passage through the liver.

The uptake of pyruvate and the production of
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lactate were similar in livers of both lean and objob
mice. Hepatic C-pyruvate oxidation to CO, was lower
in livers of 0bjob mice than in non-obese controls, but
the incorporation of pyruvate carbon into triglyceride
fatty acids was 2.5 fold higher in livers of objob mice
than in those of lean controls. The relative incorpora-
tion of pyruvate carbon into liver triglyceride fatty
acids, triglyceride glycerol and the non-saponifiable
fraction is shown in Fig. 2. The incorporation of
pyruvate carbon into triglyceride fatty acids was con-
siderably higher in livers of 0b/ob than in those of non-
obese controls, in which most of the pyruvate carbon
was incorporated into the triglyceride glycerol moiety.
As liver glycogen stores are different [18], and as
activities of glycolytic and gluconeogenic enzymes
differ in livers of lean and obfob mice [19], it was
thought that specific activity of pyruvate within the
liver was also likely to differ markedly, thus making
the interpretation of results difficult. To overcome this
potential problem, the next series of experiments
measured the incorporation into lipids of tritium from
3H,0, according to a method previously reported [20,
21]. The specific activity of tritiated water in perfusate
and tissues being constant and identical in both
groups, experiments could be performed with recircu-
lating medium. This permitted the simultaneous
measurement, of total lipogenesis (i.e. 3H incorpora-
tion into triglyceride fatty acids of liver + perfusate)
and of newly synthesized triglyceride release (i.e. 3H
incorporation into perfusate triglyceride fatty acids).
Using this procedure it was observed (Table 3) that
basal lipogenesis (i.e. no added substrate) was much
higher in livers of ob/ob than in those of control mice.
The addition of various substrates, such as glucose,
fructose, pyruvate or acetate, resulted in increases in
lipogenic rates that were always greater in ob/ob mice.
In a similar fashion, secretion of newly synthesized
triglycerides, both in the presence and absence of
lipogenic substrates, was greater in livers of ob/ob
mice. However, the relative proportion of newly
synthesized triglycerides was about the same in both
groups (Table 3). When total secretion of triglycerides
(i.e. unlabelled +-labelled) was measured, it was ob-
served (Fig. 3) that perfused livers of lean mice
secreted triglycerides at a low rate in the absence of
fatty acids in the medium, and that the secretion was
greatly stimulated by the addition of albumin-bound
oleate, as previously reported for perfused rat livers
[22]. In contrast, basal secretion of triglycerides by
livers of ob/ob mice was considerably higher than that
of the controls, but was not further stimuilated by the
addition of oleate to the perfusion medium (Fig. 3). In
other experiments, it was observed (Table 4) that,
although the uptake of oleate was similar in livers of
lean and obese mice, oleate oxidation to ketone bodies
was considerably smaller in the livers of ob/ob mice. In
addition, the presence of oleate resulted in an inhibi-
tion of lipogenesis from glucose only in livers of lean
mice.

11
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Lipogenesis and Triglyceride Secretion by Perfused
Livers of Lean and oblob Mice Treated with Streptozo-
tocin

As objob mice are continuously exposed to high
plasma insulin levels and, as insulin has been shown to
stimulate liver lipogenesis [23, 24], it seemed possible
that insulin might play a role in the anomalies of lipid
metabolism observed in livers of objob mice. To test
such a possibility, ob/ob mice were treated with strepto-
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zotocin to make them relatively insulin-deficient. Their
livers were perfused 6—10 days later and compared
with livers of untreated ob/ob mice. The results of
these experiments are illustrated in Table 5. As can be
seen, the incorporation of tritium into total triglyceride
fatty acids was markedly reduced in livers from the
streptozotocin-treated, obese mice. Similarly, newly
synthesized triglyceride secretion, as well as total
hepatic lipid content, was reduced in livers from

Fig. 1A. Liver from a lean mouse. The hepatocytes contain only a few lipid droplets (arrows). Fig. 1B. Liver from an
ob/ob mouse. Numerous lipid droplets (L) are seen within the hepatocytes. B: Bile canaliculus; 8: Sinusoid. Fig.
1A and B x 2000

A B
Pyruvate L
incorporation
pmoles/g/hr
3 -
21 D glycerol
0
gagonifiable
1 N\ fatty acids
0 DN

Fig. 2. Lipogenesis from pyruvate in perfused livers of
fed lean and ob/ob mice. Livers were perfused with non-
recirculating medium containing 2 mM U-1C pyruvate.
(lycerol = triglyceride glycerol. Fatty acids = triglyceride
fatty acids. Radioactivity in the triglyceride fatty acid
and the non-saponifiable fractions, as well as in total
lipids, has been measured as described in Materials and
Methods; triglyceride glycerol was then calculated from
total lipids. Each bar represents the mean of 5 experi-
ments - S.E. A: lean mice. B: 0b/ob mice

streptozotocin-treated objob mice (Table 5). It should
be emphasised that streptozotocin-treatment did not
change glucose or urea production in subsequently per-
fused livers. The anomalies of triglyceride secretion,
previously observed in perfused livers of ob/ob mice
(Fig. 3), could also be restored towards normal by
treatment of these mice with streptozotocin (Fig. 4).
Thus, livers from untreated ob/ob mice exhibited a
high basal triglyceride secretion, which could not be
further stimulated by oleate. In contrast, the secretion
of triglyceride by livers of streptozotocin-treated, objob
mice was markedly decreased and reached values that
were close to those observed in livers of non-obese con-
trols. Furthermore, such livers were now able to re-
spond to the addition of albumin-bound oleate to the
perfusate, with a marked increase in friglyceride secre-
tion. Similarly, in the presence of added oleate, ketone
body production by livers of untreated obese mice was
very low, but attained, following streptozotocin-
treatment, values that were comparable to those ob-
served in livers of lean controls (Fig. 5).
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Table 3. Incorporation of tritium into triglyceride fatty acids (TGFA) by livers of fed lean and 0bfob mice perfused with
tritiated water: effect of various substrates

Lean Obese

Substrate No of SH incorporation into: SH incorporation into:

added expts. Total TGFA»2 Released TGFAP 9, TGFA Total TGFA=2 Released TGFAP 9 TGFA
(vatom H/g/h) released¢ (uatom H/g/h) releasedc

0 8 38+ 5 8+ 3 21 934-17 204 4 22

Glucose

(11 mM) 4. 10313 214 5 20 3184-27 74413 23

Fructose

(2 mM) 3 92420 13+ 5 14 218413 39+ 7 18

Pyruvate

(1 mM) 4 78114 114 3 14 10613 181 4 17

Acetate

(10 mM) 4 347453 68412 20 614475 94121 15

Livers from fed mice were perfused with recirculating medium containing tritiated water. Substrates were added
to the reservoir at the beginning of the experiments. Values are means of 3— 8 experiments + S.E. as indicated.

a — Total TGFA = incorporation of tritium into triglyceride fatty acids of liver + perfusate.

b = Released TGFA = incorporation of tritium into triglyceride fatty acids released into the perfusate = index of
release of newly synthesized triglycerides.

¢ = Percentage of total TGFA that is released.

|

Table 4. Effect of oleate on ketogenesis and lipogenesis by perfused livers of fed lean
and ob/ob mice

Experiment A Experiment B
Animals  Oleate uptake Ketone body pro- 2H incorporation into total
duction TGFA
(wmolos/g/h) (uatom H/g/h)
Without oleate With oleate
Lean 16.941.2 17.44-1.9 94414 454 11a
ob/ob 14.44-0.4 7.240.3 19726 138+ 7P

Experiment A: Livers from fed mice were perfused with non-recirculating
medium containing 1.2 mM oleate. Ketone body production: acetoacetate + §-
hydroxybutyrate.

Experiment B: Livers from fed mice were perfused with recirculating medium
containing tritiated water, 11 maM glucose and 1 mM oleate as indicated. Lipogenesis
refers to incorporation of tritium into total (i.e. liver 4 perfusate) triglyceride fatty
acids (TGFA). All values are means of 3 experiments + S.E.

a — QOleate effect, p < 0.05; » = Oleate effect, N.8.

Table 5. Effect of streptozotocin diabetes on tritium incorporation into triglyceride faity acids (TGFA) by livers of fed ob/ob
mice perfused with tritiated water

®H incorporation into:

Streptozotocin  No of A body Plasma Plasma IRI  Liver lipids
administered expts. weight glucose Total TGFA2 Released TGFAP
(mg/kg) () (mg%) (ng/rml) (mg/g) (vatom H/g/h)
Experiment A )
0 4 +6.4 297423 4.741.2 146421 179422 3647
220 4 —+0.7 4024-44 1.840.3 75414 93418 2244
Experiment B
0 6 +3.0 280428 6.842.2 17917 1244-19 2645
230 5 —2.7 382440 1.9+0.3 67416 19+ 6 742

Ob/ob mice were injected i-p with streptozotocin as indicated. Liver perfusions were carried out 10 (Experiment A)
or 6 days (Experiment B) after streptozotocin treatment. A body weight refers to weight changes between day of
streptozotocin-treatment and experimental day. Plasma glucose and insulin levels were measured immediately prior
to experiments. Livers were perfused with recirculating medium containing tritiated water and 11 mM glucose. 8 =
Total TGFA = incorporation of tritium into trigtyceride fatty acids of liver -+ perfusate. ¥ = Released TGFA =in-
corporation of tritium into triglyceride fatty acids released into the perfusate. Values are means of 4—6 experiments
4 8.E., as indicated. Due to metabolic variability from one month to another it should be stressed that livers of lean
non-treated mice perfused at the same time under the same conditions exhibited a ®H incorporation into total TGFA
of 45 + 3 patom H/g/h (mean of 6 exp. - S.E.).

i1*
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Fig. 3. Secretion of total (unlabelled - labelled) triglycerides by perfused livers of fed lean and ob/ob mice: Effect of
oleate. Livers were perfused with recirculating medimm containing 11 mM glucose and, when indicated, 2 mM oleate.
Each point is the mean of 3 experiments 4 S.E. A: lean mice. B: ob/ob mice
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Fig. 4. Secretion of total (unlabelled + labelled) triglycerides by perfused livers of fed, non-treated and streptozotocin-

treated objob mice: Effect of oleate. Livers were perfused with recirculating medium containing 11 mM glucose and,

when indicated, 2 mM oleate. Streptozotocin-treated ob/ob mice received 230 mg/kg of the compound i-p 6 days prior

to experiments. Each point is the mean of 5—6 experiments £ S.E. Treated ob/ob mice: with oleate versus without,
p < 0.0125. A: non-treated objob mice. B: streptozotocin-treated ob/ob mice
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Fig. 5. Ketone body production (acetoacetate 4- f-hydroxybutyrate) by perfused livers of fed lean, non-treated and

streptozotocin-treated ob/ob mice. Exptl. conditions as described in Fig. 3 except for oleate concentration (1.2 mM)

Each point is the mean of 3 experiments £+ S.E. A: lean mice. B: non-treated ob/ob mice. C: streptozotocin-treated
objob mice
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Discussion

The experiments summarized in this study provide
the first attempt to investigate lipogenesis and tri-
glyceride secretion in livers of non-obese and ob/ob
mice using a perfusion technique.

The experiments carried out with U-%#C pyruvate
as substrate (Table 2, Fig. 2) show that liver lipogenesis
is greatly increased in livers of 0b/ob mice. In addition,
these experiments indicate that pyruvate carbon in-
corporation into triglyceride fatty acids is much greater
in livers of objob mice than in lean controls. The in-
creased lipogenesis in livers of objob mice was also
demonstrated in experiments using 3H,0, in which
basal lipogenesis, as well as lipogenesis stimulated by
glucose, fructose, pyruvate or acetate, was, on a per
gramme liver basis, two or three times higher in livers
of ob/ob mice than in controls (Table 3). Furthermore,
a close relationship appears to exist between total lipid
synthesis and release of newly synthesized triglyceride
in livers of both normal and obese mice. Consequently,
livers of objob mice release, under all circumstances,
more newly formed (i.e. labelled) triglyceride than
livers of the non-obese controls. In addition, total (i.e.
unlabelled 4 labelled) triglyceride secretion is also
considerably higher in 0b/ob mice. Such total triglycer-
ide secretion appears to be maximally stimulated in
livers of ob/ob mice, since it cannot be stimulated
further by an exogenous fatty acid, such as oleate. It is
interesting that, when 0bjob mice become relatively in-
sulin-deficient, following streptozotocin-treatment, he-
patic lipogenesis in the presence of glucose, as well as
release of newly synthesized triglycerides, are both
restored towards normal (Table 5). The very high
release of total triglycerides observed in livers of ob/ob
mice (Fig. 3, 4) is also greatly reduced following
streptozotocin-treatment and, more importantly, tri-
glyceride secretion can, under these conditions, be
stimulated by exogenous fatty acids, as in livers of non-
obese mice. On the basis of these experiments we pro-
pose that the anomalies of lipid metabolism prevailing
in livers of ob/ob mice are due, at least in part, to a
chronic stimulation of the hepatic parenchyma by in-
sulin, due to the well-documented hyperinsulinaemia
of these animals. Although the mode of action of in-
sulin on hepatic carbohydrate and lipid metabolism is
still unclear, the concept of a causal role of hyperin-
sulinism in the lipid disorders of ob/ob mice is in keep-
ing with previous studies carried out on insulin action,
using perfused rat livers or rat liver slices. Thus, as
recently reviewed by Nikkild [23] and Lowenstein [24],
insulin has been shown to increase acetate incorpora-
tion into fatty acids in rat liver slices incubated. in vitro.
Addition of insulin also resulted in increased lipogenesis
from acetate or glucose in perfused livers of normal
rats [23, 24]. Conversely, livers of rats made diabetic
with alloxan, or treated with anti-insulin serum,
showed an extremely low rate of lipogenesis, which was
restored to normal by the administration of insulin

[23, 24]. It has also been shown that insulin is able to
stimulate triglyceride output from perfused rat livers
[25], and to increase labelled glucose carbon incorpora-
tion into triglycerides released by rat liver slices [26].
Rat liver cells do not have an insulin-sensitive per-
meability barrier to glucose [27] and it has been pro-
posed that insulin may exert its effect on fatty acid
synthesis in this tissue by influencing the activity of
glucokinase [28], or other enzymes involved in lipid
synthesis [23, 24]. Insulin also appears to decrease
hepatic triglyceride lipase, perhaps by lowering tissue
levels of cyclic AMP [23]. It is possible that such in-
sulin mediated changes prevail in livers of ob/ob mice
and that the chronic presence of insulin results in a
continuous stimulation of glucose utilization (with
consequent production of reduced coenzymes), a
channelling of acetyl-CoA into long chain fatty acids and
a depression of hepatic triglyceride hydrolysis. The as-
sociation of high triglyceride content, high lipogenesis,
high triglyceride secretion and very low ketogenesis ob-
served, in the present study, in livers of 0b/ob mice are
in agreement with such a view. Also, the lesser inhibi-
tory effect of added oleate on hepatic lipogenesis in 0b/
ob mice (Table 4) might be related to a decreased fatty
acid or fatty acyl-CoA accumulation in livers chroni-
cally stimulated by insulin.

In addition, as previously reported [29], these ex-
periments indicate that the capacity for gluconeogen-
esis from lactate or pyruvate is not altered in perfused
livers from fed or fasted objob mice, when compared
with that of lean mice.
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