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Summary. The effects of a high-fat diet on ketonemia and other plasma parameters of
gluconeogenesis and ketogenesis were studied in rabbits during feeding, during a 4-day
fast, and again during refeeding. Arterial plasma glucose, lactate, total aminoacids, ketone
bodies, insulin and glucagon were measured daily. In the fed state, the high-fat diet
induced an increase in plasma NEFA and ketone bodies and a decrease in alaninemia. The
most striking effect of the high-fat diet, compared with the normal low-fat diet, was the
twofold increase of ketonemia during fasting, even though the difference in NEFA level
after both diets was only 19 %. This effect was maintained throughout the fasting period.
The high-fat diet also induced higher glycemia and lower alaninemia during further fasting.
Insulinemia sharply decreased to a very low value from the beginning of fasting, but the
high-fat diet did not have any particular effect. Glucagonemia was not different in the fed
state than in fasting, whatever preceding diet was given. Therefore, the lipid content of the
diet prior to fasting introduced important and persistent modifications in the triglycerides
and glucose metabolism during fasting.

Introduction.

In all species, fasting induces a well-known shift in fuel metabolism which
tends to facilitate the utilization of fats stored in adipose tissue and to preserve
the nutritional status of glucose-dependent tissues. Thus, hepatic gluco-
neogenesis and ketogenesis are enhanced.

Major blood modifications observed shortly after the initiation of fasting are
(1) an increase in the plasma concentrations of NEFA and ketone bodies, and (2)
a decline in glycemia and insulinemia.

Numerous factors can modify the amplitude of these modifications in the
metabolism and blood. For instance, the level of fasting ketonemia varies

according to species (Bouchat, Doiz6 and Paquay, 1980 ; Brady et al., 1977 ;
Schreiner, Lemons and Gresham, 1981 ; Williamson and Whitelaw, 1978 ;
Zammit, 1983).



The effectiveness of fasting gluconeogenesis and ketogenesis can be

changed by the physiological or hormonal status (Hagenfeldt et al., 1981 ; Mutter
and Seitz, 1981 ; P6gorier et a/., 1982 ; Varnam, Jeacock and Shepherd, 1978) ;
fasting ketogenesis is suppressed during sepsis (Beisel and Wannemacher, 1980).
The nutritional status preceding the fasting period can also modify the metabolic
response of the entire organism or of liver gluconeogenesis or ketogenesis (Belo,
Romsos and Leveille, 1976 ; Bouchat, Doiz6 and Paquay, 1980 ; Brady et al.,
1977 ; Cowan, Vranic and Wrenshall, 1969 ; Mc Donald and Johnson, 1965 ;
P6gorier et al., 1982 ; Peret et al., 1975).

Few data are available in rabbits on changes induced by starvation and the
factors capable of modifying response to starvation. In this study, the effects of a
diet enriched with 15 % lard (considered as a high-fat diet for an herbivorous
species like the rabbit) were evaluated according to changes in blood glucose and
fatty acid metabolism over a 4-day fast and a following refeeding period of 96 h.
Marked changes in ketonemia, glycemia and plasma alanine concentration were
induced by the high-fat diet over the entire fasting period. These modifications
might be related to an increase in liver ketogenesis and impairment of peripheral
tissue glucose tolerance.

Material and methods.

Animals, diets and protocol. - We used 16 rabbits of the New Zealand strain
with an average weight of 1 300-1 500 g at the beginning of the study ; they were
housed in individual cages and fed either a low-fat (LF) control diet or a high-fat
(HF) experimental diet ad libitum for 20 days before fasting (table 1). Feed intake
was measured during this period.



The animals were then fasted for 4 days and refed for the same length of
time with the LF diet.

Blood sampling. - Six days before the fast, permanent intravascular lines
were established via the femoral artery. The catheters were not heparinized during
the experiment. Blood samples were collected every day in the morning between
9 and 10 a.m. on heparin (2 ml) for substrate control or on EDTA + zymofren
(1 000 K IU) for hormone control. All the samples were put into an ice-bath until
the plasma could be separated by centrifugation and stored at - 30 °C.

Chemical analysis. - Glucose levels were determined using the glucose
oxidase method of Trinder (1969) (glucibiotrol from Biotrol). Alanine (Williamson,
1974), lactate (Gutman and Wahlefeld, 1974), 3.OH butyrate (Williamson and

Mellanby, 1974) and acetoacetate (Mellanby and Williamson, 1974) were

determined according to standard enzymatic methods after deproteinization by
TCA 0.7M. Total aminoacids were determined by the method of Malangeau et al.
(1963) and non-esterified fatty acids (NEFA) by the enzymatic method of Shimizu
11979) (NEFA C test Wako from Biolyon).

Insulin and glucagon were measured by radioimmunoassay ; a commercial kit
(INSIK-3) (CEA-Sorin, France) was used for insulin determination ; crystalline
rabbit insulin (Novo Research Institute, Denmark) was used as a standard.

Glucagon was measured with the radioimmunoassay method of Faloona and
Unger (1974) with Unger 30K antiserum.

Statistical analysis. - Results during fasting were compared with a two-

factor (time and diets) analysis of variance. Student’s t-test was used for the
other comparisons.

Results.

Feed intake before fasting was depressed with the HF diet (51.2 g/day/kg
body weight) compared with the LF diet (68.8 g/day/kg body weight). This effect
is common in rabbits eating a fat-rich diet. Despite the higher energy
concentration in this diet, daily energy intake was lower (720 Kj/day/kg body
weight) than with the LF diet (790 Kj/day/kg body weight). Weight loss during
fasting was similar in the two groups of rabbits, i.e. 9.55 % of body weight.
Results on plasma parameters are summarized in figures 1, 2 and 3.

Fed state. - The HF diet led to modifications of certain plasma metabolites
during the fed period. NEFA concentration increased from 0.07 to 0.31 mM

(P < 0.01) ; ketonemia increased slightly (P < 0.05). Glycemia and insulinemia
increased but not significantly, and plasma alanine decreased (P < 0.01). On the
other hand, there were no modifications in plasma lactate and total aminoacid
concentrations.

Fasting. - The most striking effect of the HF diet was the twofold increase
in fasting ketonemia. The hydroxybutyrate-acetoacetate ratio was not modified.
In comparison, NEFA only increased by 19 %. These changes were maintained
throughout the fasting period.







Fasting glycemia was lower after the HL diet than after the LF one

(P < 0.011. In both cases, the lowest glycemia was reached after the first day of
fasting. It increased when fasting was prolonged, particularly in the HF group so
that fasting glycemia was equal to fed-state glycemia.

Fasting alaninemia was also lower in the HF group (P < 0.01) and no
difference in alaninemia was observed between the fed and the fasted states. No

significant modifications in lactate and total aminoacids were noted.
The hormonal status is interesting. Insulin decreased strongly after one day

of fasting and then slightly over the following days. The HF diet led to a slight
increase in insulinemia. Glucagonemia was not changed by either fasting or diet.

Refeeding. - On the first day of refeeding with the LF diet, rabbits

previously fed with the HF diet showed a transient hyperglycemia ; this was not
seen in those fed with the LF diet previously (P < 0.01). Lactate was also

significantly higher (P < 0.05) at the beginning of refeeding.

Discussion.

Glycemia and insulinemia were shown to increase in the fed state in rats

given a high-fat diet (Portha, Giroix and Picon, 1982). The same observation was
made in rabbits in the fasted state (Lacombe and Nibbelink, 1983). In the latter

experiment, the glucose tolerance test indicated that glucose tolerance had

declined. Insulinemia also increased in dogs fed with a carbohydrate-free, high-fat



diet, but glycemia was not modified and glucose tolerance decreased (Belo,
Romsos and Leveille, 1976). High-fat, low-carbohydrate diets cause glucose
tolerance to decrease in humans (Anderson and Herman, 1975).

Our observations in rabbits lead to analogous conclusions, i.e. the high level
of non-esterified fatty acids and the slight increase in ketonemia indicate a shift
towards lipid fuel in HF rabbits in the fed state. In other respects, in the fed state
there was a discrepancy between the large decrease in alaninemia with the

HF diet and the lack of total aminoacid variations. Rabbits fed with the HF diet

had a lower protein intake ; but the decrease in alaninemia could not be imputed
to this since the total aminoacid level did not vary. Therefore, this decrease might
be related to augmented gluconeogenesis due to alanine, correlated with a

decline in dietary glucose intake.
Plasma aminoacid concentration usually decreased markedly at the onset of

fasting and then more slowly if fasting was prolonged. In humans, this further
decrease is correlated with lower extraction of aminoacids from muscle tissue

(Aoki, 1981 ; Felig et al., 1969), as well as with a sparing effect on body protein
and the preferential utilization of ketone bodies as fuel. In rabbits, this pattern
was found for alanine which is considered as the principal gluconeogenic
aminoacid, at least at the beginning of fasting.

Paradoxically, plasma total aminoacid levels were stable at the same time
after the HF diet, or increased slightly after the LF diet. Consequently, it is

probable that other aminoacids, such as alanine, form the major gluconeogenic
substrate in rabbits when fasting is prolonged.

Fasting ketonemia was lower in our rabbits than it is in rats, and was

considerably enhanced by the HF diet. On the other hand, NEFA increase due
to this diet was slight and could account for the enhanced formation of ketone
bodies. Data on various species (Bouchat, Doiz6 and Paquay, 1980 ; Brady et al.,
1977 ; Zammit, 1983) show no direct correlation between plasma NEFA

concentration and ketonemia.
Most of the increase in ketonemia must have been a result of augmented

liver ketogenesis ; high-fat diets are known to enhance ketogenesis in isolated rat
liver cells (Malewiak et al., 1983 ; Williamson and Whitelaw, 1978). The main
reason for this could be a lower level of malonyl-CoA in the hepatocytes, followed
by a more unrestrained carnitine-acyltransferase activity in mitochondrial

membranes ; ketogenesis would thus be increased for the same uptake of fatty
acid by the liver. Glucagon probably plays no part in the decrease of malonyl-CoA
synthesis in rabbits ; glucagonemia was not modified by either fasting or diet. It

may have a minor role in the genesis of fasting hyperketonemia in this species. A
comparison can be made with ruminants in which glucagonemia increases only
after prolonged fasting (Schreiner, Lemons and Gresham, 1981) and glucagon has
a poor effect on ketogenesis from oleate in isolated liver cells (Donaldson and

Pogson, 1983). The higher ketonemia in starved rabbits (fed the HF diet) could

also have resulted from initially lower insulin levels, despite the fact that the
difference was not significant (fig. 3). The augmentation in ketonemia could also
be related to a mechanism which does not involve the regulation of carnitine-

acyltransferase activity. In rabbits we found that high-fat diets increase



ketogenesis from butyrate in isolated liver cells (Jean-Blain, 1982), even though
the transport of this short-chain fatty acid through the mitochondrial membrane
does not depend on the carnitine acyltransferase system and thus is not regulated
by the intracellular level of malonyl-CoA.
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Résumé. lnFluence de la teneur en lipides de la ration sur la cétonémie et les autres para-
mètres sanguins du métabolisme des acides gras et du glucose chez le lapin au cours du
jeûne.

Les effets d’un régime hyperlipidique sur la cétonémie et sur les autres paramètres
plasmatiques de la gluconéogenèse et de la cétogenèse ont été étudiés chez le lapin à l’état
alimenté, au cours d’un jeûne de quatre jours, et pendant la période de réalimentation con-
sécutive.

Le glucose, les acides aminés totaux, l’alanine, les acides gras non estérifiés (NEFA),
les corps cétoniques, l’insuline et le glucagon ont été déterminés quotidiennement sur des
animaux soumis préalablement à un régime renfermant 15 % de suif et sur des animaux
témoins ayant reçu un régime pauvre en lipides.

A l’état alimenté, le régime hyperlipidique provoque une élévation des taux plasmati-
ques de IVEFA et de corps cétoniques et une diminution de l’alaninémie. L’effet le plus mar-
quant du régime hyperlipidique est la multiplication par deux de la cétonémie de jeûne par
rapport au régime normal pauvre en lipides alors que la différence du taux de NEFA après
les deux régimes n’est que de 19 %. Cet effet est maintenu pendant toute la période de
jeûne. Le régime hyperlipidique induit une glycémie plus haute et une alaninémie plus basse
au cours du jeûne ultérieur. L’insulinémie décroît rapidement vers une valeur très basse dès
le début du jeûne sans que l’on puisse mettre en_ évidence un effet particulier du régime
hyperlipidique. Le glucagon ne varie pas au cours du passage entre l’état nourri et le jeûne
chez le lapin, quelle que soit la nature de la ration précédente.

Le taux de lipides de la ration précédant le jeûne introduit donc des modifications
importantes et persistantes du métabolisme des triglycérides et du glucose pendant le
jeûne.
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