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Abstract—1. Body weight loss in 48 hr fasted rats decreased with age.
2. Blood glucose and plasma RIA-insulin levels correlated negatively and positively respectively with
body weight in fed rats. Fasting produced a greater fall in blood glucose and a smaller decrease in

R1A-insulin in young than in old rats.

3. Blood ketone bodies correlated negatively with body weight after 48 hr fasting. .
4. In oral glucose tolerance tests, blood glucose rose more in adult and old rats than in prepuberals
when both fed and fasted. RIA-insulin levels rose more in prepuberals than in older rats when fed but

not when fasted.

5. Changes in body composition and reduced insulin sensitivity with age are discussed.

INTRODUCTION

Oral glucose tolerance is reduced in old animals
(Chlouverakis et al, 1967, Gommers & Gasparo,
1972; Gommers & Genne, 1975; Codina et al., 1980)
as a consequence of decreased responsiveness to insu-
lin (Himsworth & Kerr, 1939; Frolkis et al., 1971) as
well as an impaired islet secretory sensitivity to the
glucose stimulus (Crockford et al, 1966), although
these changes have not always been reported (Codina
et al., 1980). Fasting also produces a glucose intoler-
ance (Oyama et al., 1963; Cahill et al., 1966; Bosboom
et al, 1973; Turner & Young, 1973), and both de-
creased insulin responsiveness (Knopp et al, 1970)
and islet secretory sensitivity to glucose overdose
(Malaisse et al., 1967; Hahn & Gottschling, 1977) are
evident. Ageing alters the fasting effect on the respon-
siveness of the insulin-secreting mechanism of the
islets to glucose (Coddling et al., 1975). In the present
work we studied the effects of fasting in the ageing rat,
comparing modifications in oral glucose tolerance
with responses in other metabolic parameters such as
body weight change and circulating glucose, RIA-
insulin and ketone body levels which are known to be
greatly altered by food deprivation.

MATERIALS AND METHODS

Wistar rats were fed a purina chow diet and housed in a
temperature (22 + 2°C) and light cycle (12 hr on-off) con-
trolled room. Animals of different ages fed ad libitum or
after a 48 hr fast were sacrificed by decapitation without
anesthesia and blood was collected from the neck into
heparinized beakers. Aliquots of whole blood were im-
mediately deproteinized with Ba(OH),-ZnSO, (Somogyi,
1945) and the protein-free supernatants were stored frozen
for later analysis of glucose (Huggett & Nixon, 1957), aceto-
acetate (Mellanby & Williamson, 1974) and beta-hydroxy-
butirate (Williamson & Mellanby, 1974) by enzymatic
methods. Other aliquots of blood were used for plasma
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separation in which insulin was assayed (Hales & Randle,
1963; Heding, 1972) with an insulin radioimunoassay kit
for the rat, generosly provided by Novo Industri A/S (Den-
mark).

Oral glucose tolerance tests were performed in three
groups of male rats of different ages: prepuberals, weighing
80-100 g (about 4 weeks old); adults, weighing 180-200 g
(8~10 weeks old), and olds, weighing 400-500 g (over 1 year
old). Glucose (2 g/kg body wt) was given by gastric intuba-
tion and blood samples were collected from the tip of the
tail into heparinized porcelain plates. The entire procedure
was performed without anesthesia. Aliquots of whole blood
or plasma were analyzed for glucose and insulin respect-
ively by the methods indicated above.

RESULTS
Body weight loss with fasting

The loss of body weight with 48 hr of food depri-
vation decreased progressively with the age of the ani-
mals. As shown in Fig. 1, that parameter was corre-
lated significantly and negatively with animal weight,
the slope of the line being significantly greater in
females than in males.

Blood glucose and plasma insulin

Blood glucose levels showed a significant and nega-
‘tive correlation with body weight in animals when fed
(Fig. 2), with no differences between females and
males. The correlation between blood glucose concen-
tration and body weight appeared positive when the
animals were studied after a 48 hr fast (Fig. 2). Fasting
produced a greater fall in blood glucose concen-
trations in young than in old animals (Fig. 2) and
values in fasted rats were higher in old than in young
animals. Plasma RIA-insulin levels showed a signifi-
cant and positive correlation to body weight in fed
animals (Fig. 3) while the change with age was much
less when animals were fasted (Fig. 3). The decrease of
insulinemia with fasting was greater in o!  than in
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Fig. 1. Effect of 48 hr fasting on body weight loss in male

and female rats. Values are expressed as percentual body

weight loss compared with absolute body weight of the

animals at the onset of fasting. P value of the slopes rep-

resent the statistical comparison between the lines of males
and females.

young animals. Here again there were no differences
between males and females.

Blood ketone body levels in fasted animals

The blood levels of acetoacetate and beta-hydroxy-
butirate in 48 hr fasted rats were linearly and nega-
tively correlated-to the weights of both males and
females (Fig. 4). Although the correlation coefficient
was not significant for acetoacetate in female rats,
there were no significant differences between males
and females.

J. CoDINA ¢t al.

Oral glucose tolerance tests

Oral glucose tolerance tests were performed in fed
and 48 hr fasted prepuberal, adult and old male rats.
As shown in Fig. 5, the administration of 2g/kg of
glucose produced a rapid rise in blood glucose level in
all animals. When they were fed, this rise was greater
in adult and old rats than in prepuberals at 15 min
after glucose administration, values being significantly
higher in the former two groups than in the latter.
After 48 hr deprivation, the increase in blood glucose
level after glucose load was much greater than in fed
animals in all groups (Fig. 5). Values at 30 min in the
fasted adult and old rats were significantly higher
than those of prepuberals.

Plasma RIA-insulin values in this same experiment
are summarized in Fig. 6. In the fed animals, plasma
insulin rise after glucose administration was greater in
the fed prepuberal rats than in adult and old animals,
values at 15min being significantly higher in the
former group than in the two others (Fig. 6). At
60 min, the plasma insulin levels decreased in all
groups but levels attained were significantly higher in
adult and old rats than in prepuberals (Fig. 6). The
response to 48 hr fasting was quite different among
the groups. In the prepuberals, fasting produced an
important reduction in plasma insulin levels after glu-
cose load, with levels significantly lower than those in
fed animals of the same group at 7.5, 15 and 30 min.
In fasted adults, the change in plasma insulin levels
did not differ from that observed when the animals
were fed, although the peak was less pronounced than
in fed rats and appeared retarded. In old fasted rats,
plasma insulin levels were significantly lower than in
fed subjects at 7.5min after glucose load but this
result did not differ at the other times studied. In
these old rats, the peak in plasma insulin clearly
appeared at 30 min while in the fed rats it occurred at
7.5 min.

DISCUSSION

Present discussion will be focussed mainly on the
comparative response to fasting in animals of different
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Fig. 2. Blood glucose levels coincident with body weight changes in fed and 48 hr fasted male and female
rats. Differences between the slopes of values in males and females were not significant (P > 0.05) in fed
or fasted animals.
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Fig. 3. Changes with body weight of the plasma levels of R1A-insulin in fed and 48 hr fasted male and
female rats. Differences between the slopes of values in males and females were not significant (P > 0.05)
in fed or fasted animals.

ages, as changes observed with age in fed rats have
already been reported (Codina et al., 1980). The pro-
gressive reduction of body weight with 48 hr of fasting
as animals aged may be related with their body com-
position. It is known that with ageing there is reduced
lipid synthesis, but lipids are also metabolized less,
resulting in age-related increased tissular lipid ac-
cumulation (Kritchevsky, 1972). The caloric store is
more efficient in lipid than in other metabolic forms
(Ball, 1973) thus even if the same endogenous
resources were mobilized per unit of body weight with
fasting, it is not surprising that the mass lost is
smaller as animals age. The more rapid body weight
loss with fasting in female than in male rats may be
due to several factors: (i) a different body composition
with greater lipidic accumulation in females, causing
less body weight loss than in males. It is known that
triglyceride concentration in the liver of normal
female rats exceeds that of males (Breen et al., 1975),
probably as a result of augmented uptake and esterifi-

cation of fatty acids and reduced oxidation (Soler-
Argilaga & Heimberg, 1976); (i) a reduced sensitivity
to the accelerated breakdown of endogenous stores
caused by fasting. (This possibility appears less likely
since our results show that circulating ketone bodies,
the final products of fatty acid oxidation, were similar
in males and females, and it has been demonstrated
that fasting produces similar effects on hepatic metab-
olism in rats of both sexes (Berdanier et al, 1979));
(iii) an important factor may be that when adult
female rats weigh less than males of the same age
(Rice et al, 1976), they will be older than the males
when they do attain the same body weight. It is
known, for example, that lipidic metabolism in female
rats of 200 g is closer to that of males of 320 g than to
males of their same body weight (Hansen et al., 1980).
Thus ageing itself, aside from differences in body com-
position, is probably the main factor responsible for
greater preservation of body weight mass with fasting
in old female rats as compared with males.
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Fig. 4. Changes with body weight of the blood levels of ketone bodies in 48 hr fasted male and female
rats. Differences between the slopes of values in males and females were not significant (P > 0.05).
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Fig. 5. Blood glucose level changes after oral glucose administration (2g/kg body weight) in fed
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are shown below each corresponding graph. N = 6-7 animals/group. Statistical comparisons between
groups are shown as follows. P values of fed vs fasted in each age category: *P < 0.05, **P < 0.01,
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In spite of augmented lipid stores, circulating levels
of ketone bodies during fasting decreased as rats aged.
Ketone bodies are the main products of fatty acid
breakdown in the fasted state (McGarry & Foster,
1980). One of the main factors known to be respon-
sible for the enhanced ketogenesis during fasting is
the fall in circulating insulin (Foster, 1967; Herrera &
Freinkel, 1968). It has been shown in the present
study that the fall in plasma RIA-insulin with fasting
is greater in old than in young animals which indi-
cates a reduced sensitivity in the old subjects to the
lipolytic stimulus of the insulin reduction in fasting.
In agreement with this interpretation, adipocytes from
old animals have reduced sensitivity to the stimulus of
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different lipolytic factors (Manganiello & Vaughan,
1972; Macho & Kolena, 1975), probably as a conse-
quence of their difficulties in enhancing the endogen-
ous cyclic-AMP levels (Macho & Kolena, 1975).
Reduced metabolic sensitivity must also be caused by
diminished fall in blood glucose levels with fasting,
observed in old animals. This condition is not pro-
duced by an alteration of stored hepatic glycogen for
subsequent mobilization, because this value is not af-
fected by ageing in the rat (Codina, 1978) and there is
no reported evidence of greater enhancement of glu-
coneogenetic activity during fasting in old vs young
animals. The main cause of smaller reduction in
blood glucose in fasted old animals is probably de-
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Fig. 6. Plasma RIA-insulin change after oral glucose administration (2g/kg body weight) in fed

(®— @) and 48 hr fasted rats ((0--~0J) of different ages. Values correspond to the same animals of Fig.

S and are expressed as percentage of amounts present before the glucose load (time 0). Absolute values at

time O (basals) are expressed as uU/ml and are shown below each corresponding graph. Number of
animals and statistical comparisons are as indicated for Fig. 5.
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creased insulin sensitivity, as previously demonstrated
in old fed rats (Codina et al., 1980).

Our results show that fasting produced a greater
insulinotropic response to oral glucose load in old
than in young animals although blood glucose levels
rose more in the former group, indicating that fasting
also reduced sensitivity to endogenous insulin in old
more than in young rats.

The greatly reduced insulinotropic effect of oral
glucose produced by fasting in young animals co-
incides with the reported reduced capacity of pancrea-
tic secretion in response to the glucose stimulus in
fasting animals (Feldman & Lebovitz, 1973; Turner &
Young, 1973; Joost & Beckmann, 1980). This may be
caused either by a defect in the cycliccAMP metab-
olism (Selawry et al., 1972; Howell et al., 1973) or by
the reduced insulin content of the pancreas (Malaisse
et al, 1967; Joost & Beckmann, 1980). The latter
possibility seems unlikely as it is known that fasting
also produces reduction in pancreatic insulin content
in old rats (Coddling et al., 1975), while our findings
show that the insulinotropic effect of glucose was
much less affected with fasting in older than in
younger rats. As the insulin content of the pancreas is
not homogeneous and the fraction of released insulin
is only a minor percentage of the total (Joost & Beck-
mann, 1980), the readily available compartment of
insulin may be less depleted during starvation in old
than in young animals. This situation is, however,
metabolically ineffective due to the reduced sensitivity
of the released hormone, causing a diabetogenic situ-
ation when the pancreas of the old subject is unable
to maintain its augmented activity as frequently
occurs in elderly people.

Acknowledgements—This study was performed in part
with a grant from the Comision Asesora de Investigacion
Cientifica y Técnica, Presidencia del Gogierno of Spain.
The authors wish to thank J. M. Carnero and A. Aguilar
for preparing the graphs and Caroline S. Delgado for her
editorial help.

REFERENCES

BaLL E. G. (1973) Energy Metabolism, pp. 47-59. Addison-
Wesley, Reading, MA.

BerpaNIER C. D., ToBiN R. B, DE Vore V. & Coox L.
(1979} Effect of sex on the strain differences in hepatic
metabolism of starved and nonstarved rats. J. Nutr. 109,
272-230.

BossooMm R. S., ZweeNns J. & BoumMan P. R. (1973) Effect of
feeding on the insulin secretory response to glucose and
sulfonylureas in intact rats and isolated perfused rat pan-
creas. Diabetologia 9, 243-250.

BREeN K., SCHENKER S. & HEIMBERG M. (1975) Fatty liver
induced by tetracycline in the rat: dose-response re-
lationships and effect of sex. Gastroenterology 69,
714-723.

CaniLL G. F.. Jr., Herrera M. C, MoOrRGaN A. P,
SoELDNER J. S., SteEINKE J., LEvy P. L., REICHARD G. A,
Jr. & Kipnis D. M. (1966) Hormone—fuel interrelation-
ships during fasting. J. clin. Invest. 45, 1751-1769.

CHLOUVERAKIS C., JARRETT R. J. & KEeN H. (1967) Glucose
tolerance, age and circulating insulin. Lancet 1, 806-809.

CoDDLING J. A, KaLnins A. & HaisT R. E. (1975) Effect of
age and of fasting on the responsiveness of the insulin
secreting mechanism of the islets of Langerhans to glu-
cose. Can. J. Physiol. Pharmacol. 53, 716-725.

235

CopinNa . (1978) Factores moduladores de la actividad del
pancreas endocrino en la rata “in vivo”. Doctoral Thesis,
Universidad de Barcelona

CopiNa J., VaLL M. & Herrera E. (1980) Changes in
plasma glucose, insulin and glucagon levels, glucose tol-
erance test and insulin sensitivity with age in the rat.
Diabetes Metabolism 6, 135-139.

CROCKFORD P. M., HARBECK J. & WiLLiamMs R. H. (1966)
Influence of age on intravenous glucose tolerance and
serum immunoreactive insulin. Lancet 1, 465-467.

FeLDMAN J. M. & Lesovitz H. E. (1973) Role of pancreatic
monoamines in the impaired insulin secretion of the
fasted state. Endocrinology 92, 1469-1474.

Foster D. W. (1967) Studies in the ketosis of fasting. J.
clin. Invest. 46, 1283-1296.

FroLkis V. V., Bogatskaya L. N, BoGusm S. V. & SHEv-
cHUK V. G. (1971) Content and activity of insulin in the
blood and the sensitivity of tissues to it during aging.
Geriatrics 26, 118-129.

GoMmMERS A. & GAsPARO M. DE (1972) Variation de 'insuli-
nemie en fonction de I'age chez le rat male non traité.
Gerontologia 18, 176-184.

GOMMERS A. & GENNE H. (1975) Effect of ageing on insulin
on insulin—glucose sensitivity tests in rats. Acta diabet.
Lat. 12, 303-308.

Haun H. J. & GorrscHLING H. D. (1977) Insulin secretion
reactivation of pancreatic islets from starved rats “in
vitro”. Acta biol. med. germ. 36, 1423-1427.

HaLes C. N. & RanbLE P. J. (1963) Immunoassay of insu-
lin with insulin-antibody precipitate. Biochem. J. 88,
137-146.

HanseN F. M., Faumy N. & Nietsen J. H. (1980) The
influence of sexual hormones on lipogenesis and lipolysis
in rat fat cells. Acta Endocr. 95, 566-570.

HepInG L. G. {(1972) Determination of total serum insulin
(IRI) in insulin-treated diabetic patients. Diabetologia 8,
260-266.

Herrera E. & Freinker N, (1968) Interrelationships
between liver composition, plasma glucose and ketones
and hepatic acetyl-CoA and citric acid during prolonged
starvation in the male rat. Biochim. biophys. Acta 170,
244-253.

HiMsworTH H. P. & KErr P. B. (1939) Age and insulin
sensitivity. Clin. Sci. 4, 153-154.

HoweLL S. L., Green . C. & MonTAGUE W. (1973) A
possible role of adenlate cyclase in the long-term dietary
regulation of insulin secretion from rat islets of Langer-
hans. Biochem. J. 136, 343-349.

HUGGETT A. ST. G. & NixoN D. A. (1957) Use of glucose
oxidase peroxidase and O-dianisidine in the determi-
nation of blood and urinary glucose. Lancet 2, 368-379.

Joost H. G. & BECKMANN J. (1980) On the relation of
glucose and insulin secretion in the fasting state. Metab-
olism 29, 23-27.

Knopp R. H., Ruper H. J, HERRERA E. & FREINKEL N.
(1970) Carbohydrate metabolism in pregnancy VII. Insu-
lin tolerance during late pregnancy in the fed and fasted
rat. Acta Endocr. 65, 352-360.

KRriTcHEVSKY D. (1972) Lipid metabolism in aging. Mech.
Age Dev. 1, 275-284.

MacHo L. & KoLena J. (1975) Lipolysis and cyclic-3',5'-
AMP content in rat adipose tissue at different age.
Endocr. Exp. 9, 93-99.

Mavralsse W. J., MaLAISSE-LAGAE F. & WriGHT P. H.
(1967) Effect of fasting upon insulin secretion in the rat.
Am. J. Physiol. 231, 843848,

MANGANIELLO V. & VAUGHAN M. (1972) Selective loss of
adipose cell responsiveness to glucagon with growth in
the rat. J. Lipid Res. 13, 12-16.

McGarrY J. D. & Foster D. W. (1980) Regulation of
hepatic fatty acid oxidation and ketone body produc-
tion. A. Rev. Biochem. 49, 395-420.

MELLANBY J. & WILLIAMSON D. H. (1974) Acetoacetate. In





