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OF RAT ACTH AND CORTICOSTERONE SECRETION

JELENA DJORDJEVIC, N. JASNIC, P. VUJOVIC,
S. DJURASEVIC, IVA DJORDJEVIC, and GORDANA CVIJIC

Institute of Physiology and Biochemistry, Faculty of Biology, University of Belgrade, 11000 Belgrade, Serbia

Abstract — A tight association of feeding, metabolism, and function of the hypothalamo-pituitary-adrenocortical (HPA)
axis is well known. Studies of HPA axis responsivity to various diets and food restriction show that not only fasting but
also the cyclic circadian input importantly determine these responses. We therefore studied the response of the rat HPA
system to different fasting periods (12, 18, 24, 36, and 48 h), all imposed at 6 PM, by measuring blood ACTH and cor-
ticosterone concentration. The corresponding metabolic parameters, e.g., blood glucose and free fatty acid (FFA) levels,
were also assessed. The obtained results show that fasting altered the normal diurnal rhythm in levels of blood ACTH
and FFA, but not corticosterone and glucose. All applied fasting periods increased HPA system activity in comparison
with ad libitum fed rats. However, the most pronounced elevation in the blood ACTH concentration was observed after
18 h and 36 h of fasting, while the CORT increment was the highest 48 h after food restriction began. As expected, the
blood glucose concentration decreased under the influence of all fasting periods, being the lowest after 12 h of overnight
fasting. In contrast to that, fasted rats exhibited a normal level of serum FFA early in the morning, an elevated level there-
after, and the peak level 48 h after the onset of starvation.

Key words: ACTH, corticosterone, fasting, glucose, FFA, hypothalamo-pituitary-adrenal system

UDC 612.432:599.323.4:577.17

INTRODUCTION of the stress response and the sensitivity of ACTH
to corticosterone feedback. The HPA response and

e its sensitivity are of high amplitude at the beginning
hypothalamo-pituitary-adrenal  (HPA)  system of the light period and of low amplitude at the onset

are tightly associated in all mammalian sPecies of dark, after they have voluntarily fasted during the
(Dallman et al, 1995). We have previously light period (Bradbury et al.,, 1991). Moreover, if

Food intake, metabolism, and function of the

showed that 48-h fasting causes increase in the blood rats are on a restricted feeding regimes, the normal
ACTH and corticosterone concentration (Cvijic diurnal rhythm in plasma ACTH and corticosterone
et al,, 2000; Djordjevic et al, 2003). However, is altered, as is the magnitude of ACTH responses to
Hanson etal (1994) demonstrated that not only stress and corticosteroid feedback efficacy (Akana
fasting but also the cyclic circadian inputimportantly etal.,, 1992). The removal of food for 14 h during the
determine the HPA responses. Normally, basal light period does not alter responsesin the HPA axis,
plasma ACTH and corticosterone levels are minimal while a brief period of starvation beginning near the
at lights on in ad libitum-fed rats. By contrast, as onset of darkness markedly alters the response of
rats begin to eat towards the end of the light period, the HPA axis (Hanson, 1994). Bearing all this in
plasma ACTH and corticosterone levels rise and mind, we studied the response of the rat HPA system

peak at lights out, when the major daily bouts of  to different fasting periods (12, 18, 24, 36, and 48 h),
food intake begin (Dallman, 1984). In regularly all imposed at 6 PM, by measuring blood ACTH and
fed rats, there are also diurnal rhythms in amplitude corticosterone concentrations. The corresponding
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metabolic parameters, e.g., blood glucose and free
fatty acid (FFA) levels, were also assessed.

MATERIALS AND METHODS

Male rats of the Wistar strain (Rattus norvegicus),
60-90 days old, weighing 180-220 g were used for
the experiments. The animals were acclimated to
22+1°C, maintained under conditions of a 12:12-
h light-dark cycle, and given commercial rat food
(Subotica, Serbia) and tap water ad libitum. They
were housed two per cage for 15 days before the start
of the experiment.

Thirty animals were completely deprived of food
at 6 PM at the beginning of the dark period. Six-
animal-groups were one by one successively sacrified
at 12, 18, 24, 36, and 48 h after the onset of food
deprivation. Regularly fed animals were sacrificed
together with each of the experimental groups. The
experiments were performed according to the rules
for animal care proposed by the Serbian Laboratory
Animal Science Association (SLASA).

The rats were decapitated without anesthesia with
a guillotine (Harvard-Apparatus, Holliston, MA).
Blood was collected from the trunk and divided
into two sets of tubes. For obtainment of plasma,
EDTA was added in one of the sets. Serum and
plasma were frozen for corticosterone and ACTH
determination. Plasma ACTH was determined by
the chemiluminescent method using an IMMULITE
automatic analyzer (DPC, Los Angeles, CA). The
values are expressed as pg ACTH/ml plasma.
Serum corticosterone was determined with an RIA
kit (ICN Biochemicals, Costa Mesa, CA) and the
values expressed as ug CORT/ 100 ml serum. Blood
glucose concentration was measured with an Exac-
tech glucose analyzer (Medisense Inc., Cambridge,
MA) using Dextrostix reagent strips. Serum FFA
concentration was determined by the colorimetric
method of Ducombe (Ducombe, 1964). The
values are expressed as mmol/l serum.

The ANOVA one-way and Tukey's posterior
multiple comparison tests were employed for com-
parison of the experimental groups. The values are

expressed as means + SE of six animals, the level of
significance being set at p<0.05.

RESULTS

Expectedly, the obtained results show that ad libi-
tum-fed control rats have regular HPA activity, such
activity being of low amplitude at the beginning
of the light period after feeding in the dark and of
high amplitude at the onset of darkness. Fasting
altered the normal diurnal rhythm in levels of blood
ACTH and FFA, but not corticosterone and glucose.
Significant differences in plasma ACTH concen-
tration between fed and starved rats occurred at
noon and early in the morning (at 12, 18, and 36
h after the onset of starvation; ***p<0,001), while
they disappeared at the start of the dark period
(Fig. 1). Even though the pattern of corticosterone
secretion remained unchanged, all applied fasting
periods induced a significant increase in blood
corticosterone concentration in comparison with
the regularly fed rats, with the highest increment
48 h after the food restriction was imposed (Fig. 2,
p<0,001,""p<0,001). As expected, the blood glu-
cose concentration decreased under the influence
of all fasting periods, being the lowest after 12 h of
overnight fasting (Fig. 3, **p<0,01). In contrast to
that, fasted rats exhibited a normal level of serum
FFA early in the morning, an elevated level thereaf-
ter, and the peak level 48 h after the onset of starva-
tion (Fig. 4, **p<0,001, "p<0,05).

DISCUSSION

As reported previously, the HPA system rapidly re-
sponds to fasting being markedly affected by the
circadian cycle (Hanson, 1994). Food deprivation
during the dark period of the circadian rhythm, the
period of maximal HPA activity and food intake in
rodents, activates the HPA system. Removal of food
prior to the onset of darkness results in a rapid three-
fold increase in nocturnal corticosterone secretion
above that of ad lib-fed controls (Akana et al.,
1994). Our present results show that fasting altered
the normal diurnal rhythm in ACTH, but not corti-
costerone secretion. Significant differences in plas-
ma ACTH between fed and starved rats occurred at
noon and early in the morning, but they vanished
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Fig. 1. Plasma ACTH diurnal rhythm in regularly fed (-e-) rats or ones exposed to 12, 18, 24, 36,
and 48 h of fasting (- A -) imposed at 6 PM. Values represent means * SE; n = 6. *p < 0.05 signifi-
cant difference between adjacent values; ‘|'p < 0.05 compared to corresponding control.
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Fig. 2. Serum corticosterone diurnal rhythm in regularly fed (-e-) rats or ones exposed to 12, 18,

24, 36, and 48 h of fasting (- A -) imposed at 6 PM. *p < 0.05 significant difference between adja-
cent values; +p < 0.05 compared to corresponding control.
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Fig. 3. Blood glucose diurnal rhythm in regularly fed (-e-) rats or ones exposed to 12, 18, 24, 36,
and 48 h of fasting (- A -) imposed at 6 PM. *p < 0.05 significant difference between adjacent values;
tp < 0.05 compared to corresponding control.
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Fig. 4. Serum FFA diurnal rhythm in regularly fed (-e-) rats or ones exposed to 12, 18, 24, 36, and
48 h of fasting (- A-) imposed at 6 PM. *p < 0.05 significant difference between adjacent values;
tp < 0.05 compared to corresponding control.
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at the beginning of the dark period. Corticosterone
secretion did not track ACTH well, since it was con-
stantly increased over the 48 h of starvation with two
peaks around 6 PM at the onset of the dark phase.
It would appear that adrenal corticosterone secre-
tion is not solely regulated by ACTH. According to
Dallman etal. (1999), control of adrenal and plas-
ma corticosterone by ACTH is greatly reduced dur-
ing the second half of the dark period and thereafter.
Their results strongly suggest that starvation shifts
adrenal regulation of corticosterone synthesis and
secretion away from hypothalamic control of ACTH
secretion through CRH and AVP. Changes in expres-
sion of the four hypothalamic neuropeptides show
that starvation-induced changes in CRH and NPY,
but not AVP or POMC, occur within the first 6-24 h,
suggesting that neurons containing these neuropep-
tides are early sensors that mediate responses to star-
vation. Changes of leptin concentrations in starved
rats may be a part of the decoupling between adrenal
corticosterone and ACTH (Akana, 1994). Leptin
receptors are found in the adrenals as well as the hy-
pothalamus (Cao et al.,, 1997). Moreover, the exis-
tence of a positive-feedback loop between FFA and
the HPA axis has been postulated. In fact, in vitro
studies showed a direct stimulatory effect of FFA, es-
pecially long-chain unsaturated ones, on the adrenal
gland (Widmaier etal, 1995). On the other hand,
other authors reported a dual, dose-dependent effect
of FFA on cortisol release from adrenal cells; in fact,
oleic acid and linoleic acid were able to stimulate
glucocorticoid production in the absence of adreno-
corticotropic hormone despite high FFA concentra-
tions, which inhibit ACTH action (Matthys and
Widmaier, 1998). We detected a peak in the FFA
level after 48 h of food deprivation, which perfectly
correlates with the large corticosterone peak. Since
food was removed toward the end of the light pe-
riod, it is unlikely that there were large glycogen re-
serves available for immediate energy. The increase
in FFA suggests that energy requirements were
met by fat mobilization, fostered by the immediate
and marked reduction in insulin. Dallman et al.
(1999) reported a decline of the glucose level before
10 PM by approximately 30%, the concentration of
glucose being maintained at low but constant levels
thereafter, suggesting that by this time hepatic glu-

coneogenesis was sufficient to maintain the output
of this substrate. Hypoglycemia is also a well-known
stimulus of HPA function (Fernandez-Real et
al., 1997). Changes either in FFAs or in insulin, leptin,
or glucose serve as precise afferent signals to the hy-
pothalamus indicating decreasing energy stores. The
medial and lateral hypothalamus contains neurons
that are directly sensitive to insulin, glucose, and
FFA; thus, changes in these would be directly per-
ceived (Levin and Routh, 1996). In conclusion,
our present results show that fasting dysregulated
normal HPA activity and provoked increase of both
ACTH and corticosterone blood levels, but also led
to dissociation between ACTH and corticosterone
secretion. This suggests that in food-deprived rats,
corticosterone secretion is not regulated by ACTH
alone, but probably by other metabolic and endo-
crine factors as well.
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YTULA] ITTAJOBAIbA HA JHEBHO - HOhHU PUTAM
OCJIOBABAILA ACTH 1 KOPTUKOCTEPOHA KOJI ITAITOBA

JEJIEHA BOPBHEBUR, H. JACHW, II. BY]JOBIUR,
C. DYPAIIEBU'R, IBA DOPLEBIM'R I TOPIAHA IIBUJUR

Wnecmumym 3a gpusuonozujy u 6uoxemujy, buonowxu paxynmem,
Ynusepsumem y beozpady, 11000 beorpan, Cpbuja

Y oBOM pajjy MCHUTHBAH je OATOBOp CHCTeMa
XUINOTaNaMyc — xunodusa - HafOyOpexxHe >Kesie
(XXA) Ha pasmmunre mepuope ImagoBama (12, 18,
24, 36 n 48 yacoBa) MepemeM KOHIIEHTpaluje Kop-
tukorpormHa (ACTH) m KOpTMKOCTepOHA y KpBU
narnoBa. Takobe je MepeHa KoHI[eHTpanja c106OTHNX
MACHUX KICe/MHA 1 IITyKO3€ Y KPBJ, Kao OfirOBapajy-
hux mMerabonmmukux mapamerapa. Pesynraru nokasyjy
ma rmagoBame nosehasa akTuBHOCT HHA crcrema y

nopebermy ca HOpMaTHO XparbEeHMM I1AII0BJIMA Y Melba
nHeBHO-HOhHU puTtam ocnobahawa ACTH, amn He u
koptukocrepona. Hajsehe nmosehame koHmeHTparmje
ACTH perexroBaHO je HakoH 18 1 36 yacoBa I71affoBa-
13, a KOHIIEHTpalije KOPTUKOCTEPOHA U CIOOOIHNX
MaCHUX KMce/mmHa 48 yacoBa HaKOH IMOYeTKa I/TafioBa-
ma. Kao 1mTo je 1 6m1o oyekuBaHo, rkeMuja je ouia
CMambeHa TOKOM CBUX IIepMOfia I/IafiOBaba, Ca HajHM-
JKVIM BpeJHOCTMMA 12 9acoBa Off II0YeTKa IVIafloBalba.



