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Introduction

Abstract

Objective: Leptin, neuropeptide-Y (NPY) and orexin are peptides regulating energy metabolism and
appetite control. NPY and orexin are mainly found in the central nervous system and they have also
recently been found in the peripheral nervous system. We investigated how fasting affects changes in
circulating concentrations of these peptides and their association with nutritional and metabolic
parameters in humans.

Design and methods: Ten non-obese female patients with psychosomatic disorders fasted for 7 or 10
days. Blood samples were collected at 0800 h before fasting, on the 3rd and 7th days during the fast
(with an additional sample taken on the 10th day when the fasting continued for 10 days) and on the
3rd and 7th days of refeeding. We measured blood concentrations of orexin-A, NPY, leptin,
adrenocorticotropin, cortisol, insulin, C-peptide, glucose, and B-hydroxybutyrate.

Results: Body mass index and plasma leptin concentrations concomitantly and significantly decreased
during fasting, whereas serum orexin-A concentrations significantly increased and were negatively
correlated with plasma leptin concentrations. Plasma NPY concentrations decreased slightly but were
not significantly different from the prefasting values, and no significant relationship with leptin or
orexin-A was found. Orexin-A and leptin concentrations showed a significant inverse correlation with
serum glucose, insulin, C-peptide, and B-hydroxybutyrate concentrations. Only changes in plasma
leptin concentrations showed a significant negative correlation with serum cortisol concentrations.
All the measured indices which changed during fasting returned to the prefasting concentrations by
the 7th day of refeeding.

Conclusion: Peripheral orexin-A and leptin concentrations inversely change during fasting, which is
significantly correlated with energy metabolism in humans.
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other (11-13) and with other nutritional and meta-
bolic factors including insulin and cortisol (8, 14) have

Fasting therapy was at first mainly used for the
treatment of obesity (1) and since the 1970s this
therapy has also been found to be one of the effective
treatments for psychosomatic disorders (2). The precise
mechanism(s) underlying the psychological and physio-
logical changes during fasting remains unclear; how-
ever, there is indirect evidence that such an effect may
be mediated by alterations in the hypothalamic—
pituitary—adrenal (HPA) axis and/or metabolic and
energy homeostasis (3—5), as indicated in acute mental
and environmental stresses (6, 7).

Recently, peptides such as orexin, neuropeptide Y
(NPY) and leptin have been found to play an important
role in the regulation of energy metabolism (8—10).
The mechanisms by which they interact with each
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been investigated in animals. In humans, on the other
hand, the changes in circulating levels of leptin and
NPY in response to various nutritional states such as
fasting (15-17) and to psychological and/or physical
stresses (18—20) were studied; however, changes in
orexin concentrations have not yet been investigated.
Interestingly, orexin-containing neurones were recently
found in the gut that expressed a functional change
in response to energy status (21). Although changes in
circulating levels of these peptides in the periphery in
response to fasting cannot be assumed to have any
relationship to those in the central nervous system, it
seems important to investigate if these peptides are of
physiological importance and how they are regulated
in the periphery during fasting in humans.
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Therefore, we investigated the effect of total fasting
on peripheral orexin, NPY, and leptin concentrations
and their interrelations and determined the relation-
ships of those neuropeptides with other hormonal and
metabolic factors in non-obese subjects.

Subjects and methods

Subjects and fasting therapy protocol

Ten female hospitalized patients aged 14-49 years
(average age 26.2 = 3.7 (sEM.) years) with irritable
bowel syndrome (n=5), atopic dermatitis (n = 2),
non-ulcer dyspepsia (n = 1), bronchial asthma (n = 1),
and nervous cough (n = 1) underwent fasting therapy.
These patients met the guidelines for the use of fasting
therapy for the treatment of psychosomatic disorder
(2). No endocrine, metabolic, liver or kidney diseases
were evident in these patients, and none suffered from
any psychotic disorders such as schizophrenia or major
affective disorders. As previously described (5, 22), after
more than a one-month hospital stay on a daily diet of
8.37-9.20 MJ (2000-2200 kcal) of mixed food, these
patients gave informed consent according to the
Declaration of Helsinki and began total fasting therapy.
All patients were required to fast for 7 or 10 days except
for free daily water intake in addition to the intra-
venous administration of 500 ml fluid containing
21.5 g glucose and electrolyte to prevent dehydration
during fasting. After fasting, refeeding was started with
a mixed diet, gradually increasing from 0.42 MJ on day
1 (3 g carbohydrate, 2 g protein, 1 g fat) to 8.37 MJ on
day 7 (280 g carbohydrate, 80 g protein, 65 g fat) of
mixed food. No patient was taking any medication prior
to or during their fast. During the study, the patients
were kept under constant medical surveillance.

Blood collection and preparation

Peripheral blood samples were taken at 0800 h before
and on the 3rd and 7th fasting days, by venipuncture of
an antecubital vein, with an additional sample taken
on the 10th day when the fasting continued for 10
days, as previously reported (5). Blood samples were
also taken on the 3rd and 7th days of the recovery
period. Blood was collected into tubes containing
EDTA-2Na for plasma NPY, leptin, and adrenocortico-
tropin (ACTH) analysis. Serum samples were collected
in clotting tubes for orexin-A, cortisol, C-peptide,
insulin, glucose, and B-hydroxybutyrate (B-OH-buty-
rate) determination.

Assays

Serum glucose was measured by standard techniques
for the oxidase method with the Beckman Glucose
Analyzer II (Brea, CA, USA) in the central laboratory of
our hospital. Serum B-OH-butyrates were measured by
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an enzyme assay method with the Hitachi Auto-
analyzer 7170 (Hitachi Seisakusho, Hitachi). Plasma
ACTH was assessed using an immunoradiometric assay
kit (Nichols Institute, San Juan Capistrano, CA, USA)
based on the avidin—biotin separation method. Serum
cortisol concentration was determined in duplicate by a
fluorescence polarization immunoassay using the
Abbott TDx cortisol kit and an Abbott TDx auto-
analyzer (Abbot Diagnostics, Maidenhead, Berks, UK).
Serum C-peptide concentration was determined with a
radioimmunoassay kit (Shionogi Pharmaceutical Co,
Osaka, Japan). Serum insulin was determined with a
Phadeseph radioimmunoassay kit (SD-8566, Shionogi
Pharmaceutical Co.).

There are two homologous orexin peptides, orexin-A
and orexin-B. Orexin-A is a peptide of 33 amino acids,
and is different from orexin-B with 28 amino acids. In
the present study, serum concentrations of orexin-A
were measured using a commercially available radio-
immunoassay kit (RIK 9600, Peninsula Laboratories,
Inc., Belmont, CA, USA). Briefly, an antibody radio-
immunoassay using rabbit antiserum specific for
recombinant orexin-A and 2°I-labeled orexin-A as
the tracer was used. The assay mixture was composed
of a 100 pl standard or sample and 100 wl antiserum.
After overnight incubation at 4 °C, 1*°I-labeled orexin-A
with RIA buffer (0.05 mol/l sodium phosphate (pH
7.4), NaCl, NaN;, BSA and 0.1% Triton X-100) was
added. The desired range for the assay was between
10 000 and 15 000 c.p.m. per 100 pl. The mixture
was again incubated overnight at 4 °C. Separation of
free and bound tracer was achieved by adding 100 pl
goat anti-rabbit IgG serum and normal rabbit serum
(both Scantibodies Lab., Santee, CA, USA). After
90 min at room temperature, the bound tracer was
precipitated by centrifugation (at 4 °C, 20 min at
1700 g), the supernatant was carefully aspirated off,
and the radioactivity was measured in a <y-counter
(Wallac Oy, Turku, Finland). This RIA possesses an
assay sensitivity of 18 pg/ml and the intra- and
interassay coefficients of variation were 5% and 20%
respectively. No cross reactivity was detected with
orexin-B, NPY, a-melanocyte stimulating hormone, or
leptin. Plasma NPY concentrations were also deter-
mined using a commercially available radioimmuno-
assay kit (RIK 7180, Peninsula Laboratories, Inc.). No
cross reactivity was found with Peptide YY, insulin,
prepro NPY, somatostatin, or vasoactive intestinal
peptide. All samples for measuring orexin-A and NPY
levels were assayed at the same time.

Plasma leptin values were measured using a newly
developed, sensitive ELISA assay as described elsewhere
(23). Briefly, aliquots of recombinant human leptin or
samples (100 pl) were added to the wells of the
antibody-coated microplates and incubated for 2 h
(first reaction). After the wells were washed with the
washing solution containing 0.5 ml/l Tween 20 in PBS
(250 pl), Fab'—enzyme conjugate (25 ng) in assay



EUROPEAN JOURNAL OF ENDOCRINOLOGY (2001) 144

buffer was added. The samples were left standing for
1 h (second reaction). The wells were aspirated and
washed again, and then substrate solution (100 pl)
was added to each well. After 15 min incubation
(enzyme reaction), stop solution (50 pl) was added,
and the absorbance at 450 nm was measured with an
ImmunoReader NJ-2000 (Nippon InterMed K.K.). This
sensitive ELISA showed good correlation with a
commercially available RIA (r = 0.99) in determining
plasma leptin concentrations. Recovery of exogenously
added leptin from plasma samples ranged from 86.1%
to 95.6% and the dilution curve showed good linearity.
The lower working range of the ELISA corresponded to
~23 pg/ml and ~16 pg/ml leptin, which is 20-30
times lower than that of a commercially available RIA
kit. No serum interference was observed in leptin-
free serum by the ELISA in contrast to the RIA Kkit.
The intra- and interassay coefficients of variation
were = 4.0% and 6.6% respectively.

Statistical analysis

Results were analyzed by ANOVA followed by Bonfer-
roni-adjusted t-test, where appropriate. Correlations
between various parameters were calculated by Pear-
son correlation coefficients. For all analyses, P = 0.05
is a critical value of significance. Data analysis was
performed with StatView 5.0 (SAS Institute Inc, Cary,
NC, USA).

Results

Body weight changes and hormonal and
metabolic parameters before, during, and
after fasting

The changes in body weight, body mass index (BMI),

and hormonal and metabolic parameters are shown in
Table 1.
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Body weight and BMI gradually and significantly
decreased during the fasting period, and they continued
to decrease until the third day of refeeding.

Plasma ACTH concentrations changed in various
ways in individual patients during fasting. The mean
concentration, however, was not significantly changed
compared with the prefasting value. Serum cortisol
concentrations, on the other hand, significantly
increased during fasting and returned to the prefasting
basal value after refeeding started.

Serum insulin and C-peptide rapidly and significantly
decreased on the third day of fasting compared with the
prefasting concentration and remained lower during
fasting. On the 10th day of fasting, however, no
significant changes were found in plasma insulin or
C-peptide concentrations compared with the prefasting
concentrations.

Plasma glucose and B-OH-butyrate changed inver-
sely during fasting, as expected. Plasma glucose
decreased significantly, whereas B-OH-butyrate
increased significantly during fasting. Both returned
to the prefasting values by the 3rd day of refeeding.

Serum orexin-A

Serum orexin-A was significantly increased on the
third day of fasting compared with the prefasting
concentrations (Fig. 1A, Table 1). It remained higher
during fasting, but was significantly decreased to
prefasting levels on the third day of refeeding. It
was inversely correlated with plasma leptin
concentration (r= —0.345, P=0.0142) and log
leptin (r = —0.449, P=0.0011) (Fig. 2). Negative
correlations with glucose (r = —0.454, P = 0.0011)
and insulin (r = —0.273, P=0.055), and a posi-
tive correlation with B-OH-butyrate (r= 0.560,
P < 0.0001) were found. Serum orexin-A was not
significantly correlated with BMI.

Table 1 Changes in body weight, BMI, and hormonal and metabolic parameters before, during and after fasting. Results are the

means + sEm. of 10 patients (n = 8 for 10" day of fasting).

During fasting Refeeding

Before 3 day 7™ day 10" day 3" day 7™ day
Body weight (kg) 48.0+2.0 46.2+2.1* 44.6+1.9* 44.4+2 2% 43.9+1.9** 46.1£3.0
BMI (kg/m?) 19.9+0.8 19.2+0.8** 18.5+0.8** 18.4+1.0** 18.3+0.8** 18.9+1.2
ACTH (pmol/l) 4.8+0.6 4.8+0.7 3.3+0.5 3.4+0.8 3.7+0.5 45+0.7
Cortisol (nmol/l) 313.4£27.8 469.0+47.3** 448.1+34.3* 450.0+46.9* 369.7+43.5 366.0+48.2
Insulin (pmol/l) 51.9+4.8 30.3+1.6™ 34.7+3.0* 40.3+5.6 50.8+6.2 62.8+7.2
C-peptide (nmol/l) 0.35+0.05 0.16x=0.02** 0.17+0.03* 0.25+0.06 0.40+0.06 0.43+0.07
Glucose (mmol/l) 4.66+0.15 3.62+0.25™* 3.66+0.17** 3.83+0.18* 4.59+0.15 4.64+0.12
-OH-butyrate (p.mol/l) 73+31 1844+335* 3329+222** 3445+398** 696+150 118+28
Orexin-A (pg/ml) 29.9+1.6 38.9+4.2* 43.4+2.9** 47.9+5.4* 33.8+1.7 33.4+3.7
NPY (pg/ml) 231.1£15.8 202.2+13.6 200.0£13.9 188.6+8.0 216.7£17.5 232.9+117.7

Leptin (pg/ml) 4991.3+1132.1 1677.8+540.6**

1322.3+261.3**

1260.5+393.9"* 1842.2+433.7** 3600.4*+1215.8

*P < 0.05, **P < 0.01, a significant difference from the corresponding pre-fasting value. Differences between means were tested by Bonferroni-adjusted

ttest after ANOVA.
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Figure 1 (A) Serum orexin-A concentration was significantly increased during fasting compared with the prefasting value and returned to

the basal value after refeeding started. (B) The time course of plasma

neuropeptide Y concentration before, during and after fasting. The

mean concentration was not significantly changed during or after fasting compared with the prefasting value. (C) Plasma leptin
significantly decreased and remained lower during fasting and on the 3rd day of refeeding compared with the prefasting value. Compared

with the corresponding fasting value, it increased significantly on the

3rd day of refeeding (vs day 7 of fasting, P < 0.05; vs day 10 of

fasting, P < 0.05). The significance level for the difference in the means from the value before fasting was made by ANOVA with
Bonferroni-adjusted t-test (orexin-A, F = 3.888, P = 0.0054; NPY, F = 1.333, P = 0.2686; leptin, F = 4.337, P = 0.0025). *P < 0.05,

**P < 0.01.

Plasma NPY

The mean concentration of plasma NPY was slightly
decreased but not significantly changed compared with
the prefasting value (Fig. 1B, Table 1). No correlation
was found between plasma NPY concentration and

www.eje.org

either serum orexin-A or plasma leptin concentration.
Furthermore, no relationship was found between
plasma NPY concentration and BMI, glucose, C-
peptide, or insulin concentration. The only positive
correlation was with B-OH-butyrate concentration (r =
0.290, P = 0.0408).
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Figure 2 Correlation between serum orexin-A and plasma log leptin concentrations in ten patients before, during and after fasting. There
was a significant negative correlation (r = —0.449, P = 0.0011) between orexin-A and log leptin values. The solid line indicates the linear

regression line: y = —0.018x + 3.877.

Plasma leptin

Plasma leptin was significantly decreased on the third
day of fasting compared with the prefasting concentra-
tion, and it remained lower throughout the fasting
period (Fig. 1C, Table 1). Although the mean plasma
leptin concentration was still lower on the third day
of refeeding compared with the prefasting value
(P < 0.01), it was significantly increased on the third
day of refeeding compared with the corresponding
fasting values (vs seventh day of fasting, n= 10,
P < 0.05; vs tenth day, n =8, P < 0.05). It returned
to the prefasting values on the seventh day of refeeding.

Plasma leptin concentration was significantly corre-
lated with BMI (r = 0.599, P < 0.0001). There were
also significant correlations with insulin (r = 0.527,
P < 0.0001), C-peptide (r=0.629, P < 0.0001),
glucose (r = 0.488, P = 0.0002), and B-OH-butyrate
(r=-0.455, P=0.0005) throughout the study
period. Whereas plasma leptin showed no significant
correlation with ACTH, there were inverse corre-
lations between the leptin and cortisol concentrations
(r=-0.362, P=0.0125).

Discussion

Starvation is a threat to survival and to the homeo-
stasis of the internal milieu. Therefore, numerous
physiological systems have developed to defend against

it. Although the sample size is rather small, this is the
first study comparing orexin-A, leptin, and NPY
concentrations simultaneously with other metabolic
and nutritional factors during and after fasting in
humans.

In the present study, the finding that fasting induces
a significant decrease in peripheral leptin confirmed
previous studies (15-17). The significant, positive
correlation of leptin with glucose, insulin, and C-
peptide, and the negative correlation with B-hydroxy-
butyrate are also consistent with recent studies (17).
Furthermore, leptin concentrations showed a negative
correlation with circulating serum cortisol concentra-
tions, indicating a role for leptin in stress regulation
(24, 25). The detection limit for plasma leptin was
much improved in the present study by the use of a
sensitive ELISA (23) and we were therefore able to
distinguish the changes in the lower range. In fact,
plasma leptin was low, but significantly increased on
the 3rd day of refeeding accompanied by a decrease in
serum cortisol, even though body weight continued to
decrease until the third day of refeeding. This confirms
that the change in leptin appears to dysregulate or
uncouple from body weight itself (16, 26) and that it is
more related to other endocrine and nutritional factors
during fasting (15, 24, 27). Leptin plays, at least in
part, an important role in the metabolic adaptation to
acute starvation.

www.eje.org
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No significant changes in plasma NPY concentra-
tions and no interrelations with metabolic factors,
except PB-OH-butyrate, or with leptin or insulin
concentrations were found during fasting. Animal
studies of fasting found increases in hypothalamic
NPY mRNA (27); however, the exact nature of the
relationship between central and peripheral measures
of NPY is poorly understood at present (28). Further, in
response to various psychological and/or physical
factors, both an increase (18, 19) and a decrease (20)
in circulating NPY concentration have been reported in
correlation with the noradrenaline release. Although
NPY co-localizes with noradrenaline in sympathetic
nerves (29) and fasting may suppress the activity of the
sympathetic nervous system (30, 31), the present
measurements indicate that changes in circulating
NPY levels are irrelevant to the energy status during
fasting.

Orexin is a newly discovered peptide in the hypo-
thalamus and a strong regulator of food intake (10).
Recently, Kirchgessner and Liu found a subset of
orexin-containing neurons in the gut in animals
expressing functional orexin receptors (21). They
observed a functional response to food status in these
cells, possibly indicating a more intimate role in
regulating energy metabolism than it does in the
central nervous system (21). Therefore, we measured
peripheral orexin-A, a 33-amino acid peptide which
has a more potent and prolonged effect on appetite
compared with orexin-B, a 28-amino acid peptide (10),
during fasting. Interestingly, serum orexin-A concen-
trations increased significantly, and had a negative
correlation with plasma leptin concentrations. Further-
more, in contrast to the leptin findings, significant
inverse relationships were found between orexin-A and
glucose, insulin, and C-peptide concentrations. In
addition, there was no significant correlation between
BMI and orexin-A in a cohort of normal subjects (data
not shown). Although it is possible that changes in
orexin-A release from the gut could be due to a marked
erosion of the gastrointestinal mucosae during fasting,
these findings are consistent with the findings in rats
that orexin appeared to participate in a short-term
regulation of energy homeostasis in response to falls in
glucose which was terminated after food ingestion (32).
It is also possible that there is some direct effect of
circulating orexin-A on the peripheral gut tissues, as
orexin excited secretomotor neurons in the guinea pig
submucosal plexus, and increased motility (21). Since
orexin-A rapidly crosses the blood—brain barrier and
reaches brain tissue (33), a peripheral increase in
orexin-A might, at least in part, also contribute to
appetite control and to energy expenditure in humans.

On the other hand, fasting is also a potent
psychological and physiological stressor (3). As pre-
viously reported, serum cortisol concentrations
increased significantly (3—5) and have an inverse
relationship with plasma leptin concentrations during
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fasting (8, 27). Plasma NPY concentrations, on the
other hand, did not show any correlation with serum
cortisol concentrations. This finding is consistent with
the dissociation between cortisol and NPY under
various stresses (34, 35), and the finding that
adrenalectomy revealed no effect on plasma NPY
concentrations (36). As to orexin-A, no direct correla-
tion was found with cortisol concentrations in the
present study. Since i.c.v. injection of orexin activated
the HPA axis (37, 38), an increase in orexin-A
concentration during fasting might possibly contribute
to the activation of the HPA axis. It is puzzling,
however, that despite marked increases in cortisol
levels during fasting, ACTH concentrations changed in
various ways in individual subjects. This is probably
because the serum ACTH-cortisol feedback system had
been altered under the stress condition, even though
cortisol levels remained high (39). Therefore, the
interrelation of orexin-A with the HPA axis during
fasting seems weaker when compared with that of
leptin. Although the mechanism(s) by which fasting
therapy improved the symptoms of psychosomatic
disorders is still unknown, fasting therapy might
activate the HPA axis, at least in part, by changes in
such peptides as orexin-A and/or leptin, consequently
improving response to stress in daily life. Future study
is warranted to clarify the precise mechanism(s).

In conclusion, the present study indicates that
fasting inversely affects peripheral orexin-A and leptin
concentrations, which are correlated with metabolic
and nutritional state in humans.
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