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Standard light breakfast inhibits circulating ghrelin level to
the same extent of oral glucose load in humans, despite
different impact on glucose and insulin levels
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ABSTRACT. Ghrelin levels are increased by fast-
ing and energy restriction, decreased by food in-
take, glucose load and insulin but not by lipids and
amino acids. Accordingly, ghrelin levels are ele-
vated in anorexia and cachexia and reduced in
obesity. Herein we compared the effects of a stan-
dardized light breakfast (SLB) on morning circu-
lating ghrelin levels with those of oral glucose load
(OGTT) in normal subjects. Specifically, 8 young
adult volunteers [age (mean+SEM): 28.0+2.0 yr;
body mass index (BMI): 22.4+0.6 kg/m?] under-
went the following testing sessions: a) OGTT (100
g po at 0 min, about 400 kcal); b) SLB (about 400
kcal, 45% carbohydrates, 13% proteins and 42%
lipids at 0 min) on three different days; c) placebo
(100 ml water po). In all sessions, at baseline,
blood samples were withdrawn twice at 5-min in-
terval to characterize the inter- and intra-individ-
ual reproducibility of the variables assayed. After
placebo and OGTT, blood samples were with-
drawn every 15 min up to +120 min. After SLB,
blood samples were taken at 60 min only. Ghrelin,
insulin and glucose levels were assayed at each
time point in all sessions. Similarly to insulin and
glucose levels, at baseline, ghrelin showed re-

INTRODUCTION

Ghrelin is a 28-amino acid peptide predominantly
produced by the stomach (1, 2). In its acylated form,
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markable intra-subject reproducibility both in the
same sessions and among the different sessions.
Placebo did not significantly modify ghrelin, in-
sulin and glucose. OGTT increased (p<0.01) glu-
cose (baseline vs peak: 80.0+£3.6 vs 140.5%
6.3 mg/dl) and insulin (20.2+6.2 vs 115.3+10.3
mUY/I) levels. SLB increased (p<0.05) both insu-
lin (16.3£1.8 vs 48.3+6.3 mU/I) and glucose
(74.5+3.7 vs 82.9+3.1 mg/dl) levels. Notably both
the insulin and glucose increases after OGTT were
significantly higher (p<0.01) than that induced by
SLB. After OGTT, ghrelin levels underwent a sig-
nificant reduction (baseline vs nadir: 355.7+150.8
vs 243.3+98.8 pg/ml; p<0.05) reaching the nadir
at time +60 min. Similarly, ghrelin levels 60 min
after SLB (264.8+44.8 pg/ml) were significantly
(p<0.01) lower than at baseline (341.4+54.9
pg/ml). No significant differences in the reduction
of ghrelin levels after OGTT and SLB were ob-
served. In conclusion, these findings show that
light breakfast inhibits ghrelin secretion to the
same extent of OGTT in adults despite lower vari-
ations in glucose and insulin levels.
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ghrelin displays strong GH-releasing activity mediat-
ed by the activation of the GH secretagogue (GHS)
receptors (GHS-R) type 1a (1, 3). GHS-R are expressed
in the hypothalamus-pituitary unit but also in other
central and peripheral tissues (3, 4). Indeed, besides
potent GH-releasing effect, ghrelin has other re-
markable activities including stimulation of lactotroph
and corticotroph secretion, inhibition of gonadal ax-
is, orexigenic effect coupled with control of energy
expenditure, cardiovascular actions, modulation of
cell proliferation and apoptosis, influence on gastric
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motility and acid secretion, exocrine and endocrine
pancreatic function and glucose metabolism, behav-
ior and sleep (2, 5, 6).

Circulating ghrelin levels, mostly represented by
its unacylated form, are increased by fasting and
energy restriction, decreased by food intake, glu-
cose, insulin and somatostatin but unaffected by
lipids and amino acids (5, 7-11). In agreement with
the major influence of nutrients on ghrelin secre-
tion, circulating ghrelin levels are increased in lean
subjects as well as in patients with anorexia ner-
vosa and cachexia but reduced in obesity (8, 12).
These changes are opposite to those of leptin and
it has been suggested that both ghrelin and lep-
tin are hormones signaling the metabolic balance
and managing the neuroendocrine and metabol-
ic response to changes in the nutritional status
(5, 6, 12). Accordingly, a clear negative associa-
tion between insulin and ghrelin levels has also
been shown (5, 6, 12).

Therefore, ghrelin measurement has been sug-
gested as a reliable marker of the nutritional status
and the modulation of ghrelin secretion induced by
nutrient intake might provide useful information
about the neuro-endocrine and metabolic re-
sponses to food intake.

The aim of the present study was to compare the ef-
fects of standardized light breakfast (SLB) on morn-
ing circulating ghrelin levels with those of oral glu-
cose load (OGTT) in order to further clarify the rela-
tionship between ghrelin secretion and nutrients.

SUBJECTS AND METHODS

Eight healthy young male volunteers [age (mean+SEM):
28.0+2.0 yr; BMI: 22.4x0.6 kg/m?] were studied. All subjects
gave their written informed consent to participate in the study
which had been approved by an independent Ethics
Committee.

All subjects underwent the following testing sessions in ran-
dom order and at least 7 days apart: a) placebo (100 ml water
po); b) OGTT (100 g po at 0 min, about 400 kcal); c) SLB (about
400 kcal, 45% carbohydrates, 13% proteins and 42% lipids at
0 min) on three different days. Specifically, SLB was composed
of 200 cc of milk (about 130 kcal) with 10 g of sugar (about
40 kcal) and 2 prepacked snacks (about 120 kcal each). All sub-
jects were allowed to consume SLB in no longer than 15 min.
After overnight fasting, the tests began in the morning at 08:30-
09:00 h, 30 min after an indwelling catheter had been placed
into an antecubital vein of the forearm kept patent by slow in-
fusion of isotonic saline.

In all sessions, at baseline, blood samples were withdrawn twice
at 5-min interval in order to characterize the inter- and intra-in-
dividual reproducibility of the variables assayed.

Then, in both placebo and OGTT sessions, blood samples were
withdrawn every 15 min up to +120 min. Instead, in the SLB ses-
sions, blood samples were taken 60 min after nutrient intake.

(J. Endocrinol. Invest. 26: 1203-1207, 2003) ©2003, Editrice Kurtis.

In all sessions, all subjects remained seated and no physical ex-
ercise, smoking or other food or water ingestion was allowed
till the end of the testing sessions.

Ghrelin, insulin and glucose levels were assayed at each time
point in all sessions.

Ghrelin levels (pg/ml) was assayed, after extraction in reverse
phase C18 columns, by a radioimmunometric assay (Phoenix
Pharmaceuticals, Inc., Belmont, CA) using '2%I-labeled bioactive
ghrelin as a tracer and a rabbit polyclonal antibody vs octanoy-
lated and des-octanoylated h-ghrelin. Sensitivity: 30 pg/tube,
intra-assay coefficient of variation (CV) range: 0.3-10.7%.
Insulin levels (mU/I; 1 mU/I=7.175 pmol/l) were measured in
duplicate by immunoradiometric assay (INSIK-5, SORIN
Biomedica, Saluggia, Italy). The sensitivity of the assay was
2.5£0.3 mU/l. The inter- and intra-assay CVs were 6.2-10.8%
and 5.5-10.6%, respectively.

Glucose levels (mg/dl; 1 mg/dl = 0.05551 mmol/l) were mea-
sured by gluco-oxidase colorimetric method (GLUCOFIX, by
Menarini Diagnostici, Florence, Italy).

All samples from an individual subject were analyzed together.
The hormonal responses are expressed as absolute values or as
delta percent variations. All the reported baseline levels are the
means between two values obtained at 5-min interval.

The statistical analysis was carried out using a non-parametric
analysis of variance (ANOVA) (Friedman test), analysis of co-
variance (ANCOVA), Wilcoxon matched pairs test and Mann-
Whitney test, as appropriate.

Results are expressed as mean+SEM.

RESULTS

Ghrelin, as well as insulin and glucose levels,
showed remarkable intra-subject reproducibility
both in the same sessions (CV: 12.5+2.8%) and
among the different sessions (CV: 14.9+1.8%). On
the other hand, a low inter-subject reproducibility
(CV: 48.7+6.0%) was observed.

At baseline, no significant differences were ob-
served in ghrelin, insulin and glucose levels in the
different sessions.

Placebo administration did not significantly modify
ghrelin, insulin and glucose (Fig. 1 and 2).

OGTT induced obvious increase (p<0.01) in glucose
(baseline vs peak: 80.0+3.6 vs 140.5+6.3 mg/dl; A%
variation: 39.4£9.7%; median peak time: 30 min) and
insulin (20.2+6.2 vs 115.3+10.3 mU/I; A% variation:
562.6£161.6%; median peak time: 30 min) levels (Fig.
1 and 2). As expected, SLB increased (p<0.05) both
insulin (16.3£1.8 vs 48.3+6.3 mU/I; A% variation:
206.6+40.7%) and glucose (74.5%3.7 vs 82.9+3.1
mg/dl; A% variation: 12.0+3.4%) levels (Fig. 1 and 2).
Notably both the insulin and glucose increase after
OGTT was significantly higher (p<0.01) than that in-
duced by SLB (Fig. 1 and 2).

After OGTT administration, ghrelin levels underwent
a significant reduction (baseline vs nadir: 355.7+150.8
vs 243.3+£98.8 pg/ml; A% variation: —29.4+6.0%,;
p<0.05) reaching the nadir at median time 60 min.
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Fig. 1 - Mean and individual insulin, glucose and ghrelin A%
variations after standardized light breakfast (SLB) or oral glu-
cose load (OGTT) in 8 normal young subjects.

Similarly, ghrelin levels 60 min after SLB (264.8+44.8
pg/ml) were significantly (p<0.01) lower those at base-
line (341.4+54.9 pg/ml; A% variation: —=21.2£5.1%).
No significant differences in the reduction of ghrelin
levels after OGTT and SLB were observed both in

Ghrelin response to breakfast
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Fig. 2 - Mean (+SEM) insulin, glucose and ghrelin levels after

standardized light breakfast (SLB) or oral glucose load (OGTT)
in 8 normal young subjects.
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terms of absolute values and after co-varying ghrelin
levels with insulin and glucose variations.

DISCUSSION

The results of the present study demonstrate that
SLB inhibits circulating ghrelin levels in adults. The
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inhibitory effect of SLB on ghrelin secretion at 60
min after its ingestion is of the same magnitude of
that observed at the same time after 100 g OGTT
although the latter elicits much more remarkable
variations in circulating glucose and insulin levels.
Circulating ghrelin levels are mainly represented by
its unacylated form despite the endocrine actions
being exerted by the acylated form only and mostly
reflect gastric secretion (6, 13). Ghrelin secretion oc-
curs in a pulsatile manner without strict correlation
with GH levels but with association to food intake
episodes and sleep cycles in rats (14). In humans,
ghrelin secretion undergoes remarkable variations
throughout the day and, as in animals, ghrelin peaks
anticipate food intake suggesting that the latter is
triggered by ghrelin discharge (6, 12). In particular,
although with a high inter-subjects variability, also
confirmed by the present study, human plasma ghre-
lin levels were shown to rise nearly twofold shortly
before each meal and fall to trough levels within 1 h
after eating, and specifically ghrelin levels after
breakfast have been reported to strongly correlate
with the 24-h integrated ghrelin secretion (15).
However, although the reliability of a single morn-
ing measurement to describe 24-h ghrelin secretion
is highly debatable, it must be noticed that morning
fasting ghrelin levels show remarkable intra-subject
reproducibility as reported by previous findings (15)
and also confirmed by the present study.

In agreement with the major influence of nutrition
on ghrelin secretion, ghrelin and insulin secretion
are negatively associated in humans as well as in
animals and an inhibitory influence of insulin on
ghrelin secretion has been reported (5, 10, 12).
Indeed, both euglycemic and hypoglycemic hy-
perinsulinemic clamps induce a clear reduction in
circulating ghrelin levels (9, 10).

In agreement with the strict relationship between
ghrelin secretion and food intake, in humans as well
as in animals circulating ghrelin levels undergo a clear
decrease after meals (7, 12). Regarding nutrients, glu-
cose has an inhibitory influence on ghrelin secretion
as indicated by the clear decrease in circulating ghre-
lin levels after either oral or iv glucose load both in
animals and in humans (8, 9, 16, 17). On the other
hand, iv free fatty acid as well as arginine load do not
affect circulating ghrelin levels in humans (10).
However, ghrelin secretion decreases during low-
protein diet and increases during high-fat or high-
carbohydrate diet in rats indicating the differential
influence of macronutrients (18, 19).

The physiological mechanisms underlying these ef-
fects and the explanation of the discrepancies be-
tween studies addressing the effects of iv or orally
administered nutrients is unknown (18, 19).

(J. Endocrinol. Invest. 26: 1203-1207, 2003) ©2003, Editrice Kurtis.

We aimed at clarifying the degree, if any, of the in-
hibitory effect of a SLB on circulating ghrelin levels
and to compare its effect with that of an OGTT. We
also considered and compared the effects of light
breakfast and OGTT on glucose and insulin levels.
Our findings show that SLB induces a gluco-insu-
linemic response that is significantly lower than that
to OGTT. The reasons for these different metabol-
ic effects could be explained by the lower glycidic
content in SLB than in OGTT or by the potential dif-
ferent kinetics of absorption after liquid (OGTT) or
solid (SLB) glucose ingestion.

Interestingly, despite the different gluco-insuline-
mic responses, the inhibition of ghrelin secretion
induced by SLB is not statistically different from that
induced by OGTT. This evidence is remarkable and
deserves attention. Possible explanations for these
results might be that lower variations of insulin and
glucose than those induced by OGTT are effective
to significantly modulate ghrelin secretion.

On the other hand, it has to be noticed that SLB al-
so provided some amount of amino acids and lipids
that are ineffective after iv administration, at least in
humans (10, 11). Thus, one may also argue that the
entity of glucose load does not play a major in-
hibitory role while proteins and lipids would have
some inhibitory impact in humans as well but after
oral administration only. This latter hypothesis should
imply that enteral variables play the most relevant
role in influencing ghrelin secretion (10, 18, 19).
Unfortunately, the present study model is not able
to provide further information about the exact
mechanisms underlying the inhibitory effect of nu-
trients on ghrelin secretion and further studies are
needed to confirm these data and to investigate
the potential mechanisms.

In conclusion, this study demonstrates that food in-
take even such as light breakfast is as effective as
OGTT in inhibiting ghrelin secretion and this occurs
despite very different gluco-insulinemic responses.
Independently of the mechanisms underlying the ef-
fect of nutrients on ghrelin secretion, the inhibitory
effect of standardized breakfast might theoretically
represent an easy dynamic test to investigate ghrelin
secretion in different pathophysiological conditions.

REFERENCES

1. Kojima M, Hosoda H, Matsuo H, Kangawa K. Ghrelin: dis-
covery of the natural endogenous ligand for the growth
hormone secretagogue receptor. Trends Endocrinol
Metab 2001, 12: 118-22.

2. Broglio F, Arvat E, Benso A, et al. Ghrelin: endocrine and
non-endocrine actions. J Pediatr Endocrinol Metab 2002,
15:1219-27.

1206



(J. Endocrinol. Invest. 26: 1203-1207, 2003) ©2003, Editrice Kurtis.

10.

11.

Muccioli G, Tschop M, Papotti M, Deghenghi R, Heiman
M, Ghigo E. Neuroendocrine and peripheral activities of
ghrelin: implications in metabolism and obesity. Eur J
Pharmacol 2002, 440: 235-54.

Gnanapavan S, Kola B, Bustin SA, et al. The tissue distri-
bution of the mRNA of ghrelin and subtypes of its re-
ceptor, GHS-R, in humans. J Clin Endocrinol Metab 2002,
87:2988.

Broglio F, Gottero C, Benso A, et al. Ghrelin and the en-
docrine pancreas. Endocrine 2003, 22: 19-24.

Yoshihara F, Kojima M, Hosoda H, Nakazato M, Kangawa
K. Ghrelin: a novel peptide for growth hormone release
and feeding regulation. Curr Opin Clin Nutr Metab Care
2002, 5: 391-5.

Tschop M, Wawarta R, Riepl RL, et al. Post-prandial de-
crease of circulating human ghrelin levels. J Endocrinol
Invest 2001, 24: RC19-21.

Shiiya T, Nakazato M, Mizuta M, et al. Plasma ghrelin levels
in lean and obese humans and the effect of glucose on
ghrelin secretion. J Clin Endocrinol Metab 2002, 87: 240-4.

Lucidi P, Murdolo G, Di Loreto C, et al. Ghrelin is not nec-
essary for adequate hormonal counterregulation of insulin-
induced hypoglycemia. Diabetes 2002, 51: 2911-4.

Mohlig M, Spranger J, Otto B, Ristow M, Tschop M,
Pfeiffer AF. Euglycemic hyperinsulinemia, but not lipid in-
fusion, decreases circulating ghrelin levels in humans. J
Endocrinol Invest 2002, 25: RC36-8.

Prodam F, Gottero C, van Koetsvelt P et al. Metabolic and
cholinergic modulation of ghrelin secretion in humans. 85t
Annual Meeting, Philadelphia, Pennsylvania, June 19-22,
2003, abs. P1-554.

1207

13.

14.

16.

17.

19.

Ghrelin response to breakfast

Cummings DE, Schwartz MW. Genetics and pathophysi-
ology of human obesity. Annu Rev Med 2003, 54: 453-71.

Ariyasu H, Takaya K, Tagami T, et al. Stomach is a major
source of circulating ghrelin, and feeding state determines
plasma ghrelin-like immunoreactivity levels in humans. J
Clin Endocrinol Metab 2001, 86: 4753-8.

Tolle V, Bassant MH, Zizzari P, et al. Ultradian rhythmicity
of ghrelin secretion in relation with GH, feeding behavior,
and sleep-wake patterns in rats. Endocrinology 2002, 143:
1353-61.

Cummings DE, Purnell JQ, Frayo RS, Schmidova K, Wisse
BE, Weigle DS. A preprandial rise in plasma ghrelin levels
suggests a role in meal initiation in humans. Diabetes,
2001, 50: 1714-19.

McCowen KC, Maykel JA, Bistrian BR, Ling PR. Circulating
ghrelin concentrations are lowered by intravenous glucose
or hyperinsulinemic euglycemic conditions in rodents. J
Endocrinol 2002, 175: R7-11.

Nakagawa E, Nagaya N, Okumura H, et al.
Hyperglycaemia suppresses the secretion of ghrelin, a nov-
el growth-hormone-releasing peptide: responses to the
intravenous and oral administration of glucose. Clin Sci
(Lond) 2002, 103: 325-8.

Beck B, Musse N, Stricker-Krongrad A. Ghrelin, macronu-
trient intake and dietary preferences in long-evans rats.
Biochem Biophys Res Commun 2002, 292: 1031-5.

Lee HM, Wang G, Englander EW, Kojima M, Greeley GH
Jr. Ghrelin, a new gastrointestinal endocrine peptide that
stimulates insulin secretion: enteric distribution, ontoge-
ny, influence of endocrine, and dietary manipulations.
Endocrinology 2002, 143: 185-90.



