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Plasma orexin and ghrelin response to the oral glucose
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Abstract
Introduction: The aim of the present study was to examine the response of plasma orexin and ghrelin to the oral glucose
tolerance test (OGTT) in obese women without additional disease.
Material and methods: The study group comprised 15 obese women aged 30.4 ± 9.7 years of mean BMI 34.7 ± 3.8 kg/m2.
The measurements were performed after an overnight fast and 30, 60 and 120 minutes after the oral administration of
75 grams of glucose. Serum concentrations of ghrelin and orexin A were measured by an enzyme — linked immunosorbent
assay (ELISA) kit. Serum concentrations of insulin were measured by radioimmunoassay (RIA). Plasma glucose was determined by an enzymatic procedure. Body composition was determined by impedance analysis using Bodystat.
Results: We observed no significant differences between serum concentrations of ghrelin and orexin during OGTT. No
correlations were found between serum ghrelin and orexin concentrations and serum insulin and glucose concentrations
in any of the measurements.
Conclusion: Oral glucose administration did not change serum concentrations of ghrelin and orexin A in obese women
without additional disease.
(Pol J Endocrinol 2007; 58 (5): 422–425)
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Streszczenie
Wstęp: Celem badania była ocena zmiany stężeń oreksyny i greliny w surowicy podczas testu doustnego obciążenia glukozą (OGTT, oral glucose tolerance test) u otyłych kobiet bez dodatkowych chorób towarzyszących.
Materiał i metody: Badana grupa składała się z 15 otyłych kobiet w wieku 30,4 ± 9,7 lat ze średnim BMI wynoszącym 34,7 ±
± 3,8 kg/m2. Próbki krwi pobrano rano na czczo, a następnie po 30, 60 i 120 minutach po doustnym podaniu 75 gramów
glukozy. Stężenie greliny i oreksyny A w surowicy oceniano metodą bioimpedancji (ELISA). Do pomiaru stężenia insuliny
w surowicy wykorzystano metodę radioimmunologiczną (RIA). Stężenie glukozy w osoczu określono metodą enzymatyczną. Skład masy ciała określono, stosując analizę impedancji z użyciem aparatu Bodystat.
Wyniki: Nie stwierdzono istotnych różnic między stężeniem greliny i oreksyny w surowicy podczas OGTT. Nie wykazano żadnych korelacji między stężeniem greliny i oreksyny w surowicy a stężeniem insuliny i glukozy.
Wnioski: Doustne podanie glukozy nie spowodowało zmiany stężeń greliny i oreksyny A w osoczu u otyłych kobiet bez
chorób towarzyszących.
(Endokrynol Pol 2007; 58 (5): 422–425)
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A large number of studies have recently been performed
in order to elucidate the regulation of appetite and food
intake. Currently two peptides, ghrelin and orexin, are
known to participate in the regulation of appetite.
The peptide hormone ghrelin is predominantly produced by the stomach, although its expression has also
been demonstrated in the bowel, pancreas, kidneys,
placenta, gonads, pituitary, hypothalamus and adipose tissue [1, 2, 3].
Ghrelin increases expression of hypothalamic neuropeptide Y (NPY) and stimulates food intake in both rodents and human [4]. Circulating ghrelin levels are increased by fasting and energy restriction and are decreased
by food intake, glucose, insulin and somatostatin [5].
The mean normal serum ghrelin level in humans is
117 ± 37 fmol/ml [6]. A previous study revealed that
serum concentrations of ghrelin are reduced in obese
humans [7] and that weight loss increased serum concentrations of ghrelin [8].
Orexins A and B are pairs of neuropeptides that are
expressed in the lateral hypothalamic area [9]. Orexin
receptors are present in the hypothalamus, pancreas
and gut [10]. Kastin et al. [11] revealed that orexins can
pass the blood-brain barrier and are expressed in the
peripheral tissues. Centrally administered orexin A stimulates food intake in rodents [12]. Peripherally administered orexin A increases insulin secretion [13].
Results obtained by Adam et al. [14] revealed that
plasma orexin A levels are decreased in obese individuals.
The aim of the present study was to examine the
response of plasma orexin and ghrelin to the oral glucose tolerance test (OGTT) in obese women without
additional disease.

Material and methods
The study group consisted of 15 obese women with
a mean age of 30.4 ± 5.7 years and a mean body mass
index (BMI) of 34.7 ± 3.8 kg/m2. The study group is characterised in Table I.
All the obese subjects included in the study were
diagnosed as having simple obesity without additional
disease. All patients had serum concentrations of glucose and insulin within the reference ranges. The exclusion criteria were evidence of present or recent (during the preceding three months) infectious disease,
fever and drug therapy. The study was conducted after
obtaining the informed consent of all the subjects and
was approved by the local ethics committee.
Body weights and heights were measured, and BMI
calculated as weight in kilograms divided by the square of the height in metres. Body composition was de-

Table I
Characteristics of study subjects
Tabela I
Charakterystyka badanych
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N = 15
Weight [kg]

91.4±13.1

BMI [kg/m2]

34.7±3.8

Body fat [kg]

39.7±9.7

Body fat (%)

42.9±4.5

Fat-free mass [kg]

51.7±4.7

Fat-free mass (%)

57.1±4.5

termined by impedance analysis using a Bodystat analyser.
After an overnight fast 6–8 ml samples of venous
blood were collected 30, 60 and 120 minutes after oral
administration of 75 grams of glucose. The blood samples were collected according to the recommendation
of the kit manufacturer. The blood for both ghrelin and
orexin A measurements was collected into Lavender
Vacutainer tubes containing EDTA. The Lavender Vacutainer tubes were then gently rocked several times
immediately after the collection of blood for anti-coagulant. Next the blood was transferred from the Lavender
Vacutainer tubes to centrifugal tubes containing aprotinin
(0.6 TIU/ml of blood) and gently rocked several times to
inhibit the activity of proteinases. The plasma was collected after centrifugation of the blood at 1,600 × g for
15 minutes at 4°C. The plasma obtained was drawn into
plastic vials, and stored at –80°C until the time of assay.
Plasma glucose was determined by an enzymatic
procedure using a commercially available test kit (Cormay). Insulin was determined by radioimmunoassay
(RIA) (Diagnostic Products Corporation, USA) with
a lower limit of sensitivity of 1.2 mIU/ml and intra-assay and inter-assay coefficients with variations of 5.2%
and 5.8% respectively.
The blood plasma of ghrelin was measured using
a commercially available highly sensitive enzyme-linked immunosorbent assay (ELISA) kit (Phoenix Pharmaceuticals USA). The sensitivity of the ghrelin assay is
typically less than 6.0 pg/ml. The mean intra-assay coefficient of variance was < 6.0% and the mean interassay coefficient of variance was < 9.0%.
The blood plasma of orexin A was measured using
a commercially available highly sensitive enzyme-linked immunosorbent assay (ELISA) kit (Phoenix Pharmaceuticals USA). The sensitivity of the orexin assay is
typically less than 37.0 pg/ml. The mean intra-assay coefficient of variance was < 5.0% and the mean interassay coefficient of variance was < 14.0%.
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Table II
Changes in the study parameters during OGTT
Tabela II
Zmiany badanych parametrów w czasie OGTT
Minutes after oral administration of 75 grams of glucose
0’

30’

60’

120’

77.4±49.5

80.6±62.7

69.8±48.7

73.7±39.2

Orexin A [pg/ml]

372.3±84.1

405.6±81.8

397.6±109.9

435.5±121.1

Insulin [mlU/ml]

16.0±10.5

115.1±49.1***

111.2±59.0***

117.5±49.1***

Glucose [mg/dl]

94.8±8.5

132.0±22.9***

132.7±33.7***

121.9±25.1**

Ghrelin [pg/ml]

**p < 0.005;***p < 0.001

Statistical analysis
All text and table values are expressed as means ± SD.
Changes in the study parameters between baseline and
30, 60 and 120 minutes were evaluated using a paired
t test. The relationships between the study parameters
were examined by Pearson’s correlation analysis.
A p value < 0.05 was considered statistically significant.

Results
The responses of plasma orexin, ghrelin, insulin and
glucose to the OGTT are presented in Table II.
We did not observe any significant difference between plasma concentrations of ghrelin and orexin during OGTT.
No correlations were found between body mass, BMI
and body composition and serum ghrelin and orexin A
concentrations. We did not observe any correlation between plasma ghrelin and orexin A, serum insulin and
glucose concentrations in any of the measurements.

Discussion
As described above, recent studies have shown that circulating ghrelin levels are decreased by glucose, insulin, and somatostatin [5]. In our study we observed
a tendency to a decrease in ghrelin concentration
60 minutes after oral administration of glucose. This is
in agreement with previous observations, which revealed that ghrelin is expressed in the oxyntic mucosal
cells of an empty stomach and that its concentration
rises sharply before a meal and decreases one hour after
a meal [15–17]. Because it was glucose and not
a meal that was administered, it seems that the inhibiting effect of glucose on ghrelin release may be weaker
than the inhibiting effect of a meal. This is in agreement
with the findings reported by Foster-Schubert et al. [18]

424

that the carbohydrate beverage was the most effective
in ghrelin inhibition, whereas the fat beverage was less
effective. Experimental study in rats has also shown
a decrease in ghrelin after nutrient infusion into either
the proximal duodenum or proximal jejunum [19]. The
effect was more pronounced after infusion of amino
acids and glucose than after infusion of lipids [19]. On
the other hand, Broglio et al. [20] revealed a significant
decrease in ghrelin levels in obese subjects 60 minutes
after the glucose load during OGTT. However, they
performed OGTT with 100 g of glucose and we used
75 g of glucose.
We did not observe any significant changes in serum concentrations of ghrelin during OGTT. This agrees
with the findings of Callahan et al. [21] that both the
depth and duration of postprandial ghrelin suppression were directly related to energy load, with more
energy as a percentage of total daily energy requirements suppressing ghrelin to a greater degree. Contradictory results were obtained by Cappiello et al. [22].
A significant decrease in ghrelin (25–40%) during OGTT
and significant negative correlations between serum
ghrelin levels and BMI and insulin levels were observed in both the obese and lean groups. It seems that
differences between our results and the observations
of Cappiello et al. are caused by differences in the characteristics of the study groups. Cappiello et al. studied
a small group of obese subjects (one man and three
women) and a small control group (six women) and
both groups were older than our study groups. Moreover, Greenman et al [23] showed that ghrelin response to nutrients is modulated by gender.
A correlation between fasting ghrelin level and BMI
was also observed by Stock et al. [16]. However, their
study group consisted of adolescents. On the other
hand, body fat mass was not determined in either of
the studies cited and our previous study [8] revealed
that body fat rather than BMI correlated with ghrelin

levels. However, Bacha et al. [24] observed negative
correlations between ghrelin levels and both BMI and
body fat mass in obese children. They also showed a
significant decrease in ghrelin levels 60 min. after glucose load during OGTT (24%).
Nowak et al. [13] revealed that peripherally administered orexin A increases insulin secretion in rats. On
the other hand, Chang et al. [25] observed that circulating triglycerides stimulate hypothalamic neurons to
synthesis of specific feeding stimulatory peptides, including orexin A. In our study we observed a tendency
to an increase in orexin A concentration 120 minutes
after oral administration of glucose. Therefore it seems
that high concentrations of carbohydrate as well as lipids may stimulate hypothalamic synthesis of orexin
A, but that the stimulation is weaker than that exerted
by lipids.
We did not observe any correlations between serum
ghrelin and orexin A concentrations in any of the measurements, which is interesting, as both ghrelin and
orexin A inducing food intake involve the neuropeptide Y pathway [4, 26].
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Conclusions
Oral glucose administration did not change serum concentrations of ghrelin and orexin in obese women without additional disease.

18.

19.

20.

References
1.

2.

3.
4.
5.

6.

7.

Tena-Sempere M, Barreiro ML, Gonzalez LC et al. Novel expression and functional role of ghrelin in rat testis. Endocrinology
2002; 143: 717–725.
Gualillo O, Caminos J, Blanco M et al. Ghrelin a novel placental-derived hormone. Endocrinology 2001; 142: 788–
–794.
Mori K, Yoshimoto A, Takaya K et al. Kidney produces a novel
acylated peptide, ghrelin. FEBS Lett 2000; 486: 213–216.
Tschop M, Smiley DL, Heiman ML. Ghrelin induces adiposity
in rodents. Nature 2000; 407: 908–913.
Cummings DE, Purnell JQ, Frayo RS et al. A preprandial rise in
plasma ghrelin levels suggests a role in meal initiation in humans. Diabetes 2001; 50: 1714–1719.
Consanueva FF, Dieguez C. Ghrelin: the link connecting growth
with metabolism and energy homeostasis. Rev Endocr Metab
Disord 2002; 3: 325–338.
Tischop M, Weyer Ch, Tataranni PA et al. Circulating ghrelin levels are decreased in human obesity. Diabetes 2001; 50:
707–709.

21.

22.

23.

24.

25.

26.

Zahorska-Markiewicz B, Mizia-Stec K, Olszanecka-Glinianowicz M, Janowska J. Effect of weight reduction on serum ghrelin and TNFa concentrations in obese women. Eur J Intern Med
2004; 15: 172–175.
Sakurai T, Amemiya A, Ishii M et al. Orexins and orexin receptors: a family of hypothalamic neuropeptides and G proteincoupled receptors that regulate feeding behaviour. Cell 1998;
92: 573–585.
Kirschgessner A, Liu M. Orexin synthesis and response in the
gut. Neuron 1999; 24: 941–951.
Kastin AJ, Akerstrom V. Orexin A but not orexin B rapidly enters brain from blood by simple diffusion. J Pharm Exp Ther
1999; 298: 219–223.
Haynes AC, Jackson B, Overend P et al. Effects of single and
chronic intracerebroventricular administration of the orexin on
feeding in the rat. Peptides 1999; 20: 1099–1105.
Nowak KW, Mackowiak P, Świtońska MM et al. Acute orexin
effects on insulin secretion in the rat: in vivo and in vitro studies. Life Sci 2000; 66: 449–454.
Adam JA, Menheere PPCA, van Dielen FMH et al. Decreased
plasma orexin-A levels in obese individuals. Intern J Obes 2002;
26: 274–276
Konturek SJ, Pepera J, Zabielski K, et al. Brain-gut axis in pancreatic secretion and appetite control. J Physiol Pharmacol 2003;
54: 393–418.
Stock S, Leichner P, Wong ACK et al. Ghrelin, peptide YY, glucose-dependent insulinotropic polypeptide, and hunger response to a mixed meal in anorexic, obese and control female
adolescents. J Clin Endocrinol Metab 2005; 90: 2161–2168.
Marzuullo P, Caumo A, Savia G et al. Predictors of postabsorptive ghrelin secretion after intake of different macronutrients.
J Clin Endocrinol Metab 2006; 91: 4124–4130.
Foster-Schubert KE, Weidle DS, Frayo RS et al. Lipids suppress
human plasma ghrelin less effectively than do carbohydrates
or proteins. Program Abstr Endocr Soc Annu Meet 2004.
Overduin J, Frayo RS, Grill HJ et al. Role of the duodenum
and macronutrient type in ghrelin regulation. Endocrinology
2005; 146: 845–850.
Broglio F, Gottero C, Prodam F et al. Ghrelin secretion is inhibited
by glucose load and insulin-induced hypoglycaemia but unaffected by glucagon and arginine in humans. Clin Endocrinol
(Oxf.) 2004; 64 (4): 503–509.
Callahan H, Cummings DE, Pepe M et al. Postprandial suppression of plasma ghrelin level is proportional to ingested caloric load but does not predict interval in humans. J Clin Endocrinol Metab 2004; 89: 1319–1324.
Cappiello V, Ronchi C, Morpurgo PS et al. Circulating ghrelin
levels in basal condition and during glucose tolerance test in
acromegalic patients. Europ J Endocrinol 2002; 147: 189–194.
Greenman Y, Golani N, Gllad S et al. Ghrelin secretion is modulated in a nutrient- and gender-specific manner. Clin Endocrinol 2004; 60: 382–388.
Bacha F, Arslanian SA. Ghrelin and peptide YY in youth: are
there race-related differences. J Clin Endocrinol Metab 2006;
91: 3117–3122.
Chang G, Karatayev O, Davydova Z et al. Circulating triglycerides impact on orexigenic peptides and neuronal activity in
hypothalamus. Endocrinology 2004; 145: 3904–3912.
Yamanaka A, Kunii K, Nambu T et al. Orexin-induced food intake
involves neuropeptide Y pathway. Brain Res 2000; 859: 404–409.

425

PRACE ORYGINALNE

Endokrynologia Polska/Polish Journal of Endocrinology 2007; 58 (5)

