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Abstract: Objective: Most patients with Type 2 Diabetes Mellitus are successful in control their blood glucose and
able to stop taking anti-diabetic medications including insulin after bariatric surgery. However, the underlying mech-
anism of how these operations work on patients with type 2 Diabetes Mellitus is still unclear. The aim of this study
was to investigate the changes of ghrelin and obestatin in obese patients and in normal lean patients with type 2
diabetes mellitus before and after operation. Materials and methods: Total plasma ghrelin and obestatin levels were
measured by radioimmunoassay in patients with Type 2 Diabetes Mellitus and control subjects, at both before and
one month after Mini-Bypass or laparoscopic adjustable gastric band (LAGB) operation. Body mass index, fasting
blood glucose, insulin, HbA, , peptide C and waist-hip ratio were calculated. Results: Post-operative circulating ghre-
lin and obestatin were elevated in obese subjects, suggesting that high ghrelin and obestatin may be involved in the
etiology and pathophysiology of obesity. Conclusions: Improved Type 2 Diabetes Mellitus symptoms after operation
may due to the decreased circulating ghrelin.
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Introduction

Type 2 diabetes mellitus is an epidemic health
problem, affecting more than 150 million peo-
ple worldwide [1-3]. This number is expected to
double in the first decades of the third millen-
nium [4]. Recently, evidence for reduction of
complications of type 2 diabetes with control of
hyperglycemia has been reported, however,
current available therapies, including diet, exer-
cise, behavior modification, oral hypoglycemic
agents and insulin, rarely contributes to eugly-
cemia in patients [5-8]. Currently, bariatric sur-
gery is the most effective weight loss treatment
resulting in significant weight loss that will be
sustained for many years [5, 6, 9]. Most
patients with Type 2 Diabetes Mellitus are suc-
cessful in control their blood glucose and able
to stop taking anti-diabetic medications includ-
ing insulin after bariatric surgery [10]. Enough
evidence has been provided to support the
notion that obesity surgeries, including Mini-
Bypass, laparoscopic adjustable gastric band
(LAGB) and gastrectomy surgery, are effective

therapy for type 2 diabetes, at least in morbidly
obese condition [11, 12]. However, the underly-
ing mechanism of how these operations work
on patients with Type 2 Diabetes Mellitus is still
unclear.

Ghrelin was initially discovered by Kojima et al.
in 1999 as an endogenous ligand for the growth
hormone secret-agogue receptor [13]. However,
subsequent evidence have shown that it plays
critical roles in the short-term and long-term
regulation of appetite and body weight [14].
Ghrelin stimulates appetite and promotes food
intake, moreover, it affects diverse processes
that involved in energy expenditure and fuel uti-
lization, all of these promote weight gain and fat
accumulation [15]. Exogenous ghrelin adminis-
tration causes hyperphagia and obesity in
rodents.

Recently, Zhang et al. have reported to find a
ghrelin preprohormone gene encoding the 23
amino acids secreted peptide, namely “obes-
tatin” [16]. It is also reported that obestatin can
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bind orphan receptor GPR-39, the G protein-
coupled receptor, which belongs to the GH
secret-agogue receptor family [16]. The biologi-
cal activity of obestatin depends on the amida-
tion of its carboxyl terminus [17]. Unlike ghrelin,
obestatin can suppress food intake, inhibit
jejunal contraction, slow down the body-weight
gaining and antagonize the actions of ghrelin
when both peptides were co-administered [18].
These data suggest that the intricate balance
of ghrelin and obestatin is important in the
regulation of physiological functions of human
body.

To the best of our knowledge, the relationship
between obestatin and ghrelin, especially after
surgical operation for Type 2 Diabetes Mellitus,
has not been studied. Therefore, we aimed to
investigate the relationship between obestatin
and ghrelin in bariatric surgery and Type 2
Diabetes Mellitus in both obese and normal
lean patients.

Materials and methods
Subjects

We studied 27 obese patients with or without
Type 2 Diabetes Mellitus from the Tenth
People’s Hospital of Tongji University. Diagnosis
of Type 2 Diabetes Mellitus was based on fast-
ing plasma glucose (FPG) concentrations. Type
2 Diabetes Mellitus patients should have dia-
betes symptoms with the FPG level higher than
7.0 mmol/l, while patients with the FPG level
lower than 6.1 mmol/l were not considered as
diabetes patients. The BMI of obese patients
should be higher than 28 km/m?.

All patients were treated with either LAGB or
Mini-Bypass procedures. To describe these sur-
gical techniques briefly, a sleeve gastric tube
and a single gastro-jejunal anastomosis were
implanted into the patients using a linear sta-
pler technique. This procedure was proved to
be a simple procedure in the treatment of
obese patients. The number of patients includ-
ed in each group was labeled in Tables 1, 2.

Secondary diabetes induced by medication or
other diseases were excluded from the study.
Patients with abnormal liver, kidney, heart and
lung function, as well as mental disabilities
were also excluded from the study. This study
was approved by the committee of human
research ethics of the Tenth People’s Hospital
of Tongji University. The informed consent was
obtained from all participants.
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Sample extraction

Blood samples were extracted before break-
fast. The samples were collected in ethylenedi-
amine tetracetate-coated polypropylene tubes
(2 mg/ml) or aprotinin coated tubes (0.6 TIU/
ml) and kept on ice, centrifuged immediately at
1,600 rpm for 15 min at 4°C, and the clear
plasma supernatant was then stored at -80°C
until assayed.

Measurement of plasma biochemical param-
eters

Plasma biochemical parameters, including
blood lipids, liver and kidney function, blood
glucose, insulin expression, glycosylated hemo-
globin (HbA, ), C-peptide, growth hormone, T3,
T4, TSH and C-reactive protein, were measured
in the Tenth People’s Hospital of Tongji Uni-
versity. Plasma insulin was measured by enzy-
me chemiluminescence immunoassay using
Beckman Coulter ACCESS 2 (Backman Coulter,
Inc. USA). Blood glucose level was assayed
using HITACHI 7600-0209 (Hitachi Limited,
Japan). Insulin resistance index was calculated
using the homeostasis model assessment of
insulin resistance (HOMA-IR) of the following
equation: HOMA-IR = insulin (uU/ml) x glucose
(mmol/1)/22.5.

Measurement of obestatin and ghrelin

Plasma obestatin was examined with commer-
cial radioimmunoassay (RIA) Kits (Beijing
YUCEDA Trade CO. Ltd. China) using 125I-
labelled obestatin as a tracer. Plasma samples
were acidified with equal amount of 1% trifluo-
roacetic acid and centrifuged at 12,000 g for
20 min at 4°C. Then the acidified plasma was
loaded onto C18 SEP-COLUMN (Beijing YUCEDA
Trade CO. Ltd. China). The columns were
washed with 60% acetonitrile in 1% trifluoro-
acetic acid and then with 1% trifluoroacetic
acid for three times. The sample was dried and
diluted in 1 ml buffer for RIA. The intra-assay
coefficient variation of obestatin was less than
5%, and the inter-assay coefficient variation
was less than 12%. The range of examination
sensitivity of the assay was 50-6,400 pg/ml.

Plasma ghrelin was examined with commercial
RIA kits according to standard protocol. The
range of examination sensitivity of the assay
was 10~1,280 pg/ml.
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Table 1. Clinical characteristics of the obese subjects

Obese patients without Type 2  Obese patients with Type 2 Diabetes

Diabetes Mellitus (n = 11) Mellitus (n = 16) pvalue
Gender (male = 1 female = 0) 0.45+0.52 0.44+0.51 0.933
Age 23.9145.03 25.13+4.96 0.540
Height (cm) 166.64+6.27 168.13+4.57 0.481
Body weight (kg) 96.73+19.34 100.25+12.61 0.571
BMI (kg/m?) 34.6+4.6 35.39+3.45 0.613
Glucose (mmol/L) 4.78+0.46 6.36+0.94 <0.001
Insulin (mIU/L) 12.67+2.58 16.3+6.39 0.054
HbA . (mmol/L) 5.46+0.47 6.78+0.77 <0.001
Peptide C (ug/L) 2.27+0.45 3.12+1.11 0.012
HOMA-IR 2.68+0.54 4.61+1.99 0.002
Ghrelin (pg/mL) 172.38+70.96 184.34+46.43 0.630
Obestatin (pg/mL) 204.6+56.47 253.24+48.64 0.025
Ghrelin/obestatin 0.85+0.34 0.72+0.11 0.258
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Figure 1. Expression level of ghrelin and obestatin in two groups of obese patients. A. The difference of plasma
ghrelin expression between obese patients with and without Type 2 Diabetes Mellitus patients was not statistically
significant. B. The difference of plasma obestatin expression between obese patients with and without Type 2 Dia-
betes Mellitus patients was statistically significant (*p = 0.025). C. The difference of Ghrelin/obestatin expression
ratio between obese patients with and without Type 2 Diabetes Mellitus patients was not statistically significant.

Statistical analysis

All statistical analyses were performed using
the statistical package SPSS 13.0 (SPSS Inc.,
Chicago, IL). Data are shown as mean % stan-
dard deviation (SD). Data between two pairs
were compared using independent-sample
Student’s t-test. The differences were consid-
ered significant at p<0.05 for all analyses.

Results
Changes of circulating ghrelin and obestatin
levels in obese patients with type 2 diabetes

mellitus

We first compared the obese patients with or
without Type 2 Diabetes Mellitus. The clinical
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characteristics of the subjects are shown in
Table 1. The level of blood glucose, HbA, .,
HOMA-IR and obestatin (Figure 1) were signifi-
cantly higher in obese patients with Type 2
Diabetes Mellitus as compared to obese
patients without Type 2 Diabetes Mellitus, how-
ever, the plasma obestatin/ghrelin ratio was
not significantly different in those obese
patients (Figure 1). After surgery, both groups
of patients exhibited decreased body weight
and BMI, as well as increased expression of
obestatin and ghrelin (Figure 2). Obese patients
with Type 2 Diabetes Mellitus under Mini-
Bypass treatment also showed decreased plas-
ma insulin and HOMA-IR (Table 2). So, the
decreased body weight of obese patients after
surgery is most likely due to the increased cir-
culating ghrelin and obestatin levels.
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Figure 2. Expression of ghrelin and obestatin was increased after surgery in both groups of obese patients. A.
The expression of ghrelin was increased after surgery in both groups of patients. (OB, obese patients, DM, obese
patients with Type 2 Diabetes Mellitus, MGB, Mini-Bypass surgery) (#p = 0.014, *p<0.01). B. The expression of
obestatin was increased after surgery in both groups of patients. (*p<0.01). C. The Ghrelin/obestatin expression

ratio was not significantly changed after surgery in all conditions.

Table 2. Clinical characteristics of the obese subjects after procedures

Obese patients without Type 2
Diabetes Mellitus

Obese patients with Type 2 Diabetes Mellitus

Procedure LAGB (n =11) p Mini-Bypass (n = 7) p LAGB (n =9) p
Body weight (kg) 96.73+19.34 0.628 99.14+15.04 0.497 101.33+11.35 0.812
BMI (kg/m?) 34.6+4.46 0.673 35.1+3.85 0.695 36.2+3.35 0.835
Glucose (mmol/L) 0.14+0.88 0.617 1.11+1.24 0.055 0.38+0.76 0.176
Insulin (mIU/L) 1.37+3.76 0.254 6.81+7.33 0.049 0.8+4.23 0.585
HbA, . (mmol/L) 0.07+0.24 0.341 0.61+0.71 0.061 0.52+0.78 0.081
Peptide C (ug/L) 0.23+0.44 0.110 0.61+1.04 0.170 0.21+1.25 0.635
HOMA-IR 0.33+0.89 0.243 2.48+2.48 0.038 0.39+0.81 0.182
Ghrelin (pg/mL) -64.47+72.34 0.014 -90.97+28.77 <0.001 -81.88+27.85 <0.001
Obestatin (pg/mL) -95.67+93.03 0.007 -77.21+12.29 <0.001 -93.85+64.21 0.002
Changes of circulating ghrelin and obestatin Discussion

levels in normal patients with type 2 diabetes
mellitus

To further study changes of obestatin and ghre-
lin in patients with Type 2 Diabetes Mellitus, we
next examined the level of obestatin and ghre-
lin in patients of normal body weight with or
without Type 2 Diabetes Mellitus. Type 2
Diabetes Mellitus patients did not exhibit sig-
nificant difference in biochemical parameters
except that they have higher blood sucrose
level. The level of plasma obestatin and ghrelin
were significantly decreased in normal patients
after subtotal gastrectomy surgery and in Type
2 Diabetes Mellitus patients after partial gas-
trectomy surgery (Figure 3). We also detected
decreased blood sucrose in Type 2 Diabetes
Mellitus patients after surgery (Table 3). These
results suggested that decreased circulating
ghrelin probably result in the improvement of
type 2 diabetes.
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Both ghrelin and a ghrelin-associated peptide
(obestatin) originate from the same peptide
precursor (preproghrelin). Obestatin can bind
to the orphan G-protein coupled receptor,
which presents in the brain, making the func-
tion of obestatin in the central nervous system
available [16]. In rodents, it has been reported
that obestatin reduced food ingestion and body
weight after peripheral administration, as
opposed to ghrelin, which increased food intake
and weight [19]. This raises the possibility that
obestatin might be involved in the regulation of
energy balance and bodyweight. So in this
paper, we investigated the role of obestatin in
obesity and Type 2 Diabetes Mellitus in human.
We found that the level of blood glucose, HbA, .,
HOMA-IR and obestatin were significantly high-
er in obese patients with Type 2 Diabetes
Mellitus as compared to obese patients without
Type 2 Diabetes Mellitus (Table 1).
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Figure 3. Expression of ghrelin and obestatin was decreased after surgery in both groups of non-obese patients.
A. The expression of ghrelin was decreased in normal patients after STG surgery and in Type 2 Diabetes Mellitus
patients after PG surgery. (STG, subtotal gastrectomy, DM, patients with Type 2 Diabetes Mellitus, PG, partial gas-
trectomy) (#p<0.05, *p<0.01). B. The expression of obestatin was decreased in normal patients after STG surgery
and in Type 2 Diabetes Mellitus patients after PG surgery. (*p<0.01). C. The Ghrelin/obestatin expression ratio was
not significantly changed after surgery in all conditions.

Table 3. Clinical characteristics of patients with normal body

weight after procedures

cose and insulin resistance
after Mini-Bypass as compared

Patients without Type 2

Patients with Type 2
Diabetes Mellitus (n = 20) Diabetes Mellitus (n = 9)

to LAGB. The increased expres-
sion of ghrelin and obestatin

may due to feedback mecha-

Difference p Difference p . . . .
nism in the regulation of physi-
Glucose (mmol/L) -0.46+0.95 0.094 2.9+2.46 0.034 ological functions.
Insulin (mIU/L) -1.94+1.94  0.042 0.2+0.6 0.490
HbA, . (mmol/L) -0.18+0.59 0.277 -1.69+1.97 0.369 We also examined the circulat-
C peptide -0.36£0.56  0.133  1.03+2.56  0.019 ing ghrelin and obestatin in
HOMA-IR -0.59+0.68  0.406  0.16+1.12  0.736 lean patients with or without
Ghrelin (pg/mL)  109.37+109.14 0.002 33.33+24.11  0.020 Type 2 Diabetes Mellitus. We
Obestatin (pg/mL) 76.26+67.02  0.001 63.61+27.51 0.002 found that obestatin and ghre-
Ghrelin/obestatin ~ 0.12+40.31  0.176  -0.06+0.11  0.217 lin were significantly decreased

In a previous study, Cummings et al. stated
that plasma ghrelin levels were significantly
decreased in obese subjects after weight loss
or gastric bypass surgery [20], which is incon-
sistent with our finding. We also did not detect
any changes in the ratio of obestatin and ghre-
lin, which is reported to be particularly impor-
tant in keeping the balance of physiological
functions [18]. Neither did we found any corre-
lation between changes of obestatin and other
physiological index.

Nevertheless, after either LAGB or Mini-Bypass
surgery, both groups of patients exhibited
decreased body weight as well as increased
expression of obestatin and ghrelin. These
results suggested that the decreased body
weight of obese patients after surgery is most
likely due to the increased circulating ghrelin
and obestatin levels. Also, we found that
patients exhibited significant decrease of glu-
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in Type 2 Diabetes Mellitus
patients after partial gastrecto-
my surgery. Since ghrelin is a well-known hor-
mone in stimulating appetite and increase the
absorption of nutrition, changes of obestatin
and ghrelin are hotly debated clinical index in
evaluating patients with obesity and Type 2
Diabetes Mellitus. Consistent with previous
reports, changes in ghrelin is negatively corre-
lated with circulating insulin and HOMA-IR [21],
indicating decreased ghrelin may be involved in
the improvement of Type 2 Diabetes Mellitus
after surgery.

To our knowledge, this is the first report to
describe the plasma level of obestatin and
ghrelin in control subjects and patients with
obesity and Type 2 Diabetes Mellitus. The rea-
son for the increased obestatin levels in
patients with Type 2 Diabetes Mellitus needs to
be clarified in further studies. Our study is
mainly based on single measurements of blood
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obestatin, it would be more interesting to exam-
ine serial changes of plasma obestatin levels in
obese, prediabetic, diabetic subjects to further
clarify the role of obestatin in the pathogenesis
of Type 2 Diabetes Mellitus.

The decreased body weight of obese patients
after surgery is most likely due to the increased
circulating ghrelin and obestatin levels. The
improvement of type 2 diabetes after surgery is
probably due to the decreased circulating ghre-
lin expression.

Acknowledgements

This research received no specific grant from
any funding agency in the public, commercial,
or not-for-profit sectors. The corresponding
author Dr Lu afforded all the experimental
costs. All the authors declared that there is no
conflict of interests of this paper.

Disclosure of conflict of interest
None.

Address correspondence to: Donglei Zhou, Depart-
ment of General Surgery, 10" People’s Hospital of
Tongji University, Shanghai 200072, China. E-mail:
dongleizhou_2016@163.com; Zhiliang Chen, De-
partment of Colorectal and Anal Surgery, Shaoxing
People’s Hospital, Zhejiang 312000, China. Tel:
+86-021 66307408; Fax: +86-021 66307379;
E-mail: zhiliangchen_2016@163.com

References

[1]  Cowan GS Jr, Buffington CK. Significant chang-
es in blood pressure, glucose, and lipids with
gastric bypass surgery. World J Surg 1998; 22:
987-992.

[2] Hickey MS, Pories WJ, MacDonald KG, Cory KA,
Dohm GL, Swanson MS, Israel RG, Barakat HA,
Considine RV, Caro JF, and Houmard JA. A new
paradigm for type 2 diabetes mellitus - Could it
be a disease of the foregut? Ann Surg 1998;
227: 637-644.

[3] DeFronzo RA. From the Triumvirate to the
Ominous Octet: A New Paradigm for the
Treatment of Type 2 Diabetes Mellitus.
Diabetes 2009; 58: 773-795.

[4] MclIntyre HF. Hypertension strategies in the
third millennium: conservatism, evidence and
the folly of speculation. Int J Clin Pract 2009;
63: 7-14.

[5] Buchwald H, Avidor Y, Braunwald E, Jensen
MD, Pories W, Fahrbach K and Schoelles K.

16430

(6]

(7]

(8]

(10]

(11]

[12]

[14]

(15]

(16]

(17]

Bariatric surgery: A systematic review and me-
ta-analysis. JAMA 2004; 292: 1724-1737.
Padwal R, Klarenbach S, Wiebe N, Birch D,
Karmali S, Manns B, Hazel M, Sharma AM and
Tonelli M. Bariatric surgery: a systematic re-
view and network meta-analysis of randomized
trials. Obes Rev 2011; 12: 602-621.

Dye AS, Huang H, Bauer JA and Hoffman RP.
Hyperglycemia Increases Muscle Blood Flow
and Alters Endothelial Function in Adolescents
with Type 1 Diabetes. Exp Diabetes Res 2012;
2012: 170380.

Haak T. Initial Combination with Linagliptin
and Metformin in Newly Diagnosed Type 2
Diabetes and Severe Hyperglycemia. Adv Ther
2012; 29: 1005-1015.

Pontiroli AE and Morabito A. Long-term
Prevention of Mortality in Morbid Obesity
Through Bariatric Surgery. A Systematic Review
and Meta-analysis of Trials Performed With
Gastric Banding and Gastric Bypass. Ann Surg
2011; 253: 484-487.

Buchwald H, Estok R, Fahrbach K, Banel D and
Sledge I. Trends in mortality in bariatric sur-
gery: A systematic review and meta-analysis.
Surg 2007; 142: 621-632.

Dixon JB, Murphy DK, Segel JE and Finkelstein
EA. Impact of laparoscopic adjustable gastric
banding on type 2 diabetes. Obes Rev 2012;
13: 57-67.

Leonetti F, Capoccia D, Coccia F, Casella G,
Baglio G, Paradiso F, Abbatini F, lossa A,
Soricelli E and Basso N. Obesity, Type 2
Diabetes Mellitus, and Other Comorbidities A
Prospective Cohort Study of Laparoscopic
Sleeve Gastrectomy vs Medical Treatment.
Arch Surg 2012; 147: 694-700.

Kojima M, Hosoda H, Date Y, Nakazato M,
Matsuo H and Kangawa K. Ghrelin is a growth-
hormone-releasing acylated peptide from
stomach. Nat 1999; 402: 656-660.

Tschop M, Weyer C, Tataranni PA, Devanarayan
V, Ravussin E and Heiman ML. Circulating
Ghrelin levels are decreased in human obesity.
Diabetes 2001; 50: 707-709.

Shiiya T, Nakazato M, Mizuta M, Date Y, Mondal
MS, Tanaka M, Nozoe S|, Hosoda H, Kangawa
K and Matsukura S. Plasma ghrelin levels in
lean and obese humans and the effect of glu-
cose on ghrelin secretion. J Clin Endocrinol
Metab 2002; 87: 240-244.

Zhang JV, Ren PG, Avsian-Kretchmer O, Luo
CW, Rauch R, Klein C and Hsueh AJ. Obestatin,
a peptide encoded by the ghrelin gene, oppos-
es ghrelin’s effects on food intake. Science
2005; 310: 996-999.

Nogueiras R, Pfluger P, Tovar S, Arnold M,
Mitchell S, Morris A, Perez-Tilve D, Vazquez MJ,
Wiedmer P, Castaneda TR, DiMarchi R, Tschop

Int J Clin Exp Med 2016;9(8):16425-16431



(18]

[19]

Ghrelin and obestatin in the operation

M, Schurmann A, Joost HG, Williams LM,
Langhans W and Dieguez C. Effects of
obestatin on energy balance and growth hor-
mone secretion in rodents. Endocrinology
2007; 148: 21-26.

Zamrazilova H, Hainer V, Sedlackova D,
Papezova H, Kunesova M, Bellisle F, Hill M and
Nedvidkova J. Plasma obestatin levels in nor-
mal weight, obese and anorectic women.
Physiol Res 2008; 57: S49-S55.

Laferrere B, Hart AB and Bowers CY. Obese
subjects respond to the stimulatory effect of
the ghrelin agonist growth hormone-releasing
peptide-2 on food intake. Obes 2006; 14:
1056-1063.

16431

[20] Cummings DE, Weigle DS, Frayo RS, Breen PA,

Ma MK, Dellinger EP and Purnell JQ. Plasma
ghrelin levels after diet-induced weight loss or
gastric bypass surgery. N Engl J Med 2002;
346: 1623-1630.

Poykko S, Ukkola O, Kauma H, Savolainen MJ
and Kesaniemi YA. Ghrelin Arg51GIn mutation
is a risk factor for Type 2 diabetes and hyper-
tension in a random sample of middle-aged
subjects. Diabetologia 2003; 46: 455-458.

Int J Clin Exp Med 2016;9(8):16425-16431



