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Abstract

Background Laparoscopic sleeve gastrectomy (SG) is a popu-
lar bariatric procedure for treating morbid obesity. This study
aimed to investigate the relation between SG and lipid metab-
olism in an obese diabetic rat model.

Methods Forty-five male Zucker diabetic fatty (ZDF) rats
were divided into three groups: sham-operated (SO) control,
gastric banding (GB), and SG. Six weeks after surgery, met-
abolic parameters, including plasma adiponectin level, small
bowel transit, mnRNA expression of peroxisome proliferator-
activated receptor (PPAR)-oc and PPARY in the liver, skeletal
muscle and white adipose tissue, and that of adiponectin in
white adipose tissue, and triglyceride (TG) contents in the
liver and skeletal muscle were measured.

Results Metabolic parameters in the GB and SG groups were
significantly improved compared with those in the SO group.
However, plasma total cholesterol (TC) and free fatty acid
(FFA) concentrations were significantly lower while the plasma
adiponectin level was significantly higher in the SG group than
in the GB and SO groups. In addition, small bowel transit time
was significantly shorter in the SG group than in the other two
groups. Furthermore, in the SG group, mRNA expression of
PPAR in the liver and skeletal muscle and that of adiponection
and PPARYy in white adipose tissue were significantly higher,
while TG in the liver and skeletal muscle were significantly
lower, compared with those in the other two groups.
Conclusions These results suggest that SG improves lipid
metabolism compared with GB, although there were no
significant differences in the effect on weight loss between
the two procedures.
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Introduction

Obesity has been suggested to be the greatest threat to human
health by World Health Organization [1]. It induces various
lifestyle-related diseases, such as type Il diabetes mellitus
(T2DM), hyperlipidemia, hypertension, and fatty liver dis-
ease, and is causing a major health burden in terms of
morbidity and mortality [2]. Treatment for morbid obesity
includes diet, behavioral modifications, and drug therapy;
however, their effectiveness on the weight loss remains
limited [3]. Bariatric surgery is accepted as the most effective
treatment for morbid obesity [4]. It includes restriction and
malabsorption and is currently performed primarily as a
laparoscopic procedure [5]. Laparoscopic sleeve gastrecto-
my (SG) is rapidly expanding worldwide as a restrictive
bariatric procedure that is effective for the treatment of
morbid obesity [6—8]. The procedure causes rapid and ex-
tensive weight loss by decreasing the gastric volume and
ghrelin levels, shortening the gastrointestinal transit time,
and improving glucose metabolism [8]. Recently, we report-
ed a high gastric emptying rate and improved glucose me-
tabolism following SG in an obese diabetic rat model [9].
However, the effect of SG on lipid metabolism remained
unclear.

Peroxisome proliferator-activated receptor (PPAR),
cloned from cDNA of mouse liver in 1990, participates lipid
metabolism [10] and comprises of three subtypes: «, 8, and y
[11]. PPAR« is mainly expressed in liver, kidney, and mus-
cle; it decreases lipid accumulation and has an anti-
inflammatory effect [12]. PPARYy is specifically expressed
in adipose tissue and is associated with adipocyte differenti-
ation [13]. However, it is unclear how bariatric surgery in-
fluences the tissue expression of PPARs. Therefore, the aim
of the present study was to evaluate the relation between SG
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and lipid metabolism, including gastrointestinal food transit
and tissue expression of PPARs, in a Zucker diabetic fatty
(ZDF) rat model and compare these results with the results of
two control models, a gastric banding (GB) model, which is
namely a simple restriction model, and a sham-operated (SO)
model.

Materials and Methods
Animals

Forty-five male ZDF rats were obtained from Charles
River Japan, Inc. (Saga, Japan) and housed in individual
cages with ad libitum access to standard rat chow (CE-2,
Clea Japan, Tokyo, Japan) and tap water (24+2 °C), at
50+10 % humidity, and a 12-h-light cycle (7:00 am—7:00 pm).
Fourteen days before surgery, the rats were acclimated
to the local facilities. This study was approved by the
Animal Committee of Oita University (Oita, Japan) and
conformed to the Guidelines for Animal Experimentation of
Oita University.

Surgical Procedure

The rats were divided into three groups (n=15/group): an SO
control group, a GB group, and an SG group. The rats were
fasted for 24 h before surgery, and the surgery was performed
under anesthesia (4 % sevoflurane; Maruishi Pharmaceutical
Co., Osaka, Japan). The methods for performing GB have
been described previously [14, 15]. Rat stomach consists of
forestomach (an upper part, squamous epithelium) and glan-
dular stomach (a lower part, glandular epithelium; Fig. 1a).
A 5-mm incision was made on the midline between the
upper and lower portions of the stomach and the incision
lines were closed using polydioxanone sutures (5-0 PDS®;
Ethicon, Tokyo, Japan; Fig. 1b). Next, a gastric band made of
nylon (Insulok; Hellermann, Tyton, Tokyo, Japan) was tied
around the suture line. To avoid band slippage, the incised
stomach was fixed above the nylon band with 5-0 PDS®
(Fig. 1¢). SG was performed as described previously [9, 16].
Briefly, the greater curvature from the antrum to the fundus
across the forestomach and glandular stomach was incised,
and approximately 90 % of the forestomach and 70 % of the
glandular stomach were removed (Fig. 1d). The incision line
in the stomach was then closed using 5-0 PDS® in three layers
to create the gastric sleeve (Fig. 1¢). The SO control rats were
underwent laparotomy, and their stomachs were elevated and
returned to the abdominal cavity. Body weights and food
intake were measured (Animal Scale; Clare, Tokyo, Japan)
weekly, in all the groups (at 10:00 am).
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Biochemical Tests

Blood samples were collected 6 weeks after surgery. Blood
glucose data were evaluated using a commercial test kit
(Accu-Chek; Sanko Junyaku Co. Ltd., Tokyo, Japan). Total
cholesterol (TC), triglyceride (TG), and free fatty acid (FFA)
levels were estimated using an H7180 automatic biochemical
analyzer (Hitachi, Tokyo, Japan). Enzyme-linked immunosor-
bent assay (ELISA) kits were used to evaluate plasma insulin
levels (rat insulin ELISA kit; Shibayagi, Gunma, Japan), high
molecular weight (HMW) adiponectin (mouse/rat high molec-
ular weight adiponectin ELISA kit; Shibayagi), glucagon-like
peptide-1 (GLP-1; YK160 GLP-1 EIA; Yanaihara Institute Inc.,
Shizuoka, Japan), and glucose-dependent insulinotropic poly-
peptide (GIP; YK251 Rat GIP (Active) ELISA kit; Yanaihara
Institute Inc.). To evaluate GLP-1 and GIP, total blood must be
treated with dipeptidyl dipeptidase (DDP)-IV inhibitor at the
moment of extraction. DDP-IV is a peptide in the blood that
causes the degradation of GLP-1. To evaluate insulin resis-
tance, the homeostasis model assessment ratio (HOMA-R)
was calculated by the formula: HOMA-R=fasting glucose
(mmol/l)x fasting insulin (uU/ml)/22.5 [17].

Small Bowel Transit

Small bowel transit was measured as described previously
[18]. The rats were given 5 % indigo carmine (10 ml/kg) by
oral gavage. Thirty minutes later, they were sacrificed and
laparotomy was performed to remove the small intestines.
The distance from the pyloric ring to the blue stained intes-
tine was measured.

Oral Fat Loading Test

An oral fat loading test was performed as described previously
[19]. In brief, the rats were orally administered 7 ml/kg of
20 % intralipid fluid solution (Fresenius Kabi Japan, Tokyo,
Japan). Blood samples were collected hourly for 5 h by
catheterization of the internal jugular vein following adminis-
tration of the intralipid fluid solution. The TG level was
measured using an H7180 automatic biochemical analyzer
(Hitachi).

Quantitative Real-Time PCR for mRNA Quantification
of PPAR«x, PPARY, Adiponectin, and Uncoupling Protein 1

Total RNA isolation was performed as described previously
[20]. Quantitative real-time PCR was performed as described
previously [20] with a Light Cycler system (Roche Diagnos-
tics, Lewes, East Sussex, UK). The sequences of the used
primers are listed in Table 1. Data were analyzed using the
LightCycler analysis software (Roche), and a standard curve
correlating cycle number with the amount of formed products
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Fig. 1 Surgical procedures of
gastric banding and sleeve
gastrectomy Scheme of a rat
stomach (a). Gastric banding:

b A 5-mm-length incision was
made in the stomach at the
borderline between the upper and
lower parts (arrow), and sutured.
¢ The nylon gastric band was tied
around the lower part of stomach
below the gastroesophageal
junction (arrow). Sleeve
gastrectomy: d The greater
curvature from the antrum to the
fundus across the forestomach
and glandular stomach was
incised (dot line), and e
approximately 90 % of the
forestomach and 70 % of the
glandular stomach was removed

a N

J

glandular stomach

was plotted for each sequence of interest. mRNA expression
of PPAR«, PPARY, adiponectin, and uncoupling protein 1
(UCP-1) was then normalized to that of rat glyceraldehyde-3-
phosphate dehydrogenase (GAPDH).

Western Blotting

Western blotting was performed as described previously
[20]. Rabbit anti-PPAR«, anti-PPARYy, anti-adiponectin,
anti-UCP1, and (3-actin polyclonal antibodies (Santa Cruz
Biotechnology, Santa Cruz, CA, USA), diluted 1:10,000 in
TBS/Tw, were used the primary antibodies and incubated for
60 min at 37 °C. The membranes were placed in TBS/Tw and
then incubated with rabbit antibody (Santa Cruz) for 30 min
at 37 °C. Antibody-labeled proteins were detected with an Image
Quant LAS 4000 mini imaging system (GE Healthcare Japan,
Tokyo, Japan). 3-actin was used to standardize the protein on the
blots in each sample. Densitometry was performed using Image

Table 1 Oligonucleotides used in quantitative real-time PCR

PPARa (Forward) 5-TGCGGACTACCAGTACTTAGGG-3'
(Reverse) 5-GGAAGCTGGAGAGAGGGTGT-3'
PPARy (Forward) 5-TTGACAGTGGAGCTTTGTGG-3'
(Reverse)  5'- GGGCTTATATGGAGGTGTGG-3'
Adiponectin  (Forward) 5-AGCACCGGCAGACAAGAG-3'
(Reverse) 5-GGTGGGTACAACACCACTCA-3’
UCP1 (Forward) 5-GCCTAGCAGACATCATCACCT-3’
(Reverse) 5-TGGCCTTCACCTTGGATCT-3

Nihon Gene Research Laboratories, Sendai, Japan

» forestomach

b

J software (Wayne Rasband, National Institute of Mental Health,
Bethesda, Maryland, USA), and each datum was expressed as a
ratio to 3-actin.

Tissue TG Contents

Tissue TGs were measured as described previously [21]. In
brief, skeletal muscle and liver samples (200 mg, each) were
homogenized using a tissue homogenizer and then centri-
fuged at 10,000xg for 10 min at 4 °C. The TG contents of the
samples were then determined using a commercial kit (Tri-
glyceride E-test kit; Wako Pure Chemical Industries, Ltd.,
Osaka, Japan).

Tissue Histological Analysis

Liver and skeletal muscle samples were frozen at —80 °C and
stained with Oil red O to reveal intracellular lipids. Thus, a
pathologist, who was blinded to other details, evaluated all
histological sections at x400.

Statistical Analysis

All data are expressed as means+standard deviation. All
data were evaluated using one-way analysis of variance
(ANOVA) with Bonferroni correction for multiple compari-
sons. A P value <0.05 was considered to be statistically
significant. Statistical analysis was performed using Statistical
Package for the Social Sciences (SPSS) II software (SPSS,
Inc, Chicago, IL, USA).
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Results
Changes in Body Weight and Food Intake

The body weights 5 and 6 weeks after surgery in the GB
and SG groups were significantly lesser than those in the
SO group; however, there was no significant difference in
weight between the GB and SG groups (Fig. 2a). Weekly
food intake in the GB and SG groups was significantly
decreased compared with that in the SO group between
weeks 2 and 6 after surgery (Fig. 2b). However, there was
no significant difference in weekly food intake between
the GB and SG groups.

Changes in Metabolic Parameters and Hormones

Mean plasma levels of glucose, TC, TG, FFA, insulin, HMW
adiponectin, GLP-1, GIP, and HOMA-R 6 weeks after sur-
gery are shown in Table 2. The levels of glucose, TC, TG,
FFA, insulin, GIP, and HOMA-R in the GB and SG groups
were significantly lower than those in the SO group. Com-
pared with the GB group, the SG group showed significantly
lower levels of TC and FFA. The HMW adiponectin levels in
the GB and SG groups were significantly higher than the
level in the SO group, and the level in the SG group was
significantly higher than that in the GB group. The GLP-1
level in the SG group was also significantly higher than those
of the GB and SO groups. HOMA-R data in the GB and SG
groups were significantly lower compared with SO group.
The HOMA-R in the SG group tended to be lower than that
in the GB group, although there were no significant differ-
ences between the two groups.

a
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400 *

300

Body weight (g)
*
*

Food intake (g)

200

100

0 1 2 3 4 5 6
Weeks after surgery

Fig. 2 Changes in body weight and food intake. a Changes in body
weight after surgery in the sham-operated (SO), gastric banding (GB),
and sleeve gastrectomy (SG) groups. Each group consisted of ten rats.
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Small Bowel Transit and Oral Fat Loading Test

The distance from the pyloric ring to the blue stained intes-
tine in the SG group was significantly greater than that in the
SO and GB groups (Fig. 3a). The plasma TG levels after oral
gavage of intralipid solution in the SG group were signifi-
cantly lower than those in the SO group at 1-5 h (Fig. 3b).
Compared with the GB group, the SG group showed a
significantly lower TG level at 2—4 h. Compared with that
in the SO group, the TG level in the GB group was low at
hours 1, 4, and 5.

Expression of PPAR«, PPARYy, Adiponectin, and UCP-1

PPARx mRNA expression in the liver and skeletal muscle in
the SG group was significantly higher than that in the SO and
GB groups (Fig. 4a, c). PPARy and adiponectin mRNA
expression of retroperitoneal fat in the SG group was signifi-
cantly higher than that in the other two groups (Fig. 4f, g). UCP-
1 mRNA expression of brown fat tissue from interscapular
region in the SG group was significantly higher than that in
the other two groups (Fig. 4h).

Protein expression of PPAR«, PPARYy, adiponectin,
and UCP-1

Western blot analyses were performed to confirm protein
expression of PPAR«x (expressed as a 55-kDa-band), PPARy
(expressed as a 55-kDa-band), adiponectin (expressed as a
92-kDa-band), and UCP1 (expressed as a 32-kDa-band,
Fig. 5). PPAR« protein expression in the liver (Fig. 5a, b)
and skeletal muscle (Fig. 5c¢, d), PPARy (Fig. Se, f) and

350
300

250 -+-SO
-+ GB

-&-SG

200

150

0 1 2 3 4 5 6
Weeks after surgery

*P<0.01 versus the SO group. b Weekly food intake after surgery. SO
sham operated, GB gastric banding, SG sleeve gastrectomy. Each group
consisted of ten rats. *P<0.01 versus the SO group
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Table 2 Metabolic parameters and hormones 6 weeks after the operation

SO GB SG
Glucose (mg/dl) 416.1+129.4 138.9+15.8* 114.2+20.1%*
TC (mg/dl) 144.14£25.2 84.8+31.1* 57.845.3%, ik
TG (mg/dl) 252.4+66.2 112.6+100.2* 67.9+28.3*
FFA (LEQ/1) 2498.4+745.2 1050.5+678.3* 300.6+56.8%, ****
Insulin (uIU/) 5.243.9 1.9+0.9* 1.0+0.8*
HMV adiponectin (ng/ml) 15.1+£9.1 76.7+£50.4* 160.5£76.1%, ****
GLP-1 (ng/ml) 1.3£0.3 1.9+0.1 3.8+0.9%, ***
GIP (pg/ml) 144.0+58.6 43.3+5.2% 11.1+3.5%
HOMA-R 3.8+1.8 1.4+0.9% 0.4+0.2%

TC total cholesterol, TG triglyceride, FFA free fatty acid, HMW adiponectin high molecular weight adiponectin, GLP-1 glucagon-like peptide-1, GIP
glucose-dependent insulinotropic polypeptide, HOMA-R homeostasis model assessment ratio, SO sham operated, GB gastric banding, SG sleeve

gastrectomy

*P<0.01 and **P<0.05 versus the SO group; ***P<0.01 and ****P<0.05 versus the GB group

adiponectin (Fig. 5g, h) protein expression in retroperitoneal
fat, and UCP1 protein expression in brown fat tissue (Fig. 5i, )
in the SG group were significantly higher than that in the SO
and GB groups.

Tissue TG Contents and Histological Changes of Liver
and Skeletal Muscle

TG contents in the liver and skeletal muscle in the SG group
were significantly lower than those in the SO and GB groups
(Fig. 6a, b). Intracellular lipids in the liver samples were
recognized in the SO and GB groups but not in the SG group
under the light microscope (x400; Fig. 6¢). In the skeletal
muscle, intracellular lipids were recognized in the SO group
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Fig. 3 Small bowel transit and oral fat loading test. a Small bowel
transit 6 weeks after surgery. SO sham operated, GB gastric banding, SG
sleeve gastrectomy. Each group consisted of ten rats. ¥*P<0.01. b Oral
fat loading test 6 weeks after surgery. The TG levels were measured 1—

but not in the GB and SG groups under the light microscope
(x200; Fig. 6d).

Discussion

Recently, Schauer et al. [22] compared bariatric surgery with
intensive medical therapy in obese patients and reported that
the glycated hemoglobin levels, use of glucose-lowering
drugs, and the index for homeostasis model assessment of
insulin resistance in the laparoscopic gastric bypass and SG
groups were significantly improved compared with those in
the medical-therapy group. Sirbu et al. reported that TC, TG,
and low density lipoprotein cholesterol (LDL-C) levels after

40 —--S0

400

350

g

250

g

150

=

2
Times after Intralipid injection (hour)

3 4

5 h after oral gavage of intralipid solution (10 mg/kg). SO sham
operated, GB gastric banding, SG sleeve gastrectomy. Each group
consisted of five rats.*P<0.01 versus the SO group; #P<0.01 and
##P<0.05 versus the GB group
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Fig. 4 mRNA expression of PPAR«, PPARYy, adiponectin, and UCP1
mRNA expression of PPARx and PPARY in the liver (a, b), PPARx
and PPARYy in the skeletal muscle (¢, d), PPARx and PPARY in the
retroperitoneal fat (e, f), adiponectin in the retroperitoneal fat (g), and
UCPI in the brown fat tissue (h) was quantified by real-time

laparoscopic SG were significantly decreased compared with
the preoperative levels [23]. The use of laparoscopic SG has
rapidly increased worldwide as a bariatric procedure, and
several studies have reported its long-term effects. Himpens
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polymerase chain reaction (PCR) and expressed as a ratio to glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH). SO sham operated, GB
gastric banding, SG sleeve gastrectomy. Each group consisted of ten
rats. *P<0.01, **P<0.05

et al. [6] reported that the percent excess weight loss
(%EWL) 6 years after laparoscopic SG was 57.3 %, and
Bohdjalian et al. [24] reported that %EWL 5 years after
laparoscopic SG was 55.0 %. The morbidity of laparoscopic
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Fig. 5 Protein expression of PPARx, PPARYy, adiponectin, and UCP-1
Western blot analyses were performed to confirm protein expression of
PPARx in the liver (a, b) and skeletal muscle (c, d), PPARY (e, f) and
adiponectin (g, h) in the retroperitoneal fat, and UCP-1 in the brown fat

SG was reportedly 3.2-7.3 %, and the mortality of laparo-
scopic SG was 0-0.7 % [25-27]. Chambers et al. [28]
compared SG with gastric bypass and reported that SG had
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tissue (i, j). Data were expressed as a ratio to 3-actin. SO sham operated,
GB gastric banding, SG sleeve gastrectomy. Each group consisted of 6
rats. *P<0.01, **P<0.05

equal effects of weight loss and secretion of GLP-1 and
insulin. Hady et al. showed that blood levels of glucose,
insulin, TC, TG, and LDL-C after laparoscopic SG was
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significantly decreased compared with the preoperative
levels, in the early postoperative period (3 months) when
the sufficient weight loss was not gained [29]. SG could
improve glucose and lipid metabolism in the early postoper-
ative period. Recently, we compared SG with GB using a rat
model and found that SG significantly improved insulin
resistance and glucose metabolism [9]. Therefore, SG may
influence glucose and lipid metabolism regardless of weight
change.

There have been several reports that evaluated food transit
following bariatric surgery [8, 30-34]. Following SG, small
bowel transit time and gastric emptying half-time were short-
ened, and as a result, T2DM may be improved [8]. We also
demonstrated higher gastric emptying and greater small
bowel transit in the SG group compared with the GB and
SO groups in our previous and present studies [9]. These
effects can activate GLP-1 and insulin secretin. In addition,
the processes of gastric emptying and bowel transit may
influence lipid metabolism, as measured by the oral fat
loading test for estimating lipid absorption in vivo. Yamada
et al. [19] indeed demonstrated how the pancreatic lipase
inhibitor, cetilistat, absorbed oral fat solution using this
method. This study suggested that food transit time was

350 A : % )
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Fig. 6 Tissue triglyceride contents and histrological changes of liver
and skeletal muscle Tissue triglyceride contents were measured in the a
liver and b skeletal muscle. The Oil red O staining showed intracellular
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significantly shortened after SG and lipid absorption was
significantly decreased.

PPAR« regulates target genes of fatty acid oxidation and
lipid metabolism. Laeter et al. [35] reported that a PPAR«
agonist, Wy 14 643, significantly improved metabolic pa-
rameters and steatosis and ballooning of the liver in a dia-
betic mouse with non-alcoholic steatohepatosis. Further-
more, Abdelmegged et al. [36] reported that mice with
protected expression of PPAR o who had fed a high-fat diet
showed greater levels of lobular inflammation, higher
NAFLD scores, and increased levels of malondialdehyde
and tumor necrosis factor « in the liver. However, there
are few reports demonstrating the relation between bariat-
ric surgery and PPAR expression [37-39]. PPARyY mRNA
expression in the tissues of the small bowel, stomach, and
visceral adipocytes are inversely associated with body
mass index (BMI) [39]. PPARYy gene expression is increased
in the rat model after excision of adipose tissue, compared
with the controls [37]. However, Costa et al. [38] reported
that open Roux-en Y gastric bypass decreases PPARy1-3
mRNA expression in human visceral adipocytes. There-
fore, the influence of bariatric surgery on PPAR expression
remains uncertain.
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lipids in the ¢ liver (x400) and d skeletal muscle (x200) under the
microscope. SO sham operated, GB gastric banding, SG sleeve gastrec-
tomy. Each group consisted of ten rats. *P<0.01, **P<0.05
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Adiponectin, which is secreted by adipocytes, plays an
important regulatory role in glucose and lipid metabolism
[40, 41]. PPARSs increase adiponectin concentrations through
adiponectin mRNA induction in adipose tissue, which in-
creases adiponectin-induced PPAR«x upregulation in liver
and skeletal muscle, by increasing the activity of endogenous
ligands [40, 42—44]. Furthermore, upreglated PPARx de-
creased TG contents in the liver and skeletal muscle [45, 46].
Administration of thiazolidinediones (TZDs), which are syn-
thetic PPARYy ligands, significantly increased the plasma
adiponectin concentrations in humans and adiponectin mRNA
expression in the adipose tissues of obese mice [42]. Inversely,
elevated circulating adiponectin increased PPARYy expression
in the adipose tissue and improved insulin sensitivity in a
transgenic mouse model [47]. Therefore, PPARYy activation
may be associated with various processes including weight
loss and adiponectin activation.

Although interaction between PPARs and incretins has
been still unclear, there are a few reports about the relation.
Metformin, which is used for the treatment of type 2 diabe-
tes, directly increased GLP-1 receptor expression in INS-1
beta cells via PPARx dependent mechanism [48]. In high fat
diet-fed GIP receptor-deficient mouse, adiponectin mRNA
expression in white adipose tissue and PPARx mRNA ex-
pression in muscle are significantly increased compared with
the high fat diet-fed wild type mice [49].

In the present study, the SG group increased mRNA and
protein expression of PPARx and PPARy compared with the
SO and GB groups. In addition, SG increased plasma
adiponectin levels and mRNA expression of adiponectin in
the visceral fat. Reduction in food transit time may lead to
decrease fat absorption, which introduces downsize of adi-
pocytes, decrease of FFA concentration, and adiponectin
activation in the visceral fat tissue. Furthermore, activated
adiponectin can activate PPAR« in the liver and skeletal
muscle, and combined with lipid malabsorption, may reduce
TG content in the liver and skeletal muscle. In addition,
activated adiponectin together with weight loss may activate
PPARY in adipose tissue. Besides, activated adiponectin can
activate UCP-1 expression in the brown fat tissue [50], and
activated UCP-1 may increase energy expenditure level.

The present study used to two control models, GB and
SO. The GB model was used as a simple restriction model. In
this study, SG improves lipid metabolism compared with GB
in an obese diabetic rat model, although there was no differ-
ence in the weight loss between the two procedures. The
improvement of lipid metabolism after SG may be induced
by lipid marabsorption and activation of adiponectin and
PPARs. Therefore, SG appeared to have additional effects
on lipid metabolism compared with GB. However, this study
used the rodent model, which is different from human.
Therefore, our results have limitations to apply human lipid
metabolism, and further clinical studies are necessary to

investigate the relation between SG and lipid metabolism.
In conclusion, these results suggest that SG improves lipid
metabolism compared with GB, although there were no
significant differences in the effect on weight loss between
the two procedures.
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