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Duodenal-Jejunal Bypass Surgery Stimulates the
Expressions of Hepatic Sirtuin1 and 3 and
Hypothalamic Sirtuin1
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Background: Sirtuins mediate metabolic responses to nutrient availability and slow aging and accompanying
decline in health. This study was designed to assess the expressions of sirtuin1 (SIRT1) and sirtuin3 (SIRT3) in the
liver and hypothalamus after duodenal-jejunal bypass (DJB) surgery in rats.
Methods: A total of 38 rats were randomly assigned to either sham group (n=8) or DJB group (n=30). DJB
group was again divided into three groups according to the elapsed time after surgery (10 weeks, DJB10; 16
week, DJB16; 28 week, DJB28). The mRNA and protein expressions of SIRT1 and SIRT3 in the liver and hypothalamus were measured by reverse transcription polymerase chain reaction, Western blot, and immunohistochemistry analyses. NAD+/NADH ratio was also measured.
Results: We found increased mRNA and protein expression levels of SIRT1 in the liver of DJB16 and DJB28
groups compared with those of sham group. The mRNA and protein expressions of SIRT3 in the liver of DJB
group increased proportionally to the elapsed time after DJB surgery. The mRNA expression levels of SIRT1 in
the hypothalamus increased in DJB16 and DJB28 groups and protein expression levels of SIRT1 in the hypothalamus increased in DJB10, DBJ16, and DJB28 groups compared with sham group. We observed that mRNA and
protein levels of SIRT3 in the hypothalamus of DJB group were not changed.
Conclusion: This study proves that DJB increases SIRT1 and SIRT3 expressions in the liver and SIRT1 expression
in the hypothalamus. These results suggest the possibility of sirtuins being involved in bypass surgery-induced
metabolic changes.
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INTRODUCTION

sponse to calorie restriction, at least in yeast, is most extensively
studied and firmly established.3 Overexpression of Sir2 in Saccharo-

Sirtuins (Sir2-related enzymes) are nicotinamide adenine dinucleotide (NAD) -dependent protein deacetylases that were initially
+

myces cerevisiae prolonged replicative lifespan, which require caloric
restriction.4,5

identified as transcription silencer in yeast.1 They response to meta-

Seven mammalian sirtuins with different profiles of actions, sub-

bolic cues and act as energy sensor relaying the signals to regulate

strate affinity, and subcellular compartmentation have been discov-

the functions of transcription factors and cofactors via posttran-

ered. Of these, sirtuin1 (SIRT1) is most extensively studied fol-

scriptional modification of histone and non-histone proteins. Of

lowed by sirtuin3 (SIRT3). SIRT1 is widely distributed in mam-

various functions of sirtuins, mediating extension of lifespan in re-

malian tissues and upregulated when calorie intake is limited.6 Cal-

2
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orie restriction activates SIRT1, which in turn mediates various cel-

were approved by Institutional Animal Care and Use Committee

lular metabolic reactions culminating in lifespan extension. Inter-

(IACUC No. KM-2016-45) and all procedures performed in stud-

estingly, a recent study demonstrated that brain specific overexpres-

ies involving animals were in accordance with the ethical standards

sion of SIRT1 extended the lifespan implicating a role of SIRT1 in

of the institution or practice at which the studies were conducted.

the hypothalamus in longevity possibly via modulation of body
temperature, appetite, and physical activities.7,8 Indeed, hypothalamic SIRT1 regulates feeding and ghrelin response through the
agouti-related peptide neurons in ventromedial hypothalamus.9-11

Surgical procedures
All rats were fasted overnight (18 hours) preoperatively. Rats
were anesthetized with solution of Zoletil and xylazine (ratio, 2:1;

SIRT3 is mainly distributed in mitochondria12, and also upregu-

0.1 mL/100 g; Bayer, Leverkusen, Germany) and placed prone po-

lated by calorie restriction.7 Lack of SIRT3 in mice has been dem-

sition. A 5-cm abdominal incision was made. Duodenum was ligat-

onstrated to produce insulin intolerance , and age-related SIRT3

ed 5 mm distal from pylorus with 5-0 silk. Small bowel 10 cm distal

reduction causes insulin resistance and glucose intolerance.

14

from Treitz ligament was ligated with 5-0 silk and dissected. A 1-cm

SIRT3 is also known to have effect on cancer cells and neurode-

incision was made at the starting point of distal jejunum and was

generative disease including Alzheimer disease, Parkinson disease,

anastomosed side to side by 6-0 polydioxanone (PDS) with the

and cochlear degeneration.

body of stomach. Proximal limb was anastomosed side to side by

13

15

Bariatric surgery is an effective procedure to cause sustained

6-0 PDS 15 cm distal from gastrojejunal anastomosis. Abdominal

16

weight loss and resolution of type 2 diabetes mellitus (T2DM).

incision was closed with 3-0 polyglactin suture (Vicryl; Ethicon,

Numerous studies to determine the metabolic effects as well as

Bridgewater, NJ, USA). Sham operation involved a 5-cm abdomi-

mechanistic details of bariatric surgery have been performed, but

nal incision. The incision was closed with 3-0 Vicryl. All rats were

to our knowledge, the possible stimulatory effect of bariatric sur-

allowed access to water right after surgery. Twenty hours after op-

gery on the expressions of sirtuins has not been examined. Herein,

eration, rats were given normal chow diet. Rats were sacrificed 10,

we hypothesized that bariatric surgery would stimulate the expres-

16, and 28 weeks after operation after overnight fasting. Tissues in-

sion of sirtuins based on its calorie restriction mimicking effect and

cluding liver were harvested for further analyses.

explored the potential lifespan extending effect of bariatric surgery
by assessing the expressions of SIRT1 and SIRT3 in the liver and
the hypothalamus after duodenal-jejunal bypass (DJB) procedure
in non-obese rats in a time-dependent manner.

Analysis of mRNA expressions
The RNA was extracted from hypothalamic and hepatic tissue
samples by using TRIzol (1 mL/100 mg tissue; Invitrogen, Carlsbad, CA, USA). RNA purity was assessed using a NanoDrop ND-

METHODS

1000 UV-Vis spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA). Two micrograms of total RNA were added to

Animal model and diet protocol

each complementary DNA (cDNA) synthesis reaction. RNA was

The study group consisted of 38 rats. All rats were kept in indi-

reverse-transcribed into cDNA for 30 minutes at 37°C in a reaction

vidual cages under standard conditions (constant temperature and

mixture containing 200 U of moloney-murine leukemia virus re-

humidity on a 12-hour light/dark cycle). Eight rats underwent

verse transcriptase (Promega, Madison, WI, USA) and oligo-dT

sham operation 12 weeks after birth and 30 rats underwent DJB

primers, 25 U RNase inhibitor (Promega), 0.5 mM deoxynucleo-

surgery (DJB group) 12 weeks after birth. Rats of sham group were

tide triphosphate (Promega), 2 μM random hexamer primers. Am-

sampled 10 weeks after operation. Rats in DJB group were sampled

plification reaction was performed using prepared cDNA. The fol-

10, 16, and 28 weeks after surgery and regrouped according to the

lowing primers were used (Table 1). The mRNA levels of SIRT1

elapsed time after surgery (10 week, DJB10; 16 week, DJB16; 28

and SIRT3 expressions were determined by normalizing to glycer-

week, DJB28). The experimental procedures used in this study

aldehyde 3-phosphate dehydrogenase expressions.
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Table 1. Oligonucleotides used in quantitative reverse transcription polymerase
chain reaction

lution, Santa Cruz Biotechnology) and followed by staining with

Gene

USA) and counterstaining with hematoxylin. The stained sections

β-Actin
SIRT1
SIRT3

Sequence
Forward: AGCCATGTACGTAGCCATCC
Reverse: TTTCCCTCTCAGCTGTGGTG
Forward: CAGCAACACCTCATGATTGG
Reverse: TCCCACAGGAAACAGAAACC
Forward: GCTGCCAGCAAGGTTCTTAC
Reverse: CCTTTCCACACCCTGGACTA

Western blot analysis
Sampling was performed on anesthetized rats (a peritoneal injec-

diaminobenzidine chromogen (Vector Labs, Burlingame, CA,
were examined under microscopy ( × 400; Nikon, Tokyo, Japan)
and all histological assessments were made by a pathologist.

NAD+/NADH quantification assay
Assay kit was purchased from BioVision (Milpitas, CA, USA).
NAD+/NADH ratio in the liver was determined according to the
recommended manufacturer’s protocol.

tion of 2:1 Zoletil and xylazine solution). Tissue samples were frozen in liquid nitrogen and stored at –70°C for subsequent analysis.

Statistical analysis

Hepatic and hypothalamic tissue samples were homogenized in ex-

All data are given in terms of relative values and presented as

traction buffer (1X RIPA buffer 2 mL+0.2 M PMSF 20 μL+PI 20

mean and standard deviation. Data were analyzed by Student t-test

μL), centrifuged at 7,500 rpm, 4°C for 20 minutes. The protein

for unpaired comparisons. The accepted level of significance was

concentrations in the extracts were measured with spectrophotom-

preset as P-value < 0.05.

eter. The proteins in the extracts were separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis gels and transferred to a

RESULTS

nitrocellulose membrane. The membranes were blocked with 5%
milk in Tris-buffered saline containing 1% Triton X-100 (T-BST)

DJB increases hepatic SIRT1 and SIRT3 expressions

buffer at room temperature and then incubated overnight at 4°C

Both mRNA and protein levels of hepatic SIRT1 and SIRT3 in-

with anti-SIRT1 (1:1,000; Santa Cruz Biotechnology, Santa Cruz,

creased gradually in a time dependent manner after DJB surgery

CA, USA) and anti-β-actin antibody (1:1,000, Santa Cruz Biotech-

(DJB16 and DJB28 groups) compared with those in sham group

nology) in blocking solution. The membranes were washed with

(Fig. 1A, B). Significantly higher expressions of SIRT1 mRNA

T-BST buffer and incubated for 1 hour 30 minutes at room tem-

were observed in DJB16 and DJB 28 groups and those of SIRT3

perature with mouse secondary antibodies. The proteins were de-

mRNA in DJB10, DJB16, and DJB28 groups (Fig. 1A). Western

tected using chemiluminescent substrate reagents (Thermo Scien-

immunoblot analysis confirmed that expression levels of SIRT1

tific, Waltham, MA, USA) and the resulting signals were quantified

and SIRT3 protein were increased in surgery groups (Fig. 1B).

by using LAS 3000.

Lastly, immunoblot assay also showed increased expressions of
both SIRT1 and SIRT3 in DJB28 group compared with those in

Immunohistochemistry

sham control group (Fig. 1C).

Liver tissue was fixed with 10% formalin, embedded in paraffin,
and sectioned. The sections were stained with hematoxylin and eo-

DJB increases hypothalamic SIRT1 expressions

sin for light microscopic morphological examination. For assess-

We found different expression patterns of hypothalamic SIRT1

ment of SIRT1 and SIRT3, 3-μm sections were permeabilized in

and SIRT3 levels in DJB groups. The expression of SIRT1 in the

phosphate-buffered saline, incubated in 10 mM sodium citrate buf-

hypothalamus was similar in DJB surgery groups to those in the

fer with pH 6.0 for 100°C, 10 minutes, and incubated with anti-

liver (Fig. 2). DJB surgery increased hypothalamic SIRT1 mRNA

SIRT1 (1:50 dilution, Santa Cruz Biotechnology) antibody and

and protein expressions. However, SIRT3 mRNA and protein ex-

anti-SIRT3 (1:50 dilution, Santa Cruz Biotechnology) antibody.

pressions were not increased in DJB surgery groups.

Sections were then incubated with secondary antibody (1:200 di250 | http://www.jomes.org
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Figure 2. Effects of duodenal-jejunal bypass (DJB) on the expressions of hypothalamic sirtuin1 (SIRT1) and sirtuin3 (SIRT3) expressions. (A) mRNA levels of SIRT1
and SIRT3 were determined using reverse transcription polymerase chain reaction
analysis analysis. (B) Protein levels of SIRT1 and SIRT3 were evaluated by Western immunoblot assay. *P< 0.05 compared with sham control.
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Figure 3. Effects of duodenal-jejunal bypass (DJB) on the hepatic NAD+/NADH ratio. Hepatic NAD+/NADH ratio in the liver was determined and compared with
sham control. *P< 0.05 compared with sham control.

Figure 1. Effects of duodenal-jejunal bypass (DJB) on the expressions of hepatic
sirtuin1 (SIRT1) and sirtuin3 (SIRT3) expressions. (A) mRNA levels of SIRT1 and
SIRT3 were determined using reverse transcription polymerase chain reaction
analysis. (B) Protein levels of SIRT1 and SIRT3 were evaluated by Western immunoblot assay (B) and immunohistochemistry analysis (C). *P< 0.05 compared with
sham control.

DJB increases hepatic NAD+/NADH ratio

DJB surgery groups (DJB16 and DJB28) increased hepatic NAD+/
NADH ratio compared with control sham group (Fig. 3).

DISCUSSION
Since its first discovery, sirtuins has been the focus of extensive

SIRT1 protein expression is regulated by the NAD /NADH ratio.

studies. Studies reveal that sirtuins are involved in the regulation of

Therefore, we tested whether DJB surgery increased NAD /NADH

various metabolic processes in the body. Furthermore, sirtuins ex-

ratio thereby stimulation SIRT1 expressions. And indeed, we found

ert many enzymatic activities from deacetylase, desuccinylase, and

+

+
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demaloynylase to adenosine diphosphate-ribosyltransferase, all of

versity (No. HY-201500000003026), Seoul, Korea.

which require NAD . NAD is an essential currency of cellular me-

This study was awarded the best poster in 2018 IFSO (The In-

tabolism to which sirtuins have evolved to respond. Cellular NAD

ternational Federation for the Surgery of Obesity and Metabolic

level affects the activity of sirtuins that suggests the functional con-

Disorders).

+

+

+

nection between sirtuins and NAD .

+ 17
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