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Abstract Bariatric surgery is considered the most effective
current treatment for morbid obesity. Since the first publica-
tion of an article by Kremen, Linner, and Nelson, many
experiments have been performed using animal models. The
initial experiments used only malabsorptive procedures like
intestinal bypass which have largely been abandoned now.
These experimental models have been used to assess
feasibility and safety as well as to refine techniques particular
to each procedure.We will discuss the surgical techniques and
the postsurgical physiology of the four major current bariatric
procedures (namely, Roux-en-Y gastric bypass, gastric band-
ing, sleeve gastrectomy, and biliopancreatic diversion). We
have also reviewed the anatomy and physiology of animal
models. We have reviewed the literature and presented it such
that it would be a reference to an investigator interested in
animal experiments in bariatric surgery. Experimental animal
models are further divided into two categories: largemammals
that include dogs, cats, rabbits, and pig and small mammals
that include rats and mice.

Keywords Bariatric surgery . Animal models . Roux-en-Y
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Introduction

Obesity is a rapidly growing worldwide problem. Bariatric
surgery is the most effective method of obtaining weight
loss in a morbidly obese person (NIH Consensus 1991). A
remarkable advantage of these operations is that they can
induce resolution of associated metabolic disorders espe-
cially type 2 diabetes. The use of animal models is an
excellent way of developing and learning bariatric surgical
techniques as well as understanding the postsurgical
physiology. We are presenting a review of the anatomy
and physiology of the animal models and also the surgical
techniques and postsurgical physiology of the four main
bariatric surgical procedures in various animal models
(Table 1).

We have included only those articles which have
significantly contributed to the development of modern
bariatric surgery in terms of development of techniques as
well as understanding the postsurgical physiology.

Overview of Animal Models: Anatomy and Physiology

Pigs

Anatomy

Due to their large body structure, surgical techniques in
pigs can be performed to simulate those done in humans.
Although the pig stomach is similar to the human stomach,
there are a few differences—the cardia is exaggerated [1],
the fundus is large [2], the diverticulum ventriculi is a small
partially isolated pocket present within the fundus 4 cm
distal to the cardia [3], thickened perigastric membranes,
and a small lesser sac is present [1, 4]. Unlike the human
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Table 1 Animal models of bariatric surgery

Animals Roux-en-Y Gastric banding Sleeve gastrectomy BPD

Large mammals

Pigs Frantzides et al. 1995 Coelho et al. 1985 Assalia et al. 2007 Csepel et al. 2001

Potvin et al. 1997 Szinicz et al. 1989 Boza et al. 2008 Del genio et al. 2008
Cagigas et al. 1999 Belachew et al. 1998 Mintz et al. 2008

Scott et al. 2001 Ueda et al. 2008
Kim et al. 2003

Brackman et al. 2003

Waage et al. 2005

Nocca et al. 2005

Manson et al. 2008

Inoue et al

Gentileschi et al. 2006

Flum et al. 2007

Kiciak et al. 2007

Tucker et al. 2008

Herron et al. 2008

Sporn et al. 2008

Tang et al. 2008

Cats Skarstein et al. 1985

Dogs Pinheiro et al. 2006

Ferraz et al. 2007

Small animals

Rats Xu et al. 2002 Kanno et al. 2008 Cai et al. 2008 Zeron et al. 2008
Sprague–Dawley Ramos et al. 2004 Kampe et al. 2008

Meguid et al. 2004

Meguid et al. 2004

Romanova et al. 2004 [43]

Middleton et al. 2004

Xu et al. 2004

Suzuki et al. 2005

Stenstrom et al. 2006

Aprahamian et al. 2007

Guijarro et al. 2007, 2008

Tichansky et al. 2008

Meguiid et al. 2008

Wistar rats Zhang et al. 2006 Bozbora et al. 2004 Wang et al. 2008 Jiminez et al. 2008;

Ettinger et al. 2006 Borg et al. 2007;

Monteiro et al. 2006 Nadreau et al. 2006
Rockiki et al. 2008

Wang et al. 2009

Zucker rats Rubino et al. 2005 Monteiro et al. 2007 Pereferrer et al. 2008 None
Endo et al. 2007, 2008 Lopez et al. 2008

Goto Rubino et al. 2006 None None None
Kakizaki Pacheco et al. 2007

Fisher 344 Inoue et al. 2007 None None None
Mouse Troy et al. 2008

Liu et al. 2008
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small intestine, the pig counterpart has a variable length
with an intraperitoneal duodenum [5], smaller caliber,
fragile nature [5], and mesenteric vascular arcades in the
subserosa [6]. The colon is the same caliber as the small
bowel, is supported to the dorsal abdominal wall by the
mesocolon, has a spiral course, has a left-sided cecum [2],
and lacks a proper transverse mesocolon and appendix [3]
(Fig. 1 and 2).

Physiology

Electrical Activity of Intestine In the gastrointestinal tract,
the tissue continuity allows coordinated propagation of
pacemaker potentials generated by the interstitial cells of
Cajal (ICC) network on the neighboring smooth muscle
cells, which enables them to generate spike potentials and
contract in an organized manner. A natural intestinal
pacemaker is located in the duodenum, which controls the
intestinal motility [7]. Groner et al. [8] and Zabielski [9]
reported that in young pigs, the antral and duodenal
electrical control activity frequencies were similar to values
in human adults and that the migrating motor complex
cycle duration was only slightly shorter.

Dogs

Anatomy

The stomach lies distal to the liver. It is C-shaped with the
lesser curvature facing the liver and the greater curvature
facing the rest of the abdominal wall. The stomach is very
similar to the human stomach having four parts: cardia,
around entry of the esophagus; fundus, adjacent to the left

abdominal wall; body, the largest part; and pylorus,
adjacent to the right abdominal wall which continues as
the small intestine (Fig. 3).

The duodenum has a cranial and a caudal duodenal
flexure with an interposed descending duodenum. The
caudal flexure is followed by the ascending duodenum
which in turn continues as the jejunum, the longest part of
dog intestine (Fig. 4). Unlike in humans, the dog ileum is
only 15–20 cm long [10].

There is a 5×2-cm-sized [11] short spiral bent [12]
tortuous cecum [10] which is puckered [12]. It has no
appendix [11]. The ileum does not communicate with the
cecum [11]. The large intestine does not differ much in
caliber from the small intestine [12] (Fig. 4). The entire
colon except the cecum has a mesentry [12].

Rats

Anatomy

In spite of the small size of the organs of the rat, the
anatomy of the rat GI tract is strikingly similar to humans
(see Figs. 5 and 6).

The esophagus opens into the lesser curvature of the
stomach. The rat stomach has a cardia or forestomach
which is continuous with the esophagus and is lined by
squamous epithelium. It is thinner and relatively non-
motile. The fundus and pylorus (glandular stomach) have a
similar anatomy as humans [13]. The forestomach and the
pylorus are separated by a band of tissue called margo
plicatus (limiting ridge) [14]. The greater and lesser
omentum and mesentery have a similar anatomy as
humans. The liver has four lobes [13].

Unlike the human intestine, the jejunum has the
greatest length but cannot be easily distinguished from
the other two segments. The ileum is recognized by the
presence of large lymph nodes which appear as small
bumps on its surface [13].

Given the small organs of the rat, one needs to use
microsurgical instruments and techniques.

Physiology

The physiological characteristics of the rat models used to
study bariatric surgery have been summarized in Table 2:

Given that 10–13 days in a rat’s life is equal to one
human year, it is possible to learn about long-term
physiological changes of bariatric surgery not currently
studied in humans.

Two kinds of controls are used: a sham-operated group
where the bowels are just exposed after a laparotomy for
the same time as the standard operation. The sham-operated
group can also be pair fed.

Fig. 1 Anatomy of pig stomach [3] (reproduced with permission from
Bluedoor, LLC)
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Roux-en-Y Gastric Bypass

Pigs

Pigs have played a leading role as an experimental model in
the development of the surgical technique of Roux-en-Y
gastric bypass (RYGB). In the early 1990s, with the advent
of advanced laparoscopy, several investigators used these
animals to test the safety and feasibility of laparoscopic
RYGB.

The technique of RYGB in pigs is very similar to the
technique in humans, with a few differences due to
anatomical differences (described earlier).

Surgical Technique A 10- to 30-ml gastric pouch is created
using a linear cutting stapler. The pouch can be created using a
Baker’s tube [5]. AV-shaped pouch can also be created taking
advantage of the small lesser sac [1]. Since it is difficult to
identify the ligament of Treitz, the duodenum can be followed
to the point where it passes behind the colon. The Roux limb

Fig. 3 Anatomy of dog gastro-
intestinal tract (hand-drawn by
authors)

Fig. 2 Anatomy of the pig
gastrointestinal tract (reproduced
with kind permission from
Dr. Michael Swindle, Medical
University of South Carolina,
Charleston, SC, 29425 Sinclair
Research Center, LLC,
Columbia, MO 5231)
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can be positioned either antegastric or retrogastric, but it
cannot be retrocolic as there is no proper transverse
mesocolon [5]. The gastrojejunostomy can be hand-sewn or
stapled. Due to the variable length of the intestine, it is better to
calculate the length of the Roux and afferent limbs as a fraction
of the total intestinal length [1]. The jejunojejunostomy can be
done intracorporeally or extracorporeally and can be either
hand-sewn or stapled. Gastrostomy, to avoid gastric dilation,
and jejunostomy, for postoperative feeding, have been used
by some investigators [28]. Also, the staple lines frequently
need to be reinforced with sutures due to the thick stomach
wall and perigastric membranes. The fragile nature of
intestine causes frequent complications due to leakage—this
has to be taken into account when using the pig as a survival
model. Awareness of the liver and spleen anatomy is also
necessary to avoid complications during retraction [5].

Postsurgical Physiology Flum et al. [1] have studied
postsurgical physiology of pigs after RYGB. They found
that after RYGB, there was an increase in both the fasting
and postprandial ghrelin levels, but no change in fasting
and postprandial peptide YY (PYY) levels. They also
evaluated food intake and reported that the “limited feeding
time” approach produced more weight loss than ad libitum
feeding in their pig model.

Kiciak et al. [29] compared “uncut” Roux procedure and
RYGB. They reported that there were more ICC in upper
jejunum and there was an earlier return of the migrating
motor complex in the uncut group than in the RYGB group.
They attributed the decrease in postoperative adhesions in
the uncut group to this. There is preservation of the natural
pacemaker function in the duodenum in an “uncut Roux”
technique, whereas ectopic pacemakers develop in the
Roux limb, causing retrograde peristalsis and thus slowing
intestinal transit.

Rats

Surgical Technique A 20% residual volume stapled gastric
pouch is created. The stomach is better divided to avoid
gastro-gastric fistulas. The lengths of the biliopancreatic
limb, alimentary limb, and common channel used by
Meguid et al. are 16, 10, and 34 cm, respectively. Very
similar lengths were also used by Aprahamian et al.
Increasing the biliopancreatic channel to 30 cm and

Fig. 5 Rat gastrointestinal tract (reproduced with permission from
Elsevier) [15]. *Please note that the limiting ridge in the stomach is
shown delimiting the forestomach from hindstomach

Fig. 4 The rat stomach (repro-
duced with permission from
Elsevier) [15]
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reducing the common channel to 18 cm produces more
sustained weight loss [30, 31].

Postsurgical Physiology Rat models of RYGB have been
used to study mainly the metabolic aspects of the surgery.
Various parameters are affected by RYGB, all of which
ultimately contribute to weight loss and resolution of type 2
diabetes mellitus (DM). A review of those parameters is
presented in Table 3:

Dogs

Surgical Technique Dogs have mainly been used to
study the electrical activity of the stomach and its role

in producing weight loss. The operation on the control
group consists of implantation of three pairs of electro-
des of the cardiac pacemaker type in the serous
membrane along the greater curvature of the stomach
at the level of fundus, body, and antrum. The electrodes
are fixed with sutures to prevent dislocation. The
operation done on the experimental group consists of
an RYGB; the width of both the gastrojejunostomy and
jejunojejunostomy being 5 cm, the latter was placed
25 cm from the former. Paired gastric electrodes are
then implanted on the greater curvature of the excluded
stomach at the fundus, body, and antrum and fixed with
sutures. The electrodes are brought to the exterior and
fixed to the abdominal wall. The records of the

Fig. 6 Gastric bypass with
Roux-en-Y operation in the rat.
a Staple line; b pouch; c gas-
troesophageal junction; d gas-
trojejunostomy; e stomach; f
Roux-en-Y limb; g jejunojeju-
nostomy; h afferent limb; i
efferent limb [32] (reproduced
with pemission from Elsevier)

Type of rat Metabolic profile

Wistar rats Non-obese, non-diabetic. Also susceptible to obesity, diabetes, and related
metabolic disorders when fed a high-fat diet [16]. Specific components of the
Western diet can influence development of obesity and in these rats [17].

Sprague–Dawley Non-obese, non-diabetic. But when fed a high fat diet they develop obesity and
impaired glucose tolerance [18, 19].

Zucker fatty rats (fa/fa) Obese and non-diabetic. They have a mutation of hypothalamic leptin receptors
and also profound hepatic insulin resistance [20]. The hyperinsulinemia reaches
peak at the 18th week [21], though they have impaired glucose tolerance they
do not develop frank diabetes.

Zucker diabetic fatty
(ZDF)

Obese and diabetic. They have peripheral insulin resistance due to mutation of
GLUT-4 receptors in skeletal muscle and adipose tissue. They also have impaired
glucose induced insulin release due to mutation of GLUT-2 receptors in β cells
and apoptosis of β cells [22]. But the females can increase insulin production to
overcome insulin resistance [23], thus capable of acting as controls.

Goto–Kakizaki Non-obese diabetic rat model. Have a defect of development of β-cells due to
absence of growth factors and defective proliferation of β-cells due to
glucotoxicity. Also have hepatic insulin resistance [24, 25].

Fisher-344 (F-344) Non-diabetic and non-obese. But prone to obesity when fed high-calorie diet [26].
Young rats also develop insulin resistance and increased triglycerides when fed
high calorie diet [27].

Table 2 Types of rats used as
models for bariatric surgery

GLUT glucose transporter
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electrical signals are processed by a hardware unit and
appropriate software [44].

Postsurgical Physiology Electrical control activity (fasting
and postprandial) and electrical response activity were
studied to detect any difference in the electrical activity of
controls and the experimental groups for each gastric
segment on one hand and the different gastric segments of
each group on the other [44].

Gastric Banding

Pigs

Surgical Technique Coelho et al. [45] first investigated the
technique of placing gastric bands in pigs by laparotomy. With
the advent of laparoscopic surgery, there was a need to develop
a gastric band which could be placed laparoscopically.
Belachew et al. [46], through a series of experiments on their
pig model, developed a band that could be placed laparoscopi-
cally. They also worked out the method and appropriate
instrumentation required for a safe retrogastric dissection.

Postsurgical physiology after gastric banding has not
been studied in pigs.

Rats

Surgical Technique Due to anatomical differences, it is very
difficult to perform a gastric banding operation equivalent to
that in humans [47]. Many techniques of placing bands in
rats have been successfully tested. One of them is to place
the band between the upper and the lower parts of the
stomach after incising the stomach at the boundary between
the forestomach and the pylorus (see Fig. 6) [47]. To
facilitate appropriate positioning of the pouch, a balloon
embolectomy catheter can be inserted into the stomach and
pulled against the cardia after inflating the balloon. The band
is placed around the lower part of the stomach just below the
gastroesophageal junction. To prevent band slippage, the
separated stomach is fixed just above the band. The band has
also been placed around the glandular stomach without the
incision mentioned above [48] by just developing an opening
in the greater and lesser curvatures [49]. The forestomach can
also be inverted [50]. Different types of bands have been
used, but it is relevant here to only mention about adjustable
bands which are widely used in humans. The adjustable
gastric band used in the rat model is a commercially available
(In Vivo Metric, CA, USA) vascular occluding device
consisting of a silicone ring (8-mm width, 14-mm diameter)
with an inflatable inner lining and a tube which can be

Parameter Postsurgical change after RYGB in rat models

Weight Decrease [32–37]

Change in adipose tissue Decreased weight of subcutaneous abdominal,
retroperitoneal [33], and mesenteric fat [38]

Food intake Decrease [32, 35]

Glucose Decrease [30, 40]

Insulin Decrease [32]

Ghrelin Decrease [39]

PYYa Increase [37, 39]

Leptin Decrease [37, 40, 41]

PYY/Leptin ratio Increase. Failure to maintain ↑ ratio results in failure
of RYGB [31]

GIP and GLP-1 No change in GIP. Increased postprandial GLP-1 [77]

Adiponectin Initially increased, normalized over time [37]

Endocannabinoids: anandamide and
2-arachnidoglycerol

Decreased at 4 weeks [37]

Cholecystokinin (CCK) Though it is increased postoperatively levels normalized
over time [39, 40]

Gene expression profiles: Changes in gene expression profiles in arcuate nucleus
and subcutaneous fat tissue occuring after RYGB.
These genes are related to carbohydrate, fat, protein
metabolism and action of neuropeptide and cytokines
[43]. Meguid et al. [31] have also studied the changes
in expression of genes (like AMPK, UCP-2 and others)
in subcutaneous adipose tissue after RYGB

Inflammatory markers Decrease in inflammation as measured by TNF-α, IL-6,
corticosterone and gene profiling [38]

Table 3 Postsurgical changes in
rat models after RYGB

PYY protein YY; GIP gastric
inhibitory insulinotropic poly-
peptide, GLP glucagon-like
peptide, AMPK adenosine
monophosphate kinase, UCP-2
uncoupling protein-2
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directed out of the peritoneum, threaded subcutaneously, and
externalized in the dorsal neck region [50] (Figs. 7 and 8).

Postsurgical Physiology Rat models have been designed by
Endo et al., Kanno et al., Monteiro et al., Rockiki et al., and
Wang et al. who reported decreased weight gain in their rat
models [49, 51–53]. The parameters studied have been
summarized in Table 4.

Dogs

The idea of gastric bands was initiated by Wilkinson and
Peloso who did their first experiments on dogs before
moving onto humans. This is only of historical interest.

Sleeve Gastrectomy

Pigs

Surgical Technique The greater curvature of the stomach is
denuded with ultrasonic shears including the short gastric
vessels and the posterior attachments of the fundus. This is
begun 6–8 cm proximal to the pylorus. A gastric tube is created
over a 38- to 60-F bougie by repeated firing of linear cutting
staples from the distal antrum (6 cm from the pylorus) to the
His angle with complete removal of the greater curvature and
the fundus [55, 56]. The stomach wall is very thick, and only
thick tissue staples should be used (green load).

Postsurgical Physiology An experiment comparing the
efficacy of sleeve gastrectomy with ileal transposition
(SGIT), ileal transposition, and RYGB was done by Boza
et al. [55] where they proved that SGIT is as effective as
RYGB in terms of weight loss and food intake, at least in

the short term. Sleeve gastrectomy has been combined
with duodeno-jejunal bypass and found to be feasible in
causing weight loss in a pig model. A low complication
rate of the procedure and lack of histological changes in
the duodenum has been reported by the same authors [56].

Rats

Surgical Technique The technique has been well described
by Lopez et al. [14] and Wang and Lu [57]. The gastric

Fig. 8 Vascular occluding device used by Kampe et al. in their rat model
of gastric banding (reproduced with permission from In Vivo Metric)

Fig. 7 Rat model of gastric band (reproduced with permission from
Springer) [47]

Table 4 Postsurgical physiology after GB in rats

Parameter Postsurgical change

Food intake Decreased postoperatively. The
duration for which this decrease
lasted varied among different
experiments [47, 52–54].

Feeding frequency Increased [52]

Water intake Decreased [54]

Adipose tissue weight Decreased [51, 52]

Glucose Decreased [47]

Total cholesterol Decreased [47]

Triglycerides Decreased [47]

Cumulative nitrogen balance Decreased [54]

Ghrelin Higher [51]

Hypothalamic growth
hormone secretagogue
receptor 1a

Low [51]
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omentum, the greater curvature, and the entire fundus are
removed (70–80% of total stomach, which includes 90% of
the forestomach and 70% of the glandular stomach). A
gastric tube is created with vascular clamps from the
antrum to the fundus across both the forestomach and the
glandular stomach and closed in three layers with non
absorbable suture, starting from the distal antrum (1.5–
2 mm from the pylorus) to the angle of His (Fig. 9).

Postsurgical Physiology The changes in the postsurgical
parameters have been summarized in Table 5. Pereferrer et
al. [58] reported that physiological changes depend on the
rat model chosen.

Biliopancreatic Diversion

Pigs

Surgical Technique: Biliopancreatic Diversion with Duodenal
Switch (BPD-DS) After attachments of the stomach to the
greater curvature are transected, a sleeve gastrectomy is
performed. The duodenum is divided just distal to the
pylorus, and the anvil of the circular stapler is passed
along with an orogastric tube and brought out of the
proximal duodenum. After the bowel is transacted
250 cm (or 40% of the length of intestine from
ileocecal valve to the ligament of Treitz) from the
ileocecal valve using a linear cutting stapler, an end-to-
side duodenoenterostomy is created between the gastro-
duodenal pouch and upper segment of the Roux limb.
Then, a side-to-side enteroenterostomy is fashioned
between the end of the biliopancreatic limb and a point
on the small bowel 100 cm from ileocecal junction. A

methylene blue testing of the sleeve gastrectomy and
duodenoenterostomy is done. The authors reported that
frequent leakage at the duodenoenterostomy site was
due to the thin-walled nature of the swine duodenum
and that the thickness of the pig stomach requires
staples of greater height [59].

Postsurgical physiology after biliopancreatic diversion
has not been studied in pigs.

Dogs

Surgical Technique Scopinaro et al. [60] evaluated the
feasibility of biliopancreatic diversion in dogs in 1979. The
procedure consisted of a three quarters gastric resection,
closure of distal duodenum, division of the jejunum 20 cm
distal to the ligament of Treitz, an antecolic anti-peristalitic,
a gastroentero anastomosis using the distal end of the
transected jejunum, and an end-to-side jejuno-ileal anasto-
mosis using the proximal end of the jejunum. The distance
of the latter anastomosis from the ileocecal valve was
varied in the original experiment by different fractions of
the total intestinal length (footnote of Table 6) and was
found that a common channel of one sixth of the intestinal
length was optimal for allowing adequate weight loss
without medical complications.

Postsurgical Physiology Please refer to Table 6 [60].

Rats

Surgical Technique: BPD-DS The bowel is transacted
50 cm from the ileocecal valve, and the distal part of the
transected intestine is anastomosed end to side with the
duodenum 1–1.5 cm from the pylorus. The duodenum is
closed distal to this anastomosis with a titanium clip.
Though the limb lengths are representative of the human
operation, the duodenum is not divided due to technical

Fig. 9 Top figure intact rat stomach, bottom figure stomach after
sleeve gastrectomy (reproduced with permission from Elsevier [14])

Table 5 Postsurgical physiology after sleeve gastrectomy in rats

Parameter Postsurgical change

Weight Decrease [14, 58]

Food intake Decreased [58]

Plasma cholesterol and
triglycerides

Decrease [14, 57]

Insulin Normalized [14, 58]

Glucose Decrease * [14, 58].

Ghrelin Controversial [14, 58]

GLP-1 Decrease. Please see ref for
details. [58]

Hypothalamic growth hormone
secretagogue receptor 1a

High [51]
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reasons. A vertical gastrectomy is performed by excising
the entire fibrous membrane, thus removing two thirds of
the gastric capacity. Then, a side-to-side enteroenterostomy
is fashioned between the end of the biliopancreatic limb and
a point on the small bowel 20 cm from ileocecal junction
(the alimentary limb being 30 cm and the common limb
20 cm) [61]. But different investigators have used different
limb lengths. For example, a common limb of only 5 and
10 cm were created by Zeron et al. and Borg et al.,
respectively [62, 63] (Fig. 10).

Postsurgical Physiology Various investigators like Jiminez
et al., Zeron et al., Borg et al., Nadreau et al., and Evrard
et al., have designed rat models for biliopancreatic
diversion. All of them have reported reduced weight in
their respective animal models [61–65]. The changes in
other physiological parameters have been summarized
in Table 7.

The cat and rabbit models have not contributed a great
deal to our understanding of modern bariatric surgery
[66, 67].

Other large animals including non-human primates
have not been used to experiment bariatric surgical
techniques.

Mouse

Though they are not widely used to study bariatric
surgery, these animals have been extensively used as
models for obesity and may be useful to study
postsurgical physiology of bariatric surgeries. Liu et al.
[68] designed a mouse model of RYGB and type 2 DM
using the C57BL/6 strain. They used three groups:
duodeno-jejunal bypass (DJB), long limb DJB, and
sham-operated. They were the first to design a mouse
model for bariatric surgery and reported that mouse had
several advantages over rats, including being more cost-
effective, having quicker postoperative recovery time, and
providing greater opportunities for genomic and proteomic
manipulations in future research. Also, the C57BL/6 strain

of mouse has already been widely used for diabetes
research. In the future, application of the bariatric surgical
techniques in knockout or transgenic mice may help in the
understanding of the physiological mechanisms of type 2
DM resolution.

Troy et al. [69] studied the physiological effect of
gastric banding and RYGB in mice and reported that
increased intestinal gluconeogenesis acting through

Table 6 Postsurgical physiology after BPD-DS in dogs

Parameter Group 1a Group 2b Group 3c Group 4d

Weight ↓ ↓↓ ↓↓↓ ↔

Fat excretion ↑ ↑↑ Not measured ↔

Protein excretion ↑ ↑↑ Not measured ↔

Histological examination Mucosal hypertrophy more in common tract Not done Not done

a Lengths of common channels in different groups as a fraction of total intestinal length: 1/3
b Lengths of common channels in different groups as a fraction of total intestinal length: 1/6
c Lengths of common channels in different groups as a fraction of total intestinal length: 1/12
d Control

Fig. 10 Rat model of biliopancreatic diversion—duodenal switch
(reproduced with permission from Springer) [63]. Upper and lower
arrows indicate gastrojejunostomy and enteroenterostomy, respectively
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GLUT-2 receptors was responsible for decreased food
intake and resolution of glucose intolerance in RYGB-
treated rats.

This strain has been used to create genetically modified
mouse strains, e.g., ob/ob mouse. C57BL/6J mice fed a
high-fat diet develop obesity, mild to moderate hypergly-
cemia [70], hyperinsulinemia, and hyperlipedemia [71].
Also, obesity developed after high-fat diet tends to be
maintained even after switching to regular chow [72].
C57BL/6J mice fed an atherogenic diet (1.25% cholesterol,
0.5% cholic acid, and 15% fat) for 14 weeks develop
atherosclerotic lesions. The cytokines and adipokines
associated with obesity have been studied in this mouse
model [73].

A new mouse model C57BL/6J-Nmf15/+with a domi-
nant mutation has been characterized which develops
complications related to the metabolic syndrome (MS) and
would be an excellent model for the same and especially for
MS-related cardiomyopathy.

Transgenic mice can be maintained by breeding them
with C57BL/6 mice. For example, transgenic ob/ob
mouse strains with human islet amyloid polypeptide
(hIAPP) overexpression have been created and have
been proven to develop extensive islet amyloid and
higher glucose concentrations [74, 75]. On pathological
examination of C57BL/6 mice with diet-induced obesity,
islets show no extracellular amyloid, but there is aggrega-
tion of amyloid fibrils in the β-cell secretory granules and
no reported decrease in β cell mass. Extracellular amyloid
is found only in the hIAPP transgenic mice [76]. They are
the most widely used lab mouse strain due to the
availability of congenic strains, easy breeding, robustness,
and their relationship to genetically modified mouse
models, making them ideal controls. C57BL/6J was the
DNA source for the international collaboration that
generated the first high-quality draft sequence of the
mouse genome.

Choice of Animal Model

Obviously, surgical techniques are better developed and learnt
with the help of large animals. Pigs have been extensively used
for this purpose. The physiological changes after these
surgeries are better studied using small animals, especially
rats. Rats are also useful in developing and learning the
surgical techniques to some extent. The choice of the rat model
again depends on whether the investigator needs to study the
anatomical aspects or the postsurgical physiology. The effects
of bariatric surgeries on diabetes are obviously better studied
using Zucker diabetic fatty or the Goto–Kakizaki rats. The
Sprague–Dawley and Wistar rats have been used extensively
to study RYGB and gastric banding, respectively. With a few
mouse models being developed more recently, even these
could be useful in the future for the study of physiology of
bariatric surgeries and especially metabolic surgery.

Conclusion

The efficacy and safety of most novel techniques are better
studied in animal models even before pilot studies are
performed in humans. The choice of the animal model
depends on whether the surgical technique or the postsurgical
physiology needs to be studied. Pigs and rats have extensively
been used to study various aspects of bariatric surgery. The
mouse model for bariatric surgery has been developed
recently. Dogs have been widely used to study the electro-
physiological aspects of bariatric procedures. Other large
mammals have not been used in the recent past to study
bariatric procedures. This article is meant to provide a
reference and guidance for researchers in bariatric surgery.

Disclaimer Authors certify no financial or commercial conflict of
interest related to this publication.

Parameter Postsurgical change

Food intake Decreased, increased in frequency [61, 62]. Weight loss is
maintained irrespective of food intake [63].

Fecal energy density and protein
fecal energy

Increased [61]

Adipose tissue Decreased white epididymal, inguinal, retroperitoneal and
brown adipose tissues [61]

PYY Increase [62]

GLP-1 and GLP-2 Increase [62]

Triglycerides and cholesterol Decrease [65]

Histology Increase in surface area of the mucosa and musularis of the
common limb [61] due to hyperplasia and hypertrophy [62]

Neurobiologic changes Increase NPY and AgRP expression in brain [61].

Table 7 Postsurgical physiology
after BPD in rats

NPY neuropeptide Y, AgRP
Agouti-related protein
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