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Abstract  
 
Background: Obesity and inflammatory bowel disease (IBD) represent chronic inflammatory conditions. 
Bariatric surgery improves some obesity-related co-morbidities, but the effects of bariatric surgery on 
IBD have not been well studied. 
 
Objectives: To examine if bariatric surgery may attenuate colitis in an obese murine model of IBD and 
study the mechanisms underlying the postsurgical amelioration of intestinal inflammation. Setting: 
University of California Irvine, Department of Surgery and Microbiology laboratories. 
 
Methods: Obese mice were assigned to one of 2 bariatric procedures [Duodenojejunal Bypass (DJB n ¼ 
6), Sleeve Gastrectomy (SG n ¼ 8)]. Sham-operated mice were (Sham n ¼ 8) were used as a control. 
After recovering from surgery, IBD was induced by administration of 2% dextran sodium sulfate. Fecal 
samples were collected before and after IBD induction for microbiome analysis. Pathologic analyses and 
immunohistochemical staining were performed on colon. 
 
Results: Survival after DJB and SG was higher relative to Sham mice. Histologically, DJB mice had 
significantly less intestinal inflammation. The observed improvements were not related to a difference in 
weight among the groups. Farnesoid X receptor staining in the colon was observed quantitatively more in 
DJB than in SG and sham mice. A statistically significant increase in the number of Lactobacillales was 
observed in the stool of mice after DJB. 
 
Conclusion: These results suggest that bariatric surgery, in particular DJB, reduces the severity of colitis 
in a chemically-induced IBD murine model. The anticolitis effects of DJB may be associated with 
Farnesoid X receptor regulation and gut microbiome rearrangements. (Surg Obes Relat Dis 2017;13:661–
668.) r 2017 American Society for Metabolic and Bariatric Surgery. All rights reserved. 
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Inflammatory Bowel Disease (IBD) is a chronic, idiopathic, relapsing immunologically-mediated 
inflammatory condition that manifests as 2 major phenotypes: Crohn’s disease and ulcerative colitis 
(UC). Both UC and Crohn’s disease have distinct pathologic and clinical characteristics but the 
mechanisms underlying their pathogenesis remain poorly understood. The onset and reactivation of IBD 
is likely triggered by environmental factors that transiently compromise the mucosal barrier, stimulate 



immune responses, and alter the balance between beneficial (e.g., Lactobacillales) and pathogenic (e.g., 
Enterobacteriaceae) enteric gut microbiota [1]. 

 
Obesity also represents a chronic inflammatory state, and a major risk factor for other disorders 

including diabetes and cardiovascular diseases. The chronic inflammation observed in both obesity and 
IBD is underscored by the expression of pro-inflammatory markers interleukin 6, interleukin 1, and 
tumor necrosis factor α. Furthermore, UC and obesity are exacerbated by each other [2]. Accordingly, 
studies have also shown that high-fat diet (HFD)- induced obesity increases the severity of IBD in a 
mouse model [2,3]. 
 

Bariatric surgery results in excess weight loss and improves glucose homeostasis in morbidly 
obese patients [4]. Interestingly, the metabolic effects of bariatric procedures on insulin resistance and 
glucose metabolism are independent of weight loss [4]. The precise mechanisms behind the metabolic 
changes following bariatric surgery remain unclear. Recently, a new finding showed that the bile acid-
activated nuclear Farnesoid X receptor (FXR) plays a key role in the metabolic improvements observed 
after bariatric surgery [5]. Furthermore, multiple evidences suggested that activation of FXR has 
beneficial effects on IBD in both animal models and humans [6,7]. 
 

A clinical study by Aminian et al. showed that bariatric surgery is feasible and safe in morbidly 
obese patients suffering from IBD. The authors suggested that bariatric surgery may help mitigate IBD 
symptoms and improve disease control [8]. In addition, a small case series suggested that weight loss 
caused by bariatric surgery could be useful in the pharmacologic control of IBD [9]. In this study, we 
sought to address whether bariatric surgery itself may impart beneficial effects on obese patients with 
colitis, in a manner independent of weight loss. Hence, we performed bariatric surgical procedures on 
HFD-induced obese mice using a dextran sodium sulfate (DSS)-induced  colitis model. We hypothesized 
that bariatric surgery should attenuate colitis in obese mice, in part, through a rearrangement in 
microbiome patterns and through alterations in FXR expression. 

 
Methods 
Animals and experimental groups 
 

Obese male C57 BL/6 J mice (Charles River, Wilmington, MA) were fed a 60% high-fat diet 
(Harlan Laboratories, 
Madison, WI) for 8 weeks starting at 6 weeks of age. Animals were allowed free access to food and 
water, and were maintained under 12-hour light/dark cycles. Obese mice (weight range 34–38 g) were 
randomly assigned into 3 groups: Duodenojejunal Bypass (DJB, n ¼ 6), Sleeve Gastrectomy (SG, n ¼ 8), 
and sham–operated (Sham, n ¼ 
8). All animal experiments were approved by the Institutional 
Animal Care and Use Committee (IACUC) of 
University of California, Irvine. 
 
Surgical procedures 
 

Before performing surgery, all animals were fasted 4 to 6 hours with free access to water. Based 
on the anatomic intestinal rearrangement, DJB and SG represent proximal intestinal bypass and 
restrictive procedures, respectively. 
 



In the DJB procedure (Fig. 1 A) the duodenum is cut open distal to the pylorus, and the distal 
limb of the duodenum is closed [10]. Afterward, the jejunum is transected 4 cm distal to the ligament of 
Treitz, and anastomosed with the proximal duodenum in an end-to-end fashion. The remaining 
duodenojejunal limb is anastomosed to the distal jejunum 4 cm distally to the site of duodenojejunal 
anastomosis by end-to-side fashion. This procedure results in a bypass of the proximal intestine without 
any restriction of gastric volume. 
 

Like its human counterpart, the sleeve gastrectomy procedure (Fig. 1 B) is an anatomically purely 
restrictive surgery. Briefly, the gastric fundus and greater curvature are freed, and 70%–80% of the 
stomach is divided and removed along the greater curvature over a curved hemostat. The resulting gastric 
sleeve is subsequently closed. 
 

In the Sham operated mice, the stomach, duodenum and intestines are mobilized without further 
surgical intervention, and the mouse is kept under anesthesia for the same time period as the DJB and SG 
procedures (about 60 to 70 minutes).  

 
During the operation of any procedure, about 8–10 mL of .9% saline solution were 

discontinuously injected on the surface of the intestine and into the mouse peritoneal cavity to maintain 
animal's fluid homeostasis. 

 

 

A Ouodenojejunal Bypass (DJB) surgical procedure 

B Sleeve Gastrectomy (SG) surgical procedure 

Fig. I. (A) The proximal duodenum is cut open and reconnected 10 the 
distal jejunaJ stump with an end-to-end anastomosis. The duodenojejunal 
limb is anastomosed 10 the jejunum 4 cm distally to the site of the previous 
anasiomosis (end-to-side anastomosis). (B) Seventy percent of the stomach 
is divided removing the entire body and much of the gastric fundus. 



 
Postoperative management and IBD induction 
 

After surgery, the animals were fasted for 16 to 18 hours with free access to water before 
resuming a high-fat diet. 
Postoperatively, the mice received 1 mL of .9% saline solution with analgesic by subcutaneous injection 
during the first 3 days. Animals were maintained on a high-fat diet for the remainder of the study. Our 
previous study showed that both DJB and SG procedures could significantly induce weight loss in HFD-
induced obese mice until 2 weeks after operations. Under the HFD, the animals would start gaining 
weight from 10 to 14 days after operations (both DJB and SG). In this study, to minimize the influence of 
weight loss caused by bariatric surgery and obtain the weight-matched mice at the beginning of the DSS 
administration, once the animal weight reached 27–34 g (about 7 to 14 days after surgery), 2% DSS 
(molecular weight 36,000-50,000, MP Biochemicals, Santa Ana, CA, U.S.) was administrated in the 
drinking water for 7 consecutive days to induce acute colitis. At the end of DSS administration, mice 
were given regular drinking water. Fecal samples were collected before DSS treatment and 3 weeks after 
DSS administration. Fecal samples were snap-frozen in liquid nitrogen and then stored at -801C until 
used for DNA extraction. 
 

Mice were closely observed after DSS administration and were euthanized at the endpoint of the 
experiment (4 weeks after the start of DSS administration). The entire large bowel, from the ileo-cecal 
junction to the anus, was harvested. Tissue samples were prepared as spiral “Swiss rolls” and fixed in 
10% formalin for 48 hours followed by the process of paraffin blocks. Paraffin sections (3mM) thick 
were cut, and slides with the entire length of the colon tissue were analyzed by hematoxylin and eosin 
(H&E) and immunohistochemical (IHC) staining. 
 
Pathologic evaluation and IHC staining 
 

The H&E-stained sections were evaluated in a blinded manner by 2 board-certified pathologists. 
The inflammation grade of tissue sections was scored as described by Dieleman et al. [11]. Briefly, the 
grading index was conducted according to inflammation severity, inflammation extent, crypt damage, 
and the percentage involvement of the ulcer or erosion in the colonic tissues. The sum of the first 3 scores 
was multiplied for the percentage involvement of ulcer or erosion. 
 

To detect FXR expression by IHC staining, the paraffinembedded colonic sections were first 
deparaffinized. Antigen retrieval was performed by incubating the slides in boiling 10 mM sodium citrate 
buffer (pH 6.0) for 20 minutes, and then at room temperature (RT) for 30 min. Afterwards, the slides 
were incubated in hydrogen peroxide for 10 minutes, followed by incubation in nonspecific staining 
blocking reagent for 30 minutes at RT. The sections were then incubated with diluted anti-FXR (rabbit 
polyclonal Ab, 1:200, Santa Cruz Biotechnology, CA) overnight at 41C followed by incubation with 
horseradish peroxidase-labeled secondary antibody (biotinylated antirabbit, 1:200 for 30 minutess at RT). 
DAB peroxidase substrate kit (Vector Laboratories, Burlingame, CA) was used for developing visible 
immunocomplexes. 
 
Microbiome analysis 
 

The composition of the bacterial microbiota was analyzed as previously described with minor 
modifications [12–14]. 



Briefly, the DNA was extracted using the MOBIO Power- Soil DNA Isolation Kit (Carlsbad, CA, U.S.) 
following the manufacturer’s instruction for the PowerFecal DNA Isolation Kit. Four microliters of 
extracted bacterial DNA (a 1:5 dilution) were used as a template for quantitative real-time PCR reactions 
using the primer pairs in Table 1 A [12–14]. The 16 S gene copy numbers per ml of DNA from each 
sample (1 fecal pellet collected from each colon) was determined using standard curves generated with 
known concentrations of plasmids (Table 1 B) carrying the 16 S gene of each analyzed bacterial taxa 
[12,13].  
 
 

 

 
Statistical analysis 
 

Statistical analyses were performed using SPSS 20.0 and GraphPad Prism Version 6. One-way 
ANOVA was used for comparison among the 3 groups. The 2-tailed unpaired Student’s t test was used 
for comparison across time points in the groups. Log-rank test was employed to determine the 
significance of survival rate. Data were expressed as mean _ standard error of the mean (SEM). 
Significance was considered for values of P o .05. 
 
Results 

Table Ii\ 
Primer pair.; used for q-PCR on each extracted bacterial DNA 

Species 

Eu bacteria 

Fini1icutcs/Clostridialcs 

Fini1icutcs/Lac1obacillal~ 

Bac leroidetes 

Emcrobactcriaccac 

Targc1 

16 S rRNA 

16 S rRNA 

16 S rRNA 

16 S rRNA 

Primer pairs 

UniF340 S'-ACTCCrACGGG/\GGC/\GCAGT-3' 
UniR514 5'-ATTACCGCGGCTGCTGGC-3' 
UniF338 5' - ACTCCT/\CGGGAGGCAGC .3· 
C.cocR491 5'- GClTCTTTAGTCAGGTACCGTCAT -3' 
LabF362 5"- AGCAGTAGGGMTCTTCCA .3· 
LabF362 5"- AGC/\GTAGGG/\ATCITCC/\ .3· 
BactF285 5"- GGTTCTGAGAGGAGGTCCC .3· 
UniR338 5'- GCl'GCC'TCCCGTAGGAGT -3' 

Reference 

Bannan c1 al. 

Bannan cl al. 

Bannan el al. 

Bannan el al. 

Bannan c1 al. 

Seg me nted fibmcmous Bacteria (SFB) 

16 S rRNA 

16 S rRNA 

Uni515 F 5"- GTGCCAGCMGCCGGCGGTA/\ .3· 
Ent826 RS'- GCCrcAAGGGCAC/\ACCTCCAAG .3· 
SFBF 5'- GACGCTGAGGCATGAG/\GCAT . 3· Bannan et al. 
SFBR 5"- GACGGCACGGAlTGTTAlTCA .3· 

Table lB 
Plasmids employed for investigating the milcrobiome on each colon sample 

Designation 

pSW191 
pSW192 
pSW193 
pSW194 
pSW196 
SFB 

Genotype 

pCR2. l: : Eubacteria 16 S rRNA 
pCR2. l :: Clostridiales 16 S rRN A 
pCR:: Lactobacillales 16 S rRNA 
pCR2. l:: Bacteroidetes 16 S rRNA 
pCR2. l :: Enterobacteriaceae 16 S rRNA 
pCR2. l:: Segmented Filamentous 
Bacteria 16 S rRNA 

Reference 

Winter et al. 
Winter et al. 
Winter et al. 
Winter et al. 
Winter et al. 
Barman et al. 



 
Post-DSS survival rate 
 

The observation period was set at 21 days after initiating DSS treatment. As shown in Fig. 2 A 
and Table 2, improved survival rate was observed in mice that had undergone DJB compared to Sham (P 
¼ .052). All 6 mice survived the 21-day period in DJB group. Seventy-five percent of SG mice and 50% 
of Sham mice survived until day 21. 
Weight changes post-DSS 
 

At the beginning of DSS administration all animals in the 3 groups were weight-matched (DJB: 
28.5 ± .5 g, SG: 30.1 ± 1.0 g and Sham: 30.2 ± .5 g, P ¼ .26, respectively). As shown in Fig. 2 B and 
Table 2, at day 7 of DSS administration, mice in all 3 groups lost approximately 10% of initial weight. 
The percentage weight change among 3 groups were similar (DJB, 88.4 ± 2.3%, n = 6; SG, 88.9 ± 1.8%, 
n = 6; and Sham, 91 ± 2.0%, n = 6; P = .65). At day 14, DJB mice had the same weight, while mice in the 
SG and sham-operated groups showed significant weight change compared to DJB group (DJB, 89.3 ± 
3.7%, n ¼ 6; SG, 74.6 ± 2.7%, n = 6; and Sham, 80 ± 4.5%, n = 6; P < .05 versus SG and Sham, 
respectively). At day 21, mice in the DJB group had gained more percentage weight back to pre-DSS 
level than in the SG and Sham groups (DJB, 101.1 ± 2.1%, n = 6; SG, 84.5 ± 7.9%, n = 6 and Sham, 80.1 
± 8.8%, n = 4; P = .10). 
 
Pathologic changes 
 

Of the DJB mice, 3 out of 6 exhibited moderate colonic inflammation with transmural infiltration 
of lymphocytes and rare crypt damage; ulcers or erosions were present in < 30% of the colon tissues. 
Three DJB mice exhibited mild inflammation with mucosal to submucosal infiltration of inflammatory 
cells and partial crypt damage, with overall intact surface epithelia (ulcers and erosions were present in < 
15% of tissue). In contrast, all SG (n = 6) and sham-operated mice (n = 4), showed moderate or severe 
inflammation with transmural infiltration of lymphocytes and pan-colonic crypt damage; ulcers or 
erosions were present in 16%–45% of the colon tissue (Figs. 3 A, 3 B, and Table 2). 

 



 

 
The histologic scores of DJB, SG, and sham-operated mice were 15.5 _ 2.9, 31.2 _ 1.8, and 26.3 _ 

2.3, respectively 
(Fig. 3 B). A significantly less severe colitis in response to DSS was observed in DJB mice, compared to 
SG and sham-operated mice (P o .05). A stronger nuclear expression of FXR was detected in the 
epithelial cells of intact glands in DJB than SG and Sham mice, as evidenced by immunohistochemical 
staining. FXR staining was observed quantitatively more in DJB (142 out of 899 glandular cells, about 
16% were positive staining; Fig. 3A-i) than in SG mice (63 out of 787 glandular cells, about 8% were 
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Fig. 2. (A) Survival curves show the mice survi val ra1e (SR) perceniage 
after OJB. SG. and Sham surgery over !he 21-day period. All OJB mice 
survived (n = 6. SR = 100%). Six oul of8 SG mice (SR = 75%) survived 
and 4 oul of 8 Shani mice (SR = 50%) reached the experimenl endpoint 
(H) Curves show !he pen::entage of mice weight changes after OJB. SG. 
and Sham surgery over the 21-day period. At lhe las1 day of DSS trea1men1 
(day 7). all 3 groups showed a simi lar weigh! loss. Al day 14 OJB mice 
maintained a significa111ly higher weight compared with SG and Sham 
animals. Al day 21 mice in OJB group gained back their original weigh! 
tha1 is higher than SG and Sham. 
• p < .05 versus SG and Sham groups. 

Comprehensive table of the s1udy resulls 

Group Bac1erial Load (Log 10. Mean :!: SEM) BWC (% of initial weight, Mean :!: SEM) 

Pre-OSS Posl· OSS 0 7 01 4 0 2 1 

OJB Lac1obacillaes• 6 .6 :!: .33 7.5 :!: . 16 88.4 :!: 2.3 89.3 :!: 3.7b IOI.I :!: 2. 1 
En1erobac1eriacee 6.7 :!: .37 7.3:!:. l7 
SFB 5.2 :!: . 13 2.8 :!: 1.0 1 (n = 6) (n = 6) (n = 6) 

SG Lac1obacillales 7.0 :!: .33 7.8 :!: .02 88.9 :!: 1.8 74 .6 :!: 2.7 84.5 :!: 7.9 
En1erobac1eriacee 6.5 :!: .37 7.5 :!: .37 
SFB 5.2 :!: .3 1 1.7 :!: 1.35 (n = 6) (n = 6) (n = 6) 

Sham Lactobacillaes 6.7 :!: .46 6.8 :!: .09 91 :!: 2.0 80 :!: 4.5 80. 1 :!: 8.8 
En1eroba1eri acee 5.6 :!: .02 7.7 :!: . 10 
SFB 5.7 :!: .08 0.1 :!: .00 (n = 6) (n = 6) (n = 4) 

Survival Rate His1ologic Scores 

(%) (Mean:!: SEM) 

100 (n = 6) 15.5 :!: 2.9< (n = 6) 

75 (n = 8) 3 1.2 :!: 1.8 (n = 6) 

50 (n = 8) 26.3 :!: 2.3 (n = 4) 

BWC = weight change: OJB = duodenojcjunal bypass: OSS = dextran sodium sul fale, SG = sleeve gastreclomy. SEM = standard error of the mean 
"Lactobacillaes bac1erial load showed a statistically significant difle rence (Studenl t test) before and af1er OSS administration. 
bOJB mice showed significantly less weight loss compared with both SG and Sham mice. 
0 0JB mice showed stati stically s igni ficant lower histologic score compared with both SG and Sham mice. 



positive staining; Fig. 3A-c). These data indicate a protective role for FXR in the context of colonic 
inflammation. 
 
Gut microbiota pre- and post-DSS 
 

Given the reduced severity of colitis observed in DJB mice, we investigated whether the surgery 
could impart changes in the gut microbiota. Significant differences were detected in Lactobacillales, an 
order that includes beneficial microbes, post-DSS. In the DJB group (n ¼ 4), Lactobacillales increased by 
_9-fold post-DSS, a significant change compared to pre-DSS levels. A similar trend was observed in the 
SG group (n ¼ 3), where the number of Lactobacillales increased on average 6-fold post-DSS. 
Importantly, no changes were observed among the microbiota analyzed in sham-operated mice (n ¼ 2). 
 
Discussion 
 

In this study we report that bariatric surgery, in particular DJB, reduces the severity of DSS-
induced colitis in a HFD-induced obesity mouse model. The DSS colitis model utilized in this study was 
employed because it recapitulates the intestinal damage frequently observed in human colitis. It should be 
noted that HFD and obesity are both associated with increased systemic and colonic inflammation, and 
HFD-induced obesity significantly increases the severity of IBD in a mouse models [3]. HFD also 
increases the susceptibility of mice to experimental DSS-induced colitis [2]. The high systemic and 
colonic inflammation, a consequence of obesity and DSS administration, likely explains the high 
mortality rate observed in the Sham-operated group after DSS administration. 
 

As extensively reported in previous studies, the weight loss following bariatric surgery may be 
responsible for the decrease in systemic inflammation. To minimize the confounding effects weight loss 
could impose on our results, all animals were matched by body weight at the onset of DSS 
administration. As shown in Fig. 1B, obese mice initially lost weight in the first 7 days, while receiving 
DSS treatment. In the second week, SG and Sham-operated mice continued losing weight, whereas DJB 
mice maintained a relatively constant weight over the same time period. These data suggest that the 
protective role of proximal intestinal bypass, as exemplified by the DJB procedure, may be independent 
of weight loss. We also measured the quantity of water consumed during the DSS-therapy period. 
Notably, no significant differences among the 3 groups were observed (data not shown); hence surgery 
per se, did not alter water intake and DSS consumption. 
 

It has been well-established that the gut microbiome plays an extremely important role in IBD, 
and in particular, several studies have shown that increased numbers of Lactobacillus prevent relapses of 
ulcerative colitis [15–17]. Following DSS administration, our microbiome data indicate that levels of 
Lactobacillales were increased in the DJB and SG, but not in the Sham-operated group, thus making this 
variation directly related to the specific surgical procedure and not to the DSS administration. These data 
suggest that the increased levels of Lactobacillales after bariatric surgical procedures may contribute to 
ameliorating colitis. 

 



 
 The bile acid nuclear receptor Farnesoid-X-Receptor (FXR) is activated by bile salts and 

regulates the transcription of genes involved in bile salt synthesis, transport, and metabolism in the liver 
and intestine [15]. It is well known that FXR plays an important role in gastrointestinal functions. A 
recent report proposes that FXR mediates the metabolic improvements seen after bariatric surgery, and 
that FXR-mediated metabolic changes eventually alter the intestinal microbiome [5]. These protective 
effects of FXR are supported by additional findings where activation of FXR protects against intestinal 
inflammation and IBD in mice [6]. Moreover, it has been reported that ileal FXR activation decreases in 
IBD patients [18]. Collectively, these reports, and our data suggest that activation of FXR in the intestinal 
tract may represent a novel therapeutic target to treat IBD in humans [7]. Interestingly, we found that 
FXR-specific nuclear staining was detected in colon epithelial cells of intact glands in DJB and SG mice 
but not in Sham-operated mice. Moreover, FXR expression was higher in the DJB group, compared with 
SG mice. These results suggest that bariatric surgery likely increases the expression of FXR in the 
colonic mucosa, thereby improving the composition and/or physiologic contribution of the gut 
microbiome. Furthermore, the DJB procedure that bypasses the proximal small intestine resulted in 
improved effectiveness in protecting against DSS-induced colonic inflammation. 
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It has been previously shown that antiobesity surgical procedures promote a rise in circulating 

levels of adiponectin with profound anti-inflammatory and insulinsensitizing effects [19–22]. In 
particular, Tamao et al. reported that adiponectin exerts protective effects against DSS-induced colitis via 
suppressing chemokine and cytokine production in intestinal epithelial cells in a mouse model [23]. 
Further studies are necessary to investigate the mechanisms of the effect of bariatric surgery on systemic 
and colonic inflammation, and correlation of those changes to the levels of circulating chemokines and 
cytokines. In the clinical setting, the relationship between IBD and obesity remains unclear, but several 
clinical studies showed the safety and feasibility of bariatric surgery in obese IBD patients [8,9,24,25]. 
On the other hand, the association between bariatric surgery and IBD is controversial [26,27]. Limitations 
of our study include the small sample size and the fact that we have only analyzed the effects of bariatric 
procedures in one model of colonic inflammation. Further research, including studies in nonobese rodent 
models and with spontaneous and transgenic murine IBD models, is needed to elucidate the possible 
specific mechanisms behind the anticolitis effect of various bariatric surgeries. 
 
Conclusion 

To the best of our knowledge, our study is the first to report that bariatric surgery reduces the 
severity of DSS-induced colitis in a murine model. Although further research is needed to elucidate these 
effects of bariatric surgery, our data suggests that bariatric procedures, especially the DJB that bypasses 
the proximal small intestine, reduce chemically-induced colitis via a weight loss independent modulation 
of FXR expression in the colon and rearrangement in gut microbiome. 
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