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Abstract

Background: While in humans vertical sleeve gastrectomy (VSG) is fashioned by applying 

multiple staple loads, rodent VSG is generally created through a single staple load application.

Objectives: To investigate the impact of a two-staple load VSG rat model more closely 

resembling the multi-staple load operation done in humans on weight, metabolic outcomes, and 

the microbiome and how these compare to those obtained with the standard one-staple load model.

Setting: University research facility, United States.

Methods: High-fat diet-induced obese male rats were randomized to single-staple load VSG 

(VSG1), two-staple load VSG (VSG2), or sham operation (Sham). Outcomes included body 

weight and composition, food intake, glucose metabolism, lipids, bile acids, and intestinal 

microbiome. Statistical comparisons were performed using analysis of variance.

Results: Both procedures resulted in substantial weight and body fat loss compared to 

Shamtreated animals. Weight loss was modestly greater for VSG2 compared to VSG1. Food 

intake was reduced in both procedures and accounted for the observed weight reduction. Glucose 

tolerance and plasma and hepatic lipid profiles were improved comparably in VSG1 and VSG2 

relative to Sham. Bile acids were higher for VSG2 compared with Sham but not significantly 

different between VSG1 and VSG2. Neither procedure impacted intestinal microbiome richness 

and diversity compared to Sham across multiple intestinal sections. Colonic Actinobacteria was 

more abundant in VSG2 than in Sham. Relative abundances of bacterial phyla did not differ 

between VSG1, VSG2, and Sham across the remaining intestinal sections.

Conclusions: Although VSG1 or VSG2 offer effective and overall comparable platforms for the 

study of obesity, VSG2 resulted in superior weight loss.

Graphical Abstract Legend

Comparable weight loss, fat mass reduction, and improvement in glucose tolerance for both 

vertical sleeve gastrectomy models compared with Sham. All graphs include the entire cohort 

(Sham n=10; VSG1 n=12; VSG2 n=12). Analyses performed by Tukey’s multiple comparison test 
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applied to values obtained from one-way analysis of variance (ANOVA). VSG1, single-staple load 

vertical sleeve gastrectomy; VSG2, two-staple load vertical sleeve gastrectomy; F, fundus; IPGTT, 

Intraperitoneal glucose tolerance test; AUC, Area under curve; *, statistical significance between 

Sham and VSG groups; $, statistical significance between VSG groups; NS, non-significance 

between VSG groups; *, p < 0.05; **, p < 0.01; ***, p < 0.001; ****, p < 0.0001; $, p <0.05.
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metabolism; intestinal microbiome

Introduction

Metabolic surgery is the most effective therapy for obesity and related comorbidities. 

Several randomized clinical trials have proven the long-lasting benefits and superiority of 

multiple bariatric operations over intense medical management and lifestyle interventions.
(1,2) While versions of these procedures have been in use for decades, how these surgeries 

work remains elusive. A key strategy to produce a deeper mechanistic understanding of 

these procedures is to model them in rodents that enable a wide range of experiments simply 

not feasible in humans. However, producing rodent models that accurately recapitulate these 

operations done in humans has a number of challenges including the small size of the 

rodent’s gastrointestinal tract and potentially important anatomic differences.

Vertical sleeve gastrectomy (VSG) is the most commonly performed metabolic operation in 

the United States and accounted for 37% of all bariatric procedures worldwide in 2013.(3,4) 

The prominent role of VSG within the spectrum of metabolic surgery can be explained by its 
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lower technical complexity, similar effectiveness, and lower complication rate when 

compared to other bariatric operations. These characteristics, particularly its comparative 

technical ease, makes VSG an attractive operation to explore in rodent models where the 

small size creates a number of technical challenges. In humans, the sleeve is created by 

removing about 80% of the stomach including most of the fundus by sequentially applying 

multiple staple loads while taking care to avoid narrowing at the pylorus, incisura, and angle 

of His.(5) In rodents, VSG is generally created through a single staple load application. (6,7) 

In this approach, the entirety of the stomach to be resected must be brought into the single 

staple load while balancing the extent of resection, hence the effectiveness, with avoiding 

narrowing at the pylorus, incisura, and angle of His. This in turn may limit the extent of 

fundal resection compared to the procedure performed in humans where multiple staple 

loads allow for better angulation and safe approximation of the staple line cephalad to the 

angle of His.

In this report, we sought to investigate the impact of a multi-staple load operation by 

comparing a novel two-staple load rat VSG (VSG2) to the standard one-staple load model 

(VSG1). VSG2 should provide similar technical flexibility when creating the sleeve as that 

observed with VSG done in patients as it allows for multiple staple load applications and 

potentially more complete fundal resection without compromising patency at the angle of 

His. Similarly, the anatomic result of the gastric resection obtained in patients can be better 

approximated by resecting the antrum and body with the second staple load while retaining 

appropriate width at the pylorus and incisura. We report on the differences on weight, body 

composition, metabolic outcomes including glucose and lipid metabolism, bile acids, and 

the intestinal microbiome between VSG1 and VSG2. In addition, outcomes from VSG1 and 

VSG2 are compared to those obtained from a group undergoing sham operation (Sham).

Materials and Methods

Animals

Male Long-Evans rats (250–300 g) were purchased from Harlan Laboratories (Indianapolis, 

IN) and housed in individual cages in rooms maintained at 25°C temperature, 50–60% 

humidity, and a 12:12-h light-dark cycle. The animals were maintained on a high-fat diet 

(HFD) pre- and post-operatively. Thirty-six animals were randomly assigned to either VSG1 

(n=13), VSG2 (n=13), or Sham (n=10). There were two surgical deaths. One animal in the 

VSG1 group was euthanized on postoperative day (POD) 3 secondary to rapid shallow 

breathing and lack of righting reflex. One animal in the VSG2 group was euthanized on 

week 5 secondary to a contained gastric leak presenting in the form of an approximately 4 

cm abscess. Data collected from these animals were excluded from analyses. All procedures 

for animal use were approved by the Institutional Animal Care and Use Committee.

Diet

All animals had ad libitum access to food and water throughout the experiment, except 

where noted. Animals were placed on Tso’s 40% high-fat butter diet (Research Diets, New 

Brunswick, NJ) on arrival and for 8 weeks thereafter. Three days before operation food was 

removed and the animals provided with Osmolite 1 Cal (Abbott Laboratories, Columbus, 
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OH). One day before operation, Osmolite was removed. Osmolite was given back on PODO 

immediately after operation. On POD3, HFD was re-introduced and used throughout the 

duration of the study. On POD4, the Osmolite liquid diet was removed.

Surgery

Operations were performed under isoflurane, and the VSG and Sham surgeries were 

performed technically, as described previously. (6) Pictures of the VSG1 and VSG2 surgeries 

are depicted in Figure 1. For VSG1, approximately 80% of the stomach was resected along 

the greater curvature with a single application of an ETS-FLEX 35-mm staple gun (Ethicon 

Endo-Surgery, Cincinnati, OH). In VSG2, two applications of the ETS-FLEX 35-mm staple 

gun were used to create the sleeve.

Postoperative Care

All rats were given meloxicam 0.5 mg/kg of body weight once daily and buprenorphine 

hydrochloride 0.03 mg/kg twice daily for 3 days, and 10 ml of warm saline twice daily on 

POD0 and once on POD1. Food intake and body weight were monitored at baseline, daily 

for 1 week after surgery, and weekly thereafter. Food intake was calculated by weighting 

unconsumed food pellets and subtracting this value from the starting food weight for a given 

period and for each animal. Cumulative food intake was then obtained by adding food intake 

values from all individual time periods encompassing the entire duration of the study for 

each animal. Nuclear magnetic resonance was used to assess lean and fat mass (Echo MRI: 

Echo Medical Systems, Houston, TX) at baseline and at weeks 5, 10, and 12 after operation. 

This was accomplished by placing live rats in their corresponding holder according to 

weight, introducing the holder containing the rodent into the body composition analyzer 

designated slot, and generating the average from two separate measurements of both fat and 

lean mass in grams for each animal.

Glucose Tolerance Test (GTT)

Five-weeks after surgery, 6-hrs fasted rats were injected with 2g/kg 25% dextrose (Phoenix 

Pharmaceutical, St. Joseph, MO) intraperitoneally (IP). Blood glucose was measured at 

baseline (0), 15, 30, 45, 60 and 120-min using Accu-chek glucometers and test strips 

(Roche, Indianapolis, IN). All blood samples were obtained from the tip of the tail vein of 

freely moving rats.

Tissue Collection and Assays

All animals were sacrificed at the end of week 12 after an overnight fast. Whole blood was 

collected via a cardiac puncture and cold-centrifuged to obtain plasma which was stored at 

−80 °C. Insulin sensitivity was assessed from samples obtained at sacrifice by measuring 

glucose with Rat Glucose Assay Kit (Crystal Chem, Elk Grove Village, IL) and insulin with 

Ultra Sensitive Rat Insulin Enzyme-linked Immunosorbent Assay (ELISA) Kit (Crystal 

Chem, Elk Grove Village, IL) values. The homeostatic model assessment for insulin 

resistance (HOMA-IR) was then calculated. Plasma triglycerides were analyzed by the 

Diabetes Research Center Chemistry Laboratory by a GPO-PAP method run on a Randox 

RX Series Daytona chemistry analyzer. Total bile acid data were obtained by colorimetric 
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analysis with the Total Bile Acids Assay Kit (BQ Kits, San Diego, CA). Laparotomy was 

performed and 25–50 mg of liver obtained and flash-frozen in liquid nitrogen. Liver sample 

analysis for fatty acid profile was performed by The Division of Metabolism Endocrinology 

and Diabetes by extraction of liver tissues with chloroform-methanol followed by 

derivatization of fatty acids with BF3-methanol reagent, purification on thin layer 

chromatographic plate, and identification and quantification of fatty acids by gas 

chromatography on Agilent GC model 6890N with Agilent HP-88 column. Intestinal 

contents for microbiome analysis were collected by milking duodenal, jejunal, and ileal 

contents, sampling cecal fecal matter, and a colonic pellet all of which were flash-frozen.

Gastric Volume Measurements

Gastric volume measurements were obtained at sacrifice using pressure probe and 

transducing equipment provided by Ethicon Endo-Surgery (Cincinnati, OH) by transecting 

the duodenum at 3 mm from pylorus, dividing the diaphragm, and identifying and clamping 

the intrathoracic esophagus at the gastroesophageal junction. The probe and catheter were 

introduced through the pylorus and secured in place by tying a single snug 4–0 silk ligature 

around duodenum/catheter/probe. The recorded volume represents the volume in milliliters 

at which a stable reading of 20 mmHg was obtained following gastric infusion of saline 

(Figure 1).

Microbiome

Microbiome samples were processed by the Microbiome and Metabolomics Core with 

methods described elsewhere.(8) Briefly, after DNA isolation, the V4 region of the 16S 

rRNA gene was amplified and sequenced. Sequences were processed and analyzed using the 

software package Mothur (v.1.38.0) and analysis of molecular variance (AMOVA).

Statistical Analysis

GraphPad Prism statistical software 7.0c (La Jolla, CA) was used to analyze data. The 

results are expressed as means ± SE, and one-way and two-way independent repeated-

measures analysis of variance (ANOVA) were applied where appropriate. A Tukey’s 

multiple comparison test was performed to further analyze significant interactions. A P value 

<0.05 was considered to be statistically significant. Linear regression was used to correlate 

cumulative food intake and percentage weight change for the entire cohort (n=34). Data for 

microbiome and liver and plasma lipid analyses were generated for 6 randomly-selected 

rodents per group (Sham n=6; VSG1 n=6; VSG2 n=6). All other analyses and corresponding 

graphs included the entire cohort (Sham n=10; VSG1 n=12; VSG2 n=12).

Results

Both VSG groups maintained significantly lower body weight when compared with Sham. 

Lower body weight in VSG1 and VSG2 relative to Sham resulted from decreased body fat 

while lean mass remained similar between groups. VSG2 exhibited slightly lower, albeit 

significant, body weight when compared to VSG1. Gastric volume was significantly reduced 

in VSG1 and VSG2 relative to Sham. VSG1 and VSG2 showed lower cumulative food 

intake when compared with Sham. Reductions in food intake for VSG1 and VSG2 occurred 
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during the initial 5 weeks of the study after which intake remained comparable to that of the 

Sham group. Percent weight loss was greatly explained by cumulative food intake (Figures 1 

and 2).

Challenge with intraperitoneal dextrose 2g/kg revealed significantly superior glycemic 

tolerance in VSG1 and VSG2 compared with Sham. Both VSG models had comparable and 

significantly lower baseline glucose, insulin, and HOMA-IR values relative to Sham 

(Appendix). Both VSG groups tended to have higher total plasma bile acids levels compared 

with Sham, though the difference was only significant for VSG2 compared with Sham. 

Plasma triglycerides and all classes of hepatic fatty acids were lower for VSG1 and VSG2 

relative to Sham (Figure 3).

Postsurgical indices of microbial richness and diversity in the duodenum, jejunum, ileum, 

cecum, and colon did not differ between groups. When looking at phyla, a higher relative 

abundance of colonic Actinobacteria was appreciated for VSG2 compared to Sham although 

the absolute contribution of Actinobacteria to the overall colonic microbial community was 

small. Further analyses with AMOVA revealed no significant differences between the 

bacterial communities of sham, VSG1 and VSG2 groups in the duodenum, jejunum, ileum, 

cecum or colon (Figure 4).

Discussion

VSG2 offers an alternative rodent model more closely resembling the multi-staple load VSG 

performed in patients. This novel model resulted in superior weight loss and otherwise 

overall comparable outcomes compared to the standard one-staple load VSG1. Sustained 

reduction in body weight secondary to lower body fat were appreciated in VSG1 and VSG2 

relative to Sham (Figure 2a-b). Several mechanisms have been proposed whereby the 

resection of about 80% of the stomach, including most of the fundus, results in such 

profound effects. Accelerated gastric emptying has been extensively documented after VSG 

in both patients and murine models and proposed as a mechanism whereby VSG exerts its 

effects. (9,10) Fundal resection accounts for most of the accelerated gastric emptying 

appreciated after VSG. (9) Data derived from clinical and animal studies signal to a potential 

role of accelerated gastric emptying in mediating some of the metabolic benefits observed 

following VSG via hormonal changes such as nutrient-stimulated increases in GLP-1. (11,12) 

However, with exception of limited clinical data showing no correlation between POD1 

gastric emptying and weight loss up to 12 months the role of accelerated gastric emptying on 

weight loss following VSG remains largely unexplored. (13)

Interestingly, by week 12 VSG2 animals had slightly, yet significant, lower body weight 

than animals in the VSG1 group (Figure 2a). Moreover, this difference in body weight 

between VSG1 and VSG2 occurred independently of sleeve volume which was similar for 

both groups (Figure 1f). Instead, lower body weight in VSG2 relative to VSG1 could have 

resulted, at least partially, from lower, non-statistically significant, cumulative food intake in 

VSG2 compared with VSG1. Although lower body weight in VSG2 did not translate into a 

significant reduction in fat mass relative to VSG1, given that the non-significant gap in the 

latter parameter widened over time (Figure 2b), it is plausible that a significant difference 
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could have been appreciated had the experiment been carried out for a longer period of time. 

Our two-staple load model allows for more complete and precise proximal fundal resection 

via the first staple load application (Figure 1a-d). This in turn may have resulted in lower 

body weight in VSG2 relative to VSG1 derived from comparatively lower food intake in the 

former group. Overall, these findings underscore the importance of deliberate surgical 

technique, emphasizing not only adequate gastric volume removal but also accurate and 

complete gastric fundal resection, to produce optimal outcomes. Although the mechanisms 

whereby more complete fundal resection may translate into greater weight loss are not fully 

understood, clinical data shows that revisional resection of residual fundus or neofundus 

following primary VSG results in notable additional weight loss. (14,15)

In this cohort, both VSG models showed lower cumulative food intake, resulting from 

reductions during the initial 5 weeks of the study, relative to Sham (Figure 2d-e). Moreover, 

most of the effects on body weight and composition were accounted for by reductions in 

cumulative food intake (Figure 2f). Reduction in food intake after VSG has been extensively 

documented in animal and clinical studies. (16,17) Transient reduction in food intake rather 

than changes in energy expenditure may explain a significant portion of the weight loss 

appreciated after this operation. (18) While the underlying mechanisms whereby VSG results 

in diminished food intake remain largely unknown, reduction of nutrient consumption is an 

important determinant of weight loss after VSG.

This study shows comparable improvement in glucose and lipid metabolism for VSG1 and 

VSG2 which were superior compared with Sham (Figures 3a-b, d-i). Significant 

improvements in glucose metabolism have been extensively documented following VSG. 
(1,19,20) Improvements in glucose metabolism after this metabolic procedure largely occurs 

independently of weight loss. (19,20) Similarly, significant improvements in lipid metabolism 

has been widely demonstrated after VSG. (1,21) Likewise, the beneficial effects of VSG on 

lipid metabolism have been reported to take place in a weight-independent manner. (21) Our 

results are consistent with these data. Interestingly, others have shown that when fundal 

resection was added to the Roux-en Y gastric bypass (RYGB) patients experienced lower 

postprandial glucose and fasting ghrelin levels and higher postprandial peptide YY, GLP-1, 

and insulin responses compared to patients undergoing the standard RYGB without resection 

of the fundus. (22) This signals to a potential association between fundal resection and 

optimal metabolic benefit following bariatric surgery in humans, possibly mediated by 

neuroendocrine mechanisms. However, important differences exist between the gastric 

fundus of humans and rats. (23) Case in point, while the stomach fundus in rats is non-

glandular and lined by keratinized stratified squamous epithelium, the gastric fundus in 

humans is glandular and lined by columnar epithelia. Moreover, whereas the non-glandular 

fundus in rats may function mostly as a food reservoir, the glandular fundus in humans also 

modulates neuroendocrine pathways via secretion of peptide hormones. Therefore, that we 

report comparable metabolic outcomes independently from the extent of fundal resection in 

rodents could be attributed to well-established morphologic and physiologic differences 

between human and rat gastric fundi.

Our data show that fasted plasma bile acids increased in VSG1 and VSG2 relative to Sham 

although this difference was only statistically significant for VSG2 (Figure 3c). Several 
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reports have documented increase in bile acids following VSG. (21,24) This interesting 

finding has prompted a variety of investigations exploring the mechanisms whereby bile 

acids may influence weight loss and metabolic benefit after VSG identifying FXR and 

TGR5 as potential mediators. (25,26)

The intestinal microbiome and its changes after metabolic surgery is a current area of intense 

investigation. Herein we report on the intestinal microbiome, across all intestinal sections, 

following VSG. With the exception of colonic Actinobacteria, which was more abundant in 

VSG2 compared with Sham, relative abundances of bacterial phyla did not differ between 

VSG1, VSG2, and Sham across the remaining intestinal sections (Figures 4e-i). 

Furthermore, indices of microbial richness and diversity as well as analyses with AMOVA 

revealed no significant differences between the bacterial communities of sham, VSG1 and 

VSG2 groups in the duodenum, jejunum, ileum, cecum or colon (Figure 4a-d). At least one 

other report observed higher relative abundance of Actinobacteria after VSG.(27) However, 

based on our data, the contribution of this phylum to the overall colonic bacterial community 

was small and unlikely to account for the substantial weight changes and metabolic 

improvement resulting from VSG. Clinical studies have reported conflicting changes in the 

microbiome including changes in Proteobacteria, Firmicutes, Bacteroidetes, and Roseburia, 

after VSG.(28–30) Animal data is similarly inconsistent and identify changes in 

Proteobacteria, Akkermansia, Gammaproteobacteria, Desulfovibrionaceae, Cyanobacteria, 

Actinobacteria, Turicibacteraceae, Adlercreutzia, Enterococcus, Porphyromonadaceae, and 

Roseburia as potentially associated with the changes appreciated after VSG. (25–27,31) The 

mechanisms whereby these shifts may modulate the weight loss and metabolic benefits 

observed after VSG remain speculative. Nevertheless, in the current experiment, there 

appears to be no meaningful association between changes to the intestinal microbiome, 

sampled from intestinal contents across all intestinal sections, and the beneficial effects on 

weight and metabolism seen following VSG in Long-Evans rats.

Several limitations should be considered when interpreting our data and conclusions. 

Diminished Pertinent to body weight and composition, animals were only followed for 12 

weeks and no conclusions can therefore be made regarding outcomes at later time points. 

However, metabolic outcomes including glucose tolerance and lipid profiles occur early and 

independently of weight loss. Furthermore, the length of this experiment is equivalent to 

most published animal studies. 20,21 Relevant to the intestinal microbiome, animals were 

kept on HFD pre- and post-operatively which may have altered intestinal microbial 

communities beyond changes associated with the surgical procedure. Moreover, changes in 

the intestinal microbiome after VSG may also be species-dependent. Lastly, although 

comparable to most animal experiments in metabolic surgery, surgical groups are composed 

of small number of animals which could potentially result in type II error.

Conclusions

While overall similar outcomes were appreciated for both rodent models of VSG relative to 

Sham, superior weight loss was seen after VSG2 compared to VSG1. Significant and 

sustained reduction in body weight secondary to decreased fat mass was noted in VSG1 and 

VSG2 compared with Sham. More complete and precise fundal resection accomplished 
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through the application of two staple loads in VSG2 could have accounted for the small, yet 

significant body weight reduction observed in this model relative to VSG1. This highlights 

complete fundal resection as a key surgical step when performing the VSG in order to attain 

best outcomes. Diminished food intake appears to be an important mediator of VSG-induced 

changes in body weight and fat mass as these were strongly and directly correlated with 

cumulative food intake. However, the mechanisms whereby VSG results in food intake 

reduction and how this association may translate into such profound body weight and 

composition effects are not fully understood. Measures of glucose and lipid metabolism 

improved for VSG1 and VSG2 relative to Sham. Whereas we acknowledge, based on the 

existing literature, the potential role of microbial intestinal communities in mediating some 

effects of the VSG, our data show no significant association between the weight loss and 

metabolic benefits seen with this operation and the microbiome in Long-Evans rats on HFD. 

Though one- or two-staple load VSG in rats offer effective and overall comparable platforms 

for the study of obesity and related comorbidities, the difference in weight loss noted 

between these two models warrants further exploration.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Comparable reduction in fat mass in VSG1 and VSG2 relative to Sham

• Superior weight loss in VSG2 relative to VSG1

• Decreased food intake accounts for the majority of reduction in body weight

• Both VSG models resulted in improved glucose and lipid metabolism relative 

to Sham

• The intestinal microbiome did not differ between VSG1, VSG2, and Sham
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Figure 1. 
Surgical Procedures and Gastric Volume. VSG1 (a) and VSG2 (b). Schematic representation 

of VSG1 (c) and VSG2 (d) where F indicates fundus and dashed white tracks signify staple 

lines. Gastric volume procedure (e) and analysis (Sham n=10; VSG1 n=12; VSG2 n=12) (f). 

Analysis performed by Tukey’s multiple comparison test applied to values obtained from 

one-way analysis of variance (ANOVA). GEJ signifies gastroesophageal junction. *, denotes 

statistical significance between Sham and VSG groups. ****, p < 0.0001.
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Figure 2. 
Body Weight, Body Composition, and Food Intake. Percentage weight change over time by 

group (a). Fat mass over time by group (b). Lean mass over time by group (c). Mean weekly 

food intake by group (d). Cumulative food intake by group (e). Linear regression of percent 

weight change and cumulative food intake for the entire cohort (n=34) (f). All graphs 

include the entire cohort (Sham n=10; VSG1 n=12; VSG2 n=12). Analyses (a-e) performed 

by Tukey’s multiple comparison test applied to values obtained from one-way analysis of 

variance (ANOVA). *, denotes statistical significance between Sham and VSG groups. $ 

indicates statistical significance between VSG groups. **** p < 0.0001; *** p < 0.001; $ p < 

0.05.
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Figure 3. 
Glucose Handling, Bile Acids, and Plasma and Hepatic Lipids. Glucose levels at baseline 

and at different time points after injection of intraperitoneal dextrose 2g/kg (a). Area under 

the curve (AUC) for glucose levels over time obtained shown in a (b). Total fasted bile acids 

(c). Fasting plasma triglycerides by group (d). Total (e), saturated (f), unsaturated (g), 

monosaturated (h), and polysaturated (i) hepatic fatty acids by group (e). Graphs a-c include 

the entire cohort (Sham n=10; VSG1 n=12; VSG2 n=12). Graphs d-i include 6 randomly-

selected rodents per group (Sham n=6; VSG1 n=6; VSG2 n=6). Analyses performed by 

Tukey’s multiple comparison test applied to values obtained from one-way analysis of 

variance (ANOVA). *, denotes statistical significance between Sham and VSG groups. ****, 

p < 0.0001; ***, p < 0.001; **, p<0.01; *, p<0.05.
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Figure 4. 
Microbial Community Richness and Diversity and Relative Abundances of Bacterial Phyla 

by Intestinal Section. Microbial community richness by Chao (a) and ACE (b). Microbial 

community diversity by Shannon (c) and Invsimpson (d). Relative abundances of duodenal 

(e), jejunal (f), ileal (g), cecal (h), and colonic (i) bacterial phyla. Graphs a-i include 6 

randomly-selected rodents per group (Sham n=6; VSG1 n=6; VSG2 n=6). Analyses 

performed by Tukey’s multiple comparison test applied to values obtained from one-way 

analysis of variance (ANOVA). *, denotes statistical significance between Sham and VSG 

groups. *, p < 0.05.
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