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Abstract
Background Bile acids (BAs) have emerged as important sig-
naling molecules in regulating metabolism and are closely
related to gut microbiota. Bariatric surgery elevates serum
BAs and affects gut microbiota universally. However, the spe-
cific profiles of postsurgical BA components and gut micro-
biota are still controversial. The aim of this study is to inves-
tigate the serum profiles of BA components and gut microbi-
ota after duodenal-jejunal bypass (DJB).
Method DJB and SHAM procedures were performed in a
high-fat-diet/streptozotocin-induced diabetic rat model. Body
weight, energy intake, oral glucose tolerance test, insulin tol-
erance test, HOMA-IR, serum hormones, serum BAs, expres-
sion of BA transporters, and gut microbiota were analyzed at
week 2 and week 12 postsurgery.
Results Compared with SHAM, DJB achieved rapid and du-
rable improvement in glucose tolerance and insulin sensitivity,
with enhanced GLP-1 secretion. DJB also elevated serum
BAs, especially the taurine-conjugated BAs, with upregula-
tion of BA transporters in the terminal ileum. The phylum
level of Firmicutes and Proteobacteria abundance was in-
creased postsurgery, at the expense of Bacteroidetes.
Conclusion DJB preferentially increases serum taurine-
conjugated BAs, probably because of more BA reabsorption

in the terminal ileum. The gut microbiota is altered with more
Firmicutes and Proteobacteria and less Bacteroidetes.
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Introduction

Bariatric surgery has created a new realm in the treatment of
diabetes. Its efficacy has been confirmed as both prominent
and durable [1, 2]. However, the unknown intrinsic mecha-
nisms remain a potential threat. It is imperative to elucidate the
underlying mechanisms, such that this new treatment could be
widely accepted by both patients and doctors with more
confidence.

Bile acids (BAs), formerly known as the Bintestinal soap^,
are now important signaling molecules during bariatric proce-
dures [3]. BAs can activate membrane TGR5 receptor, en-
hancing glucagon-like peptide 1 (GLP-1) secretion and energy
expenditure [4]. BAs are also natural ligands for nuclear re-
ceptor, FXR, via which hepatic glucose production and lipid
de novo synthesis can be repressed [5, 6]. Besides, serum BA
level is elevated following all bariatric surgeries except gastric
banding, indicating that BAs, at least partly, mediate the ben-
efits of bariatric surgery [7–10].

BAs represent a compound that contains over 20 individual
species. Traditional method (enzyme cycling method) for se-
rum BA measurement only detects total BAs (TBA) without
further classification. Nevertheless, during bariatric surgery,
BA component analysis may be of great significance, as dif-
ferent BA species have diverse effects on metabolism regula-
tion [11]. For example, chenodeoxycholic acid (CDCA) is a
strong agonist of FXR while MCA and UDCA are
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antagonists. Compared with unconjugated and glycine-
conjugated BAs, taurine-conjugated BAs are more potent in
activating TGR5 [11]. Additionally, BAs are closely related to
gut microbiota. Secondary BA generation needs the 7α-
deoxylation functions of certain gut bacteria, and BA gavage
has the capacity of altering gut microbiota [12, 13]. One recent
study even found that feces transplantation did help improve
metabolic disorders [14]. Taken together, exploration into the
postsurgical BAs and related gut microbiota changes after
bariatric surgery may help us better understand how bariatric
surgery works.

In this study, we performed duodenal-jejunal bypass (DJB)
and SHAMprocedures in a high-fat diet (HFD)/streptozotocin
(STZ)-induced diabetic rat model, analyzing the BAs, gut mi-
crobiota, and enterohepatic circulation changes postsurgery
and discussing potential mechanisms.

Methods

Animals

Eight-week-old male Wistar rats (200 g on average) were
purchased from the Laboratory Animal Center of Shandong
University (Jinan, China). The rats were individually housed
with a 12 h light/dark cycle under constant temperature (24–
26 °C) and humidity (50–70 %). All rats were given free
access to tap water and fed with HFD (40 % fat, 42 % carbo-
hydrate, and 18 % protein, as a total percentage of calories,
Huafukang Biotech, China) for 1 month to induce fat accu-
mulation and insulin resistance. After 12 h fasting, 35 mg/kg
STZ (Sigma Aldrich, USA) dissolved in sodium citrate buffer
(pH 4.2) was injected intraperitoneally. Seventy-two hours
after injection, random blood glucose was measured with a
glucometer (Roche Diagnostics, Germany) from tail veins.
Twenty rats with random blood glucose ≥16.7 mmol/l were
considered diabetic and were matched into SHAM-operated
group (n=10) and DJB group (n=10). The Animal Care and
Utilization Committee of Shandong University approved all
the animal procedures.

Surgical Procedures

Before surgery, the rats were fed 10 % Ensure (Abbott, USA)
for 2 days and then fasted for 12 h. Anesthesia was achieved
with 10 % chloral hydrate (3 ml/kg).

DJB: The duodenum was transected 1 cm distal to the
pylorus, and the stump was closed by 7–0 nylon suture
(Ningbo medical, China). Then the jejunum was
transected 10 cm distal to the ligament of Treitz, and the
distal end was anastomosed to the proximal end of the
duodenum (duodenojejunal anastomosis). At last, the

biliopancreatic limb was anastomosed to the alimentary
limb 15 cm distal to the duodenojejunal anastomosis in a
Roux-en-Y fashion.
SHAM: The bowels were transected at the sites where
enterotomies were performed in DJB, and re-
anastomosis was made in situ. The operation time was
prolonged similar to that of DJB to acquire similar surgi-
cal and anesthetic stress.

During the first 24 h postsurgery, the rats were only
given access to water. Then the rats were fed 10% Ensure
for 3 days, followed by the same HFD chow until the end
of the study. Body weight and calorie intake were record-
ed daily. Other parameters were measured at week 2 and
12 postsurgery. All rats were sacrificed after 12 h fasting
at week 12. No antibiotics were used.

Oral Glucose Tolerance Test (OGTT)

After 12 h fasting, the rats were administrated with 20 % of
glucose (1 g/kg) by intragastric gavage. Blood glucose was
measured at T=0, 10, 30, 60, 90, and 120 min.

Insulin Tolerance Test (ITT) and HOMA-IR

After 12 h fasting, the rats were injected intraperitoneally with
human insulin (0.5 IU/kg). Blood glucose was measured at
T = 0, 10, 30, 60, 90, and 120 min. Homeostatic model
assessment-insulin resistance (HOMA-IR) was calculated to
evaluate the insulin resistance according to the formula:
HOMA-IR = fasting insulin (mIU/l) × fasting glucose
(mmol/l)/22.5 [15].

Blood Sample Preparation

Blood was collected from the retrobulbar venous plexus at
T=0, 10, 30, 60, and 120 min after gavage with 10 % Ensure
(1 ml/100 g weight). After centrifugation, the supernatant was
stored at −80 °C until analysis. Serum insulin and total GLP-1
were measured using Rat/Mouse Insulin ELISA kits and
multi-species GLP-1 total ELISA kits, respectively,
(Millipore, USA).

Luminal, Fecal, and Serum Total Bile Acids

Four intestinal segments (0.5 cm each) were excised from the
ileum, ascending colon, transverse colon, and descending co-
lon immediately after sacrifice, without prior flushing. TBA
from dried feces pellets (500 mg) or intestinal segments was
extracted by 1.5 ml 50 % tert-Butyl alcohol for 1 h at 37 °C.
After centrifugation, the supernatant was collected for TBA
analysis. Serum, luminal, and fecal TBA were measured by
Roche Cobas 8000 system using enzyme cycling method.
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High-Pressure Liquid Chromatography Coupled With
Tandem Mass Spectrometry (HPLC–MS/MS) Detection
of Serum Bile Acids

Reverse-phase solid phase extraction (SPE) cartridges
(Chromabond C18 cartridges, Germany) were pre-
conditioned with 1-ml methanol and 1 ml 0.05 % formic acid.
The serum samples (mixed with 1 ml 0.05 % formic acid)
were loaded onto the cartridges and rinsed successively with
1 ml 0.05 % formic acid and 1 ml methanol water solution
(45:55, V/V). The BAs were then eluted with 1-ml methanol,
collected and dried under a nitrogen stream at 60 °C. The
residue was dissolved in 200 μl mobile phase (ammonium
acetate:methanol=20:80, V/V), of which 5 μl were injected
into the HPLC–MS/MS after mechanical stirring.

The chromatographic separation of BAs was performed on
a Zorbax Eclipse XDB-C18 4.6 × 250 mm column (5-μm
particle size) fitted on an Agilent 6410 Triple Quadrupole
LC/MS system (Agilent technologies, USA). The column
was thermostated at 30 °C. The mobile phase consisted of
solvent A (ammonium acetate 5 mmol/l) and solvent B (meth-
anol), using a gradient elution (0–20 min, 70–100 % B) with
8 min of balance back to 70 % B. The injection volume was
5 μl with 0.5 ml/min flow rate. The mass spectrometry con-
ditions were as follows: ionization mode, ESI negative; nitro-
gen drying gas temperature, 350 °C; drying gas flow, 12 l/min;
nebulizer, 35 psi; and capillary voltage, 4000 V. Data were
acquired by the workstation software (version B.01.04,
Agilent) in the multiple reaction monitoring (MRM) mode.
Reference standards of αMCA, βMCA, TαMCA, and
TβMCAwere purchased from Steraloids (USA) and the rest
were from Sigma Aldrich (USA).

16S rDNA-Based Study of gut Microbiota

Genomic DNA was extracted from feces pellets using stan-
dard methods [16]. Amplicons of the 16S rRNA gene V4
region were sequenced on Illumina MiSeq platform (BGI
technology, China).

Real-Time PCR

The expression of asbt, ilbp, and ostα in the small intestine
and ntcp and bsep in the liver was analyzed by real-time PCR.
RNAwas isolated using Trizol reagent (Invitrogen, USA) and
converted to complementary DNA (cDNA) using a ReverTra
Ace qPCR RT Kit (TOYOBO, Japan). Amplification of mes-
senger RNA (mRNA) was carried out using SYBR Green
Real-time PCR Master Mix Kit (TOYOBO, Japan) at a range
of temperatures in a Roche Lightcycle 2.0 system. The
primers were shown in Supplemental Table 1.

Statistics

Data are mean±SEM. Area under the curve (AUC) for OGTT
and ITT was calculated by trapezoidal integration. Individual
BA comparisons were performed by Mann–Whitney U test
with Benjamini-Hochberg correction (FDR at 5 %). Microbi-
ota was analyzed using Metastats software (http://metastats.
cbcb.umd.edu) with FDR at 5 and 25 %. The rest was
evaluated by unpaired Student’s t test. P<0.05 represented
statistically different. All calculations were performed using
SPSS version 19.0.

Results

There were 10 rats in each group and all survived until the end
of the study.

Body Weight and Energy Intake

No difference was observed in body weight or energy intake
before surgery. Due to perioperative caloric restriction and
surgical stress, body weight and energy intake in both groups
decreased sharply during week 1 postsurgery and gradually
increased thereafter (Fig. 1a, b). Energy intake was signifi-
cantly higher in SHAM group than DJB group at week 11
and 12, probably as a result of the diabetic state (Fig. 1b,
P<0.05 each). No difference in body weight was observed
between the two groups after surgery.

Evaluation of DJB

There was no difference in AUCOGTT and AUCITT presurgery
between the two groups. Consistent with our previous report
[17], at week 2 and 12, DJB group showed much better glu-
cose tolerance than SHAM group (Fig. 1e), with improvement
of insulin resistance, based on lower AUCITT and HOMA-IR
(Fig. 2a, b). GLP-1 secretion was also enhanced after DJB
compared with SHAM (Fig. 2e, f). No significant change in
insulin secretion was detected.

Luminal, Fecal, and Serum TBA

In both groups, luminal TBA levels were much lower in the
ileum and the descending colon than the ascending and trans-
verse colons. Notably, in all intestinal segments, DJB group
showed higher TBA levels than SHAM (Fig. 3a, P<0.05
each). Though at week 12, fecal TBA levels in DJB group
appeared higher than SHAM, the difference was not signifi-
cant (Fig. 3b, P=0.124). Serum TBA levels were higher with
DJB than SHAM at both week 2 and 12 (Fig. 3c, P<0.01
each).
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BATransporters

The BA transporters, asbt, ilbp, and ostα, showed in-
creased expression in DJB group (Fig. 3d, P < 0.05
each), which might indicate more active BA reabsorp-
tion in the ileum after DJB. Bsep displayed a decreasing
expression tendency (P= 0.051). The expression of ntcp
was not altered.

Serum BA Composition

Absolute Value

In both groups, clearly, CA was the most abundant BA spe-
cies. At week 2, TαMCA, TCDCA, TUDCA, and TLCAwere
only in trace amount, but significantly higher with DJB than
SHAM (Fig. 4a, P<0.05 each). At week 12, all the taurine-

Fig. 1 Body weight (a), energy intake (b), OGTT at week 2 (c), OGTT at week 12 (d), AUC for OGTT (e). SHAM vs. DJB, *P< 0.05, ***P< 0.001

Fig. 2 HOMA-IR (a), AUC for ITT (b), serum insulin levels in response to intragastric Ensure gavage (c, d), serum GLP-1 levels in response to
intragastric Ensure gavage (e, f). SHAM vs DJB, *P< 0.05, **P< 0.01, ***P< 0.001
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conjugated species, plus αMCA, βMCA, CDCA, UDCA,
and LCA, were higher in DJB group than SHAM (Fig. 4b,
P<0.05 each), with TUDCA increased the most (36-fold),
followed by TLCA and TαMCA (19-fold both).

Percentage

As shown in Fig. 4 clearly, CA accounted for over 50 % of
TBA in SHAM group while this percentage was less than
40 % after DJB at week 2 and 12 (P<0.05, DJB vs. SHAM
at week 12). Interestingly, though the absolute value of some

BA species elevated at week 2, the relative percentages were
unchanged at all (Fig. 4c, P>0.05 for all). In contrast, at week
12, the percentages of taurine-conjugated BAs (except TDCA
and TCDCA) were significantly higher in DJB group than
SHAM (Fig. 4d, P<0.05 each), with TLCA, TUDCA, and
TCA increased the most (6-fold all).

Subgroup Analysis

The 12α-hydroxylated BAs and non-12α-hydroxylated BAs
were only increased after DJB at week 12 (Fig. 5a, P<0.05

Fig. 3 Luminal TBA (a), fecal TBA (b), serum TBA (c), mRNA relative
expression of bile acid transporters in the liver (ntcp and bsep) and the
terminal ileum (asbt, ilbp, and ostα) (d), Pearson correlation analysis of

mean colonic TBA and feces Bacteroidetes abundance (e), Pearson
correlation analysis of mean colonic TBA and feces Proteobacteria
abundance (f). SHAM vs. DJB, *P< 0.05, **P< 0.01, ***P< 0.001

Fig. 4 Absolute values of each
serum BA component at week 2
and 12 (a, b), relative percentage
of each serum BA component at
week 2 and 12 (c, d). SHAM vs.
DJB, *P< 0.05, **P< 0.01,
***P< 0.001
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each), without any difference between the two groups in the
ratio at either week 2 or 12 (Fig. 5b).

Conjugated BAs were found elevated in DJB group than
SHAM at week 12 (Fig. 5c, P<0.01). No statistically signif-
icant change was observed in unconjugated BAs. The ratio of
conjugated and unconjugated BAs was higher in DJB group at
week 12 (Fig. 5d, P<0.05).

Both FXR agonists and antagonists showed increase in
DJB group at week 12 (Fig. 5e, P<0.05). The ratio of FXR
agonists and antagonists in DJB group was decreased com-
pared with SHAM at week 2 (Fig. 5f, P<0.05), but this dif-
ference was no longer significant at week 12.

Primary BAs were increased in DJB group at week 12
(Fig. 5g, P<0.05). No alteration was detected in the ratio of
primary and secondary BAs (Fig. 5h).

Feces Microbiota

As shown in the pie charts (Fig. 6b, d), the feces bacteria
popula t ion in both groups was dominated by
Bacteroidetes, Firmicutes, and Proteobacteria at the phy-
lum level. In SHAM group, Bacteroidetes was most abun-
dant at both week 2 and 12. However, after DJB, both
Firmicutes and Proteobacteria expanded, at the expense of
Bacteroidetes.

At an FDR of 5 %, compared with SHAM, Bacteroidetes
showed decreased abundance at both week 2 and 12 in DJB
group (P<0.05 both) with Firmicutes increased at only week
2 (P=0.019). No alteration was observed in other phyla. At an
FDR of 25 %, in addition to Bacteroidetes, Firmicutes was
found increased at both week 2 and 12 (P=0.019 and 0.186,

Fig. 5 12α-hydroxylated BAs
(CA, DCA, TCA, and TDCA)
and non-12α-hydroxylated BAs
at week 2 and 12 (a), ratio of 12α-
hydroxylated and non-12α-
hydroxylated BAs (b),
conjugated BAs and
unconjugated BAs at week 2 and
12 (c), ratio of conjugated and
unconjugated BAs (d), FXR
agonists (CA, TCA, DCA,
TDCA, CDCA, TCDCA, LCA,
and TLCA) and FXR antagonists
(αMCA, TαMCA, βMCA,
TβMCA, UDCA, and TUDCA)
at week 2 and 12 (e), ratio of FXR
agonists and antagonists (f),
primary BAs and secondary BAs
at week 2 and 12 (g), ratio of
primary and secondary BAs (h).
SHAM vs. DJB, *P< 0.05,
**P< 0.01
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respectively). The abundance of Proteobacteria was increased
at week 2 in DJB group as well (P=0.186).

In the correlation analyses, we found a negative correlation
between mean TBA levels in the colon and Bacteroidetes
abundance (Fig. 3e, r=−0.73, P<0.001). Also, a positive cor-
relation was found between the mean colonic TBA levels and
Proteobacteria abundance (Fig. 3f, r=0.62, P<0.001).

Discussion

In this study, we performed DJB and SHAM procedures in a
diabetic rat model and, for the first time, demonstrated that (i)
DJB preferentially elevated serum taurine-conjugated BAs as
well as TBA in the terminal ileum and the colon; (ii) within the
enterohepatic circulation, the expression of ileal BA trans-
porters, asbt, ilbp, and ostα, was upregulated, which might
account for the elevated serum BAs; (iii) at the phylum level,
Firmicutes and Proteobacteria were both increased at the ex-
pense of Bacteroidetes.

BAs are synthesized in the liver, secreted into the duode-
num, and recycled in the terminal ileum. BAs that cannot be
reabsorbed by hepatocytes are spilt into the systemic circula-
tion. Thereby, serum BAs can be treated as a reflection of
excessive BA loading burden in the BA enterohepatic

circulation. In humans, BAs are mainly glycine-conjugated
while in rodents taurine-conjugated BAs predominate [18,
19]. Following bariatric surgeries, serum BAs are universally
elevated, even after SG, a procedure without any rearrange-
ment of the small intestine [20]. The mechanisms are unclear.
In RYGB, the BA production in the liver is repressed while in
BPD it’s largely increased [9]. This discrepancy may suggest
distinct explanations for different procedures. One hypothesis
attributes elevated serum BAs to more BA reabsorption in the
distal gut (mainly the terminal ileum). After bariatric surgery,
the route of BA recycling is shortened, leading to faster inter-
action between the BAs and the terminal ileum and probably
more reabsorption. One strong evidence comes from the IT
procedure. The interpositioned terminal ileum retains the ca-
pacity of BA absorption, despite a certain level of
Bjejunization^, increasing serum BAs, and decreasing distal
luminal BA levels [21]. For SG, despite the intact gut, the
gastric emptying is accelerated, which also expedites the con-
tact of BAs and the distal gut [22]. The procedure used in this
study is similar to RYGB. In fact, DJB was initially designed
to investigate the mechanisms of RYGB [23]. Due to its prom-
inent effects, DJB has now been used as a clinical procedure
[24]. In the present study, we found increased serum TBA at
both week 2 and 12. And among the hepatic BA transporters,
we detected a decreased expression of bsep (P=0.051), with-
out any change in ntcp. More importantly, we did detect

Fig. 6 Relative feces microbiota composition of each rat in SHAMgroup
(S1 to S10) and DJB group (D1 to D10) at week 2 at the phylum level (a),
pie charts of microbiota composition at week 2 (b), relative feces

microbiota composition of each rat at week 12 (c), pie charts of
microbiota composition at week 12 (d)
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increased expression of asbt, ilbp, and ostα, all of which me-
diate BA reabsorption in the terminal ileum. Consistent with
RYGB, we also found decreased BA production in the liver
(unpublished data). Taken together, we presume that the ele-
vated serum BAs after DJB depends on increased reabsorp-
tion, rather than more production of BAs. Additionally, the
luminal BA levels were higher in the terminal ileum and the
colon after DJB than SHAM, without difference in fecal BA
excretion. This finding indicates that the colon might also be
potent in absorbing excessive luminal BAs, though this pro-
cess might depend on passive absorption [25].

In the BA composition analysis, we found a marked eleva-
tion of serum taurine-conjugated BAs at week 12, based on
both absolute value and relative percentage. The unconjugated
BAs also showed increase in absolute value but the percentage
did not change at all except CA. These changes in serum BA
composition parallel those after RYGB, suggesting the possibly
shared mechanisms between the two procedures in affecting
BA metabolism [9]. As serum BAs roughly resemble the BA
profiles in the terminal ileum [26], the elevated taurine-
conjugated BAs indirectly reflect the upregulation of the ileal
BA transporter asbt, which has a higher affinity for taurine-
conjugated BAs over unconjugated species [25, 27]. Taurine-
conjugated BAs have particular effects on regulating metabo-
lism, especially in activating TGR5 receptor. TGR5 is
expressed in many tissues and has a series of physiological
benefits when activated, including increasing energy expendi-
ture and GLP-1 secretion, improving glucose tolerance and
insulin sensitivity, accelerating gastric emptying, and so forth
[3]. BAs are the most potent activators of TGR5, with the
taurine-conjugated forms further increasing the potency [11].
One of the major taurine-conjugated BAs, TCA, can even stim-
ulate GLP-1 secretion and increase fullness via rectal adminis-
tration, confirming the benefits of TCA in the large intestine
[28]. This might also explain the enhanced GLP-1 secretion
after DJB. The taurine-conjugated BAs, accordingly, might
be a potential therapeutic target for the treatment of diabetes.
In addition to taurine-conjugated BAs, taurine per se also plays
a role in the regulation of metabolism [29]. Human studies have
revealed that the body taurine content is lower in obese and
diabetic states [30, 31]. And animal study has demonstrated
that taurine supplementation prevents obesity and improves
glucose tolerance [32]. The present study cannot provide evi-
dence for taurine metabolism. Nevertheless, CA or UDCA ga-
vage in rodents could result in increased serum TCA or
TUDCA levels [12, 33], which suggests that the taurine conju-
gation process appears to bemore active with additional BAs in
the gut. Whether the taurine conjugation in the liver is altered
after bariatric surgery warrants future studies.

We also measured the ratio of 12α-hydroxylated and non-
12α-hydroxylated BAs, which was previously reported nega-
tively correlatedwith insulin sensitivity [34, 35]. However, we
found the ratio unaltered after DJB. Another study even found

the ratio increased after RYGB [36]. Consequently, we pre-
sume the early improvement of insulin sensitivity after DJB
may also depend on other mechanisms, such as jejunal nutri-
ent sensing [37]. FXR is another natural receptor of BAs. In
this study, we found the FXR agonists and antagonists were
both increased after DJB at week 12, but the ratio was de-
creased at week 2 and tended to be lower at week 12
(P=0.073), compared with SHAM. Although it has been
proved that FXR is a molecular target for the effects of SG,
we cannot draw any conclusions from the current results.
Hence, future studies concentrating on luminal and hepatic
BA composition analysis seem necessary, since most BA/
FXR-mediated metabolic benefits are initiated in the liver or
the small intestine [5, 38].

BAs are also closely related to gut microbiota. It has been
confirmed that BAs are necessary growth factors for some bac-
teria [39], and BA transformation (e.g., secondary BA genera-
tion) also depends on gut bacteria [13]. In recent studies, gut
microbiota were also found related to obesity and diabetes [40,
41]. Furthermore, bariatric surgery also altered the composition
of gut microbiota as early as 1 week postsurgery and these
changes stabilized after 5 weeks [14]. However, diverging re-
sults in gut microbiota alterations have been observed after bar-
iatric surgery. Zhang et al. found that Firmicutes were dominant
in both normal weight and overweight individuals and were
reduced after RYGB [42]. Furet el al. reported increased
Bacteroidetes after RYGB, at the expense of Firmicutes [43].
In a rodent study, nevertheless, both Bacteroidetes and
Firmicutes were decreased after RYGB, with Proteobacteria
more abundant [44]. In our study setting, we observed decreased
Bacteroidetes but increased Firmicutes and Proteobacteria abun-
dance. This result differs from the previous studies but parallels
a recently reported BA gavage experiment, in which Firmicutes
and Proteobacteria predominated with Bacteroidetes decreased
after CA gavage [12]. Additionally, the TCA level was also
elevated after CA gavage, indicating a more active taurine con-
jugation process, which was consistent with the present study.
Therefore, unlike RYGB, DJB represents a novel gut microbiota
profile. And this profile might reflect an adaption of gut micro-
biota to increased luminal BA levels, since we also discovered
the correlationship between gut microbiota and the colonic BA
levels. Interestingly, similar microbiota profiles were also ob-
served in obese individuals and HFD-induced obese state [41,
45], making the microbiota profile after DJB more like a hazard
instead of a benefit. One possible explanation is that the HFD
per se leads to more BAs present in the gut that might affect
microbiota migration [46].

This study has several limitations. First, the results from the
present study were based on a diabetic rat model and, accord-
ingly, might or might not be relevant to humans. However, as
bariatric surgery is effective across species, and rats and humans
share most bile acid species, as well as the predominant gut
microbiota, we presume that findings in the present study could
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help to better understand how bariatric surgery affects bile acids
and gut microbiota migration, and point to taurine-conjugated
BAs as a potential therapeutic target. Second, the measurements
of BA transporters were confined at the transcriptional level.
Since the posttranscriptional regulation exists, BA transporters
should be further analyzed at the protein level. In addition, the
changes in serum glycine-conjugated BAs were not evaluated
which need to be elucidated in the future.

Conclusion

DJB preferentially elevates serum taurine-conjugated BAs
with increased expression of BA transporters in the terminal
ileum. Luminal BAs are also elevated, with more abundance
of Firmicutes and Proteobacteria at the expense of
Bacteroidetes.

SG sleeve gastrectomy, IT ileum translocation, RYGB
Roux-en-Y gastric bypass, BPD biliopancreatic bypass, BA
bile acid, asbt apical sodium dependent bile acid transporter,
ilbp ileal lipid binding protein, ostα organic solute transporter
alpha, bsep bile salt export pump, ntcp sodium-taurocholate
cotransporting polypeptide, αMCA alpha muricholic acid,
βMCA beta muricholic acid, CA cholic acid, DCA
deoxycholic acid, CDCA chenodeoxycholic acid, UDCA
ursodeoxycholic acid, LCA lithocholic acid, HDCA
hyodeoxycholic, the prefix T indicates conjugation with
taurine.
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