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els. It has been proved that BAs and FXR via small het-
erodimer partner (SHP) cascade suppress the activity of
phosphoenolpyruvate carboxykinase (PEPCK), glucose 6-
phosphatase (G6Pase) and fructose 1,6-bisphosphatase 1
(FBPase), which are enzymes that participate in hepatic
gluconeogenesis pathway.23,24 The effect of FXR in amel-
iorating glucose homeostasis may not only be fulfilled by
inhibiting gluconeogenesis.

Several studies had revealed that FXR plays a role in
regulating peripheral insulin sensitivity.24,25 Other papers,
have addressed that FXR induces FGF-19 in the intestine
during postprandial period, thereby repressing gluconeo-
genesis, and increasing glycogen synthesis and energy ex-
penditure.26-29 Also recent evidence suggests that FXR is
expressed in human pancreatic β-cells and stimulates insu-
lin gene transcription producing a positive control on glu-
cose dependent insulin secretion.30

The implications of BAs on glucose metabolism in-
clude complicated regulation between FXR-dependent
and FXR-independent pathways.

G protein-coupled receptor
TGR5 in glucose metabolism

TGR5/M-BAR is highly expressed in the intestine and
exposed to high levels of BAs, which activate and pro-
motes the secretion of GLP-1 in the pancreatic β-cells.31

GLP-1 is a hormone secreted by intestinal L-cells in re-
sponse to meal intake that promotes insulin secretion and
inhibits glucagon secretion; therefore, regulating glucose
homeostasis.32 It has been seen that many patients with di-

abetes have a combination of reduced GLP-1 secretion and
resistance to its effect.33 TGR5/M-BAR agonist increases
the levels of cAMP and the intracellular ATP/ADP ratio,
which leads to calcium influx and induced GLP-1 re-
lease.34 Evidence suggest the importance of TGR5/M-BAR
in GLP-1 secretion, that is why bile acid-based TGR5 ago-
nists may be an interesting therapeutic target for diabetes
(Figure 2).

BILE ACIDS AND DIABETES

Diabetes is a complex chronic illness characterized by
an increase in serum glucose concentration associated
with microvascular and macrovascular complications, as
well as cardiovascular diseases.35 It has been reported that
diabetic patients have a change in bile acid metabolism,
which is characterized by an increase in bile acid pool size
and fecal excretion, as well as changes in their composi-
tion.36,37

Numerous antidiabetic drugs are used in the treatment
of diabetes, but research on BAs and their application in
this disease have gained importance in recent years. De-
spite the aforementioned, the role of BAs in the treatment
of diabetes has so far showed to be useful through the use
of bile acid chelating agents in patients with type 2 diabe-
tes.38 Also bariatric surgery has demonstrated its contribu-
tion related to bile acid metabolism as part of the benefits
that helps in glucose control in diabetic patients.39 How-
ever, with the previously exposed knowledge regarding
bile acid synthesis and its relation to glucose metabolism,
new potential targets for the treatment of diabetes had

Figure 2.Figure 2.Figure 2.Figure 2.Figure 2. Bile acid mediated
regulation of glucose metabolism.
After meal ingestion, BAs are re-
leased into the intestine where
they activate FXR and TGR5.
FXR activation stimulates FGF-
19, which participates in glycogen
synthesis and gluconeogenesis.
TGR5 activation increases levels
of GLP-1, promoting insulin se-
cretion and decreased serum glu-
cose levels. BAs that are
reabsorbed through the enterohe-
patic circulation activate FXR in
the liver, which also participates
in gluconeogenesis and glycolysis.
BA: Bile acid. FXR: farnesoid X
receptor. TGR5: G protein-cou-
pled receptor TGR5. FGF19: fi-
broblast growth factor-19. GLP1:
glucagon like peptide 1. Adapted
from Sonne, et al. 2014.49



González-Regueiro JA, et al.  ,     2017; 16 (Suppl. 1): s15-s20s18

been identified through FXR and TGR5/M-BAR signaling
pathways.

Bile acid chelating agents are anionic exchange resins
that form a nonabsorbable complex with BAs in the intes-
tine, which prevents reabsorption and augments fecal ex-
cretion of BAs.40 Bile acid chelates have been used in the
treatment of hypercholesterolemia since long ago and in
1994 it was first described that cholestyramine may also re-
duce serum glucose in patients with type 2 diabetes.41 Af-
terwards, several studies corroborated that bile acid
chelating agents lower serum glucose in diabetic pa-
tients.38,42-44 Today, colesevelam is approved by the Food
and Drug Administration (FDA) and included in manage-
ment algorithms for the treatment of type 2 diabetes. The
mechanisms behind improvement of serum glucose levels
with bile acid chelates are multiple and not fully elucidat-
ed.45

Bariatric surgery is being used as an effective therapeu-
tic option for obesity and type 2 diabetes. Some studies
have revealed that bariatric surgery not only decreases
body weight, it also improves serum glucose levels, β-cell
function and insulin resistance.46,47 The mechanism linked
to the improvement of glucose control with bariatric sur-
gery are associated with increased BAs and FGF-19 secre-
tion, which promotes bigger amounts of GLP-1.28,39 This
finding towards improvement of glucose metabolism had
been more effective in malabsortive surgeries such as gas-
tric bypass than in restrictive surgeries.48

CONCLUSION

Bile acids, known mainly for their participation in the
absorption of lipids and fat-soluble vitamins, have also an
important role in the metabolism of lipid, glucose, and en-
ergy expenditure. FXR and TGR5/M-BAR, two signaling
pathways, are important bile acid synthesis regulators.
Also, it has been revealed that they are relevant metabolic
regulators for maintaining glucose homeostasis and has
converted them in possible new therapeutic targets for dia-
betes. Nowadays, the only approved therapeutic option
for the treatment of diabetes, related to BAs, involves the
use of bile acid chelates. However, it has been shown that
some of the benefits of bariatric surgery on glucose con-
trol in diabetic patients are related to bile acid metabo-
lism.

ABBREVIATIONS

• BAs: bile acids.
• CYP27A1: sterol-27α-hydroxylase.
• CYP7A1: cholesterol-7α-hydroxylase.
• CYP7B1: 25-hydroxy-cholesterol-7α-hydroxylase.
• CYP8B1: sterol-12α-hydroxylase.

• FGF19: fibroblast growth factor-19.
• FGFR4: fibroblast growth factor receptor-4.
• FXR: nuclear farnesoid X receptor.
• GLP-1: glucagon like peptide 1.
• TGR5/M-BAR: cytoplasmic G protein-coupled re-

ceptor TGR5.
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