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ABSTRACT

	 Non-alcoholic fatty liver disease (NAFLD) is an emerging epidemic in light of its 
two predisposing factors, a surge in both obesity and diabetes rates with reports of between 
70-80% of obese individuals in Western countries. The disease progression of NAFLD remains 
elusive but is generally attributed to insulin resistance, lipid metabolism dysfunction, altered 
immune response to name a few. Potential therapeutic strategies should target one or some of 
these pathological events in the liver, however currently no specific therapies for NAFLD exist. 
Thus novel therapeutic approaches to manage the chronic liver disease epidemic are becom-
ing essential. In this review we discuss the evidence supporting the role of bile acid activated 
Farnesoid X Receptor (FXR) in promoting lipid oxidation, reducing inflammation and fibrosis 
in the liver. We also examine the potential of FXR agonists, as an attractive class of drugs for 
the safe and effective treatment of NAFLD.
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ABBREVIATIONS: ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CA: Cho-
lic Acid; CDCA: Chenodeoxycholic acid; CYP7A1: Cholesterol 7α-hydroxylase; CYP8B1: 
sterol 12-hydroxylase; CYP27A1: sterol 27-hydroxylase; DCA: Deoxycholic acid; LCA: Lith-
ocholic acid; FXR: Farnesoid X Receptor; NAFLD: Non-alcoholic fatty liver disease; NASH: 
Non-alcoholic steatohepatitis; OCA: Obetocholic acid; PXR: Pregnane X Receptor; TNF-α: 
Tumour Necrosis Factor alpha; TZD: Thiazolidinedione; UCDA: Ursodeoxycholic acid; VDR: 
Vitamin D Receptor.

INTRODUCTION

	 Bile acids produced in the liver as an end product of cholesterol catabolism were 
originally categorised as physiological detergents that facilitated the metabolism of dietary 
lipids and lipid soluble vitamins (A, D, E and K), and the hepatobiliary secretion of endog-
enous metabolites and xenobiotics.1-4 However, recent interest in bile acids over the past few 
years has shed new light on their roles in both the synthetic and regulatory metabolic pathways, 
pertaining to lipid, carbohydrate and cholesterol regulation acting as indispensable signalling 
molecules co-ordinating these network of biological processes.5

	 Whilst bile acids (Chenodeoxycholic acid (CDCA), Deoxycholic acid (DCA), Litho-
cholic acid (LCA), Cholic Acid (CA)) can negatively feedback their own production,6 they can 
also act as endogenous ligands for nuclear receptors to facilitate this regulation.3,4,7 The nuclear 
receptor, Farnesoid X Receptor (FXR; NR1H4) was the first bile acid receptor discovered,8 

followed by other nuclear receptors in the NR1I subfamily, namely Constitutive Androstane 
Receptor (CAR; NR1I3), Pregnane X Receptor (PXR; NR1I2) and Vitamin D Receptor (VDR; 
NR1I1).4,9
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	 In terms of nuclear receptor activation, PXR and 
VDR are stimulated by lithocholic acid (EC50 of approxi-
mately 100 nM), which is a hydrophobic bile acid derived from 
the 7-dehydroxylation of CDCA by intestinal bacteria.2,4 FXR 
though can be stimulated to varying degrees by most bile ac-
ids (CDCA>LCA=DCA>CA), but with the highest potency by 
CDCA, with an EC50 of approximately 10 µM.2 Conversely, 
constitutive androstane receptor is not triggered directly by bile 
acids but nonetheless is vital for controlling detoxification and 
transport of bile acids.10,11 Of all the nuclear receptors, VDR is 
expressed broadly across different tissue types. However, FXR 
and PXR are found abundantly, mainly in tissues in direct con-
tact with bile acids for example in the intestine and liver.2 

	 FXR is now considered as a “master regulator of bile 
acid metabolism” as it is involved in all phases of the biosynthet-
ic pathway,2 affecting gene expression of ileal bile acid binding 
protein, small heterodimer partner, phospholipid transfer pro-
tein, ABC transporters and apolipoprotein C-II.2,12-14 Activation 
of these nuclear receptors leads to a reduction in bile acid syn-
thesis, promotion of lipid oxidation, drug metabolism and trans-
port, as well as affecting cholesterol metabolism.14 Conversely 
dysregulation of bile acid metabolism has a significant impact 

on inflammatory and metabolic disorders, such as Non-alcohol-
ic fatty liver disease (NAFLD), diabetes, and obesity.2,11,15 This 
review aims to highlight recent advances in bile acid nuclear 
receptor activation, as well as the therapeutic potential of bile 
acids and their derivatives for the treatment of NAFLD.

BILE ACID SYNTHETIC PATHWAYS

	 The metabolism of bile acids is tightly controlled, where 
approximately 95% of the 3g bile acid body pool that is secreted 
into the intestine is reabsorbed via the enterohepatic circulation, 
with a small amount excreted in the faeces (200-600 mg/day). 
Bile acids that are lost are replaced by denovo hepatic synthesis5 
derived from cholesterol catabolism (approximately 500 mg).16

	 Hepatic bile acid synthesis begins from cholester-
ol catabolism involving a 17 step enzymatic pathway.2,14,16 
The synthesis of bile acids is a complex process catalysed by 
several cytochrome P450 enzymes2 and involves two major 
bile acid biosynthetic pathways, the classic and alternative 
pathway.4 In the classic pathway, cholesterol is converted to 
7α-hydroxycholesterol by the microsomal cytochrome P450 
enzyme, Cholesterol 7α-hydroxylase (CYP7A1), which is also 

Catabolism of cholesterol produces the primary bile acids Cholic Acid (CA) and Chenodeoxycholic acid (CDCA) through one of two pathways in the liver. Key regulated enzymes in both pathways 
are shown. In the classic pathway, Cholesterol-7α-hydroxylase (CYP7A1) catalyses the first rate-limiting step to convert cholesterol to 27-hydroxycholesterol. However, sterol 27α-hydroxylase 
(CYP27A1) initiates the alternative pathway. Oxysterols, such as sterol 7α-hydroxylase (CYP7B1) produced in peripheral tissues are transported to hepatocytes and converted to CDCA and CA in 
the alternative pathway. CA synthesis is tightly regulated by 7α-hydroxylase (CYP8B1) in the classic pathway. In the intestine, CA and CDCA are conjugated with Glycine (G) or Taurine (T) by the 
enzymes Bile Acid Transferase (BAT) and Bile acid coenzyme A synthase (BACS). Some conjugated bile acids such as glycocholic acid, taurocholic acid, glycodeoxycholic acid, taurodeoxycholic 
acid, glycolithocholic acid, taurolithocholic acid, glycochenodeoxycholic acid and taurochenodeoxycholic acidare de-conjugated and subsequently dehydroxylated at the 7α-position by bacterial 
enzymes and converted to the secondary bile acids, Deoxycholic acid (DCA) and Lithocholic acid (LCA) respectively. Farnesoid X receptor is activated by agonists such as GW4064, INT-767 and 
WAY-362450 leading to reduced expression of CYP7A1 and lower levels hepatic bile acids.2,4,5

Figure 1: Bile acid synthesis.
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the rate-limiting step.7 In humans, the immediate by product of 
these pathways are the primary bile acids, Cholic Acid (CA) 
and Chenodeoxycholic acid (CDCA).14 The proportion of CA to 
CDCA synthesised is approximately equal and is regulated by 
the microsomal enzyme sterol 12-hydroxylase (CYP8B1) (Fig-
ure 1). The alternative pathway is carried out by mitochondrial 
sterol 27-hydroxylase (CYP27A1). This pathway occurs in the 
liver, macrophages and several tissue types in the body and pre-
dominantly synthesise CDCA.17 The import of cholesterol to the 
inner mitochondrial membrane, via soluble cholesterol binding 
protein is thought to be the rate-limiting step in the alternative 
pathway.18 

	 Subsequently, bile acids are conjugated to amino acids, 
typically taurine or glycine via the enzymes bile acid transferase 
and bile acid coenzyme A synthase, with the proportion of gly-
cine to taurine conjugates estimated as 3 to 1.17,19 Conjugation of 
bile acids is an important process as it prepares the bile acids for 
effective detoxification, enhances their amphipathicity and solu-
bility properties, which consequently leads to impermeability to 
cell membranes and reduced bile acid toxicity. However, some 
conjugated bile acids are deconjugated in the intestine by anaer-
obic bacteria converting CA and CDCA via 7α-dehydroxylase 
to the secondary bile acids, Lithocholic acid (LCA) and Deoxy-
cholic acid (DCA), respectively (Table 1). Both of these bile 
acids are thought to have toxic properties, with DCA causing 
colon cancer for example.20 Whilst most DCA is reabsorbed in 
the colon and LCA is excreted in faeces, around 4% of LCA is 
transported to the liver where it is conjugated by amidation and 
sulfation and subsequently excreted into bile. Furthermore, sul-
fation of hydrophobic bile acids by sulfotransferase 2A1 is a key 
route for bile acid detoxification.17,19

BILE ACID TRANSPORT IN THE ENTEROHEPATIC CIRCULA-
TION

	 Increased bile acid concentration in the hepatocytes is 
the driving force of phosphatidylcholine, cholesterol and bile 
acid transport through the basolateral membrane, and removal of 
bile acids at the canalicular membrane into the biliary system.23 
Conjugated bile acids are actively transported by the canalicular 
bile salt export pump and stored in the gallbladder.24,25 Further-
more, mutations in the bile salt export pump gene leads to pro-

gressive familial cholestatic syndrome, with the accumulation of 
toxic hydrophobic bile acids leading to cirrhosis in some cases.26 
The proportion of these molecules, phospholipids, cholesterol 
and bile acids is tightly controlled by forming mixed micelles in 
the bile to (i) boost cholesterol solubility, (ii) decrease bile acid 
toxicity in the bile duct, and (iii) during digestion facilitate the 
uptake of nutrients into enterocytes. Excess cholesterol and/or 
hydrophobic bile salts causes saturated bile accumulation which 
can consequently lead to the formation of cholesterol gallstones 
in the biliary system and gall bladder. 

	 At the brush border membrane of the ileum 95% of bile 
acids are actively reabsorbed by the sodium dependent trans-
porter. Upon absorption, bile acids bind to the ileal bile acid 
binding protein and diffuse across the basolateral membrane 
for release into the blood via the heterodimeric organic solute 
transporters.27 Completing this cycle, uptake of reabsorbed bile 
acids to the liver is mediated by Na+ dependent taurocholate co-
transport peptide located in the sinusoidal membrane. Sinusoi-
dal membranes function to efflux bile acids into the circulatory 
system and therefore express bile acid efflux transporters such as 
multidrug resistance protein.4 During cholestasis it has been rec-
ognised that these sinusoidal membranes are triggered and could 
play a fundamental role in the protection of liver injury when bile 
acids accumulate excessively in hepatocytes.2 Recent evidence 
suggests bile acids have the ability to initiate the production of 
the metabolic hormone fibroblast growth factor 15/19 (FGF-15 
in mice, FGF-19 homolog in humans) in the ileocyte through 
the action of a functional FXR domain. Fibroblast growth factor 
15/19 is transported to the liver where it subsequently binds to 
its cognate tyrosine kinase receptor. This results in the activa-
tion of the c-Jun N-terminal kinases 1/2 signalling pathway and 
down-regulation of CYP7A1 and bile acid synthesis (Figure 2). 
Interestingly, it is reported that cognate tyrosine kinase recep-
tor β-klotho null mice have raised CYP7A1 mRNA levels and a 
larger bile acid pool, and that bile acids and cytokines (TNF-α) 
are also capable of triggering the c-Jun N-terminal kinases 1/2 
signalling pathway and as a result down-regulate CYP7A1 Mr-
na.28 

THERAPEUTIC APPROACH OF BILE ACIDS FOR NON-ALCO-
HOLIC FATTY LIVER DISEASE

	 At present, NAFLD is the most common form of chron-
ic liver disease worldwide and is generally associated with clini-
cal features of the metabolic syndrome.30 The incidence is sig-
nificantly increased in diabetics (up to 63%) and in the morbidly 
obese.31 Given the epidemic of obesity attributable to the content 
of fat in modern diet, it is estimated that 42 million children were 
obese in 2010 and this figure is expected to rise to almost 60 mil-
lion by 2020.32 These projections foresee a continued worsening 
trend in obesity and chronic liver disease, thus alternative thera-
peutic options are needed.

	 Generally the spectrum of liver pathology covers ste-

Primary Secondary Conjugated

Cholic acid (CA) Deoxycholic acid (DCA) Glycocholic acid

Chenodeoxycholic 
acid (CDCA)

Lithocholic Acid (LCA) 
Urosdeoxycholic acid 

(UDCA)

Taurocholic acid 
Glycodeoxycholic acid 
Taurodeoxycholic acid 
Glycolithocholic acid 
Taurolithocholic acid

Glycochenodeoxycholic acid

Taurochenodeoxycholic acid

Main bile acids found in the liver and intestine.21,22

Table 1: Principle Bile Acids.
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atosis to the more severe conditions Non-alcoholic steatohepati-
tis (NASH), fibrosis and cirrhosis.33 Although the precise molec-
ular mechanisms underlying the progression of NAFLD remains 
unclear,34 the accumulation of triglycerides is proposed in the 
early stages of NAFLD/NASH, whereas insulin resistance, oxi-
dative stress and inflammation are all important contributing fac-
tors in disease progression.35,36 Inflammation is characterised by 
c-Jun N-terminal kinases activation34 and reactive oxygen spe-
cies production derived from the metabolism of excessive free 
fatty acids via microsomal cytochrome P450A oxidation, perox-
isomal β-oxidation, and hepatic mitochondrial dysfunction.37,38

	 To date there are two major categories of NAFLD ther-
apies: (i) lifestyle intervention (weight loss, physical exercise) 
and (ii) pharmaceutical therapies (insulin sensitizers, lipid-low-
ering agents).33 Considering insulin resistance plays a core role 
in the pathogenesis of NASH, glitazones and peroxisome prolif-
erator-activated receptor γ agonists used in the treatment of type 
2 diabetes have been comprehensively studied.39 In particular, 

Thiazolidinedione (TZD), an insulin sensitizer has been shown 
to improve hepatic biochemical and histological parameters in 
patients.40 Similarly, treatment with the TZD pioglitazone led to 
a reduction in aspartate aminotransferase (AST) levels by 30-
58%, improved hepatic insulin sensitivity, and reversed steatosis 
in NASH patients.39 TZDs also reduced the expression of genes 
linked with inflammation such as interleukin-6 and TNF-α, and 
possessed regulatory properties through proliferator-activated 
receptor γ activation of adipokines, the latter possessing crucial 
roles in the pathogenesis of NAFLD.41 Furthermore, in diabetic 
patients with NASH, a phase II double blind trial demonstrated 
that pioglitazone significantly decreased steatosis, inflammation 
and ballooning necrosis.42

	
	 However, there is variable data from TZDs studies 
regarding regression of fibrosis.39 A meta-analysis showed that 
pioglitazone, but not rosiglitazone reduced fibrosis.43 However, 
a large trial comparing ‘Pioglitazone versus Vitamin E for the 
treatment of non-diabetic patients with NASH’ showed improved 

Bile acids Cholic Acid (CA) and cChenodeoxycholic acid (CDCA) and FXR agonists such as GW4064, OCA and WAY-362450 activate hepatic and intestinal FXR 
to regulate-genes vital for bile acid metabolism. The activation of hepatic FXR lowers plasma cholesterol and Triglyceride (TG) synthesis via several pathways. For 
instance Short Heterodimer Protein (SHP)-dependent inhibition of Sterol Regulatory Element Binding Protein-1c (SREBP-1c) leads to the suppression of hepatic 
TG. Furthermore FXR suppresses bile acid synthesis by reducing CYP7A1 and CYP8B1 expression via SHP. Stimulation of Very Low Density Lipoprotein Receptor 
(VLDLR) and syndecan-1 also promotes the clearance of TG lipoproteins, and similarly Scavenger receptor class B1 (SR-B1) promotes the clearance of High Density 
Lipoprotein (HDL) in the liver. In the enterocytes bile acids bind to FXR and as a result elevate the expression of two transporters, organic solute transporter alpha and 
beta (OSTα, OSTβ) that facilitate bile acid transport into the hepatic portal vein. Induction of intestinal FXR increases the expression of fibroblast growth factor 15/19 
(FGF15/19) into the hepatic portal vein. The subsequent binding of FGF15/19 to the hepatic cell-surface receptor fibroblast growth factor receptor 4 (FGFR4) triggers 
the JNK pathway leading to the suppression of CYP7A1 and CYP8B1 hence a decrease in bile acid synthesis.3,29

Figure 2: Overview of FXR regulation. 
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histology in NASH patients who received pioglitazone but no 
significant improvement in fibrosis stage for either treatment.44 
Despite the promising results of these pioglitazone studies, the 
adverse effects of TZD such as weight gain, increased bladder 
cancer risk and cardiovascular morbidity has limited the use of 
pioglitazone in patients with NASH.45 Although vitamin E (400 
IU/day) demonstrated some benefit to NASH subjects as shown 
by reduced inflammation,44,46 other reports suggest vitamin E is 
associated with cardiac morbidity including heart failure and 
haemorrhagic stroke.47

	
	 Thus targeting insulin resistance and oxidative stress 
is crucial but not adequate for effectively treating NASH, sig-
nifying the need for wider hepato-protective agents. Emerging 
evidence suggests beneficial properties of bile acids and their 
derivatives in the treatment of NAFLD by regulating lipid and 
glucose pathways, reducing inflammation and lowering hepatic 
triglyceride levels.3 Agonists have been developed targeting 
FXR receptors as a therapeutic approach in NAFLD as discussed 
below. 

ROLE OF FXR IN NAFLD

	 Evidence of the vital role that FXR plays in NAFLD has 
been observed in FXR null mice. Here FXR null mice present 
with hepatic steatosis, inflammation, elevated bile acid levels, 
hyperlipidaemia and fibrosis.48 Furthermore, in FXR deficient 
mice fed a 1% cholesterol diet, mice exhibited severe muscle 
wastage, raised hepatic cholesterol content and a 23-fold greater 
increase in hepatic triglyceride. Additionally, excessive levels 
of bile acids correlated to 30% mortality in FXR deficient mice 
by day 7, which was attributable to liver failure.49 Gut derived 
lipopolysaccharide also plays a crucial role in the pathogenesis 
of NASH.50 Increased lipopolysaccharide stimulates nuclear fac-
tor kappa β which acts to recruit inflammatory cells, thus pro-
moting inflammation, fibrosis and carcinogenesis in advanced 
NAFLD.51 In FXR null mice, inflammation was characterised 
by increased TNF-α and interleukin-1β levels, high circulating 
and hepatic bile acid levels as well as spontaneous hepatocellu-
lar carcinoma at 12 months.52 Although these studies indicate a 
causal link between elevated bile acids and inflammation, FXR 
activation has been shown to suppress the nuclear factor kappa β 
pathway, as well as the inflammatory cytokines and cyclooxyge-
nase-2 in hepatocytes.53

	 FXR activation also regulates carbohydrate metabo-
lism.54 Administration of cholic acid to C57BL/6J mice led to a 
decrease in fasting glucose concentration and reduced expression 
of the phosphoenolpyruvate carboxykinase gene in the liver, and 
also in HepG2 cells incubated with chenodeoxycholic acid.36,55 
Other studies found that administration of the FXR agonist 
GW4064 to streptozotocin-induced diabetic rat or adenovirus-
mediated activation of hepatic FXR reduced phosphoenolpyru-
vate expression and reversed hyperglycaemia and normalised 
glycogen storage.55,56 Thus, FXR is thought to regulate gluco-
neogenesis through its key enzyme phosphoenolpyruvate car-

boxykinase.57 These studies suggest activated FXR ameliorates 
lipid and glucose metabolism and prevents inflammation, thus 
such properties of FXR make it a novel therapeutic approach in 
NAFLD treatment.

FXR AGONISTS IN NAFLD AND NASH

	 A variety of studies have targeted FXR to modulate the 
metabolism of lipids, carbohydrates and bile acids in NASH,58 
with the synthetic agonist GW4064 widely studied. Here, FXR 
deficient mice show both systemic and hepatic insulin resistance, 
which can be normalised by giving the FXR agonist GW4064.59 
In a diabetic mouse model lacking leptin receptors, treatment 
with GW4064 for 5 days led to a substantial decrease in the plas-
ma levels of glucose and triglycerides.58 Whereas administration 
of GW4064 normalised steatosis and serum triglycerides levels 
in aged mice possibly due to the reduction in endoplasmic retic-
ulum stress.60  Finally, GW4064 reduced bile acid synthesis, and 
increased bile acid export in a model of cholestasis.61 In alternate 
models of NASH, C57BL/6 mice fed a methionine and choline 
deficient diet and treated with the FXR agonist WAY-362450 for 
4 weeks showed a decline in serum AST and ALT levels, im-
proved liver histology and decreased inflammatory cell infiltra-
tion and fibrosis.29 These studies indicate that FXR agonists may 
be useful for the treatment of NASH and related liver disorders 
by normalising carbohydrate, lipid and bile acid metabolism.

	 Obeticholic acid (OCA) is a synthetic bile acid ana-
logue, also known as INT-747 and the 6α-ethyl derivative of 
CDCA, and was originally identified in 2002 for its hepatopro-
tective and anti-cholestatic properties in a model of cholesta-
sis, protecting hepatocytes against acute necrosis triggered by 
LCA.62 Interestingly, OCA synthesised through the addition of 
the ethyl group to CDCA exhibits 100-fold greater agonistic ac-
tivity than CDCA and this potency has been confirmed by the 
analysis of the co-crystal structure of the FXR ligand binding 
domain.63

	 OCA has been studied in a rabbit model of the meta-
bolic syndrome and in the Zucker rat model of obesity where 
administration of OCA improved glucose and insulin tolerance 
and decreased steatohepatitis.64,65 Furthermore, FXR activation 
by OCA decreased hepatic expression of genes involved in fatty 
acid synthesis including sterol regulatory element binding pro-
tein-1, reduced TNF-α levels and elevated peroxisome- prolif-
erator activated receptor alpha expression, which therefore led 
to an improvement in the NASH phenotype.53,65 OCA therapy 
also reduced inflammation in a FXR deficient model of autoim-
mune hepatitis and prevented hepatic stellate cell activation by 
inhibiting osteopontin production.66,67 In the thioacetamide rat 
model of fibrosis, OCA prevented fibrosis progression, reversed 
fibrosis and cirrhosis development, and significantly reduced 
portal hypertension.53 Therefore, these preclinical findings have 
established the anti-inflammatory and anti-fibrotic properties of 
OCA mediated by FXR, as a candidate agent for NASH/NAFLD 
treatment.

http://dx.doi.org/10.17140/LROJ-1-106
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FXR AGONISTS IN CLINICAL STUDIES

	 To date there are only a handful of studies investigating 
FXR agonists in NAFLD. A small study of patients with type II 
diabetes and NAFLD showed a marked improvement in insulin 
sensitivity of 28% when given 25 mg of OCA for a short 6 week 
period.68 Furthermore, endogenous levels of bile acid decreased, 
as well as markers of inflammation and fibrosis.68 However, the 
largest clinical trial to date ‘Farnesoid X receptor ligand Obet-
icholic Acid in Non-Alcoholic Steatohepatitis’ (FLINT) study 
has been partially reported in NASH patients receiving oral 
OCA 25 mg for 72 weeks.69 Preliminary findings indicated a 
45% improvement in liver histology compared to 21% of the 
placebo group.69 Similar to the previous study in diabetics, lower 
levels of ALT in the group were noted as well as an increase in 
serum alkaline phosphatase, despite decreased gamma-glutamyl 
transferase levels. Pruritus an adverse effect of OCA treatment 
was observed in 23% of the OCA group compared with 6% of 
the placebo group, thus these OCA treated patients may require 
symptom management.69 Despite these promising results lon-
ger term clinical studies are required to explore the impact of 
OCA as well as other FXR agonists in the treatment of NASH/
NAFLD. There is some evidence indicating that OCA treatment 
leads to a significant increase (~20%) in LDL-cholesterol levels, 
which was apparent in the FLINT study,69 the earlier study on 
diabetes and NAFLD66 and in the treatment of diarrhoea.70 Au-
thors from the FLINT study suggested that this atherosclerosis 
risk requires careful monitoring and OCA treatment withdrawn 
in these cases. This clearly may have a negative impact for the 
long term usage of OCA, despite the clinical benefit on liver his-
tology parameters. One of the original bile acids used clinically 
for NASH was ursodeoxycholic acid (UCDA). This has been 
comprehensively reviewed elsewhere,71,72 but earlier studies did 
not report an improvement in liver histology or liver enzymes 
after 2 years of treatment at a low dose of 13-15 mg/kg73 or 6 
months at a high dose of 28-32 mg/kg,74 but was effective at a 
high dose after 1 year of treatment.75 Whilst the long term benefit 
of UCDA requires confirmation, a taurine conjugate of UCDA 
called tauroursodeoxycholic acid may have potential use, as this 
has shown to prevent NASH progression by decreasing endo-
plasmic reticulum stress.76

ALTERNATIVE THERAPIES

	 Alternative treatment options may offer immediate so-
lutions such as exercise/weight loss programmes, insulin sensi-
tizers33 or bariatric surgery, which has proven to reduce steato-
sis, inflammation and moderate amounts of fibrosis in NAFLD 
patients.33,77-79 However, like OCA, the long term benefit of bar-
iatric surgery still requires investigation.

CONCLUSION

	 Novel therapeutic approaches to manage the chronic 
liver disease epidemic are becoming essential and FXR agonists 

present as an attractive class of drug for the treatment of NASH/
NAFLD. As reviewed, bile acid-activated FXR regulates key 
homeostatic mechanisms including carbohydrate, lipid, and bile 
acid metabolism whilst also inhibiting inflammatory and fibro-
genic responses. However, the precise mechanisms are still be-
ing investigated as well as the impact of intestinal bile acids, on 
FXR activation. Despite this, pre-clinical and clinical evidence 
support the notion that therapy with the first-in-class FXR ago-
nist obeticholic acid has the potential to effectively and safely 
treat chronic liver diseases such as NAFLD.
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