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Background:Nonalcoholic fatty liver disease and nonalcoholic steatohepatitis (NASH) are serious conditions and
are being diagnosed at an increased rate. The etiology of these hepatic disorders is not clear but involves insulin
resistance and oxidative stress. Remogliflozin etabonate (Remo) is an inhibitor of the sodium glucose-dependent
renal transporter 2 (SGLT2), and improves insulin sensitivity in type 2 diabetics. In the current study, we
examined the effects of Remo in a diet-induced obese mouse model of NAFLD.Methods: After 11-weeks on High-
Fat-Diet 32 (HFD32), C57BL/6Jmice were obese and displayed characteristics consistent withNAFLD. Cohorts of
obese animals were continued on HFD32 for an additional 4-week treatment period with or without Remo.
Results: Treatment with Remo for 4 weeks markedly lowered both plasma alanine aminotransferase (76%) and
aspartate aminotransferase (48%), and reduced both liver weight and hepatic triglyceride content by 42% and
40%, respectively. Remo also reduced hepatic mRNA content for tumor necrosis factor (TNF)-a (69%), and
monocyte chemoattractant protein (MCP)-1 (69%). The diet-induced increase in thiobarbituric acid-reactive
substances, a marker of oxidative stress, was reduced following treatment with Remo, as measured in both liver
homogenates (22%) and serum (37%). Finally, the oxygen radical absorbance capacity (ORAC) in three different
SGLT2 inhibitors was determined: remogliflozin, canagliflozin and dapagliflozin. Only remogliflozin had any
significant ORAC activity. Conclusions: Remo significantly improved markers associated with NAFLD in this
animal model, and may be an effective compound for the treatment of NASH and NAFLD due to its insulin-
sensitizing and antioxidant properties. ( J CLIN EXP HEPATOL 2015;5:190–198)
on-alcoholic fatty liver disease (NAFLD) is a are also being pursued,3 as well as farnesoid X receptor
Nchronic hepatic disorder that affects 25% of
the population; including a significant portion

of pediatric cases.1 NAFLD can lead to non-alcoholic stea-
tohepatitis (NASH), a more severe condition that includes
damage such as fibrosis. Major risk factors for NAFLD
include those for metabolic syndrome, especially obesity
and insulin resistance.1 While there are clinical trials inves-
tigating the use of anti-diabetic therapies,2 antioxidants
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(FXR) agonists, such as the bile acid analog obeticholic
acid.4

Although the exact mechanisms underlying progression
of NAFLD are unclear, it likely involves an early lipotoxic
response due to hepatic steatosis. The intrahepatic accumu-
lation of free fatty acids (FFA) induces hepatic insulin
resistance and both oxidative and endoplasmic reticulum
(ER) stress, culminating in decreased hepatic function, apo-
ptosis and fibrosis.5 Elevated concentrations of intracellular
FFAare accompaniedbynumerous alterations in the expres-
sion of genes involved in lipid metabolism, leading to
increased de novo lipid synthesis and a concomitant decrease
in secretion of FFA.6–14 Chronic exposure to fatty acids also
induces ER stress, promoting elevated expression of the ER
chaperone Grp78, increased phosphorylation of both eIF2a
and PERK, activation of caspase-3, as well as induction of
other pro-apoptotic genes and stress-activated transcription
factors.15–19 Oxidative stress is also activated by FFA and
is associated with a decline in glutathione, reduced super-
oxide dismutase activity, elevated lipid peroxidation and
increased generation of reactive oxygen species (ROS).13

Thus, it is likely that insulin resistance and cellular stress,
resulting from hepatic steatosis, act collectively to promote
NAFLD, a pro-fibrotic state and progression to NASH.
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Inhibition of the renal specific sodium/glucose trans-
porter 2 (SGLT2) is a contemporary therapeutic approach
for the treatment of type 2 diabetes.20 The mechanism
of action for this class of compounds is to inhibit the
reabsorption of urinary glucose, resulting in excretion of
glucose and lowering of plasma glucose. Remogliflozin
etabonate (Remo) is a novel inhibitor of SGLT2. The
efficacy of Remo in the treatment of type 2 diabetes has
been established in several phase II clinical trials.21–26

Remo and other compounds in this class are effective in
improving glucose homeostasis, insulin sensitivity, and
beta cell function, as well as reducing body weight.27–29

In this study, we have examined the potential benefits
of Remo on hepatic steatosis and associated parameters
of NAFLD in a diet-induced obese (DIO) mouse model.
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METHODS

Drugs
Remogliflozin etabonate (4-[(4-isopropoxyphenyl)-methyl]-
1-isopropyl-5-methyl-1H-pyrazol-3-yl 6-O-ethoxycarbonyl-b-
D-glucopyranoside) was synthesized by Kissei Pharmaceutical
Co. Ltd. (Matumoto, Japan). Bezafibrate was obtained from
Chugai Pharmaceutical Co. Ltd. (Tokyo, Japan).

Vertebrate Animals
All animal experiments were conducted in accordance with
the guidelines for animal care and welfare issued by Kissei
Pharmaceutical Co. Ltd., which have been approved by
The Japanese Pharmacological Society. C57BL/6J mice
(4-weeks old) were housed individually with free access to
water. The mice were fed a diet of normal chow or High-
Fat-Diet 32 (HFD32; Clea, Japan) for 11-weeks. HFD32
contains 25% protein, 29% carbohydrate and 32% fat (with
saturated, monounsaturated and polyunsaturated fatty
acids at 7, 22 and 4 g/100 g chow, respectively). HFD32
has a caloric value of 507 kcal/100 g. The mice (15 weeks
of age) were then randomly divided into 6–7 mice/group.
These groups were maintained for 4-weeks on the following
diets: group 1 (n = 7) was maintained continuously on a
normal diet (Normal); group 2 (n = 7) was given HFD32
(Control group); group 3 (n = 7) received HFD32 supple-
mented with 0.01% (wt/wt) Remo; group 5 (n = 7), HFD32
with 0.03% Remo; and group 7 (n = 6), HFD32 with 0.2%
bezafibrate. The animals receiving Remo ate slightly more
than the untreated Control group. Thus, based on the
average daily food consumption in the Control group,
group 4 and group 6 (n = 7 each) were pair-fed (PF), receiv-
ing an equal amount of HFD32 chow as Control group, but
containing either 0.01% Remo (group 4) or 0.03% Remo
(group 6). Average daily drug intake was determined by
multiplying drug concentration in chow by food consump-
tion. Control and Control-PF groups are mice maintained
on HFD32, but not treated with Remo.
Journal of Clinical and Experimental Hepatology | September 2015 | Vol. 5
Glucose, Alanine aminotransferase (ALT) and
Aspartate Aminotransferase (AST) Levels
Blood samples were collected from a tail vein into a hepa-
rinized hematocrit tube. Plasma ALT, AST and glucose
levels were measured by using commercially available kits
(Transaminase C-II test, Glucose C-II test; Wako Pure
Chemical Industries, Osaka, Japan).

Liver Weights and Triglyceride (TG) Content
At the end of the treatment period liver tissue was removed,
weighed and stored at �80 8C. A sample of liver tissue was
homogenized and subjected to lipid extraction according
to the method of Folch et al.30 Hepatic TG content was
measured by using a commercially available kit (TG E-test,
Wako Pure Chemical Industries) and normalized for
sample weight.

Thiobarbituric Acid Reactive Substances
(TBARS) Assay
Serum samples and liver homogenates were used to deter-
mine levels of serum and hepatic TBARS, measured by
using an OXI-TEK TBARS Assay kit (ALEXIS JAPAN,
Tokyo, Japan). The content of hepatic TBARS was normal-
ized for protein concentration.

Liver Histopathology and Fatty Droplet Area
Livers were fixed in 10% buffered formalin, embedded in
paraffin, and sectioned at 3–4 mm. For the evaluation of
hepatic steatosis, sections were stained with Oil red O. The
average area of intracellular fatty droplets was determined
as follows: livers were fixed in 10% buffered formalin.
Frozen sections of the liver, which were stained with Oil
Red O, were prepared for the evaluation of hepatic stea-
tosis. The average area (mm2) of the fat droplets within
hepatocytes in 5 fields (each approximately 93000 mm2) for
each liver was measured with the aid of an image analyzer
(IPAP-WIN, Sumika TechnosCo., Osaka, Japan).

Determination of mRNA Levels
Total RNAwas isolated and purified from liver bymeans of
an RNeasy Plus Mini Kit (QIAGEN) with DNase I treat-
ment. The mRNA levels corresponding to various target
genes were determined by real-time quantitative RT-PCR
using 7500 Fast Sequence Detection System (Applied Bio-
systems, Foster City, CA, USA). The primers for mouse
TNF-a and MCP-1 were as previously described.31,32

Oxygen Radical Absorbance Capacity (ORAC)
Assay
An ORAC antioxidant assay kit (Zen-Bio, NC) was used to
determine the antioxidant capacity of dapagliflozin, can-
agliflozin, remogliflozin etabonate and remogliflozin. The
assay measures the ability of the test compounds to block
| No. 3 | 190–198 191
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the peroxyl-radical formation during the breakdown of
AAPH (2,20-azobis-2-methyl-propanimidamide dihydro-
chloride). Compounds are tested in a dose response to
generate an activity curve. Trolox (6-hydroxy-2,5,7,8-tetra-
methylchroman-2-carboxylic acid) is used as a positive
control and to generate a standard curve. The area under
the curve (AUC) of normalized decay curves was deter-
mined for each concentration of control and sample. Tro-
lox net AUC was used as a standard curve to calculate the
Trolox equivalence of the test samples. Values are mmoles
Trolox activity/g of test compounds.

Data Analysis
Data are presented as means � S.E.M. Calculations were
performed using Microsoft Excel 2010 and statistical anal-
ysis were performed using SAS Systems, version 8.2 (SAS
Institute, Cary, NC). In this analysis, data were analyzed
among three or more groups as follows: When equality of
variances was indicated by a Bartlett's test, statistical anal-
ysis was performed using a one-way analysis of variance
followed by a Dunnett's multiple comparison test. When
equality of variances was not indicated by a Bartlett's test,
statistical analysis was performed using a Kruskal–Wallis
test followed by a Dunnett's multiple comparison test.
Figure1 Remo inhibited weight gain compared to untreated DIOmice. C57B
the initial feeding period the mice were divided into Ad-libitum (panels A and C)
additional 4-weeks on a normal diet (Normal), HFD32 (Control group), or HFD
(Beza).
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Comparisons between two groups were made as follows:
when equality of variances was indicated by an F-test,
statistical analysis was performed using a Student's t test.
When equality of variances was not indicated by an F-test,
statistical analysis was performed using a Welch's t test.
RESULTS

Diet-induced Obesity Model and Drug
Treatment
Mice treated with Remo consumed slightly more than
untreated animals (Figure 1A). Thus, both ad-libitum
and pair-fed (PF) groups (Figure 1B) were established. Daily
drug intake was determined by multiplying drug concen-
tration in chowby foodconsumption.Total drug consumed
in animals fed Remo at 0.01% and 0.03% ad-libitum was
13.2 � 2.2 mg/kg/day and 33.9 � 2.0 mg/kg/day, respec-
tively. Consumption of Remo in Pair-fed animals fed
0.01% and 0.03% Remo was 10.8 � 0.4 mg/kg/day and
32.0 � 1.6 mg/kg/day, respectively. Animals fed bezafibrate
0.2% ad-libitum consumed 198.7 � 16.1 mg/kg/day.

At the end of the initial 11-week feeding period, com-
pared to mice receiving normal chow, mice fed HFD32
became obese (body weight; 28.9 � 0.5 vs 42.7 � 0.5 g,
L/6Jmice were given a diet of normal chow or HFD32 for 11-weeks. After
or Pair-Fed (panels B and D) groups. These groups were continued for an
32 supplemented with 0.01% Remo, 0.03% Remo or 0.2% bezafibrate

© 2015, INASL
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P < 0.001). The Control and Control-PF groups (untreated
and maintained on HFD32) continued to gain weight
during the 4-week treatment period (Figure 1C–D). In
contrast, pair-fed mice treated with Remo displayed and
initial weight loss during the first 10 days of treatment, and
continued to maintain the reduced weight during the
treatment period. The untreated HFD32-fed mice also
displayed elevated non-fasting plasma glucose (169.8
� 5.9 vs 210.9 � 4.3 mg/dL, P < 0.001). In addition, and
described in more detail below, untreated HFD32-fed mice
had elevated liver enzymes (ALT and AST), increased oxi-
dative stress (TBARS) in both liver and serum, as well as
elevated expression of TNF-a and MCP-1. Furthermore,
untreated HFD32-fed mice displayed significant steatosis
and elevated liver weight. Thus, at the end of the initial
feeding period, animals fed HFD32 displayed character-
istics consistent with NAFLD. Furthermore, the Control
and Control-PF groups continued to display the NAFLD
phenotype throughout the treatment period.

Plasma Alanine Aminotransferase/Aspartate
Aminotransferase
Levels of ALT/AST are routinely followed as markers of
NAFLD and NASH, as well as general markers for liver
function and potential toxicity. Prior to the beginning of
the 4-week treatment period, compared to normal lean
mice, the HFD32 fed obese animals had significantly
Figure 2 Treatment with Remo reduced plasma ALT in pair-fed mice. Levels
period and at the end of weeks 2 and 4 in Ad-libitum (panel A) and Pair-fed (pa
panel C (**P-value�0.001 vs Control Pair-Fed; ## P-value�0.005 vs Control o
bezafibrate.
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elevated serum levels of ALT and AST. In the obese Control
and Control-PF groups, these levels continued to rise
during the 4-week period (Figures 2 and 3). In the pair-
fed animals, Remo significantly reduced the level of
ALT by 2-weeks, which was maintained throughout the
study (Figure 2B). At the end of the 4-week treatment
period serum ALT levels were significantly lower in both
Remo-treated ad-libitum and pair-fed groups (Figure 2C).
Similarly, at the end of the 4-week treatment period, AST
levels in Remo-treated mice were significantly reduced
(Figure 3C).

Liver Weight
At the end of the 4-week treatment period, liver weights
were determined. In the obese Control and Control-PF
mice, liver weights were elevated �2-fold compared to
animals fed a normal chow diet. In contrast, in the pair-
fed animals, Remo reduced total liver weight and liver
weight indices to levels similar to those observed for nor-
mal lean mice (Figure 4).

Hepatic Steatosis
Assessment of hepatic lipid accumulation was determined
by calculation of the average area of fatty droplets in liver
sections stained with Oil Red O, and by direct measure-
ment of TG levels in liver homogenates. Representative
images of Oil RedO stained liver sections obtained for each
of ALT in the plasma were determined at the beginning of the treatment
nel B) groups. Data from the end of the treatment period are compiled in
r Control Pair-Fed). N.S., not significant; Nor, Normal; Ctrl, Control; Beza,
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Figure 3 Treatment with Remo reduced plasma AST in pair-fed mice. Levels of AST in the plasma were determined at the beginning of the treatment
period and at the end of weeks 2 and 4 in Ad-libitum (panel A) and Pair-fed (panel B) groups. Data from the end of the treatment period are compiled in
panel C (* P-value�0.05; ** P-value �0.001 vs Control Pair-Fed; ## P-value �0.005 vs Control or Control Pair-Fed). N.S., not significant; Nor, Normal;
Ctrl, Control; Beza, bezafibrate.
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treatment group are shown in Figure 5A, and indicate a
dramatic increase in intracellular lipid accumulation in
samples obtained from animals fed a high fat diet. Pair-fed
animals treated with Remo showed reduced Oil Red O
staining. Consistent with these observations, the average
area of fatty droplets was significantly decreased in Remo
treated pair-fed animals (Figure 5B). Finally, in the
untreated obese animals, there was an approximate 10-
fold increase in hepatic lipid content. Pair-fed mice treated
with Remo at 0.01% and 0.03% displayed approximately
20% and 40% reduction in total hepatic lipid content,
respectively (Figure 5C).
Figure4 Liver weights were reduced in DIO mice treated with Remo. Mice w
calculated (g liver weight/g body weight � 100) and is shown in panel B. # P-
Pair-Fed; ** P-value �0.01 compared to Control Pair-Fed. N.S., not signific
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Effect of Remogliflozin Etabonate on mRNA
Levels of Tumor Necrosis Factor Alpha and
Monocyte Chemoattractant Protein-1
Both TNF-a and MCP-1 are involved in inflammatory
processes and are linked to development of insulin resis-
tance.33,34 Compared to lean animals, untreated obese
animals displayed an approximate 5-fold increase in the
levels of mRNA for both TNF-a and MCP-1 (Figure 6).
Pair-fed animals treated with Remo displayed a maximum
69% reduction in the obesity-induced levels of both TNF-a
and MCP-1.
ere sacrificed and livers excised and weighed (panel A). A Liver Index was
value �0.03 vs Control Pair-Fed; ## P-value �0.01 vs Control or Control
ant; Nor, Normal; Ctrl, Control; Beza, bezafibrate.

© 2015, INASL



Figure 5 Remo reduced hepatic triglyceride content and intracellular fatty droplet size. Sections of formalin-fixed livers were stained with Oil red O
(panel A). These images were used to calculate the average area of intracellular fatty droplets shown in panel B (## P-value �0.0001 compared to
Control or Control Pair-Fed; **P-value�0.007 compared to Control Pair-Fed). Total hepatic TG content (panel C) was determined using and valueswere
normalized for sample weight (## P-value�0.002 compared to Control or Control Pair-Fed; ** P-value�0.009 compared to Control Pair-Fed). N.S., not
significant; Nor, Normal; Ctrl, Control; Beza, bezafibrate; PF, Pair-Fed.

JOURNAL OF CLINICAL AND EXPERIMENTAL HEPATOLOGY

N
A
FL
D

Thiobarbituric Acid-reactive Substances as a
Measure of Oxidative Stress
An imbalance in the cellular production of reactive oxygen
species (ROS) and the antioxidant capacity of the cell can
result in oxidative stress. By-products of lipid peroxidation
are associated with oxidative stress and can be quantified
using the thiobarbituric acid reactive substances (TBARS)
assay. Assessment of TBARS showed reduced levels of
oxidative stress markers in both serum (37% decrease)
Figure6 Effect of Remo on DIO-associated increase in expression of TNF-a
levels of expression for TNF-a (panel A; # P-value �0.02 compared to Contro
and MCP-1 (panel B; ## P-value �0.004; ** P-value �0.006). Data are pr
significant; Nor, Normal; Ctrl, Control; Beza, bezafibrate.

Journal of Clinical and Experimental Hepatology | September 2015 | Vol. 5
and liver homogenates (22% decrease) isolated from
Remo-treated pair-fed mice (Figure 7).

In Vitro Antioxidant Activity of Remogliflozin
Etabonate
The antioxidant activity of individual compounds can be
determined by measuring the oxygen radical absorbance
capacity (ORAC assay). Comparison of the test compound
with a known standard (Trolox) provides and index of
and MCP-1. Total RNA purified from liver samples was used to determine
l; ## P-value �0.008 compared to Control Pair-Fed; ** P-value �0.008)

esented as % Control of Ad-libitum or Pair-Fed as indicated. N.S., not

| No. 3 | 190–198 195



Figure 7 Remo reduces the obesity-induced increase in the oxidative stress marker TBARS. Thiobarbituric acid reactive substances (TBARS) were
determined at the end of the treatment period in serum samples and liver homogenates.
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antioxidant capacity.35 Remogliflozin is the active compo-
nent of the pro-drug remogliflozin etabonate. The pro-
drug is rapidly cleaved in the gut to produce remogliflozin.
Using the ORAC assay, we determined the antioxidant
capacity of equal concentrations of remogliflozin etabon-
ate, remogliflozin, canagliflozin and dapagliflozin. As
shown in Figure 8, remogliflozin displays a robust antioxi-
dant activity compared to the pro-drug and other SGLT2
inhibitors, canagliflozin and dapagliflozin.
DISCUSSION

Remo is in an advanced stage of clinical development.
Similar to other SGLT2 inhibitors (e.g. canagliflozin and
dapagliflozin) in type 2 diabetic subjects, Remo has been
shown to reduce postprandial glucose excursions, improve
HbA1c, increase insulin sensitivity and improve pancreatic
beta cell function.22,24–26,36 We previously reported that
the SGLT2 inhibitors, sergliflozin and Remo, exhibited
anti-hyperglycemic and insulin sensitizing properties in
several rodent models of diabetes including streptozoti-
cin-induced diabetic rats, Zucker fatty rats, KK-Aymice and
Figure 8 Remogliflozin possesses significant antioxidant capacity. Anti-
oxidant capacity of Remo, remogliflozin, canagliflozin and dapagliflozin
was determined in vitro using an oxygen radical absorbance capacity
(ORAC) assay.
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GK rats.21,37–39 In addition, in these earlier studies, long-
term treatment with sergliflozin etabonate improved glu-
cose metabolism and insulin resistance, accompanied with
marked reduction in hepatic fatty droplets and hepatic TG
content.38 More recently, the SGLT2 inhibitor ipragliflo-
zin, which was approved in Japan, was shown to improve
hepatic steatosis and necroinflammation accompanied
with significant reduction in hepatic oxidative stress
markers and inflammatory makers in rodent models.40,41

While the exact mechanism remains unclear, taken
together the above studies suggest that these SGLT2 inhib-
itors have the potential to improve fatty liver disease.

While no single animal model can exactly recapitulate
development of NAFLD and NASH in humans, the DIO
mouse provides a relevant model to follow several early
events in nutritionally-induced fatty liver, as well as exam-
ine potential therapeutics. In this study, we focused on
examining the potential benefits of Remo in C57BL/6J
mice fed the high fat diet, HFD32. These mice became
obese, displayed elevated plasma glucose, had increased
liver weight and developed significant hepatic steatosis
that was accompanied by a marked increase in circulating
levels of liver enzymes and elevated oxidative stress. After
the initial feeding period to establish the disease pheno-
type, the treatment period was initiated and it was noted
that animals receiving Remo ate slightly more than the
untreated HFD32 control group; suggesting the loss of
calories in the urine caused compensation for calorie
intake. Thus, based on the average daily food consumption
in the untreated DIO Control group, two additional Remo
groups were pair-fed, receiving an equal amount of HFD32
chow as Control group, but containing either 0.01% Remo
or 0.03% Remo. HFD32-fed mice that did not receive Remo
continued to gain weight and displayed further elevated
levels of ALT and AST. In contrast, HFD32 pair-fed mice
treated with Remo did not gain additional weight, and had
significantly decreased serum levels of ALT and AST. Treat-
ment with Remo also reduced liver weight in parallel with a
significant reduction in hepatic steatosis, as indicated by
a reduction in both total hepatic TG content and average
© 2015, INASL
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area of fatty droplets observed within hepatocytes. Thus,
Remo was able to reduce the early pathophysiologic
parameters associated with development of fatty liver dis-
ease. Furthermore, TNF-a has been proposed as a link
between obesity and insulin resistance. Moreover, MCP-1
has contributed to macrophage infiltration into adipose
and liver tissue, and has also been associated with devel-
opment of insulin resistance and fibrosis.33,34 The ability
of Remo to inhibit the DIO-induced levels of mRNA for
TNF-a and MCP-1 is consistent with improved insulin
action and glucose metabolism observed in earlier stud-
ies,21,37–39 and is suggestive of a decreased inflammatory
response.

Remo (remogliflozin etabonate) is rapidly converted in
the gut to the active entity remogliflozin.21 Remogliflozin
is an O-linked glycoside, where as other SGLT2 inhibitors
are C-linked glycosides.21,27 Interestingly, the chemical
structure of remogliflozin suggests that it may possess
intrinsic antioxidant properties. Indeed, compared to can-
agliflozin and dapagliflozin, remogliflozin displays signifi-
cant antioxidant capacity. Thus, in addition to its insulin
sensitizing properties, these data suggest that remogliflo-
zin may act as an effective antioxidant. This is relevant
since antioxidant therapeutics, such as vitamin E, are being
investigated for the treatment of fatty liver disease.3 Fur-
thermore, we observed decreased TBARS in Remo-treated
animals. It is unclear whether this observation is a result of
Remo's ability to solely increase insulin sensitivity, act as
an antioxidant or both.

In summary, in this DIOmouse model, Remo improved
the pathophysiologic characteristics associated with
NAFLD. With respect to improvement in hepatic steatosis,
these findings are consistent with previous studies exam-
ining Remo in genetic models of insulin resistance in
rodents; specifically Zucker fatty rats, KK-Ay mice and
GK rats.21,37–39 Furthermore, since we have observed sig-
nificant antioxidant activity with Remo in vitro, it is possi-
ble that Remo could directly affect hepatic function in a
manner entirely independent of its ability to inhibit
SGLT2. Additional studies in both animal models and
cell-based assays are needed to further examine this
hypothesis. Although several potential therapeutics are
in clinical trials, no drugs have been approved for the
specific treatment of NAFLD or NASH. Experimental
treatments under evaluation in patients with NASH
include compounds that target oxidative stress such as
the antioxidants vitamin E, selenium, and betaine3; and
compounds that target insulin resistance such as metfor-
min and thiazolidinediones.2 More recently, the FXR ago-
nist obeticholic acid appears to show some efficacy in
patients with NASH.4,42 In an attempt to block the effects
of MCP-1, antagonists of the cell surface receptors, CCR2/
CCR5, are also being explored.43 Taken together, the data
from this study and others suggest that Remo can target
multiple pathways involved in the development of fatty
Journal of Clinical and Experimental Hepatology | September 2015 | Vol. 5
liver disease and may be an effective therapeutic for the
treatment of NAFLD/NASH. Clinical trials in patients
with histologically proven NASH could validate this
hypothesis.
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