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Background: SKLB023, a novel 5-benzylidenethiazolidine-2,4-dione based-derivative, spe-
cifically inhibits inducible nitric oxide synthase and shows promise for treating non-alcoholic
steatohepatitis (NASH). However, its poor water solubility and low bioavailability limits its
clinical use. Here the drug was loaded into phosphatidylcholine-bile salt-mixed micelles
(PBMM/SKLBO023) to overcome these limitations.

Methods: PBMM/SKLB023 was developed using a simple co-precipitation method, and
formulation parameters were optimized. The pharmacokinetics of PBMM/SKLB023 were
investigated in Wistar rats, and therapeutic efficacy was assessed in a mouse model of NASH
induced by a diet deficient in methionine- and choline.

Results: PBMM/SKLBO023 particles were 11.36+2.08 nm based on dynamic light scattering,
and loading the drug into micelles improved its water solubility 300-fold. PBMM/SKLB023
inhibited proliferation and activation of HSC-T6 cells more strongly than free SKLB023.
PBMM/SKLBO023 showed longer mean retention time and higher bioavailability than the
free drug after intravenous injection in Wistar rats. In the mouse model of NASH, PBMM/
SKLBO023 alleviated hepatic lipid accumulation, inflammation, and fibrosis to a significantly
greater extent than free SKLB023.

Conclusion: PBMM/SKLB023 shows therapeutic potential for treating NASH and liver
fibrosis.

Keywords: phosphatidylcholine-bile salt-mixed micelles, bioavailability, solubilizing
efficiency, NASH

Introduction

Non-alcoholic steatohepatitis (NASH) is part of the spectrum of non-alcoholic fatty
liver disease characterized by steatosis, inflammation, and progressive fibrosis.'
Progression to NASH can ultimately result in severe and irreversible liver damage,
including cirrhosis and hepatocellular carcinoma. NASH is typically accompanied
by one or more metabolic disorders,” so slowing or halting NASH progression can
help prevent severe liver diseases and metabolic disorders. There is no well-
established pharmacological approach for treating NASH,*” so studies aimed at
exploring novel therapeutic agents to treat NASH are urgently needed.

The pathogenesis of NASH is complex,’ and nitric oxide produced by inducible
nitric oxide synthase (iNOS) plays an important role in its progression.”* Reducing
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iNOS expression improved insulin resistance and inflam-
mation in mice on a high fat diet.*° Therefore, inhibiting
iNOS may help prevent fat accumulation and inflamma-
tion in the liver. Indeed, peroxisome proliferator-activated
receptor-y (PPAR-y) down-regulates iNOS, and thiazolidi-
nediones ligands of PPAR-y exert anti-inflammatory
effects.'®!!

PPAR-y inhibit the production of pro-inflammatory cyto-

Various natural and synthetic ligands of

kines interleukin-1p (IL-1B) and tumor necrosis factor-o
(TNF-0) in vitro.'"*"* A large, randomized, placebo-
controlled trial of non-diabetic patients with NASH
found that the thiazolidinedione pioglitazone significantly
reduced steatosis, inflammation, hepatocyte ballooning,
and levels of liver enzymes.'*

These results encourage us to develop novel agents for
the treatment of NASH and other inflammatory diseases
related to nitric oxide and iNOS. We recently showed that
based-

derivative SKLB023 (Figure 1) reduced inflammation in
15-17

the novel 5-benzylidenethiazolidine-2,4-dione

rheumatoid arthritis, and that it significantly attenu-
ated hepatic lipid accumulation, inflammation, and fibrosis
in NASH.'® However, the aqueous solubility of SKLB023
was only 4 pg/mL, which limited the administration route
to gavage. This route means low bioavailability and higher
risk of unanticipated toxicity because of the higher doses
needed to achieve a therapeutic effect.'

Here we addressed the poor water solubility and low bioa-
vailability of SKLB023 by loading it into phosphatidylcholine-
bile salt-mixed micelles (PBMM). These solubilizing micelles,
which can be prepared using a simple co-precipitation method,
are effective for rendering poorly soluble drugs suitable for
intravenous administration.'*2° Bile salts can solubilize phos-
phatidylcholine to form a clear solution of mixed micelles,”’
and solubilized phospholipids in the micelles can help neutra-
lize the hemolytic effects of bile salts. PBMM can encapsulate
drugs tightly and remain small enough (10—100 nm) for good
pharmacokinetics and drug bioavailability. The mixed micelles
are well tolerated locally and systemically, with no embryo-
toxic, teratogenic, or mutagenic effects after administration.**

We evaluated the ability of PBMM/SKLBO023 to treat
NASH in mice fed a diet deficient in methionine and

Figure | Chemical structure of SKLB023.

choline. To our knowledge, this is the first SKLB023
nano-formulation to work well against NASH in an animal
model.

Materials and methods

Materials and animals
SKLBO023 was synthesized as described.'> Egg phospha-
tidylcholine (EPC, 80% purity) was obtained from
Lipoid GmbH (Ludwigshafen, Germany). Sodium gly-
cocholate (SGC) was a gift from Chongqing Yaoyou
Pharmaceutical (Chongqing, China). Tetrahydrofuran
and other analytical grade chemicals were purchased
from Sigma Aldrich (St. Louis, MO, USA). DMEM,
penicillin, streptomycin, and fetal bovine serum were
purchased from Hyclone (USA).

Animals were housed at West China Hospital, Sichuan
University, in accordance

with the guidelines of the institutional Animal Care and
Use Committee.

Preparation and characterization of

PBMM/SKLB023

Due to the good solubility of SKL.B023, SGC, and EPC in
tetrahydrofuran, SKLB023 was easily loaded into PBMM
using the coprecipitation method.”® Briefly, SKLB023,
SGC, EPC at different molar ratios, and concentrations
were dissolved in tetrahydrofuran, which was then evapo-
rated at 40°C under vacuum to form a thin film. The film
was rehydrated in physiological saline and dispersed by
slight shaking, after which the pH was adjusted to approxi-
mately 7.4. To remove unloaded drug, the solution was
centrifuged at 10,000 g for 10 minutes, and the supernatant
containing PBMM was collected.

The single-factor method was used to optimize several
factors in PBMM formulation, including the mass ratio of
EPC and SGC, the total concentration of EPC and SGC,
the dose of SKL.B023 and the pH value of dispersed
medium.

The particle size distribution and zeta-potential of
PBMM/SKLB023 was determined by dynamic light scat-
tering (Malvern Zetasizer Nano ZS90,
Instruments Ltd, Malvern, UK). All results
mean of three experiments. Morphology was examined

Malvern
were the

using a transmission electron microscope (H-60091V,
Hitachi, Japan). The micellar solution was placed on cop-
per grids, stained with 2% (w/v) phosphotungstic acid for
30 seconds, dried at room temperature, and examined.
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Drug solubility, solubilizing efficiency, and

drug loading of PBMM/SKLB023

The concentration of the SKLB023 solubilized by PBMM
was determined using high-performance liquid chromato-
graphy (HPLC), as described.'” Measurements were the
average of triplicate determinations. The solubilizing effi-
ciency and drug loading (DL%) were calculated by the
following equations:

Solubilizing efficiently (%) = weight of drug loaded
/weight of drug input
x 100%

DL(%) = weight of drug loaded
/total weight of micelles
x 100%

For the stability of PBMM/SKLB023, samples were
stored at 4°C or 37°C for different periods of time, then
the size and polydispersity index (PDI) were measured.

Cell culture and treatment

Activated rat hepatic stellate cells HSC-T6 were cultured
in DMEM with high glucose (Hyclone) supplemented with
10% FBS (Hyclone), 100 IU/mL penicillin, and 100 pg/
mL streptomycin. Cells were maintained at 37°C in
a humidified atmosphere containing 5% CO,, and the
culture medium was changed every other day.

For in vitro cytotoxicity, HSC-T6 cells were seeded in
96-well plates at a density of 5x10° per well and cultured
at 37°C for 24 hours in the presence of 5% CO,. Serial
dilutions of blank PBMM, free SKLB023, or PBMM/
SKLBO023 in FBS-free medium were added to the wells,
and plates were incubated for another 48 hours.
Cytotoxicity of the different treatments against HSC-T6
cells was evaluated using the MTT assay.

For the in vitro anti-fibrosis assay, HSC-T6 cells were
seeded in 6-well plates at a density of 4x10* per well and
cultured at 37°C for 24 hours. Cells were treated with free
SKLB023 or PBMM/SKLB023 (20 pumol/L) for 48 hours
and then harvested.

Pharmacokinetics in rats

Wistar rats (200£20 g) were randomly divided into two
groups, with six rats in each group. SKLB023 or PBMM/
SKLB023 were administered by intravenous injection through
the tail vein at a dose of 10 mg/kg SKLB023. Blood was

collected from the ocular vein into heparinized Eppendorf
tubes at 5, 15, 30, 45, 60, 120, 240, and 300 minutes, then
immediately centrifuged at 5,000 g at 4°C for 10 minutes. The
supernatant was collected and stored at —80°C until analysis.

Therapeutic effect of PBMM/SKLBO023 in

a mouse model of NASH

C57BL/6] mice were divided into four groups, with six
mice in each group. Mice received a diet deficient in
methionine and choline or the control amino acid diet
(TrophicDiet, Nanchang, China) for 4 weeks. Then ani-
mals were treated with saline, SKLB023, or PBMM/
SKLB023 daily by intravenous injection through the tail
vein at a dose of 10 mg/kg SKILLB023 for another 2 weeks,
while being maintained on the deficient or control diet. At
the end of 6 weeks, all mice were sacrificed, and samples
of blood and liver were stored at —80°C for further
analysis.

Liver function was assessed based on levels of serum
alanine transaminase (ALT) and aspartate aminotransfer-
ase (AST), as assayed using appropriate commercial
enzyme-based kits (Zhongsheng Technologies, Beijing,
China) according to the manufacturer’s instructions.

To analyze hepatic triglycerides levels, 150 mg of liver
was homogenized in 1 mL of phosphate-buffered saline
(PBS). Total lipids were extracted using chloroform/
methanol (2:1, v/v) and dissolved in 1% Triton X-100 in
ethanol. Triglycerides were measured using commercial
kits (Zhongsheng Technologies).

For histological analysis, livers were fixed in 4% for-
maldehyde, embedded in paraffin, sectioned to a thickness
of 5 um, and stained with hematoxylin and eosin. Frozen
sections (10 um) were used for Oil Red O staining.

Quantitative RT-PCR

Total cellular RNA was extracted with Trizol reagent and
reverse-transcribed into cDNA using the iScript cDNA
synthesis kit (TaKaRa, Kyoto, Japan). Quantitative real-
time PCR was performed using the SYBR green-based
assay with CFX96 Real-Time system (Bio-rad, Hercules,
CA, USA). The following primer sequences was used
(shown 5°-3%): 0-SMA sense, CTGTGCTATGTCGCT

International Journal of Nanomedicine 2019:14

CTGGA; o-SMA anti-sense, ATAGGTGGTTT
CGTGGATGC; Collal sense, GGTCAGACCTGTGT
GTTCCC; Collal anti-sense, GGTCCATGTAGGCT
ACGCTG; TGF-f sense, GCTAATGGTGGACCG
CAACAA; TGF-p anti-sense, CACTGCTTCCCGAA
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PAI-1
and PAI-lanti-sense,

CCGAGAGCTTTGTGA
ACATCTGCATCCT

TGTCTGA;
AGGAG;
GGAGCTT.

sense,

Statistical analysis

Results are expressed as the mean+SEM for each sample.
Statistical significance was determined using Student’s
unpaired two-tailed #-test or one-way ANOVA for multiple
comparisons with Tukey’s test. P<0.05 was considered
statistically significant.

Results
Solubilizing efficiency of different PBMM/
SKLB023 formulations

The influence of the mass ratio EPC to SGC on solubilizing
efficiency of PBMM/SKLB023 at a constant SKI.LB023 con-
centration of 1.0 mg/mL was examined (Figure 2A). When the
ratio decreased from 1:0.7 to 1:1.5, the efficiency of SKLB023
solubilization increase significantly. However, a further
decrease of the ratio from 1:1.5 to 1:2 slightly reduced the
solubilizing efficiency. Thus, a ratio of 1:1.5 was used in
subsequent studies, providing solubilizing efficiencies as high
as 98.25%.

120 -
100 +
801
601

401

Solubilizing efficiency (%)

(@)

120 1

804

Solubilizing efficiency (%)

pH value of dispersed medium

While keeping the SKLB023 concentration at 1.0 mg/kg,
the influence of total concentration of EPC and SGC on
solubilizing efficiency was investigated (Figure 2B). The
efficiency was maximal at a total concentration of 50 mg/
mL, and it did not increase further when the total concentra-
tion rose above 50 mg/mL.

SKLB023 concentration influenced the stability of PBMM
(Table 1). The maximal concentration was around 1.0 mg/mL,
with higher concentrations destabilizing the micelles.

The influence of pH on the solubilizing efficiency of
PBMM/SKLB023 was examined (Figure 2C). Increasing
pH between the range of 2 and 8 dramatically improved
solubilizing efficiency, which slightly decreased at pH
values higher than 8. At physiological pH around 7.4,
solubilizing efficiency was as high as 95.45%, so this
value was used in subsequent experiments.

The results of this single-factor optimization led us to
formulate PBMM/SKLB023 using 1.0 mg SKLB023,
20 mg EPC, 30 mg SGC, and 1.0 mL physiological saline.

Characterization of PBMM/SKLB023

The solubility of SKLB023 in water was approximately
0.0032 mg/mL, which increased to 0.98+0.02 mg/mL after
loading into PBMM based on the optimized formulation.

120
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=
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o
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=
3
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Total concentration of EPC and SGC(mg/mL)

Figure 2 (A) Influence of mass ratio of egg phosphatidylcholine (EPC) and sodium glycocholate (SGC) on SKLB023 solubilizing efficiency at 25°C (n=3). (B) Influence of
total concentration of SGC and EPC on SKLB023 solubilizing efficiency at 25°C (n=3). (C) Influence of pH value of the dispersing medium on SKLB023 solubilizing effciency

at 25°C (n=3).
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Table | Influence of SKLB023 concentration on the stability of
PBMM/SKLB023

SKLB023 (mg/mL) | EPC+SGC (mg) | Time (h)
o1 |8]24
0.25 50 Y|Y|Y|Y
0.50 50 Y|Y|Y|Y
1.0 50 Y|Y|Y|Y
1.5 50 Y|]Y]|C]|C
2.0 50 c|Ccj|Cc]|C

Notes: Y represents settled solution; C represents SKLB023 separating out; n=3.

Solubilizing efficiency of PBMM/SKLB023 was 98.26%
+1.45%, while drug loading efficiency was 1.92%+0.12%
(Table 2).

Figure 3A illustrates the structures of PBMMB/
SKLB023. Based on three separate measurements, the
mean size of PBMM/SKLB023 was 11.36+2.08 nm, with
a polydispersity index of 0.12+0.02, and the zeta-potential
was —6.8+1.2 mV (Figures 3B and C). Transmission elec-
tron microscopy showed that micelles were spherical,
homogeneous, and monodisperse (Figure 3D).

The average size of PBMM/SKLB023 remained nearly
unchanged for 7 days at both 4°C and 37°C, and poly-
dispersity index increased only slightly over the same
period (Figures 3E and F). These results suggested the
good stability of PBMM/SKLB023.

Anti-fibrosis effect of PBMM/SKLB023 on
HSC-Té6 cells

Since activation and proliferation of hepatic stellate cells
(HSCs) is key in progression of NASH-related liver
ﬁbrosis,24’25 the activated HSC cell line HSC-T6 was used
to investigate the efficacy of PBMM/SKLB023 in vitro.
After 48-hours treatment with various concentrations of
blank PBMM, the viability in the MTT assay was >90%,
suggesting low cytotoxicity (Figure 4A). PBMM/SKLB023
significantly inhibited HSC-T6 proliferation, and it inhibited
proliferation to a greater extent than free SKLB023.

Table 2 Solubilizing efficiency and drug loading of PBMM/
SKLB023

Solubility Solubilizing effi- | Drug
(mg/mL) ciency (%) loading
(%)
PBMM/ 0.98+0.02 98.26%*1.45% 1.92%+0.12%
SKLB023

Notes: Data reported as meantstandard deviation; n=3.

Next we compared free SKLB023 and PBMM/SKLB023
for their ability to inhibit fibrosis in HSC-T6 cells, based on
quantitative PCR analysis of four fibrosis-related genes (o-
SMA, Collal, TGF-B, and PAI-1). At the same concentration
of 20 umol/L, free SKLLB023 showed a negligible effect on
mRNA levels of these genes, whereas PBMM/SKLB023
dramatically reduced them. This may reflect the greater
uptake of PBMM/SKLB023 than free drug into cells. These
results indicated that PBMM/SKLBO023 can effectively inhi-
bit HSC-T6 proliferation and activation.

Pharmacokinetics

Plasma concentrations of SKLLB023 over time in rats injected
with PBMM/SKLB023 or free SKLB023 are shown in
Figure 5. Levels of PBMM/SKLB023 were significantly
higher than those of free SKLB023 at all time points, and
PBMM/SKLB023 showed longer clearance time from
plasma (Table 3). PBMM/SKLB023 was associated with
significantly higher C. (52.03+£5.65 mg/L) than free
SKLB023 (9.54+1.30 mg/L), longer t;,, (0.74 vs 0.37 h)
and 6.04-fold greater AUCy,. These encouraging results
suggest that PBMM/SKLB023 can increase the therapeutic
efficacy of SKLB023.

PBMM/SKLBO023 can alleviates steatosis in

a mouse model

To assess the therapeutic efficacy of PBMM/SKLB023 against
NASH in an animal model, we fed mice with a control diet or
a diet deficient in methionine and choline for 6 weeks. This
deficient diet is widely used to induce key features of NASH,
including steatosis, hepatic inflammation, and fibrosis.*®*’
Alanine aminotransferase (ALT) and aspartate aminotransfer-
ase (AST) serve as surrogate markers of liver injury. As
expected, the deficient diet significantly increased serum levels
of ALT and AST as well as hepatic levels of triglycerides
(Figure 6). These increases were suppressed by free
SKILB023 and PBMM/SK1LB023, while the nanoparticle for-
mulation showed significantly greater therapeutic effect than
the free drug.

Histology examination also provided supportive evidence
for the results obtained from the biochemical analysis. Mice on
the deficient diet showed obvious vesicular lesions and severe
neutrophile infiltration, and this was moderately improved
after treatment with free SKLLB023, but substantially improved
after treatment with PBMM/SKLB023 (Figure 6D).
Consistently, PBMM/SKLB023 reduced the number and size
of fat droplets more than free SKLLB023, based on Oil Red
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Figure 3 Characterization of PBMM/SKLB023 micelles. (A) Schematic illustration of PBMM/SKLB023 micelles. (B) Particle size. (C) zeta-potential distribution. (D)
Transmission electron micrograph. (E) Particle size. (F) polydispersity index of PBMM/SKLB023 micelles at 4°C or 37°C for 7 days.

O staining (Figure 6E). These results suggest greater therapeu-
tic effects with PBMM/SKL.B023 than with free SKL.LB023.
Notably, PBMM/SKLB023 showed comparable effects with
pioglitazone (Figure S1), a well documented drug active on
NASH.**°

PBMM/SKLBO023 can alleviate liver fibrosis

and inflammation in a mouse model
Liver fibrosis was assessed using Sirius red and Masson’s
trichrome staining. Liver tissue from mice on a deficient diet

stained positive for collagen (Figures 7A and B), which mod-
erately improved after treatment with free SKLB023, but sub-
stantially improved after treatment with PBMM/SKLB023.
The deficient diet stimulated inflammatory response,
based on quantitative PCR analysis of levels of mRNAs
expressing the proinflammatory factors TNF-a, I1L-6, IL-
1B, MCP-1, and PAI-1 (Figure 7C). As in the histology
analyses, free SKLB023 significantly reduced these levels,
but PBMM/SKLBO023 reduced them to an even greater
extent. These results suggest that PBMM/SKLB023 is
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Figure 4 Anti-fibrosis effects of PBMM/SKLBO023 in vitro. (A) Viability of HSC-Té
cells treated with different formulations. Data are meantSD (n=5). (B) Relative
mRNA levels of fibrosis-related genes (a-SMA, Collal, TGF-§, and PAI-1) in HSC-
T6 cells treated with different formulations. Data are mean+SD (n=3).
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Figure 5 Mean plasma concentration-time curves after intravenous administration of
SKLB023 and PBMM/SKLB023 in Wistar rats. In both conditions, the equivalent dose was

10 mg/kg.

superior to free drug for alleviating liver fibrosis and
hepatic inflammation in a mouse model of NASH.

Table 3 The main pharmacokinetic parameters of the free
SKLB023 and PBMM/SKLBO023 in rats

Parameter Free SKLB023 PBMM/SKLB023
AUC,.; (mg/L*h) 4.13+0.60 24.96+1.66

MRTo.. (h) 0.26+0.02 0.431£0.03

tiz (h) 0.37+0.06 0.74£0.10

Cnax (mg/L) 9.54+1.30 52.03+5.65

Notes: Data reported as meantstandard deviation; n=6.
Abbreviations: AUC, area under the curve; MRT, mean retention time.

Discussion
There is no established treatment for NASH, which is
becoming a major public health issue and is a leading
cause of liver transplantation.>'** Numerous clinical stu-
dies have demonstrated that thiazolidinediones can signif-
icantly steatosis, inflammation,

improve hepatocyte

ballooning, and levels of liver enzymes in NASH with

1433 Thiazolidinediones work at least

advanced fibrosis.
in part by inhibiting the activity of the proinflammatory
factors NF-kB, iNOS, and IL-6."

In our previous study, we demonstrated that the novel
5-benzylidenethiazolidine-2,4-dione based-derivative
SKLB023 showed potent effects against hepatic lipid
accumulation, inflammatory, and fibrosis in a mouse
model of NASH induced by a diet deficient in methionine
and choline.">'® However, the aqueous solubility of
SKLB023 was only 4 pg/mL, which limited the adminis-
tration route to gavage, leading to low bioavailability. In
the present study, we increased drug efficacy by loading it
into a phosphatidylcholine-bile salts-mixed micelle system
that can facilitate the drug’s delivery to all organs, avoid-
ing the absorption process. Such micelles have proven
similarly effective with other drugs targeting other
diseases.'”?*** To our knowledge, this is the first
SKLB023 nano-formulation to show efficacy against
NASH.

In order to optimize the PBMM/SKLB023 prepara-
tion, we examined how water solubility and drug load-
ing efficiency depended on three main solubilization
parameters: (1) EPC/SGC mass ratio, (2) total concen-
tration of EPC and SGC, and (3) pH value. Following
optimization of these parameters, we obtained spherical
particles of 11 nm with a zeta potential of =7 mV, and
they behaved as a stable, uniform system. The aqueous
solublity of SKLBO023 in PBMM was 0.98 mg/mL,
than that

approximately 300-fold higher of free

SKLB023 (0.0032 mg/mL).
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vs free SKLB023 (n=6 for each group).

Pharmacokinetic studies showed that C,,, and mean
retention time of SKLB023 in plasma were significantly
greater when the drug was delivered in PBMM/SKLBO023,
resulting in a 6-fold higher AUC than for the free drug.
These results are likely due to interactions between the
drug and PBMM when the mixed micelles are above the
the of
administration.'>*> The bile salts and phospholipid in the

critical micelle concentration at time
mixed micelles may also help the uptake of SKLB023 into
organ tissue.

We found that PBMM/SKLB023 showed greater
anti-fibrosis activity than free SKLB023 in vitro and
in vivo. PBMM/SKLB023 was superior to free drug in
inhibiting the proliferation and activation of hepatic
stellate cells HSC-T6, as well as protecting a NASH
mouse model against liver injury, lipid accumulation,
The

enhancing ability of PBMM may involve multiple

inflammatory and hepatic fibrosis. efficacy-

mechanisms. Two have been discussed above: the ability

of PBMM micelles to solubilize SKLB023 in the circu-
lation, which translates to greater bioavailability in
plasma, and to increase drug uptake into cells, since
cells can endocytose nanoparticles. A third mechanism
may be that damage to blood vessels in fibrotic liver can
enhance delivery of mixed micelles to the tissue through
the enhanced permeability and retention effect (EPR),

analogous to the situation with solid tumors.*®>®

Conclusions

Formulating the weakly water-soluble drug SKLLB023 into
mixed micelles based on phosphatidylcholine and bile
salts substantially improved its solubility and, therefore,
its bioavailability following intravenous injection. The
stable, uniform particles were better than free SKL.B023
at alleviating hepatic lipid accumulation, inflammation,
and fibrosis in a mouse model of NASH induced by
a diet deficient in methionine and choline. These results,
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Figure 7 Anti-fibrosis efficacy of PBMM/SKLB023 in a mouse model of NASH induced with a diet deficient in choline and methionine (MCD diet). Liver tissue from mice
after treatment with different formulations was stained with (A) Sirius Red or (B) Masson trichrome. Scale bar: 100 pm. (C) Liver tissue was homogenized and assayed for
relative levels of mMRNAs expressing TNF-a, IL-6, IL-1B, MCP-1, and PAI-1. *P<0.05 and *P<0.01 vs saline-treated NASH animals, *P<0.05 vs free SKLB023 (n=6 for each

group).

together with the potentially simple scale-up of PBMM/
SKLB023 production, suggest therapeutic potential against
NASH and liver fibrosis.
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