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DUR-928, an endogenous regulatory molecule, exhibits anti-
inflammatory and antifibrotic activity in a mouse model of NASH 
Mee J. Kim, WeiQi Lin, DURECT Corporation, Cupertino, CA, USA

INTRODUCTION RESULTS
Non-alcoholic steatohepatitis (NASH) is marked by the presence of
fatty liver, inflammation and fibrosis

DUR-928 is an endogenous regulatory molecule that has been
previously shown to reduce hepatic lipid accumulation and
inflammation in various animal models of non-alcoholic fatty liver
disease (NAFLD)

Phase I – Weeks 5-9
 Four weeks of daily oral DUR-928 treatment during the early
stages of NAFLD/NASH exhibited dose-dependent effects:

 Significant decrease in NAS

 Trend of decrease of liver fibrosis was observed

 Significant reduced hepatic expression of Tnfα and trend of
decrease of Mcp-1

Phase II – Weeks 9-13
 Four weeks of daily oral DUR-928 treatment when liver fibrosis
was established resulted in:

 Significant decrease in liver fibrosis

 Significant decrease in hepatocyte ballooning

 Trend of reduced hepatic expression of fibrotic genes,
Collagen 1a1 and 3a1

 Hepatic nodule formation, which progresses to hepatocellular
carcinoma in this model, was also reduced in total number, size
and incidence in DUR-928-treated mice

Conclusions
DUR-928 has the capability to improve liver morphology by its
anti-inflammatory and antifibrotic activity in STAMTM mice. These
data support the clinical development of DUR-928 for the
treatment of NASH and other inflammatory or fibrotic liver
diseases

The aim of this study was to investigate the efficacy of DUR-928 to
ameliorate the progression of NASH and liver fibrosis in the
STAMTM mouse model

 STAMTM mouse model of NASH1

 NASH was induced by a single subcutaneous injection of 200 ug
streptozotocin solution 2 days after birth in male C57BL/6J mice, followed
by high fat diet (57 kcal % fat) feeding at 4 weeks of age until end of the
study

 Dosing regimen and schedule
 Phase I: Weeks 5–9, daily oral doses of 10 or 50 mg/kg DUR-928 or
Vehicle (n=8-9/treatment group)
 Phase II: Weeks 9–13, daily oral doses of 50 mg/kg DUR-928 or Vehicle
(n=6-8/treatment group)
 Studies were terminated upon completion of dosing
 Baseline measurements were collected from untreated STAMTM mice at 
Week 9

 Phenotypic analysis
 Hematoxylin & eosin (H&E) staining on liver sections and
histopathological analysis by a certified veterinary pathologist were
performed to generate NAFLD activity scores (NAS)
 Percent (%) liver fibrosis as measured by presence of Sirius Red staining
and digital quantification
 Hepatic gene expression analyses by real-time reverse transcription
quantitative polyermase chain reaction and normalized to Vehicle
 Statistical analysis: One-way ANOVA with Dunnett’s Multiple
Comparison

 The STAMTM mouse model used in this study was developed and characterized
by SMC Laboratories (Tokyo, Japan)

 We acknowledge Drs. Hongwei Wu, Andy Miksztal and Neil Verity for their
scientific contributions to this study

1. Fujii M, Shibazaki Y, Wakamatsu K, Honda Y, Kawauchi Y, et al. (2013) A murine
model for non-alcoholic steatohepatitis showing evidence of association between
diabetes and hepatocellular carcinoma. Med Mol Morphol 46: 141–152
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Hepatic Nodule Formation
By Week 12, nodule formation starts to occur in STAMTM

mice. Four weeks of 50 mg/kg DUR-928 treatment that
was concluded at the end of Week 13 (Phase II) was
associated with reduced size and incidence of nodules
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DUR-928, an endogenous regulatory molecule, exhibits anti-
inflammatory and antifibroticactivity in a mouse model of NASH 
MeeJ. Kim, WeiQi Lin, DURECT Corporation, Cupertino, CA, USA

INTRODUCTIONRESULTS
Non-alcoholicsteatohepatitis(NASH)ismarkedbythepresenceof
fattyliver,inflammationandfibrosis

DUR-928isanendogenousregulatorymoleculethathasbeen
previouslyshowntoreducehepaticlipidaccumulationand
inflammationinvariousanimalmodelsofnon-alcoholicfattyliver
disease(NAFLD)

PhaseI–Weeks5-9
FourweeksofdailyoralDUR-928treatmentduringtheearly
stagesofNAFLD/NASHexhibiteddose-dependenteffects:

SignificantdecreaseinNAS

Trendofdecreaseofliverfibrosiswasobserved

SignificantreducedhepaticexpressionofTnfαandtrendof
decreaseofMcp-1

PhaseII–Weeks9-13
FourweeksofdailyoralDUR-928treatmentwhenliverfibrosis
wasestablishedresultedin:

Significantdecreaseinliverfibrosis

Significantdecreaseinhepatocyteballooning

Trendofreducedhepaticexpressionoffibroticgenes,
Collagen1a1and3a1

Hepaticnoduleformation,whichprogressestohepatocellular
carcinomainthismodel,wasalsoreducedintotalnumber,size
andincidenceinDUR-928-treatedmice

Conclusions
DUR-928hasthecapabilitytoimprovelivermorphologybyits
anti-inflammatoryandantifibroticactivityinSTAMTMmice.These
datasupporttheclinicaldevelopmentofDUR-928forthe
treatmentofNASHandotherinflammatoryorfibroticliver
diseases

TheaimofthisstudywastoinvestigatetheefficacyofDUR-928to
amelioratetheprogressionofNASHandliverfibrosisinthe
STAMTMmousemodel

STAMTMmousemodelofNASH1

NASHwasinducedbyasinglesubcutaneousinjectionof200ug
streptozotocinsolution2daysafterbirthinmaleC57BL/6Jmice,followed
byhighfatdiet(57kcal%fat)feedingat4weeksofageuntilendofthe
study

Dosingregimenandschedule
PhaseI:Weeks5–9,dailyoraldosesof10or50mg/kgDUR-928or
Vehicle(n=8-9/treatmentgroup)
PhaseII:Weeks9–13,dailyoraldosesof50mg/kgDUR-928orVehicle
(n=6-8/treatmentgroup)
Studies were terminated upon completion of dosing
Baseline measurements were collected from untreated STAMTMmice at 
Week 9

Phenotypicanalysis
Hematoxylin&eosin(H&E)stainingonliversectionsand
histopathologicalanalysisbyacertifiedveterinarypathologistwere
performedtogenerateNAFLDactivityscores(NAS)
Percent(%)liverfibrosisasmeasuredbypresenceofSiriusRedstaining
anddigitalquantification
Hepaticgeneexpressionanalysesbyreal-timereversetranscription
quantitativepolyermasechainreactionandnormalizedtoVehicle
Statisticalanalysis:One-wayANOVAwithDunnett’sMultiple
Comparison

TheSTAMTMmousemodelusedinthisstudywasdevelopedandcharacterized
bySMCLaboratories(Tokyo,Japan)

WeacknowledgeDrs.HongweiWu,AndyMiksztalandNeilVerityfortheir
scientificcontributionstothisstudy

1.FujiiM,ShibazakiY,WakamatsuK,HondaY,KawauchiY,etal.(2013)Amurine
modelfornon-alcoholicsteatohepatitisshowingevidenceofassociationbetween
diabetesandhepatocellularcarcinoma.MedMolMorphol46:141–152
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Hepatic Nodule Formation
ByWeek12,noduleformationstartstooccurinSTAMTM

mice.Fourweeksof50mg/kgDUR-928treatmentthat
wasconcludedattheendofWeek13(PhaseII)was
associatedwithreducedsizeandincidenceofnodules
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DUR-928, an endogenous regulatory molecule, exhibits anti-
inflammatory and antifibrotic activity in a mouse model of NASH 
Mee J. Kim, WeiQi Lin, DURECT Corporation, Cupertino, CA, USA

INTRODUCTION RESULTS
Non-alcoholic steatohepatitis (NASH) is marked by the presence of
fatty liver, inflammation and fibrosis

DUR-928 is an endogenous regulatory molecule that has been
previously shown to reduce hepatic lipid accumulation and
inflammation in various animal models of non-alcoholic fatty liver
disease (NAFLD)

Phase I – Weeks 5-9
 Four weeks of daily oral DUR-928 treatment during the early
stages of NAFLD/NASH exhibited dose-dependent effects:

 Significant decrease in NAS

 Trend of decrease of liver fibrosis was observed

 Significant reduced hepatic expression of Tnfα and trend of
decrease of Mcp-1

Phase II – Weeks 9-13
 Four weeks of daily oral DUR-928 treatment when liver fibrosis
was established resulted in:

 Significant decrease in liver fibrosis

 Significant decrease in hepatocyte ballooning

 Trend of reduced hepatic expression of fibrotic genes,
Collagen 1a1 and 3a1

 Hepatic nodule formation, which progresses to hepatocellular
carcinoma in this model, was also reduced in total number, size
and incidence in DUR-928-treated mice

Conclusions
DUR-928 has the capability to improve liver morphology by its
anti-inflammatory and antifibrotic activity in STAMTM mice. These
data support the clinical development of DUR-928 for the
treatment of NASH and other inflammatory or fibrotic liver
diseases

The aim of this study was to investigate the efficacy of DUR-928 to
ameliorate the progression of NASH and liver fibrosis in the
STAMTM mouse model

 STAMTM mouse model of NASH1

 NASH was induced by a single subcutaneous injection of 200 ug
streptozotocin solution 2 days after birth in male C57BL/6J mice, followed
by high fat diet (57 kcal % fat) feeding at 4 weeks of age until end of the
study

 Dosing regimen and schedule
 Phase I: Weeks 5–9, daily oral doses of 10 or 50 mg/kg DUR-928 or
Vehicle (n=8-9/treatment group)
 Phase II: Weeks 9–13, daily oral doses of 50 mg/kg DUR-928 or Vehicle
(n=6-8/treatment group)
 Studies were terminated upon completion of dosing
 Baseline measurements were collected from untreated STAMTM mice at 
Week 9

 Phenotypic analysis
 Hematoxylin & eosin (H&E) staining on liver sections and
histopathological analysis by a certified veterinary pathologist were
performed to generate NAFLD activity scores (NAS)
 Percent (%) liver fibrosis as measured by presence of Sirius Red staining
and digital quantification
 Hepatic gene expression analyses by real-time reverse transcription
quantitative polyermase chain reaction and normalized to Vehicle
 Statistical analysis: One-way ANOVA with Dunnett’s Multiple
Comparison

 The STAMTM mouse model used in this study was developed and characterized
by SMC Laboratories (Tokyo, Japan)

 We acknowledge Drs. Hongwei Wu, Andy Miksztal and Neil Verity for their
scientific contributions to this study

1. Fujii M, Shibazaki Y, Wakamatsu K, Honda Y, Kawauchi Y, et al. (2013) A murine
model for non-alcoholic steatohepatitis showing evidence of association between
diabetes and hepatocellular carcinoma. Med Mol Morphol 46: 141–152
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By Week 12, nodule formation starts to occur in STAMTM
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was concluded at the end of Week 13 (Phase II) was
associated with reduced size and incidence of nodules
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DUR-928, an endogenous regulatory molecule, exhibits anti-
inflammatory and antifibroticactivity in a mouse model of NASH 
MeeJ. Kim, WeiQi Lin, DURECT Corporation, Cupertino, CA, USA

INTRODUCTIONRESULTS
Non-alcoholicsteatohepatitis(NASH)ismarkedbythepresenceof
fattyliver,inflammationandfibrosis

DUR-928isanendogenousregulatorymoleculethathasbeen
previouslyshowntoreducehepaticlipidaccumulationand
inflammationinvariousanimalmodelsofnon-alcoholicfattyliver
disease(NAFLD)

PhaseI–Weeks5-9
FourweeksofdailyoralDUR-928treatmentduringtheearly
stagesofNAFLD/NASHexhibiteddose-dependenteffects:

SignificantdecreaseinNAS

Trendofdecreaseofliverfibrosiswasobserved

SignificantreducedhepaticexpressionofTnfαandtrendof
decreaseofMcp-1

PhaseII–Weeks9-13
FourweeksofdailyoralDUR-928treatmentwhenliverfibrosis
wasestablishedresultedin:

Significantdecreaseinliverfibrosis

Significantdecreaseinhepatocyteballooning

Trendofreducedhepaticexpressionoffibroticgenes,
Collagen1a1and3a1

Hepaticnoduleformation,whichprogressestohepatocellular
carcinomainthismodel,wasalsoreducedintotalnumber,size
andincidenceinDUR-928-treatedmice

Conclusions
DUR-928hasthecapabilitytoimprovelivermorphologybyits
anti-inflammatoryandantifibroticactivityinSTAMTMmice.These
datasupporttheclinicaldevelopmentofDUR-928forthe
treatmentofNASHandotherinflammatoryorfibroticliver
diseases

TheaimofthisstudywastoinvestigatetheefficacyofDUR-928to
amelioratetheprogressionofNASHandliverfibrosisinthe
STAMTMmousemodel

STAMTMmousemodelofNASH1

NASHwasinducedbyasinglesubcutaneousinjectionof200ug
streptozotocinsolution2daysafterbirthinmaleC57BL/6Jmice,followed
byhighfatdiet(57kcal%fat)feedingat4weeksofageuntilendofthe
study

Dosingregimenandschedule
PhaseI:Weeks5–9,dailyoraldosesof10or50mg/kgDUR-928or
Vehicle(n=8-9/treatmentgroup)
PhaseII:Weeks9–13,dailyoraldosesof50mg/kgDUR-928orVehicle
(n=6-8/treatmentgroup)
Studies were terminated upon completion of dosing
Baseline measurements were collected from untreated STAMTMmice at 
Week 9

Phenotypicanalysis
Hematoxylin&eosin(H&E)stainingonliversectionsand
histopathologicalanalysisbyacertifiedveterinarypathologistwere
performedtogenerateNAFLDactivityscores(NAS)
Percent(%)liverfibrosisasmeasuredbypresenceofSiriusRedstaining
anddigitalquantification
Hepaticgeneexpressionanalysesbyreal-timereversetranscription
quantitativepolyermasechainreactionandnormalizedtoVehicle
Statisticalanalysis:One-wayANOVAwithDunnett’sMultiple
Comparison

TheSTAMTMmousemodelusedinthisstudywasdevelopedandcharacterized
bySMCLaboratories(Tokyo,Japan)

WeacknowledgeDrs.HongweiWu,AndyMiksztalandNeilVerityfortheir
scientificcontributionstothisstudy

1.FujiiM,ShibazakiY,WakamatsuK,HondaY,KawauchiY,etal.(2013)Amurine
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diabetesandhepatocellularcarcinoma.MedMolMorphol46:141–152
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DUR-928, an endogenous regulatory molecule, exhibits anti-
inflammatory and antifibroticactivity in a mouse model of NASH 
MeeJ. Kim, WeiQi Lin, DURECT Corporation, Cupertino, CA, USA

INTRODUCTIONRESULTS
Non-alcoholicsteatohepatitis(NASH)ismarkedbythepresenceof
fattyliver,inflammationandfibrosis

DUR-928isanendogenousregulatorymoleculethathasbeen
previouslyshowntoreducehepaticlipidaccumulationand
inflammationinvariousanimalmodelsofnon-alcoholicfattyliver
disease(NAFLD)

PhaseI–Weeks5-9
FourweeksofdailyoralDUR-928treatmentduringtheearly
stagesofNAFLD/NASHexhibiteddose-dependenteffects:

SignificantdecreaseinNAS

Trendofdecreaseofliverfibrosiswasobserved

SignificantreducedhepaticexpressionofTnfαandtrendof
decreaseofMcp-1

PhaseII–Weeks9-13
FourweeksofdailyoralDUR-928treatmentwhenliverfibrosis
wasestablishedresultedin:

Significantdecreaseinliverfibrosis

Significantdecreaseinhepatocyteballooning

Trendofreducedhepaticexpressionoffibroticgenes,
Collagen1a1and3a1

Hepaticnoduleformation,whichprogressestohepatocellular
carcinomainthismodel,wasalsoreducedintotalnumber,size
andincidenceinDUR-928-treatedmice

Conclusions
DUR-928hasthecapabilitytoimprovelivermorphologybyits
anti-inflammatoryandantifibroticactivityinSTAMTMmice.These
datasupporttheclinicaldevelopmentofDUR-928forthe
treatmentofNASHandotherinflammatoryorfibroticliver
diseases

TheaimofthisstudywastoinvestigatetheefficacyofDUR-928to
amelioratetheprogressionofNASHandliverfibrosisinthe
STAMTMmousemodel

STAMTMmousemodelofNASH1

NASHwasinducedbyasinglesubcutaneousinjectionof200ug
streptozotocinsolution2daysafterbirthinmaleC57BL/6Jmice,followed
byhighfatdiet(57kcal%fat)feedingat4weeksofageuntilendofthe
study

Dosingregimenandschedule
PhaseI:Weeks5–9,dailyoraldosesof10or50mg/kgDUR-928or
Vehicle(n=8-9/treatmentgroup)
PhaseII:Weeks9–13,dailyoraldosesof50mg/kgDUR-928orVehicle
(n=6-8/treatmentgroup)
Studies were terminated upon completion of dosing
Baseline measurements were collected from untreated STAMTMmice at 
Week 9

Phenotypicanalysis
Hematoxylin&eosin(H&E)stainingonliversectionsand
histopathologicalanalysisbyacertifiedveterinarypathologistwere
performedtogenerateNAFLDactivityscores(NAS)
Percent(%)liverfibrosisasmeasuredbypresenceofSiriusRedstaining
anddigitalquantification
Hepaticgeneexpressionanalysesbyreal-timereversetranscription
quantitativepolyermasechainreactionandnormalizedtoVehicle
Statisticalanalysis:One-wayANOVAwithDunnett’sMultiple
Comparison

TheSTAMTMmousemodelusedinthisstudywasdevelopedandcharacterized
bySMCLaboratories(Tokyo,Japan)

WeacknowledgeDrs.HongweiWu,AndyMiksztalandNeilVerityfortheir
scientificcontributionstothisstudy

1.FujiiM,ShibazakiY,WakamatsuK,HondaY,KawauchiY,etal.(2013)Amurine
modelfornon-alcoholicsteatohepatitisshowingevidenceofassociationbetween
diabetesandhepatocellularcarcinoma.MedMolMorphol46:141–152
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Hepatic Nodule Formation
ByWeek12,noduleformationstartstooccurinSTAMTM

mice.Fourweeksof50mg/kgDUR-928treatmentthat
wasconcludedattheendofWeek13(PhaseII)was
associatedwithreducedsizeandincidenceofnodules
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DUR-928, an endogenous regulatory molecule, exhibits anti-
inflammatory and antifibrotic activity in a mouse model of NASH 
Mee J. Kim, WeiQi Lin, DURECT Corporation, Cupertino, CA, USA

INTRODUCTION RESULTS
Non-alcoholic steatohepatitis (NASH) is marked by the presence of
fatty liver, inflammation and fibrosis

DUR-928 is an endogenous regulatory molecule that has been
previously shown to reduce hepatic lipid accumulation and
inflammation in various animal models of non-alcoholic fatty liver
disease (NAFLD)

Phase I – Weeks 5-9
 Four weeks of daily oral DUR-928 treatment during the early
stages of NAFLD/NASH exhibited dose-dependent effects:

 Significant decrease in NAS

 Trend of decrease of liver fibrosis was observed

 Significant reduced hepatic expression of Tnfα and trend of
decrease of Mcp-1

Phase II – Weeks 9-13
 Four weeks of daily oral DUR-928 treatment when liver fibrosis
was established resulted in:

 Significant decrease in liver fibrosis

 Significant decrease in hepatocyte ballooning

 Trend of reduced hepatic expression of fibrotic genes,
Collagen 1a1 and 3a1

 Hepatic nodule formation, which progresses to hepatocellular
carcinoma in this model, was also reduced in total number, size
and incidence in DUR-928-treated mice

Conclusions
DUR-928 has the capability to improve liver morphology by its
anti-inflammatory and antifibrotic activity in STAMTM mice. These
data support the clinical development of DUR-928 for the
treatment of NASH and other inflammatory or fibrotic liver
diseases

The aim of this study was to investigate the efficacy of DUR-928 to
ameliorate the progression of NASH and liver fibrosis in the
STAMTM mouse model

 STAMTM mouse model of NASH1

 NASH was induced by a single subcutaneous injection of 200 ug
streptozotocin solution 2 days after birth in male C57BL/6J mice, followed
by high fat diet (57 kcal % fat) feeding at 4 weeks of age until end of the
study

 Dosing regimen and schedule
 Phase I: Weeks 5–9, daily oral doses of 10 or 50 mg/kg DUR-928 or
Vehicle (n=8-9/treatment group)
 Phase II: Weeks 9–13, daily oral doses of 50 mg/kg DUR-928 or Vehicle
(n=6-8/treatment group)
 Studies were terminated upon completion of dosing
 Baseline measurements were collected from untreated STAMTM mice at 
Week 9

 Phenotypic analysis
 Hematoxylin & eosin (H&E) staining on liver sections and
histopathological analysis by a certified veterinary pathologist were
performed to generate NAFLD activity scores (NAS)
 Percent (%) liver fibrosis as measured by presence of Sirius Red staining
and digital quantification
 Hepatic gene expression analyses by real-time reverse transcription
quantitative polyermase chain reaction and normalized to Vehicle
 Statistical analysis: One-way ANOVA with Dunnett’s Multiple
Comparison

 The STAMTM mouse model used in this study was developed and characterized
by SMC Laboratories (Tokyo, Japan)

 We acknowledge Drs. Hongwei Wu, Andy Miksztal and Neil Verity for their
scientific contributions to this study

1. Fujii M, Shibazaki Y, Wakamatsu K, Honda Y, Kawauchi Y, et al. (2013) A murine
model for non-alcoholic steatohepatitis showing evidence of association between
diabetes and hepatocellular carcinoma. Med Mol Morphol 46: 141–152
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Hepatic Nodule Formation
By Week 12, nodule formation starts to occur in STAMTM

mice. Four weeks of 50 mg/kg DUR-928 treatment that
was concluded at the end of Week 13 (Phase II) was
associated with reduced size and incidence of nodules

Vehicle DUR-928

Total Number of Nodules

Veh
icl

e

DUR-92
8

0

2

4

6

# 
N

od
ul

es
 O

bs
er

ve
d

Total Area of Nodules

Veh
icl

e

DUR-92
8

0

100

200

300

400

500

600

700

Ar
ea

 (m
m

2 )

Incidence of Nodules

Veh
icl

e

DUR-92
8

0

15

30

45

60

Pe
rc

en
t (

%
)

Tnf

Veh
icl

e

10
 m

g/kg

50
 m

g/kg
0.0

0.5

1.0

1.5
*

**

R
el

at
iv

e 
Ex

pr
es

si
on

(n
or

m
al

iz
ed

 to
 V

eh
ic

le
)

Mcp-1

Veh
icl

e

10
 m

g/kg

50
 m

g/kg
0.0

0.5

1.0

1.5

2.0

R
el

at
iv

e 
Ex

pr
es

si
on

(n
or

m
al

iz
ed

 to
 V

eh
ic

le
)

Collagen Type 1a1

Veh
icl

e

10
 m

g/kg

50
 m

g/kg
0.0

0.5

1.0

1.5

2.0

R
el

at
iv

e 
Ex

pr
es

si
on

(n
or

m
al

iz
ed

 to
 V

eh
ic

le
)

Collagen Type 3a1

Veh
icl

e

10
 m

g/kg

50
 m

g/kg
0.0

0.5

1.0

1.5

2.0

R
el

at
iv

e 
Ex

pr
es

si
on

(n
or

m
al

iz
ed

 to
 V

eh
ic

le
)

Tnf

Veh
icl

e

DUR-92
8

Bas
eli

ne
0.0

0.5

1.0

1.5

R
el

at
iv

e 
Ex

pr
es

si
on

(n
or

m
al

iz
ed

 to
 V

eh
ic

le
)

Tgf

Veh
icl

e

DUR-92
8

Bas
eli

ne
0.0

0.5

1.0

1.5

R
el

at
iv

e 
Ex

pr
es

si
on

(n
or

m
al

iz
ed

 to
 V

eh
ic

le
)

Collagen Type 1a1

Veh
icl

e

DUR-92
8

Bas
eli

ne
0.0

0.5

1.0

1.5

R
el

at
iv

e 
Ex

pr
es

si
on

(n
or

m
al

iz
ed

 to
 V

eh
ic

le
)

Collagen Type 3a1

Veh
icl

e

DUR-92
8

Bas
eli

ne
0.0

0.5

1.0

1.5

R
el

at
iv

e 
Ex

pr
es

si
on

(n
or

m
al

iz
ed

 to
 V

eh
ic

le
)


