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{n = 1), and Candida spp (n = 1), and there was no differ-
ence in terms of the sirains of isolated bacteria between
groups I and II (data not shown).

Furthermore, the administration of additional antibiotics
(18.1% vs 25.5%, P = .289) and Clavien grade >3a
(14.9% vs 20.2%, P = .444) were similar fo both groups.
Postoperative hospital stays were significantly shorter in
group I (median, 12 days; range, 4 to 91 days) than in group
II (median, 14 days; range, 5 to 263 days) (P = .034).

Stratified analysis of infectious complications

In our previous series, we analyzed the risk factors for
postoperative signs of infections and identified 3 factors
{data not shown). On the basis of these resulis, Table 4
shows the stratified analysis of the signs of infection by
the risk factors (ASA classification. intraoperative blood
transfusion, and operative time). There were no signifi-
cant differences between the 2 groups when stratified ac-
cording to ASA classification (1 or >2), intraoperative
blood transfusion (yes or no), and operative time (<6
or =6 hours).

Comments

The prevention of postoperative infections is obviously
important in perioperative management, and it has been
thought that antibiotic prophylaxis plays an important role.
Liver resection has various disadvantages, such as glucose
intolerance associated with loss of hepatic function,
lowered immunity (decrease of Kuppfer cell and T-cell
function), relatively long operation time, and massive
bleeding. '

Only 2 RCTs on the usefulness of antibiotic prophylaxis
after liver resection have been performed.”'" Wu et al®

Table 4 Stratified analysis of risk factors for signs of
infection

Group I Group II
Variable (n = 94) {n = 94) P
ASA class
1 8/45 (17.8%) 11/46 (23.9%)  .607
=2 12/49 (24.5%) 13748 (27.1%)  .819
Operation time
(minutes)
<360 10/68 (14.7%) 16/70 (22.9%)  .278
>360 10/26 (38.5%)  8/24 (33.3%)  .774
Blood transfusion
(mL)
0 13/80 (16.3%) 16/79 (20.3%)  .544
>0 7/14 (50.0%)  8/15 (53.3%) 1.000

ASA = American Society of Anesthesiologists,

Postoperative antibiotic prophylaxis cannot prevent postoperative
infections after liver resection, and it is thought that antibiptic
prophylaxis is unnecessary and costly.

performed a comparative study of groups given and not
given 7 days of cefazolin and gentamicin and found that
prophylactic antibiotics did not prevent postoperative infec-
tion. In contrast, Sano et al'’ compared patients treated
with cefazolin only during surgery and those treated up to
POD 5 and found that antibiotic prophylaxis was useful
for the prevention of infectious complications in the interim
analysis. Thus, the reports are contradictory. The present
RCT was performed to evaluate postoperative antibiotic
prophylaxis in patients after liver resection without recon-
struction of the intestine or biliary tract.

In selecting antibiotics, the target-contaminating bacte-
ria in the field of gastroenterologic surgery are the airborne
hacterium S aureus, the enteric bacteria Escherichia coli
and Klebsielia pnewmoniae, and an anaerobe, Bacteroides
Jfragilis. FMOX has superior antibacterial activity against
these bacteria compared with cefazolin and cefmetazole:
the drug causes fewer adverse events, similar to other ce-
phem antibiotics, and it has less effect on intestinal
flora.'™' Togo et al'” reported that the incidence of postop-
erative infection and the rate of induction of multiple-drug-
resistant bacteria were low when FMOX was administered.
Therefore, FMOX was considered the most appropriate
antibiotic and was thus used for antibiotic prophylaxis.
and no patient showed adverse side effects in this study.

From 2 hours preoperatively to directly before surgery is
regarded as the most effective time of administration, as
indicated in the guidelines of the Centers for Disease
Control and Prevention, and administration was staried
30 minutes before skin incision.' "7 Two-hourly adminis-
tration would be regarded as appropriate for maintaining
the appropriate antibiotic concentration during surgery, in
tight of the fact that the guideline for repeat administration
is twice the haif-life. and the half-life of FMOX is just
under 1 hour, but because this would result in excessive
administration during long operations, and the infection
rate does not change for up fo 3 hours,'® additional doses
were given every 3 hours. One problem duting the postop-
erative administration period is the appearance of resistant
strains, and the Centers for Disease Control and Prevention
guidelines recommend that aniibiotic administration be
stopped during the early postoperative period, while Togo
et al reported that 2 days were sufficient in an RCT of 2
days and 5 days of antibiotic administration after liver re-
section. Three or 4 days. including the day of surgery, is
normal in Japan. but regarding the question of whether 3
to 4 days of postoperative administration is actually safe,
Harbarth et al'® reported that the odds ratio for infection
with a resistant strain was 1.6 times greater during >3
days’ administration compared with <2 days after coro-
nary artery bypass surgery. Terpstra et al'” also found that
S epidermidis on the skin developed resistance after 3-day
administration, including the day of surgery, compared
with same-day administration, while Takesue et al'® re-
ported that, for gastrotomy, with 4-day administration the
intestinal bacteria Bifidobacterium spp decreased, whereas
P aeruginosa and Enterococcus faecalis increased, meaning

- 1188~



14

The American Journal of Surgery, Vol 206, No 1, July 2013

that the administration period should be kept as short as
possible to prevent the appearance of resistant strains.

In addition to prevention, early detection and treatment
of postoperative infection are also important in periopera-
tive management. Systemic inflammatory response syn-
drome is ofien used as an indicator before postoperative
infections become apparent, but in the present study, the
focus was on the simpler measures of body temperature,
whiie blood cell count, and further increases in C-reactive
protein and white blood cell count, with the occurrence of
any of these being regarded as a sign of infection. When
monitoring changes over time i white biood cell count,
body temperature, and C-reactive protein in patients who
did not show any signs of infection. determinations were
made on the basis of values after the 4th day after surgery.
because these peaked on POD 4 in both groups. If any sign
of infection occurred, the infection site was identified by
chest x-ray, ultrasound, or computed tomography, removal
of the intravenous hyperalimeniation catheter and drainage

were considered, and additional aniibiotics were given even.

in the absence of a clear focus of infection. In this study, the
question was investigated from a variety of angles, starting
with 551, followed by systemic inflammatory response
syndrome status after POD 4, signs of infection or infec-
tious complications, number of cases of additional antibi-
otic administration, and surgical intervention rate; there
was no inferiority due to non—postoperafive antibiotic
prophylaxis but rather a tendency toward fewer signs of
infection in group I, leading to a significant reduction in
length of hospital stay. Furthermore, as a result of the
postoperative management described above performed for
this study, no patient developed liver failure caused by
postoperative infection.

The prevalence of SSI or g}mmpeiaiive infection after
Hver resection is 4.6% to 25.2%,”"** with diabetes,”"*"
preoper ative mfecuon ** liver dysfunction,* body mass in-
dex,”* age, 15 large-scale liver 1esecucm ¥ amount of
hemonha‘?& =325 duration of sur Uer‘,/,‘I 2323 vlood trans-
IU‘-}lOﬁ 228 the use of a respirator,”’ and intestinal dam-
age™ reported as risk factors. Before the present study,
we investigated risk factors for signs of postoperative infec-
tions among patients in our institution from 2006 to 2007,
and identified ASA class > 2, operative time > 6 hours, and
intraoperative blood transfusion as significant risk factors
on mmltivariate analysis. Thus, we stratified analysis by
these 3 risk factors. In addition, we also performed sub-
group analysis by stratification with age™* 14 =70
years,™ body mass index >23.6 kg/m*** presence of dia-
betes mellius,>** and operative blefzding?‘1"23'/‘ZS >810
mL,™ which have been reported as significant risk factors,
but there were no significant differences between the 2
groups in the present study (data not shown).

From the findiangs of this study. we concluded that, in the
absence of preoperative infection or severe complications,
there was no increase in the risk for perioperative infection
even if postoperative prophylactic antibiotic was not

administered. A large-scale RCT is required in the future
to provide greater reliability.
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Chymase inhibitor ameliorates hepatic steatosis and
fibrosis on established non-alcoholic steatohepatitis in
hamsters fed a methionine- and choline-deficient diet

Shinsuke Masubuchi,’ Shinji Takai,> Denan lJin,? Keitaro Tashiro,’ Koji Komeda,'
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Aim: Chymase plays a role in the augmentation of angio-
tensin |l formation, which is involved in liver fibrosis. The
therapeutic effects of a chymase inhibitor, TY-51469, on
established hepatic steatosis and fibrosis were investigated in
a model of developed non-alcoholic steatohepatitis.

Methods: Hamsters were fed a normal diet or methionine-
and choline-deficient (MCD) diet for 12 weeks. Then, treat-
ment with TY-51469 (1 mg/kg per day) or placebo was
initiated, and the treatment was continued concurrently with
the MCD diet for an additional 12 weeks.

Results: At 12 weeks after initiating the MCD diet, marked
hepatic steatosis and fibrosis were observed in MCD diet-fed
hamsters. Malondialdehyde and gene expression levels of
collagen |, collagen IIl, a-smooth muscle actin (0-SMA) and
Rac-1 in liver extracts were also increased in the MCD-diet-fed
hamsters at 12 weeks. At 24 weeks, hepatic steatosis
and fibrosis were more prominent in the placebo-treated

hamsters that were fed the MCD-diet for 24 weeks versus
12 weeks. Hamsters treated with TY-51469 for 12 weeks after
being on a 12-week MCD diet had significant ameliorations in
both hepatic steatosis and fibrosis, and there were no signifi-
cant differences compared to normal diet-fed hamsters.
There were significant augmentations in angiotensin 1l and
malondialdehyde, and gene expressions of collagen |, col-
lagen lll, 0-SMA and Rac-1 in the placebo-treated hamsters at
24 weeks; however, these levels were reéduced to normal
levels in the TY-51469-treated hamsters.

Conclusion: TY-51469 not only prevented the progression
of hepatic steatosis and fibrosis, but also ameliorated hepatic
steatosis and fibrosis.

Key words: angiotensin ll, chymase, fibrosis, non-alcoholic
steatohepatitis, steatosis

INTRODUCTION

ON-ALCOHOLIC FATTY LIVER disease (NAFLD)

has been recognized as the most common liver
disease observed in a simple steatosis."? NAFLD may
progress into non-alcoholic steatohepatitis (NASH),
which is a distinct clinical entity characterized by
varying degrees of progressive steatosis, lobular inflam-
mation and fibrosis of the liver.** The progression of
NASH may induce the development of hepatocellular
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carcinoma.’ However, the mechanisms underlying the
transition from steatosis to steatohepatitis may involve
several factors, such as inflammation and oxidative
stress, and a commonly accepted therapeutic protocol
has not yet been established.®”

Chymase is a chymotrypsin-like serine protease
located in the secretory granules of mast cells. Chymase
converts angiotensin I to angiotensin II, which acceler-
ates tissue inflammation and fibrosis.*® In liver of
chronic cirrhosis patients, the accumulation of chymase
positive cells is observed in fibrotic regions.!!? More-
over, both the chymase and angiotensin II-forming
activities were significantly increased in the fibrotic
regions of the liver in chronic cirrhosis patients, and
there were significant correlations between chymase
and angiotensin II-forming activities, chymase activity

© 2012 The Japan Society of Hepatology
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and hepatic fibrosis, and angiotensin II-forming activity
and hepatic fibrosis.!* We also reported that a chymase
inhibitor TY-51469 attenuated tetrachloride-induced
liver fibrosis in hamsters."* These findings suggest that
chymase-dependent angiotensin I formation may be
involved in the development and progression of hepatic
fibrosis. Conversely, angiotensin II may also play an
important role in the development of hepatic steato-
sis.'*!* For example, blockade of the angiotensin II
receptor results in an attenuation of not only oxidative
stress, but also hepatic steatosis in a rat model of
NASH." A significant attenuation of both oxidative
stress and hepatic steatosis was also observed in angio-
tensin Il type 1 receptor-deficient mice.'® Recently,
we demonstrated that a specific chymase inhibitor,
TY-51469, significantly prevented the development
of hepatic steatosis and fibrosis in hamsters fed a
methionine- and choline-deficient (MCD) diet.'” In the
previous study, we initiated the chymase inhibitor treat-
ment at the same time as the MCD diet, and the preven-
tive effects of the chymase inhibitor were observed from
normal to the development of NASH.

To clarify the ameliorative effect of chymase inhibi-
tion on fully developed NASH, a MCD diet was fed to
hamsters for 12 weeks until hepatic steatosis and fibro-
sis were observed.!” Then, treatment with TY-51469 was
initiated concurrently with the MCD diet for an addi-

tional 12 weeks.

METHODS

Drugs
Y-51469 WAS SYNTHESIZED as a specific chymase
inhibitor (Toaeiyo, Tokyo, Japan).'”'

Animal model

Eight-week-old male F1B hamsters (n=27) were
obtained from Jackson Laboratories (Bar Harbor, ME,
LISA) and housed in a temperature-, humidity- and
light-controlled room. Normal diet- and MCD diet-fed
hamsters were fed ad libitum with normal and MCD
diets (Oriental Yeast, Tokyo, Japan), respectively. Twelve
weeks after initiating the MCD diet, a portion of the
normal- and MCD-diet hamsters (1= 6/group) were
evaluated. The remaining normal diet-fed hamsters
(n=>5) were further fed a normal diet for an additional
12 weeks. However, the remaining MCD diet-fed ham-
sters were divided into two groups, and either TY-51469
(1 mg/kg per day, n=>5) or saline {n=>5) were admin-
istrated s.c. using an Alzet osmotic minipump {model

Chymase inhibitor ameliorates NASH in hamsters 971

2ML4; Durect, Cupertino, CA, USA) for an additional
12 weeks. All procedures involving animals were con-
ducted in accordance with the Guidelines for the
Care and Use of Laboratory Animals at Osaka Medical
College.

Aspartate aminotransferase (AST) and
alanine aminotransferase {ALT) levels

Measurements of AST and ALT levels in the plasma were
performed by SRL (Tokyo, Japan).

Histological analysis

Liver tissue specimens were fixed with Carnoy’s fixative
in 10% methanol overnight. Fixed liver tissues were
embedded in paraffin, and then cut at a thickness of
5 um. The sections were mounted on silanized slides
(Dako Japan, Kyoto, Japan) and deparaffinized with
xylene and ethanol.

The severities of hepatic histological changes were
assessed using hematoxylin-eosin (HE) staining and
Sirius red staining, and were blindly measured by two
observers. The lipid droplet area was measured in the
HE-stained specimens. The specimens were stained with
Sirius red, and the red area was defined as the fibrotic
area. The area was measured with computerized mor-
phometry using the Fuji-BSA 2000 image analyzing
system (Fuji, Tokyo, Japan).'” The degree of steatosis
was quantified as the percentage of lipid droplet area
from the total hepatic area. The degree of hepatic fibro-
sis was quantified as the percentage of fibrotic area from
the total hepatic area.

Mast cells were stained with 0.05% toluidine blue
{Chroma-Gesellschaft, Stuttgart, Germany) at pH 4.8."

The procedures for immunohistochemical analysis
of hamster chymase and angiotensin II have been
previously described.’” Sections were incubated with
anti-hamster chymase antibody (raised in rabbit by
immunizing animals with SPYVPWINIVIKASS, a C-
terminal peptide comprising of amino acid residues 212
to 226 of hamster chymase) or rabbit polyclonal anti-
body against angiotensin II (IgG, Nashville, TN, USA),
followed by a reaction with appropriate reagents from a
streptavidin-biotin peroxidase kit {Dako LSABkit; Dako,
Carpentaria, CA, USA) and 3-amino-9-ethylcarbazole,
which was used for color development. The sections
were lightly counterstained with hematoxylin.

Chymase activity

Tissues were minced and homogenized in 20 mm of
Tris-HCI buffer at a pH 8.3, which contained 5 mm of
Mg(CHaCOO)., 30 mM of KCl, 250 mM sucrose and

© 2012 The Japan Society of Hepatology
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0.5% Nonidet P-40. The supernatant was then used for
the measurement of chymase activity and levels of mal-
ondialdehyde (MDA) and angiotensin IL

Chymase activity was measured by incubating tissue
extracts for 30 min at 37°C with 4 mM of angiotensin I
in 150 mM borax-borate buffer (pH 8.5) containing
8 mm dipyridyl, 0.77 mm diisopropylfluorophosphate
and 5 mMm ethylene diamine tetraacetic acid, as previ-
ously descaribed.” One unit of chymase activity was
defined as the amount of enzyme that formed 1 pM of
angiotensin II/min.

Protein concentrations of the extract were assayed
using the bicinchoninic acid Protein Assay Reagent
(Pierce, Rockford, IL, USA), with bovine serum albumin
as the standard.

Levels of angiotensin Il and MDA

Angiotensin II levels in the liver were measured with an
enzyme immunoassay kit (Phoenix Pharmaceuticals,
Burlingame, CA, USA). MDA levels, a product of lipid
peroxidation, were measured by incubating liver extracts
for 1 h at 100°C with 20 mMm thiobarbituric acid in
300 mM phosphoric acid.’” The reaction was terminated
by cooling on ice, and the absorbance was recorded at
532 nm

Real-time polymerase chain reaction
(RT-PCR)

Total RNA (1 pg) from aortas was transcribed into
c¢DNA with Superscript III reverse transcriptase and
random hexamers (Invitrogen, Carlsbad, CA, USA).Y
Levels of mRNA were measured by RT-PCR on a Light-
Cycler with software (Roche Diagnostics, Tokyo, Japan)
using TaqMan fluorogenic probes. All primers and
probes for RT-PCR of collagen 1, collagen III, a-smooth
muscle actin (0-SMA), Rac-1, sterol regulatory element-
binding protein (SREBP)-1c¢, fatty acid synthase (FAS)
and 18S rRNA were designed by Roche Diagnostics.
mRNA levels of collagen I, collagen III, o-SMA and
Rac-1 were normalized to that of 185 tRNA.

Statistical analysis

Data are expressed as the mean * standard error of the
mean. Significant differences between mean values of
the two groups were evaluated using Student's t-test
for unpaired data. Significant differences among mean
values for multiple groups were evaluated using one-
way ANOVA followed by Fisher's test. Values of P < 0.05
were considered statistically significant.

© 2012 The Japan Society of Hepatology
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RESULTS

Hepatic steatosis

EPRESENTATIVE PHOTOGRAPHS OF HE-stained

liver sections obtained from normal, MCD diet-fed
and placebo-treated, and MCD diet-fed and TY-51469-
treated hamsters 24 weeks after initiating the diets are
presented in Figure 1{a). The degree of hepatic steatosis
was evaluated as a ratio of the lipid droplet area to total
liver area in the livers of the normal and MCD diet-fed
groups at 12 weeks (Fig. 1b). There were no lipid drop-
lets in the normal diet-fed group, whereas lipid droplets
were clearly evident in the MCD diet-fed group
(Fig. 1b). At 24 weeks, the ratio of the lipid droplet area
to total area in the liver was significantly higher in
the placebo-treated group than in the normal group;
however, the ratio was significantly lower in the
TY-51469-treated group than in the placebo-treated
group {Fig. 1c).
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Figure 1 Representative photographs of the hematoxylin-
eosin-stained liver sections from the normal diet-fed group,
and methionine- and choline-deficient (MCD) diet-fed group
treated with either placebo or TY-51469, 24 weeks after initi-
ating the diet (a) (original magnification x100). Ratio of the
lipid droplet area to total liver area of the normal and MCD
diet-fed groups 12 weeks after initiating the diet (b). *P < 0.05
vs normal diet-fed group (b). Ratio of the lipid droplet area to
total liver area of the normal diet-fed group, and MCD diet-fed
group treated with either placebo or TY-51469, 24 weeks after
initiating the diet (¢). *P<0.05 and **P < 0.01 vs MCD diet-
fed group treated with placebo (c).
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Hepatic fibrosis

Representative photographs of Sirius red-stained liver
sections obtained from normal, placebo-treated and
TY-51469-treated hamsters at 24 weeks (Fig. 2a). The
degree of hepatic fibrosis was evaluated as a ratio of the
Sirius red-stained area, which revealed the fibrotic area,
to total area of the livers from the normal and MCD
diet-fed groups at 12 weeks (Fig. 2b). The ratio of the
fibrotic area to total hepatic area was significantly larger
in the MCD diet-fed group than in the normal diet-fed
group (Fig. 2b). At 24 weeks, there was also a significant
augmentation of the fibrotic area to total hepatic area
in the placebo-ireated group compared to the normal
group; however, the ratio was significantly reduced to
normal levels with TY-51469 treatment (Fig. 2c).

Plasma AST and ALT levels

At 12weeks, plasma AST levels were 46.5+4.56
and 76.8 +12.7 U/L in the normal and MCD diet-fed
groups, respectively, which were significantly different
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Figure 2 Representative photographs of the Sirius red-stained
liver sections from the normal diet-fed group, and the
methionine- and choline-deficient (MCD) diet-fed group
treated with either placebo or TY-51469, 24 weeks after initi-
ating the diet (a) (original magnification x100). Ratio of the
fibrotic area to total hepatic area of the normal and MCD
diet-fed groups 12 weeks after initiating the diet (b).
**P < (.01 vs normal diet-fed group (b). Ratio of the fibrotic
area to total hepatic area of the normal diet-fed group, and the
MCD diet-fed group treated with either placebo or TY-51469
24 weeks after initiating the diet (c). **P<0.01 vs MCD diet-
fed group treated with placebo (c).
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Figure 3 Plasma aspartate aminotransferase (AST) (a) and
alanine aminotransferase (ALT) (b) levels of the normal
and methionine- and choline-deficient (MCD) diet-fed groups
12 weeks after inidating the diet. *P < 0.05 vs normal diet-fed
group (a,b). Plasma AST (c) and ALT (d) levels of the normal
diet-fed group, and the MCD diet-fed group treated with either
placebo or TY-51469. **P<0.01 vs MCD diet-fed group
treated with placebo (c¢.d).

(Fig. 3a). Plasma ALT levels were 69.8+3.75 and
98.7+8.70U/L in the normal and MCD diet-fed
groups, respectively, and these were also significantly
different (Fig. 3b). At 24 weeks, plasma AST and ALT
levels were 99.4 + 14.5 and 241.2 + 44.1 U/ml, respec-
tively, in the placebo-treated group, and these levels
were significantly higher those of the normal group
(Fig. 3c). However, after TY-51469 treatment for
12 weeks, both plasma AST and ALT levels were signifi-
cantly lower in the TY-51469-treated group than in the
placebo-treated group (Fig. 3d).

Mast cell number, chymase activity and
levels of angiotensin Il in the liver

Representative photographs of toluidine blue-stained
cells, which indicated mast, chymase positive and angio-
tensin II positive cells in liver sections obtained from
the placebo-treated hamster at 12 weeks, are shown in
Figure 4(a). Almost all of the mast cells co-expressed
both chymase and angiotensin II, as previously
observed."”

Mast cell number tended to be higher in the MCD
diet-fed group than in the normal group at 12 weeks,
although there were no significant differences (Fig. 4b).
At 24 weeks, the mast cell number also tended 1o be
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Figure 4 Representative photographs of liver sections stained
with toluidine blue {(mast cell), and immunostained with anti-
chymase (chymase) and anti-angiotensin [l antibodies (angio-
tensin 11} of the methionine- and choline-deficient (MCD)
diet-fed hamster 12 weeks after initiating the diet (a) (original
magnification x400). Mast cell number (b), chymase activity
(c) and angiotensin I levels (d) in the liver extracts of the
normal and MCD diet-fed groups 12 weeks after initiating the
diet. *P < 0.05 vs normal diet-fed group (c). Mast cell number
(e), chymase activity (f) and angiotensin 1l levels (g) in the
liver extracts of the normal diet-fed group (N), and the MCD
diet-fed group weated with either placebo (P) or TY-51469
(C-1) 24 weeks after initating the diet. *P<0.05 and
*#P<0.01 vs MCD diet-fed group weated with placebo (fg).

higher in the placebo-treated group than in the normal
group, but the number tended to be lower in the
TY-512469-treated group than in the placebo-treated
group (Fig. 4e). Chymase activity in liver extracts was
significantly higher in the MCD diet-fed group than in
the normal diet-fed group at 12 weeks (Fig. 4c). The
higher chymase activity in the placebo-treated group
than in the normal group continued up to 24 weeks, but
chymase activity in the TY-51469-treated group was
significantly reduced at 24 weeks, and there were no
significant differences when compared to the normal
group (Fig. 4f). Angiotensin Il levels in liver extracts also
tended to be higher in the MCD diet-fed group than in

© 2012 The Japan Society of Hepatology
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the normal diet-fed group; however, there were no sig-
nificant differences (Fig. 4d). Angiotensin II levels at
24 weeks were significantly higher in the placebo-
treated group than in the normal group, but they were
significantly reduced in the TY-51469-treated group

(Fig. 4g).

MDA levels in the liver

Malondialdehyde level, a marker of oxidative stress, in
liver extracts was significantly higher in the MCD diet-
fed group than in the normal diet-fed group at 12 weeks
(Fig. 5a). The MDA level was also higher in the placebo-
treated group than in the normal group at 24 weeks, but
was significantly lower in the TY-51469-treated group
than in the placebo-treated group {Fig. 5b).

Hepatic gene expression levels of Rac-1,
SREBP-1c and FAS

Gene expression of Rac-1, which is involved in the
generation of reactive oxygen species (ROS), was
significantly augmented in the MCD diet-fed group at
12 weeks (Fig. 6a). Gene expression of SREBP-1c¢ tended
to be augmented in the MCD diet-fed group, and expres-
sion of FAS was significantly augmented (Fig. 6b,c).
At 24 weeks, significant increases in Rac-1, FAS and
SREBP-1c gene expression levels were observed in the

(a) (b}
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Figure 5 Malondialdehyde (MDA) level in the liver extracts of
the normal and methionine- and choline-deficient (MCD)
diet-fed groups 12 weeks after inidating the diet (a). *P < 0.05
vs normal diet-fed group {a). MDA levels in the liver extracts of
the normal diet-fed group, and the MCD diet-fed group treated
with either placebo or TY-51469 24 weeks after initating the
diet (b). *P<0.05 and **P<0.01 vs MCD diet-fed group
treated with placebo (b).
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Figure 6 Gene expression levels of Rac-1 (a), sterol regulatory
element-binding protein (SREBP)-1c (b) and fatty acid syn-
thase (FAS) (c) in the liver extracts of normal and methionine-
and choline-deficient (MCD) diet-fed groups 12 weeks after
initiating the diet. *P<0.05 vs normal diet-fed group (a,c).
Gene expression levels of Rac-1 (d), SREBP-1c (e) and FAS (f)
in the liver extracts of the normal diet-fed group (N}, and MCD
diet-fed group weated with either placebo (P) or TY-51469
(c-i) 24 weeks after initiating the diet. *P<0.05 and
##P < (.01 vs MCD diet-fed group treated with placebo (d~f).

placebo-treated group at 24 weeks; however, they were
significantly ameliorated in the TY-51469-treated group
(Fig. 6d-f).

Hepatic gene expression levels of collagen
I, collagen 11l and a-SMA

Although there were no significant differences, collagen
I gene expression tended to be higher in the MCD diet-
fed group than in the normal diet-fed group at 12 weeks
(Fig. 7a). There was significant augmentation of
collagen I1I gene expression in the livers of the MCD
diet-fed group compared to the normal diet-fed group
(Fig. 7b). The gene expression of o-SMA, a marker of
myofibroblast differentiation, was significantly aug-
mented in the MCD diet-fed group (Fig. 7c). At
24 weeks, there were significant augmentations in col-
lagen 1, collagen III and oi-SMA gene expression levels in
the placebo-treated group, but they were significantly
lower in the TY-51469-treated group than in the
placebo-treated group (Fig. 7d-f).

Chymase inhibitor ameliorates NASH in hamsters 975

DISCUSSION

Y-51469 INHIBITS CHYMASE with a half maximal

inhibitory concentration of 7 nM. Chymase is a
chymotrypsin-like serine protease, but TY-51469 does
not inhibit other chymotrypsin-like serine proteases
and an alternative angiotensin II-forming enzyme,
angiotensin-converting enzyme (ACE), even at a con-
centration as high as 10 pm.** Thus, TY-51469 has a high
specificity for chymase. In the present study, we used a
hamster model for evaluation of TY-51469. There is a
marked species difference in the angiotensin II-forming
ability. For example, human chymase cleaves the Phe8-
His9 bond of angiotensin I to yield angiotensin II, while
rat chymase cleaves the Tyr4-Ile5 bond to form inactive
fragments.’® Monkey, dog and hamster chymases, like
human chymase, cleave the Phe8-His9 bond of angio-
tensin I to yield angiotensin I1.'° These species differ-
ences in angiotensin II production of chymase must be
considered in choosing experimental animals for evalu-
ating the role of chymase-dependent angiotensin II
function, and we chose to use a hamster model.
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Figure 7 Gene expression levels of collagen | (a), collagen i1
(b) and o-smooth muscle actin (a-SMA) (c) in the liver extracts
of the normal and methionine- and choline-deficient (MCD)
diet-fed groups 12 weeks after initiating the diet. *P <0.05 vs
normal diet-fed group (b,c). Gene expression levels of collagen
[ (d), collagen 11l (e) and o-SMA (f) in the liver extracts of
the normal diet-fed group (N), and the MCD diet-fed group
treated with either placebo (P) or TY-51469 (c~i), 24 weeks
after initiating the diet. *P<0.05 and **P<0.01 vs MCD
diet-fed group treated with placebo (d-f).
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In the present study, we evaluated two periods in the
MCD diet-fed hamster model of NASH, the early stage
of NASH development and the later stage of NASH pro-
gression. Previously, we evaluated the preventive effects
of TY-51469 on the development of NASH in MCD
diet-fed hamsters.”” In the previous protocol, TY-51469
(1 mg/kg per day) treatiment was initiated concurrently
with the MCD diet. In the present study, the adminis-
tration of TY-51469 was started at 12 weeks after initi-
ating the MCD diet, when marked hepatic steatosis and
fibrosis were observed in a previous report.’” An indica-
tor of hepatic steatosis degree, the ratio of lipid deposit
area (o total area in liver, was approximately 0.36% at
12 weeks and 1.35% at 24 weeks. The degree of steatosis
was increased 3.7-fold at 24 weeks. An indicator of
hepatic fibrosis, the area of fibrotic area to total area in
the liver, was increased roughly 1.5-fold at 24 weeks
compared to 12 weeks. The degrees of both hepatic ste-
atosis and fibrosis continually progressed on an MCD
diet from week 12 to 24. At 24 weeks, there were sig-
nificant attenuations of hepatic steatosis and fibrosis in
the TY-51469-treated group compared to the placebo-
treated group. Furthermore, after treatment with
TY-51469 between week 12 and 24, the ratio of lipid
deposition area to total area was 0.3%, which was lower
compared to the ratio of the MCD diet-fed group at
12 weeks (Le. just prior to TY-51469 treatment). The
fibrotic area to total area in the TY-51469-treated group
at 24 weeks was also decreased by approximately one

half of the ratio of the MCD diet-fed group at 12 weeks. .

Furthermore, both plasma AST and ALT levels were sig-
nificantly increased before TY-51469 treatment in the
MCD diet-fed hamsters. However, these levels were
significantly ameliorated back to normal levels after
TY-51469 treatment. Therefore, TY-51469 appeared to
have not only a preventative, but also an ameliorative
effect on hepatic steatosis and fibrosis.

Chymase plays an important role in the formation of
tissue angiotensin I1.'° However, in general, ACE is
better known as an angiotensin Il-forming enzyme
than chymase. ACE inhibition attenuates angiotensin II
functions, such as vascular constriction and sodium
reabsorption, resulted in reducing blood pressure. Con-
versely, chymase inhibitors do not reduce blood pres-
sure in several hypertensive models, although it reduces
the formation of angiotensin II in various tissues,
including liver.”' Chymase is a chymotrypsin-like
enzyme that is expressed in the secretory granules of
mast cells, but chymase has no enzymatic activity within
mast cell granules.™* Chymase becomes active imme-
diately following its r