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Abstract

Purpose Several studies have reported the herbal medi-
cine Inchinko-to (ICKT) to have an antifibrotic effect
which thus leads to an improvement of hepatic injury.
However, there are still few reports of its use in the
treatment of cholestatic liver disorder. The aim of this
study was to clarify whether the administration of ICKT
will ameliorate hepatic fibrosis and injury in cholestatic
rats.

Materials and methods We performed bile duct ligation
on 7-week-old male cholestatic Wistar rats and assigned
them to one of three groups according to the method of
treatment : (1) the SHAM group, (2) the NT-group (non-
treatment group), and (3) the T-group (treatment-group).
Rats in the T-group were orally administered ICKT (TJ-
135) at a dose of 1 g/kg/day and were killed on the 17th
postoperative day. We subsequently investigated the levels
of fibrosis and various clinical markers through measure-
ment of the following: serum levels of AST and ALT;
tissue transforming growth factor-beta 1 (TGF-betal); tis-
sue inhibitor metalloprotease-1 mRNA (TIMP-1 mRNA)
through real-time PCR analysis; and Azan staining and
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immunohistochemical staining of alfa-smooth muscle actin
(alfa-SMA) to evaluate the degree of fibrosis.

Results The levels of serum AST, serum ALT, and TGF-
batal in the T-Group were significantly lower than those in
the NT-Group. In addition, staining of Azan and alfa-SMA
in the T-Group was significantly lower than those in the
NT-Group.

Conclusion ICKT may help reduce hepatic fibrosis and
injury by controlling stellate cell activation.

Keywords Inchinko-to - Antifibrotic effect -
Hepatic fibrosis - Cholestasis - Biliary atresia

Background

Many patients with biliary atresia (BA) continue to suffer
from postoperative liver dysfunction, even after undergo-
ing Kasai’s hepatic portoenterostomy. Such patients can
experience chronic inflammation with or without jaundice.
The prevention of progressive liver fibrosis has, therefore,
become an important factor to achieve favorable long-
term results. For this purpose, a combination of medica-
tions that have hepatocyte protective activity has been
used routinely in post-operative patients with BA. The
herbal medicine Inchinko-to (JCKT) has been commonly
used in Japan as an anti-inflammatory, antipyretic,
choleretic, and diuretic agent for liver disorders and
jaundice [1-3]. Recently, ICKT has been reported to have
a potent inhibitory effect on hepatocyte apoptosis, induced
by transforming growth factor-beta 1 (TGF-betal), and it
inhibits the production of inflammatory cytokines in
concanavalin A-induced hepatitis [4, 5]. Furthermore,
ICKT has been reported to directly suppress liver fibrosis
in vivo [6, 7]. Clinical reports in Japan also suggest that
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ICKT might be beneficial for the treatment of hepatobil-
iary diseases in adults [7]. These models in vivo had made
by the injection of carbon tetrachloride (CCly) or pig-
serum. However, those reports have not been validate in
cholestatic liver disorders [6-8].

The pathologic mechanism of the progression from
cholestasis to fibrosis might be summarized as an extra-
cellular matrix chemical imbalance caused by the activation
of transcription factors and hepatic stellate cells. Continu-
ous inflammation increases the expression of adhesion
factors, which results in the accumulation of immune cells
in the liver. The subsequent accumulation of hydrophobic
bile acid leads to the activation of Kupffer cells, as well as
the excessive production of active-oxygen species and
consequent lipoperoxidation [9-11].

The aim of this study was to clarify whether the
administration of ICKT can reduce hepatic fibrosis and
injury in cholestatic rats.

Materials and methods

We utilized 7-week-old male Wistar rats weighing
250-300 g. Three days before the operation, we initiated
intragastric administration of ICKT at a dose of 1 g/kg/day.
We decided the applied dose of ICKT referring from
Yamashiki et al. and Imanishi et al. [5, 12] reports. We
prescribed pure extract ICKT (TJ-135). ICKT is manu-
factured by Tsumura Co., Ltd. (Tokyo, Japan) and has been
approved as an ethical drug by the Ministry of Health and
Welfare of Japan. The daily amount of ICKT is 7.5 g/day
in adults. Seven and one-half grams of this product contain
1.5 g of dried extract obtained from mixed raw herbs in the
following ratio: 4.0 g of Inchinko (Artemisia Capillaries
Spike), 3.0 g of San-shishi (JP Gardenia Fruit), and 1.0 g
of Daio (JP Rhubarb Rhizome) [5-8].

Under ether anesthesia, bile duct ligation and SHAM
operation were carried out on the rats. After median inci-
sion laparotomy, the bile duct was doubly ligated. The
SHAM operation involved only an abdominal laparotomy.
There were three study groups with eight rats in each. The
groups consisted of: (1) SHAM group (n = 8), (2) NT-
group (no treatment after bile duct ligation) (n = 8), and
(3) T-group (ICKT treatment group) (n = 8). All rats were
killed on the 17th postoperative day. Blood was drawn
from the inferior vena cava under ether anesthesia, and the
livers were removed after ligation of the portal veins,
coronary arteries, and inferior vena cava. The livers were
fixed in formalin and prepared as specimens, with the
exception of about 2.0 g of tissue that was stored frozen at
—150° of centigrade in liquid nitrogen immediately after
extraction.

@ Springer

The serum AST and ALT levels were measured by a
biochemical analysis. Furthermore, the levels of hepatic
TGF-betal were measured by ELISA method. Immuno-
histochemical staining of TGF-betal in hepatic tissues was
performed using mouse anti-human TGF-betal monoclonal
antibody (Cosmo Bio Co., LTD, Japan) by the ABC
method (Vector Laboratories, Burlingame, CA, USA) in
order to evaluate the activation of stellate cells. For each
specimen, the staining rate was defined as the average
TGF-betal staining in 5 fields at 400x magnification. The
measurements were based on a DI-Ruler (Harada Industry,
1018 Kamimaruko, Ueda-city, Nagano Japan) referring to
Kobayashi’s method [13].

Real-time PCR (RT-PCR) was performed to evaluate
the expression of the tissue inhibitor of metalloproteinase-1
(TIMP-1). The expression level of TIMP-1 was observed to
be directly related to the suppression of matrix metallo-
proteinase [13]. According to Broide, Britton, Lee, and
Kobayashi’s reports, the expression level of TIMP-1 is
endogenous inhibiting factor of MMP group [9-11, 13, 14].
The probes and primers for RT-PCR were obtained from
TagMan~ Gene Expression Assays Realtime TIMP-1
(TIMP-1: Applied Biosystems).

Azan staining and immunohistochemical staining of
alfa-smooth muscle actin (alfa-SMA) was performed to
evaluate the degree of fibrosis in rats. For each specimen,
the staining rate of the positive cells was defined as the
average Azan staining in 5 fields at 40x and the average
alfa-SMA staining at 100x magnification. The measure-
ments were based on a DI-Ruler.

This animal experimental protocol was approved by the
Animal Experiments Committee of Kurume University
(No. 2026). The measurements are expressed as the
mean + standard deviation, and comparisons between two
groups were performed with the Mann-Whitney U test.
p values below 0.05 were considered to be statistically
significant.

Results

In the blood biochemical analysis, serum AST was
9733 £ 212.9 and 579.3 £ 1743 IU/l in the NT-group
and T-group, respectively. The serum ALT was in 279.3 +
85.2 and 141.2 & 49.3 TU/I in the NT-group and T-group,
respectively. The serum AST and ALT levels in the NT-
group were significantly higher than those in the T-group
(AST: p = 0.048, ALT: p = 0.046). Therefore, the admin-
istration of ICKT significantly reduced both serum values
(Fig. 1).

In TGF-betal immunohistochemical staining, the per-
centages of stained cytoplasm were 22.06 £ 5.4 and
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Fig. 1 Serum AST and ALT % . P<0.05
levels in rats. Serum AST and
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Fig. 2 Immunohistochemical - H H : o
staining of TGF.betal, The TGF-betalimmunohistochemical staining
percentages of positive cells
were 22.06 = 5.4 and < SHAM x400>

0.97 + 1.45% in the NT-group
and T-group, respectively.
Staining of TGF-betal in the
T-group was significantly lower
than that in the NT-group

(p <0.05)

0.97 £ 1.45% in the NT-group and T-group, respectively
(p = 0.009, Fig. 2).

Hepatic TGF-betal levels were 7.14 £ 137 and
2.89 + 0.79 1U/1 in the NT-group and T-group, respec-
tively (p = 0.008, Fig. 3).

The relative levels of TIMP-1 m-RNA, indicating the
suppression of matrix metalloproteinase, were 76.8 £ 29.5
and 32.7 + 18.3 times in the NT-group and T-group,
respectively, compared to the SHAM group (Fig. 4).
Although the relative level of TIMP-1 m-RNA in the
T-group was lower than that in the NT-group, there was no
significant difference between the two groups.

For alfa-SMA staining, the percentages of positive cells
were 47.5 £ 16.4 and 12.4 + 4.34% in the NT-group and
T-group, respectively (p = 0.009, Fig. 5). Likewise, Azan
staining revealed, fibrotic areas of 332 £8.5 and
17.3 £ 7.1% in the NT-group and T-group, respectively
(p = 0.0283). In spite of a high grade of bridging fibrosis

<NT-groupx400> < T-group x400>

A:staining area

O :deeply staining area

LiverTGF -beta1 level

(ng/g) * % P<0.05
10

9

: 1
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4

3 1

2

.

1]

Sham NT-group T-group

Fig. 3 Hepatic TGF-betal levels. The level of hepatic TGF-betal in
the NT-group was significantly higher than that in the T-group
(» <0.05)

in the NT-group, no bridging fibrosis was seen in the
T-group (Fig. 6).
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) Liver TIMP-1 m-RNA level
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Fig. 4 Hepatic TIMP-1 m-RNA levels. Although the relative
quantification of hepatic TMP-1 m-RNA in the T-group was lower
than that in the NT-group, there was no significant difference between
them

Fig. 5 Immunohistochemical
staining of alfa-SMA. The rates
of positive cells were

475 4 164 and 8.4 £ 4.3% in
the NT-group and T-group,
respectively. Staining of alfa-
SMA in the T-group was
significantly lower than that in
the NT-group (p < 0.05)

<SHAM x 100>

Fig. 6 Azan staining. The
percentages of fibrotic areas
were 33.2 & 8.5 and

11.3 £ 7.1% in the NT-group
and T-group, respectively.
Staining of Azan in the T-group
was significantly lower than that
in the NT-group (p < 0.05). In
spite of the high grade of
bridging fibrosis in the NT-
group, no bridging fibrosis was
seen in the T-group

<SHAMx40>
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Discussion

Experimental studies have shown that ICKT protects
against the hepatic injury induced by various agents in
vitro, including alfa-naphtylisothiocyanate, galactosamine,
and carbontetrahydrochroride {7]. In addition, recent clin-
ical reports in Japan suggest that ICKT also may be ben-
eficial for the treatment of hepatobiliary diseases such as
BA[7, 15]. Several studies have reported ICKT to have an
antifibrotic effect, while also improving hepatic injury
[6-8, 15, 16]. The models in these reports originate from
cholestatic liver disorder, but as a result of injection of
carbon tetrachloride (CCly), pig-serum, or choline-deficient
L-amino acid-deficient diet [6, 8]. We performed bile duct
ligation in rats to serve as a model of cholestatic liver
disorder, similar to that seen in patients with BA. The aims

o.-SMA staining

<NT-group x100> < T-group x 100>

O :positive staining area

Azan staining
<NT-groupx40>

< T-groupx40 >

() :positive staining area
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of our study were to confirm both an antifibrotic effect and
improvement of hepatic injury by administration of ICKT
in cholestatic rats, and to clarify the pharmacodynamic
action of ICKT.

By administration of ICKT, we confirmed significant
reduction in the serum levels of AST and ALT in chole-
static rats, similar to previous reports [6-8, 15, 16]. The
data in these reports confirmed that ICKT also has hepa-
tocyte protective activity in BA patients.

Broide, Britton, and Lee reported that the mechanism of
advancing hepatic fibrosis involves activation of stellate
cells as a result of continuous inflammation of the liver,
which in turn promotes the production of TGF-betal and
consequently disrupts the balance between production and
reduction in the extracellular matrix [9-11]. The pathologic
mechanism of the progression from cholestasis to fibrosis
might originate from a chemical imbalance in the extra-
cellular matrix caused by the activation of transcription
factors and hepatic stellate cells. Continuous inflammation
increases the expression of adhesion factors, which results
in the accumulation of immune cells in the liver. The
subsequent accumulation of hydrophobic bile acid leads to
the activation of Kupffer cells [9-11, 14].

Recently, ICKT also has been reported to ameliorate
concanavalin A-induced hepatitis by inhibiting the pro-
duction of inflammatory cytokines [5], through the inhi-
bition of liver cell apoptosis induced by Fas-mediated
lethal liver injury [17] and TGF-betal [4]. TGF-betal is
regarded as an undesirable factor in various liver disorders,
because this cytokine induces fibrosis in liver tissue and the
growth suppression of hepatocytes, which may worsen
liver function. Furthermore, the inhibition of TGF-betal
intervention has been reported to be therapeutic in already-
established liver fibrosis, not only by suppressing fibrosis,
but also by facilitating hepatocyte regeneration [18]. The
reason for the progression of liver fibrosis in many BA
patients despite successful surgical treatment remains
unclear, but TGF-betal has been reported to promote
hepatic fibrogenesis via the activation of hepatic stellate
cells in BA patients [19].

In our study, there was a significant reduction in hepatic
fibrosis in rats given ICKT, as seen both in alfa-SMA
staining and Azan staining, compared to the NT-group. To
evaluate the hepatic fibrotic mechanism, we investigated
the antifibrotic effects by ICKT. In this study, we have
shown reduced levels of TGF-betal and hepatic TIMP-1 in
rats given ICKT.

Yamamoto et al. [4] reported that ICKT reduces the
apoptosis of hepatocytes. The significant reductions
observed in the serum AST and ALT levels in this study
might thus be considered to be hepatocyte protective
effects through the prevention of apoptosis by ICKT.
However, hepatocytes might instead be protected by the

inhibition of TGF-betal production due to reduction of
hepatic TGF-betal levels. ICKT is an aqueous mixture of
three herbal extracts: Inchinko (Artemisia Capillaries
Spike), San-shishi (JP Gardenia Fruit), Daio (JP Rhubarb
Rhizome) in a ratio of 4:3:1 by weight [5-8]. Inchinko and
San-shishi are effective for liver disease, and Daio is a
laxative and anti-inflammatly agents. Inchinko contains the
choleretic agent capillarisin. San-shishi contains genipin,
an aglycone converted in the gut from geniposide which
has been proven to suppress Fas-induced liver injury in
mice [16]. Hepatic fibrosis may have been inhibited due to
a reduction of the hepatic TIMP-1 levels, as a marker of the
suppression of matrix metalloproteinase, and thus leaded to
reduction of TGF-betal levels. In this study, we have not
yet investigated the transcription factors in the mechanism
of hepatic fibrosis. Therefore, further experiments may be
necessary to clarify these points.

The excessive production of active-oxygen species
might be related to the onset and advancement of hepatic
injury, related to continuous intrahepatic inflammation
[20]. We have previously reported that postoperative
patients with BA were under severe oxidative stress, even
with mild liver dysfunction without jaundice [13, 21].
Oxidative stress results in the progression of cholestatic
disease, while antioxidant therapy reduces cholestasis [13].
Recently, Nrf2-mediated antioxidant action was reported in
cholestatic diseases by administration of ICKT [22].
Therefore, it may be necessary to investigate the effects of
ICKT on oxidative stresses from the view point of stress
markers in the near future.

In conclusion, the herbal medicine ICKT might protect
hepatocytes and reduce fibrosis by suppressing hepatic
stellate cell activation and expression level of TIMP-1 in a
cholestatic rat model.
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h, 8RR, BREREFNEEL TV, PETHHH, BB+
IoBI BRSNS (8), B: L, SEEMELL FBRIBTET 5. /O
FADRERIKEETSH 3, C (42 £HH) : FIRHOBMMIL A 5 & CEIERE
RISHBETH 3, PIRED, 58V RERBR I BRL TV 3, NEICIEEMENEET
Er’&#5h3, D (1 883 1 PIRIKORMIEH A S S CMERERICIBETH Y,
CEELTRESEARLTVEY, BVREERBRESEYEC ST, BELT
&Y, CLNBBRBUERCL->TWV3 (A), (C, D BRA—ER, FEE)

747X MEEH R E T,

3) PFIC33®

T L DI ENT WAV, Deleuze H D
HICL 5L, MIIRED SAEMMEE, MRS
B EAUFRE SN b, FIHCHIIRERE B L O
AEMIREEAED S h, BHMIFEZIETS
5o BEOFHBEMBEEZE, FHRIFEEREZ
I EH S o i b BD SN 5,

PFIC3 LR S NG TOEFHMSIFTR
DI,

2. {AHKRE

1) PFICH

EMEEELTEI BEND TS 5,
PILBD TiZiF#lla o Ha KBTI & Sl v,
PFIC2 TiZFMiaEMatEZ LA EmE T, EM
T o I soEMRR R ATH 3D,

2) PFIC2

EAatEZ b2t ) REVEICH T b5,
BA /N IET, EMRRtEZ LS L ON8H S o i
EHITHEE, KOWBHERBEATER S N, /%
DOFrRiE PFIC2 &EE§ 5, LA L, BA &M
IRIBCHINBE R 4, MAEEILRAEEE T H 5 27,
PFIC2 TIZEEEETH 5, PFICL Tk E M
Tt AR R <, EMNaH o JEMRERIEE
MY, LD MV BEERZTER T 5.

3) PFIC3

EMUREN 2% & o IRABSENON R & &
5o

NICCD (m5)

1. REERARRST
REWIE & Bt ) o WA EE LR TH Y, £<
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® 4 PFIC2 (A, B:HE#®&, C, D: i BSEP Hifk(C & 5 Rsai{by)
(GEFNIENLRE R~ ¥ — WSS PRRFEEOIEEICLD)
A BN, FFMBREMREEEIFATH 5, EMBEICIIRML REMRR
M, e RIS > H S5 h B, B FIljiR. BEORMMEHANHS N,
Yo EhibETIBE~PEEOREMRRAMEN . NERBE—BFH
W, MIEEOMENBESS>N D, C: EMBEEIC BSEP ORBEIBOH S EL,
D : #BEEFID BA T3, EHMEE(IC BSEP ORBAEBH S5 3,

OFEFIE 1 mUFICATRARR T 555, Fhil
BHALASEIT L, WHEICWA2EMNSH 5, #
HMALOBEEZ X T EE TH Do M LIZMRERD
SMEL, SHMEMAEEERL, FAEMEEE
ZL, WHEIERT S, REFTROEIIET
HY, % OFERGAEEE~B D JIE RIS A A
HiLde FIEMALIEPIIRIICER L, piecemeal
necrosis Z £ o FIIRIRICERE L T B ERRE
ML) ¥ NERTH Do FHBUCHRREIEL L O
IR A HNB, FFICIE T S HDIFER,
Kupffer A% fEvy, BEEIRRENADN S, I
LALDEPAENIFE 2T 5. # 7 HOEH
AR EEDNRIEIT 2R L, KNG & sl e
%%ﬁmﬁﬁﬁﬁ%ﬂéoﬁ%ﬁﬁﬁwmﬁ%%
TGS A SN D, B o Hidd 8 HIDIER
WAL, F08 6 dhdEiiE i) sEO)E
I oHE RT3, BEDNEHD otz k) ER
T, TER 2 AR S IS O IR ERREEA A S

N5, FEHOEM T, FIREEROFHRS X
UPRIBAO< 707 7 — VICBREONE YT
VibABE S D, IR, B ot JUE
IS, SREHF VN b IERNETR TR v,
INSOFEMSR—FIcA SR, L KIEHHE
&N ANRBAE T A I ENT
H %o NICCD I2i5abh 2 IFMEMMKEEET 5
BREEIOND,

2. &R R

Feihibg ot Ba o, THAMEFEE, nonalco-
holic steatohepatitis (NASH) #5& ¥ 55, FHEH|
HERFREETIE, A b L EY— bR ETRIEN®
e, 7OV 7 alE %k &C/ETETE D REIE LA 2%
SN b, WHIMEIFRIEC X 5 IEIFLAR (LI HEd

DR T B Z A% W, NICCD D gl &I

IEELRISH 7B, NICCD it NASH & JEILILAE
L RAED HTHP T 545, NICCD THirillian
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BEPDICAEZFULHFEH/L TV B,

ballooning & B 3£7=-9", #HELIZFIIRIA & iR
L, NASH I2& 5415 zone 3 & Huls & L 7otk
EHL

[l EABRBREE @o

MEH B R R ERIER ICE R ERTH Y,
&5 O T b RRDFEF ISP v KT S
FL Lo THEHOKIBEN D Do TD ) bRE
09 72 K 4B HE 1, 38 -hydroxy- A5-Cyr-steroid
;hydrogenase/ isomerase KIEFE (3 f-HSD K48
JAE), 3-oxo- A'-steroid 58 -reductase X iR
(58 -reductase K ##E), oxysterol 7a -hydroxy-
lase 383 (oxysterol 7a KIBHE) TH 5o

BT B 3O SR A ) & SR D - WY 2D B
B RAECTOMB LI RIEHS M ShT

B 5 NICCD (A~C:HE#, D:skiifa)
ALFFINRRIESEOEIITEE L Tw3, KIEWE, MERIREL TV, B:
PIBRIRIC (2 Y S NBR el & T 3 REMBBMI #5035, C: FHERIIREH#IES
ERL, ABICIETI2EMH S TW3, FMiREMIEMTLLS# 513, D PIRER

1. REEBERSY

1) 3p-HSD &igfiE

M EMBEFRZRL, FEEETT
bo RIEFMAIBETH 5, PRI T, BREK
Cifo THIBEESA LN S, £ I3/ HEHIE
BEOBLBLUWHERALRE W,

2) 5p-reductase RISE
JFE/NEETIE, JBH S ot & s E Mt 2L
BHhohb, FHllOKERRIER, FiRMFSE
A NEPUCARRANC T 5o SERT RIZE
BETH 5o MEMBEEIRLNTVEZ EHE
Vo REMICEEOMAEER A B X OIS £ O
RBAONBEZ LD D,

3) oxysterol 7« &i8fE

rife E et 22 b 2 v, D EICHEDNR
) oA hohd, REXEETHY, RAEM
KL EFrRERASHL T, Y /S8R, IFREERASRAE S
Bo FFRRZENBMICHETT 5o ANBEMNBE LR
Na%, LIZLIEHBEERERRONS,
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