
described in classical texts, which are assumed to repre-

sent the culmination of empirical knowledge gained over

the centuries. In Japan, a number of traditional Kampo

medicines are manufactured on a modern industrial

scale, whereby the quality and quantity of ingredients are

standardized under strict, scientific quality controls. Some

of these medicines have demonstrated therapeutic effica-

cy in multicenter, placebo-controlled, double-blind stud-

ies. More than 100 Kampo medicines have been

approved as ethical drugs by the Ministry of Health,

Welfare and Labor of Japan and are used clinically for the

treatment of a wide variety of diseases. A number of

physicians who have been educated in Western medicine

at Japanese medical schools use Kampo medicines in

daily practice (2). Furthermore, more than 1 million

patients with various diseases have received long-term

treatment with Kampo medicines.

One such medicine, Inchinko-to, has been recognized

as a “magic bullet” for the treatment of jaundice and has

long been used in Japan and China as a choleretic and

hepatoprotective agent for various types of liver disease.

Inchinko-to consists of a mixture of three medicinal herbs:

Artemisia capillaris Spica, Gardenia Fructus and Rhei

Rhizoma. Several major ingredients responsible for the

beneficial effect of orally administered Inchinko-to and its

mechanisms of action have been identified. Genipin,

which is an intestinal bacterial metabolite of geniposide (a

major ingredient of Gardenia Fructus), has been demon-

strated to have potent choleretic and hepatoprotective

effects. The choleretic effect is mediated by the rapid

enhancement of translocation of a multispecific organic

anion transporter, multidrug resistance-associated pro-

tein 2 (MRP2), to the canalicular membrane. This results

in increased bilirubin and reduced glutathione (GSH)
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Introduction

Kampo medicine is a Japanese traditional medicine

that was developed from a traditional herbal medicine

originating in ancient China (1). The primary mode of

Kampo therapy has been via the ingestion of Kampo for-

mulations (i.e., specific combinations of raw herbs)
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blind studies. One such medicine, Inchinko-to, has been
recognized as a "magic bullet" for the treatment of jaun-
dice and has long been used in Japan and China as a
choleretic and hepatoprotective agent for various types
of liver disease. Double-blind, randomized, placebo-con-
trolled clinical trials have not yet been conducted.
However, recent experimental studies on the effects and
mechanisms of action of this medicine and its ingredi-
ents have raised the possibility of developing new phar-
macotherapeutic strategies targeting a wide variety of
liver diseases. These strategies include: the inhibition of
signaling pathways of hepatocyte apoptosis; the sup-
pression of hepatic stellate cell activation and subse-
quent liver fibrosis; transcriptional activation of bilirubin
metabolism via a specific nuclear receptor; and post-
translational activation of multidrug resistance-associat-
ed protein 2 (MRP2), a multispecific organic anion trans-
porter that plays a critical role in bilirubin clearance and
bile salt-independent bile formation.
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encourage future research to establish its effectiveness in

the treatment of liver diseases.

Preparation

Inchinko-to is typically prepared as follows. A mixture

of 5.0 g of the spike of A. capillaris Thunberg, 4.0 g of the

fruit of Gardenia jasminoides Ellis and 1.0 g of the rhi-

zome of certain Rheum species (Rheum palmatum Linne,

Rheum tanguticum Maximowicz, Rheum officilane Baillon

or Rheum coreanum Nakai) is boiled in 10 times its

weight in water for 60 min and filtered. The liquid extract

is then spray- or freeze-dried to obtain the extracted pow-

der. Kampo medicines such as Inchinko-to are presently

manufactured according to the Ethical Kampo Medicine

Drug GMP regulations and the self-imposed regulations

of the Japan Kampo-Medicine Manufacturers

Association.

Inchinko-to contains a large number of constituents

derived from various classes of compounds. All manufac-

turers of Kampo medicines as ethical drugs in Japan

ensure that their extracts contain two or more of the major

compounds characterizing the particular medicine group.

Chemical analyses of the constituent compounds in

Kampo medicines, including Inchinko-to and its con-

stituent herbs, have generally been performed by high-

performance liquid chromatography (HPLC) combined

excretion into the bile and subsequent bile salt-indepen-

dent bile formation. The hepatoprotective effect is related

to the potent antiapoptotic action of genipin, mediated via

interference with apoptotic signaling pathways in mito-

chondria. 6,7-Dimethylesculetin, a major ingredient of 

A. capillaris Spica, increases the expression of various

components involved in bilirubin metabolic pathways.

These include sinusoidal and canalicular organic anion

transporters, carrier proteins and a conjugating enzyme,

which are regulated via constitutive androstane receptor

(CAR, NR113) signaling. Although the contribution of

emodin and other anthraquinones contained in Rhei

Rhizoma to the effect of Inchinko-to has not been fully

elucidated, these agents suppress liver fibrosis via block-

ade of activating signal pathways in hepatic stellate cells.

A number of other ingredients have also been report-

ed to have choleretic, hepatoprotective, analgesic, antiin-

flammatory and other pleiotropic effects that are poten-

tially beneficial in preventing various liver diseases.

However, the characterization of these effects and the

mechanisms of action remain to be determined. Relevant

toxicological and pharmacokinetic studies have generally

not been carried out.  Furthermore, no well-controlled

clinical studies have been conducted. However, experi-

mental investigations and several case reports demon-

strating possible beneficial effects of Inchinko-to in severe

liver disorders, many of which are currently untreatable,

Fig. 1. Three-dimensional (3D) HPLC profile of TJ-135. 
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Fig. 2. Modes of action of Inchinko-to and its ingredients. (1) 6,7-Dimethylesculetin activates bilirubin metabolism via a constitutive

androstane receptor (CAR). (2) Genipin enhances translocation of multidrug transporter-associated protein 2 (MRP2) into the canalicu-

lar membrane. (3) Genipin interferes with mitochondrial apoptotic signal pathways. (4) Anthraquinones inhibit the activation of hepatic

stellate cells. (5) Inchinko-to modulates cytokine responses in vivo.

Pharmacological Actions

In the medical treatment book “Shang han za bing lun:

medical text by Zhang Zhong jing, comprising the Shang

han lun and the Jin kui yao lue”, written in China in the

beginning of the third century A.D., Inchinko-to (Yin-

Chen-Hao-Tang in Chinese) had already been described

as an effective drug for the treatment of jaundice. Modern

phytochemistry has identified various choleretic com-

pounds present in Inchinko-to and its constituent herbs

since the third decade of the 20th century. Among these,

capillarisin and 6,7-dimethylesculetin from A. capillaris
Spica and geniposide from Gardenia Fructus have been

identified as major ingredients. The choleretic effect of

Inchinko-to and its ingredients has been examined in

experimental animals since the mid-1970s by several

investigators in Japan. These studies suggested that this

effect is largely bile salt-independent, and is due to

actions by multiple ingredients, including capillarisin, 6,7-

dimethylesculetin and geniposide, via distinct mecha-

nisms. However, the detailed mechanisms by which

Inchinko-to and its ingredients exert choleretic effects had

not been clarified until recently. Advances in research on

bile formation and hepatocellular transporters have

with photodiode array (PDA) and evaporative light scat-

tering (ELS) detection to obtain an overall view of as

many compounds in the Kampo formulation as possible.

The ultraviolet-visible light (UV-VIS) profile of three-

dimensional (3D) HPLC analysis of the most widely used

Inchinko-to product (TJ-135; Tsumura & Co.) is shown in

Figure 1. The representative Kampo medicine supplier

Tsumura & Co. has been constructing a database that

includes retention times and UV-VIS profiles for approxi-

mately 1,000 compounds purified from various herbs, and

more than 100 fingerprint patterns of Kampo medicines

and constituent herbs made by 3D HPLC analysis. Such

a database will enable us to provide a convenient method

of assigning constituent compounds contained in herbs

and Kampo medicines. It will also provide the means to

control extract quality from a more comprehensive and

global viewpoint, by providing the “fingerprint” for each

medicine and herb. A number of routine quality controls

have been carried out: these include microbiological

specifications, determination of uniformity of content and

disintegration time, accelerated and long-term stability

studies, stability tests of active ingredients and other

characteristic ingredients. In all cases, high batch-to-

batch reproducibility is obtained.



beneficial effect of Inchinko-to on jaundice and choleosta-

sis. Confirmation of the effect of genipin and Inchinko-to

on human MRP2 is now in progress in an experimental

study using chimeric mice with a humanized liver, and in

a clinical study in patients undergoing biliary drainage for

obstructive jaundice.

The mechanism of action of 6,7-dimethylesculetin

(scoparone or 6,7-dimethoxycoumarin), a major ingredi-

ent of A. capillaris Spica, has been elucidated in recent

studies by Huang et al. using Yin Zhi Huang, a Chinese

herbal drug closely related to Inchinko-to (7). Yin Zhi

Huang contains extracts from four different plants: A. cap-
illaris, G. jasminoides Ellis, R. officinale Baillon and

Scutellaria baicalensis Georgi. Three of these four con-

stituent herbs are also present in Inchinko-to. Yin Zhi

Huang, the decoction of A. capillaris and 6,7-dimethyles-

culetin, accelerated the clearance of exogenously inject-

ed bilirubin. The effect of these agents was suggested to

be mediated by the constitutive androstane receptor

(CAR, NR113), a key regulator of bilirubin clearance in

the liver, because the effect was completely abrogated in

CAR knockout mice (Fig. 2). In primary hepatocytes from

both wild-type mice and mice expressing only human

CAR, 6,7-dimethylesculetin activated CAR and also

accelerated bilirubin clearance in vivo. These effects

were accompanied by an increase in the transcription of

various components involved in bilirubin metabolic path-

ways: a sinusoidal organic anion transporter (OATP2),

ligandin carrier proteins (glutathione S-transferase A1

and/or A2), the conjugating enzyme UDP-glucuronosyl-

transferase 1A1 (UGT1A1) and MRP2. While the possible

stimulatory effect of Inchinko-to on CAR has not been

investigated directly, the well-known contribution of 6,7-

dimethylesculetin to the beneficial effect of Inchinko-to

suggests the drug has a similar action.

Capillarisin, isolated from A. capillaris, has been

described as a more potent choleretic agent than 6,7-

dimethylesculetin (8). However, the content of capillarisin

in Inchinko-to is rather small (9-12), and for  this reason,

a possible contribution of capillarisin to the choleretic

effect of Inchinko-to remains to be determined (13). The

opened the way to an understanding of the mechanisms

of action of the agents.

Geniposide, a major ingredient of Gardenia Fructus,

is an iridoid compound comprising about 5% (3) to 15%

(unpublished observations) of Inchinko-to by weight.

Upon oral administration, geniposide is converted to its

aglycone genipin by intestinal bacteria. Takeda and col-

leagues have investigated the choleretic effect of genipin

and related iridoid compounds (4) and the relationships

between structure and choleretic activity (5). They

demonstrated that the effect is mediated by bile salt-inde-

pendent canalicular bile formation and that the hemiac-

etal moiety of iridoid compounds plays an important role.

Recently, Shoda et al. (6) reported that the enhance-

ment of bile acid-independent bile formation by genipin is

mediated by rapid stimulation of exocytosis and insertion

of the multispecific organic anion transporter multidrug

resistance-associated protein 2 (MRP2, Abcc1) into the

bile canaliculi (Fig. 2). Infusion of genipin rapidly

increased bile flow by 230%. Genipin also enhanced bil-

iary secretion of bilirubin conjugates (513%) and reduced

glutathione (GSH; 336%), both of which are transported

mainly by MRP2. Excretion of bile acid was not changed

following genipin infusion. Kinetic analysis of canalicular

membrane vesicles prepared from genipin-treated rat

liver established that the enhanced transport of various

MRP2-specific substrates (200%) is due to the increased

amount of MRP2 protein in the canalicular membrane.

These effects of genipin were completely abrogated in

MRP2-deficient Eisai hyperbilirubinemic rats. The effect

of genipin is rapid (within 30 min) and is not accompanied

by increases in MRP2 mRNA or protein expression in

whole cells, indicating that it enhances the redistribution

of MRP2 into the canalicular membrane. This is support-

ed by immunohistochemical studies of MRP2 using light

and electron microscopy (Fig. 3).

One-week oral administration of genipin, geniposide

and Inchinko-to showed similar enhancement of bile flow,

biliary GSH secretion and MRP2 translocation. Thus, the

potent enhancement of bilirubin secretion and bile forma-

tion by genipin may at least partly explain the well-known

Fig. 3. Immunohistochemical localization of MRP2 protein in the rat liver by light (A) and electron (B) microscopy. Left panels indicate

saline-treated livers and right panels indicate genipin-treated livers. Bar = 1.0 µm.
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detailed mechanism by which capillarisin exerts

choleretic effects also remains to be clarified. There are

preliminary reports of choleretic activity of compounds

such as p-hydrocyacetophenone, capillartemisin A, B and

B1, artepillin A and C, scopoletin, isoscopoletin and capil-

lene from A. capillaris (14, 15), but further investigations

have not been carried out.

The second most frequent indication for Inchinko-to is

in the treatment of acute hepatitis. Various studies have

demonstrated hepatoprotective actions of Inchinko-to and

the ingredients capillarisin, arcapillin, and especially 6,7-

dimethylesculetin and genipin, including in vivo hepatic

injury models using hepatotoxins such as carbon tetra-

chloride (CCl
4
) (16), galactosamine (17, 18), α-naph-

thylisothiocyanate (19, 20), transforming growth factor-β1

(TGF-β1) (21), concanavalin A (ConA) (22) and Fas stim-

ulation (23). Capillarisin has been reported to protect pri-

mary cultured rat hepatocytes from tert-butylhydroperox-

ide-induced oxidative damage by stabilizing the GSH

system and quenching free radicals (24). 6,7-

Dimethylesculetin has been observed to inhibit the

release of inflammatory mediators in RAW 264.7 cells

upon stimulation by interferon gamma plus lipopolysac-

charide (LPS) (25). Upregulation of antiinflammatory

cytokines such as IL-10 by Inchinko-to has been also

reported in the ConA-induced hepatitis model (Fig. 2).

However, further study is necessary to clarify the mecha-

nisms by which these ingredients exert hepatoprotective

activity in vivo. Among these ingredients, detailed analy-

sis of the active compound genipin and its mechanism of

action has been performed in the Fas-dependent lethal

hepatic injury model.

The Fas receptor is constitutively expressed on the

surface of hepatocytes and is thought to be involved in

both physiological and pathological hepatocyte death

processes. It can be shown experimentally that Fas stim-

ulation induces rapid and massive hepatocyte apoptosis

and subsequent fulminant liver injury. Furthermore, oral

administration of Inchinko-to has been shown to rescue

mice from Fas-mediated lethal liver injury (23). The effect

of Inchinko-to has been attributed, at least in part, to the

action of genipin. Oral administration of Gardenia Fructus

extract or geniposide in amounts equivalent to those con-

tained in Inchinko-to afforded similar protection against

liver apoptosis, while other constituent herbs provided no

protection. Furthermore, intravenous injection of genipin,

but not geniposide, is effective. Pretreatment with antibi-

otics that reduce levels of intestinal bacteria responsible

for the conversion of geniposide to genipin abrogated the

effects of orally administered geniposide and Inchinko-to.

In contrast, the effect of orally administered genipin was

not altered by antibiotic treatment. It is therefore pro-

posed that Inchinko-to exerts its hepatoprotective effect in

the Fas-induced liver apoptosis model via genipin gener-

ated in vivo from geniposide. Oral administration of

genipin displayed no effect on the expression and Fas lig-

and-binding activity of Fas on hepatocytes, or the expres-

sion of Bcl-2 family proteins, which are well-known intra-

cellular regulators of apoptosis. Genipin had no inhibitory
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effect on the proteolytic activity of caspases, specific pro-

teases which are signal mediators and/or executers of

apoptosis, in vitro. Mitochondrial permeability transition

and decay of membrane potential, which are both repre-

sentative apoptotic signaling events in mitochondria,

were potently attenuated by genipin treatment in the pres-

ence or absence of Fas stimulation. These data suggest

that genipin suppresses hepatocyte apoptosis by interfer-

ing with the apoptotic signal pathway in mitochondria

(Fig. 2).

Liver cirrhosis, the result of a wide variety of liver dis-

eases, is a worldwide health problem. Therefore, the

question as to whether Inchinko-to has antifibrotic effects

has generated much interest among researchers. Three

groups have reported an antifibrotic effect for Inchinko-to

in several liver fibrosis models. Pretreatment with

Inchinko-to had potent protective effects against liver

fibrosis in choline-deficient diet-induced (26), CCl
4
-

induced, porcine serum-induced (27) and thioacetamide-

induced (28) rat fibrosis models.

Although genipin has some antifibrotic properties, two

groups have given more attention to the constituent herb

Rhei Rhizoma and its ingredient emodin. An antifibrotic

effect for emodin has also been reported independently

(29). Inchinko-to has been shown to inhibit increases in

collagen expression, hydroxyproline content, the number

and proliferation of activated stellate cells, the expression

of smooth muscle α-actin (a marker of stellate cell activa-

tion) and the area of preneoplastic foci (Fig. 2). Emodin

inhibited the activation of mitogen-activated protein

(MAP) kinases such as ERK (extracellular signal-regulat-

ed kinase) and JNK (c-JUN NH
2
-terminal protein kinase)

(26) and platelet-derived growth factor receptor β
(PDGFRβ) signaling (28) in primary cultured or immortal-

ized stellate cells.

6,7-Dimethylesculetin is known to have vasodilating

(30-33), analgesic and antiinflammatory effects (13).

Capillarisin, geniposide and their derivatives have been

reported to have antitumor effects (34-40). Genipin is also

known to have purgative (41) and hypolipidemic (42)

effects and to modulate gastric function (43). In vitro and

in vivo studies have addressed the possible beneficial

effects of geniposide on memory impairment (44, 45).

Extracts of Artemisia species and its ingredients caffeic

acid and chlorogenic acid have been observed to inhibit

lipid peroxidation in serum (46). Numerous papers have

been published concerning the biological activities of

anthraquinones (rhein, aloe-emodin, emodin, senno-

sides, etc.), phenolic compounds (catechin, epicathechin,

epicatechingallate, lindleyin, etc.) and other ingredients

contained in Rhei Rhizoma; therefore, we will not discuss

this topic in the current review.

Pharmacokinetics and Metabolism

Inchinko-to has a great variety of ingredients present

in large amounts, but only a small fraction of ingredients

responsible for its beneficial effects have so far been

identified. As yet, insufficient and preliminary data are



available for a limited number of ingredients.

Furthermore, in common with other Kampo medicines,

the metabolism of ingredients, not only by human meta-

bolic pathways but also by intestinal bacterial flora, is crit-

ically important for the beneficial (and detrimental) effects

of Inchinko-to. At present, therefore, it is almost impossi-

ble to review the pharmacokinetic, metabolic and toxico-

logical profiles of Inchinko-to. In this section we summa-

rize reports concerning not only Inchinko-to, but also its

constituent herbs and major ingredients.

Geniposide is resistant to hydrolysis by gastric acid.

Conversion of geniposide to genipin appears to require β-

D-glucosidase activity present in intestinal bacteria,

because rat liver homogenates, which have β-D-glucosi-

dase and esterase activity, do not metabolize geniposide

by hydrolysis.  In addition, a wide range of intestinal bac-

teria have the ability to hydrolyze geniposide (47-49).

Furthermore, as described below, the ability of antibiotic

pretreatment to abrogate Inchinko-to and/or geniposide

efficacy/toxicity has been proposed on the basis of both

experimental and clinical evidence. Genipin has been

suggested to be further converted to the nitrogen-con-

taining compound genipinine (50) and blue pigments (51-

53) in the presence of ammonia and amino acids, respec-

tively. Genipin reacts selectively with the sulfhydryl

groups of GSH and cysteine, resulting in transient reduc-

tion of GSH content in the liver. At higher concentrations,

it is possible that cross-linking of certain proteins by

genipin occurs (54). Based on previous studies and our

unpublished observations, it can be speculated that when

Inchinko-to is administered orally, its main ingredient

geniposide presumably follows the following course: 1) a

proportion of geniposide is converted to genipin by intesti-

nal bacteria; 2) a proportion of genipin is further convert-

ed to several compounds, including cross-linked proteins;

3) geniposide, genipin, and perhaps some metabolites,

are absorbed into the portal vein and transported to the

liver; 4) genipin is conjugated mainly as the glucuronide

in the liver; 5) a proportion of unconjugated and conjugat-

ed genipin is secreted into the bile by the MRP2 trans-

porter; and 6) genipin and its metabolites in part circulate

in the enterohepatic cycle, in part are excreted into the

feces and in part into the urine. It must be noted that, due

to its physicochemical properties, genipin may bind vari-

ous amino acids, proteins and therefore tissues and

organs. Furthermore, de novo synthesized genipin, if pre-

sent in excessive amounts, may damage intestinal bacte-

ria and cause diarrhea, which in turn reduces genipin

generation (23). Thus, the efficacy and toxicity of genipo-

side are considered to be rate-limited by intestinal bacteria.

Experimental pharmacokinetic studies of genipin have

not been performed. However, it has been reported that

when 1200 mg/kg of an extract of Gardenia Fructus

(equivalent to 214.6 mg/kg of geniposide) was orally

administered to male ddY mice, plasma geniposide levels

reached a peak of approximately 103.1 µg/ml at 30 min

and then gradually decreased. Very low concentrations of

genipin (0.07 µg/ml), peaking at 60 min, were detected in

the plasma (55).
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A preliminary study reported that oral administration

of 25, 50 and 100 mg/kg of 6,7-dimethylesculetin gave

plasma concentrations of approximately 5, 5 and 30 µg/ml,

respectively, at 60 min (56). Inchinko-to at a dose of 6.5

g/kg (corresponding to a dose of 6,7-dimethylesculetin of

25 mg/kg) gave a plasma concentration of approximately

2 µg/ml at 60-120 min.

Toxicity

The toxicological evaluation of Inchinko-to has includ-

ed general and specific studies aimed at determining the

potential risks associated with its oral use in humans.

These have included acute toxicity and repeated-dose

subchronic studies performed in rodents. In addition,

studies investigating the cytotoxicity and mutagenic

potential of Inchinko-to have been performed. Acute oral

toxicity studies of TJ-135 (the representative Inchinko-to

product made by Tsumura & Co.) in SD rats (57) record-

ed mortality, daily clinical observations, food consumption

and body weight gain for 14 days after dosing. Also, in

some studies, necropsy and histopathological examina-

tions were performed on the survivors upon completion of

the study. The doses of TJ-135 used for the acute toxici-

ty studies ranged from 4 to 16 g/kg. The dose used in

humans is 1.5 g/day, which corresponds to 21.4 mg/kg

assuming a mean body weight of 70 kg. Hence, experi-

ments investigating the toxicity of TJ-135 administered at

up to 16 g/kg have included doses 747 times higher than

the dose used in humans. The estimated lethal doses of

orally administered TJ-135 were > 16 g/kg for male and

12 g/kg for female SD rats, respectively. Decreases in

body weight gain, chromaturia, loose stools, diarrhea and

sedation were observed at doses > 4 g/kg. Chromatism in

liver and kidney was observed at a dose of 16 g/kg in

male rats and at > 12 g/kg in female rats. Histo-

pathological examination did not show differences

between control and treated animals (58). The ingredi-

ents responsible for the observed change in body weight

gain and for the clinical observations, together with the

mechanism by which these changes were induced,

remain to be clarified. However, there have been some

reports on toxicity of constituent herbs and ingredients, as

follows: 1) anthraquinones of Rhei Rhizoma cause chro-

maturia; 2) genipin reacts with amino acids and produces

blue pigments; 3) oral administration of geniposide and

genipin causes chromatism in liver, kidney, spleen, urine

and feces; 4) prolonged feeding of high doses of crocin

dyes (ingredients of Gardenia Fructus) to rats induces a

reversible hepatic black pigmentation (59); and 5) Rhei

rhizoma, Gardenia Fructus and genipin have potent

cathartic effects.

A study investigating the toxicity of repeated oral

doses of TJ-135 was conducted in SD rats. Animals were

randomly distributed to 4 experimental groups (12 ani-

mals/sex/group): a control and 3 groups treated orally

with different doses of TJ-135 (250, 1000 and 4000

mg/kg) for 28 days. Analysis of mortality, weight gain,

clinical observations, ophthalmological examination,



urinalysis, hematological examination, biochemical exam-

ination, necropsy, organ weight analysis and histopatho-

logical examination were performed upon completion of

the study. Increases in reticulocyte count and slight

histopathological changes including chromatism were

observed in males and females in the 1000 mg/kg group.

One male rat treated with 4000 mg/kg TJ-135 died.

Surviving animals receiving the same range of doses

showed a decrease in body weight gain, loose stools,

anemia, increases in leukocyte count, inflammatory

changes in the large intestine and histopathological

changes in the liver, spleen and kidneys. The no-

observed-adverse-effect (NOAE) level of TJ-135 in the

study was therefore assumed to be 250 mg/kg for both

males and females, more than 10 times larger than the

dose used in humans (60).

The possible genotoxic potential of Inchinko-to was

investigated using a bacterial reverse mutation test (the

Ames test), an in vivo micronucleus test in mouse bone

marrow cells and an unscheduled DNA synthesis test in

rat hepatocytes (61). Inchinko-to showed no mutagenic

potential either in vitro or in vivo.

The acute toxicity of genipin was investigated in male

ddY mice and male Wistar rats (43). The LD
50

values at

72 h following i.v. and p.o. administration of genipin were

153 and 237 mg/kg, respectively, while geniposide at a

dose of 3 g/kg i.v. and p.o. showed no lethality. In rats,

oral administration of 1-80 mg/kg genipin was reported to

be devoid of toxic effects, while i.p. administration of 80

mg/kg genipin resulted in significant elevations in aspar-

tate aminotransferase (AST) and alanine aminotrans-

ferase (ALT) activities (62). This hepatotoxic effect at 24

h after i.p. administration was similar to that of orally

administered geniposide at a dose of 320 mg/kg. The

hepatoxicity of orally administered geniposide could be

abrogated by pretreatment with antibiotics or cysteine

and could be enhanced by pretreatment with the GSH-

depleting agent buthionine sulfoximine. These data sug-

gest that the hepatotoxicity of geniposide requires intesti-

nal bacteria and is related to hepatic GSH levels. The

profound effects produced by genipin on hepatic GSH

levels probably reflect its potent enhancement of MRP2

function and marked reactivity with the sulfydryl group of

GSH. However, the effect of geniposide/genipin on hepat-

ic GSH may be more complex. We have observed that

oral administration of geniposide or genipin resulted in

long-lasting elevation in GSH levels following a sharp but

transient decrease (unpublished observations).

Furthermore, Kang et al. suggested that orally adminis-

tered geniposide has the ability to inhibit a cytochrome 

P-450 3A monooxygenase and to increase GSH content

in rat liver (63).

In vitro evaluation has suggested that genipin is geno-

toxic at concentrations above 50 ppm (64, 65).

The acute toxicity of oral 6,7-dimethylesculetin was

investigated in male ddY mice and the LD50 at day 7 was

found to be 940 mg/kg (13).
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Clinical Studies

Unfortunately, large-scale well-controlled clinical stud-

ies have not been conducted, although a considerable

number of clinical reports have been published. Much of

the published work reporting the beneficial effects of

Inchinko-to for the treatment of acute liver failure, viral

hepatitis, jaundice, cholestasis, postoperative liver injury,

primary biliary cirrhosis, biliary artesia and sclerosing

cholangitis has been written in Japanese. At present, only

four papers in English are available. Onji et al. (66) report-

ed that the combined use of ursodeoxycholic acid and

Inchinko-to in 3 jaundiced patients with primary biliary cir-

rhosis resulted in clinical and biochemical improvement,

including a decrease in bilirubin levels in all patients.

Kobayashi et al. (67) reported a beneficial effect for

Inchinko-to in postoperative biliary artesia patients.

Eighteen such patients aged 3-23 years, with elevated

ALT and γ-glutamyltranspeptidase (γ-GTP) but normal

serum total bilirubin levels, were treated with Inchinko-to

for 2 years. All patients had been receiving ursodeoxy-

cholic acid for at least 1 year without improvement before

Inchinko-to treatment. All subjects tolerated the drugs

well and completed the study without difficulty.

Measurements were made before and after treatment of

AST, ALT, γ-GTP, total bile acid and serum total bilirubin

as markers of liver failure, and of hyaluronic acid, prolyl-

hydroxylase, procollagen type III and type IV collagen as

markers of liver fibrosis. The percentage of subjects who

improved (defined by a > 25% decrease in the parameter

for each patient) after treatment was 72% for ALT, γ-GTP

and total bile acid and 67% for hyaluronic acid. The mean

values for all serum markers significantly decreased after

Inchinko-to treatment.

Another study evaluated the efficacy of Inchinko-to in

the treatment of liver fibrosis in 6 patients with biliary arte-

sia without jaundice (68). The authors reported that 5 of

the 6 patients showed significant decreases in AST, ALT

and γ-GTP after 1-3 years of Inchinko-to treatment. In a

separate study, Arai et al. (69) reported a case of severe

acute hepatitis of unknown etiology treated with Inchinko-

to. The patient had grade I hepatic encephalopathy, liver

atrophy and massive ascites, and was treated with trans-

fusions of fresh frozen plasma, glucagon-insulin therapy

to improve vital function, and lacturose and kanamycin to

prevent encephalopathy. While AST and ALT decreased

after these treatments, prothrombin time remained unim-

proved and serum total bilirubin continued to increase.

Additional treatment with glycyrrhizin, ursodeoxycholic

acid and Inchinko-to showed no apparent beneficial

effect. However, after stopping kanamycin treatment,

serum total bilirubin and prothrombin time began to

improve. An abdominal CT study at 3 months showed

that the liver had increased in size. Fresh frozen plasma

was stopped at day 99, and after 4 months the patient

was discharged from the hospital.

While the studies described above did not establish

the efficacy and safety of Inchinko-to in the treatment of

liver diseases, they encourage further extensive research



which may open the way to the development of new phar-

macotherapeutic strategies aimed at a wide variety of

liver diseases.

Conclusions

Kampo medicines are now manufactured in Japan on

a modern industrial scale whereby the quality and quanti-

ty of ingredients are standardized under strict, scientific

quality controls. Inchinko-to, one of these Kampo medi-

cines, has been approved as an ethical drug and is used

for the treatment of liver diseases in Japan by physicians

who have been educated in Western medicine. Recent

experimental studies concerning the effects and the

mechanism of action of the drug and its ingredients have

addressed the possibility of developing new pharma-

cotherapeutic strategies aimed at a wide variety of liver

diseases. Although no well-controlled clinical studies

have been conducted, several case studies have demon-

strated possible beneficial effects of the drug for severe

liver disorders, many of which are currently untreatable.

Appropriate toxicological and pharmacokinetic studies

have generally not been carried out. However, in addition

to empirical knowledge about safety gained over the cen-

turies, this drug is now used ethically in Japan under the

extensive surveillance system of drug safety covering all

medical institutions, pharmacies and pharmaceutical

manufacturers. This will encourage future research to

establish the efficacy of Inchinko-to in the treatment of

liver diseases.

Sources

Ethical Inchinko-to is supplied by Tsumura & Co.,

Kanebo Pharmaceuticals Co., Ltd., and several other

Kampo medicine manufacturers in Japan.
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