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Abstract

Although nitric oxide (NO) is an important biological mediator, excessive NO production in
inflammation is a causative factor of cellular injury and carcinogenesis. In this study, examination was
made of the effects of traditional Chinese herbal medicines (Kampo medicines) on NO production
induced by inflammatory stimuli in murine macrophage and hepatoma cell lines in wvitro. Murine
macrophage cell line RAW 264 cells were stimulated with lipopolysaccharide (LPS) and rat hepatoma
cell line McA-RH 7777 cells, with TNF-a and IL-1 8 to induce NO production. Using these 2 experi-
mental systems, Kampo medicines and crude drugs were investigated. Of 129 Kampo medicines, Oren-
gedoku-to (FEME:, OGT) was shown to have the strongest activity for inhibiting NO production
from LPS-stimulated macrophages as well as TNF-a/IL-1 g-stimulated hepatoma cells. Of 4 crude
drugs consisting of OGT, Oren (Coptidis Rhizoma) was mainly effective in cytokine-stimulated he-
patoma cells, and Ogon (Scutellaviae Radix) in LPS-stimulated RAW 264 cells. This indicates that
contributory components to the inhibitory effects differ depending on cell type and/or type of stimuli.
Our results thus suggest that a mixture of different crude drugs, i.e. Kampo medicines, is much more
effective than a single crude drug for inhibiting excessive NO production in inflammatory diseases.

Key words nitric oxide, macrophages, hepatoma cells, Oren-gedoku-to (Huang-Lian-Jie-Du-
Tang), FEFH5.

Abbreviations NO, nitric oxide ; NOS, nitric oxide synthase ; iNOS, inducible nitric oxide
synthase ; PBS, phosphate buffered saline ; OGT, Oren-gedoku-to ; IL-18, interleukin-18 : TNF-a«,
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tumor necrosis factor-a.

Introduction

In inflammatory liver diseases such as viral hepa-
titis, Kupffer cells and infiltrating lymphocytes are
activated to produce many cytokines, oxyradicals and
nitric oxide (NO) radicals.”” Hepatocytes also pro-
duce NO on stimulation with inflammatory cytokines
such as interferon-y (IFN-y), interleukin 1 8 (IL-1
A) and tumor necrosis factor-a (TNF-a).” ' NO

causes deterioration of cellular functions by inhibiting

enzymes involved in cell respiration and DNA synthe
sis.”” NO has been shown to cause formation of
carcinogenic N-nitroso compounds, deamination of
DNA and to be rnutagenic.8 '’ This indicates the
possibility that chronic elevation of NO synthesis,
which may occur in chronic viral hepatitis and liver
cirrhosis, could deteriorate liver cell function and
13>The

effective inhibition of NO production induced by

. . . 11
increase the risk of hepatocellular carcinoma.

inflammatory stimuli from hepatocytes, hepatoma
cells and macrophages may thus prove beneficial for
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the prevention of liver cell carcinogenesis as well as
damage to tissue components.

We thus established in vitro NO production
models using rat hepatoma and murine macrophage
cell lines in which NO production is induced on treat-
ment with TNF -« /IL-18 or lipopolysaccharide
(LPS). We examined traditional Chinese herbal medi-
cines (Kampo medicines) for inhibitory effects on NO
production induced by these inflammatory stimuli in
macrophage and hepatoma cell lines in vitro. Of 129
Kampo medicines, Oren - gedoku -to (¥ & #f 3 &,
OGT) had the strongest activity for inhibiting NO
production from LPS-stimulated macrophages and
TNF - &« /IL -1 - stimulated hepatoma cells. The
mechanisms for this and active components were also
investigated.

Materials and Methods

Cell cultures : The rat hepatoma cell line McA-
RH7777 was obtained from American Tissue Culture
Collection and grown in phenol red-free RPMI1640
medium supplemented with 5 9 fetal bovine serum
(FBS), 100 u/ml penicillin and 100 xg/ml streptomy-
cin at 37°C in a humidified atmosphere of 5% CO,/
95 9% air. Cells were plated at a density of 1x10%/ml
and preincubated for 20 hr before treatment with
cytokines. NO production was induced by 1ng/ml
TNF-« (murine, recombinant ; GIBCO BRL) and 1
ng/m! IL-1 8 (murine, recombinant ; Sigma). The
murine macrophage cell line RAW264 was obtained
from Riken Cell Bank. The cells were plated at a
density of 3 X 10°/ ml and preincubated for 4 hr.
RAW264 cells were stimulated to induce NO produc-
tion with 1 ug/ml lipopolysaccharide (LPS, E. coli
0111 : B4, DIFCO). Incubation period was 48 hr for
both cell lines unless otherwise indicated.

Crude drugs and Kampo medicines : Crude drugs
and Kampo medicines were extracted by boiling
water and the aqueous extracts thus obtained were
spray-dried to prepare extract powder. Each extract
powder was weighed and stock solution at 10 mg/ml
was prepared in sterile distilled water. The stock
solutions of aqueous extracts were used for subse-
quent experiments by being added to culture medium

at desired concentrations. Spray-dried extract pow-

ders of crude drugs and Kampo medicines were pre-
pared by Tsumura & Co. (Tokyo, Japan). Kampo
medicines were prepared as an extract powder from
mixture of crude drugs according to the traditional
prescriptions. For example, Oren-gedoku-to (Huang-
Lian-Jie-Du-Tang in Chinese) extract powder con-
sists of crude ingredients extracted by boiling water
from the following four medicinal plants mixed in the
ratios in parenthesis ; Scutellariae Radix (3.0), Coptidis
Rhizoma (2.0), Gardeniae Fructus (2.0) and Phelloden-
dri Cortex (1.5).

Measuvement of NO production and cell viability :
The Griess assay, a spectrophotometric determination
for nitrite, was conducted to quantify the nitrite levels
in the conditioned media of McA-RH7777 or RAW264
cells treated with cytokines or LPS. Briefly, to 100 gl
sample, an equal volume of Griess reagent (19 Sul-
fanilamide, 0.1 95 N-1-naphthyl ethylenediamine dihy-
drochloride in 5 9% H;PO,) was added and immediate-
ly mixed. After 10 min, the product of the reaction
was read at 540 nm. The concentration of nitrite was
calculated from a standard curve using known concen-
trations of sodium nitrite. Cellular toxicity of crude
drugs and herbal medicines was evaluated using WST-
1 assay (DOJIN) according to the procedure of the
manufacturer. Treatments with Kampo medicines and
their ingredients were carried out at nontoxic doses as
determined by the cell viability defined by WST-1
assay.

Northern blot hybridization : Total RNA was
extracted from culture cells by a modified
guanidinium thiocyanate method using ISOGEN
(Nippon Gene, Tokyo, Japan) according to the proce-
dure of the manufacturer. Northern blot hybridization
was carried out essentially as described by Sambrook
et al” Briefly, samples 10 ug each of total RNA were
denatured and subjected to electrophoresis on a 1%
agarose-formaldehyde gel. After electrophoresis, the
gel was stained with ethidium bromide and photogra-
phed under UV illumination to verify even loading and
determine ribosomal RNA positions. RNAs were tran-
sferred to Hybond-N nylon membranes (Amersham
Life Science, Tokyo, Japan) and fixed by UV irradia-
tion. Each membrane was hybridized with **P-labeled
iNOS cDNA probe. After hybridization, the mem-
branes were washed under high-stringency conditions.
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The washed blots were autoradiographed using
Kodak XAR-5 film with an intensifing screen at -70
°C. The probe was a 1033-bp ¢cDNA fragment of the
mouse macrophage iNOS gene prepared by reverse
transcriptase polymerase chain reaction from LPS-
stimulated RAW264 cells as previously reported.IS)
The iNOS c¢DNA fragment was labeled with [ @-%P]
dCTP by random priming.

Results

Inhibition by Kampo medicines of cytokine-induced
NO production from McA-RH7777 cells
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Fig. 1 Cytokine - induced nitric oxide production in rat
hepatoma McA-RH7777 cells.

(a) Cells were incubated for 48 hr in the presence of
varying concentrations of TNF-« and/or IL-1g, and
accumulated nitrite in the medium was measured. Syner-
gistic effects by these cytokines on the NO production are
demonstrated.

(b) Cells were incubated for varying times in the pres-
ence of 1ng/ml of TNF-a and/or 1ng/ml of IL-1g6.
Increased NO production in a time-dependent manner
was observed when the cells were stimulated with both
cytokines. Cells treated with either of TNF-a (1 ng/ml)
or IL-18 (1ng/ml) did not increase NO production
beyond that of non-treated (NT) cells.

Significant increase in NO production was obser-
ved in McA-RH7777 cells when the cells were treated
with TNF-« and IL-1.8, but not with either alone.
When McA-RH7777 cells were incubated in the pres-
ence of 100ng/ml TNF -« or 10ng/ml IL-14,
increase in NO production was only twice that of the
control culture. The simultaneous administration of
these cytokines resulted in increase in NO production
more than 4 times that of the control culture even at
1 ng/ml, demonstrating the synergistic effect of these
cytokines on NO induction from McA-RH7777 cells
(Fig.1). Using this in vitro assay model of NO pro-
duction from cytokine-stimulated hepatoma cells, in
which hepatoma cells were stimulated to produce NO
with 1 ng/ml each of TNF-« and IL-1 8, accumulated
nitrite was measured 48 hr after treatment and aque-
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Fig. 2 Inhibitory effects of Kampo medicines on cytokine-
induced nitric oxide production in McA-RH7777 cells.
Cells were incubated for 48 hr at 37°C in RPMI medium
containing 10 % FBS in the presence of 1 ng/mi of TNF-
a and IL-1 g. Nitrite was quantified as described in the
text. All data represent means + SEM. for triplicate
determination. Open columns indicate nitrite of the condi-
tioned medium in the culture with (+) or without (—)
cytokines. Nitrite in the culture treated with cytokines in
the absence of added samples was set at 100 9% and the
relative ratio of nitrite is indicated as 9% nitrite of the
cytokine-stimulated culture. Nitrite in the culture media
after treatment with 200 yg/ml (shaded columns) or 50
rg/ml (hatched columns) of samples is demonstrated.
Samples of Kampo medicines : 1, Oren-gedoku-to ; 2,
Mao-to ; 3, Moku-boi-to ; 4, Ryo-kei-jutsu-kan-to 5,
Keishi-ka-shakuyaku-to ; 6, Tokaku-joki-to ; 7, Choi-
joki-to ; 8, Keishi-ninjin-to ; 9, Daio-kanzo-to ; 10, Ji-
daboku-ippo ; 11, Daiken-chu-to ; 12, San’o-shashin-to ;
13, Ryo-kyo-jutsu-kan-to ; 14, Oren-to ; 15, Inchinko-to
(1, EEARHE ; 2, BB ; 3, KBiEE ; 4, THOLHE ;5
HERONETEES 6, MEARRE ; 7, REARS ; 8, HEAS
%9, KETEE 10, iiTH#H—F ; 11, KEPE; 12, =%
B 13, FEME ; 14, 885 ; 15, HEES)
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ous extracts of 129 Kampo medicines were investigat-
ed. The first screening was conducted by treating the
cytokine-stimulated hepatoma cells with 400 gg/ml of
each Kampo medicine. Fifteen Kampo medicines de-
creased cytokine-induced NO production from McA-
RH7777 cells by more than 30 9. These Kampo
medicines were further investigated for inhibitory
activity at lower doses. As shown in Fig. 2, Oren-
gedoku -to (OGT) inhibited NO production most
effectively. OGT decreased NO production to 45 %
that of the cytokine-stimulated culture at 200 gg/ml.
No Kampo medicine except OGT inhibited NO pro-
duction at 50 gg/ml. No significant cellular toxicity,
as determined by the cell viability defined by WST-1
assay, was observed in the 15 Kampo medicines at 400
ng/ml (data not shown).

Because OGT consists of a mixture of 4 medicinal
plants Oren (Coptidis Rhizoma), Ogon (Scutellariae

Radix), Sanshishi (Gardeniae Fructus), Obaku (Phel-

lodendri Cortex), the effects of each crude drug were
evaluated in the same experimental model as follows.
Aqueous extracts of each crude drug were added to
the culture at doses proportional to the weight ratio of
each crude drug in OGT, and inhibitory activity on
NO production was evaluated. Treatment of cytokine-
stimulated hepatoma cells with 47 4g/ml of Oren
decreased NO production to essentially that of 200 ug/
ml OGT (Fig. 3a), suggesting the inhibition of NO
production from cytokine-stimulated hepatoma cells
to ultimately be due to Oren. As shown in Fig. 3b,
berberin, a major ingredient of Oren, showed dose-
dependent inhibition of the NO production, while
baicalin and baicalein, major ingredients of Ogon, did
not significantly inhibit cytokine - induced NO pro-
duction. Although the amount of berberin in Oren
was less than 10 9, 100 ug/ml Oren showed more
inhibition than 40 xg/ml berberin, indicating an ingre-
dient(s) other that berberin to possibly have inhibi-
tory effect.

Inhibitory effects of hevbal medicines in LPS-stimulat-

ed RAWZ264 cells

Murine macrophage cell line RAW264 cells were
stimulated with 1 gg/ml LPS for 48 hr to produce NO,
and nitrite in the conditioned medium was measured.
The inhibitory effects of 129 Kampo medicines were
initially screened at 200 xg/ml. Oren - gedoku - to
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Fig. 3 Inhibition by Oren-gedoku-to (OGT), its constitu-
ent crude drugs and some ingredients on cytokine-induced
NO production in McA-RH7777 cells.

(a) OGT contains Ogon (Scutellariae Radix), Oren
(Coptidis Rhizoma), Sanshishi (Gardeniae Fructus) and
Obaku {Phellodendri Cortex) at a weight ratio of 3:2:2:1.5.
Doses of each medicinal plant in 200 gg/ml OGT are
indicated in parentheses. Nitrite in the culture treated
with doses in the parentheses is demonstrated by the
shaded columns. Results obtained at 1/4 doses are shown
by hatched columns. Open columns indicate nitrite of
conditioned medium in the culture with (+) or without

(=) cytokines. Nitrite in the culture treated with cyto-
kines in the absence of added samples was set at 100 %
and the relative ratio of nitrite is indicated as % nitrite of
the cytokine-stimulated culture. All data represent means
+S.E.M. for triplicate determinations.

(b) Shaded columns exhibit nitrite in the culture treat-
ed with substances at the doses indicated in the parenth-
eses. Nitrite produced by treatment with 1/4 and 1/16
doses is demonstrated by hatched and stippled columns,
respectively. All data represent means=S.E.M. for tripli-
cate determinations.
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Fig. 4 Inhibitory effects of Kampo medicines on LPS-in-
duced nitric oxide production from RAW264 cells.
Dose-dependent inhibition by Saiko-keishi-kankyo-to
(SKKT), Oren-gedoku-to (OGT) and San’o-shashin-to
(SST) on NO production is demonstrated. All data repre-
sent means = S.EM. for triplicate determination. Open
columus indicate nitrite of conditioned medium in the
culture with (+) or without (—) LPS. Nitrite in the
culture treated with LPS in the absence of added samples
was set at 100 9§ and the relative ratio of nitrite is indicat-
ed as % that of the LPS-stimulated culture. Nitrite in the
culture media after treatment with 200 zg/ml (shaded
columns), 100 #g / ml (hatched columns) or 25ug/ml
(stippled columns) is shown.

(OGT), Saiko-keishi-kankyo-to (%2&H M 823 85,
SKKT) and San’o-shashin-to (= #ig.0#%5, SST)
inhibited NO production to less than 60 9% of that of
LPS-stimulated culture cells at 200 gzg/ml (Fig. 4).
No significant cellular toxicity, as determined by the
cell viability defined by WST-1 assay, was observed
in these Kampo medicines at 200 ug/ml. OGT showed
the strongest inhibitory activity, and therefore the
effects of Oren, Ogon, Sanshishi, Obaku, which consti-
tute OGT, were investigated (Fig.5a). Aqueous
extracts of each crude drug were added to the culture
at doses proportional to the weight ratio in OGT and
inhibitory activity on NO production was evaluated.
Oren and Ogon inhibited NO production but to an
extent less than that of OGT. Baicalin and berberin
inhibited NO production in LPS-stimulated RAW264
cells at more than 40 ug/m! (Fig. 5b).
Effects of OGT and its constituent crude drugs on
transcription of the iNOS gene

For clarification of the effects of Kampo medi-
cines and crude drugs on transcription of the INOS
gene, the expression of iINOS mRNA was assessed by
Northern blot hybridization using **P-labeled mouse
iNOS c¢DNA as the probe. As shown in Fig. 6, INOS
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Fig. 5 Inhibition by OGT, its constituent crude drugs and
some ingredients on LPS-stimulated NO production from
RAW264 cells.

(a)Doses of each crude drug in 200 gg/ml OGT are
indicated in parentheses. Nitrite in the culture treated
with crude drugs at doses in the parenthese is demonstrat-
ed by the shaded columns. Results obtained at 1/2 and 1/
4 doses are demonstrated by hatched and stippled col-
umns, respectively. Open columns indicate nitrite of condi-
tioned medium in the culture with (+) or without (—)
LPS. Nitrite in the culture treated with LPS alone was set
at 100 9% and relative ratio of nitrite is indicated as % of
the LPS-stimulated culture. All data represent means+S.
E.M. for triplicate determinations.

(b) Shaded columns show nitrite in the culture treated
with the reagents at doses indicated in the parentheses.
Nitrite obtained at 1/2 and 1/4 doses is demonstrated by
hatched and stippled columns, respectively. All data repre-
sent means+S.E.M. for triplicate determinations.

mRNA could hardly be detected in total RNA prepar-
ed from unstimulated McA-RH7777 or RAW?264 cells
(lane 1). Intracelluar iNOS mRNA markedly in-
creased at 48 hours after treatment with TNF-«/IL-
1 B8 for McA-RH7777 or LPS for RAW264 cells (lanes
2). OGT significantly inhibited the transcripticnal
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Fig. 6 Northern blot analysis showing effects of Oren-
gedoku - to and its constituent crude drugs on iNOS
mRNA expression in McA-RH7777 hepatoma cells (a)
and RAW264 cells (b). Ten ug total RNAs isolated from
cells after 48 hr treatment were separated by 1 9% agarose-
formaldehyde gel electrophoresis following Northern blot
hybridization using the ¥P-labeled mouse iNOS cDNA
probe. An autoradiograph of Northern blot analysis show-
ing the expression of iINOS mRNA appears on the upper
panel. A photograph of the ethidium bromide-stained gel
prior to transfer of RNAs to the nylon membrane appears
at the bottom of the figure to demonstrate even loading
and positions of ribosomal RNAs. Lane 1 represents non-
treated culture cells. Cells in lanes 2-7 were treated with
TNF-«/IL-18(a) or LPS (b) to stimulate NO produc-
tion. OGT (lane 3), Ogon (Scutellariae Radix), Oren
(Coptidis Rhizoma), Sanshishi (Gardenice Fructus) and
Obaku (Phellodendri Cortex) were added at the same
doses indicated in Fig. 3 (a) and 5 (a).

induction of the iNOS gene in both experimental
systems (lane 3). Oren inhibited iNOS gene transcrip-
tion in TNF-a&/IL-1 g-treated McA-RH7777, but not
LPS-stimulated RAW cells (lane 5). Ogon inhibited
iNOS gene transcription in LPS-stimulated RAW?264,
but not TNF-a/IL-12-stimulated McA-RH7777
cells (lane 4). Sanshishi and Obaku failed to inhibit
iNOS gene expression (lanes 6,7).

Discussion

NO is a multifunctional mediator with various
important physiological functions such as neurotran-
smission, non-specific immune defence and vasodila
tion."* """ NO is derived from L-arginine by isoforms

of nitric oxide synthase (NOS) : constitutive (cNOS)
and inducible (iNOS)."'" Although the iNOS path-
way was first characterized in macrophages activated
by LPS and IFN-y, NO production is not limited to
the reticuloendothelial system. Hepatocytes also
express iNOS following exposure to inflammatory
cytokines such as TNF-«, IL-1, and IFN*y.2 5)Thus,
NO can be produced in large amount from inflamma-
tory cytokine - stimulated hepatocytes as well as
activated inflammatory cells, including Kufpper cells,
in chronic hepatitis.” *'**”

The role of NO in inflammatory liver diseases is
a matter of controversy. There are several reports
that NO acts as a cytoprotective factor against liver
injury such as endotoxin-induced liver damage. For
instance, Harbrecht et al. reported that administra-
tion of a competitive inhibitor of NOS aggravates
LPS - induced hepatic damage in Corynebacterium
Parvum - sensitized mice.w However, it is widely
accepted that the induction of NO in large amount
may possibly be a causative factor of liver cell dam-
age as well as carcinogenesis in inflammatory liver
diseases.”” "' NO causes deterioration of cellular func-
tions by inhibiting enzymes involved in cell respiration
and DNA synthesis.ﬁ' " An increased production of NO
is probably responsible for the detrimental decrease in
blood pressure seen in septic shock,zm and the enhan-
ced generation of NO has been implicated in the
hyperdynamic state of cirrhosis, where elevated con-
centrations of circulating endotoxins may be respon-
sible for its induction."” Investigations using mutant
mice lacking iNOS gene have recently confirmed that
NO produced by iNOS is a causative factor for LPS-
induced lethality.zz’ =

Chronic infection and inflammation are well-rec-
ognized risk factors for a variety of human cancers.””
Reactive oxygen species, such as hydroxyl radical and
hydrogen peroxide, produced by inflammatory cells
have been proposed to contribute to the multistage
carcinogenesis process by inducing DNA or tissue
damage, mutations, DNA strand breaks and
chromosomal aberrations in inflamed tissues.”
Recent studies show that reactive nitrogen intermedi-
ates, such as nitric oxide and its derivatives, i.e.
peroxynitrite and nitrogen dioxide, also play an
important role in the inflammatory process and pos-
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sibly in carcinogenesis. Nitric oxide and super-

oxide anion, both formed in inflamed tissue, react
rapidly to form the peroxynitrite anion (ONOO-).*"
Peroxynitrite is a strong oxidant which may cause
DNA base modifications and tissue damage, which
may lead to increased cell proliferation and mutation.
Liu et al. reported that hepatic formation of N -
nitroso compounds and/or NO could be an etiologic
factor in hepatocellular carcinoma.'""” Recent
reports also suggested that inhibition of NO produc-
tion in inflammation may contribute to prevention of
carcinogenesis.&]Z)Evidence is thus accumulating that
the effective inhibition of inducible NO production in
inflammatory liver tissue is beneficial for the treat-
ment of hepatitis and prevention of liver cell car-
cinogenesis.

The authors thus established i vitro NO produc-
tion models using rat hepatoma and murine macro-
phage cell lines in which NO production is induced by
inflammatory stimuli such as TNF-«/IL-1 g or LPS,
and the inhibitory effects of Kampo medicines on NO
production were investigated. OGT was found to be
the most effective for inhibiting NO production in
LPS-stimulated macrophages and TNF-«/IL-1 8-
stimulated hepatoma cells at nontoxic doses. Of 4
crude drugs consisting of OGT, Oren and Ogon expres-
sed some inhibitory activity on NO production. The
mechanisms of inhibition by Oren and Ogon may
differ. Oren was mainly effective in cytokine -
stimulated hepatoma cells, and Ogon in LPS-stimulat-
ed RAW264 cells. This indicates that contributory
components to the inhibitory effects of OGT on NO
induction differ depending on cell type and/or type of
stimuli. Additive or synergistic effects of a multitude
of inhibitors are likely to provide better effect than a
single inhibitor. Our results thus suggest that a mix-
ture of different medicinal plants, i.e. Kampo medi-
cines, is much more effective than a single crude drug
or component for inhibiting NO production and
probably preventing cellular injury and hepatocar-
cinogenesis in inflammatory liver diseases.

Oren and Ogon are often used in combination for
treating inflammatory conditions and digestive organ
disorders in some Kampo prescriptions. The present
results may thus provide mechanistic basis for clinical
usage of combination of Oren and Ogon and suggest

the usefulness of mixtures of crude drugs for effective-
ly inhibiting NO production in inflammatory condi-
tions. A crude drug is comprised of many ingredients.
Its effects are quite complicated and not necessarily
attributable to just one component. The major ingredi-
ents of Oren and Ogon, berberin, baicalin and
baicalein, showed some inhibitory activity, but their
efficacy cannot explain the total activity of these
crude drugs, suggesting some other contributory
ingredients and/or synergistic effects by these compo-
nents. Although OGT suppressed the transcription of
the iINOS gene in this study, the mechanism of trans-
criptional inhibition remains to be elucidated. Further
study should be conducted to identify the active com-
ponent(s) responsible for the inhibitory effects of
OGT on NO production induced by inflammatory
stimuli in macrophages and hepatoma cells.
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