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ABSTRACT

Increased oxidative stress induces inflammation to several tissues/organs leading to cell death and long-term injury. Traditional Chinese
Medicine (TCM) with antioxidant, anti-inflammatory, anti-apoptotic, and autophagic regulatory functions has been widely used as
preventive or therapeutic strategy in modern medicine. Oxidative stress and inflammation have been widely reported to contribute to
cigarette smoke—induced lung inflammation, hepatotoxicity, or sympathetic activation—induced liver inflammation, lipopolysaccharide-
induced renal inflammation, and substance P-mediated neurogenic hyperactive bladder based on clinical findings. In this review, we
introduce several evidences for TCM treatment including Monascus adlay (MA) produced by inoculating adlay (Cois lachrymal-jobi
L. var. ma-yuen Stapf) with Monascus purpureus on lung injury, Amla (Emblica officinalis Gaertn. of Euphorbiaceae family) on
hepatotoxin-induced liver inflammation, Virgate Wormwood Decoction (F &  i# Yin Chén Hao tang) and its active component
genipin on sympathetic activation—induced liver inflammation, and green tea extract and its active components, catechins, or a modified
TCM formula Five Stranguries Powder (I # #tWu Lin San) plus Crataegi Fructus (.1 #.Shan Zha) on hyperactive bladder. The
pathophysiologic and molecular mechanisms of TCM on ameliorating inflammatory diseases are discussed in the review.
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are the two key factors in screening active compounds of traditional

INTRODUCTION

Traditional chinese medicine

Many Traditional Chinese Medicine (TCM) treatments have
been applied in modern medicine to promote health and prevent or
cure diseases. Biological activity and physicochemical properties

Chinese herbs during early discovery phases. As a great number
of the compounds have become available today, new strategies
are required in order to search active compounds from the natural
substances more effectively and economically. Bioinformatics
and structural biology, which enabled us to analyze structural—
functional relationships in natural compounds and their relatives,
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pushed our understanding while the importance of clinical and
epidemiological studies remains unchanged.

Oxidative stress and inflammation

Oxidative stress and inflammation are constant features and
major mediators in the development of acute and chronic diseases.
Oxidative stress, resulting from a disruption of the natural balance
between pro- and antioxidant systems, may contribute to inflamma-
tion. Increased reactive oxygen species (ROS) has been recognized
as the major factor leading to inflammation. In response to injury,
amassive ROS production can cause lipid peroxidation of cellular
membranes and protein and DNA oxidation, which result in cellular
injury.'” ROS may be derived from the mitochondria of hepato-
cytes, the activated macrophages (Kupfter cells), and the infiltrat-
ing neutrophils.[3 Induction of cytochrome P4502E1 (CYP2E1)
and inducible nitric oxide synthase (iNOS) also enhances further
oxidative stress in the damaged tissues. These ROS can trigger
the translocation of nuclear factor-kappa B (NF-kB) and activa-
tor protein-1 (AP-1) to nucleus® and activation of inflammatory
cytokines, chemokines, and adhesion molecules [intercellular adhe-
sion molecule-1 (ICAM-1)] that, in turn, can contribute to further
production of ROS!I'**! and consecutively activate the cascade of
Bax and cytochrome c translocation and caspases (apoptosis).”
Also, the enhanced ROS evokes other types of cell death like au-
tophagic cell death, necrotic cell death, and pyroptotic cell death.™
For example, in organs subjected to septic shock, hemorrhage, and
ischemia/reperfusion, the overproduced ROS triggered early cel-
lular signal transduction pathways responsible for the activation of
NF-«xB and AP-1, resulting in upregulation of the ICAM-1 gene in
the vascular endothelium and subsequent tissue accumulation of
activated neutrophil accumulation.’®¢ Catechins with antioxidant,
anti-apoptotic, and anti-inflammatory activity can inhibit redox-
sensitive transcription factors in cancer cells, in hepatic stellate
cells in hepatic fibrosis, and in insults to cells or tissues mediated
by ROS.B Effective scavenging of ROS or maintenance of the cel-
lular redox state may represent a useful therapeutic approach for
limiting inflammation- and apoptosis-mediated oxidative injury.

The activated monocyte/macrophage cells, infiltrated leu-
kocytes, and/or resident cells are the sources of ROS generated
in the tissue/organ and are subject to oxidative injury.[) Attach-
ment of activated leukocytes to the vascular endothelium and the
subsequent production of ROS are the key events in the inflam-
matory course.>*! Leukocyte nicotinamide adenine dinucleotide
phosphate (NADPH) oxidase-derived ROS signaling also plays a
role in the induction of inflammation.l” The use of TCM to treat
inflammatory diseases has been widely investigated.!® We discuss
several inflammatory diseases induced in the animal models and
the application of several efficient TCM in reducing inflammatory
diseases in the subsequent sections.

CIGARETTE SMOKE INDUCED LUNG

INFLAMMATION

Cigarette smoke (CS) is a complex mixture of more than
4700 chemical compounds including free radicals and oxidants.
CS exposure causes an oxidant/antioxidant imbalance, leading
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to increased oxidative stress and decreased antioxidant defense
mechanisms.” Toxicity in CS may be due to the combined action
of these compounds inducing many cellular processes mediated
through ROS. The major player is probably nicotine as it is pres-
ent in tobacco in higher concentrations. Nicotine may induce
intracellular oxidative stress, recognized as the important agent
involved in the damage of biological molecules. Moderately higher
concentrations of some forms of ROS like NO and H,0, can act
as signal transducing agents. NF-kB, an inducible transcription
factor detected in lung epithelial cells or neurons, is found to
be involved in many biological processes such as inflammation,
innate immunity, development, apoptosis, and anti-apoptosis.['%
Electromobility shift analysis showed that nicotine activates induc-
ible NF-kB by binding to consensus sequence of DNA. Further
activation of c-Jun terminal kinase indicates that nicotine induces
oxidative stress leading to activation of stress-dependent NF-kB
pathway in the damaged cells or tissues.!'"

Production of ROS is greatly induced by CS and evokes ab-
normal signal transduction and cellular dysfunction, initiating an
oxidative stress cascade that leads to endoplasmic reticulum (ER)
stress and autophagy/apoptosis/necrosis in the bronchial epithelial
cells or alveolar cells.’!' Increases in ROS promote mitochondrial
dysfunction-induced caspase-dependent apoptosis and Beclin-1/
LC-3—dependent autophagy, as well as ER stress-mediated apop-
tosis.'?! Overexpression of placenta growth factor (PIGF) by PIGF
transgenes!'*'¥ contributes to pulmonary emphysema pathogenesis.

Monascus adlay and cigarette smoking induced lung
inflammation

Monascus adlay (MA) products are made from fungi, such as
Monascus spp., and grass crops, such as adlay (Cois lachrymal-jobi
L. var. ma-yuen Stapf; also known as Chinese pearl barley and soft-
shelled Job’s tears). Products of fermented Monascus spp. (e.g.,
anka and red koji) were first mentioned in the ancient Chinese phar-
macopoeia, Pen-Chow-Kang-Mu (Systematic Pharmacopoeia)
by Li, SC in 1596, and are widely used as a Chinese cuisine.!>!°
The major metabolic component in fermented Monascus species
is lovastatin (also known as monacolin K)), which possesses hy-
pocholesterolemic, anti-fibrosis, anti-inflammatory, antioxidant,
and anti-apoptosis properties.['” A recent report indicated that red
mold rice can be applied to reduce hepatic inflammatory damage
in Zn-deficient rats.!'*! On the other hand, adlay is widely planted
in Taiwan, China, and Japan. It not only has a high nutritional
value but also is effective in the treatment of warts, chapped
skin, rheumatism, and neuralgia, as well as has more general
anti-inflammatory, antioxidant, and antitumor properties.!*2"
Evidence shows that MA extracts display higher antioxidant
activity, reducing power, scavenging and chelating abilities, and
higher total phenol content than uninoculated adlay products.!*
We recently (in 2013) found that components of dietary MA,
namely lovastatin and phenolic compounds, synergistically en-
hance antioxidant and anti-inflammatory defense mechanisms,
suggesting their counteracting effect on oxidative stress-induced
diseases in MA consumers.

Lovastatin and adlay have previously been used in the treatment
of pulmonary disorders, and their effectiveness has been linked to
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their antioxidative stress properties. Lovastatin can reduce tissue
myeloperoxidase content, bronchoalveolar lavage leukocyte accu-
mulation, proinflammatory cytokine release, and NADPH oxidase
expression in the ischemia/reperfusion lung.?! Lovastatin can im-
prove endothelial function, blunt oxidative stress and inflammation,
and attenuate endothelial progenitor cell apoptosis.!'”! Furthermore,
lovastatin can efficiently restore catalase and glutathione peroxidase
activities and nitric oxide levels and improve structural alterations
in the diabetic lung.””’» Among rats, consumption of adlay extracts
has been shown to suppress microsomal cytochrome P4501A1
enzyme activities and protein expression, increase glutathione
content, and glutathione peroxidase, glutathione reductase, and
glutathione S-transferase activities in rat lungs in a tissue-specific
manner.?”! Phenolic components from adlay can inhibit the re-
lease and secretion of inflammatory mediators/cytokines®>*! and
decrease O, production/generation.*!

MA contains higher levels of crude ash, fat, fiber, and protein
than uninoculated adlay,!"¥ indicating its nutritional potential. Previ-
ous work on methanolic extracts implicated MA is more effective
than adlay at scavenging 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radicals and chelating ferrous ions.!'”! Our study®™ further shows
MA to be more effective than lovastatin in reducing O, and H,0,
counts. Trans-coniferyl aldehyde, a phenolic compound in adlay,
was recently found to efficiently scavenge DPPH radicals and in-
hibit O, generation.” MA is also characterized by a high content of
lovastatin and total phenolic compounds and stronger anti-O, " and
anti-H,0, activities than either of its source materials (Monascus
purpureus Went and adlay) alone. Cumulatively, daily intake of
MA or lovastatin can significantly suppress CS-induced oxidative
stress, ER stress, autophagy, and apoptosis in the rat lung.

CS-induced lung injury is possibly due to an increase in oxidants
that may be generated either by CS itself or by inflammatory cells
such as neutrophils and macrophages. Clinical findings show that
CS increases airway oxidative stress and recruits inflammatory cells
into smokers’ lungs. Evidence also showed CS exposure is associ-
ated with higher levels of neutrophils and infiltrated leukocytes
and accumulation of nitroblue tetrazolium (NBT) deposits and
4-hydroxynoneal (4-HNE) in the bronchiole epithelium, the walls
of alveolar septal cells, vascular cells, and leukocytes in the lung.”!
NADPH oxidase contains five components: p40phox, p47phox, and
p67phox in the cytosol and p22phox and gp91phox in the membrane
for producing O,". Chronic alcohol ingestion increases O, pro-
duction by enhanced gp91phox expression in the lung.”! CS also
enhances O, production by activating lung gp91phox expression. !

The increased oxidative stress may evoke ER stress,*®! au-
tophagy, and apoptosis in the airway, alveolar epithelial cells,
and even the endothelial cells, leading to structural damage in
the lung. Crowley-Weber ef a/,*”! found that nicotine can activate
GRP78 in human hepatoma cells, leading to apoptosis. Prolonged
ER stress in endothelial cells subjected to CS stimuli is followed
by induction of autophagy, which is characterized by an increase
in LC3 I/ ratio and ATG12 activation.” Long-term CS-induced
emphysematous alveolar septa are characterized by thin and almost
avascular alveoli possibly due to increases in the apoptotic appear-
ance of epithelial and endothelial cells in the lung.['>*! A previous
study indicated that apoptotic septal cells in the emphysematous
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lung of PIGF transgenic mice were mainly type Il pneumocytes and
partly endothelial cells.["¥! Titanium dioxide nanoparticle inhala-
tion also induced PIGF upregulation and may cause pulmonary
emphysema.? CS increases ROS levels in a dose-dependent man-
ner, leading to increases in the Bax/Bcl-2 ratio and the number of
caspase 3—mediated poly-(ADP-ribose)-polymerase (PARP) frag-
ments (which play a role in the mitochondria-mediated intrinsic
apoptosis pathway); this, in turn, promotes apoptosis in the bron-
chiole epithelium and alveolar septal wall.’”! This report indicates
that increased oxidative stress contributes to ER stress, Beclin-1
autophagy, terminal deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL)-positive cells, and PIGF overexpression in
damaged bronchiole epithelial cells and alveolar parenchyma.”

How might MA suppress CS-induced lung injury? There are
two possible mechanisms. First, it may act a source of lovastatin
and phenolic compounds to prevent oxidative stress and inflam-
mation. This is supported by the finding that CS-exposed rats
treated with MA had higher levels of lung Bcl-2, manganese
superoxide dismutase (MnSOD), and catalase expression than the
rats that were exposed to CS but not given the MA supplement.”
CS decreased MnSOD expression in the lungs;®! however, MA
preserved lung MnSOD in response to CS. In addition, the MA-
treated individuals had lower levels of gp91Phox expression, ROS
formation, NBT deposits, and 4-HNE levels than the animals
that were exposed to CS but not given MA. Second, both MA
and lovastatin decrease autophagy and apoptosis by suppressing
gp91Phox-mediated oxidative stress, GRP78-mediated ER stress,
Beclin-1-regulated autophagy, and Bax/Bcl-2—-mediated intrinsic
(mitochondria-dependent) apoptotic pathways. These results are
similar to the previous observations from Kim et a/.*) They found
protection against CS-induced cell death by adenoviral transfec-
tion of antioxidant gene hemeoxygenase-1, which subsequently
inhibited apoptosis and autophagy-related signaling.

In conclusion, supplementary MA suppresses CS-induced
lung injury by preserving antioxidant defense mechanisms and
decreasing oxidative stress. It is evident that these anti-CS activi-
ties of MA stem from its lovastatin and phenolic components. We
also recognize that dietary MA can reduce CS-induced acute lung
injury by inhibiting ER stress, autophagy, apoptosis, and PIGF
expression and, therefore, may be a beneficial nutritional therapy
for oxidative stress—related diseases.

N-NITROSODIETHYLAMINE-INDUCED

LIVER INFLAMMATION

Hepatocellular carcinoma (HCC) is the most common type of
liver cancer, representing 83% of all cases. It represents the third
cause of cancer-related deaths and the first cause of death amongst
cirrhotic patients. Hepatitis viral infection, food additives, alcohol,
fungal toxins (aflatoxins), toxic industrial chemicals, air and water
pollutants are the major risk factors of HCC.F? N-nitrosodieth-
ylamine (DEN) is one potent hepatocarcinogenic nitrosamine
present in tobacco smoke, water, cheddar cheese, cured and fried
meals, occupational settings, cosmetics, agricultural chemicals,
and pharmaceutical agents.**3 DEN produces the pro-mutagenic
products, O%-ethyl deoxy guanosine and O*- and O°-ethyl deoxy
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thymidine in livers, leading to HCC.53! These toxic products
produced by DEN may evoke oxidative stress and inflammation
in livers, consequently leading to HCC.

Overproduction of ROS leads to DNA damage and mutagenesis
associated with various stages of liver injury.?*”8 These increased
ROS may be derived from the mitochondria of hepatocytes, the
activated Kupffer cells, and the infiltrating neutrophils.* Induc-
tion of CYP2EI and iNOS also enhances further oxidative stress
in the damaged liver.’” These ROS trigger translocation of NF-kB
and AP-1 to the nucleus and activation of several inflammatory
cytokines and adhesion molecules, contributing to further produc-
tion of ROS and consecutive cell death.?!

DEN-induced liver injury is associated with increased neutro-
phil and Kupper cell infiltration, oxidative stress marker accumu-
lation, hepatocyte apoptosis and autophagy, and plasma alanine
aminotransferase (ALT), aspartate aminotransferase (AST) and
gamma-glutamyl transpeptidase (y-GT) activities, with concurrent
increased ROS levels in the liver and the secreted bile.[*!

Amla (Emblica officinalis Gaertn. of Euphorbiaceae family)
and liver inflammation

Recent advances in the use of herbal treatment for non-alcoholic
fatty liver disease have been reviewed.*!) Amla (Emblica officinalis
Gaertn. of Euphorbiaceae family) has been used as the major con-
stituent of various valuable Indian polyherbal formulations for its
liver protecting activity.[*?! Its fruits being rich sources of polyphe-
nols and ascorbic acid are found to be effective as hypolipidemic
and antiathrosclerotic agents to reduce serum and hepatic choles-
terol in rabbits.*! Additionally, Amla possesses anti-mutagenic
and anti-carcinogenic properties owing to the combined presence
of B-carotene, ascorbic acid, and chlorophyllin and modulates
several biochemical events associated with tumor promotion.[#4]

The active components in Amla possibly are tannoids, vitamin C
like materials, and tannins.***¥ In the aqueous extracts of processed
and dried fruit, vitamin C accounts for approximately 45-70% of
the antioxidant activity.¥! The effectiveness of the fruits is not
only attributed to the high content of ascorbic acid, but also partly
attributed to tannins such as emblicanin A and emblicanin B.*¥!
Components of polyphenol compounds in the amla are as follows:
3.458% gallic acid, 0.635% corilagin, 0.880% geraniin, 0.659%
elacocarpus, 1.240% chebulagic acid, and 0.220% ellagic acid.[*

ROS are regularly produced in vivo as a result of carcinogen
treatment causing oxidative stress that leads to damage of nucleic
acids, proteins, and lipids, resulting in chromosomal instability,
mutations, loss of organelle function, and membrane damage,
which play an important mechanistic role in the development of
cancer.’” Autophagy and apoptosis also concomitantly occurred
in the DEN-treated liver.!*"!

Amla treatment significantly counteracted the DEN-induced
leukocyte and Kupffer cell infiltration and significantly depressed
the DEN-enhanced oxidative stress and partially restored the
DEN-depressed antioxidant protein expression in the livers.[
Amla treatment decreased DEN-induced apoptosis and autoph-
agy production in the livers and consequently reduced the ALT,
AST, and g-GT activities.*”! Polyphenolic compounds found in
various TCM downregulated the inflammatory responses through
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inhibiting iNOS, cyclooxygenase-2 (COX-2), and CYP2EI via
their inhibitory effects on NF-kB or AP-1 in anti-inflammatory
and anti-aging mechanisms.P” Oral administration of berberine
(50 mg/kg) inhibited the iNOS expression and CYP2E1 activity
in the DEN- plus phenobarbital-treated livers, suggesting that
the anti-HCC potential of berberine might be due to inhibition
of oxidative metabolic activity of CYP2E1 and decrease in NO
production in rats.*!

In conclusion, Amla suppressed the DEN-induced liver oxi-
dative injury by scavenging ROS and decreasing apoptosis and
autophagy production in the liver. Amla can modulate the liver
function and significantly and partially preserve the endogenous
antioxidant defense mechanisms in DEN-induced hepatocellular
toxicity. Amla is promising as an effective drug or healthy food in
cancer prevention and cellular protection in the liver.

VIRGATE WORMWOOD DECOCTION (§
¥ 3% YIN CHEN HAO TANG) AND GENIPIN

ON SYMPATHETIC ACTIVATION-INDUCED
LIVER INFLAMMATION

According to previous studies,**! exacerbated activation of
hepatic sympathetic nerve increases the release of norepinephrine
and subsequently reduces portal venous blood flow, oxygenation,
and bile flow. The hepatic dysfunction includes ROS generation,
proinflammatory response, and liver injury. Genipin with its O,
H,0,, and HOCI scavenging activity can reduce norepinephrine-
induced ROS in the Kupffer cells and endothelial cells. Hepatic
sympathetic denervation, Virgate Wormwood Decoction and
genipin treatment exerted hepatoprotective and choloretic activ-
ity to ameliorate sympathetic activation—induced liver injury.*!

Genipin treatment inhibited norepinephrine-enhanced ROS
levels in the endothelial and Kupffer cells in in vitro culture in
a dose-dependent manner.5! All the impaired responses found
in vivo, however, can be ameliorated by hepatic sympathetic de-
nervation, Virgate Wormwood Decoction, and genipin treatment.
There are several mechanisms for the induction of hepatoprotective
effects by Virgate Wormwood Decoction and genipin. First, the
improvement of bile flow secretion may be by genipin-enhanced
Mrp2 density in the canalicular membrane and microvilli and
genipin-stimulated exocytosis and insertion of Mrp2 in the bile
canaliculi.’? Second, a similar formula containing Herba Arte-
misiae, Fructus Gardeniae, Radix Scutellariae, and Rhizoma Rhei
has been successfully used in the treatment of neonatal serum total
bilirubin and the incidence of hyperbilirubinemia.®! Among the
Virgate Wormwood Decoction containing components, flavonoid-
like component can prevent inflammation and ischemia/reper-
fusion-induced oxidative injury® and crocetin component can
improve lipopolysaccharide (LPS)- or prostaglandin E2-induced
inflammation.” Genipin with anti-inflammatory and antithrom-
botic effects?®® and geniposide with detoxication, antioxidant, and
anticarcinogenesis potential®” inhibit the production of exudate
and NO in the rat air pouch edema.®® Genipin and geniposide
have also been shown to inhibit LPS/interferon-gamma (IFNg)-
induced lipid peroxidation, NO production, iNOS expression, and
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I-kappaB-beta degradation in a murine macrophage cell line.*”!
Genipin inhibits hepatocyte cell death by suppression of Fas-
caspase 3 mediated apoptosis.l®” Because antioxidant flavonoids
from Crataegi Fructus or catechins downregulate ROS, ICAM-1
expression, and leukocyte adhesion in neurogenic inflammation.®”!

Virgate Wormwood Decoction and genipin treatment decreased
sympathetic activation—enhanced liver ROS, ICAM-1 expression,
and neutrophil NADPH oxidase activity and consequently reduced
plasma AST level. Virgate Wormwood DecoctionVirgate Worm-
wood Decoction and genipin may have anti-vasoconstriction,
antioxidant, anti-inflammatory, anti-adhered, and anti-apoptotic
cell death activity to prevent hepatotoxin or sympathetic activa-
tion—induced oxidative injury in the rat liver.

CORDYCEPS SOBOLIFERA AND LPS-

INDUCED ACUTE RENAL FAILURE

Cordyceps cum Larva Cicadae (3487~ Chan Hua; Cordyceps
sobolifera (CDS)) is one kind of economic traditional Chinese
herb and is famous as Cordyceps sinesis (% # % % Dong Chong
xia cao). Based on the viewpoint of TCM, the therapeutic effects
of Cordyceps include being as nutritious materials, enhancement
of physical strength, reduction of fatigue syndrome, action as
analgesic and antipyretic agent, regulation of immune system,
anti-oncogenesis, and improvement of renal function. CDS can
improve the clearance of creatinine and blood urea nitrogen
(BUN) as well as the decrease in urinary protein.[®! CDS at 30 g
has been used to prevent the progression of chronic renal failure
in early or intermediate stage in human beings. In addition, CDS
may improve the reduction of tubulointerstitial lesion, which may
be contributed by the damage of nephron tubular Na”/K* pump,
cell-mediated oxidation to the endothelium of vessel and tubular
cell, and decreased renal blood flow.!*!] The possible mechanism for
renal protection has been suggested that CDS pretreatment attenu-
ates glomerulosclerosis by activating urokinase-type plasminogen
activator for decreasing the accumulation of extracellular matrix.

In LPS-induced renal failure, renal tubular structure was
impaired possibly by the enhanced ER stress, apoptosis, or
autophagy.'®”! In contrast, CDS treatment caused a significant
decrease in the ratio of Bax/Bcl-2 when compared with the LPS
group. Basically, the rise in Bcl-2 and drop in Bax would prevent
cytochrome ¢ to move outside from the mitochondria, reduce the
increased levels of ROS, and thus attenuate programmed cell death
in the renal tubule. There is limited literature to evaluate the ef-
fect of LPS on ER stress. Autophagy and apoptosis concomitantly
occurred in the damaged distal tubule and proximal tubular cells
of the damaged kidney.” The enhanced response of apoptosis and
autophagy to LPS injury, primarily found in the renal cortex and
outer medulla, was diminished by long-term CDS pretreatment.
Two months of CDS supplementation could attenuate LPS-induced
apoptosis, autophagy, ER stress, and ED-1 infiltration, possibly
by the upregulation of anti-apoptotic protein and downregulation
of pro-apoptotic and autophagic proteins’ expression.

ER stress and oxidative stress are known to contribute to apop-
totic cell death in response to several stresses.!*? LPS increased ER
molecular stress chaperone GRP78 and caspase 12 protein expres-
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sion and also increased autophagy-Beclin-1/LC3 and apoptosis-
PARP protein expression. LPS induced ER stress, autophagy,
and apoptosis signaling in the damaged rat kidneys.!*] Chronic
CDS treatment significantly attenuated ER stress, autophagy, and
apoptosis in the renal tubules subjected to LPS insults, leading to
the improvement of renal function.

ROS AND HYPERACTIVE BLADDER

Hyperactive bladder is a bladder dysfunction characterized by
increased urinary frequency and/or urge incontinence. Many clini-
cal conditions can cause disturbances to normal urination, such as
stress urinary incontinence, urinary retention, overactive bladder,
interstitial cystitis, prostatitis, benign prostatic hyperplasia, and
urinary tract infections. Many patients suffer from hyperactive
bladder, but it is not completely controlled with modern western
medicine.

It was previously reported that substance P (SP) facilitates
bladder afferent signaling through neurokinin type 1 receptor and
induces ROS formation.!"” The tachykinin SP belongs to a family
of neuropeptides that are widely distributed in the mammalian
central and peripheral afferent nervous systems and produce their
biological actions by activating three distinct receptor types, neuro-
kinin types 1, 2, and 3.1°! The neurotransmitter primarily located in
afferent nerves commonly innervates smooth muscle, submucosal
layers, and blood vessels of visceral organs including urinary blad-
der.['7631 Once released from the activated sensory afferents, SP,
through neurokinin type 1 and 2 receptors, acts on smooth muscle
or blood vessels to regulate visceral motility and blood flow and
evokes visceral inflammation, hyperreflexia, and hyperalgesia.!!
Furthermore, SP may increase adhesion molecules’ expression
by endothelial cells, lead to chemotaxis and activation of im-
mune cells, and increase mucus secretion, and water absorption/
secretion in the lungs, gastrointestinal tract, and genitourinary
tract.l'7%3] Clinical trial shows that bladder biopsies in some
patients diagnosed with interstitial cystitis (one type of hyperac-
tive bladder) have increased density of SP-containing fibers and
mRNA of neurokinin type 1 receptors.[*+%) Administration of SP
has also been known to cause bladder inflammation and generation
of ROS by inflammatory cells.'"” Additionally, the release of SP
by an exogenous route or electrical stimulation of pelvic afferent
nerves to urinary bladder evokes a set of responses (loosely defined
as neurogenic inflammation) that includes vasodilatation, plasma
protein extravasation, smooth muscle contraction, inflammation,
several adhesion molecules’ expression, and leukocyte adhesion
and infiltration to the tissue.["®! SP-induced hyperactive bladder
could also be from the central nervous system, because spinal
administration of SP enhanced the bladder contractility and spinal
administration of neurokinin type 1 receptor antagonist blocked
the micturition responses.!!!

In the inflammatory course, neutrophils’ activation, adhesion,
migration, and subsequent generation of highly ROS including
O, and H,O, impair endothelial function and smooth muscle
activity.l'7) ROS are known to affect muscle tone and vascular
smooth muscle strip contraction, and increase the neural activity/
conduction velocity in vitro by mechanisms such as alterations in
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membrane conductance, calcium homeostasis, calcium-dependent
processes, and eicosanoid and nitric oxide metabolism./” The neu-
trophil NADPH oxidase—derived oxidant signaling is an important
determinant of the crosstalk between inflammation and the control
of endothelial cell activation.!®®] SP mediated neurogenic inflamma-
tion and activated the neutrophils to release large amount of O, and
H,0, by activating and priming the neutrophil NADPH oxidase
response.[®7! These observations indicate SP behaves as mediator
of inflammation, which is triggered by NADPH oxidase—derived
ROS signaling leading to bladder hyperactivity.

Green tea extracts and hyperactive bladder

People living in Far East countries including China, Taiwan,
and Japan have a tradition of green tea consumption. Green tea
is made from the leaf of tea plant Camellia sinensis. For more
than 4000 years, its use has been recommended to treat head-
aches, fatigue and depression, general discomfort, insufficient
digestion, and sleepiness. It contains many polyphenols that
might affect inflammatory process. Green tea extracts containing
flavonoids and polyphenols like (+)-catechin (C), (—)-epicatechin
(EC), (+)-gallocatechin (GC), (—)-epigallocatechin (EGC),
(—)-epicatechin gallate (ECG), and (—)-epigallocatechin gallate
(EGCG) have been reported to exert protective effects against
cancer, as well as inflammatory and cardiovascular diseases.[™”!
The green tea extract containing several catechins can inhibit
proinflammatory and pro-apoptotic oxidative injury by reducing
the production of ROS, translocation of NF-kB and AP-1, and
expression of ICAM-1.573 Recently, TCM are rapidly gaining
attention in the West as sources of new drugs, dietary supple-
ments, and functional foods. Green tea now is widely used as a
TCM, functional beverage, and dietary supplement.[] Green tea
extracts can scavenge hydroxyl radical and HOCI activity.?7
Green tea extracts efficiently scavenge several ROS in vitro
and in vivo and are supposed to be better than vitamins A, E,
and C with regard to antioxidant and anti-inflammatory activi-
ties.>%7 Flavonoids (including catechins) differentially regulate
IFNg-induced ICAM-1 expression in human keratinocytes and
catechins are also known to promote anti-inflammatory and
antioxidant activities.>637

In leukocytes incubated with SP, ROS activity is displayed in
a dose-dependent manner and SP-induced ROS release is greatly
inhibited by catechins, confirming a downregulating effect on the
oxidative stress by catechins. Catechins inhibit histamine release
from the mast cells through inhibiting tyrosine phosphorylation of
proteins (focal adhesion kinase 125). Flavonoids (including cat-
echins) differentially regulate IFNg-induced ICAM-1 expression
in human keratinocytes and catechins promote anti-inflammatory
and antioxidant activities.”>7*7 Attachment of leukocytes to the
vascular endothelium by upregulation of ICAM-1 is one potentially
early event in the inflammatory course.’>’* Catechins also down-
regulate ICAM-1 expression in the SP-induced bladder tissues.”

Five stranguries powder (Z## Wi Lin Sin) plus crataegi
fructus (s Shan Zha)and hyperactive bladder

Our clinical experience suggests possible indication of TCM
formulae for the treatment of urinary tract disorders including
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hyperactive bladder as well as chronic urinary tract infections.
Among many TCM prescriptions, three famous formulae, namely
Five Strangury Powder, Ju Ling Tang (originated from On Cold
Damage (# % # Shang Han Lin)), and Lung Tan Hsich Kan Tang,
are frequently employed in Taiwan and China. In the pathophysiol-
ogy of TCM, Five Stranguries Powder (Gardenia (.l 5 Shan Zhi)
and Hoelen (% ¥ Fu Ling) Formula or six-ingredient powder for
painful urinary dysfunction) is indicated to patients with chronic
urinary inflammations because it is believed to remove endogenous
heat and promote urination. Oral administration of a Kampo and
TCM formula containing Gardeniae Fructus extract and other
ingredients found in Five Stranguries Powder plays a therapeutic
role in the anxiolytic effect of Kamishoyosan (Japanese traditional
Kampo medicine). Five Stranguries Powder has been applied
to patients with urinary difficulty, edema, vomiting, and diarrhea
in our clinical experience.

The dried fruit of Crataegus pinnatifida, used as a local soft
drink material and medical herb, had demonstrated its antioxidant
effect in previous studies.””’® The fruits of the species Cratacgus
pinnatifida (Chinese Shan Zha) are tart, bright red, and resemble
small crabapple fruits. The dried fruits of Crataegus pinnatifida
(Shan Zha) are used in naturopathic medicine and traditional Chi-
nese medicine. The constituents of Crataegi Fructus responsible
for its antioxidant properties are identified as flavonoids, hypero-
side, isoquercitrin, epicatechin, chlorogenic acid, quercetin, rutin,
and protocatechuic acid.l”” The flavonoid content in the dried fruit
of Crataegus can exert its anti-inflammatory effect to decrease the
release of prostaglandin E2 (PGE,) and nitric oxide in LPS-treated
macrophages.””® The polyphenolic contents of EC and hyperoside
in the Crataegus species enhanced the antioxidant capacity of the
extract.”*”! Pretreatment of Crataegus flavonoids decreased ROS
production, thiobarbituric acid reactive substances content, and
nitrite/nitrate concentration in tissue and increased the antioxidant
level in tissue for reduction of oxidative injury.’” Furthermore,
treatment with Crataegus flavonoids can lower the level of tumor
necrosis factor-a (TNF-a) and NF-kB and increase iNOS mRNA
level.® The accumulated data revealed the anti-inflammatory and
antioxidant potential of Crataegi Fructus, which may be admin-
istered alone or added in the TCM formula like Five Stranguries
Powder forming a modified formula to further enhance its clinical
therapeutic potential.

In neutrophils incubated with SP, NADPH oxidase activity
and ROS production are increased in a dose-dependent manner,
and these responses are significantly decreased by Five Stran-
guries Powder, Crataegi Fructus, or Five Stranguries Powder
plus Crataegi Fructus, confirming a downregulating effect on
oxidative stress by TCM. SP-induced ROS generation in the
bladder, as well as bladder hyperreflexia was markedly amelio-
rated by oral Five Stranguries Powder plus Crataegi Fructus.
Oral administration of a Kampo and TCM formula containing
Gardeniae Fructus extract and other ingredients found in WLS
plays a therapeutic role in the anxiolytic effect of Kamishoyosan
(Japanese traditional Kampo medicine).”®! The anti-inflammatory
potential of flavonoid contents from the dried fruit of Crataegus
decreased the release of PGE, and nitric oxide, induced by LPS
in macrophages.” Crataegus species subjected to drought and
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cold stress treatments caused increases in polyphenolic levels of
EC and hyperoside and, thus, enhanced the antioxidant capacity
of the extracts.l”>” Pretreatment of Crataegi Fructus (Crataegus
flavonoids) decreased ROS production, thiobarbituric acid reac-
tive substances content, and nitrite/nitrate concentration in the
brain homogenate and increased the brain homogenate—associ-
ated antioxidant level in brain ischemic insults.’% Additionally,
pretreatment with Crataegi Fructus (Crataegus flavonoids) could
decrease the protein level of TNF-a and NF-«B and increase
the mRNA and protein level of iNOS, consequently protecting
against brain cell death caused by ischemia/reperfusion injury."
Furthermore, it was found that pretreatment with flavonoid
contents from the dried fruit of C. pinnatifida (Crataegi Fructus)
decreased the hepatic expression of iNOS and COX-2 induced
by LPS in rats.”8 The inhibitory effect of green tea extract
supplementation as a sole source of drinking solution leads to
scavenging of ROS, inhibition of COX-2, and inactivation of
phosphorylated forms of NF-«kB.! Intragastric administra-
tion of ethanol to male Sprague-Dawley rats caused significant
gastric mucosal damage, which was accompanied by elevated
expression of COX-2 and iNOS as well as transient activation of
redox-sensitive transcription factors such as NF-kB and AP-1.8%
Simultaneous administration with the water extract of Five
Stranguries Powder, Crataegi Fructus, or Five Stranguries Pow-
der plus Crataegi Fructus all significantly reduced SP-induced
neutrophil NADPH oxidase activity.” However, the antioxidant
activity in reduction of neutrophil NADPH oxidase activity was
displayed in the order Five Stranguries Powder plus Crataegi
Fructus > Crataegi Fructus > Five Stranguries Powder. In an in
vivo study of SP-induced bladder hyperactivity, oral pretreatment
of Five Stranguries Powder, Crataegi Fructus, or Five Stranguries
Powder plus Crataegi Fructus for 1 week potentially ameliorated
SP-induced hyperactivity and ROS generation from the bladder
surface.l” Oral Five Stranguries Powder plus Crataegi Fructus
exerted a more efficient potential than Crataegi Fructus or Five
Stranguries Powder to improve SP-induced bladder hyperactivity
and bladder ROS level. Furthermore, the level of neutrophil adhe-
sion to venule endothelium was significantly decreased after oral
Five Stranguries Powder plus Crataegi Fructus, Crataegi Fructus,
and Five Stranguries Powder. The decreased neutrophil adhesion
potential was displayed in the order Five Stranguries Powder plus
Crataegi Fructus > Crataegi Fructus > Five Stranguries Powder.
Five Stranguries Powder, a commonly used TCM prescription,
strongly inhibited SP-induced NADPH oxidase activity, hyper-
activity, and bladder ROS in the rats. However, synergistic effect
in Five Stranguries Powder plus Crataegi Fructus by addition
of Crataegi Fructus to Five Stranguries Powder to ameliorate
inflammation and hyperactive bladder was observed.

Because of high availability, safety, and feasibility, TCM of
green tea extract and Five Stranguries Powder , and Five Stran-
guries Powder plus Crataegi Fructus can be directly used in the
humans for clinical trials. For prevention of or decrease in occur-
rence of hyperactive bladder, green tea extract as a popular bever-
age or supplementary food can be continuously used for at least 2
weeks. As to Five Stranguries Powder plus Crataegi Fructus, this
modified formula can be used directly to treat patients suffering
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from hyperactive bladder symptom. Even more, the combination
of green tea extract and Five Stranguries Powder plus Crataegi
Fructus may have a better effect to improve hyperactive bladder.
However, it requires further investigation to confirm this. In the
future, application of green tea extract at a dose of 50 mg/kg
and Five Stranguries Powder (100 mg/kg) plus Crataegi Fructus
(20 mg/kg) can be referenced. The dosage of TCM of green tea
extract or Five Stranguries Powder plus Crataegi Fructus can
be decided by the severity of hyperactive bladder, which can be
evaluated by the urinary or blood ROS. Other natural polyphenols/
flavonoids or modified TCM formula can be further explored to
develop new therapeutic drugs.

According to these results, green tea extract and Crataegi
Fructus may exert anti-inflammatory and antioxidant activity in

Oxidative stress
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Figure 1. Effects of TCM on oxidative stress induced by several stimuli,
ER stress, autophagy, apoptosis, and other mechanisms in the rat models.
Cigarette smoke, toxin, virus, bacteria, sympathetic overt activation,
and particulate components like substance P increase the production of
reactive oxygen species, possibly by causing upregulation of NADPH
oxidase subunit gp91Phox expression or mitochondrial ROS production
and other sources. The ROS cause lipid, protein, and DNA oxidation and
release of several cytokines or chemokines. This leads to upregulation of
GRP78, which increases ER stress. ROS also increases the Bax/Bc¢l-2 ratio
and upregulates expression of caspase 3 and PARP, leading to apoptosis.
Elevated levels of oxidative stress enhance Beclin-1 expression, which
promotes autophagy. ROS also evoke other mechanism, for example,
upregulates PIGF, an emphysema risk factor, in the lung. The active
components present in the TCM have antioxidant, anti-ER stress, anti-
autophagy, and anti-apoptotic activities, leading to decreased inflammation


https://market.android.com/details?id=comm.app.medknow

Table 1. Summary of the efficient TCM on treating several inflammatory diseases from recent studies

Tsai, et al. / Journal of Traditional and Complementary Medicine 3 (2013) 142-151

TCM

Model

Treatment and dosage

Proposed mechanisms

Monascus adlay

Amla (Emblica
officinalis Gaertn. of
Euphorbiaceae family)
Virgate Wormwood
Decoction (J [ % i¥
Y1n Chén Hao Tang)
and genipin

Cordyceps sobolifera
(381 Chan Hua)

Green tea extract and
catechins

Five Stranguries
Powder (I #4z Wu
Lin San) plus Crataegi
Fructus (1 # Shan
Zha)

Rats exposed to doses of CS
ranging from one cigarette
(0.8 mg nicotine) to two
cigarettes (1.6 mg nicotine)
to three cigarettes (2.4 mg
nicotine)

N-nitrosodiethylamine-
induced rat liver
inflammation

Acute urine retention was

set by infusion of twofold
micturition volume of saline
into the bladder for induction
of liver inflammation

Peritoneal injection of
lipopolysaccharide (20 mg/kg
body weight)-induced acute
renal failure

10 pg substance P was
injected to the rat through
intra-arterial catheter at

a volume of 1 ml/kg for
hyperactive bladder induction

10 pg substance P was
injected to the rat through
intra-arterial catheter at

a volume of 1 ml/kg for
hyperactive bladder induction

Daily ~40 mg of Monascus-
fermented products and ~0.4 mg of
lovastatin (kg)

One week duration of oral dose for
Virgate Wormwood Decoction

(2 g/kg/day) and genipin

(100 mg/kg/day)

Daily 2 ml of Cordyceps sobolifera
powder suspension (75 mg/ml
H,0) or water by way of oral
feeding in the morning of each day
Daily oral catechins from green tea
extract (50 mg/kg)

Daily oral Five Stranguries Powder
(100 mg/kg), Crataegi Fructus

(20 mg/kg), Five Stranguries
Powder plus Crataegi Fructus

(100 mg/kg WLS+20 mg/kg

Supplementary MA suppresses lung

injury by preserving antioxidant defense
mechanisms and decreasing oxidative

stress through its lovastatin and phenolic
components. Dietary MA can reduce

acute lung injury by inhibiting ER stress,
autophagy, apoptosis, and PIGF expression
and, therefore, may be a beneficial nutritional
therapy for oxidative stress-related diseases

Virgate Wormwood Decoction with active
component, genipin, can ameliorate acute
urine retention-induced liver inflammation
by amelioration of oxidative stress possibly
by the inhibition of sympathetic-induced
hypoxia/hypoperfusion and leukocyte
NADPH oxidase activity

The multiple beneficial effects of Cordyceps
sobolifera might be due to its blocking of
lipopolysaccharide-triggered ER stress,
autophagy, and apoptosis in the renal tubules
Daily pretreatment of catechins may
ameliorate substance P-induced bladder
hyperactivity by the downregulation of ROS
formation and ICAM-1 expression

A modified formula (Five Stranguries
Powder plus Crataegi Fructus) ameliorates
SP-induced hyperactive bladder by inhibition
of neutrophil NADPH oxidase activity and
ROS production

Crataegi Fructus)

TCM: Traditional chinese medicine; NADPH: Nicotinamide adenine dinucleotide phosphate; ROS: Reactive oxygen species; ER: Endoplasmic reticulum;

PIGF: Placenta growth factor; MA: Monascus adlay

hyperactive bladder through interactions with ROS, COX-2, iNOS,
and the nuclear factors NF-kB and AP-1. Daily pretreatment of
catechins may ameliorate SP-induced bladder hyperactivity by
the downregulation of ROS formation and ICAM-1 expression,
indicating a therapeutic potential in the treatment of hyperactive
bladder. Besides, a modified formula (Five Stranguries Powder
plus Crataegi Fructus) ameliorates SP-induced hyperactive blad-
der by inhibition of neutrophil NADPH oxidase activity and ROS
production. In the future, TCM could be used in the hyperactive
bladder for clinical trial.

CONCLUSION

In summary, as shown in Figure 1, we suggest that the thera-
peutic potential of TCM via its active components suppresses
several risk factor—induced tissue/organ injuries by preserving
antioxidant defense mechanisms and decreasing oxidative stress;
further, we believe that these antioxidant and anti-inflammatory
activities of TCM stem from its synergistically active compo-
nents. We believe that suitable TCM treatment can reduce risk
factor—induced oxidative injury by inhibiting ER stress, au-
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tophagy, apoptosis, and other mechanisms and, therefore, may
be a potentially therapeutic strategy for oxidative stress—related
diseases. The dosage of TCM and the protective mechanisms are
clearly summarized in Table 1.

REFERENCES

1. Chien CT, Yu HJ, Lin TB, Lai MK, Hsu SM. Substance P via NK 1 receptor
facilitates hyperactive bladder afferent signaling via action of ROS. Am
J Physiol Renal Physiol 2003;284:F840-51.

2. ChungSD, Lai TY, Chien CT, Yu HJ. Activating Nrf-2 signaling depresses
unilateral ureteral obstruction-evoked mitochondrial stress-related
autophagy, apoptosis and pyroptosis in kidney. PLoS One 2012;7:e47299.

3. YuHJ, Lin BR, Lee HS, Shun CT, Yang CC, Lai TY, ef al. Sympathetic
vesicovascular reflex induced by acute urinary retention evokes
proinflammatory and proapoptotic injury in rat liver. Am J Physiol Renal
Physiol 2005;288:1005-14.

4. LinBR, Yu CJ, Chen WC, Lee HS, Chang HM, Lee YC, ef al. Green tea
extract supplement reduces D-galactosamine-induced acute liver injury
by inhibition of apoptotic and proinflammatory signaling. ] Biomed Sci
2009;16:35.

5. Li PC, Tsai WH, Chien CT. Dietary Monascus adlay supplements
facilitate suppression of cigarette smoke-induced pulmonary endoplasmic


https://market.android.com/details?id=comm.app.medknow

10.

11.

12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Tsai, et al. / Journal of Traditional and Complementary Medicine 3 (2013) 142-151

reticulum stress, autophagy, apoptosis and emphysema-related PLGF in
the rat. Food Chem 2013;136:765-74.

Chen WC, Hayakawa S, Shimizu K, Chien CT, Lai MK. Catechins
prevents substance P-induced hyperactive bladder in rats via the
downregulation of ICAM and ROS. Neurosci Lett 2004;367:213-7.
Chen WC, Shih CC, Lu WA, Li PC, Chen CJ, Hayakawa S, ef al.
Combination of Wu Lin San and Shan Zha ameliorates substance
P-induced hyperactive bladder via the inhibition of neutrophil NADPH
oxidase activity. Neurosci Lett 2006;402:7-11.

Pan MH, Chiou YS, Tsai ML, Ho CT. Anti-inflammatory activity of
traditional Chinese medicinal herbs. J Tradit Comp Med 2011;1:8-24.
Ozansoy G, Giiven C, Ceylan A, Can B, Aktan F, Oz E, et al. Effects
of simvastatin treatment on oxidant/antioxidant state and ultrastructure
of streptozotocin-diabetic rat lung. Cell Biochem Funct 2005;23:421-6.
Barr J, Sharma CS, Sarkar S, Wise K, Dong L, Periyakaruppan A, ef al.
Nicotine induces oxidative stress and activates nuclear transcription factor
kappa B in rat mesencephalic cells. Mol Cell Biochem 2007;297:93-9.
Tagawa Y, Hiramatsu N, Kasai A, Hayakawa K, Okamura M, Yao J,
et al. Induction of apoptosis by cigarette smoke via ROS-dependent
endoplasmic reticulum stress and CCAAT/enhancer-binding protein-
homologous protein (CHOP). Free Radic Biol Med 2008;45:50-9.
Younce C, Kolattukudy P. MCP-1 induced protein promotes adipogenesis
via oxidative stress, endoplasmic reticulum stress and autophagy. Cell
Physiol Biochem 2012;30:307-20.

Tsao PN, Su YN, Li H, Huang PH, Chien CT, Lai YL, ez al. Overexpression
of placenta growth factor contributes to the pathogenesis of pulmonary
emphysema. Am J Respir Crit Care Med 2004;169:505-11.

Tseng YH, Yang JH, Chang HL, Mau JL. Taste quality of monascal adlay.
J Agric Food Chem 2004;52:2297-300.

Tseng YH, Yang JH, Chang HL, Lee YL, Mau JL. Antioxidant properties
of methanolic extracts from monascal adlay. Food Chem 2006;97:375-81.
Aniya Y, Yokomakura T, Yonamine M, Nagamine T, Nakanishi H.
Protective effect of the mold Monascus anka against acetaminophen-
induced liver toxicity in rats. Jpn J Pharmacol 1998;78:79-82.

Lavi R, Zhu XY, Chade AR, Lin J, Lerman A, Lerman LO. Simvastatin
decreases endothelial progenitor cell apoptosis in the kidney of
hypertensive hypercholesterolemic pigs. Arterioscler Thromb Vasc Biol
2010;30:976-83.

Lee BH, Hsu WH, Pan TM. Red mold rice against hepatic inflammatory
damage in Zn-deficient rats. J Tradit Comp Med 2011;2:52-60.

Kuo CC, Chiang W, Liu GP, Chien YL, Chang JY, Lee CK, et al.
2,2’-Diphenyl-1-picrylhydrazyl radical-scavenging active components
from adlay (Coix lachryma-jobi L. var. ma-yuen Stapf) hulls. J Agric
Food Chem 2002;50:5850-5.

Yao HT, Lin JH, Chiang MT, Chiang W, Luo MN, Lii CK. Suppressive
effect of the ethanolic extract of adlay bran on cytochrome p-450 enzymes
in rat liver and lungs. J Agric Food Chem 2011;59:4306-14.

Naidu BV, Woolley SM, Farivar AS, Thomas R, Fraga C, Mulligan MS.
Simvastatin ameliorates injury in an experimental model of lung ischemia-
reperfusion. J Thorac Cardiovas Surg 2003;126:482-9.

Huang SC, Lee FT, Kuo TY, Yang JH, Chien CT. Attenuation of long-
term Rhodiola rosea supplementation on exhaustive swimming-evoked
oxidative stress in the rat. Chin J Physiol 2009;52:316-24.

Chen HJ, Shih CK, Hsu HY, Chiang W. Mast cell-dependent allergic
responses are inhibited by ethanolic extract of adlay (Coix lachryma-jobi
L. var. ma-yuen Stapf) testa. J Agric Food Chem 2010;58:2596-601.
Chen HH, Chiang W, Chang JY, Chien YL, Lee CK, Liu KJ, ef al.
Antimutagenic constituents of Adlay (Coix lachryma-jobi L. var. ma-
yuen Stapf) with potential cancer chemopreventive activity. ] Agric Food
Chem 2011;59,6444-52.

Polikandriotis JA, Rupnow HL, Elms SC, Clempus RE, Campbell
DJ, Sutliff RL, et al. Chronic ethanol ingestion increases superoxide
production and NADPH oxidase expression in the lung. Am J Respir
Cell Mol Biol 2006;34:314-9.

Kadara H, Lacroix L, Lotan D, Lotan R. Induction of endoplasmic
reticulum stress by the pro-apoptotic retinoid N-(4-hydroxyphenyl)
retinamide via a reactive oxygen species-dependent mechanism in human

150

217.

28.

29.

30.

31.

32.

33.
34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

head and neck cancer cells. Cancer Biol Ther 2007;6:705-11.
Crowley-Weber CL, Dvorakova K, Crowley C, Bernstein H, Bernstein
C, Garewal H, et al. Nicotine increases oxidative stress, activates NF-kB
and GRP78, induces apoptosis and sensitizes cells to genotoxic/xenobiotic
stresses by a multiple stress inducer, deoxycholate: Relevance to colon
carcinogenesis. Chem Biol Interact 2003;145:53-66.

Csordas A, Kreutmayer S, Ploner C, Braun PR, Karlas A, Backovic A,
et al. Cigarette smoke extract induces prolonged endoplasmic reticulum
stress and autophagic cell death in human umbilical vein endothelial
cells. Cardiovasc Res 2011;92:141-8.

Kim HP, Wang X, Chen ZH, Lee SJ, Huang MH, Wang Y, et al.
Autophagic proteins regulate cigarette smoke-induced apoptosis:
Protective role of heme oxygenase-1. Autophagy 2008;4:887-95.

Chen HW, Su SF, Chien CT, Lin WH, Yu SL, Chou CC, ef al. Titanium
dioxide nanoparticles induce emphysema-like lung injury in mice. FASEB
J2006; 20:2393-5.

Gilks CB, Price K, Wright JL, Churg A. Antioxidant gene expression in
rat lung after exposure to cigarette smoke. Am J Pathol 1998;152:269-78.
Paraskevi A, Ronald A. Hepatocellular carcinoma pathogenesis: From
genes to environment. Nat Rev Cancer 2006;6:1-14.

Brown JL. N-Nitrosamines. Occup Med 1999;14:839-438.

Reh BD, Fajen JM. Worker exposure to nitrosamines in a rubber vehicle
sealing plant. Am Ind Hyg Assoc J 1996;57:918-23.

Verna L, Whysner J, Williams GM. N-Nitrodiethylamine mechanistic data
and risk assessment: Bioactivation, DNA-adduct formation, mutagenicity,
and tumor intiation. Pharmacol Ther 1996;71:57-81.

Parola M, Robino G. Oxidative stress-related molecules and liver fibrosis.
J Hepatol 2001;35:297-306.

Gao M, Yeh PY, Lu YS, Hsu CH, Chen KF, Lee WC, et al. OSU-03012,
a novel celecoxib derivative, induces reactive oxygen species-related
autophagy in hepatocellular carcinoma. Cancer Res 2008;68:9348-57.
Ho CH, Hsu SP, Yang CC, Lee YH, Chien CT. Sialic acid reduces acute
endotoxemia-induced liver dysfunction in the rat. Shock. 2009;32:228-35.
Zhao X, Zhang JJ, Wang X, Bu XY, Lou YQ, Zhang GL. Effect of berberine
on hepatocyte proliferation, inducible nitric oxide synthase expression,
cytochrome P450 2E1 and 1A2 activities in diethylnitrosamine- and
phenobarbital-treated rats. Biomed Pharmacother 2008;62:567-72.
Chen KH, Lin BR, Chien CT, Ho CH. Emblica officinalis Gaertn.
attenuates N-nitrosodiethylamine-induced apoptosis, autophagy, and
inflammation in rat livers. J Med Food 2011;14:746-55.

Xiao J, So KF, Liong EC, Tipoe GL. Recent advances in the herbal
treatment of non-alcoholic fatty liver disease. J Tradit Comp Med
2013;3:88-94

Gulati RK, Agarwal S, Agrawal SS. Hepatoprotective studies on
Phyllanthus emblica Linn. and quercetin. Indian J Exp Biol 1995;33:261-8.
Mathur R, Sharma A, Dixit VP, Verma M. Hypolipidaemic effect of fruit
juice of Emblica officinalis in cholesterol fed rabbits. J Ethnopharmacol
1996;50:61-8.

Jeena KJ, Kuttan G, George J, Kuttan R. Antimutagenic and
anticarcinogenic activity of Emblica officinalis Gaertn. J Clin Biochem
Nutr 1996;22:171-6.

Ong T, Whong WZ, Stewart J, Brockman HE. Chlorophyllin: Apotent
antimutagen against environmental and dietary complex mixture. Mutat
Res 1986;173:111-5.

Bhattacharya A, Chatterjee A, Ghosal S, Bhattacharya SK. Antioxidant
activity of active tannoid principles of Emblica officinalis (amla). Indian
J Exp Biol 1999;37:676-80.

Damodaran M, Nair KR. A tannin from the Indian gooseberry
(Phyllanthus emblica) with a protective action on ascorbic acid. Biochem
11936;30:1014-20.

Scartezzini P, Antognoni F, Raggi MA, Poli F, Sabbioni C. Vitamin C
content and antioxidant activity of the fruit and of the Ayurvedic preparation
of Emblica officinalis Gaertn. J Ethnopharmacol 2006;104:113-8.
Yokozawa T, Kim HY, Kim HJ, Tanaka T, Sugino H, Okubo T, et al. Amla
(Emblica officinalis Gaertn.) attenuates age-related renal dysfunction by
oxidative stress. J Agric Food Chem 2007;55:7744-52.

de la Lastra CA, Villegas 1. Resveratrol as an anti-inflammatory and


https://market.android.com/details?id=comm.app.medknow

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Tsai, et al. / Journal of Traditional and Complementary Medicine 3 (2013) 142-151

anti-aging agent: Mechanisms and clinical implications. Mol Nutr Food
Res 2005;49:405-30.

Yen YH, Chen WC, Hayakawa S, Chien CT. In-chern-hau-tang and genipin
reduces acute urinary bladder distension evoked sympathetic activation-
induced hepatic dysfunction in rats. Am J Chin Med 2009;37:339-49.
Shoda J, Miura T, Utsunomiya H, Oda K, Yamamoto M, Kano M, et al.
Genipin enhances Mrp2 (Abcc2)-mediated bile formation and organic
anion transport in rat liver. Hepatology 2004;39:167-78.

Zhuo A, Luo L, Chen C, Huang W. Clinical observation of Chinese
drugs in prevention of neonatal hyperbilirubinemia. J Tradit Chin Med
1997;17:174-7.

Lin S, Zhang NN, Zhang YX. Determination of flavonoids in buds of
Herba Artemisiae Scopariae by HPLC. Zhongguo Zhong Yao Za Zhi
2005;30:591-4.

Nagaki Y, Hayasaka S, Abe T, Zhang XY, Hayasaka Y, Terasawa K.
Effects of oral administration of Gardeniae fructus extract and intravenous
injection of crocetin on lipopolysaccharide- and prostaglandin E2-
induced elevation of aqueous flare in pigmented rabbits. Am J Chin
Med 2003;31:729-38.

Suzuki Y, Kondo K, Ikeda Y, Umemura K. Antithrombotic effect of
geniposide and genipin in the mouse thrombosis model. Planta Med
2001;67:807-10.

Kuo WH, Chou FP, Young SC, Chang YC, Wang CJ. Geniposide activates
GSH S-transferase by the induction of GST M1 and GST M2 subunits
involving the transcription and phosphorylation of MEK-1 signaling in
rat hepatocytes. Toxicol Appl Pharmacol 2005;208:155-62.

Koo HJ, Lim KH, Jung HJ, Park EH. Anti-inflammatory evaluation
of gardenia extract, geniposide and genipin. J Ethnopharmacol
2006;103:496-500.

Koo HJ, Song YS, Kim HJ, Lee YH, Hong SM, Kim SJ, et al.
Antiinflammatory effects of genipin, an active principle of gardenia. Eur
J Pharmacol 2004;495:201-8.

Yamamoto M, Miura N, Ohtake N, Amagaya S, Ishige A, Sasaki H,
et al. Genipin, a metabolite derived from the herbal medicine Inchin-
ko-to, and suppression of Fas-induced lethal liver apoptosis in mice.
Gastroenterology 2000;118:380-9.

Wu MF, Li PC, Chen CC, Ye SS, Chien CT, Yu CC. Cordyceps sobolifera
extract ameliorates lipopolysaccharide-induced renal dysfunction in the
rat. Am J Chin Med 2011;39:523-35.

Hwang SO, Boswell SA, Seo JS, Lee SW. Novel oxidative stress-
responsive gene ERS25 functions as a regulator of the heat-shock and
cell death response. J Biol Chem 2008;283:13063-9.

Maggi CA. The mammalian tachykinin receptors. Gen Pharmacol
1995;26:911-44.

Pang X, Marchand J, Sant GR, Kream RM, Theoharides TC. Increased
number of SP-positive fibres in interstitial cystitis. BrJ Urol 1995;75:744-50.
Marchand JE, Sant GR, Kream RM. Increased expression of substance-P
receptor-encoding mRNA in bladder biopsies from patients with
interstitial cystitis. Br J Urol 1998;81:224-8.

Li PC, Shaw CF, Kuo TF, Chien CT. Inducible nitric oxide synthase
evoked nitric oxide counteracts capsaicin-induced airway smooth
muscle contraction, but exacerbates plasma extravasation. Neurosci Lett
2005;378:117-22.

Bauer V, Sotnikova R, Machova J, Matyas S, Pucovsky V, Stefek M.

151

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

Reactive oxygen species induced smooth muscle responses in the intestine,
vessels and airways and the effect of antioxidants. Life Sci 1999;65:1909-17.
Fan J, Frey RS, Malik AB. TLR4 signaling induces TLR2 expression
in endothelial cells via neutrophil NADPH oxidase. J Clin Invest
2003;112:1234-43.

Serra MC, Bazzoni F, Della Bianca V, Greskowiak M, Rossi F. Activation
of human neutrophils by substance P. Effect on oxidative metabolism,
exocytosis, cytosolic Ca2+ concentration and inositol phosphate
formation. J Immunol 1988;141:2118-24.

Lloyds D, Hallett MB. Activation and priming of the human neutrophil
oxidase response by substance P: Distinct signal transduction pathways.
Biochim Biophys Acta 1993;1175:207-13.

Sterner-Kock A, Braun RK, van der Vliet A, Schrenzel MD, McDonald
RJ, Kabbur MB, et al. Substance P primes the formation of hydrogen
peroxide and nitric oxide in human neutrophils. J Leukoc Biol
1999;65:834-40.

Ludwig A, Lorenz M, Grimbo N, Steinle F, Meiners S, Bartsch C, ef al.
The tea flavonoid epigallocatechin-3-gallate reduces cytokine-induced
VCAM-1 expression and monocyte adhesion to endothelial cells.
Biochem Biophys Res Commun 2004;316:659-65.

Hsu SP, Wu MS, Yang CC, Huang KC, Liou SY, Hsu SM, e a/. Chronic
green tea extract supplementation reduces hemodialysis-enhanced
production of hydrogen peroxide and hypochlorous acid, atherosclerotic
factors, and proinflammatory cytokines. Am J Clin Nutr 2007;86:1539-47.
Bito T, Roy S, Sen CK, Shirakawa T, Gotoh A, Ueda M, et al. Flavonoids
differentially regulate IFN gamma-induced ICAM-1 expression in
human keratinocytes: Molecular mechanisms of action. FEBS Lett
2002;520:145-52.

Chang WT, Dao J, Shao ZH. Hawthorn: Potential roles in cardiovascular
disease. Am J Chin Med 2005;33:1-10.

Toriizuka K, Kamiki H, Ohmura NY, Fujii M, Hori Y, Fukumura M,
et al. Anxiolytic effect of Gardeniae Fructus-extract containing active
ingredient from Kamishoyosan (KSS), a Japanese traditional Kampo
medicine. Life Sci 2005;77:3010-20.

Zhang Z, Chang Q, Zhu M, Huang Y, Ho WK, Chen Z. Characterization of
antioxidants present in hawthorn fruits. J Nutr Biochem 2001;12:144-52.
Kao ES, Wang CJ, Lin WL, Yin YF, Wang CP, Tseng TH. Anti-
inflammatory potential of flavonoid contents from dried fruit of Crataegus
pinnatifida in vitro and in vivo. J Agric Food Chem 2005;53:430-6.
Kirakosyan A, Seymour E, Kaufman PB, Warber S, Bolling S, Chang SC.
Antioxidant capacity of polyphenolic extracts from leaves of Crataegus
laevigata and Crataegus monogyna (Hawthorn) subjected to drought and
cold stress. J Agric Food Chem 2003;51:3973-6.

Zhang DL, Zhang YT, Yin JJ, Zhao BL. Oral administration of Crataegus
flavonoids protects against ischemia/reperfusion brain damage in gerbils.
J Neurochem 2004;90:211-9.

Roy P, George J, Srivastava S, Tyagi S, Shukla Y. Inhibitory effects of
tea polyphenols by targeting cyclooxygenase-2 through regulation of
nuclear factor kappa B, Akt and p53 in rat mammary tumors. Invest New
Drugs 2011;29:225-31.

Lee JS, Oh TY, Kim YK, Baik JH, So S, Hahm KB, ef al. Protective
effects of green tea polyphenol extracts against ethanol-induced gastric
mucosal damages in rats: Stress-responsive transcription factors and MAP
kinases as potential targets. Mutat Res 2005;579:214-24.


https://market.android.com/details?id=comm.app.medknow

	Therapeutic Potential of Traditional Chinese Medicine on Inflammatory Diseases

	Introduction����������������������������������������������������
	Cigarette Smoke Induced Lunginflammation����������������������������������������������������������������������������������������������������������������������������������������
	N-nitrosodiethylamine–inducedliver Inflammation�������������������������������������������������������������������������������������������������������������������������������������������������������������
	Virgate Wormwood Decoction (.... Yin Chén Hao Tang) And Genipinon Sympathetic Activation–inducedliver Inflammation����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Cordyceps Sobolifera And Lpsinducedacute Renal Failure����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Ros And Hyperactive Bladder�������������������������������������������������������������������������������������������������
	Conclusion����������������������������������������������
	References����������������������������������������������




