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Abstract

Oxidative stress has been suggested to be one of the major causes of degenerative diseases, including renal failure.
Therefore, antioxidant therapy to prevent the progression of renal failure and its related complications has attracted
much attention. Although there are several synthetic antioxidants, in recent years, great effort has been focused on
the use of natural phytochemicals present in herbs and foods because of the toxicity and side effects of synthetic an-
tioxidants. This review summarizes the potential protective activities of two Chinese traditional medicines,
Sanguisorbae Radix and Wen-Pi-Tang, and green tea, which are rich sources of polyphenols, against renal failure.
Sanguisorbae Radix and its main active component sanguiin H-6 showed protective activity against NO-induced renal
failure without toxicity. In addition, the Chinese prescription Wen-Pi-Tang and ECg regulated ONOO™ formation and
exerted beneficial effects against ONOO -induced oxidative injury and renal dysfunction. Green tea polyphenols also
showed antioxidative activities in in vitro and in vive experimental systems, and a clinical study suggested that they are
useful for the treatment of renal injury. Even though the synthetic antioxidants are not always effective in improving
renal failure due to their toxicity and/or side effects together with beneficial effects, Sanguisorbae Radix, Wen-Pi-
Tang and green tea polyphenols displayed antioxidative activities against oxidative stress-induced renal failure without
side effects. We expect the information presented in this review to help provide novel approaches, with low toxicity,
to the prevention and effective treatment of renal diseases.

Key words

renal failure, oxidative stress, Sanguisorbac Radix, Wen-Pi-Tang, green tea.

1. Introduction

Renal disease is one of the major health problems
associated with considerable increases in morbidity and
mortality with a reduced quality of life. Therapy with
angiotensin converting enzyme inhibitors, protein restric-
tion, dialysis and renal transplantation are the commonly
employed management strategies for renal diseases.”
However, the number of patients with renal failure, espe-
cially patients undergoing dialysis therapy and with end-
stage renal disease, is growing worldwide, which implies
that we have no effective strategy to halt the progression
of renal diseases. In addition, the dialysis procedure car-
ries the risk of bleeding and hemorrhage from the site of

vascular access.? Furthermore, given the costs of dialy-
sis and transplantation together with the high morbidity
and mortality from end-stage renal failure, there is a need
for therapeutic advances and new approaches to prevent
and treat effectively renal diseases and their associated
complications. Thus, the focus in recent years has
shifted to optimizing the care of these patients during the
phase of chronic renal disease, before the onset of end-
stage renal disease. It is critical for patients with chronic
renal disease to slow the rate of progression of renal fail-
ure and prevent its related complications. In this review,
we provide novel suggestions for the management of
renal diseases.

Although several causes of renal failure have been
demonstrated, in recent years, numerous clinical and
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experimental studies have indicated that increased oxida-
tive stress is mainly responsible for renal failure.>® In
addition, several studies demonstrated that active oxygen
species resulted in histological lesions such as glomerular
sclerosis, tubulointerstitial changes and mesangial matrix
expansion under renal failure.>® Since the involvement
of oxidative stress at the onset of renal failure has been
well established, the associated pathological conditions
could be improved by the amelioration of oxidative
stress through treatment with scavengers of the hydroxyl
radical (-OH), superoxide anion (O2), nitric oxide (NO)
and peroxynitritte (ONOQO™) and enhancement of the
antioxidative defense system. Therefore, it is considered
important to search for oxygen radical scavengers that
can play crucial roles in effective defense against free
radical-related diseases, including renal failure. In this
review, we focus on oxidative stress-induced renal fail-
ure and, based on the findings of our previous studies,
discuss the protective roles of Chinese traditional medi-
cines and green tea.

Traditional crude drugs that are usually derived
from natural sources have been employed for thousands
of years in Chinese medicine and their prescriptions have
played significant roles in the promotion of human health
and treatment of various diseases. The World Health
Organization estimated that about 80% of Earth’s inhabi-
tants rely on traditional medicine for their primary health
care needs, and most of this therapy involves the use of
the crude drugs or their active components.” Traditional
medicines are also considered to be potential sources of
new therapeutic agents and medicines because of their
distinctive biological activities associated with low toxic-
ity. Furthermore, numerous crude drugs or their con-
stituents, both in vitro and in vivo, markedly suppressed
lipid peroxidation and scavenged reactive free radicals,
which are thought to contribute to their therapeutic ef-
fects against oxidative stress.*'» Our clinical study
showed that, in patients with chronic renal failure, tradi-
tional Chinese prescriptions, in particular Wen-Pi-Tang,
effectively reduced serum creatinine (Cr) levels and re-
tarded the progression of chronic renal failure.!¥ These
findings suggest that research into traditional Chinese
prescriptions and their crude drugs would have great po-
tential for the management of renal failure. The dis-
criminate and proper use of some traditional Chinese
prescriptions and their active components is expected to

be safe and have therapeutic benefits.

Besides ftraditional Chinese prescriptions and crude
drugs, dietary sources with antioxidant activities have
also received particular attention because of their poten-
tial roles in modulating oxidative stress-induced patho-
logical conditions. Several studies have supported the
roles of dietary antioxidants in protecting against free
radicals, eventually resulting in disease prevention or
overall health promotion."*'® 1In particular, various teas
contain several kinds of biologically active phytochemi-
cals, such as polyphenols, that can provide therapeutic
effects. They have extensive biological properties of
value to the promotion of human health and reduction of
the risk of disease. Epidemiological studies have shown
that polyphenols present in green tea contribute to reduc-
ing the risk of oxidative stress-related diseases.!>2V

In this review, we describe the potential therapeutic
activities of Sanguisorbae Radix, a traditional crude
drug, Wen-Pi-Tang, a Chinese prescription, and green
tea, which contains high levels of polyphenols, against
oxidative stress-induced renal damage.

2. Activities of Sanguisorbae Radix against NO-
induced renal injury

Sanguisorbae Radix is used for several disorders,
such as hemostasis, hematemesis, hemoptysis, melena,
hypermenorthea, dermatitis and eczema, even though
there is no scientific evidence to support its use. Our se-
rial studies on Sanguisorbae Radix both in vitro and in
vivo showed that it possesses strong free radical-

scavenging activity.??”

In particular, the extract
showed protective activity against oxidative stress-
related renal diseases and antioxidative potential in se-
nescence-accelerated mice. These findings suggest that
Sanguisorbae Radix would be an effective agent for the
amelioration of pathological conditions related to exces-
sive generation of free radicals and oxidative damage. In
this section, we discuss the protective activities of
Sanguisorbae Radix and its main active component
against NO-induced renal damage induced by lipopoly-

saccharide (LPS).

2.1. Effects on renal dysfunction induced by LPS:
NO is a biologically important molecule which acts in
various physiological and pathological process in differ-



J. Trad. Med. (Vol.20 No.3 2003) 85

ent organs. In the kidney, NO plays an important role in
the regulation of renal hemodynamics, sodium excretion,
renin release, tubuloglomerular feedback, pressure
natriuresis and tubular function. Both over- and under-
production of NO have been implicated in various renal
pathologies, including acute and chronic renal failure,
various types of nephritis and diabetic nephropathy.**>?
The pathophysiological importance of NO suggests that
regulation of NO formation may be an efficient strategy
for intervention to improve or alleviate these pathologi-
cal conditions. Therefore, we tried to search for modula-
tors of NO formation among traditional crude drugs by
systematically screening for direct NO-scavenging activ-
ity. We found that Sanguisorbae Radix, a traditional
crude drug which contains a large amount of polyphenols,
its major constituents, was the most effective scavenger
of NO. On the basis of the in vitro results, we investi-

Table [ Effect of Sanguisorbac Radix extract on urea nitrogen and
Cr levels in serum.

Grou Urea nitrogen Cr
P (mg/dl) (mg/dl)
Normal 213 *£20 036 = 001
LPS-treated
Control 38.1 £29* 120 % 008

Sanguisorbae Radix extract 33.8 + 3.1*® 078 + 0.10*¢
(50 mg/kg B.W./day)
Sanguisorbae Radix extract

(100 mg/kg B.W./day)

316 + 2.3 0.68 + 0.08*¢

LPS-treated
Control 37.8 £ 1.6° 118 £ 0.06*
Aminoguanidine 324 + 2.8 066 £ 014>

(5 mg/kg plus 5 mg/kg B.W./h)

*p<0.001 vs. normal values, "p<0.05, “p<0.01, ‘p<0.001 vs.
LPS-treated control values.

Table II Effect of Sanguisorbae Radix extract on nitrite/nitrate

gated whether Sanguisorbae Radix protected against NO-
induced renal failure stimulated by LPS in an in vivo sys-
tem.

Rats treated with LPS, which results in excessive
NO production, showed renal dysfunction, which was as-
sessed by increases in renal functional parameters, i.e.,
urea nitrogen and Cr levels in serum (Table I). In addi-
tion, the serum nitrite/nitrate level, an indicator of NO
formation, was also markedly increased in LPS-treated
rats compared with that seen in normal rats (Table II).
The excessive production of NO caused by LPS is con-
sidered to contribute to impairment of renal function.
However, the administration of Sanguisorbae Radix ex-
tract led to a decrease in NO production and thus amelio-
rated renal impairment through the reductions in serum
urea nitrogen and Cr levels.

NO is produced from L-arginine by the action of
NO synthase (NOS). In the kidney, three isoforms of
NOS, which exhibit distinct functions in different re-
gions of the kidney, have been found.*® Excessive NO
is produced mainly by inducible NOS (iNOS). Therefore,
blocking the cytotoxicity of NO may be achieved by sup-
pressing iNOS activity and/or scavenging NO. Under
normal conditions, iNOS also generates physiological
amounts of NO, which may participate in the modulation
of vascular tone by an indirect mechanism involved in
mesangial cell relaxation. However, in the presence of
certain cytokines and under conditions of hypoxia, NO is
generated in large quantities for a prolonged period.*” In
addition, since excessive generation of NO in renal dis-
ease is mainly associated with the induction of iNOS,

Table III Effect of Sanguisorbae Radix extract on iNOS activity

level in serum. in kidney.
Group Nitrite/nitrate Group iNOS
(uM) (pmol/mg protein/min)
Normal 1.78 £ 1.02 Normal 1.94 £ 0.11
LPS-treated LPS-treated
Control 6.50 = 1.35° Control 3.67 027
Sanguisorbae Radix extract 439 + 1.82%¢ Sanguisorbae Radix extract 2.69 £ 0.10*¢
(50 mg/kg B.W./day) (50 mg/kg B.W./day)
Sanguisorbae Radix extract 3.72 = 0.89*¢ Sanguisorbae Radix extract 2.58 *+ 0.06*¢
(100 mg/kg B.W./day) (100 mg/kg B.W./day)
LPS-treated LPS-treated
Control 639 = 1.24" Control 3.64 = 0.29°
Aminoguanidine 3.13 £ 1.28° Aminoguanidine 202 £ 0.18°

(5 mg/kg plus 5 mg/kg B.W./h)

(5 mg/kg plus 5 mg/kg B.W./h)

2p<0.01, °p<0.001 vs. normal values, p<0.001 vs. LPS-treated control
values.

*p<0.01, "p<0.001 vs. normal values, “p<0.001 vs. LPS-treated control
values.
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Table IV NO production, iNOS activity, NADPH-diaphorase activity and cell viability of macrophages incubated with LPS.

Group NO iNOS o NADPH—diaphor.ase Cell viability
(uM) (pmol/mg protein/min) (nmol/mg protein) (%)
None 443 * 0.13 6.83 = 1.59 23.72 £ 0.75 1000 * 2.1
LPS-treatment
Control 51.50 &= 0.30° 2642 £ 1.64° 47.05 *+ 4.60° 69.8 = 4.6°
Extract (25 u©g/ml) 42.00 * 0.46° 22.88 = 1.52° 4493 * 3.88° 72.8 £ 2.1°
Extract (50 ¢g/ml) 32,51 £ 0.25%° 20.54 = 1.09% 35.17 £ 2.04% 744 £ 1.3°
Extract (100 ¢g/ml) 21.55 £ 0.22°¢ 16.81 * 1.93* 30.45 £ 2.52* 779 + 0.5°°
LPS-treatment
Control 47.80 * 0.33° 26.08 + 1.52° 50.01 £ 3.09° 69.5 £ 3.2°
Sanguiin H-6 (50 #g/ml) 9.03 = 0.27°° 8.74 = 1.59° 11.44 = 1.56°¢ 924 + 09>
Sanguiin H-11 (50 #g/ml) 11.27 = 0.89° 1041 * 167 16.71 £ 1.64°° 89.5 £ 3.5%
1,2,3,4,6-Penta-0O-galloyl- 8-p-glucose (50 ug/ml)  10.74 + 0.45°° 9.32 + 0.42° 13.02 = 1.45% 828 + 0.9°°
Eugeniin (50 #g/ml) 12.87 * 0.55°° 15.73 = 1.26°° 25.10 = 2.40° 81.1 £ 24%
Polymeric proanthocyanidin (50 zg/ml) 14.85 *+ 0.85°° 19.29 = 1.67°° 29.70 = 1.10°° 83.7 * 4.2°¢
Aminoguanidine (100 uM) 8.99 X 0.10°° 8.98 £ 0.53° 1091 £ 0.89°° 737 + 1.3°

*p<0.05, bp<0.01, ‘p<0.001 vs. none treatment values, dp<0.05, p<0.001 vs. LPS-treatment control values.

therapeutic strategies have concentrated on the develop-
ment of effective iNOS inhibitors. As shown in Table
III, LPS treatment resulted in an approximately 1.9-fold
increase in iNOS activity, suggesting the possible asso-
ciation of additional induction of iNOS with NO genera-
tion and renal dysfunction. However, Sanguisorbae
Radix extract resulted in decreased renal iNOS activity,
although its effect was weaker than that of aminoguani-

dine, a selective iNOS inhibitor.

2.2. Active components with NO production-
suppressing activity : The active components of an
aqueous extract of Sanguisorbae Radix were determined
in experiments using macrophages that were activated by
the addition of LPS. The macrophages of mice given
LPS showed greatly increased amounts of NO together
with increases in the activities of iNOS and NADPH-
diaphorase, which is used as a histochemical marker of
neuronal NOS3® whereas the cell viability decreased.
Mitchell et al.*” have also published data showing that in
macrophages, both NADPH-diaphorase and NOS activi-
ties can be induced by LPS. In our study, we confirmed
that NADPH-diaphorase and iNOS activities were in-
creased by LPS treatment, consistent with the findings of
Tracey et al.®® In contrast, in macrophages treated with
stepwise doses of Sanguisorbae Radix aqueous extract,
the level of NO and the activities of iNOS and NADPH-
diaphorase were suppressed in a dose-dependent manner,
while cell viability increased (Table IV). Analysis of the

active components of Sanguisorbae Radix showed the re-
sult that its main components are sanguiin H-6 and
sanguiin H-11, with small amounts of 1,2,3.4,6-penta-O-
galloyl- 5-p-glucose, eugeniin and condensed polymeric
proanthocyanidin (Fig. 1). Of these five components,
sanguiin H-6 exerted the strongest protective activity
against NO production, the activities of iNOS and
NADPH-diaphorase and cell viability, followed by
1,2,3,4,6-penta-O-galloyl- 8-p-glucose and sanguiin H-
11 (Table IV). This anti-NO activity was comparable to
the effect of aminoguanidine, a specific inhibitor of
INOS. Therefore, it was apparent that the NO produc-
tion-suppressing action of Sanguisorbae Radix is attrib-
utable to these polyphenol components.

2.3. Effects of sanguiin H-6 on NO production:
Sanguiin H-6 exerted protective activity by reducing NO
production by LPS-activated macrophages. It inhibited
the expression of iNOS mRNA as well as iNOS activity
in a dose-dependent manner, demonstrating for the first
time that this compound can inhibit iNOS activity
through the regulation of iNOS at the mRNA level (Fig.
2 and Table V). However, it remains unclear whether
sanguiin H-6 inhibits the induction of iINOS mRNA by a
direct action on LPS, or acts indirectly through the pro-
duction/release of cytokines, where it could act on the
signal transduction pathways involved in cytokine pro-
duction by tyrosine kinases, or alternatively, whether it
inhibits the phosphorylation of proteins induced by the
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Sanguiin H-6

Sanguiin H-11

Eugeniin

Polymeric proanthocyanidin

Fig. 1 Chemical structures of components isolated from Sanguisorbae Radix.

8

iNOS/GAPDH

Fig. 2 Effect of sanguiin H-6 on iNOS mRNA expression in activated
macrophages. 1, 50 bp marker DNA; 2, none treatment (control);
3, LPS-treated control; 4, LPS-treated sanguiin H-6 (12.5 uM);

5, LPS-treated sanguiin H-6 (25 #M); 6, LPS-treated sanguiin H-6
(50 uM).

Table V Effect of sanguiin H-6 on iNOS activity.

Grou iNOS
P (pmol/mg protein/min)
None 5.87 = 0.96
LPS-treatment
Control 2598 * 3.65°

Sanguiin H-6 (12.5 £M) 19.98 == 2.72b¢

Sanguiin H-6 (25 «M) 9.80 = 0.75*°
Sanguiin H-6 (50 M) 7.01 £ 1.10°
Aminoguanidine (50 «M) 9.75 = 0.61*¢

*p<0.05, *p<0.001 vs. none treatment values, ‘p<0.001 vs.
LPS-treatment control values.

Table VI Effect of sanguiin H-6 on NO production in macrophages.

Grou Nitrite Cell viability
i (uM) (%)
None 455 * 0.34 100.0 + 1.3
LPS-treatment
Control 49.86 = 1.44° 74.9 & 2.4°
Sanguiin H-6 (12.5 M) 15.60 * 0.50¢ 82.9 + 3.6°¢
Sanguiin H-6 (25 «M) 12.08 £ 0.96%° 94.7 £ 1.3%¢
Sanguiin H-6 (50 M) 775 + 049 107.6 *+ 3.9P¢
Aminoguanidine (50 £M)  11.72 = 0.53%°  76.0 = 2.7°

35<0.05, °p<0.01, p<0.001 vs. none treatment values, ‘p<0.01,
°p<0.001 vs. LPS-treatment control values.
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cytokines themselves. Although the expression of iNOS
mRNA and the iNOS activity were suppressed more as
the concentration of sanguiin H-6 increased, the produc-
tion of NO was suppressed markedly even by a low con-
centration of this agent, suggesting that sanguiin H-6
directly eliminated NO (Table VI). In another experi-
ment using the NO donor sodium nitroprusside, sanguiin
H-6, even at a low concentration, was found to eliminate
NO (data not shown). These findings suggest that
sanguiin H-6 has the capacity to eliminate NO and sup-
press NO generation by regulation of iNOS at the mRNA
level.

Sanguiin H-6, at a concentration of 25 #M, showed
an effect equivalent to that of 50 #M aminoguanidine
(Table VI). Aminoguanidine resulted in no improvement
in the cell viability, which decreased in the presence of
LPS, whereas sanguiin H-6 improved the cell viability in
a dose-dependent manner, reducing the toxicity of LPS.
Various inhibitors of NO or NOS have been used in at-
tempts to improve or attenuate the pathological processes
involved in excessive generation of NO, but conflicting
results have been obtained. Using isolated renal proxi-
mal tubules, Yu et al.* observed that the NOS inhibitor
N-nitro-L-arginine methyl ester protected the renal tubu-
lar epithelium against hypoxic injury. Weinberg et al.*”
demonstrated that oral administration of NG-monomethyl-
L-arginine prevented the development of glomerulone-
phritis and reduced the intensity of inflammatory arthritis
in MRL-lpr/lpr mice. In contrast to these beneficial ef-
fects, NOS inhibitors have been shown to aggravate
renal dysfunction in several in vivo models of acute renal
failure.**? Moncada et al.*? have shown that the iNOS
expressed in inflammatory cells produces a large amount
of NO and this not only acts as an effector for the non-
specific defense mechanism, but also possibly damages
normal cells, serving as an effector for autocytoclasis in
autoimmune disease. Therefore, the ideal NOS inhibitor
should not affect the favorable actions of NO and possi-
bly enhance them, but should block the harmful actions
specifically. During the past years, extensive research
into the development of ideal NO inhibitors has been
performed. Lots of NOS inhibitors demonstrated excel-
lent inhibition of iNOS activity, but they have rarely
been used in clinics because the problems of their nu-
merous other effects, such as side and toxic effects, re-
main to be solved. However, many natural plants and

compounds have been found to be highly active inhibi-
tors of iINOS activity and NO scavengers, suggesting that
natural plants may be potential sources of NO inhibitors.
Currently, the available findings on sanguiin H-6 suggest
that this agent has such ideal activity. Although the
exact mechanism of action has not been fully elucidated,
it may be a promising approach for the development of
a safe selective iNOS inhibitor. From these results,
Sanguisorbae Radix and its active component sanguiin
H-6 would be expected to ameliorate renal injury in-
duced by excessive NO.

3. Protective activity of the Chinese prescription
Wen-Pi-Tang against ONOO™-induced renal in-

Jury

Wen-Pi-Tang, a Chinese prescription composed of
Rhei Rhizoma, Ginseng Radix, Aconiti Tuber, Zingiberis
Rhizoma and Glycyrrhizae Radix, is known to enhance
cellular defense mechanisms and eliminate impurities ac-
cumulated in the body. In particular, it is one of the tra-
ditional prescriptions used clinically as a medicine to
treat renal failure. To establish experimentally the scien-
tific basis for the actions of Wen-Pi-Tang, whose clinical
efficacy is already recognized, we investigated the ef-
fects of Wen-Pi-Tang and its component crude drugs
using in vivo and in vitro evaluation systems.**¥ The
present review focuses on the protective activities of
Wen-Pi-Tang against ONOO™-induced renal oxidative
damage.

3.1. Effects in an in vitro ONOQO™-generation sys-
tem : We reported that Wen-Pi-Tang and its component
crude drugs caused a significant and concentration-
dependent decrease in ONOO™ formation from 3-
morpholinosydnonimine (SIN-1) and showed strong
ONOO -scavenging activity.®® In a cellular system, the
protective effect of Wen-Pi-Tang extract against ONOO™-
induced renal injury was investigated using renal tubular
LLC-PK; cells, as renal tubular cells are the most vulner-
able target in renal tissue to oxidative stress (Fig. 3).
Proximal tubular epithelial cell death was observed
under various pathological conditions of chronic renal

failure 5667

Our results also revealed that exposure to
800 uM SIN-1 resulted in remarkable increases in cellu-

lar ONOQ" levels and apoptotic cell death assessed by a
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{pmol/mi) (%) (%)
2500 150 75
ONOO- Cell viability DNA fragmentation
2000+
100+
1500+
1000+
504
500+
0~ 0
Wen-Pi-Tang (ug/mi} 0 0 50 100 0 50 100 0 0 50 100
SIN-1 (800 uM) - + + + + + + - + + +

Fig. 3 Effect of Wen-Pi-Tang extract on cellular ONOO formation, cell viability and DNA fragmentation in renal tubular LLC-PK cells treated with
Wen-Pi-Tang extract together with SIN-1. N.D., not detectable. “p<0.01, bp<0.()01 vs. none treatment values, p<0.001 vs. SIN-1 treatment values.

Table VII Effect of Wen-Pi-Tang extract on urea nitrogen and
Cr levels in serum.

Group Urea nitrogen Cr
(mg/dl) (mg/dl)

Sham treatment 152 = 1.2 0.33 £ 0.04
LPS plus ischemia-reperfusion

Control 654 = 0.1% 1.59 = 0.05%

Wen-Pi-Tang extract 51.9 + 2.6*° 127 + 0.07*°

(62.5 mg/kg B.W./day)
Wen-Pi-Tang extract 488 + 1.9*° 1.20 £ 0.05*°

(125 mg/kg B.W./day)

*p<0.001 vs. sham treatment values, °p<0.001 vs. LPS plus ischemia-
reperfusion control values.

DNA fragmentation assay (Fig. 3). Therefore, the for-
mation of ONOO™ by SIN-1 clearly leads to renal cell
damage. However, treatment with Wen-Pi-Tang extract,
at concentrations of 50 and 100 yg/mi, together with
SIN-1 protected renal tubular cells against ONOO™
through scavenging ONOQ™ and inhibiting apoptotic cell
death in a concentration-dependent manner. Furthermore,
the addition of Wen-Pi-Tang extract with SIN-1 attenu-
ated the apoptotic morphological changes and regulated
the cell cycle disturbance caused by ONOO™ through
G2/M phase arrest (data not shown). Thus, our resulis
offer the possibility that the potential of Wen-Pi-Tang
extract for protection against renal tubular injury is
closely involved with ONOO™ formation. Moreover,
under the different experimental conditions of the cell
culture system, treatment with Wen-Pi-Tang extract both
before and after exposure to SIN-1 showed protective

activities: reduction of cellular ONOQ™ levels, increased
cell viability and a decrease in the DNA fragmentation
rate (data not shown). Therefore, Wen-Pi-Tang would
be expected to both prevent and treat renal injury.

3.2. Effects in an animal model of LPS plus
ischemia-reperfusion : On the basis of studies that dem-
onstrated that Wen-Pi-Tang had a protective action on
the impaired kidney under oxidative stress as well as free
radical-scavenging activity in ONOQO~, NO and Oz gen-
eration systems in vitro, Wen-Pi-Tang would be ex-
pected to ameliorate renal damage induced by ONOO™ in
vivo. Therefore, to investigate the effects of Wen-Pi-
Tang extract in vivo we employed a LPS plus ischemia-
reperfusion animal model in which simultaneous and
excessive generation of NO and Oz occurs and eventu-
ally leads to the formation of enough ONOO™ to evaluate
its toxicity under the conditions of ONOO ™ -induced renal
failure.® The oxidative stress caused by the generation
of ONOQO™ accompanies acute renal ischemia and con-
tributes to the pathophysiology of renal damage. We
found that urea nitrogen and Cr levels in serum were in-
creased by LPS plus ischemia-reperfusion (Table VII),
indicating that renal damage and dysfunction resulted
from this process. However, Wen-Pi-Tang extract re-
duced these levels, implying that it ameliorated the renal
dysfunction induced by the ONOO™ produced by this
process.

ONOO' in biological fluids can be detected by iden-
tifying nitrated tyrosine as a marker of ONOO™ forma-
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1000 1
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500 -

3-Nitrotyrosine (pmol/ml}

250 4

O-

N C W1 W2

Fig. 4 Effect of Wen-Pi-Tang extract on 3-nitrotyrosine level in
plasma. N, sham treatment; C, LPS plus ischemic-reperfused control;
W1, LPS plus ischemic-reperfused Wen-Pi-Tang extract (62.5 mg/kg
body weight/day); W2, LPS plus ischemic-reperfused Wen-Pi-Tang
extract (125 mg/kg body weight/day). °p<0.05, "p<0.001 vs. LPS
plus ischemic-reperfused control values.

tion in vivo or a stable end-product of ONOQO™ oxidation.
The formation of 3-nitrotyrosine in human tissues and
animal models of various diseases is a remarkable obser-
vation, since nitration has been observed to be a chemi-
cal modification that can be used to investigate the
functional roles of tyrosine residues in enzymatic activity
and protein function.®® Recently, high levels of 3-
nitrotyrosine have been found in the plasma of patients
with chronic renal failure,”® rheumatoid arthritis’™” and
septic shock,”” whereas 3-nitrotyrosine is generally not
detectable in the plasma of healthy subjects.”®"® Noiri et
al.™ observed that suppression or scavenging of ONOO™
in ischemic acute renal failure improved renal function,
consequently preventing lipid peroxidation and oxidative
DNA damage. In our study, the significant increase in 3-
nitrotyrosine levels caused by the pathological process of
LPS plus ischemia-reperfusion declined after the oral ad-
ministration of Wen-Pi-Tang extract prior to the process

(Fig. 4). Therefore, our results suggest that Wen-Pi-Tang
extract would ameliorate ONOO™-mediated renal dam-
age by inhibiting ONOO™ generation.

ONOO™ decomposes to generate a potent oxidant,
‘OH, which may cross cell membranes through anion
channels and be more toxic to tissues than ONOO'.
Therefore, to investigate the formation of -OH resulting
from the decomposition of ONOO~, we measured the
levels of tyrosine isomers such as o-, m- and p-tyrosine.
Our results revealed that the high levels of tyrosine iso-
mers produced by hydroxylation under the conditions of
an ONOQ™ generation system in vivo were reduced by
Wen-Pi-Tang extract (Table VIII). Moreover, the -OH-
scavenging activity of Wen-Pi-Tang extract was con-
firmed by electron spin resonance analysis of kidney
homogenates subjected to the Fenton reaction (data not
shown). These findings provide direct evidence that
Wen-Pi-Tang extract modulates the generation of ONOO™
and -OH as secondary reactive end-products stimulated
by LPS plus ischemia-reperfusion. Such a protective ef-
fect against ONOQO™ and -OH may play an important role
in preventing and reversing oxidative damage of tissue
and improving renal function.

The major sources of NO and Oz, the precursors of
ONOQO", are iNOS and xanthine oxidase (XOD), respec-
tively. The activity of iNOS was elevated in the LPS
plus ischemia-reperfusion control group compared with
that of rats subjected to a sham operation, but the XOD
activities of these two groups were not significantly dif-
ferent (Fig. 5). Several studies have shown that although
XOD activity initially increased during ischemia, a de-
cline in XOD activity occurred during reperfusion-
associated ONOQO™ generation, suggesting that ONOO™
could feed back and inhibit XOD.™*" Wen-Pi-Tang ex-
tract inhibited neither iNOS nor XOD activity (Fig. 9),
whereas it inhibited ONOO™ formation (Fig. 4), which

Table VIII Effect of Wen-Pi-Tang extract on o0-, m-, p-tyrosine and phenylalanine levels in plasma.

Tyrosine (nmol/ml) Phenylalanine
Group
0- m- p- (nmol/mi)

Sham treatment 912 £ 6.9 152 £ 06 5896 * 312 8756 = 352
LPS plus ischemia-reperfusion

Control 2179 £ 9.1° 399 £ 35° 6730 £ 460° 6218 + 483"

Wen-Pi-Tang extract (62.5 mg/kg B.W /day) 217.1 + 43.6° 25.7 £ 3.6 6733 * 396° 7746 = 760

Wen-Pi-Tang extract (125 mg/kg B.W./day) 232.6 £ 41.4° 257 + 6.9°¢ 6431 £ 285 9225 + 1798¢

p<0.05, *p<0.01, ‘p<0.001 vs. sham treatment values, dp<0.001 vs. LPS plus ischemia-reperfusion control values.
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Fig. 5 Effect of Wen-Pi-Tang extract on iNOS, XOD, and radical scaveng-

ing enzyme activities in renal tissue. N, sham treatment; C, LPS plus
ischemic-reperfused control; W1, LPS plus ischemic-reperfused Wen-Pi-
Tang extract (62.5 mg/kg body weight/day); W2, LPS plus ischemic-
reperfused Wen-Pi-Tang extract (125 mg/kg body weight/day). °p<0.05,
°p<0.001 vs. sham freatment values, °p<0.01, “p<0.001 vs. LPS plus
ischemic-reperfused control values.

suggests that the protective property of Wen-Pi-Tang ex-
tract was attributable not to the inhibition of NO and
O2 but to direct scavenging of ONOO™ and -OH, both of
which were involved in the development of oxidative in-
jury and renal dysfunction.

NO has been shown to inhibit catalase and
glutathione peroxidase (GSH-Px), which might lead to
the elevation of hydrogen peroxide levels and a subse-
quent increase in ONOO™ production.””® In addition,
ONOQO" itself inhibits these enzymes. There is a require-
ment for cellular defense against excessive ONOO™ gen-
eration to protect against oxidative damage. Our results
showed that the activities of superoxide dismutase
(SOD), catalase and GSH-Px in renal tissue were all

significantly suppressed by LPS plus ischemia-
reperfusion, which resulted in marked ONOO™ genera-
tion (Fig. 5).

effectively increased by the administration of Wen-Pi-

However, these enzyme activities were

Tang extract. This result demonstrates that the destroyed
defense system against excessive ONOO™ recovered after
the administration of Wen-Pi-Tang extract, resulting in
amelioration of the pathological condition induced by
ONOO'". In the light of the results of this study, Wen-Pi-
Tang would be expected to be a therapeutic agent for
ONOO -associated pathological renal conditions.

3.3. Protective activity of (-)-epicatechin 3-0-
gallate (ECg) against ONOO™-mediated renal damage:
We demonstrated that the most active crude drug ingre-
dient of Wen-Pi-Tang for improving metabolism under
conditions of renal failure is Rhei Rhizoma and its bene-
ficial antioxidative effect is mainly attributable to
ECg.*3%3259 In the LPS plus ischemia-reperfusion ani-
mal model, oral administration of ECg prior to the proc-
ess attenuated the renal injury induced by ONOO~
through inhibition of lipid peroxidation and enhancement
of the biological defence system. In addition, ECg de-
creaséd ONOO" production, but the significant elevation
of NO production caused by the LPS plus ischemia-
reperfusion process was not suppressed by ECg.?
Therefore, ECg was considered to act as a specific and
direct inhibitor of ONOO™ generation in vive and its ac-
tion can lead to the improvement of ONOO™ -mediated
renal failure.

To elucidate the protective mechanisms of ECg
against ONOO", we employed the LL.C-PK, renal tubu-
lar epithelial cell line, as damage to renal tubular epithe-
lial cells has attracted considerable attention as a
contributor to renal injury and dysfunction. In addition,
SIN-1, an ONOOQO™ donor, was employed to induce the si-
The results of
this investigation showed that exposing LLC-PK; cells to

multaneous generation of NO and Os.

SIN-1 resulted in significantly reduced cell viability and
high ONOO"™ production (Fig. 6).” However, treatment
with ECg before exposure to SIN-1 decreased the forma-
tion of ONOO™ without affecting NO levels (data on NO
levels not shown) and increased cell survival in a con-
centration-dependent manner. These results suggest that
ECg exerts protective activities in a cellular ONOO™ gen-
eration through

system scavenging ONOO™ and
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Fig. 6 Effect of epicatechin 3-O-gallate on SIN-1-induced ONOQ™ formation, cell viability and DNA fragmentation in renal
epithelial cells, LLC-PK:. N.D., not detectable. °p<0.001 vs. none treatment values, bp<0.001 vs. SIN-1 treatment values.
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Fig. 7 Morphological changes of fixed (upper panel) and non-fixed (lower panel) cells. After incubation with epicatechin 3-O-gallate
for 24 h, SIN-1 was added and the cells were incubated for a further 4 h. A, none treatment; B, SIN-1 (800 ¢ M) treatment; C, SIN-1
(800 M) and epicatechin 3-O-gallate (25 #M) treatment; D, SIN-1 (800 «M) and epicatechin 3-O-gallate (125 yM) treatment.
Arrows indicate apoptotic cells. Magnification, x 800. Bar represents 20 gm.

inhibiting cell death caused by ONOO".

The cytotoxic effects of ONOO™ have been ascribed
to DNA damage, inhibition of DNA repair and induction
of cell death either by apoptosis or necrosis.***? In par-
ticular, apoptosis has been regarded to contribute to ex-
tensive cell loss in many pathological states. Moreover,
the oxidative stress resulting from free radicals disturbed
the cell cycle, eventually inhibiting cell proliferation. 3%
Most organisms respond to biological damage by regu-
lating the cell cycle, cell proliferation by apoptosis and
the DNA repair pathway. Exposure of LLC-PK; cells to
SIN-1 caused apoptotic cell death, reflected by DNA

fragmentation, and morphological changes, such as small
and nuclcar fragmentation (Figs. 6 and 7). In addition,
ONOO™ generated by SIN-1 disturbed the cell cycle by
decreasing the G2/M cell ratio (Table IX). However, the
presence of ECg prior to SIN-1 exposure resulted in de-
creases in the DNA fragmentation rate and characteristic
apoptotic morphological changes, and regulated the cell
cycle by promoting G2/M phase arrest.’” These results
indicate that the protective activity of ECg against SIN-1
involved decreases in apoptosis-mediated cell death and

regulation of the cell cycle.
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Table IX Effect of (-)-epicatechin 3-O-gallate on the cell cycle.

Percentage of cells in each phase of cell cycle (%)

Treatment
Go/G1 S G2/M
None 61.1 = 3.0 32319 67 £ 1.1
SIN-1 (800 #M) 644 £ 0.6 345+ 16 12 £ 12
SIN-1 (800 #M) and epicatechin 3-O-gallate (25 ©«M) 609 £ 1.9 367 =27 24+ 0.7
SIN-1 (800 M) and epicatechin 3-O-gallate (125 uM) 634 + 18 309 + 1.2 57 x 0.8CI

°p<0.05, "p<0.01, p<0.001 vs. none treatment values, dp<0.01 vs. SIN-1 treatment values.
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Fig. 8 Time response curve of green tea extract (O), polyphenols
(I, caffeine (*), and theanine (/) at 1 g g/ml, and non-additive
control (@) on allophycocyanin quenching induced by AAPH.

4. Activity of green tea against renal oxidative
damage

Green tea contains low-molecular-weight polyphe-
nols belonging to the flavan-3-ol class of flavonoids that
possess considerable antioxidative activities. Furthermore,
the antioxidative activity of green tea was found to con-
tribute to the inhibition of hypertension, mutagenesis and
tumorigenesis and to protect against renal diseases in
several experimental systems in vitro and in vivo.%*9
The present review summarizes the antioxidative activi-
ties of green tea and its polyphenols on the basis of ex-
periments in vitro and in vivo and the results of clinical
trials.

4.1. Effects on free radical- and glucose-mediated
protein damage : In our recent study, we demonstrated
that green tea polyphenols exerted protective activity
against protein oxidation and glycation.*” Protein oxida-
tive damage is directly involved in the pathogenesis of
many diseases. Free radicals can induce protein modifi-

cations, including loss of protein function, such as the
activities of enzymes, receptors, and membrane transpor-
ters, in turn resulting in biological dysfunction.”*? To
examine the protective effect of green tea against protein
oxidation induced by 2,2-azobis(2-amidinopropane)
dihydrochloride (AAPH), we measured the fluorescence
intensity of allophycocyanin, a protein with natural fluo-
rescence. Following treatment with AAPH, its intrinsic
fluorescence was rapidly diminished, reflecting oxidation
of allophycocyanin. However, of the components of
green tea, the polyphenols proved to be the most potent
against AAPH-induced protein damage (Fig. 8), whereas
caffeine and theanine were found to have relatively weak
activities. It is known that the free radicals generated
from AAPH react with oxygen molecules rapidly to yield
peroxyl radicals. Therefore, it can be assumed that the
free radicals related to protein damage in this study were
peroxyl radicals, and that the peroxyl radical-scavenging
property of green tea polyphenols plays an important role
in protection against free radical-mediated protein dam-
age.

Proteins in the body are also modified by glucose
through the glycation reaction. This reaction finally pro-
duces advanced glycation end products (AGEs) and the
accumulation of AGEs has been observed under the
pathological conditions of oxidative stress-induced dis-
eases.”® QOxidative reactions participate extensively in
the process of AGEs formation,’®*” indicating that bio-
logical proteins are susceptible to modification in vivo by
AGEs under conditions of oxidative stress. The contri-
bution of AGEs to some pathological conditions, includ-
ing diabetic complications, aging and Alzheimer’s
disease, has attracted considerable interest in recent
years. In addition, it has been reported that antioxidant
and radical scavengers inhibit these processes. Green tea
extract and its polyphenols inhibited AGEs formation
significantly, whereas caffeine and theanine showed
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Fig. 9 Effect of green tea extract and its components on AGEs formation.

Table X Effect of green tea extract and polyphenols on viability and
thiobarbituric acid-reactive substances of cells treated with AAPH.

Thiobarbituric acid-

. Concentration  Cell viability .
Material (g/ml) %) reactive substances
Le ° (nmol/well)

Extract 0 65.6 = 1.1° 0.131 £ 0.004°

5 723 £ 1.1%° 0.125 *+ 0.013°
25 79.2 = 4.8™ 0.108 + 0.005*

50 80.7 = 3.7 0.101 % 0.008°

Polyphenols 0 65.6 = 1.1° 0.131 £ 0.004°
5 71.8 = 2.0°¢ 0.110 * 0.008>

25 87.1 £ 5.1°° 0.091 *+ 0.003°
50 879 + 2.6 0.084 *+ 0.001°*°

- 100.0 = 1.0 0.093 *+ 0.003

p<0.05, hp<0.001 vs. AAPH none treatment values, ‘p<0.05, dp<0.01,
°p<0.001 vs. AAPH treatment values.

weak activity (Fig. 9), suggesting a potential role for
green tea polyphenols in the treatment of oxidative
stress-induced diseases.

4.2. Antioxidative activity against AAPH in a cel-
lular system : To evaluate the antioxidative properties of
green tea in a cellular system, we employed an AAPH
model system with LLC-PK: renal tubular epithelial
cells.®® Several studies demonstrated that AAPH de-
creased the viability of hepatic cells, neurons and aortic
endothelial cells, induced apoptosis of these cells and re-
sulted in loss of viability.**'°V In this study, we demon-
strated clearly that AAPH also led to decreased viability
of LLC-PK; cells and increased formation of thiobarbi-
turic acid-reactive substances (Table X), indicating that
LLC-PK: cells sustained free radical damage caused by
AAPH. Terao and Niki'*? reported that there are three
types of organ or tissue damage induced by AAPH. The

most striking structural changes following the admini-
stration of AAPH include degeneration, swelling and dis-
ruption of the capillary endothelial cells in various
organs. The second type is death of lymphocytes in the
lymphoid tissues and the third type of AAPH intoxica-
tion is characterized by marked fatty degeneration of the
kidneys and liver. Although it is not completely under-
stood which types of damage are involved in AAPH-
induced LLC-PK: cellular injury, we hypothesize that
AAPH treatment leads to the degeneration, disruption
and death of LLC-PK cells. However, green tea extract,
and its polyphenols protected against AAPH-induced
cellular damage by inhibiting cellular loss and lipid
peroxidation resulting from the peroxyl radicals gener-
ated by AAPH (Table X). In AAPH-induced cell injury
and peroxidation, scavenging of lipid peroxyl radicals
plays a considerable part in antioxidative activity. We
suggest that green tea extract and its polyphenols scav-
enge peroxyl radicals generated from AAPH. In addi-
tion, we hypothesize that they might protect the renal cell
against free radicals by either one or a combination of
the following mechanisms. First, they may act as a
chelator to inactivate catalytic cations involved in the ini-
tiation of free radicals. Second, they may function as a
free-radical chain reaction interrupter by trapping the
free radicals generated by AAPH.

4.3. Protective activity in rats with renal failure:
The antioxidative activity of green tea polyphenols
against renal injury in vivo was also confirmed.!®® The
effect was examined in nephrectomized rats, a widely
used animal model for investigating the progression of
glomerular disorders. The increases in serum urea nitro-
gen and Cr levels in nephrectomized rats were sup-
pressed by green tea polyphenols (Table XI). The
removal of uremic toxins that affect renal function would
have a beneficial effect by inhibiting glomerular deterio-
ration through blocking the uremic toxin-associated vi-
cious cycle that results in renal failure. In addition, the
decrease in the creatinine clearance (Ccr) value under
conditions of renal failure was significantly reversed
after the administration of green tea polyphenols (Table
XI), suggesting that they would contribute to the im-
provement of glomerular filtration.

The animal model of renal failure produced by
nephrectomy shows hypertrophy or swelling of the
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Table XI Effect of green tea polyphenois on renal function parameters.

Day Group Dose s-Urea nitrogen s-Cr ) Cer u-Protein
(mg/kg B.W./day) (mg/dl) (mg/d}) (mV/min/kg B.W.) (mg/day)
0 Nephrectomized rats
Control - 423+ 14 0.58 £ 0.02 4.18 = 0.19 340 + 6.3
Polyphenols 10 432 £ 29 0.59 £ 0.02 411 = 0.18 32719
Polyphenols 20 416 =25 0.57 £ 0.02 421 £ 0.19 36.1 £ 1.2
20 Nephrectomized rats
Control - 39.7 £ 35 0.77 = 0.05 2.73 £ 0.20 336 £ 2.7
Polyphenols 10 287 £ 1.3 0.69 + 0.02° 3.43 £ 0.18° 252 £ 23"
Polyphenols 20 305 = 1.4° 0.59 *+ 0.02° 422 £ 0.1%° 267 + 33°
40 Nephrectomized rats
Control - 402 £ 39 0.84 + 0.03 2.79 £ 0.23 51.6 £ 6.1
Polyphenols 10 31.7 £ 19° 0.73 + 0.02° 3.66 = 0.15° 32.8 & 4.4
Polyphenols 20 321 £22° 0.70 £ 0.02° 3.76 £ 0.10° 326 £ 53°
60 Nephrectomized rats
Control - 428 * 44 0.83 * 0.05 262 £ 0.16 504 ¥ 6.3
Polyphenols 10 34.0 = 2.8° 0.74 + 0.03° 3.00 * 0.19° 343 + 83"
Polyphenols 20 302 * 1.9° 0.69 £ 0.03° 3.04 * 0.16° 321 £40°
80 Nephrectomized rats )
Control - 51.8 + 27 1.05 = 0.05 1.91 = 0.12 51,1 £ 64
Polyphenols 10 36.9 %= 3.0° 0.90 + 0.05° 2,65 = 0.13° 292 + 4.7
Polyphenols 20 402 = 36° 0.86 + 0.05° 2.80 + 0.15° 338 * 3.1
Normal rats 164 = 03 0.48 = 0.03 543 = 048 92 = 03

*p<0.05, "p<0.01, “p<0.001 vs. nephrectomized control values.

Table XII Effect of green tea polyphenols on the activities of reactive oxygen species-scavenging enzymes

in rats after excision of 3/4 of their kidney volume.

Group Dose SOD 4 Catalase. GSH-Px.
(mg/kg B.W./day) (U/mg protein) (Uhng protein) (U/mg protein)
Nephrectomized rats
Control - 8.75 £ 040 1427 £ 11.8 69.63 £ 2.02
Green tea polyphenols 10 10.68 + 0.48° 213.2 £ 13.9° 7191 * 3.41
Green tea polyphenols 20 11.66 % 0.54° 2244 + 10.9° 76.97 * 3.15°
Normal rats 18.33 £ 1.00 2259 £ 87 85.12 = 3.95
ip<0.05, *p<0.01, “p<0.001 vs. nephrectomized control values.
Table XIIT Histopathological evaluation of the kidney.
Parameter Control Green tea Green tea
polyphenols (10 mg) polyphenols (20 mg)
Degree of mesangial proliferation
Normal 0 0 0
Slight 1 3 4
Moderate 4 3 2
Severe 1 0 0
Glomerular sclerosis index 1.59 £ 0.18 1.24 * 0.12° 1.15 + 0.13°

p<0.01 vs. control values.
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Table XIV Effect of green tea polyphenols on serum Cr, MG and the Table XV Effect of green tea polyphenols on serum
MG/Cr ratio in patients receiving dialysis. B2-MG in patients receiving dialysis.
Duration of treatment Cr MG MG/Cr Duration of treatment B2-MG
(month) (mg/dl) (pgldl) x103) (month) (mg/dl)
0 13.51 = 0.30 56.43 £ 2.67 4.12 £ 0.17 0 39.00 = 1.27
1 13.33 £ 0.27 53.65 = 2.30° 3.99 £ 0.14 1 34.95 = 1.08°
2 13.28 = 0.22 51.92 = 2.34° 3.86 * 0.14° 2 3746 + 1.30
3 12.81 £ 0.24° 48.66 = 1.83° 378 + 0.12° 3 36.36 + 1.13°
4 12.65 * 0.21° 49.12 £ 1.76° 3.87 £ 0.12° 4 36.11 * 1.03°
5 12.37 £ 0.24° 45.06 = 1.80° 3.62 £ 0.12° 5 3565 £ 1.20°
6 1243 £025° 4841 = 2.12° 385 £ 0.13° 6 3538 = 1.11°
*p<0.05, *p<0.01, °p<0.001 vs. pre-treatment values. *p<0.01, °p<0.001 vs. pre-treatment values.
remaining kidney with an increase in its weight (data not 4.4. The role of green tea polyphenols in dialysis
shown). On the basis of the fact that the remaining kid- patients : On the basis of several in vitro and in vivo
ney shows significantly increased oxygen consumption studies on the antioxidative activities of green tea and its
and enhanced ATP synthesis, Schrier et al.'® and Harris polyphenol compounds, we administered green tea
et al'® suggested that free radicals are involved in vari- polyphenols to dialysis patients under excessive oxida-
ous ways in the occurrence and progression of renal fail- tive conditions and evaluated the usefulness of these
ure. The evaluation of antioxidative enzymes revealed compounds in their treatment.'® As shown in Table
significant decreases in the activities of SOD, catalase XIV, the serum level of Cr decreased significantly after
and GSH-Px (Table XII), indicating that the free radical- 3 months of green tea polyphenols administration, and
scavenging system was destroyed in nephrectomized this effect was maintained until the end of the 6-month
rats. However, green tea polyphenols enhanced the administration period. Moreover, the methylguanidine
antioxidative defense system through the eclevation of (MG) level was reduced significantly after one month of
SOD, catalase and GSH-Px activities. green tea polyphenols administration. Cr is frequently
To analyze the effects of green tea polyphenols on used in the clinical setting as a renal function parameter
renal tissue lesions, we focused on the degree of and it is a precursor in the conversion of creatol to MG.
mesangial proliferation, which revealed that renal failure In a previous study, we isolated creatol from the urine of
was advanced in nephrectomized rats (Table XIII). It patients with chronic renal failure and found that the
was suggested that following subtotal nephrectomy, pathway of Cr metabolism to MG via creatol is a com-
some growth factor induces glomerular hypertrophy and mon one and related to the generation of -OH.'07-U2
mesangial proliferation, the former leading to a disorder Since the determination of these components is useful in
in the glomerular basement membrane or epithelial cells, evaluating the pathological féatures of renal failure, we
resulting in protein leakage, and the latter leading to measured the changes in the serum levels of Cr and MG
glomerular sclerosis. We found that green tea polyphenols in chronic renal failure patients to assess the antioxidant
suppressed the leakage of urinary protein (Table XI), activity of green tea polyphenols, which were adminis-
suggesting that they delayed the progression of tered to patients undergoing dialysis. This study showed
glomerular hypertrophy. In addition, oral administration that the administration of green tea polyphenols led to re-
of green tea polyphenols to nephrectomized rats inhib- ductions in the serum levels of Cr and MG and the
ited mesangial proliferation (Table XIII), suggesting the MG/Cr ratio, which suggests that green tea polyphenols
green tea polyphenols protected against renal lesion de- would scavenge -OH and the improvement of renal dys-
velopment. This in vive study indicates the antioxidative function would be attributable to this radical-scavenging
properties of green tea polyphenols protect against renal activity.
injury. Reduction of the S>-microglobulin (5-MG) level is

desirable in order to prevent the complications associated
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with prolonged dialysis, including amyloidosis. Green
tea polyphenols caused a significant decrease at every
measurement point during the 6-month administration
period, except at 2 months after the start of administra-
tion, as shown in Table XV. When the suppressive ef-
fect was analyzed in three groups of patients classified
according to their MG levels at the baseline (i.e., accord-
ing to the severity of oxidative stress), a significant fall
in B>-MG was found in the high 5,-MG group during the
green tea polyphenols administration period. It was no-
table that this decrease in 52-MG occurred despite the
use of non-high-performance dialysis, with which it is
difficult to eliminate 5--MG. In addition, green tea
polyphenols ameliorated pain in the hip, cubitus, coax
and fingers of the dialysis patients, suggesting that green
tea polyphenols inhibited the deposition of 3>-MG in tis-
sue. Furthermore, there were no significant changes in
blood pressure, other general laboratory parameters or
subjective symptoms during the green tea polyphenols
administration period (data not shown). This clinical
study supports the results of in vitro and in vivo studies
on the antioxidative activities of green tea and its
polyphenols, and indicates that they may be potential
novel treatments for renal injury.

It has also been suggested that structural specificity
is involved in the manifestation of the antioxidative ac-
tivity of green tea polyphenols.!*"'? (-)-Epigallocatechin
3-O-gallate (EGCg), (-)-gallocatechin 3-0O-gallate and
ECg had stronger activities than gallate free polyphenols
against AAPH-induced protein oxidation, AGEs forma-
tion and cellular damage caused by AAPH.***® These
findings indicate that the O-dihydroxy structure at the 5°
position in the B ring and the galloyl groups at the 3 po-
sition play important roles in the protective activity of
green tea polyphenols. In particular, EGCg exerted the
most marked cellular protective activity against AAPH.
Moreover, EGCg accounts for the largest fraction of the
components of green tea polyphenols. Taking this fact
into consideration, the antioxidative activity of green tea
polyphenols would appear to be mainly ascribable to
EGCg. Several studies also showed that EGCg is
stronger than any other catechin in providing protection
against oxidation.'"™" The antioxidative potential of
green tea polyphenols is worthy of recognition, even
though the mechanisms responsible for the activity have
not been fully determined. In addition, unlike Sanguisorbae

Radix and Wen-Pi-Tang, green tea polyphenols are con-
sidered to exhibit antioxidative activity against various
kinds of free radicals, including peroxyl radicals and
-OH, and, therefore, may be a more effective therapeutic
agent for oxidative stress-induced pathological condi-
tions.
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