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& Books
Yokozawa T., Dong E.: Radical-Scavenging Activity of Green Tea Polyphenols. "Free Radicals in Foods:
Chemistry, Nutrition and Health", edited by M. Morello, F. Shahidi and C.T. Ho, Quaker Oats Co.,
Barrington, 2002, pp.224-240.
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Yokozawa T., Kim H.Y., Cho E.J., Choi J.S. : Antioxidant Activities of Mustard Leaf (Brassica
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#, B, 2002, pp.142-148.
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% Original papers
Abdel-Hafez A. ‘A., Nakamura N., and Hattori M.: Biotransformation of phorbol by human
intestinal bacteria. Chem. Pharm. Bull., 50, 160-164 (2002).

Anaerobic incubation of phorbol (1) from Croton tiglium with human intestinal bacteria afforded five metabolites :
isophorbol (2), deoxyphorbol (3), 48, 9a, 20-trihydroxy-13, 15-seco-1, 6, 15-tigliatriene-3, 13-dione (4), 45, 9,
20-trihydroxy-15, 16, 17-trinor-1, 6-tigliadiene-3, 13-dione (5) and 48, 9a, 20-trihydroxy-14(13—>12)-abeo-12a H-
1, 6-tigliadiene-3, 13-dione (6). All these metabolites (2-6) were identified and characterized by spectroscopic

means, including two-dimensional (2D)-NMR. Nine defined strains from the human intestine showed an ability to

transform 1 to these metabolites.
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2) El-Mekkawy S., Meselhy M. R., Abdel-Hafez A. A., Nakamura N., Hattori M., Kawahata T.,
and Otake T.: Inhibition of cytopathic effect of human immunodeficiency virus type-1 by
various phorbol derivatives. Chem. Pharm. Bull., 50, 523-529 (2002).

Forty-eight derivatives of phorbol (9) and isophorbol (14) were evaluated for their inhibition of HIV-1 induced
cytopathic effects (CPE) on MT-4 cells, as well as their activation of protein kinase C (PKC), as indices of anti-HIV-
1 and tumor promoting activities, respectively. Of these compounds, the most potent inhibition of CPE was observed
in 12-O-tetradecanoylphorbol 13-acetate (8) and 12-O-acetylphorbol 13-decanoate (6). The former also showed the
strongest PKC activation activity, while the latter showed no activity at 10 ng/ml. Both activities were generally ob-
served in those phorbol derivatives with an A/B trans configuration, but not in the isophorbol derivatives with an
A/B cis configuration. Acetylation of 20-OH in the phorbol derivatives significantly reduced the inhibition of CPE,
as shown in 12-0O-, 20-O-diacetylphorbol 13-decanoate (6a) (ICi0=15.6 £ g/ml) vs compound 6 (ICi00=0.0076
. tg/ml), and 12-O-tetradecanoylphorbol 13, 20-diacetate (8a) (ICi00=15.6 £g/ml) vs 12-O-tetradecanoylphorbol 13-
acetate (8) (ICi00=0.00048 1£g/ml), except in the case of 12-O-decanoylphorbol 13-(2-methylbutyrate) (4) and
phorbol-12, 13-diacetate (9¢). The reduction of a carbonyl group at C-3 abruptly reduced the inhibition of CPE,
as observed in 3 /3 -hydroxyphorbol 12, 13, 20-triacetate (9f) (ICi00=500 ¢ g/ml) vs phorbol 12, 13, 20-triacetate
(9d) (IC100=62.5 ug/ml). ,

Although 8 was equipotent in the inhibition of CPE, and activation of PKC, both activities were abruptly de-
creased by the acetylation of 20-OH and methylation of 4-OH [as in 8a and 4-O-methyl-12-0O-tetradecanoylphorbol
13, 20-diacetate (8b), respectively]. On the other hand, its positional isomer (12-O-acetylphorbol 13-tetradecanoate
(8c) showed neither activities. The removal of a long acyl group in 8 led to a substantial loss of both activities, as

shown in phorbol 13-acetate (9b).
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Of the 12-O-acetyl-13-O-acylphorbol derivatives, the highest inhibition of CPE was observed in 6, which has
a dodecanoyl residue at C-13. Both an increase and decrease in the number of fatty acid carbon chains resulted in

significant reduction of the inhibition of CPE.

3) Wang L., Min B., Li Y., Nakamura N., Qin G., Li C., and Hattori M.: Annonaceous
acetogenins from the leaves of Annona montana. Bioorg. Med. Chem., 10, 561-565 (2002).

A novel Annonaceous acetogenin, montanacin F, with a new type of terminal lactone unit, was isolated from the

leaves of Annonna montana. Its structure was determined on the basis of spectral evidences and chemical methods,

and a possible biosynthetic pathway was discussed. In addition, the cytotoxicity of montanacin F was evaluated in

vitro against Lewis lung carcinoma (LLC) tumor cell lines. Furthermore, the previously isolated cytotoxic acetogenin

annonacin against LLC was examined for in vivo antitumor activity with LLC tumor cells.

4) Tewtrakul S., Nakamura N., Hattori M., Fujiwara T., and Supavita T.: Flavanone and
flavonol glycosides from the leaves of Thevetia peruviana and their HIV-1 reverse
transcriptase and HIV-1 integrase inhibitory activities. Chem. Pharm. Bull., 50, 630-635
(2002).

Two new flavanone glucosides, (2R)- and (25)-5-0- B -p-glucopyranosyl-7, 4°-dihydroxy-3°, 5-dimethoxyflavanone
[pervianoside I (3), peruvianoside II (4)] and a new flavonol glycoside, quercetin 3-O-{ B-D-glucopyranosyl (1—>2)-
[ @ -L-rhamnopyranosyl (1—>6)]- 5 -D-galactopyranoside} (peruvianoside III, 13) were isolated from the leaves of
Thevetia peruviana Schum., together with nine known flavonol glycosides and two known iridoid glucosides. The
structures of all compounds were determined on the basis of chemical and spectroscopic methods. Their inhibitory

effects against HIV-1 reverse transcriptase and HIV-1 integrase were also investigated.

5) Ma C., Nakamura N., Hattori M., and Cai S.: Isolation of malonyl oleanolic acid hemiester as
anti-HIV protease substance from the stems of Cynomorium songaricum. Chin. Pharm. J., 37,
336-338 (2002).

OBJECTIVE Further. investigation on the bio-active constituents of the stems of Cynomorium songaricum.
METHODS The compounds were isolated with chromatographic technology, including HPLC. Their structures
were determined by spectroscopic methods. RESULTS Malonyl oleanolic acid hemiester (I) and zingerone 4-O-
B -p-glucopyranoside (II) were isolated from the plant. CONCLUSION Both compounds were isolated from this
plant family for the first time and compound I potently inhibited the activity of HIV protease.

6) Min B., Lee H., Bae K., Gao J., Nakamura N., and Hattori M.: Antitumor activity of cultured
mycelia of Ganoderma lucidum. Natural Product Sciences, 8, 52-54 (2002).

The cultured mycelia of fungus Ganoderma lucidum were investigated for the inhibitory effect on the growth of s.c.

transplanted Lewis lung carcinoma (LLC) in BDF-1 mice by intraperitoneal (i.p.) administration. The cultured my-

celia showed antitumor activity with T/C values of 89.6 and 50.3 % at doses of 100 and 500 mg/kg, respectively,

compared to adriamycin, which was used a positive control, with T/C value of 54.6 % at 2 mg/kg.

7) Hur J., Park J., Park J., Hyun K., Lee K., Miyashiro H., and Hattori M.: Inhibitory effects
of ninety nine Korean plants on human immunodeficiency virus type 1 protease activity.
Nutraceuticals and Food, 7, 123-127 (2002).

Ninety nine extracts from Korean plants were screened for their inhibitory activities on human immunodeficiency
virus (HIV) type 1 protease by an HPLC method. The protease inhibitory activities were determined by incubating

the extracts in reaction mixtures containing protease and substrate (His-Lys-Ala-Arg-Val-Leu-(p-NO:-Phe)-Glu-Ala-
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Nle-Ser-NH>) to perform proteolytic cleavage reactions. Of the extracts tested, the water extracts of Viburnum
awabuki (stem and leaves) and Distylium racemosum (leaves) had the highest protease inhibitory activities at a con-
centration of 100 ¢ g/mL. Activity-guided fractionation revealed that the n-butanol fraction of the V. awabuki extract

and the ethyl acetate fraction from the D. racemosum extract had the greatest inhibitory activity on HIV-1 protease.

8) Ma C., Nakamura N., Hattori M., Kawahata T., and Otake T.: Inhibitory effects of triterpene-
azidothymidine conjugates on proliferation of human immunodeficiency virus type 1 and its
protease. Chem. Pharm. Bull., 50, 877-880 (2002).

The conjugates of some dicarboxylic acid hemiesters of triterpenes which show potent inhibition against human
immunodeficiency virus type 1 protease (HIV-1 PR) with a reverse transcriptase inhibitor azidothymidine (AZT) or
anti-HIV alkaloid FK 3000 were prepared, and their inhibitory activities were investigated against HIV-induced
cytopathic effects (CPE) and HIV-1 PR. Most of the triterpene-AZT conjugates showed potent anti-HIV activity as
well as moderate to potent PR inhibitory activity, though AZT itself showed no PR inhibitory activity at all.
However, the triterpene-FK 3000 conjugates showed neither PR inhibitory activity nor anti—HIV activity.

9) Gao J., Min B., Ahn E., Nakamura N., Lee H., and Hattori M.: New triterpene aldehyde,
lucialdehydes A-C, from Ganoderma lucidum and their cytotoxicity against murine and
human tumor cells. Chem. Pharm. Bull., 50, 837-840 (2002).

Three new lanostante-type triterpene aldehydes, named lucialdehydes A-C (1-3), were isolated from the fruiting bod-
ies of Ganoderma lucidum, together with ganodermanonol (4), ganodermadiol (5), ganodermanondiol (6),
ganodermanontriol (7), ganoderic acid A (8), ganoderic acid B8 (9), and ganoderic acid C1 (10). The structures of
the new triterpenes were determined as (24E)-35 -hydroxy-5¢ -lanosta- 7,9(11),24-trien-26-al (1), (24E)-3,7-dioxo-
5a -lanosta-8,24-dien-26-al (2), and (24FE)-38-hydroxy-7-oxo-5a -lanosta-8,24-dien-26-al (3), respectively, by spec-
troscopic means. The cytotoxicity of the compounds isolated from the ganoderma mushroom was tested in vitro
against LLC, T-47D, Sarcoma 180, and Meth-A tumor cell lines. Lucialdehydes B-C (2-3), ganodermanonol (4) and
ganodermanondiol (6) showed cytotoxic effect on tested tumor cells. Of the compounds, lucialdehyde C (3) exhib-
ited the most potent cytotoxicity against LLC, T-47D, Sarcoma 180, and Meth-A tumor cells with EDso values of
10.7, 4.7, 7.1, and 3.8 pg/ml, respectively.
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10) Zhao J., Nakamura N., Hattori M., Kuboyama T., Tohda C., and Komatsu K.: Withanolide
derivatives from the roots of Withania somnifera and their neurite outgrowth activities. Chem.
Pharm. Bull., 50, 760-765 (2002).

Five new withanolide derivatives (1 and 9-12) were isolated from the roots of Withania somnifera together with
fourteen known compounds (2-8, and 13-19). On the basis of spectroscopic and physiochemical evidence, com-
pounds 1 and 9-12 were determined to be (20S, 22R)-3a, 6a -epoxy-453, 58, 27-trihydroxy-1-oxowitha-24-enolide
(1), 27-0-B -D-glucopyranosylpubesenolide 3-0O- 3 -bD-glucopyranosyl (1—6)-( -D-glucopyranoside (withanoside
VIIIL, 9), 27-0-83 -p-glucopyranosyl (1—>6)-83 -D-glucopyranosylpubesenolide 3-O-8 -D-glucopyranosyl (1—>6)-3-p-
glucopyranoside (withanoside IX, 10), 27-0-5 -D-glucopyranosylpubesenolide 3-O-5 -D-glucopyranoside (withanoside
X, 11), and (20R, 22R)-1a, 38, 20, 27-tetrahydroxywitha-5, 24-dienolide 3-0-8 -D-glucopyranoside (withanoside
XI, 12). Of the isolated compounds, 1, withanolide A (2), (20S, 22R)-48, 58, 6a, 27-tetrahydroxy-1-oxowitha-2,
24-dienolide (6), withanoside IV (14), withanoside VI (15) and coagulin Q (16) showed significant neurite out-

growth activity at a concentration of 1M on a human neuroblastoma SH-SYSY cell line.

11) Min B., Miyashiro H., and Hattori M.: Inhibitory effects of quinones on RNase H activity as-
sociated with HIV-1 reverse transcriptase. Phytother. Res., 16, S57-62 (2002).

In an effort to develop new drugs preventing the growth of human immunodeficiency virus (HIV), we developed an
in vitro assay method of ribonuclease H (RHase H) activity associated with reverse transcriptase (RT) from HIV-1.
Some naphthoquinones, such as 1, 4-naphthoquinone (1), vitamin K3 (2), juglone (3) and plumbagin (6), moderately
inhibited RNase H activity, and others, including naphthazarin (5) and shikonins (8-9, 18-23), showed weak inhibi-
tion. Diterpenoid quinones, tanshinones (24-28), had also moderate inhibition against RNase H activity. Of these
quinones, compound 1 showed the most potent inhibition on RNase H activity with a 50% inhibitory concentration
(ICs0) of 9.5 uM, together with moderate inhibition against RNA-dependent and DNA-dependent DNA polymerase
(RDDP and DDDP) activities with ICso values of 69 and 36 1M, respectively. Compounds 3 and 5 showed signifi-
cant inhibition against RDDP (ICso = 8 and 10 #M, respectively) and DDDP (ICso = 5 and 7 M, respectively) ac-
tivities. The structure-activity relationship of the naphthoquinones suggested that non-hydroxylated naphthoquinones
(1 and 2) showed significant inhibition of RNase H activity, whereas S-hydroxylated naphthoquinones (3 and 5)
showed potent inhibition against RDDP and DDDP activities.

12) Ma C., Nakamura N., Miyashiro H., Hattori M., Komatsu K., Kawahata T., and Otake T.:
Screening of Chinese and Mongolian herbal drugs for anti-human immunodeficiency virus
type 1 (HIV-1) activity. Phytother. Res., 16,-186-189 (2002).
Water and methanol extracts of 30 Chinese and Mongolian medicinal plants were tested for their human
immunodeficiency virus type-1 (HIV-1) inhibitory activity. Of the 60 extracts, 23 showed anti-HIV activity.
Bioassay-guided fractionation of one of the most active extract, the methanol extract of the root tuber of Stephania
cepharantha, has led to the isolation of two alkaloids, aromoline and FK-3000 as potent inhibitory substances. They
completely inhibited the cytopathic effects of HIV-1 on MT-4 cells at 31.3 and 7.8 ug/mL, respectively.

13) Ohsaki M., Kurokawa M., Nawawi A., Nakamura N., Hattori M., and Shiraki K.:
Characterization of anti-herpes simplex virus type 1 activity of an alkaloid FK 3000 from
Stephania cepharantha. J. Trad. Med., 19, 129-136 (2002).

A morphinane alkaloid FK 3000 (6, 7-di-O-acetylsinococuline) from the root tubers of Stephania cepharantha
showed antiviral activity against acyclovir- and phosphonoacetic acid (PAA)-resistant herpes simplex virus type 1
(HSV-1), influenza virus, measles virus, and poliovirus. The anti-HSV action of FK 3000 was assessed in compari-
son with that of PAA that inhibits the activity of HSV DNA polymerase and HSV DNA synthesis. FK 3000 inhibited
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the growth of thymidine kinase-deficient and ACV and PAA-resistant HSV-1 strains, as well as wild type HSV
strains in Vero cells. This compound, as well as PAA, interfered with the synthesis of late viral proteins but not early
viral proteins. The analysis of HSV DNA synthesis by slot blot hybridization showed that FK 3000 inhibited the
viral DNA synthesis in a dose-dependent manner. However, the viral RNA was partially synthesized in the presence
of FK 3000 (even at a dose that HSV DNA synthesis was inhibited) and PAA, indicating that FK 3000, as well as
PAA, allowed early viral RNA synthesis but not viral DNA synthesis. Since partially purified HSV DNA polymerase
activity was not inhibited by FK 3000, this compound was suggested to inhibit HSV DNA synthesis by a mechanism
different from that of PAA.

14) Matsuse I. T., Nakamura N., Basnet P., Hattori M., Kamimura K., and Funada H.: Amino
acids and phosphates stimulate hatching of Ochlerotatus koreicoides (Diptera: Culicidae) eggs.

Med. Entomol. Zool., 53, S47-54 (2002).
A tree-hole mosquito species, Ochlerotatus (Finlaya) koreicoides has been reared in laboratory by stimulating their
hatch using dried yeast powder. This method shows to be more effective than lowering the dissolved oxygen concen-
tration by mechanical, chemical or biological means. From a hatch test guided fractionation of the water extract of
dried yeast, glutamic acid was isolated as the main compound of the hatch stimulating fraction. This amino acid
alone did not show hatch stimulating effect but it was effective in combination with the phosphates that are also con-
stituents of dried yeast. Among 20 amino acids, only histidine and proline showed similar effects as glutamic acid.

A concentration of 0.1 mg/ml of each glutamic acid and trisodium phosphate gave high percentage hatch in 18 h.

15) Zhang C., Nakamura N., Tewtrakul S., Hattori M., Sun Q., Wang Z., and Fujiwara T.:
Sesquiterpenes and alkaloids from Lindera chunii and their inhibitory activities against HIV-

1 integrase. Chem. Pharm. Bull., 50, 1195-1200 (2002). k
Three new eudesmane type sesquiterpenoid lindenanolides E (1), F (2) and G (3), and two new aporphine alkaloid

lindechunines A (18) and B (20) were isolated from roots of Lindera chunii MERR., together with seven known
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sesquiterpenes including a new naturally-occurring lindenanolide H (4) and eigth known aporphine alkaloids. The
structures of these compounds were determined by spectroscopic means. Of the isolated compounds, hernandonine
(14), laurolistine (16), 7-oxohernangerine (17) and linedechunine A (18) showed significant anti-human immunode-
ficiency virus type 1 (HIV-1) integrase activity with ICso values of 16.3, 7.7, 18.2 and 21.1 uM, respectively. The

major alkaloids presented in the roots of L. chunii were quantitatively analyzed by an HPLC method.

16) Akao T., Yoshino T., Kobashi K., and Hattori M.: Evaluation of salicin as an antipyretic
prodrug that does not cause gastric injury. Planta Med., 68, 714-718 (2002).

Pharmacokinetic and pharmacological studies were performed to compare the antipyretic effects of salicin (SL),
saligenin (SG, an aglycone of SL) and salicylic acid (SA, an active metabolite of SL) in rats. When SL was admin-
istered orally to rats, SA appeared slowly in the plasma and levels increased gradually, in contrast to the rapid ap-
pearance observed after oral administration of sodium salicylate (SANa) or SG. Orally administered SL did not
affect the rectal temperatures of afebrile rats at a dose of 5 mmol/kg; at this dose, SANa and SG lowered body tem-
perature significantly. However, it significantly reduced yeast-induced fever, producing a normal body temperature,
and completely prevented fever when administered Simultaneously with yeast. SL did not induce gastric lesions even
at a dose of 5 mmol/kg; conversely, SANa and SG induced severe gastric lesions in a dose-dependent manner at 1,
2.5 and 5 mmol/kg. Poor absorption of SL and rapid absorption of SA and SG were confirmed in an in vivo system,
as well as in an in vitro system using everted rat jejunal sacs. Only smaili amounts of SA and SG were detected in
the intestinal tracts of rats 1 h after oral administration, whereas more than 50% of an SL dose was recovered an SL
and SG from the intestinal tracts 1 h after treatment and 15.8% of the dose was still present as SG 4 h after admini-
stration. When given to germ-free rats, 19.8% of the SL dose was recovered intact, mainly from the cecum, and no
SG was detected even at 4 h after treatment. These results indicate that SL is a prodrug which is gradually trans-
ported to the lower part of the intestine, hydrolyzed to SG by intestinal bacteria, and converted to SA after absorp-

tion. It thus produces an antipyretic action without causing gastric injury.

17) Park J., Hur J., Park J., Hatano T., Yoshida T., Miyashiro H., Min B., and Hattori M.:
Inhibitory effects of Korean medicinal plants and camelliatannin H from Camellia japonica
on human immunodeficiency virus type 1 protease. Phytother. Res., 16, 422-426 (2002).
To identify substances with anti-human immunodeficiency virus (HIV) activity in traditional medicines, 101 extracts
of Korean medicinal plants were screened for their inhibitory effects on HIV type 1 protease (PR). The enzyme ac-
tivity was determined by HPLC. Of the extracts tested, strong inhibitory effects were observed in the acetone ex-
tracts of the pericarp and leaves of Camellia japonica, the water extract of the leaves of Sageretia theezans and the
methanol extract of the aerial part of Sophora flavescens. Camelliatannin H from the pericarp of C. japonica, showed
a potent inhibitory activity on HIV-1 PR with an ICso of 0.9 uM.

18) Min B., Lee H., Lee S., Kim Y., Bae K., Otake T., Nakamura N., and Hattori M.: Anti-human
immunodeficiency virus -type 1 activity of constituents from Juglans mandshurica. Arch.
Pharm. Res., 25, 441-445 (2002).

Three naphthalene glycosides (1-3), four flavonoids (4-7), and two galloyl glycosides (8-9) were isolated from the
stem-bark of Juglans mandshurica (Juglandaceae). Their structures were determined by chemical and spectral
means, including with 2D-NMR (COSY, HMQC, and HMBC) experiments. Amongst the isolated compounds,
taxifolin (4) showed the most potent HIV-induced cytopathic activity against MT-4 cells with a complete inhibitory
concentration (ICie0) value of 25 ¢g/ml and a maximum cytotoxic concentration (CCio) value of above 100 rg/ml.
However, naphthalene glycosides (1-3), flavonoids (5-7), and galloy! tannins (8-9) were inactive against anti-HIV-1
activity.
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19) Akanitapichat P., Kurokawa M., Tewtrakul S., Pramyothin P., Sripanidkulchal B., Shiraki
K., and Hattori M.: Inhibitory activities of Thai medicinal plants against herpes simplex type

1, poliovirus type 1, and measles virus. J. Trad. Med., 19, 174-180 (2002).
Forty-eight ethanol- and 43 water-extracts of 49 traditional Thai medicines were evaluated for antiviral activities by
a plaque reduction assay. For preliminary characterization of the mode of their antiviral action, poliovirus type 1,
measles virus and herpes simplex virus type 1 (HSV-1) that are different in nucleic acid component and enveloped
structure were used in this study. Fifty-two, 28 and 29 extracts exhibited inhibitory activities against poliovirus, mea-
sles virus and HSV-1, respectively. Of 29 extracts with anti-HSV-1 activities, the inhibitory activities of
Rhinacanthus nasutus (leaf), Terminalia citrina (fruit) and Thevetia peruviana (leaf) were observed in both ethanol
and water extracts. The ethanol extracts of Derris scandens (leaf) and Plumbago indica (leaf) and the water extract
of Capsicum frutescens (fruit) were active against only HSV-1, suggesting the mechanism of their antiviral action
likely unique to HSV-1 but neither poliovirus nor measles virus. Contrarily, 26 extracts displayed inhibitory activi-
ties against poliovirus and/or measles virus. These findings suggest that the 29 extracts from traditional Thai medi-

cines are potential candidates for anti-HSV agents.

20) Yokozawa T., Chen C.P., Tanaka T., Kitani, K.: Effects of sanguiin H-6, a component of
Sanguisorbae Radix, on lipopolysaccharide-stimulated nitric oxide production. Biochem.
Pharmacol., 63, 853-858, 2002.

The present study was conducted to evaluate the effect of sanguiin H-6, a component of Sanguisorbae Radix, on the
production of nitric oxide (NO), using macrophages activated by lipopolysaccharide (LPS). Sanguiin H-6 inhibited
nitrite production, taken as an index for NO, in a concentration-dependent fashion. This compound decreased
inducible NO synthase (iNOS) activity, with the inhibitory effect at a concentration of 25 uM being equal to that of
the known iNOS inhibitor aminoguanidine at 50 M. However, unlike aminoguanidine, sanguiin H-6 was associated
with improved cell viability. Reverse transcription-polymerase chain reaction analysis revealed that the expression
of iNOS mRNA in activated macrophages was suppressed by sanguiin H-6 in a concentration-dependent manner. In
addition, sanguiin H-6 even at a low concentration showed a clear scavenging effect on the NO generated from so-
dium nitroprusside (an NO donor). These findings indicate that not only does sanguiin H-6 act directly as an NO
scavenger, but it also inhibits NO production in LPS-activated macrophages by the concomitant inhibition of iNOS

mRNA induction and enzyme activity.

21) Nakagawa T., Yokozawa T., Terasawa K., Shu S., Juneja L.R., Kitani K.: Protective activity
of green tea against free radical- and glucose-mediated protein damage. J. Agric. Food Chem.,

50, 2418-2422, 2002.
Protein oxidation and glycation are post-translational modifications that are implicated in the pathological develop-
ment-of many age-related disease processes. This study investigated the effects of green tea extract, and a green tea
tannin mixture and its components, on protein damage induced by 2,2°-azobis(2-amidinopropane) dihydrochloride,
which is a free radical generator, and glucose in vitro assay 'systems. We found that green tea extract can effectively
protect against protein damage, and showed that its action is mainly due to tannin. In addition, it was shown that the
chemical structures of tannin components are also involved in this activity, suggesting that the presence of the gallate
group at the 3 position plays the most important role in the protective activity against protein oxidation and
glycation, and that there is also a contribution by the hydroxyl group at the 5” position in the B ring and the sterical
structure. These findings demonstrate the mechanisms of the usefulness of green tea in protein oxidation- and

glycation-associated diseases.
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22) Kim J.W., No J.K., Ikeno Y., Yu B.P., Choi J.S., Yokozawa T., Chung H.Y.: Age-related
changes in redox status of rat serum. Arch. Gerontol. Geriatr., 34, 9-18, 2002.

Aging and age-related diseases are known to be associated with increased oxidative stress. To protect against the
deleterious effects of oxidative stress, a well-co-ordinated network of enzymatic and nonenzymatic anti-oxidant de-
fense systems is essential. In the present study, we investigated the age-related redox status of serum by analyzing
hydrogen peroxide, hydroxyl radical, superoxide-scavenging abilities, and other redox markers. Results showed the
anti-oxidative capacity to be significantly decreased in serum of aged rats, which was accompanied by a marked in-
crease in peroxide levels. Our analyses also revealed that levels of nitrated proteins, induced by peroxynitrite treat-
ment, were higher in old rats than in young rats. Our results clearly indicated that the serum redox balance shifted
toward oxidation during aging. To further confirm this age-related redox shift, we quantified the changes in thiol
content. The total thiol level was found to be significantly decreased in the aged group. We also noticed an age-
related reduction in serum albumin, which may be partially responsible for the decreased serum thiol levels. A simi-
lar pattern can be explained by low levels of serum GSH in old rats compared to young rats. The significance of the
present study is the data showing increased oxidative stress in serum during aging, attributed to a decrease in major

antioxidant components in serum.

23) Yokozawa T., Kim H.Y., Nonaka G., Kosuna K.: Buckwheat inhibits progression of renal fail-
ure. J. Agric. Food Chem., 50, 3341-3345, 2002.

Rats subjected to partial resection of the parenchyma showed reduced radical-scavenging activity in the remaining
kidney and increased severity of renal tissue lesions. However, in similarly nephrectomized rats given buckwheat ex-
tract, the state of oxidative stress improved by restoring the decreased activities of reactive oxygen species-
scavenging enzymes such as superoxide dismutase and catalase. The degree of mesangial proliferation, severity of
extratubular lesions such as crescents and adhesions, glomerulosclerosis index, and severity of tubular interstitial le-
sions also improved. In addition, nephrectomized rats given buckwheat extract showed improvement in renal func-
tion, as indicated by decreased serum level of creatinine, with a significant decrease in level of methylguanidine, a

uremic toxin produced from creatinine in the presence of hydroxyl radical.

24) Yokozawa T., Kashiwada Y., Hattori M., Chung H.Y.: Study on the components of Luobuma
with peroxynitrite-scavenging activity. Biol. Pharm. Bull., 25, 748-752, 2002.

The origin of the antioxidant activity of Luobuma aqueous extract was examined by measuring the peroxynitrite

(ONOQO")-eliminating activities of fractions of this extract obtained by Sephadex LH-20 column chromatography.

Three of the four fractions obtained, i.e., those excluding the H2O-eluted fraction, were found to possess ONOO™

eliminating activity. These three fractions were combined and fractionated again by Sephadex LH-20 column chro-

matography, which yielded five fractions. Seven different compounds were isolated from two of these five fractions

with high activity. Epigallocatechin-(4/3-8)-epicatechin showed the highest ONOO -eliminating activity.

25) Yokozawa T., Nakagawa T., Kitani K.: Antioxidative activity of green tea polyphenol in cho-
lesterol-fed rats. J. Agric. Food Chem., 50, 3549-3552, 2002.

We investigated the effects of green tea polyphenol on the serum antioxidative activity and cholesterol levels of cho-
lesterol-fed rats and compared them with those of probucol, an antioxidant hypocholesterolemic agent. To evaluate
the antioxidative activity, we measured the susceptibility to oxidative modification of low-density lipoprotein (LDL)
isolated from the serum of cholesterol-fed rats and the serum antioxidative activity using the spontaneous
autoxidation system of brain homogenate. Administration of green tea polyphenol effectively inhibited LDL oxida-
tion and elevated serum antioxidative activity to the same degree as probucol. However, higher amounts of

polyphenol than probucol needed to be administered to reduce the total, free and LDL-cholesterol levels.
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Furthermore, green tea polyphenol increased the levels of high-density lipoprotein (HDL)-cholesterol, leading to
dose-dependent improvement of the atherogenic index, an effect that was not seen with probucol. Thus, green tea
polyphenol may exert an antiatherosclerotic action by virtue of its antioxidant properties and by increasing HDL-

cholesterol levels.

26) Yokozawa T., Chen C.P., Rhyu D.Y., Tanaka T., Park J.C,, Kitani K.: Potential of sanguiin
H-6 against oxidative damage in renal mitochondria and apoptosis mediated by peroxynitrite

in vivo. Nephron, 92, 133-141, 2002.
Potential of sanguiin H-6, a component of Sanguisorbae Radix, to protect against oxidative damage in renal mito-
chondria and apoptosis mediated by peroxynitrite (ONOQO™) was examined using a model in which rats were injected
with lipopolysaccharide (LPS) and then subjected to renal ischemia followed reperfusion (LPS plus ischemia-
reperfu‘sion). Ischemia-reperfusion was achieved by occluding bilateral renal artery for 60 min and then releasing for
350 min. At 50 min after ischemia started, LPS was injected intravenously. LPS plus ischemia-reperfusion induced
a large amount of 3-nitrotyrosine, an oxidative product of protein that is produced via ONOQ™ nitration, which was
not detectable in normal group. Oxidative damage of mitochondria was indicated by an accumulated thiobarbituric
acid (TBA)-reactive substance, glutathione (GSH) depletion and glutathione peroxidase (GSH-Px) inactivation in the
mitochondria. Treatment of rats with sanguiin H-6 (10 mg/kg body weight/day) for 30 days prior to LPS plus
ischemia-reperfusion attenuated the oxidative damage in the mitochondria. The amount of TBA-reactive substance
was decreased and the GSH level significantly increased as compared with that in control group. However, its effect
on GSH-Px activity was much weaker. Apopfosis induced by LPS plus ischemia-reperfusion was detected by fluo-
rescence staining, TdT-mediated dUTP-biotin nick end labeling and electrophoretic analysis. Sanguiin H-6 appeared
to inhibit apoptosis, and this was associated with the suppression of caspase-3 activity. These beneficial effects of
sanguiin H-6 against oxidative damage in mitochondria and apoptosis contributed to the improvement in renal func-

tion by reversing the elevated evels of blood urea nitrogen and creatinine caused by ONOO™.

27) Yokozawa T., Muto Y., Wakaki K., Kashiwagi H.: Site of methylguanidine production and
factors that influence production levels. Nephron, 92, 356-362, 2002.
The site of methylguanidine (MG) production in the kidney was investigated using animal models of renal disease
and cultured renal epithelial cells. In rats with proximal tubular injury induced by adenine, the blood and urinary lev-
els of MG increased as the severity of injury increased. In contrast, in cases of glomerular injury, there were no such
changes in MG levels. Thus, it was apparent that proximal tubular injury served to promote MG production. In ad-
dition, a marked increase was observed in the intensities of bands attributable to 5,5-dimethyl-1-pyrroline-N-oxide
(DMPO)-OH in the electron spin resonance spectrum of the kidney in the rats given adenine. In these rats, the ac-
tivity of the radical-scavenging enzymes superoxide dismutase, catalase, and glutathione peroxidase was decreased.
This suggests that the formation of excessive radicals and deterioration of defense mechanisms that contribute to the
development of oxidative stress underlie the enhanced MG production. The experiments using cultured cells re-
vealed that an oxide of adenine, 2,8-dihydroxyadenine (DHOA), directly induced renal tubular injury. These find-
ings indicate that the accumulation of creatinine due to DHOA, combined with oxidative stress, resulted in increased

MG production.

28) Yokozawa T., Kim H.Y., Cho E.J.: Erythritol attenuates the diabetic oxidative stress through
modulating glucose metabolism and lipid peroxidation in streptozotecin-induced diabetic

rats. J. Agric. Food Chem., 50, 5485-5489, 2002.
We investigated the effects of erythritol on rats with streptozotocin (STZ)-induced diabetes mellitus. Oral admini-
stration. of erythritol (100, 200 or 400 mg/kg body weight/day for 10 days) to rats with STZ-induced diabetes
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resulted in significant decreases in the glucose levels of serum, liver and kidney. Erythritol also reduced the elevated
serum 5-hydroxymethylfurfural level that is glycosylated with protein as an indicator of oxidative stress. In addition,
thiobarbituric acid-reactive substance levels of serum, and liver and kidney mitochondria were dose-dependently
lower in the erythritol-treated groups than the control diabetic group. Furthermore, the serum creatinine level was re-
duced by oral administration of erythritol in a dose-dependent manner. These results suggest. that erythritol affects
glucose metabolism and reduces lipid peroxidation, thereby improving the damage caused by oxidative stress in-

volved in the pathogenesis of diabetes.

29) Yokozawa T., Kim H.Y., Cho E.J., Choi J.S., Chung H.Y.: Antioxidant effects of
isorhamnetin 3,7-Di-0-5-D-glucopyranoside isolated from mustard leaf (Brassica juncea) in

rats with streptozotocin-induced diabetes. J. Agric. Food Chem., 50, 5490-5495, 2002.
To investigate the effects of isorhamnetin 3,7-di-O- B -D-glucopyranoside (isorhamnetin diglucoside), a major
flavonoid compound of mustard leaf, on oxidative stress due to diabetes mellitus, in vivo and in vitro studies were
carried out. Oral administration of isorhamnetin diglucoside (10 or 20 mg/kg body weight/day for 10 days) to rats
with streptozotocin-induced diabetes significantly reduced serum levels of glucose and 5-hydroxymethylfurfural (5-
HMF), which is glycosylated with hemoglobin and is an indicator of oxidative stress. After intraperitoneal admini-
stration, isorhamnetin diglucoside did not show these activities. In addition, after oral administration, the
thiobarbituric acid-reactive substance levels of serum, and liver and kidney mitochondria declined significantly com-
pared with the control group in a dose-dependent manner, while after intraperitoneal administration these levels only
fell slightly. Based on the oral and intraperitoneal results, we hypothesized that isorhamnetin diglucoside was con-
verted to its metabolite in vivo and we confirmed the conversion to its aglycone, isorhamnetin, by /5 -glucosidase
and isorhamnetin acted as an antioxidant. Moreover, we observed that isorhamnetin diglucoside had no effect on the
1,1-diphenyl-2-picrylhydrazyl radical, whereas isorhamnetin showed a potent antioxidant effect in vitro. In addition,
intraperitoneal administration of isorhamnetin reduced serum glucose and 5-HMF levels. Furthermore, lipid
peroxidation in blood, liver and kidney associated with diabetes mellitus declined after the administration of
isorhamnetin. These results suggest that isorhamnetin diglucoside is metabolized in vivo by intestinal bacteria to

isorhamnetin and then isorhamnetin plays an important role as an antioxidant.

30) Nakagawa T., Yokozawa T.: Direct scavenging of nitric oxide and superoxide by green tea.
Food Chem. Toxicol., 40, 1745-1750, 2002.

In this study, we investigated the free radical scavenging effects of green tea extract and green tea tannin mixture
and its components using a nitric oxide (NO) and superoxide (O27) generating-system in vitro. Green tea extract
showed direct scavenging activity against NO and O:" and green tea tannin mixture, at the same concentration,
showed high scavenging activity. Comparison of the activities of seven pure compounds isolated from green tea tan-
nin mixture showed that (-)-epigallocatechin 3-O-gallate (EGCg), (-)-gallocatechin 3-O-gallate (GCg) and (-)-
epicatechin 3-O-gallate (ECg) had higher scavenging activities than (-)-epigallocatechin (EGC), (+)-gallocatechin
(GC), (-)-epicatechin (EC) and (+)-catechin (C), showing the importance of the structure of flavan-3-ol linked to
gallic acid for this activity. Among the gallate-free tannins, EGC and GC were more effective Oz -scavengers than
EC and C, indicating the O-trihydroxy structure in the B ring is an important determinant of such activity: However,
this structure did not affect the NO-scavenging activity. These findings confirm that green tea tannin has excellent

antioxidant properties, which may be involved in the beneficial effect of this compound.

31) Rhyu D.Y., Yokozawa T., Cho E.J., Park, J.C.: Prevention of peroxynitrite-induced renal in-
jury through modulation of peroxynitrite production by the Chinese prescription Wen-Pi-
Tang. Free Radic. Res., 36, 1261-1269, 2002.
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The effect of Wen-Pi-Tang extract on renal injury induced by peroxynitrite (ONOO™) production was investigated
using rats subjected to intravenous lipopolysaccharide (LPS) injection' and then renal ischemia followed by
reperfusion. The plasma level of 3-nitrotyrosine, a marker of cytotoxic ONOOQO™ formation in vivo, was enhanced
~markedly in control rats subjected to LPS plus ischemia-reperfusion, but was significantly reduced by the oral ad-
ministration of Wen-Pi-Tang extract, at doses of 62.5 and 125 fng/kg body weight/day, for 30 days prior to LPS plus
ischemia-reperfusion. The activities of inducible nitric oxide synthase (iNOS) and xanthine oxidase (XOD) in renal
tissue of control and Wen-Pi-Tang extract-treated rats did not change significantly, while those of the antioxidant en-
zymes, superoxide dismutase, catalase and glutathione peroxidase, were significantly increased by the administration
of Wen-Pi-Tang extract, indicating that Wen-Pi-Tang improved the defense system by scavenging free radicals, not
by directly inhibiting nitric oxide and superoxide production by iNOS and XOD. In addition, the levels of the
hydroxylated products, m- and p-tyrosine, declined, whereas that of phenylalanine increased, after oral administra-
tion of Wen-Pi-Tang extract. Furthermore, the elevated plasma urea nitrogen and creatinine levels resulting from
LPS plus ischemia-reperfusion process were significantly reduced by Wen-Pi-Tang extract, implying amelioration
of renal impairment. The present study indicates that Wen-Pi-Tang extract contributes to the regulation of ONOO™

formation and plays a beneficial role against ONOO™-induced oxidative injury and renal dysfunction in vivo.

32) Nakagawa T., Yokozawa T., Oya T., Sasahara M., Terasawa K.: Evaluation of Keishi-
bukuryo-gan in a diabetic nephropathy model by comparison with aminoguanidine, butylated
hydroxytoluene and captopril. J. Trad. Med., 19, 200-208, 2002.

A study was done to investigate whether Keishi-bukuryo-gan can delay the progression of diabetic nephropathy in
an experimentally induced diabetic nephropathy model. The efficacy of Keishi-bukuryo-gan against renal functional
and structural changes and its influence on accumulation of advanced glycation end-products (AGEs) and oxidative
stress were also examined by comparison with aminoguanidine (an AGEs inhibitor), butylated hydroxytoluene
(BHT; an antioxidant) and captopril (an angiotensin converting enzyme inhibitor). Treatment with Keishi-bukuryo-
gan for 10 weeks preserved renal function, as assessed in terms of proteinuria and serum creatinine, and prevented
the morphological changes peculiar to diabetic nephropathy. However, its renoprotective activity was inferior to that
of captopril and comparable to that of aminoguanidine. BHT lacked any of these effects. On the other hand, renal
AGEs accumulation and oxidative stress were significantly enhanced in rats with untreated diabetic nephropathy
compared with normal rats. Keishi-bukuryo-gan, captopril and BHT showed significant reduction of AGEs levels,
but not to the extent shown by aminoguanidine. Renal lipid peroxidation levels were significantly lowered in the
groups given Keishi-bukuryo-gan and captopril, but not to the extent shown in the rats given BHT. The reduction
of serum lipid peroxidation levels by captopril was stronger than that by BHT. The effects of Keishi-bukuryo-gan
and aminoguanidine on serum lipid peroxidation levels were similar to those of BHT. These results suggest that the

pharmaceutical characteristics of Keishi-bukuryo-gan may differ from those of the other three medicines examined.

33) Yokozawa T., Kim H.Y., Cho E.J., Choi J.S.: Protective effects of the BuOH fraction from
mustard leaf in a renal ischemia-reperfusion model. J. Nutr. Sci. Vitaminol., 48, 384-389, 2002.

The effects of the BuOH fraction from mustard leaf in rats subjected to renal ischemia-reperfusion were examined.
The elevated serum superoxide anion (O:") level and renal xanthine oxidase (XOD) activity in rats subjected to 6 h
reperfusion following 1 h ischemia significantly and dose-dependently declined after oral administration of the
BuOH fraction at doses of 50 and 200 mg/kg body weight/day for 10 days prior to ischemia-reperfusion. These find-
ings indicate that this fraction might scavenge Oz or inhibit the generation of O.” by XOD activated by the ischemia-
reperfusion process. In addition, the thiobarbituric acid-reactive substance level of the renal mitochondrial fraction
of rats given the BuOH fraction orally was significantly lower than that of control rats given physiological saline (ve-

hicle), implying that this fraction exerted protective action against lipid peroxidation caused by ischemia-reperfusion.
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Furthermore, oral administration of the BuOH fraction reduced the serurn urea nitrogen and creatinine levels, indi-

cators of renal function. These results suggest that the BuOH fraction has protective effects against ischemia-

reperfusion injury, acting as an antioxidant by scavenging O:", inhibiting O2" generation by XOD, protecting against

lipid peroxidation and ameliorating renal functional impairment.
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