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Antioxidants — Free Radical Scavenging, Redox Regulation

and Gene expression: Implications for Healthy Aging

Lester Packer , Elaine Cossins, Fabio Virgili, Gerald rimbach, Hadi Moini, Sashwati
roy, Claude Saliou, Bertrand Rihn. Departinent of Molecular and Cell Biology,
University of California, Berkeley, CA 94720-3200, U.S.4.

Pycnogenol®, an extract from the bark of the French maritime pine (PBE), is a complex
mixture of bioflavonoids with reported protective effects against disease. PBE whose
main constituents are procyanidins of various chain lengths is an effective scavenger of
reactive 0xXygen spectes.

PRE is among the most efficient in vitro scavengers of the reactive oxygen species HO-
and O, in our database of plant extracts and individual flavonoids. Using a model system
of ascorbate/ascorbate oxidase coupled with ESR detection, PBE was remarkably
effective in extending ascorbyl radical lifetime, indicating that it can play an important
role in the cellular antioxidant network. PBE may act in the redox antioxidant network at
the interface between ascorbate and lipophilic antioxidants. Participation of PBE in the
antioxidant network is also correlated with an increase in the cell level of antioxidants
and its capacity to spare a-tocopherol and glutathione in cells cultured under oxidative
stress conditions.

PBE was able to reduce cytochrome c reversibly, possibly by donation of electrons to the
iron of the heme group. Among individual flavonoids tested, (-)-epicatechin gallate had
the greatest ability to reduce cytochrome c. PBE competitively inhibited electron
transport chain activity in isolated mitochondria and submitochondrial particles. Activites
of NADH-ubiquinone, succinate-ubiquinone, and ubiquinol-cyctochrome ¢ reductases
were inhibited by low concentrations of PBE to a similar extent. However, at same
concentration range, PBE by reducing cytochrome ¢ acts as an electron donor for
complex IV; the donated electrons can be utilized by cytochrome ¢ oxidase. These studies
demonstrate how the polyphenol structure common to PBE and flavonoids enables them
to donate electrons and therefore affect cell functions.

The involvement of PBE redox activity and/or direct binding to enzymes or proteins and
its subsequent action on activity were of interest. PBE dose-dependently inhibits the
activities of oxidative enzymes such as xanthine oxidase (XO), xanthine dechydrogenase
(XDH), horseradish peroxidase, and lipoxygenase, but does not affect the activities of
glucose oxidase (GQ), ascorbate oxidase or elastase. To characterize the mechanism of
PBE action, studies were focused on XO and GO. Under non-denaturating conditions,
PBE changed the electrophoretic mobility of XO but not of GO. Gel filtration
chromatography confirmed higher molecular weight complexes of both XO and XDH in
the presence of PBE. Hydrophobic binding was the dominant mode of interaction
between PBE and XO. The importance of PBE binding in the modulation of enzyme
activity was verified by showing that PBE binds and inhibits catalase, but not superoxide
dismutase. However no correlation was found between HO+ or 02" radical scavenging
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activity and the inhibitory effect of PBE, individual flavonoids, or other flavonoid
mixtures on XO activity.

Thus PBE, by affecting the antioxidant network and selectively binding to proteins,
should have a dual function in cell and extracellular regulation. Some examples of anti-
inflammatory and gene regulatory effects of PBE are as follows: (i). PBE modulates the
large and sustained production of NO by activated macrophages, (ii). PBE also inhibits
TNF-a and PMA induced expression of cellular [CAM1 and cell adhesion, (iii). PBE is a
powerful inhibitor of NFxB dependent gene expression in UV exposed human
keratinocytes. In these cells c-DNA microarray assays for gene expression indicate that
PBE regulates a unique set of genes in these cells. A dramatic decrease (nearly 22 fold)
was found in the expression of the genes encoding calgranulin A and B after PBE
treatment; this decrease was confirmed by quantitative RT-PCR analysis. Calgranulins A
and B (also known as MRP-8 or S100A8 and MRP-14 or S100A9 respectively) are
members of the highly conserved S100 family of low molecular weight calcium-binding
proteins. High levels of the heterodimer MRP-8/MRP-14 can be detected in abnormally
differentiated keratinocytes such as in psoriasis and in various epithelial cell lines.
Calgranulins are involved in the calcium-dependent reorganization of cytoskeletal
filaments observed in various inflammatory dermatoses. Regulation of calcium
metabolism has been proposed as a potential therapeutic strategy in psoriasis. Clinical
trials to evaluate the PBE effects on psoriatic lesions maybe warranted. This study shows
how genomics can help to explore the rationale of a traditional medicine, pine bark
extract, to meet the needs of modem therapeutics.
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GLUCOSE-6-PHOSPHATE DEIITYDROGENASE,
OXIDATIVE STRESS, AND CELL GROWTH

Mei-Ling Cheng, Hung-Yau Ho, Daniel Tsun-Yee Chiu" (A5 % %)
Chang Gung Univ,, Tao-Yuan, Taiwan ( && K%, £74)

Glucose-6-phosphate dchydrogenase(G6PD)-deficiency is the most common
enzymopathy affecting over 200 million people worldwide. The major biochemical
function of GGPD is the generation of NADPH to maintain the cellular redox balance.
The effects G6PD-deficiency on red cells are well studied. However, the effects of
such deficiency on nucleated cells remain largely elusive. Biological effects of
G6PD-deficiency on nucleated cells were studied using G6PD-deficient human
foreskin fibroblasts(HFF). In contrast to that of normal HFF, the doubling time of
G6PD-deficient cells increased readily from population doubling level 15 to 63. This
was accompanied by a significant increase in the percentage of Gy cells. The
slowdown in growth preceded an early entry of these cells into a non-dividing state
reminiscent of cellular senescence. These cells exhibited signs of aging as indicated
by large, flattened morphology and senescence-associated B-galactosidase-staining.
The levels of the cell cycle inhibitors p16 (INK4a) and p21 (CIP1), and the tumor
suppressor pS3 increased during the process. Meanwhile, an opposite trend was
observed in the [evel of molecular chaperones HSP27 and HSP70. These molecular
changes are characteristic of senescent cells. The importance of G6PD activity in cell
growth was corroborated by the finding that ectopic expression of active G6PD in the
deficient cells prévented their growth retardation and early onset of senescence.
Mechanistically, the enhanced fluorescence in dichlorofluorescin-stained G6PD-
deficient cells suggests the possible involvement of reactive oxygen species in
senescence. Taken together, our results show that G6PD deficiency predisposes
human fibroblasts to retarded growth the accelerated cellular senescence. Moreover,
G6PD-deficient HFF provides a useful model system for delineating the effects of
redox alterations on cellular processes.

"Presenting Author
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#H c-fos. cjun. c-myc. TGF-a K N-ras FIRIAZEWL, KH: c-fos. cjun BFRIAF=Y 58
S@MBMNBMBEEE %, FiRffARREFEESERNEEERAEXNERKNEE;
c-myc 5 TGF-a R RESMRATFELETMX: Noms RENREERSHMAFELT RS
AURBR, MVAXEEZRNREAETEART O, RERELELNSFHE. 3) &
EREY O, 1A fE S IFHIM cAMP A BRE, ESHAEEMRR: HEALHER 0,7(100
umol/l X/0.2 mwml XOWEBE®E R (LA, EMMTRMETEMNERFEMRE, HE¥H
M cAMP MERHEEARIE XX0 RENERESRREBAFHEN~E, BXEL
B O, 3N, HO, RHCERW, /MEERNFEEFNSEPIRER. SNE O FRH
EEAEEE TN RN RASEMm. B8R O, BN ER ERES S THER,
SRR X BERAEL RN, BLIBEBAEEREL.

ELEFESEBKERST O EMERETUFERLS FNE, HHTRNEST
THRESHSSFERENIER, #-PHEVEHANBREFAE, AREATHREN



F ESR BARSF AR AYIMEZ AR N0 BEHE
AR
FEREREYEAFRAILRE, 100101

NO EREHEEMENEEN 1992 FHHESN F. 1998 E=1TKEAK—FML
REREMPEXREBENREYFHESEE. N0 BREARDBEF, 6%
AR E SR, Bl RER, BEREASNEERE, EFIMEZdES
FEZEEE/AH:, EMEREEFENRETELERE AEENRGIEAR
HEYFMMEAROESE ST N EXEHREVURGEFHAR, 0K
AR FETRGEIRDPEEEEEH. TREHAR—SHE B HENTEN
B, PRMAR—FAEGEESEMSZAHEEER, TARTERRNFTESR
BAEPMRRP#E —FAENREREARMFENEE. MAERRERARNE
HEHRIAHREZTHIRNS L. &IAT8 1990 FLSRHKITRE TXF N0 A HFERHH
NTIERTIT —EhiE. S4TREE, XEREYEERE N B HEGEETE
EH%R ESREPAEE—TEENE, TEBE:

NO B HERH R

. N0 EHREKNIHEE

. NO B HZER ESR BMHE AR

FIFASE 8 HE DMPO BEFHER R

EmnaEQ4atiNe Bl

B G BRI P REVE T 42 NO B HERIE 2

B, BEMBEEFESE N KTE

R 8k48 43 Fe (DETC) My M 7E KSR M B =R NO Bl &

Fi Fe (MGD) & M4l B = A4 1) — F AL B A

Rl Fe (DTCS) B Mgt ™= B —F AL B AR

FIAF BT EES ESR —H U ER N RBE
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Higtig BoT ERMEOERGT R, IREW, HERTHNEERFRREMERT
RRFHENEN, SERIEREGRY, DEhHEERENRGER. KEWRESH,
AHERBERRN, SEREANEHERFE, ROKNEERSEN, WERTHNER
SR A RERGERNT, MHBERNAGEHUNNEELNE. MASHEEHE
A ERARSMRNRENRRAEESRGLE. FARTHATNNESEREOH
EFAGAERFLE, LEIFELAE: ARG AERMEREAEINEFANEaESSHENS
&, Bl HhAEE S AhEBERATRER, TEXNHASREG, &P, F2HE
EHMMEESET SR RAAA THERERME, EnhEnsaise. Y LR EENK
EE:

BAERTHIE TERETREMHE MASGENSERATMAEAIRETENE. &
ZEMAEREN. HATNENSEHLI R EIIRAME aEFE R ER RN,
MEBFEERSIAMESLATHEAVNEERR. BRAMHERTHAESRS, KEED
EHLE BEME TR, BEMAWRL, T TECRERGMEERERT T KE
WE., MB® L, WEEUTET IS S0 MRS AR A ERERA. BIGKER
Pieds, MERITHASBEARSSAAR, ASEFMRCTREMIRERN, ERLE
(SR SURMM) BITREMSIRILS MM, EERT. REMER TG (F RAMEEH,
SMEATHRENSEHERY. DRAFCHENES. RUTRETER, FaUn e
&, HEARST B AMRRSEER, HamEapyEEAGNE, FROLSESEN. ¥
wiREMEACE, SEAMREEEERE S MRTOEEHERTEERAREN SRR
goemeley), A FEEeERERESS, UENETENERNEaETMAESE
HAMETAGAE, EERORVAEEETEENRAGRGAN. EENE, SR
EEaERERN RS SSIEREERETY, EESRETETFERN, FEN
IR R ERm g aE .

Ao ARMKXRAE, #--dUb8OaEERAIM Ve, VE FAEEH AR B EER
RETASENBIA W SOD . BAREN ANERAH. ER.—2B TEdEELRM
A MEL, AT BE RERE I 8 mEMENTYE, REZERER

QAL ERRGE AR, EYEANOEEFERENRNMERE L EME11T 5.
O#fER TR FHE T LR A LS 8 dEEGRA, BEEMERNNANR A E.
wfulif, REFRFEZ —HAZETARERERNNEEENNS.

ot AR akd, ARMNOHEERATERSENERERRRMN: R
(kAR T B o SRR (1 R Rt SRR (SOD) REEEMEEIAS
FAmE C0)). MTERE SOD i 0, BT ERM HO..

TR 80 EAURY], BB XHHALME L RiNBG “REAAMEEE" R
90 LU R BRERERMFESTE IS, RTERELEGEREARN, G2
GERL, ERMOITTREARRAALK SRR S, BE CRARNESRT Bl
WP AR S O R R A B T, AE R S ER N B ERGAXNEBERA
. ARSI R T B/ R, i A b aUAR ST IR O BT R, EN
o OB ME LS, &RERWE. SAMRAR T BIEA.

YK -, R ERY S = R 2 IE AT MEIRA (1 6 R B AR FUR AL RUO ST B
L g aE. MR &SRS R @ RR N HD. AnEERpEL. K-, UE
wmﬁﬂ%%Bm%ﬂ%ﬁﬂﬁwﬁmmﬁi%mﬂﬁ.%ﬁi%ﬁ%‘ﬂﬁi%m%%%
SEI.



REEYESERRETELER B AEPRA

CURE - R W - PR U S
(PEREBRCETFFT, LR, 100080)

sk, REERFR —EREWERNTEEE ML IR,

Emst g = 2 5 XS RAHXKE TUREREE . EF
FXTATFF LA R R . R AR A RS BRHES M E X
MN#ENTIESZER. HAHESHEXOLEERANRE, BEEN TS
LHY R LA R LN RS SRR p — AN E S iR
P, WM HERT, EREAM THEEAR AN EYTESE
WM EAMEESE (8% 0,7, "OH, '0, 3¢ RO D, XEFEHY
R e A B R AT Al L S MY M SRR R T 2 BULBUA 50645,
TSI REYARRGES/IT. A THIEX MR, AEXH
ERAEYESYEEFR (B ESR /i) HEMBFFRLE A HH
R RmRAESEY . R, dTRUFZENRR, ERFEEBREIL
4 11 (PSID AEX SEEEYATEHERCEBEEFHEREM
FBONEHES TAERMBIMRET E8BHBR. £TH, AXAK
RERATREKEAGEEEHE BdE (o 0, A -OH) FTFK spin
trapping - ESR HEAT, BRABEAMMAT AES TEFEDH
Fr. HTAREA PSSk FE R H R EERN S T RS, U
% 10,, 0, F1-OH BiEMENEY S RERYEE HENREARES
YiE M EERSE. BEZ, AREPEETHERRERN
T LR

1. BEEYPERKREBSEEEYFHTAMNF spin trapping-

ESR F#:

2. NiES FEHEEA LS IS AL ERE

3. FEMEEE A S I A S

4. EEHEYNBEEESEER

' BFESEMANAR (G1998010100) SEXKARMFEEENE (39890390, 39870208) T

_.9_
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PUEZEES

PRSP EYE SEAY TRERLRE, L3, 100080

BEROHETERMFESESE (Reactive Oxygen Species, ROS) EHLAMIERT
BHBE, (BER AR ETRAENNBERS TRAAIEETEN T EREEX
B M YR TE M RURIER9S% L b B REAN G AR A =T HABENE T,
SRR BER S S0k 1 E20%, FAENIE480%. ME AU —H it I,
HPESR, ROHERE —FAE MO HERSHEREMONOO-%, IXEiF A
AR EARESRESERATENRERD, HFE5HFGEREK, RF, BE,
BN (AEARERERNETARED) HHEAE X,

AUREFEELRZEFEREUOE AR FEENER, ErfER R EEHRE
Ha TS, UREZMFEEET, WHRH, BERA, ZTFRRNENEN 5
FARGE QBB ERMEREENX RS HHAOM AL R4}, SE54WERE
BESFNERARMRPETHMAHES], EAiNtSEEAEETH 7R (D
FEBESERAREERSREHNAER: Q) SohESERERRRTNEE;
(3 FEHESLNERENARAT: (4) LREFKRNERRIT S EREY
F7R
F =R
[1] Liu, Shusen .Bioscience Reports,1997,17,259-272
{2] Liu Shusen, in “Oxidative Stress in Cancer, AIDs and Neurodegenerative

Diseases "(Montaganier,L..et al., eds) 1998 Marcel Dekker, New York,pp333-

349.

[3] Liu, Shusen,..Jour. Bioenergetics and Biomembanes, 1999 August vol 31,(4),367-

376
[4] X R ERRENE TR, RIS EEEEAEY. 25F

R FU S, KEEEFEFR, 2000, 15, (1) : 7-11,

[].x13 # Lokl ¥ R H Iy TRM2000, HHLYFE BPRANESR,

JERUMIE K2E R, 135-15301. .
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EMAF MR EERESERE, %M 730000

EPPEMAARP - EBYRAEEHFEIER. EAEIDERFPENE
i FEE. HAERC, B-HE PERASHERLHREATRS FERHNATUREE
FAEE 45 B g 45 B At BA B 48958 (Shklar et al., Mutrition & Cancer, 20 (1993)
145), XEERLFHHAEH. BEMNIHBEIERGNEREfmED.
REERW, BAZEAES-HP PENRXENEMUIEER, EBRMBEAEN
B-#% PEMEN, EESEMBEEBEMILE (Mayune, FASEB J. 10 (1996)
690). T A B GEMIEMERERES —F, EYRELANEREEMN
Y, ABUNE-EFF T EATEEARESARN. FmEdrFRER -0
HHMEMLS, EREAAREERTHEEES (LOL)F, fEREE—ELHF
TL{E#LDLATT AL (Bowry and Ingold, Acc. Chem Res. 32, (1999) 27),
B G RN EREERRP SRS T BB EN b, FERYE B
) (1990) 1254) . BAK, SFREYMEMLFKAE LB FEAERTHELTNET
ARG EENE L.

BAVPIEHARER. KR, AMAHBEEAMREEEESPHAT 5K
ZE. B-#E MERVNARNAENER NERNNE, UERMNSHS4E
ZEMWEAHEIER . R

. BREZIHMELRNFAFBEAAOREMN, AEHEESES TS
. AR M FRHOMAAEE X, SFSHEALUEEESE REQ dREE%
HFEEA, FIMHRBIAELHRFRER.

2. B-#Hi® MESHLEEEARNENNAERRMEERIER. B-0F
NEREEBESSEEEAhEER, BEENEAFYRART L RELRER
MRS EREFE,



Fe'* Al fs kT e Rd EALMIHLE: a1 8
REDRE. RERRIEAYAETE 8 dZEEH

o e KE
REBEREDYETAR  dbg 100101

ATHMRT Fe EREREREY BIERTEMMIE. FRRR: &
EREA S WA RSB FES R SR MERERK, Tieme, H
EEERRBAB KM Fe*, BEMBERBABRTHAM FETFHAE.
W, FeAREDMR: —FRERBENERTEL. B5— 7w LeEmE s
FUBBEHYER. LYREBEFBAZERURZRYEMERLIE LY (LOOH)
B, Fe* $iAREBANASFT AN, WHRAREME Fe EHMERIFN R, &
e SRR SIABISG LOOH, WIBEM % 2 A it FARIHE5E, SONEE#EHRIY
R, EERFAFBARTEALEHE (LOO ) MFERA —REX R K,
B R0 AR B s Pt EAL B ), BMBARBE Rk Fe EllmdE. HALE
REH: BRETRER LOOH &1 LOO * & % A I it FAL A Bh ER R AT,
EEXE TR LOOH # Fe M, XAl S Fe' RIVTIHERR, RE 5 Fe¥
B MBI R AL G B0biNs LOO © &Y, eI EAA REFFIG. BRFLRI, REH Fe”
5 LOOH 1 LOO " MIRMMARE R EILMERNFERNEEF £, RAERLY
KRR Fe' B AT S ERN A LFHEFEMNRER, HlmERKN
(IFELE, Fer'XtAsayln S thE LN — & T rE k.
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