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Abstract

Oxidative modification of low-density lipoprotein (LDL) plays a
key role in early pathogenesis of atherosclerosis. Previous studies have
indicated that Pu-Erh-Tou tea (PET) contains strong antioxidants that
scavenge DPPH free radical and inhibit Cu**-induced LDL oxidation. In
this study, the methanolic extracts of PET (PET-M1) were further
fractionated by silica gel column chromatography to obtain four active
fractions, PET-M1-C18 to PET-M1-C21. Male apoE-deficient mice,
characterized by hypercholesterolemia, lipoprotein oxidation, and
spontaneous atherosclerosis, were chosen as the pathological animal
model to elucidate the effects of these fractions on LDL oxidation and
atherosclerosis. The potential of PET drinking to reduce oxidative

susceptibility of LDL in male healthy young adults was also elucidated.
Results showed that the four fractions, PET-M1-C18 to PET-M1-
C21, exhibited strong DPPH radical scavenging activities in a dose-
dependent manner. The ICsy values were 4.1, 2.8, 4.1 and 4.9 pg/mL,
respectively. The antioxidant activities to inhibit Cu**-induced LDL
oxidation were higher than probucol. The ICs, values were 2.4, 2.4, 3.0
and 2.7 pg/mL, respectively. These observations indicated that natural
products of lower molecular polarity than those four common tea
catechins in PET exhibited strong antioxidant activities. In animal study,
four groups of apoE-deficient mice were fed with one of the following
diets: a control diet (normal diet plus 0.15% cholesterol, w/w) (control, n
=17), a 0.5% DPPD diet (control diet plus 0.5% DPPD, w/w) (DPPD, n =
8), a 0.5% PET diet (control diet plus 0.5% pooled PET-M1-C18 to PET-
M1-C21 fractions, w/w) (PET-1, n = 8) and a 1.0% PET diet (control diet
plus 1.0% pooled PET-M1-C18 to PET-M1-C21 fractions, w/w) (PET-2,
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n = 8). After 8 week feeding, there was no significant difference in serum
cholesterol, VLDL-C or LDL-C levels among four groups. The lag
phases (T, min) in Cu®*-induced oxidation of LDL were also not

significantly different. The content of & -tocopherol in LDL from PET-2

(13.4%2.2 molecules/LDL) was signiﬁcantlylowweh‘r than that from control
(20.8+6.0 molecules/LDL) (P<0.05). Atherosclerotic lesion, measured
from aortic arch, in PET-2 group was more severe than those in other
three groups (P<0.05). The ratios of lesion area to media area were not
significantly different among four groups. These results indicated that the
fractions in PET-MI, which exhibited strong antioxidant activities in
vitro, neither reduced the oxidative SUScepti‘bil'ilc}j' of DL ‘ex vivo nor
inhibited the progression of atherosclerosis in apoE—dewf"l‘;gi’erwit mice. In
human study, the lag phase (T, niin) in Cu2+-‘ihdUCéd LDL oxidation
was significantly prolonged by 18.6% (from 113 6+31 1 min to
134.7£30.3 min, n=16) after a 7 day PET drmkmg (2% (P<0 05) The

content of « -tocopherol in LDL was 11“1creas}e‘zi from 8. 7+1 6

molecules/LDL to 10.1£2.1 molecules/LDL (P<0 001) |
In conclusion, the ant1ox1dants enrlched fractlons m PET Wthh

contained less polar ant10x1dants than catechms did not reduce the
. (RIS FER o B R RSO

oxidative susceptlblhty of LDL ex vivo or reduce atheroscler031s in

apoE-deficient mice. In human study, PET drlnkmg reduced the

oxidative susceptibility of LDL which is likely due to an increase of ¢ -

tocopherol in LDL.
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ALT: Alanine aminotransferase

Apo E: Apolipoprotein E

AST: Aspartate aminotransferase

BHT: Butylated hydroxytoluene

BUN: Blood urea nitrogen

Cre: Creatinine

DPPD: N,N’-Diphenyl 1,4-phenylenediamine
DPPH: 2,2-Diphenyl-1-picrylhydrazyl hydrate
EDTA: Ethylenediaminetetraacetic acid

EC: (-)-Epicatechin

ECG: (-)-Epicatechin gallate

EGC: (-)-Epigallocatechin

EGCG: (-)-Epigallocatechin gallate

FFA: Free fatty acids

HDL: High density lipoprotein

d.d. H,O: Deionized-distilled water

IDL: Intermediate density lipoprotein

LDL: Low density lipoprotein

MM-LDL: Minimally modified low density lipoprotein
Ox-LDL: Oxidized low density lipoprotein
PBS: Phosphate buffered-saline

PET: Pu-Erh-Tou tea

PET-E1: Ethanolic extracts of Pu-Erh-Tou tea
PET-M1: Methanolic extracts of Pu-Erh-Tou tea
PUFA: Polyunsaturated fatty acids

ROS: Reactive oxygen species

RP-HPLC: Reversed-phase high performance liquid chromatography



3D: Sprague-Dawley

[AN: 1-(2-Thiazolylazo)-2-naphthol

[BA: Thiobarbituric acids

[BARS: Thiobarbituric acid reative substance
[G: Triacylglycerol

[LC: Thin-layer chromatography

VLDL: Very low density lipoprotein
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SERBA S FEREN+ALEEZE =~ mfif - BHELHKRR
BIEEBRECHE KA (cardiovascular disease; CVD) H & F LAt o
MAEFHRZABEARARLZEAHRAFRB#E I F 5K
HHEERMFRBCEKREEREZ S (LDL) 2 &1L F X i #4
(Steinberg et al., 1989; Esterbauer et al., 1992) » ¥ ko 3% &y 4k £-4% 41 %,
BRALECBREASRELEGHIBAKREIL  BRAEFRFRGAE
% °

ERGBHETREBEIRBEEETRYFERE  EAETRZIA
HREMBEIEBENER - XRFHERXTHRLRTEEER
ZERHBEEZ ST AW ENYE 7T A5 8 Bk K R AL B EK
% A & (Sano et al., 1986; Dreosti, 1996; Serafini et al.,
1996) - BATHA R RRAITREHE > XRAUBITRREA
RZIREACEBLIENK  RITHVERIABTRT @ORER
Yo REAREBARAEIFKRBILHER D EL - MBHHH S
KRB ELRRZ BRI R o BT R TS E B o

RAWAE BT EFEF KB ENERN TR THR 8
A S h4RRET 35 %2 LDL f46 5 AR A TR T 0 BRI 83 4 &
A%~ 48 LDL &9 §Ab 8Bt ~ 4% LDL R fv Bs By B4 A & $13% o
IDL WA F B E > MEHLHFCXEEREAERB KB KFEIL
Z 3R o A K T3#| A apoE #: 4/ & (apoE-deficient mice) £ 2 %
EHHER > BREBRFFEREFHARAH R A EFE
RILEACTE RN B N LDL f/b gk bz 2 % -
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A8 F12 8 RIBRFLKE 3-1
2. %  HBBSHEHRLEM ALK 12% 0 B
B#14 86 4% 11 A

(=) HmBx
1. & 5ig# oM (Ultracentrifuge)
Model XL-90 (Beckman, USA)
Model L8-80M (Beckman, USA) e
A7 A #8 + & type 50 rotor £2 Ti 70.1 rotor“(BekckI_hgn',’USA) |
2. g (Centrifuge) -
Model 5100 (Kubota, Japan)
Model KR/702 (Kubota, Japan)
3. 1.5 mL #4 ¥ & 2 B R
Biofuge 13 (Heraeus, Germany)
4. B @ k48R ¥ (High Performance Liquid Chromafograph;
HPLC) B
& 488 1 4 %4 (Solvent delivery system) : Model 1090 series
II/L (Hewlett-
© “Packard, USA)
18 :8] 2 (Detector) : Model 1040 series II/M, Photodiode array
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detector (Hewlett-Packard, USA)
;141 % (Injector) : Model 7125 sample injector (20 pL loop)
(Rheodyne, USA)

#% %t (Column) : Analytical reversed-phase column:
5Ci3-AR, 5-pm particle
size, 4.6x 250 mm I.D.,
Nacalai Tesque, Japan

Guard column : 10 C;3-AR, 10-um particle

size, 4.6x 50 mm LD,
Nacalai Tesque, Japan

% ¥k ¥ T 4635 (Data processor) : HPLC Chemstation, Rev. A.
2.0 (Hewlett-Packard,
USA)

2245 % (Recorder) : DeskJet 500 (Hewlett-Packard, USA)

W

. B # (Roter speed mill)
Model pulverisette 14 (Fritsch, Germany) |
6. 4 HE3 (Spectrophotometer)
Model 7800 (Jasco, Japan)
Model DU 640 (Beckman, USA)
. BB X EEEAHEEH (Orbital incubation shaker)
Model 705R (Hortec Instruments, ROC)
8. BE % ZE#Z B (Sonicator)
Model 5210 (Branson, USA)
9. Btsk E 3+ (pH meter)
Model 6071 (Jenco, ROC)
10. BERF
Model AE 240 (Mettler-Toledo, Switzerland)
3
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11.8 7% 4% & R4 & % (Electrophoretic power supply)
Model No 113 (Sebia, France)

12. 5% B5 44 B3 48 % # (Photomicroscopic system)
Model BH-2, (Olympus, Japan)

13. Z S B 35 1% @ #& 547 % % (computer-assisted morphometric
planimetry)

Model LV-2 plus true color image analyzer (Winstar, Taiwan,

R.0.C.)

Model BUCHI 011 (Buchi, Switzerland)

15. % 7% B % % #74& (Microplate spectrophotometer)
Model Spectra MAX 250 (Molecular Devices, USA)

16. 8 & 2 X 12 4474 (Auto dry chemistry analyzer)
Model SPOTCHEM SP-4410 (ARKARY, Japan)

(Z) mBRABABEEFEE
1. BE B 82433 & (Cholesterin enzymatic CHOD-PAP method,
code no. 1.14366.0001) : #& B Merck
(Darmstadt, Germany)
2. Z & H e R B (Triglyceride, full-enzymatic colour test,
GPO-PAP method,  code no.
1.14354.0001) : & B Merck (Darmstadt,
Germany)
3. BEEIEE Gk B (Precipitating reagent for CHOD-PAP
method, code no. 1.14210.0001) : &%
B Merck (Darmstadt, Germany)



4. B5% G T kM a X B (Lipofilm, code no. 4040-2) : 3 B Sebia
(Issy-les-moulineaux, France)

5. A biE B E 4R34 For SPOTCHEM SP-4410 only: GOT,

GPT, BUN, Cre : 32 8 KDK (Kyoto,

Japan)

() a3 E - BB EHH

1. BAFB& B Merck 28] (Darmstadt, Germany) :
Acetic acid (100%)
Cholesterol standard solution (200 mg/dL)
Copper sulfate pentahydrate (CuSO4 e 5 H,0)
Copper (II) nitrate trihydrate (Cu (NOs), ® 3H,0)
N,N’-Diphenyl 1,4-phenylendiamine (DPPD)
Entellan (for microscopy)
Eosin solution
Ethanol
Ether
Ethylendinitrilo tetra-acetic acid disodium salt dihydrate (EDTA)
n-Heptane
Hydrochloric acid
Iodine
Potassium dihydrogen phosphate (KH,POy,)
2-Propanol
Propylene glycol
Sodium bromide (NaBr)
Sodium chloride (NaCl)
Sodium citrate dihydrate (C¢HsNa;O,¢2H,0)



di-Sodium hydrogen phosphate (Na,HPOj,)

Sodium hydroxide (NaOH)

Triethanolamine

Xylene -

TLC plate (silica gel 60, 20x 20-cm, 0.25-mm thickness)

Silica gel 60 (70-230 mesh)

. LA R4 8 Sigma 23] (St. Louis, MO, USA)
Cholesterol (5-Cholesten-3 5 -ol, 95%)
Margaric acid (Cy7.o)

Mayer’s hematoxylin

Poly-L-Lysine

Paraformaldehyde

Retinol acetate

(£)- a -Tocopherol

1-(2-Triazolylazo)-2-naphthol (TAN)

. AT # A Aldrich 2 8 (Milwaukee, USA)
2,2-Diphenyl-1-picrylhydrazyl hydrate (DPPH)

Trolox

. YA F % B Lab-Scan % 3], HPLC 4 (Dublin, Ireland)

Acetonitrile
Chloroform
Ethyl acetate
n-Hexane (95%)
Methanol



Tetrahydrofuran

5. £4b
Histoplast (pelletised paraffin wax) : # A Shandon 2 3]

(Hampshire, England)

(Z) K W& e
1. ApoE-deficient mice
BB ERYEILAT®RE (The Jackson Lab., Bar Harbor,
Maine, USA)
CS57BL/6J-Apoe<tmlUnc> » M » i 0 £# 7B X
2. Purina 5010 autoclavable rodent chow diet (Purina, St.
Louis, MO, USA)
IR R AT E 5B & 2-1



% 2-1. Rodent chow diet (Purina 5010) #4541t 48 5,
Table 2-1. Chemical composition of rodent chow diet (Purina 5010)

Chemical Nutrients’

Composition’ PIOEIN %o .......ooeceeuesecvieereeneeceperessrosesee s st it
AIGININE %o ..ottt
HISHAING 6.t eeeeeeeees oo
ISOIBUCING Yo ..o e
LYSINE %6 ..ot
MELNIONING %o....ocoe oo i e oo
Tryptophan % ...........oooeeeeeeeeeeevenan,
VEIIE %6 .o
Fat % oo e e 6.0

Y -t ...ua
S

BeRREEERURE

Fiber (Crude). % 4.4
Neutral Detergent Fiber ’% 14.2
Acid Delergent FiDer *% .......coooveeeoeeeeenoeoeo 5.6
Total Digestibie Nutrients % .. 76.0
Nitrogen-Free Extract (by dlﬂerence) % 48.9
Gross Energy, KCal/gm ... 425
Physiological Fuel Value *, KCai/gm .............................. 3.4
Ca%cvum cereteeti e e e b s ehop e e s ap e et rah b penin 1.00
Phosphorus %

Potassium %........cocceeeeiicniieeevee.
Magnesium % ...........c.cveerveenena.
CHIONNE %o et eeeeeeeeeee e eeeee s e .39

0OM, POM .o oo oo 184.0
ZINC. OOM oot oo 124.3

Manganese. PPN e s ceererccinevesin e s 118.0
. (,obalt ppm ....................................................................... 44

Vitamins
Carotene, ppm .. 45
- Menadione (added) ppm 8.8
TRIBMIN, PPIMI oot 86.5
Fiiboﬂavun ppm
Pantothennc Ac»d ppm ............... et ie e eaearare et e e aenernantn 254
Choline. ppm x100 .. 220
FohcAmd PP ot eeeva e et e 60

Vitamin A, lUIgm et e e nenns 44.1
VIBMIN O, TUGM e e 4.4
Vitaeun B, HUQML..o e 66.1
ASCOrbIC ACI, MQ/GM ..oooiiieeicee et -

* Product Cooe

" Based on the lalest Ngreaient anaysis informauon Since nutrent
composition of natural ingreasents vanes. analysis wi ciffer accorongly

7 Nutnents expressed as-percent of ration except wrere otnenwvise
ndicaled. Moisture content is assumed 10 be 10.0% for tne purpose of
caicuiations.

! NDF = approximately celiuiose. nermiceliuiose and kgr.n
¢ ADF = approximately celiose and hgrin
* Pnysiological Fuet Value (KCaligm) = Sum ot decimat fractions of
protein, fat and carbonydrale (Use Nitrogen Free Extract) x 4.9.4
KCalfgrm respecuvety.



W 2-1. & 3e) o g b i
Fig. 2-1. The package and shape of Pu-Erh-Tou tea.
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()~ ERRXTREMHADSGTBERERM
. oz H
A LR S R S BUBRAER AR B U 3R B R R
s 0 3E48 30 mesh (FLAR K/ % 0.59 mmx 0.59 mm) & 4#F
B RAEBHIINELEIT@E  AERIFrHED

2. R FEERERR R
BRI3L FEmA30g £ LN RYBEANTETH
AT 24 /NBFZ FL B HA R 3 R B Ao A $ 85 o 2 BUR LA Whatman
No. 1 J& 4T RBIE - JTERLURR IR EHAF BRI R
k1% B AR R A 400 mL -

3. BB (silicagel) 24 R B A (TLC) h 2 AT RHE
B silica gel #2 TLC R BMABEFE F > 24 110-120°C it k2
23NEF 0 FFELBEER  ERABEEA GRS PR
LA %, S 72 R B AR T RAK

4. B EAEZHE
IR B NBEAETR fBEERFERA
%o MORGBENC P HFETIHEARIFHERET (80
X 7.0 cm, ID) » F F A& AR A H & €484 # (mobile
phase) » 7] 4& &k @ARF 27 B 0 HA R 3 LA K 3R 2 3% B BEAE 5 BB

10



WHERE  THEED 20cm FRF LA ey BB B AR R
ZHRBREIBRENMBRERETTE CRESELHBE 2 cm
BE LR SR CRBRE X LIRE R T BE 4 R
NERF BB Z B AN ER2REAHLE EHER
$B4R T A& b BN AR TR T B B ARIEH J 44 24 60 mesh
(FLE KA 025 mmx 025 mm)#y 47 i HR 2 &R A
ERR B R RA B RME FEM MR ER AL
HMOBRKEBRRXFEREMZB FiEBBRB /N
BT AAEEHRERDARA L RF A ETIREST
BECHET SRR E S RE T ARREBERETEERL
BHEF RARMTERAHITBHEEHA Scm- B
MOz wBHAELRDEARE  HEAHAH 1 cm- R
ThRZHRELEBHRER UL LT AEEETRARL
%A -

#% &) 48 48 7R, B2 LE 5] Polarity AE
(V/V) index (L)

1 n-hexane 0 1.5

2 n-hexane : ethyl acetate =2 : 1 1.4 1.5

3 n-hexane : ethyl acetate=1: 1 2.2 1.5

4 ethyl acetate 4.3 1.5

5 ethyl acetate : methanol=1:1 5.5 1.5

6 methanol 6.6 1.5

RSB EGBINERE P BATER TR HiR A
500mL/h» & 500mL &2—BE o RERZABREP » 2N PR
BRETHARTRABLSRI AR EEEEITEINKE- R
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WA ENIIBE S ETRRBRESEEZ 10mL £4°2£420mL
LA R B AR

5. #| Ay BB % R B (silica gel thin-layer chromatography;
TLC) A EAER# &R R
ok Cl1-C3 Z B4 BALETIERRZE 55 » AF R
T2 BENHATHEE » 5B AT HZHeinkiTyE
BB -

EotBh BHAEERBELE (V)
C4-C10 n-hexane : ethyl acetate =2 : 1

C10-C16 n-hexane : ethyl acetate =2 : 1
C16-C22 n-hexane : ethyl acetate =1 : 1
C22-C31 methanol

LENRABETLC A L AL —HRALENTLE
2852 lovastatin » BAHME >H T AESH R AN
lovastatin Z X4 « # TLC A hoHARBH T > RHES
#48 2| 12 78 £ AE 4742322 solvent front ;%JJ-_ B Frikz &
TLC A & WM % RIS S RSBl & A5 - 7 366
nn FTRELZERE - ARASRBRZE MMM 7 it
ﬁ@ié&ﬁ’im%%@$$@&%ﬁ§%zﬁi°

(=) B ibEgzoH
1. 5% DPPH § é%zﬁ%ﬁ*&sﬁ

12



BB EAE R M & 5 BBk > 43 Blois (1958)
Z HiE B EIHE L& M FR 2,2-diphenyl-1-picrylhydrazyl
(DPPH) B R X AN - Bk 6 ey EHZTH (96-
well microtiterplate; Nunc, code no. 269620) ¥ Az A 20 puL &
BEHRIOUL ARREXHBERRE N ESWBEHER B
iR Ao 250 pul, 100 pM &y DPPH /B 5k » 18 K14 B &%
A 300 L A RABNERTHE 90 548 A H 517
nmX%EE A EDPPH E A EARA S HRkE
CTHERTZ  FABHNTEOHBREYRLEEATRE %
b THBT LB oA DPPH g R e H 2% {3 ELN
Kt F

AO-A—AB
% Inhibition= ——— x  100%
AO

A() : K«ﬁﬁu@h\%z"&ﬁﬁ
AL HmETHERZIRAMA
Ap ' BoMIAR ZRAMA

2. Hphl4RBkE T 2 A% LDL 8 LR E
(1) BAA8 %k 8.0 458 LDL
HREEKRREFZIARFIHERAE R (overnight
fasting) 43 E ik 100 mL > EA37CAB+#E 1.5hr
BEANACAHTHE | hr o 7 4C Fi/71Rk 8-S (3000
rpm (1200x g) ~ 15 min) RERMFoF » /MO RIS mL & 7F
DR EANRBSRBECEF > Ao 1l mL AEALBK (145

13



mM, p = 1.006 g/mL) » #» 4°C FT# 4785k (44k rpm
(152000x g) ~ 16 hr) - B SR BRERFE LR 2 mL 23 G & 8
VLDL 347 (p<1.019 g/mL) » & W | F &334 H e A 2 mL
NaBrigi&k (d=122g/mlL) Rg#EMN4CTRITR SR
(44k rpm (152000x g) ~ 20 hr) - /A4 BRRF F A 2 mL %
% &2 LDL %4y (p=1.019-1.063 g/mL) B4% % LDL # A
HBBECET  LARABNACTHRARGHR  FHEHE
#iB 1 24

(2) A EokixA LDL 48 R

FI B vk 45 R F|Wi A7 543 2 LDL & 5 4 4247 HDL #
(a) BRZATRE

# &4 % X F & polyacrylamide gel (Sebia,
France) EA 100 mL & # #% 104% 2 Lipofilm buffer # -
RACTHEZM2br - THBFHRECEMZARZ
BA BB SRS RS RSP ZAS
EERTIEBA -

(b) Ek | “ L
B 10 uL serum ~ VLDL 2 LDL a5l # 10 L Sudan
blackdye £ B F #4/7% & 1.5hr > ﬁﬁ# & TR ZH
AASpL AR R XAk BN > #47EH SOmin
BARRMS
ER 170V
g - 50mA

14



HEFEISW

B5F : 50 min
BARARE > #BXRR ZFNEAR (acetic acid :
ethylene glycol : d.d.H,O = 5:2:93, v/v/v)¥ 1 hr » B8
R ER 40-50°C R4 7 -ATHIR - R RN TR T 47
7 o

(3) LDL # #7

A8 E LDL MAZW BN > Fsg MG s T
M RE R BN RGFE R KNS H KBS Z LDL
100 45 78 #% X B B @ 4 #7578 (phosphate buffered-saline;
PBS) (125 mM NaCl, 5 mM phosphate, pH 7.4) & » 3§ #&F
ERGERAALA > N4ACTEBAHE - £BEH 2.5
1% RHHEPBS B3 hrig 3k — Rk PBS) £3i5 47 16-24
INBF o

(4) BB B2RE 2B E (Richmond et al., 1973)

REMN X E 2 LDL » 4% A B £ % (enzymatic
CHOD-PAP method) » £ Merck /3] 4 # % cholesterol
enzymatic kit 8| Z fE Bl 828 B - H B3 A #| A cholesterol
esterase H¥ A5 Bl BRBS KR s B Bl 82 » & #) A cholesterol
oxidase A ALAE Bl B2 A & 4 8 4L & ° M & peroxidase 48
16 A% H,O, ¥ 4-aminoantipyrine & phenol R & & %
quinonimine &4z B4 E N E & o LABEE BEAZ &k (200
mg/dL)E AEAZ B 4 » S BIB 0~ 51020~ 25 uL Ao

15



A 1lmL RME&R (k88 cholesterol kit 2 2888 L Az &) & >
BB EERTHE 10 min - B 500 nm FZR 4
B> B RARE SR - BREAH K 2 LDL 10 pL Ao A 1 mL
RRER &1 & 500nm FXRAEESKE K TIREF
EE R -

(5) ¥ LDL g5 B Atz %A (Wallin et al., 1993)

% A PBS #% LDL ##. 4 0.9 mg/mL > B# 96 # &4
MEHEFHR T2 Ao SOl LDL » #8848 pu A 10 uL
0 10%BEHER > TRE&SF A 10 L REREZ
probucol ~ DPPD &% B E N - Ui B KL F B
o R3TC~120pm ZEBRERZPEEL Lhro #H8Ba
A 40 uL PBS » & B 48 su A 20 uL PBS #2 20 pL ~ 50 uM
Cu” (RE WA FBAKER) - HEA3TC ~ 120 rpm
ZHEBEREZPRERME2N 24 & well 4% A 150
uL ~2 mM EDTA s # b R & o B 3 3% 48 & 100 pL >
A A 900 pL % 2-propanol @ £ 12000 rpm (13600x g) #
s 10 min o B E AR A 234 nm F 2 R A8 SAH B 4R
# )% (conjugated diene) Z 4 R &> S E X AALAH
AEAREHAMEN Cu¥ BB B RREAT  BRE
M —FH > B ICso RIL & E o448 #7 probucol
ZIBALN5%EE - HE AKX

A-A,

% Inhibition= ——
100%
ACu—Ac * 0%

16



Aot R AT aZ TAREMA
Acy ' 1ERnsRBEF 2 % S48
A: ﬁﬁﬂéﬂ%&‘?‘ﬁic \4515‘5.1“&7‘6{5

(2) By
1. 1t ~ ek
A 2 &4 Ak, apoE #:F4/) B (apoE-deficient mice)
(& C57BL/6] &/ NB¥E#TMiF) £ h 7B A3 S
%% 48 %94 B 2 SPF (specific pathogen free) Big ¥ » A X R &
BRERE > BEFUAEIKBAARBERERZIIRA RGNS
BBERNZFE - AFHES AR TRBAFH (AM 6:00-PM
6:00) * AB ¥R = HI 4 50-70%  BEAS ¥R EHEA K4
£ 2082C - SRR~ AN B AL CRERE  AB# Y SPF
BRMHEFRRABIEBRER - F2H0E > BRITFHZ
EAE R E TR - A A KZ AR E BER (ad libitum) -
F 34 REB—KR BREBEEHIH—R FE LAY
FAESPFRBETZREBFERNEF NE ISAHARBE
B E 0 3 SRS RATOE  BHEAEX344EH
M -

(1) #=#4 (Control) (7 £) : Rodent chow diet (Purina 5010) +
0.15% (w/w) cholesterol
(2) DPPD 4 (DPPD) (8 &) : #4444t +0.5% (w/w) DPPD
(3) 0.5% PET 4 (PET-1) (8 &) : # 4l +0.5% (ww) &
BEFRFTEMGEMB LR
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¥ & 4 (PET-M1-C18 %
PET-M1-C21 w18 & % %)

(4) 1.0% PET 4 (PET-2) (8 &) : #= 4| smst + 1.0% (w/w) &
BERTFEEM BB ERR
¥ & % % (PET-MI-C18 %
PET-M1-C21 w8 & %-41)

EENAHSB NFEO04RSAFLHAEGHHUE > ¥ 8
BEEATRERE 2R - TR -

2. ARz EH

#% rodent chow diet AR Ry K  RBTEANARA
RYBAKER - B L FEXFEMLEH PET-Ml) X&s
BEREEVBMEERY Y (&4 PET-M1-C18 £ PET-M1-C21)
RERA AP Lo ET XA R L NERMA S EE
TEEE  HEUHEANARIHZETREEABHRT
Z el o MEBTHMZEMTEAGNE FEANEZ TR EAHF
M RETRAERA SRAMIEBEEUI4R—KRBRA -

3.LDL = 4%

B Egg (BEF ER(W)-6 Hard) &S RKRA
0.5-1.0 mL Z % » BAR B AR Z M EHSET T H
EiB T4 B M o 204 3000 rpm (1200x g) 3% 15 min 74
B4 03-05mL 2 & 0 W 4CTFT4RF%E A o B apoE #:/4
MR FRERERERES  RWARFLFHRIU 145 mM

18



ZABRRBREFTERBIAE ERGEHRERBY L
FoRALTERENAZEHARBLERLLOBEARCE
TS M 2 AERBKMEHEMEEO6mL HAC T
FTAE ik B (44k rpm (152000x g) ~ 16 hr) - B BRI &
LR 2mL 254 &8 VLDL &4y (p<1.019 g/mL)> 4 P & F
#9854 B A 2 mL NaBr (p = 1.22 g/mL) » # 4°C F #4724
% ik 8w (44k rpm (152000% g)~20 hr) o &/ BERE - /B 2
mL % $l& &2 LDL ¥4 (p = 1.019-1.063 g/mL) » % § 4%
PACTRBAGEHR  REHALEG]1 28 -

. BT SAEET % LDL St B4 (lag phase)

% 800pL k& 47 Z LDL uA 200 pL ~ 50 uM Cu?* (45 &
#% LDL ¥ 2 BE B B2 IR E A 50 pg/mL) » 7238 4 44 32 Bp 4% 8]
4 234nm FTRABEFHZEICEN AUk T Linmz
ERE ETHLHEHEYS LDL St B - BB
EHAHRACH R T X IRIEH (propagation phase) +74% (i@id
2 R E) M X $hZ B IE 0 L Ty (min)k 72 o

. ##] LDL ¥ «a -tocopherol #54 &

& Bui (1994) Az sx 2z HPLC ;£ 4 # LDL ¥ ¢ -
tocopherol Z 4 & ° & 5% retinol acetate XA B K LEE P » 45
BIRE A 2.5 WM > SLIER#E A RES » B #9 4324t HPLC &
EX WN4Z# (internal standard) i#4F LDL B 7, &2 f 8 4 5%
##E H a-tocopherol ° B 200 uL & 4% Bl 852 & 2 LDL 5 fu
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A 200 pL = RES » ;24 4% 24 1 mL 4 0.04% BHT (w/v) Z i
THEEAT R BIZKEZE D 4 min-# F 5 & 4 2000x g

5min ZfREHCE > REREFR0S5mL EAKRFZ 3mL #
AR T ARARIE BRI 4 BARELLARR

#-70°C F & R M) ° % # AT LA mobile phase (acetonitrile :
tetrahydrofuran =7 : 3, v/v) 100 pL % » HPLC Z 4 #7 & 4 4o
F

(1) BBEHRBER o |
4 2.5 uM retinol acetate & 0.1 pg/uL 2+ q -tocopherol

(2) HPLC #&#+
(a) B4
Reversed-phase column: 5C;3-AR (4.6x 250 mm, 5-um

particle size), Nacalai, Japan
Guard column: 10C,g (4.6x 50 mm, 10-um particle size),

Nacalai, Japan

(b) % :

acetonitrile : tetrahydrofuran =7 : 3 (v/v)

(c) AR B :
Diode-array detector (HP 1040M series II)

(d) mAl®Kk -
¥ ARk K > 292 nm 18 3] a -tocopherol » 326 nm 14 B

20



retinol acetate
(e) AR * 1 mL/min
(f) B8R ¢ 12 min
(g) E4+88% 20 uL

(3) HELK
Rz LDL + ¥4 % 2000 EEEE » A4
LDL-cholesterol Z i & * Bl A7 B 200 uL z LDL solution ¥

B4 % 8 LDL Sak # % ¢
[LDL-Cholesterol] (ug/uL) 1 mole
LDL (u mole) = X x 200 pul
Mw (Cholesterol, g/mole) 2000 mole

& ©49R & 4 o -tocopherol 2 & L2 B AT B - Bob AR E
X BME  THREAZREEIZEASE (HEERR
TRAREGZ A EORABRSTRNRELZ BTG/
A TH) BURBAERTHRELANBLZREFBETE
R E @A 0 Bk TTHREE 200 pL LDL 8% ¥ 44 2 a
-tocopherol &4 -F3# 4 :

a-tocopherol [El, (ug/ul) 100l InmL
X X X 7™ x 20uL
A Mw (o-Tocopherol, gmole) 20 05mlL

(umole) ~

RP A BRI DR DR Ao BIRE &) B
[Elo A4 % 22 A -
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B Lt R, T #EFHE LDL ¥ A74 K X a-tocopherol
ZaFEA

o-tocopherol/I DL~ 4 [El (g/hL) Mw (Cholesterol, g/mole)

(mole) = X

X
A, [LDL-Cholesterol] (ug/il) ~ Mw(orTocopherol, gfmole)

x 2000

i # A cholesterol $L a -tocopherol Z 5 F & (%5 3 4
386.66 g/mole $ 430.7 g/mole) » 23R TIHF 7 AR ¢

a-tocopherol/LDL A - [El, (Hg/ uL)
(mole) = 1795 x — X — ‘

A, [LDL-Cholesterol] (ug/puL)

b o 3 L EXRA F-F L0
1.LDL = 58

2t 31 LDL 2 435 K3 FE (2)-3 Arid -

2. AR EAREBNBEEFEGZSH
B 10 pL # 8B 2 /s B 75 8 10 pL Sudan Black ;&4 %
& 1.5hr R8T AEAEF bd (=)2 Frri -

3. EBBRREZ A
AR E 10 uL #%#Fi8 2 s B &iF ~ VLDL £ LDL B8] & &
BlEREE » BIEFHikd (=)2 Al o

22



4, Z B HHBEREZ R E McGowan et al., 1983)

% A B %% (enzymatic GPO-PAP method) » A Merck 2
) & & z triglyceride enzymatic kit #47 - X B AU E — 4
Z lipase W =B H B KB AH AN HHBLB
glycerol kinase $2 glycerol-3-phosphate oxidase {1t 4 i@ &,
1L &, > " & peroxidase #1t 7T #§ H,O, #1 4-aminoantipyrine &
2-chlorophenol R E A £ e &M E U R & - U= B H hEs 2 2
& (200 mg/dL)H 142 2 eh 4 > £ BB 051020~ 25 uL
e 1 mL RBER (BB triglyceride kit 2 3R £ & ®) 32
¥/ EFRTHE 10min- A E 500 nm F X R K4d > E4E
ARAE o R FE B2 B iF 10 pl w1 mL R AR -
B H 500 nm F2RAEEAKE R THRES =8 H b8
e

5. Ak AER

(1) & 12 X BAERE - GEEES 01 mL 2
pentobarbitol (45 mg/mL) {# EhMyac 4L 38, > & F 44 B P
GMBERIEFET  RIAEA CRBEBZIMBIEZBCE
BRABYBUEERLBARELRMET -

(2) K e B R4 F 47 4 L 4% 0k 9T BARE S B > 31 BP X
R ETCHERA AN ES D o OB R R H
B &k % & (iliac bifurcation) S H| 7k & & 2 ¥ &8k

BTHRTESKRLEFTAEE—BF - USLIEETF o
23



5B X #8k (abdominal aorta) ¥#%A% (diaphragm) 7 &
FRENGRADINNELE G AR LHERNES
RZ E b8k X (3o B EHAR) 3B RIEFEFSH H @
HEREFF > AUAY A o RIBREF - FEEZHRRE
J Rk B A4 E 2 B £ 98k (thoracic aorta) ) -SHEH
G RAE B A E CRALEE L -

(3) U FHERHK DAL » BB F@BERRNEKZ
Eamdnx 0 RT TS SHRER O RE — R
T #H LY T4 1 mmkE&SHK (femoral artery) Z
B g Bk %X & (iliac bifurcation)#] B - % A PBS (pH =
74) PHERE -

(4) PR BMETUARESTESSREIGRABZIES
mek sy Ak Sh B (adventitia) B O HAREBREFHE
NEBR WA IS o A CRAEBRBHKT @B 0 R
E#Mk T (aortic arch) EEFH » AURFT VT FuRE
Bk B EELSERA3540cmZ EHMk (S E&KT)
AREE A PTHMESRABESRE S AREK - T T
Z & % £ BBk iRE KN4 4% paraformaldehyde = PBS
Bik(PH=74) FRITEBE L 5 BARBFRHB MR
RFRREEHIK B FEHIKZAE PBS P4 4CTF 4
o3 o

6. XEAK F HAREIL DR R L

24



(1) EAkx €32

HEROCHEFEBFTELZTZHIK KA BT FHER

#AT A4 632 (paraffin embedding)

B &7 &R B HBATEF

Z (fixation) 4% paraformaldehyde 1.5 hrx 2
(in PBS, pH 7.4)

A7k (dehydration) 50% ethanolic solution 30 minx 2
70% ethanolic solution 30 min
80% ethanolic solution 30 min
95% ethanolic solution 45 minx 2

100% ethanol

i% B4t (clearing) xylene

% (infiltration) xylene : paraffin=1:1,
55-60C

¢,32 (embedding) paraffin, 55-60°C

50 min, 30 minx 2

10-30 sec

30 minx 2

60 minx 2

BB OCRNELEENZE IR AN CAE SR G 2

15em’ Nk AR ANREBER
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Q) EHKIZ A

AFEEESHKIZCHEREEARKY  BEINEB
RERREB IR BRETR > AAXEOum Z7 B B
EMEGRER > BRAEAS um 291 R BE NS BTY
Ao X283 KA 122 mm- H:Eg 10 BB #£E%E
100-150 um £ BT E — B X h ' ho b EHE B EE T
oA 10 BmtiF 100 Ainh - 1B A EH L2
IR NCHE 40-44CRBEBTRTBE » BUAEHEE
BB FE I EM 500 ug/mL poly-L-lysine K %% 2 %% A
WA BREA LRFBREEZ 23 RH - HA N 3T
THE# PR A 30 min - RABMEEL TR 4T TRAE
A -

Gk z% e
HFrABTEZEHRIBERIIA SR—A B BT

Rl BHERENERBRREBRACELE FTIERZE

N

(a) BLHE, : E# xylene ¥ » Rk 3min> £H=Xk ;

(b) KAL : 23 BH 100% B ~ 80% BB R AREF
K% R 3 min ;

(c) "% & . EH Mayer’s hematoxylin ¥ 12 sec » 48 g 484 41
BER] > BRI KRR AR K

(d) 7Kt © 4% hematoxylin $ &48 2 % h B R EH7K F Kk
1.5-2 hr» R 2 R & A LBMEREZH
R Z@B A MERER LA
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(e) % &  #A eosin %ﬁisﬁﬁzmﬂfa%z%’—:é » BT A
120-150 sec ° aTdayb*ﬁ-ﬂﬁﬁ UL B R AE S

(D MK FERRZIER T IRk BB T0% B
R~ 95% BEHIER - 100% EHEERBRE
Xylene &&=k

(g) ##h ' RERHLERGAEHER Lty xylene » Fili L b
Z Entellan o B FE3k R4 45 LB R E Bp
TREFZEENERT o

(4) MERF
HEELERZEFHFRIMANALBEHRETER
Fxt (lesion) LM > EULLBOERERETZHY
AR ARBEILBR T R E F Wik (progression) H B
18 (regression) Z 3}, % o

(5) BIRHBKRBRICBRMZAEH

BRI EAMNA TR BB BRI AR &L
(LV-2 computer-assisted morphometric planimetry ) » s+ &
EVRREBRZAD o £ RRFINERE b AL BEME
MARZE B hIURE SR EABR A AHBE
TREE  Upm 27X - AR BNBEMETIHER
R o HHRRAA LT TR (media) BEMEHFEZE
o EEBADUEMEX 100 pm? Rz o B R EHYT
BEIREZ ORBMENE  RAZAGH MBI A
o BPTRRZAHMN EEHIK S X IR KRR KL
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FH @K -

() AR R
AKEARZZABTREMARELRAR 7T X HEEEGRH
B AL ZHEE RN UL E TR ALK
% o

1. REFZER

SR EM=22)F NN 20 RE 30 K (FHERAE
231822 &) BEELGRALAGAA LI HAERETNRLE
B&# - Body mass index (BMI) ##* 20 kg/m* %] 25 kg/m’ 2 7
(E34E 5 21,912 kg/m®) » BRAT3I RAZFHRE R ALY
ABRAEFMELFHAABARUVET R BH L 22 2%
REM A G EEE (ZH 2HE<100 mg/dl) B %M &% H
B £2<240 mg/dL ~ 7 Af fn 75 = & H ik 85<200 mg/dL ; BFIhAE
AFHEAHBEE S XREFRFEFR HERABERET
B BEZHARRATHAM 2 EG T -

SHRELETHRAN 3 AFHLRAT B ¥ZHRLTIE 4
FTERRLAAKCRH LA A 24 I FERAGREFEEA
BRETE THRUMUAFBAELEKRETIEARR 22
AR RERE BEAKREHREELA-RZIARE
REMRUEEREEORBZEAR (wéH) BFRAZZ
HRE o RTRARKERS - FRAMAZTELEY X
AFHRRRBEEGZHEN -
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2. BB

RAEHEH T AR L LEeL a (PET) A 16 A
¥ %4 (Greentea) HFO A TEHREA TR > pHMNE 0 X8
FTRE R4 BFZRRERSE N LEF 9:00 #H BRI
15 mL EAFR SRt Bl BB BEF - TRUBEAS
RAERA 1000 mL ~ 2% (W/v) Z EER X KGR — RN KR
BT BERNEZRABRBREAREKA  UBEL2REAT
R B R kR FE

3. FEFBALES X

KT RABEE 0 AR ERSRERYH &
B FNTHBE S 97C 2 1000 mL #7K 5 min (3 56 05 P &
REEKBAE IITC) R 5% (W) ZiBRig » Bl %
KGR 2% (W) BENZAFTHRPER - 5 AAER 2-3
RRZHEZGH REBRBIFEERGZFESHEN ACAHE TR
EEBAFK  UBEARHRT S ABBEILE-Y - 654
DERHBRZIHOR ML EABBIBAL -

4. ILDL = a8 #

812-14 r XM RERE AN EFTHREOREE T X
LA 9:00 3 ER#F ks 15mL EA3TCKB T4 E 1.5hr
BENACAIETHE Lhro H 4CF & 1200x g 2Kk %
& 15 min R o iF 0 ORI 4 mL e iE 55 EAA Gk
BOET BN 145mM 2 A2 Ak 2ml o 45 48585 3|
ZFOmL o HERSBERARME (=)-2 HAr -
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5. A EARALFEEGZ,H
RIOPL &S REAFORBE T RZaF w10l
Sudan Black /& &% & 1.5 hr R ERBAEF FHEH (=)-2
P o

6. FEEI B = B HihEs R B X AT
BEZBEMAREORAEF T RZAFABHRBE O, &
RiFZ LDL &3 10 pL» 2 R E o B4R E B - n/F =8
HiEs i LDL BEBZRE RRZHER (=)-2 it -

7. HDL #% B 8% iR & Z R &

Bl E F kAR hFE (Lopes-Virellaetal., 1977) - i &
48 %% (enzymatic CHOD-PAP method) @ 3& Merck 72> 3] %
& Z_ cholesterol enzymatic kit RB| T EEEBEEE - EREAF
A %8 #] (phosphotungstic acid + magnesium chloride) #% 4~
apoB Xl & @ik MY A LFRHIEP AR A HDL &
#| A HE B BF 4% 80 38| Br =T (4% HDL-cholesterol - R E % 7% &
B 200 pL s F Ao £ 500 pL & & > NEBRTRSHIER
J& 10 min 4 ° 24 10000 rpm (9440x g) #. Smin » BR EFH &
100 pL Au A 1 mL 2 B% B 8% 4 8] 3 B R & (4% B& cholesterol
kit 2 RAEERY) > R TREKAE 10min > # 500 nm 4 B
H 9% 5618 - HDL-cholesterol  if & & & jo{d T A4 # 222 »
2 mg/dL &2

8. M F ¥ o A bEZ AR
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BRERLBRERAKEZHRART U - Bohsk
BRSHBLG  AERBEAXKBEE  RAHHAILEH
MABREIT N LR E 0K E R (blood ureé nitrogen;
BUN) -~ AL &F 8 (creatinine; Cre) ~ % A% Bk & Bk (alanine
aminotransferase; ALT; SGPT) # % F9 & B¢ & & &
(aspartate aminotransferase; AST; SGOT) - H B & # X AL
ZREFZORAE T RAH 200 uL 2 b iF > LA B BB 2 N8
BERAE LAAHRERI UL ©FHE LR RR68E  SiB8
FRELZELBRABZIHE > 45 min PTHRE A1
B2 #E -

9. M| X 4R #EF3% E LDL R4t 8 % 41
B 800 pL &#0h% Bl 8%/ & A& #7 2 LDL juwA 200 pL -

50 uM Cu”” (EZA BRI % ¢ LDL BESEES S0
pg/mL ~ Cu® R B % 10 uM) » %432 4 %4 3L Ep 4R B4 234 nm
TRAGBEFMZBEHEY > ARRFLBEHZERE

3t e b3t B 4RsE TS ¥ LDL Sib B EANZ K
43 WA Tig (Min)&R T Z o & AL e 42 3 7T £ 43 G /b A 45 Bh g8
BREMRHEZ EE B AAy RE T TRMAES LDL
PEAREAE B S EAEL HHEILZRE -

10. oo 77 5 & Rs By B 2 5 #F7
AN B A% A Noma % A(1973) 12 # 3 48 Demacker % A
(1982) PRtz ik - o F PR BEBEV B ARG E S
(albumin) A7 44 M@ > & pH=89 BAspr s 4 % 4 BH
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Wy BEFETES BUREREBEREWANZER @ BT
BIESTOnm FTXRAEMBE L HBEVEZ ST -FAAZ
BB 2 F -

(1) FEERK :

chloroform : n-heptane : methanol =28 : 21 : 1 (v/v/v)

(2) ARBER
sodium citrate dihydrate 075 g
triethanolamine 6.71¢g
copper (II) nitrate trihydrate 3.25 g
sodium chloride 25¢g

U EARERASB BN _RKERHESL 100 mL > X
NaOH # % pH £ 8.9 4 C A ETIREO6MEA -

(3) Z2& R
B 1-(2-thiazolylazo)-2-naphthol (TAN) 10 mg /&# 100 mL
EAKLEY RERTHRARRBEHLELE H4CTE
HEEFTIRAE 34 24 -

(4) £ &
#% margaric acid (Cy7.0; % F & 270.5 g/mole) EFE
# ¥ 0 Bk 300 pg/mL Z BEFFRARIEN 4°C o £ B 5 5
B 0-~10~25~50~75~100 pL H 42 £ 4 > & 570 nm
BAZRFEEABEGRTRE 0 7 PSR R Z
BE (ApM &7 ) -
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B Hy ke F AL

S0 pL X i g e ABEIB A F (10x 130 cm) * AuA 0.5
mL Z 88 R &% 14 iR 4) R & 5-10 min » B/ SAe A 2 mL 3B
RETER  WARBATABUAB S E ST AESHERE
BREEDBELEEWE > UEF B vortex xR Bk
#) 10-20 sece B 5% 244 24 2000-3000 rpm (4 1200x g) f&ik
B 5-10min > B EFR 1.0mL juA 05mL 2 &% 52 4%
R & S min BP9 R & 570 nm F 2% H 1

FE LK
RE WM)= ZR @B 2458 (ug)x 2/50+ 270.5x 10°
= HREHRBEZSF (ug)x 1479

11. #x78] LDL ¥ «a -tocopherol &4 &
R EFHR ()-S5 thrrit
& %18 LDL ¥ A74 a -tocopherol ¢4 B » o & /B 4238
TRERRERZHA%L * RE €4 LDL 2 L8R MNA
HEHTER -
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() #3t o Hr
HHHUPHEEE £ (meantSDI)RET » MK
Ex 2R 4 LA unpaired Student’s t-test Z #t3t F AL & &-48 2 B
2 2R FAER MM %A P-value /R 0.05 0 Bl A S
mEFEEEERE o AR E R LA paired Student’s t-test 2
BRI FELEBERANAREAEHNZIEZER - & P-value
005 AIRABAFBRELER -
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-8R

%
g

— A RXTRSHHT I EREM N

(—) PEERZHHEEZAEERFZELE
AP EREAT 24 hr IR ERE S 18.0% - FEmHY
(PET-M1) #T8BEREEH @ RESHZBEXRITH L 31
BE& Y EohZBmi R (5 XhEzbp) A 87.9% -

(=) PET-MI & ¥z #7187 & & #7 ¥ lovastatin Z 41 &%

SR 31 BE 24 » 408 PET-MI-CI~PET-M1-C3 44 2
ETHZERSS (THRGEEEREHE) #ETZ28EE
> ¥ % A wi (PET-MI1-C4~PET-M1-C10, PET-M1-C10~PET-
M1-C16, PET-M1-C16~PET-M1-C22, PET-M1-C22~PET-MI-
C3)) BAAAEZBGRETHBAEAREY » BB EESL
BiE 3-1 - B 3-2~ B 3-3 28 3-4 - & Re{& #|#7 4 PET-M1-C16
# PET-M1-C17 B % #84 lovastatin Z 644 * G BRI A 2
BEBYTRESWERAZREZ— - ”

—“BoWAKRDPPH A h k24 H

HEE M 10 pg/ml ZIRE TS 2H% DPPH B g 2
B 35 34% PET-M1-C18~PET-M1-C23 B4 50%3A b 2 #p ¥k £ -
WA H X BEE S, BITRRREZRR (B 3-5)  LH2 R 98 H
# (PET-MI1) - & & 24 ~ probucol 2 DPPD 5 B a4 /7 » 2 1
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ICso (BAA 50%Mr#IAE 052 RE) 2% » 53 % PET-MI (6.0
nug/mL) + PET-M1-C18 (4.1 pg/mL) ~ PET-M1-C19 (2.8 pg/mL) + PET-
M1-C20 (4.1 pg/mL) ~ PET-M1-C21 (4.9 pg/mL) ~ PET-M1-C22 (7.5
ug/mL) ~ PET-M1-C23 (10.7 pg/mL) ~ probucol (13.6 pg/mL) % DPPD
(5.3 pg/mL) - PET-MI-C18~PET-M1-C2]1 # KM & s A% £ 4 4
probucol 2 2.8-4.8 BT WEE S A A BEZ ER A B RN -

Z B HH AR T Y LDL S/ 2R

(—) ## LDL =% %

HEBSERDRBECH 82 LDL A2 55 L
EEZBRTHBBTAZRAN L - & 3-6 RAHBES
BEALER Thodhif (F—547) THRE=ZBES -
@ L% T 55 %HDL - LDL #2 VLDL » @d VLDL (%= -
7) RITT A2 VIDL E R RBAE L% 2 LDL E 4> & LDL
(F=-m -~ €~ N\47) A{E—18 LDL 2B % o &l pb % E 4
BAR = iR BE QAT - BEFT4F 2 LDL (p = 1.019-1.063 g/mL) » B %
AR RG2S WTHANARFHE LDL f4c2 8o
K5 -

(=) & ¥ HlsAsEF3% % LDL 1tz ICso &
AFEE WL 10 pg/mL 28 E BT 5 b4k T E
LDL fibZ 4R % 3.1& PET-M1-C17~PET-M1-C25 &4 50%
bz ¥l % 0 B4t# PET-M1-C17~PET-M1-C23 £ +H &

TR FREZ A (B 3-7) - PET-MI ~ & 4% - probucol
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DPPD #p #4787 3% % LDL &1t ICso{& % %] & PET-M1 (3.6
pg/mL) ~ PET-M1-C18 (2.4 pg/mL) ~ PET-M1-C19 (2.4 pg/mL)
PET-M1-C20 (3.0 pg/mL) » PET-M1-C21 (2.7 pg/mL) - PET-
M1-C22 (5.0 pg/mL) ~ PET-M1-C23 (7.0 pg/mL) ~ probucol (3.4
pg/mL) $2 DPPD (2.1 pg/mL) - &1 ICso A REBE » RHAEFR
DPPH g & A& #i¥pwlsR&k T35 % LDL fiibx %k > % X PET-
M1-C18~PET-M1-C21 A& 5% > Mo UAEEoHWEEA 1
pg/mL~5 pg/mL & 10 pg/mL f£4R 8 T3 % LDL Szl E
SHHERERAZIERREER S T L REBEANT
LR RETHIEALRERNZIIFEN GELHE 3-8)

(2) o3 4lsR8EF35 % LDL A4b248 $Hp 5] 7E H Ko

LA probucol & #p#|4F & T35 % LDL f4t ¥ 2 ICs & E %

1.0 8% > & 445732 probucol Z AB ¥ HlEMFE LM E— - ML

EE Mz EREEL (activity unit) RHEF > THBE Wb

LERERXTFEREHZIHFELE 5 LK F A PET-MI-C17

(1.4%) ~ PET-M1-C18 (15.8%) ~ PET-M1-C19 (12.3%) - PET-

M1-C20 (2.5%) ~ PET-M1-C21 (6.2%) ~ PET-M1-C22 (15.6%) ~

- PET-M1-C23 (2.1%) » A& R ELMB 49 2R BRI ES

EABRESETHZAHIGFH ERERUAE r L FEEM IS T
2EE BRUAgREFTZ -

B LF% DPPH B b st h #idp4l4asE-F35 % LDL &
ICREN RFET > X BB ERBZER BT BH A M
lovastatin Z & 4 # €4 7 PET-MI1-C18~PET-M1-C21 %6 & &
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BB HNETRABRALEERESY -

W~ KR

(—) Bz A RRN - BERLAMYITE

ApoE # &/ B2 SR % 5 M8 3-10 - %@QJ%E ‘8 Bz
FARMNE KRR BETHHERRLET - ABRRKR
@ FEHMEREEERZE | Ba BRI FE £
AEBRBRMABERZFANE 285288 SahmiE
BH AR BER | |

ZuBHBERWET 8 ANBEZRILEHFLUE
3-11 » & % KB #¥F control 48 24.3+1.5 g ~ DPPD 4 24.4+23 g ~
PET-1 (0.5% PET) 4 24.94+2.2 g s PET-2 (1.0% PET) @
245423 g # A% 8 EEF control 4 27.7+2.9 g~ DPPD &
28.3+3.0 g ~ PET-1 42 27.0+1.8 g $2 PET-2 42 29.3+18 g &4
ZMESRIT EZER (P>0.05)

BB ZBRE B ERALERRE > M b8 AT
EEBETT (R3-2) masY A S HAAMRALLEIEREEL
£ (P>0.05) TaHHEHRREFEREIMER FRAEY
Z ATEHM -

(=) FPREEEZIFFEL |
B3-12Br8as BB AL T PEEREGX
DA BT & B 7T 400 apoE 14/ B A 8 0EF 20§ VLDL (K
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oA B-VLDL =R &) K#H A LDL » #f£p = 1.019-1.063
gmL ZSEENBEEEAZR—RZERH %%/ 844 HDL A
Bz &4 > 12 apoE #:/8 N B AE R B2 B — 4 & 8p 5 HDL A E
& #%f HDL X ERES B L) - BRI KAB THoLA
HMESBHNRABE TG I TR -

() o PREEIBE - —BA H hBs Lis B G RE B BL E 5 2 8 1L

#n 75 % Bl &2 ~ VLDL-cholesterol (p<1.019 g/mL) $2 LDL-
cholesterol (p = 1.019-1.063 g/mL) A wmiaa gy faw 8 B %
HEABEEZERE (P>0.05) GF4M433) mA=ZBEhiss
EX @ wasya 5 A control (93.1423.6 mg/dL) - DPPD
(115.7£10.9 mg/dL) ~ PET-1 (152.2436.0 mg/dL) # PET-2
(158.9£29.1 mg/dL) > DPPD #a ~ PET-1 #4a 1 PET-2 423488 % 5
#> control #48 (P<0.05) » # PET-1 4241 PET-2 tah a2 182
Bt Lz £E (P>0.05) -

() $A#T3% % LDL 128 (lag phase)

AFAE B AR SRS 5 8RS LDL > 3% LDL-
cholesterol J& & £ 50 pg/mL » B A& E % 10 uM Z Cu®
L EACRAE » 1% 15 min B R % 234 nm F 2% A48 » AE H
AL M RKIFAACZBHH (T > min) » G 8 B
R R 1% 2 Ty # % %A control (159.5+77.5 min) ~ DPPD
(163.2450.7 min)~PET-1 (126.4+37.0 min) $& PET-2 (118.1423.3
min) (3% % B @ 3-13 ~ 3-14~ 3-15+3-16~3-17 2% 3-4) » Wi
BN T BRFHIT L ER > BRLEERRXESYZBE
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T EERAIHBEERVTHAEETSE LDL 8941t -

(Z)LDL % q -tocopherol 24 &

B 3-18 4 a -tocopherol #%ﬁ%éﬁééﬁé’ﬂ% LDL F -
tocopherol Z HPLC K& E#% > R o =F M % 3—4. g X8
5k {248 F 1.0% PET (PET-2) & X LDL A a -tocopherol 5~ &
(13.4+2.2 molecule/LDL) B # {& # control % (20.8 6.0
molecule/LDL) (P =0.036) @ & 4 & 48 R Fv control 4878 & #.3t
tz £3] (P>0.05) > &#|A a-tocopherol i Ty, E/THE » #
RmEAERZAEMM (r=084>P<0.0001) (%% K@ 3-19)
Bp % 7% LDL A74-Z a-tocopherol #t 8 % 8% > Lxﬁlﬁliﬁ%%%iﬁv
LDL St BRMR TR

X)) TR I hFTABBERNE (morphometri‘c) #EXR
w48 By 4230 8 AR R AR 0 LB AR ET & T
B SRR B (lesion) 24 M5 BER
B PET2 A2 B EHERR ASERREFANIPLEER
(Bpattmpp); MEMC=ZEETAREZHEL  EaHEE]
SEFREGEAFEARS FSHE 3-20 - 3-21 ~ 3-22 - 3-
23) o

() £#8k 3 %@ (lesion area) Z R E 4 F
G IEE L B R A AL SIS A+ B PET-2
oh o A A 8RR R AL R T8 B BB
control 2 1 € ~DPPD 423 £ 2 PET-1 443 & - &hFZ A K
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FRBEZTE > BRrEaEBmER%ad ey B B
BHEZAGDBE LRI R BUASL ) 2% THE
4z lesion area $Ltb F 4K A & : control 48 (7.0+13.2x 10° Om?)
(26.7%) ~ DPPD 41 (4.8£12.0x 10> pm? (17.1%) - PET-1 #
(6.6+15.3x 10° 1 m?) (20.0%) # PET-2 48 (13.4+22.0x 10° 4
m?) (37.1%) » PET-2 s @M B S AN R4 =t (P<0.05) (3%
2K E 3-24) -

() 2RI RMEEHALE TR (nedia) ZLL{ER LR
AR ZRMEBREESTF > 0% 7R @H (media area)
EVEN B 0 TRF—L{E - &4 (lesion area/media area) ratio &
F-#% : control 4 (0.05:£0.10) ~ DPPD 4 (0.0240.06) ~ PET-1 &
(0.04£0.11) 32 PET-2 42 (0.05+0.08) » 482 M &K th3t L2 £

£ (P>0.05) (35 £ B B 3-25) - |

A~ AT

(—) £RHHkN
BRTRZEBRFEEFZAA S RE2REREE
RAEBAREAE > IR ERTHEMEARIAELEL -
HEAZRES  TAXRFEATASFEFCBZIER 2
REBRFTENREVETRER -

(=) oFPRHEEEZHSHFEH
B 3-26 BAr B RX PET) GAKA N AL PIESY
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THZEH BB VEETIBEE T FIE T R LIEE KA
AEFRTRREBEOLESCE LIRS  HES/LBEZRE
(e LDL 2 k84 B #|87) N2 A %% - %57 LDL I apoB Z 3%
G ERI B AR BARERKZES

(2) i A ALE Z HR]
RISERIOABALERFHEFZRANH TG R A
BB X BHEN » LG HAE (ALT 2 AST) L Fh5
(BUN#Cre) 2 4#  -dk T4 BB7T R 2%ZEXEA LR &
HRUAEEHEXBEELERE (P>03)-

(W) foF PHEEIEE - —BEHibBs S R QBB AL 8 B 2 %1k
7T RZ AR % > @ FHEE 8% - LDL Bk Bl 82 2 HDL A% B &%
RERGEEBRERRGF BT HRABREHRYE (P>0.05)
GF£B&37TH%38) MAeRFZBHhesHd  4A L

%%ﬁ&%%&%*%%#iﬁ%é%&%(hﬂ%y

(&) sR&F3% % LDL &bz &%

B 3-27 88 3-28 A TIHM L FER AT REAKA TR
A& * LDL ASRBEFHEFaLBRE P REEHZEREN T
BREA T RALACSRGEFRHALERZEY - Ad ]
RREERAIRENER LERRXEE 0 X654 113.6431.1
min’ § 7 RFBEFE KA 13474303 min (P=0.011) > 3£ Kt &
% 18.6% GES MK 3-9) E& X et R F A ABERERHY
(day 0, 106.6+20.9 min ; day 7, 105.4+15.4 min) (35 £ M % 3-10)

42



HH 234 TRABEZBEE  AHLERaR&EXutR 7
RIEEAApunm M REBI G LBF 2% (P=013 & P =
0.24) -

(7N) Lo 7F ¥ BE RS By BR 2 5

Bk 3-7THEX 3-8 T4 FBesiEmkseasLErs
% 0 X (406.61207.8uM) ~ % 7 Xk (387.9+213.8 uM) B &KX
% 0K (346442356 uM) ~ % 7 X (291.8+110.8 uM) #Z %
BITLZZE (P>0.05) B bR P 2B BEIER
REWIEABRZIER > MR T B HbEs 22 R E8NAF
MR E AT 2 VLDL & % 248 B M T R JE & 578 X4k B
BRATEHEZIARBERBE - B 3-29 874 A LIFRLHN
&ﬁﬁﬁﬁﬁﬁﬁﬁﬁiﬁﬁma&ﬁ&%&%izﬁ%ﬁ
B > ThEATHRTILHASLE  FREZ EHAMM (r=-0.69,
P=0.0029) BPk~NAEBRRA L ERRRZBERT RG> Ehig bk
BEASRIBLT (87 > AFBAE AR VLDL R £Bp b o (k¥ =8+
s X ER B VLDL) > BA-F AWy sa 2k ey Bs 24k B (lipolysis)
TREZ B -

(+£)LDL ¥ ¢ -tocopherol Z 4 &
3-30 % a -tocopherol 1% # S #2 A8 LDL ¥ ¢ -tocopherol
ZHPLCR&AEE® L FHFEMA3-9RA3-10- & RE7F !
%2748 a -tocopherol & & % 0 X8y 8.7+1.6 molecule/LDL
BRI B F 7T R4y 10.122.1 molecule/LDL (P = 0.0004) ; # 3%
MRl H 0 Rey 82+2.4 molecule/LDL BRE# B % 7 X8
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9.942.8 molecule/ LDL (P = 0.047) - BAH 0 XA E 7 X 8§ Ty,
¥ o -tocopherol 4 E X X ¥FF— 1AM E H 4B 3-31 85
7~ % LDL ¥ a-tocopherol Z 28 # fusf > AT, 18 F & K F2Z A8
o emEERE%RINZEMM =031,P=0.16)-
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3 3-1. HEECRHEHEYYBEREITE S UGS F RS REEE
EHEZTEE

Table 3-1. Inhibitory activities of Cu**-induced LDL oxidation of fractions

isolated from Pu-Erh-Tou tea methanolic extracts (PET-M1) by

using silica gel column chromatography.

IC s500of Relative Weightin Activity Percentage
LDL activity PET-M1 unit in total

oxidation (g2) (2) activity

(ug/mL) (%)
Probucol 3.4 1.0 - - -
DPPD 2.1 1.6 - - -
PET-M1 3.6 0.9 54.0 48.6 100.0
PET-M1-C17 4.9 0.7 1.0 0.7 1.4
PET-M1-C18 2.4 1.4 5.5 7.7 15.8
PET-M1-C19 2.4 1.4 4.3 6.0 12.3
PET-M1-C20 3.0 1.1 1.1 1.2 2.5
PET-M1-C21 2.7 1.3 2.3 3.0 6.2
PET-M1-C22 5.0 0.7 10.9 7.6 15.6
PET-M1-C23 7.0 0.5 1.9 1.0 2.1

1. PET-M1-C17 to PET-M1-C23: fractions isolated from PET-M1 by using
silica gel column chromatography.

2. The relative activity of each fraction was expressed as ICs, value of probucol /
ICs, value of compound. For a fraction exhibiting equal inhibitory activity as
probucol in Cu**-induced LDL oxidation, its relative activity was set as 1.0.

3. Activity unit was defined as the amount of material needed to cause 50%

inhibition in the Cu**-induced LDL oxidation. The value of each fraction was

expressed as weight in PET-M1 X relative activity.
4. Percentage of activity was defined as the activity unit of each fraction/ activity

of PET-M1x 100
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+& 3-2. BREUTFRIETR} 8 812 apoE RIE/NEBSE - FTEEMSNTTE
Table 3-2. Body and liver weights of apoE-deficient mice after a 8 week feeding
period.

Control DPPD PET-1 PET-2
(n=7) (n=8) (n=8) (n=8)

Body weight (g)
After 8 weeks  27.7+2.9 28.313.0 27.0+1.8 29.3+1.8

Liver weight (g) 1.4+0.3 1.4+0.3 1.310.2 1.5+0.1
Liver wt/Body wt 5.1£1.0 5.0£0.5 5.0+0.4 5.0%0.1

(2/100g)

1. Each value represents meantS.D.

2. Data at the same row were not significantly different by using Student’s t-test
(£>0.05).

3. Animals were fed for 8 weeks. Control, high cholesterol diet (0.15%
cholesterol); DPPD, high cholesterol diet plus 0.5% DPPD; PET-1, high
cholesterol diet plus 0.5% pooled PET-M1- C18 to PET-M1-C21; PET-2, high
cholesterol diet plus 1.0% pooled PET-M1- C18 to PET—MI C21
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3% 3-3. ApoE /N IV e B R EL — BR R (B R i B e & 1 BE

BEREECEEESE

Table 3-3. Serum cholesterol and triacylglycerol levels and VLDL cholesterol,

LDL cholesterol in apoE-deficient mice.

Control DPPD PET-1 PET-2
(n=7) (n=8) (n=8) (n=8)
(mg/dL)
Serum
Cholesterol 726.0£194.0° 763.2+142.6* 761.3+53.5* 760.8+121.3?

Triacylglycerol ~ 93.1+23.6° 115.7+10.9° 152.2+36.0°
VLDL cholesterol ~ 304.7+114.9° 325.3+114.9° 309.6+45.5°

LDL cholesterol 287.5+58.67 288.4+58.6° 286.9+24.3f

158.9+29.1¢
280.4+67.3°

292.8+49.5°

1. Each value represents meantS.D.

2. Data with the same superscripts in the same row were not significant different

by Student’s t-test (P>0.05).

3. Animals were fed for 8 weeks. Control, high cholesterol diet (0.15%
cholesterol); DPPD, high cholesterol diet plus 0.5% DPPD; PET-1, high
cholesterol diet plus 0.5% pooled PET-M1-C18 to PET-M1-C21; PET-2,
high cholesterol diet plus 1.0% pooled PET-M1-C18 to PET-M1-C21.
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7= 3-4. BREITEIETE 8 JHRZ apoE #RfE/NE sl TR B R EEEEH
SNSBEAEREE
Table 3-4. Cu**-induced parameters and o-tocopherol content of LDL from

apoE-deficient mice after a 8 week feeding period.

Control DPPD PET-1 PET-2

(n=7) (n=8) (n=8) (n=8)
Tag (min) 159.5+77.5* 163.2+50.7* 126.4+37.0> 118.1+23.3°
AA34nm 0.327+0.046° 0.337+0.034° 0.345+0.054° 0.341+0.038°

a-Tocopherol 20.846.0°  15.6£5.6°  14.8+4.6°  13.4+2.2°
(molecule/LDL)

1. Values of each group were represented as meantS.D.

2. Ty values were defined as the intercept of the tangent drawn to the steepest
segment of the propagation phase to the horizontal axis of the Cu**-induced
LDL oxidation curve and expressed as min.

3. Data with the same superscripts in the same row were not significantly
different by using Student’s t-test.

4. a-Tocopherol content in the PET-2 group was significantly lower than control
group (P = 0.036).

5. Animals were fed for 8 weeks. Control, high cholesterol diet (0.15%
cholesterol); DPPD, high cholesterol diet plus 0.5% DPPD; PET-1, high
cholesterol diet plus 0.5% pooled PET-M1-C18 to PET-M1-C21; PET-2,
high cholesterol diet plus 1.0% pooled PET-M1-C18 to PET-M1-C21.
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F 3-5. TEERE AR MTE TR B ThREfE B Bk,
Table 3-5. Serum concentrations of ALT, AST, BUN and Cre from
healthy subjects before and after Pu-Erh-Tou tea

supplementation.
PET (n=16)
day 0 day 7

ALT 36.416.8 38.7£7.8

(UL)

AST 29.1+£5.9 31.1£7.0

(U/L)

BUN 12.8+2.5 13.1£2.2
(mg/dL)

Cre 1.2+0.1 1.2+0.3

(mg/dL) .

1. Each value was represented as mean*S.D.; all values were not
significantly different on day 0 and day 7 by using paired
Student’s t-test (P>0.05).

2. PET: 2% Pu-Erh-Tou tea hot water extracts.
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Table 3-6. Serum concentrations of ALT, AST, BUN and Cre

from healthy subjects before and after green tea

supplementation.
Green tea (n=6)
day O day 7
ALT 37.2+8.0 33.319.0
(UL) ‘
AST 26.21£3.9 23.216.6
(U/L)
BUN 16.8+2.9 16.0£2.0
(mg/dL)
Cre 1.2£0.1 1.2+0.2
(mg/dL)

1. Each value was represented as meantS.D.; all values were not
significantly different on day 0 and day 7 by using paired
Student’s t-test (P>0.05).

2. Green tea: 2% green tea hot water extracts.
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Table 3-7. Serum total cholesterol, LDL cholesterol, HDL cholesterol

and serum triacylglycerol levels from healthy subjects

before and after Pu-Erh-Tou tea supplementation.

PET (n=16)
day 0 day 7
Serum
total cholesterol ~ 181.9+£22.5 179.7+£25.0
(mg/dL)
Triacylglycerol 110.7£26.1 108.1£21.9
(mg/dL)
free fatty acids  406.6+£207.8 387.9+213.8
(LM)
LDL cholesterol 98.2+16.8 96.7£17.8
(mg/dL)
HDL cholesterol 48.749.5 49.7+7.8
(mg/dL)

1. Each value was represented as mean*S.D., all values were not

significantly different at day 0 and day 7 by using paired Student’s
t-test (P>0.05).
2. PET: 2% Pu-Erh-Tou tea hot water extracts.
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Table 3-8. Serum total cholesterol, LDL cholesterol, HDL cholesterol

and serum triacylglycerol levels from healthy subjects

before and after green tea supplementation.

day 0 day 7
Serum
total cholesterol 172.2422.8 171.3+23.6
(mg/dL)
Triacylglycerol 108.6+32.9 128.8+38.5
(mg/dL)
free fatty acids 346.4+235.6 291.8+110.8
(M)
LDL cholesterol 96.3£19.3 94.8+19.0
(mg/dL) |
HDL cholesterol 46.8%7.5 45.4+7.0
(mg/dL)

1. Each value was represented as meantS.D; all values were not
significantly different at day 0 and day 7 by using paired Student’s
t-test (P>0.095).

2. Green tea: 2% green tea hot water extracts.
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Table 3-9. Cu**-induced parameters and a-tocopherol content of LDL

from healthy subjects before and after Pu-Erh-Tou tea

supplementation.
PET (n=16)
day 0 day7

Tiag (min) 113.6131.1 134.7£30.3°

AT)sg (min) - 21.1£21.0
AA34nm 0.640+0.035 0.62240.033

a-Tocopherol 8.7+1.6 10.1+2.1°

(molecule/LDL)

1. Values of each group were represented as mean+S.D.

2. Lag phase values (T\,,) were measured by absorption at 234 nm

and expressed as min.

3. A T4 value was presented as the value of lag phase on day 7 minus

the value of lag phase on day 0.
4. Values with the a (P =0.011) and b (P = 0.0004) at day 0 and day

7 were significantly different by using paired Student’s t-test.

53



= 3-10. BRENARTRI T A E AR ERELE A2 BEET

MmaeE
Table 3-10. Cu*’-induced parameters and a-tocopherol content of

LDL from healthy subjects before and after green tea

supplementation.
Green tea (n=6)
day 0 day 7
Tiag (min) 106.6+20.9 105.4+15.4
AT}y (min) - -1.2+24.8
AAr34nm 0.688+0.051 0.655+0.039
a-Tocopherol 8.2+2.4 9.9+2.8"
(molecule/LLDL)

1. Values of each group were represented as mean+S.D.

2. Lag phase values (T,,) were measured by absorption at 234 nm

and expressed as min.

3. A Ty, value was presented as the value of lag phase on day 7 minus

the value of lag phase on day 0.
4. Value with the a (P = 0.047) at day O and day 7 was significantly

different by using paired Student’s t-test.
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Fig. 4-1. Silica gel thin-layer chromatogram of methanolic extracts of Pu-Erh-To
tea (PET-MI1) and its fractions isolated from silica gel columu
chromatography. 0, PET-MI; L, lovastatin; 4-10, PET-M1-C4~PET-M|1
C10. Adsorbent: silica gel 60; mobile phase: n-hexane: ethyl acetate=2:

(v/v); Detection: UV (366nm) and iodine. LB, brown fluorescence; LR

red fluorescence; LG, green fluorescence; LY, yellow fluorescence.
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Fig. 4-2. Silica gel thin-layer chromatogram of methanolic extracts of Pu-Erh-Tou

tea (PET-MI1) and its fractions isolated from silica gel column
chromatography. 0, PET-M1; L, lovastatin; 10-16, PET-M1-C10~PET-
M1-C16. Adsorbent: silica gel 60; mobile phase: n-hexane: ethyl
acetate=2:1 (v/v); Detection: UV (366nm) and iodine. LB, brown

fluorescence; LR, red fluorescence; LG, green fluorescence.
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Fig. 4-3. Silica gel thin-layer chromatogram of methanolic extracts of Pu-Erh-Tou

W

tea (PET-M1) and its fractions isolated from silica gel column
chromatography. 0, PET-M1; L, lovastatin; 16-22, PET-M1-C16~PET-
MI1-C22. Adsorbent: silica gel 60; mobile phase: n-hexane: ethyl
acetate=1:1 (v/v); Detection: UV (366nm) and iodine. LR, red

fluorescence; LG, green fluorescence; LY, yellow fluorescence.
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Fig. 4-4. Silica gel thin-layer chromatogram of methanolic extracts of Pu-Erh-Tou
tea (PET-MI1) and its fractions isolated from silica gel column
chromatography. 0, PET-M1; L, lovastatin; 22-31, PET-M1-C22~PET-
M1-C31. Adsorbent: silica gel 60; mobile phase: methanol; Detection:

UV (366nm) and iodine. LR, red fluorescence; LY, yellow fluorescence.
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Fig. 4-5. DPPH radical scavenging activities of fractions obtained from Pu-Erh-

Tou tea methanolic extracts (PET-M1) by using silica gel column

chromatography.

The ICs value was defined as the concentration of each compound needed
to cause 50% inhibition in the DPPH scavenging system. The values were:
PET-MI1 (6.0 ug/mL), probucol (13.6 pg/mL), DPPD (5.3 pg/mL), PET-
MI1-C18 (4.1 pg/mL), PET-MI1-C19 (2.8 ug/mL), PET-M1-C20 (4.1
ng/mkL), PET-M'I-CZI (4.9 pg/mL), PET-M1-C22 (7.5 pg/mL) and PET-
M1-C23 (10.7 pg/mL). DPPD, N,N’-diphenyl 1,4-phenylene-

diamine.
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Fig. 3-6. The polyacrylamide gel electrophoresis of human serum, VLDL and LDL.
Lane 1&5: serum from healthy adult
Lane 2&6: human VLDL
Lane 3, 4, 7 and 8: human LDL
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Fig. 4-7. Inhibition of Cu**-induced LDL oxidation by fractions obtained from
Pu-Erh-Tou tea methanolic extracts (PET-M1) by using silica gel
column chromatography.
The ICsy value was defined as the concentration of each compound

needed to cause 50% inhibition in the Cu**-induced LDL oxidation.
The values were: PET-M1 (3.6 pg/mL), probucol (3.4 pg/mL), DPPD
(2.1 pg/mL), PET-MI-C17 (4.9 pg/mL), PET-MI-CI8 (2.4 pg/mL),
PET-M1-C19 (2.4 pg/mL), PET-M1-C20 (3.0 ug/mL), PET-M1-C21
(2.7 ug/mL), PET-M1-C22 (5.0 pg/mL) and PET-M1-C23 (7.0 ug/mL)
DPPD, N,N’-diphenyl 1,4-phenylenediamine.
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Fig. 4-8. Inhibition of LDL oxidation by fractions of PET-M1 separated by silica

gel column chromatography.
PET-M1, methanolic extract of Pu—Erh:TOU tea. Fractions were

obtained by stepwise elution with n-hexane, ethyl acetate and

methanol.
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Fig. 3-9. Distribution of inhibitory activities of Cu**-induced LDL oxidation by
fractions PET-M1-C17 to PET-M1-C23.
The inhibitory activity unit was defined as the amount of materials
needed to cause 50% inhibition in the in vitro assay of Cu**-induced

LDL oxidation.
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Fig. 3-10. ApoE-deficient mice derived from C57BL/6J strain.
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Fig. 3-11. Growth curves of four animal groups in a 8 week feeding period. Body

weight of control , DPPD, PET-1 and PET-2 animal groups were
27.742.9, 28.3+£3.0, 27.0£1.8 and 29.3+1.8 g after 8 week feeding
period, respectively. There were no significant differences between the

groups by using Student’s t-test.
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Fig. 3-12. Distribution of serum lipoproteins from apoE-deficient mice after a 8
week feeding period.

Lane 1: human serum
Lane 2: CT

Lane 3&4: DPPD
Lane 5&6: PET-1
Lane 7&8: PET-2

a1



0.40

o

w

o
1

Diene formation (A 234 nm)

0.00

]' L] L] 1’ LS L l T
200 400 600 800
~ Incubation time (min)

4-13. FZEHFH apoE wfE/ NERVEE B E Qi T A E S (LB i

PUEEIRRY L RIB T

Fig. 4-13. Time course of Cu**-induced oxidation of LDL obtained from apoE-

deficient mice fed with control diet.
Conjugated diene formation was measured at 234 nm. LDL (p =
1.019-1.063 g/mL) was isolated from pooled serum samples of one to

two mice. The mean lag phase (T),,) was 159.5+77.5 min.
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Fig. 4-14. Time course of Cu**-induced oxidation of LDL obtained from apoE-
deficient mice fed with 0.5% DPPD.

Conjugated diene formation was measured at 234 nm. LDL (p =
1.019-1.063 g/mL) was isolated from pooled serum samples of one to

two mice. The mean lag phase (T),,) was 163.2+50.7 min.
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Fig. 4-15. Time course of Cu**-induced oxidation of LDL obtained from apoE-
deficient mice fed with 0.5% fractions of Pu-Erh-Tou tea.
Conjugated diene formation was measured at 234 nm. LDL (p =
1.019-1.063 g/mL) was isolated from pooled serum samples of one to

two mice. The mean lag phase (Tj,;) was 126.4+37.0 min.
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Fig. 4-16. Time course of Cu**-induced oxidation of LDL obtained from apoE-
deficient mice fed with 1.0% fractions of Pu-Erh-Tou tea.
Conjugated diene formation was measured at 234 nm. LDL (p =

1.019-1.063 g/mL) was isolated from pooled serum samples of one to

two mice. The mean lag phase (T,,) was 118.1+23.3 min.
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Fig. 3-17. Time course of Cu**-induced oxidation of LDL obtained from male
apoE-deficient mice fed with various diets.
Conjugated diene formation was measured at 234 nm. Lag phase
(Tiag) of LDL oxidation of control (n=7), 0.5% DPPD (n=8), 0.5%
PET (n=8) and 1.0% PET (n=8) groups were 159.5£77.5,
163.2+50.7, 126.4+37.0 and 118.1+£23.3 min, respectively. There
were no significant differences between the groups by using

Student’s t-test (P>0.05).
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Fig. 4-18. Chromatograms of (A) a-tocopherol standard and retinol acetate and

representative chromatograms of (B Control, (C) DPPD, (D) PET-1

and (E) PET-2 groups.
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Fig. 4-18. (Continued).
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Fig. 3-19. Plot of lag phase (Ti,) of Cu**-induced LDL oxidation in relation to o-
tocopherol content in LDL obtained from apoE-deficient mice fed with
various diets.
The Tig values were defined as the intercept of the tangent drawn to the
steepest segment of the propagation phase to the horizontal axis of the
Cu**-induced LDL oxidation curve and expressed as min. o-

Tocopherol content was determined by RP-HPLC.
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Fig. 3-20, Photographs of transverse sections of aortic arch obtained from apoE-
deficient mice after treatment with control diet. (H&E staining, A:x
144, B:x 360)
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Fig. 3-21. Photographs of transverse sections of aortic arch obtained from apoE-
deficient mice after treatment with control diet plus 0.5% DPPD. (H&E
staining, A:x 144, B:x 360)
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Fig. 3-22. Photographs of transverse sections of aortic arch obtained from apoE-
deficient mice after treatment with control diet plus 0.5% PET. (H&E
staining, A:x 144, B:x 360)
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Fig. 3-23. Photographs of transverse sections of aortic arch obtained from apoE-
deficient mice after treatment with control diet plus 1.0% PET. (H&E
staining, A:x 144, B:x 360)
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Fig. 3-24. The lesion area of aortic arch in apoE-deficient mice after a 8 week
feeding period.
Lesion areas expressed as meantS.D.x 10° pm? were measured in
H&E-stained sections from aortic arch and calculated by
computerized-LV2 image analysis system. The areas were defined
as the summation of lesion areas from animals of each group over

the total number of sections of each group. The results were:

Control (7.0£13.2x 10° um?), DPPD (4.8+12.0x 10° pm?), PET-
1 (6.6£15.3x 10° pm?) and PET-2 (13.4422.0x 10° um?). *P =

0.04 vs control group; ** P= 0.005 vs DPPD group and ***P =
0.03 vs PET-1 group.

80



0.16 - —_—

0.14 -

0.12 A1

0.10 -

0.08 -

0.06

0.04 -

Lesion area/Media area ratio

0.02 -

Control DPPD PET-1 PET-2

[ 3-25. %8 8 JAAYETE apoE fkFE/ N I BIAR S pe A T R ELL IS o S T R
< LL(E
Fig. 3-25. The ratio of the lesion area to the media area of aortic arch in
apoE-deficient mice after a 8 week feeding period.
The ratios of four groups were: control (0.05+0.10), DPPD
(0.02+0.06), PET-1 (0.04+0.11) and PET-2 (0.05+0.08). There

were no significant differences between four groups by using

Student’s t-test (P>0.05).
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Fig. 3-26. Distribution of serum lipoproteins from healthy subjects before (A) and
after (B) 7 days supplementation of Pu-Erh-Tou tea.
Lane 1: human serum standard
Lane 2 to Lane 8: sera obtained from before (A) or after (B) 7 days
supplementation of Pu-Erh-Tou tea
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Fig. 4-27. Time course of Cu**-induced oxidation of LDL obtained from healthy

subjects before Pu-Erh-Tou tea supplementation. Conjugated diene

formation was measured at 234 nm.
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Fig. 4-28. Time course of Cu®*-induced oxidation of LDL obtained from healthy

subjects after 7 days Pu-Erh-Tou tea supplementation. Conjugated

diene formation was measured at 234 nm.
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Fig. 3-29. Plot of changes in TG in relation to changes in FFA from healthy

subjects after 7 days supplementation of Pu-Erh-Tou tea.
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Fig. 4-30. Chromatograms of (A) a-tocopherol standard and retinol acetate and

(B) a-tocopherol in human LDL by RP-HPLC.
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Fig. 3-31. Plot of changes in Ty, of Cu*"-induced LDL oxidation in relation to
changes in a-tocopherol content in LDL obtained from healthy
subjects before and after supplementation of Pu-Erh-Tou tea and
green tea.
The T, values were defined as the intercept of the tangent drawn to
the steepest segment of the propagation phase to the horizontal axis
of the Cu**-induced LDL oxidation curve and expressed as min; AT,
was defined as the Tj,, on day 7 minus the T),, on day 0; a-tocopherol
content was determined by RP-HPLC; Aa-tocopherol content was
defined as the a-tocopherol content on day 7 minus the a-tocopherol

on day 0.
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Z & 54 ik A 4 apoE s ig /s B2 4 X ¥ & - LDL &5 &1t
BRI -aRSHTRAABENE S HZEILAILFRESL
PET-MI1 %2 36.8% (A% 3-1) TR A A A B At A1a ¥
ERERH 2L EESZESY (3o PET-M1-C22) ATk -

(=) BRI AL R EH MWK AEIL & ZIF

ARTRERAFDNROBMRELERRE IO ALE
LDL Sfb& R X R & P SRA X EdE 44 (DPPD &) 4.2
EEZATHEMBETHE DL LILER B2 KL
(Tangirala et al., 1995) - # R E R E > THA R TRETH
%z LDL fibBir LRLZBEHBKR > BHY R £ BT
RoRIEERE T, THREGHITLZRE - 28 & 547 LDL
A a-tocopherol Z 24P HE R S 8HH T, B kE £
a -tocopherol 2 ER A%  E XM AERAZEBH ¢ =
0.84, P<0.0001) *

BRARGYERBRIBEZELTRIRE2MEA  iv
TEMBHFFEATCA 23 B RRARCEIARE LW
&£ R P8 % (intermediate lesion) (Nakashima er al.,
1994) - A IEE R B AMBIHWA I AT » B TW
BT hALRMENNZEE EAARE 10 AR MR
B2 HABMHLELRS N R LBETHHZ R £
Ei@BK %K PET-2 A% LRAEOHABEIRANL
=@ EHAREREBRAIKUBLEZEFQERARE
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Bl H SRR BRIE B A EE L ERLXETHER
THERMKEILE R Z T IRY B EFE T R PP
BRI BT ERTHRAA L& HHBFEEGR
M m AR E R EXF X RBE (Palinski er al.,, 1994;
Tangiralaet al., 1995)- A E BRI Y RWA L — & | G EK
Bk (5 X8k 3) 2 SudanIV e & (2B s 2 ER
B RAWRTHRERBEZ T AR Ak y XRR
EHM G IBME F LM B EMERD 0 BIEE SR
HEREEMBZIHL B BEELF T NEBERAE 2H5 K,
rHEILEmM o ApoE #:fa ) B X EE SRR EH L
PR BCZ R EREZAHBELEBIRAELRES
BIAZhESR (WBEHRLTZ - BRI X)) THKS
SHAMAREIRZHEHIRZMBE (aortic valve) L B
(Nakashima et al., 1994) - & & kE 75 A& #7 20 Lb 8 30 ik A8 AL &
Mo THRMBE 1.0% PET Al mted mMER A mA
control #4832 DPPD #a# KrAfis MR A AR/ BLF &
REMRGRELBERRE W AB IR KAEIL ? F—
BB A BLIE L -

(=) MEALB A S X, T BRI AA N BB KB ILAE
J1 Z ;3

BAIFZ S MBABHERAENER ARG
KL T BB RNE % (NZW rabbits) ~ 3k 457 5
(miniature pigs) $1 4 F#& 78/ & (transgenic mice) (Bocan et
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al., 1993; Holvoet et al., 1998; Smith and Breslow, 1997) B &7
B LDL 89 84t m F AR KRABILG BRI APTESL
HARRZ RS L SR AACE 24 A 4% LDL & &
1t » 7 sb¥p 5] By ARk AL &Y & & © Probucol £ 2 4h K 5 F
B RZIACRIRERS &Y B R A NZW %5 WHHL
%P INAF B RFZ B ARG ARIEK R (Mao er al., 1991;
Prasad et al., 1994) » 1298 %4 4 NZW % &3k 2 4% (Stein et
al., 1989) ; £ A#8%y PQRSTEE KRB ¥ » THAEBE L E
% BE B 82 B 5 2 Ak $h Ak 3B Ik Bt (Johansson et al., 1995); £
R H/ N EM A P 0 484 probucol 4% 4 apoE %R/ & 5
LDL receptor #2/& /N B ¥ F B 38 &k T $h Bk 3 ik 22 1t
(Zhang et al., 1997; Bird, et al., 1998)- £ /s & #& K, F probucol
BB KRB BKBRBICTRE FEAEIKT HDLy 24 % >
ETEHASEERGHE  #AT LDL 22 emBERRE
& a -tocopherol 3% LDL ¢ A ey 2 fm ik 12 LDL %
XA E—EHLRK -

I XRK P 45 & SR &1L B 0 &35 a -tocopherol
BHT z# 73 &% %/K CS57BL/6 /R AEEMERZ A KR
BHT @& 2Bk TER AL EHR  REXEZRRAEH T
NRAERORB XA TR BRACERERREA
AL #7128 AR AR AR AL &Y I 4AE A (Munday et al., 1998) -
B ML L 89 ] F 7T 42 » @3 a -tocopherol ~ BHT $ probucol
SR RMR AR BALARI TR A TFHATALERY
ZIHEAC R B IRIRBALER 2/ R A% PR A
QIEHSEEERE (BT HDL-cholesterol) $2 & #& 4
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LDL B AEAZARESR AALE M 5 2 8 Bk ik A2 1L o
Ble EARAEMBEX T AR AFBREIGERGEEEZAH
% P % > {24733, LDL /i a -tocopherol k& 2 A& 54
ZREFERARY AMBNHRFERYE AGMERAER

LRERETHMEMTHETRERLERRT AR ER
S MAE R ARBERZRIFE - ERARARIDELEART
BEBABEREZIRHARAT LDL FRRMH a-
tocopherol + £ 3% & LDL % % T 73 bk 4 SAE 8t 4336 -

Hayek et al., (1997) #|F apoE 4/l §4E 3 T 408 ~
quercetin $2 catechins Z & ALy ARH AR BEIL K R - &R E
R T A B EARE AR AR AL R R X | A 2 &k LDL &t
Z B {2 d L catechins XM ERE - XA F
quercetin ~ kaempferol % # % K &M g 2 flavonols » f & /&
RREBRBRELFFRRLR HERA LTS LEY
B-RRFBALEREFLERD KB AR FHRER
TLEN BRI AR AR AL 2 =T R MR 821K 5 @ flavonols B & 16 & K
B MBAEAALESHAZIHEETRARAKR Bk (1997) #
AEgeikEdmge SD RKE & » mERTH& LDL
Z AR AR R AL ERY dithH - LER

RELITHMFRECTEHDERARAEBATRARTZREA

fLEM B ABBRREEZELT RaS&EEeBNARE
BRI R -
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ECARTRERZEH
(—) BEXzAHEM

AABTRETE24H IDL 2 bR HE TR
B8 X SAFRBFTLEUKA 7 AREANAY -
LDL 4 R85 ¥ 6 KM BSR4 B 2-3 X (Esterbaer et al.,
1992) £ T RABZHEATORUBRE LDL 2% % 2%
FopHniteE A BRBSHRE EXARNBRELH
Bz MG REBR FREAETERRES ¥
N R ik SRt R EOREE Y LA
EMT St LA B8 2L #® - De Rjjke er al, (1996) s
Carbonneau ef al., (1997) 35 » A4 F 4 & A T » LDL
JEEBRE® LDL Sfbz MR ARFE AEBHE » Gt
Tho EHHRACBNATREBELRBOBELE R
Mt RERBEHRETOI AN ERNAHILALLY £
IR, o

(=) Bz HLAILkE

AP RFERKAEFRE T RETHEER LDL f4t
2B > BT SUBE £ 5 b0 LDL A o -tocopherol 24§ -
BT B4 4% LDL SALSRM 27 - AEBRIEARE S
2% 5% AT BEIR T AL CABRTRATAZE
B MR & (Serafini et al., 1996; Ishikawa et al., 1997) 42 iR
BERWLBFEFT—BRZIEFREE (405-1.0%) EREFF
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BHEBBA20 AXFEETBRIORABAGES - X
TR M BB KB Z AR AR TR TRAR
BB A B A 2 8 K o KB LB & kLo
BB ER AL — B TRABN F e EARE TS EH

M AEESHHRBREILREERET B KL RS
EZHAALA e R #14%3% LDL % % 21t A B -Hayek e
al., 1997 45 &> % LBy $A1b 4 12 £ % 45 38 ¥ 7T A ether bond
%2 LDL b apoB #4744 {2 B4k 4o bk 12 3442 5 R 8RS &
B IDL 2@ Y KRMALEEELEFLoEANBILEMRTER
TN EE T LR NELDL &4 - #EFHY
k' RERE LDL #@8ETHRS S A BILoHA
Bl » A H % LDL F q-tocopherol £ B ¥ 4u » B &k & A
HRAEEE - S AHBILS M EBRRNZIRUEEE L2 R
R P ZBREAN F BHETARRA R 3 N EFARN IR
BLEAL A 8K B he (Maxwell, 1996) ; Tijburg et al. (1997)
BRARE SR B2 NZW £ 4 5 & Vitamin E 8 &
# Bp4f 3B d )& P o -tocopherol 24 F F #1457 &0k {E4F o
BRI EC N BEE e H - AEEMAL 3 ABESY
HALEEANABE  HAEBRBREIXAREARENRE
FOMBAAMNOAARLREELDERA TS S THHE
ez AR R il MERY  TARERSAFE
Bk Z A4 & (Hertog ef al., 1993 and 1995; Knekt et al.,
1996) » g AR AR T RZEHTRAUINMA LA LR
2 73 - McAnlis ef al., (1998) #5 # » &3 2 4 F 4o K78 3
N AR T R4S 8542 LDL %% A4 -
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ZEAABLRRARES ARBEILSM AN RIS K
AWM HMBRALRXFHE 3-6 hr NEHHER®EIFE A A
24 hr £ &3k PP R B 7% Y (McAnlis et al., 1998) » &3 3£+
oo HEERE ABRBAASHTEARRNFLE A XK LHE
ZBESBNAERE  BHAORAICRFBERIURE
LDL A b8t MM EeR K - Bt KRIMBERKERIREA
LB LDL 2 X ZHARERELE -

(=) KEMEFAALE L LDL MR M EALB 2 B 4

Esterbauer et al. (1992) AR V43R » T LUiR8EF 5 H
LDL R4tes - LDL WA72Z 8 5 PRMEHRALR & &4
# 0 Mk E — BRSP4 a -tocopherol - KA RE R > Kk
EEHHEXXRABET®R ° & LDL A a -tocopherol #t 8 3%
imdf > LDL Loy BFMR TR K RELCELGRAR
Zd@m o GRMEAELET E i FaAE G LDL Na-
tocopherol ## & M 2t % LDL &) £./t8 s (Reaven et al.,
1993; Dieber-Rotheneder etal,1991) - a -Tocopherol FEL
RELRBREFRKEFREALALE TS AL
(recycling) > #o#t 4 % C ~ ubiquinone % ; Wu et al., 1998 45
B REEAKEERACBZIALKERGTTREE iz
mEARE % LDL F @ -tocopherol 2 # & - M R & & /FE
RRGRXF #EF CXLELERS  UERXZHEATE
LDL A a -tocopherol #4154 Mm% m$ B > B3R X H 4K
BEMA(ERLS S ABBILEY) ik (Tiburget al,
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1997)° B #a/5L catechol ¥t B FERILEY (X FH
quercetin) /5585 % 4 & B (phospholipid bilayer) % #4 + &
TR FHEEBIFEAACRE S 60 (Terao et al., 1994) » R
A7 69 30, /K M b o -tocopherol & R4 %5 0 s SRS H 2 R B
AT AREEBOAB AEAAFR AR P RALS &
AEBE T EBAY  EEH IDL A48 > ETH#
B B4 b 8 5 B AL ) $1 4% 3 IR a -tocopherol A3 A
e R e R & @ & E A Lby B8 N R IE - o Princen et al.,
(1998) A IERBFTAHENARTER  KRALRX - &R
RER S UBBEE LY 4 BLEREP TR RSAAY
LDL #8/b8R Mt - G RBT > X PR AL E &
THEBINE RIFZHRACAE A 27T A5 B 28 P B REOR L
FE R EHZREE B RBBEEAEBRNILALEAR
RomBREZRFINARITRAFIEZIER LS
AP MERTRRAEOR AN AR FTH bR
LDL WA R EALB X ZER > M2/ /%% LDL %%
FALEanz B &) o

FARFIFBEAEFRRXITREEH w LDL AN a -
tocopherol #5 4 & & 16.1% (& & A #7 &9 8.7+1.6
molecules/LDL 3% /v 2| F 4 # 10.122.1 molecules/LDL) -
RTHLBEFARSE T LDL &) S8R M5+ Bk T T
BHGERFREAARN TR TEGRLETEFTRE Hd¥
eba BN NRER AR Z S E XA ALLEET (P
lipoxygenase) #9 7& £ M & /& 7 LDL & & 1t £ K
(Parthasarathy ef al., 1989) 84 3% 5 #1545 th T # A%
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M3 BALE T4 LDL &) R AR MA > a5t % C
(Frei, 1991; Fuller et al., 1996; Harats et al., 1998) ~ glabridin
(Fuhrman et al., 1997) - &L 7 A $k % 35 & 48 % quercetin #
apigenin — B # BRERBARAARRLZAGNHE TR
B2 % 6975 (Janssen et al., 1998) BAF $hAR# K AL B & T
ERASHESABHRBILEYMAEREUHBEIL EIFEEDN
B M E NGB BLTHRALER LSS ABRRALS
MZ M (R~ 2B MAER) Mm% LDL & SAL8UR
Mo BT HERANHKBRELGBE -

W~ AW RS X M B S

EARRT 0 dRBHTRAARTRAELS DL flbk
Bt eh & R E 3R — B MAT AR A B Sk KB 2 %
ABBILSMER AR L2 28 2— 5 BETAERR
FALB SRS P AR A 4 b oh PIAREE © B HL RLIE A
AR TG &ES% R IDL 4 B T4 #ELER% LDL &
R PR AC B AR, - 3% LDL % 5| B M3 v © KB
MR EICH A S L RIER T RERIAE > Bl $ A8
BALOMERNZRUCKARE  BRIERRBBAZFT X h#H
HALEZER  SRELBOERIZ AR EBARESS
BT h XABREIRALZHR > 27 TRLDL 2 &2
&4 ML PR a -tocopherol A4 - iEZ|47# LDL %% At
Z B8 RERARACERRONEESN S A% > &
R RIS 2R BT R e e B AR B
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Rz EAMME RAXAFTHRXTHRIEEEZ R E FR LDL ¥
WMEZBEAY  BEGBKEEZRNT Y EARENRERE
fe®] > BEE % UBMBTRESZHMEATRRE  wips 1L
KRz BE MR ACRRSHRBKRIZ B8 BT

Ri&E—FZHR -
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LTERRRTFTEBEYVIOBERBESWE A RBEZE
HAALFE M > {24 apoE /8 N B RESHME X £/5% K LDL 84 &
LR PE B3 B Sy AR AR AE I - AR KB T RIB 7 Ry L5854
Mt "T#HE¥ DL A4 F E&#e4EmEELDL &9 8 /b8 A M -

100



e~ 53 UK

A¥HE. REAERBHFEFRIEHYLE. o % 199224 (12): 16-27.

HEE LEXERIEEZER BX &8 RER LA RAELHX. 1997

RN SELERERERHLERNAR. F-BH-ARRERESHTH
#3%X. 1995.

TR PRHEFIRAXEHAR. PRLEFZFEREHATERXE THHARL
KR AL. 1994

RESR FEFLBERDTLZIAR. B EERERIHIALAALRX. 199.

Bk ER. LERFHWHBEREESAMZIAR. BLERXERIHARFAR
P %8 43 3. 1997.

Acker, S. A. B. E., Berg, D.-J., Tromp, M. N. J. L., Griffioen, D. H., Bennekom, W. P.,
Vijgh, W. J. F. and Bast, A. Structural aspects of antioxidant activity of
flavonoids. Free Radi. Biol. Med. 1996, 20 (3): 331-342.

Andersson, C.-M., Hallberg, A. and Hogberg, T. Advances in the development of
pharmaceutical antioxidants. Advances Drug Res. 1996, 28: 65-180.

Armstrong, M. L. and Heistad, D. D. Animal model of atherosclerosis.
Atherosclerosis. 1990, 85: 15-23.

Bird, D. A., Tangirala, R. K., Fruebis, J., Steinberg, D., Witztum, J. L. and Palinski,
W. Effect of probucol on LDL oxidation and atherosclerosis in LDL
receptor-deficient mice. J. Lipid Res. 1998, 39: 1079-1090.

Bjorkhem, I., Freyschuss, A., Breuer, O., Diczfalusy, U., Berblund, L. and
Henriksson, P. The antioxidant butylated hydroxytoluene protects against
atherosclerosis. Arterioscler. Thromb. 1991, 11: 15-22.

Bocan, T. M. A., Mueller, S. B., Mazur, M. J., Uhlendorf, P. D., Brown, E. Q. and
Kieft, K. A. The relationship between the degree of dietary-induced
hypercholesterolemia in the rabbit and atherosclerotic lesion formation.
Atherosclerosis. 1993, 102: 9-22.

Bonorden, W. R. and Pariza, M. W. Antioxidant nutrients and protection from free
radicals. In: Kotsonis, F. N., Mackey, M. and Hjelle, J. eds. Nutritional
Toxicology. New York : Raven. 1994, 19-48.

101



Braun, M., Hohlfeld, T., Kienbaum, P., Weber, A.-A., Sarbia, M. and Schror, K.
Antiatherosclerotic  effects of oral cicaprost in experimental
hypercholesterolemia in rabbits. Atherosclerosis. 1993, 103: 93-105.

Breslow, J. L. Lipoprotein metabolism and atherosclerosis susceptibility in transgenic
mice. Current Opin. Lipidol. 1994a, 5: 175-184.

Breslow, J. L. Insights into lipoprotein metabolism from studies transgenic mice.
Annu. Rev. Physiol. 1994b, 56: 797-810.

Breslow, J. L. Mouse models of atherosclerosis. Science. 1996, 272: 685-688.

Breslow, J. L., Plump, A. and Dammerman, M. New mouse models of lipoprotein
disorders and atherosclerosis. In: Fuster, V., Ross, R. and Topol, E. J. eds.
Atherosclerosis and coronary artery disease. Philadelphia: Lippincott-
Raven Publishers. 1996, 363-378.

Brown M.S. and Goldstein J. L. A receptor-mediated pathway for cholesterol
homeostasis. Science. 1986, 232: 34-47.

Bui, M. H. Simple determination of retinol, ¢ -tocopherol and carptenoids (lutein,

all-trans-lycopene, @ - and B-carotenes) in human plasma by isocratic

liquid chromatography. J. Chromatogr. B. 1994, 654: 129-133.

Carbonneau, M.-A., Leger, C. L., Monnier, L., Bonnet, C., Michel, F., Fouret, G.,
Dedieu, F. and Descomps, B.. Supplementation with wine phenolic
compounds increases the antioxidant capacity of plasma and vitamin E of
low-density lipoprotein without ~changing the lipoprotein Cu’'-
oxidizability: possible explanation by phenolic location. Eu. J. Cline. Nutr.
1997, 51: 682-690.

Catapano, A. L. Antioxidant effect of flavonoids. Angiology. 1997, 48(1): 39-44.

Chen, C-W and Ho, C-T. Antioxidant properties of polyphenols extracted from green
and black tea. J. Food Lipid. 1995, 2: 35-46. ‘

Davies, M. J. and Woolf, N. Atherosclerosis: what is it and why does it occur? Br.
Heart J. 1993, 69 (suppl.): S1-S11.

Demacker, P. N. M., Hijmans, A. G. M. and Jansen, A. P.. Enzymic and chemical-
extraction determinations of free fatty acids in serum compared. Clin.
Chem. 1982, 28: 1765-1768.

De Rijke, Y. B., Demacker, P. N. M., Assen, N. A. Sloots, L. M. Katan, M. B. and

102



Stalenhoef, A. F. H.. Red wine consumption does not affect oxidizablity of
low-density lipoproteins in volunteers. Am. J. Clin. Nutr. 1996, 63: 329-
334.

Devaraj, S., Adams-Huet, B., Fuller, C. J. and Jialal, I.. Dose-response comparison of

RRR- ¢ -tocopherol and all-racemic & -tocopherol on LDL oxidation.

Arterioscler. Thromb. Vasc. Biol. 1997, 17: 2273-2279.

Diaz, M. N., Frei, B., Vita, J. A. and Keaney, J. F.. Antioxidant and atherosclerotic
heart disease. N. Engl. J. Med. 1997, 337: 408-416.

Dieber-Rotheneder, M., Puhl, H., Waeg, G., Striegl, G. and Esterbauer, H.. Effect of

oral supplementation with D- ¢¥ -tocopherol on the vitamin E content of

human low density lipoproteiné and resistance to oxidation. J. Lipid Res.
1991, 32: 1325-1332.

Dreosti, I. E. Bioactive Ingredients: Antioxidants and polyphenols in tea. Nutri. Rev.
1996, 54 (11): S51-S58.

Elinder, L. S., Hadell, K., Johansson, J., Melgaard, J., Holme, I., Olsson, A. G. and
Walldius, G. Probucol treatment decreases serum concentrations of diet-
derived antioxidants. Arterioscler. Thromb. Vasc. Biol. 1995, 15: 1057-
1063. | |

Esterbauer, H., Gebicki, J., Puel, H. and Jurgens, G. The role of lipid peroxidation and
antioxidants in oxidative modification of LDL. Free Radic. Biol. Med.
1992, 13: 341-390.

Esterbauer, H., Puhl, H., Dieber, R. M., Wang, G. and Rabl, H. Effect of antioxidant
on oxidative modification of LDL. Annals Med. 1991, 23 (5): 573-581.

Ferns, G. A. A., Lamb, D. J. and Taylor, A.. The possible role of copper ions in
atherogenesis: the Blue Janus. Atherosclerosis. 1997, 133: ‘139-152.

Finger, A., Kuhr, S. and Engelhardt, U. H. Chromatography of tea constituents. J.
Chromatogr. 1992, 624: 293-315.

Frankel, E. N., Waterhouse, A. L. and Kinsella, J. E. Inhibition of human LDL
oxidation by resveratrol. Lancet. 1993, 341: 1103-1104.

Frei, B. Ascorbic acid protects lipids in human plasma and low-density lipoprotein
against oxidative damage. Am. J. Clin. Nutr. 1991, 54 (Suppl.): 1113s-
1118s.

103



Freyschuss, A., Stiko-Rahm, A., Swedenborg, J., Henriksson, P., Bjorkhem, I,
Berglund, L. and Nilsson, J.. Antioxidant treatment inhibits the
development of intimal thickening of after balloon injury of the aorta in
hypercholesterolemic rabbits. J. Clin. Imvest. 1993, 91: 1282-1288.

Fuhrman, B., Buch, S., Vaya, J., Belinky, P. A., Coleman, R., Hayek, T., and Aviram,
M. Licorice extract and its major polyphenol glabridin protect low-density
lipoprotein against lipid peroxidation: in vitro and ex vivo studies in
humans and in atherosclerotic apolipoprotein E-deficient mice. Am. J.
Clin. Nutr. 1997, 66: 267-275.

Fuller, C. J., Grundy, S. M., Norkus, E. P. and Jialal, I. Effect of ascorbate
supplementation on low density lipoprotein oxidation in smokers.
Atherosclerosis. 1996, 119: 139-150.

Green, M. S. and Harari, G. Association of serum lipoproteins and health-related
habits with coffee and tea consumption in free-living subjects examined in
the Israeli CORDIS study. Prev. Med. 1992, 21: 532-545.

Grinberg, L. N., Newmark, H., Kitrossky, N., Rahamim, E., Chevion, M. and
Rachmilewitz, E. A. Protective éﬁ'écts of tea polyphenols against oxidative
damage to red blood cells. Biolchem. Pharm. 1997, 54: 973-978.

Guo, Q., Zhao, B., Li, M., Shen, S. and Xin, W. Studies on protcctive mechanisms of
four compound‘s‘ of green tea polyphenols égainst lipid peroxidation in
synaptosomes. Biochim. Biopﬁyé. Acta 1996, 1304: 210-222.

Halevy, D., Thiery, J., Nagel, D., Arnold, S., Erdmann, E., Hofling, B., Cremer, P. and
Seidel, D. Increased oxidation of LDL in patients with coronary artery
disease is independent from dietary vitamins E and C. Arterioscler.
Thromb. Vasc. Biol. 1997, 17: 1432-1437.

Halliwell, B.. Free radicals and antioxidants: a personal review. Nutr. Rev. 1994, 52
(8): 253-265. | S

Halliwell, B.. Oxidation of low-density lipoprotein: | questions of initiation,
propagation, and the effect of antioxidants. Am. J. Clin. Nutr. 1995, 61:
670S-6778S. o

Halliwell, B. and Gutteridge, J. M. C. Role of free vradicals and catalyﬁé metal irons in
human disease: a overview. Method Enzymol. 1990, 186: 59-85.

Halliwell, B., Gutteridge, J. M. C. and Cross, C. E. Free radicals, antioxidants, and

104



human disease: where are we now? J. Lab. Clin. Med. 1992, 119 (6): 598-
620.

Harats, D., Chevion, S., Nahir, M., Norman, Y., Sagee, O. and Berry, E. M. Citrus
fruit supplementation reduces lipoprotein oxidation in young men
ingesting a diet high in saturated fat: presumptive evidence for an
interaction between vitamins C and E in vivo. Am. J. Clin. Nutr. 1998, 67:
240-245.

Hayatsu, H., Inada, N., and Kakutani, T. Suppression of genotoxicity of carcinogens
by (-)-epigallocatechin gallate. Prev. Med. 1992, 21: 370-376.

Hayek, T., Fﬁhrman, B., Vaya, J., Rosenblat, M., Belinky, P., Coleman, R., Elis, A.
and Aviram, M. Reduced progression of atherosclerosis in apolipoprotein
E-deficient mice following consumption of red wine, or its polyphenols
quercetin or catechin, is associated with oxidation and aggregation.
Arterioscler. Thromb. Vasc. Biol. 1997, 17: 2744-2752.

Hegele, R. A. 1996. The pathogenesis of atherosclerosis. Clinica Chimica Acta 246:
21-38.

Hennekens. C. H., Buring, J. E. and Manson, J. E. Lack of effect of long-term
supplementation with beta carotene on the incidence of malignant
neoplasms and cardiovascular disease. N. Engl. J. Med. 1996, 334: 1145-
1149.

Hertog, M. G. L., Feskens, E. J. M., Hollman, P. C., Katan, M. B., and Krombout, D.
Dietary antioxidant flavonoids and risk of coronary heart disease: the
Zutphen Elderly Study. Lancet. 1993, 342: 1007-1011.

Hertog, M. G. L., Feskens, E. J. M. and Kromhout, D.. Antioxidant flavonols and
coronary heart disease risk. Lancet. 1997a, 349: 699.

Hertog, M. G. L. and Hollman, P. C. H.. Potential health effects of the dietary flavonol
quercetin. European J. Clin. Nutr. 1996, 50: 63-71.

Hertog, M. G. L., Kromhout, D., Aravanis, C., Blackburn, H., Buzina, R., Fidanza, F.,
Giampaoli, S., Jansen, A., Menotti, A., Nedeljkovic, S., Pekkarinen, M.,
Simic, B. S., Toshima, H., Feskens, E. J. M., Hollman, P. C. H., and
Katan, M. B. Flavonoid intake and long-term risk of coronary heart disease
and cancer in the Seven Countries Studies. Arch. Intern. Med. 1995, 155:
381-386.

105



Hertog, M. G. L., Sweetnam, P. M., Fehily, A. M., Elwood, P. C. and Kromhout, D.
Antioxidant flavonols and ischemic heart disease in a Welsh population of
men: the Caerphilly Study. Am. J. Clin. Nutr. 1997b, 65: 1489-1494.

Hill, D. L. and Grubbs, C. J. Retinoids and cancer prevention. Ann. Rev. Nutr. 1992,
12: 161-181.

Hixson, J. E. and the Pathobiological Determinants of Atherosclerosis in Youth
(PDAY) Research Group. Apolipoprotein E polymorphisms affect
atherosclerosis in young males. Arterioscler. Thromb. 1991, 11: 1237-
1244.

Ho, C-T., Chen, Q., Shi, H., Zhang, K-Q., and Rosen, R. T. Antioxidative effect of
polyphenol extract prepares from various Chinese teas. Prev. Med. 1992,
21: 520-525.

Hollman, P. C. H., Hertog, M. G. L. and Katan, M. B. Analysis and health effects of
flavonoids. Food Chem. 1996, 57: 43-46.

Holvoet, P., Theilmeier, G., Shivalkar, B., Flameng, W. and Collen, D. LDL
hypercholesterolemia is associated with accumulation of oxidized LDL,
atherosclerotic plaque growth, and compensatory vessel enlargement in
coronary arteries of miniature pigs. Arterioscler. Thromb. Vasc. Biol.
1998, 18: 415-422.

Horiuchi, K., Tajima, S., Menju, M. and Yamamoto, A J. Structure and expression of
mouse apolipoprotein E gene. J. Biochem. 1989, 106: 98-103.

Ikeda, I., Imasato, Y., Sasaki, E., Nakayama, M., Nagao, H., Takeo, T., Yaybe, F. and
Sugano, M. Tea catechins decrease micelle solubility and intestinal
absorption of cholesterol in rats. Biochem. Biophys. Acta. 1992, 1127:
141-146.

Imai, K., and Nakachi, K. Cross sectional study of effects of drinking green tea on
cardiovascular and liver diseases. BMJ. 1995, 310: 693-696.

Ishii, L., Ito, Y., Morisaki, N., Saito, Y. and Hirose, S. Genetic differences of lipid
metabolism in macrophages from C57BL/6J and C3H/HeN mice.
Arterioscler. Thromb. Vasc. Biol. 1995, 15: 1189-1194.

Ishikawa, T., Suzukawa, M., Ito, T., Yoshida, H., Ayaori, M., Nishiwaki, M.,
Yonemura, A., Hara, Y., and Nakamura, H. Effect of tea flavonoid

supplementation on the susceptibility of low-density lipoprotein to

106



oxidative modification. Am. J. Clin. Nutr. 1997, 66: 261-266. ,

Iwata, K., Inayama, T., Miwa, S., Kawaguchi, K. and Koike, G. Effect of Oolong tea
on plasma lipids and lipoprotein lipase activity in young women. J. Japan.
Soc. Nutr. Food Sci. 1991, 44 (4): 251-259.

Jacob, R. A. and Burri, B. J. Oxidative damage and defense. Am. J. Clin. Nutr. 1996,
63: 985S-990S.

Jankun, J., Selman, S. H. and Swiercz, R. Why drinking green tea could prevent
cancer. Nature. 1997, 387: 561.

Janssen, P. L. T. M. K., Mensink, R. P., Cox, F. J. J., Harryvan, J. L., Hovenier, R.,
Hollman, P. C. H. and Katan, M. B. Effects of the flavonoids quercetin and
apigenin on hemostasis in healthy volunteers: results from an in vitro and a
dietary supplement study. Am. J. Clin. Nutr. 1998, 67: 255-262.

Jialal, 1. and Devaraj, S. Low-density lipoprotein oxidation, antioxidants, and
atherosclerosis: a clinical biochemistry perspective. Clin. Chem. 1996,
42(4): 498-506.

Jialal, 1., Fuller, C. J. and Huet, B. A. The effect of & -tocopherol supplementation on

LDL oxidation. Arterioscler. Thromb. Vasc. Biol. 1995, 15: 190-198.

Jialal, I., Vega, G. L. and Grundy, S. M. Physiological levels of ascorbate inhibit the
oxidative modification of low density lipoprotein. Atherosclerosis 1990,
82: 185-191.

Johansson, J., Olsson, A.G., Bergstrand, L., Elinder, L. S., Nilsson, S., Erikson, U.,
Molgaard, J., Holme, I. And Walldius, G. Lowering of HDL2b by
probucol partly explains the failure of the drug to affect femoral
atherosclerosis in subjects with hypercholesterolemia: a probucol
quantitative regression Swedish trial (PQRST) report. Arterioscler.
Thromb. Vasc. Biol. 1995, 15: 1049-1056.

Kamal-Eldin, A. and Appelqvist, L. The chemistry and antioxidant properties of
tocopherols and tocotrienols. Lipid 1996, 31:671-701.

Katan, M. B. Flavonoids and heart disease. Am. J. Clin. Nutr. 1997, 65: 1542-1543.

Kayden, H. J. and Traber, M. G. Absorption, lipoprotein transport, and regulation of
plasma concentrations of vitamin E in humans. J. Lipid Res. 1993, 34:
343-358. |

107



Keidar, A., Attias, J., Smith, J., Breslow, J. L. and Hayek, T. The angiotensin-II
receptor antagonist, losartan, inhibits LDL lipid peroxidation and
atherosclerosis in apolipoprotein E-deficient mice. Biochem. Biophy. Res.
Commu. 1997, 236: 622-625.

Keli, S. O., Hertog, M. G. L., Feskens, E. J. and Kromhout, D. Dietary flavonoids,
antioxidant vitamins, and incidence of stroke: the Zutphen Study. Arch.
Intern. Med. 1996, 156: 637-642.

Kerry, N. L. and Abbey, M. Red wine and fractionated phenolic compounds prepared
from red wine inhibit low density lipoprotein oxidation in vitro.
Atherosclerosis. 1997, 135: 93-102.

Knekt, P., Jarvinen, R., Reunanen, A. and Maatela, J. Flavonoids intake and coronary
mortality in Finland: a cohort study. Br. Med. J. 1996, 312: 478-481.

Knight, J. A. Reactive oxygen species and the neurodegenerative disorders. Ann. Clin.
Lab. Sci. 1997, 27 (1): 11-25.

Koketsu, M. Antioxidative activity of tea polyphenols. In: Yamamoto, T., Juneja, L.
R., Chu, D.-C. and Kim, M. eds. Chemistry and applications of green tea.
New York: CRC Press. 1997, 37-50.

Kono, S., Shinchi, K., Ikeda, N., Yanai, F., and Imanishi, K. Green tea consumption
and serum lipid profiles: a cross sectional study in Northern Kyushu.
Japan. Prev. Med. 1992, 21: 526-531.

Kontush, A., Finckh, B., Karten, B., Kohlschutter, A. and Beisiegel, U. Antioxidant

and prooxidant activity of & -tocopherol in human plasma and low density

lipoprotein. J. Lipid Res. 1996, 37: 1436-1448.

Kreuzer, J., White, A. L., Knott, T. J., Jien, M.-L., Mehrabian, M., Scott, J., Young, S.
G. and Haberland, M. E. Amino terminus of apolipoprotein B suffices to
produce recognition of malondialdehyde-modified low density lipoprotein
by the scavenger receptor of human monocyte-macrophages. J. Lipid Res.
1997, 38: 324-342. |

Larson, R. A. The antioxidants of higher plants. Phytochemistry. 1988, 27 (4): 969-
978.

Lopes-Virella, M. F., Stone, P., Ellis, S. and Colwell, J. A. Cholesterol determination

in high-density lipoproteins separated by three different methods. Clin.

108



Chem. 1977, 23: 882-884.

Luo, M., Kannar, K., Wahlqvist, M. L., and O’Brien, R. C. Inhibition of LDL
oxidation by green tea extract. Lancet. 1997, 349: 360-361.

Lusis, A. J. and Navab, M. Lipoprotein oxidation and gene expression in the artery
wall. Biochem. Pharm. 1993, 46(12): 2119-2126.

Mahley, R. W., Innerarity, T. L., Brown, M. S., Ho, Y. K. and Goldstein, J. L.
Cholesteryl ester synthesis in macrophages: stimulation by O-very low
density lipoproteins from cholesterol-fed animals of several species. J.
Lipid Res. 1980, 21: 970-980.

Mao, S., Yates, M., Parker, R., Chi, E. and Jackson, R. Attenuation of atherosclerosis
in a modified strain of hypercholesterolemic Watanabe rabbits with use of
probucol analogue (MDL 29,311) that does not lower serum cholesterol
Arterioscler. Thromb. 1991, 11: 1266-1275.

Maxwell, S. R. J. Prospects for the use of antioxidant therapies. Drugs. 1995, 49 (3):
345-361.

Maxwell, S., Cruickshank, A. and Thorpe, G. Red wine and antioxidant activity in
serum. Lancet. 1994, 344: 193-194.

McAnlis, G. T., McEneny, J., Pearce, J. and Young, I. S. Black tea consumption does
not protect low density lipoprotein from oxidative modification. Eu. J.
Clin. Nutr. 1998, 52: 202-206.

McGowan, M. W, Artiss, J. D., Strandbergh, D. R. and Zak, B. A peroxidase-coupled
method for the colorimetric determination of serum triglyceride. Clin.
Chem. 1983, 29 (3): 538-542.

Mehta, D., Angelini, G. D. and Byran, A. J. Experimental models of accelerated
atherosclerosis syndromes. Intern. J. Cardiol. 1996, 56: 235-257.

Miller, N. J., Castelluccio, C., Tijburg, L., and Rice-Evans, C. The antioxidant
properties of theaflavins and their gallate esters-radical scavengers or metal
chelators? FEBS letter. 1996, 392: 40-44.

Mitscher, L. A., Jung, M., Shankel, D., Dou, J.-H., Steele, L. and Pillai, S. P.
Chemoprotection: a review of the potential therapeutic antioxidant
properties of green tea (Camellia sinensis) and certain of its constituents.
Med. Res. Rev. 1997, 17 (4): 327-365.

Miura, S., Watanabe, J., Sano, M., Tomita, T., Osawa, T., Hara, Y. and Tomita, L.

109



Effects of various natural antioxidants on the Cu**-mediated oxidative
modification of low density lipoprotein. Biol. Pharm. Bull. 1995 18(1): 1-
4. (

Miura, S., Watanabe, J., Tomita, T., Sano, M. and Tomita, I. The inhibitory effects of
tea polyphenols (flavan-3-ol derivatives) on Cu’*-mediated oxidative
modification of low density lipoprotein. Biol. Pharm. Bull. 1994, 17(12):
1567-1572.

Moghadasian, M. H., McManus, B. M., Pritchard, P. H. and Frohlich, J. J. “Tall 0il”--
-derived phytosterols reduce atherosclerosis in apoE-deficient mice.
Arterioscler. Thromb. Vasc. Biol. 1997, 17: 119-126.

Mukhtar, H., Katiyar, S. K. and Agarwal, R. Green tea and skin-anticarcinogenic
effect. J. Invest. Dermat. 1994, 102(1): 3-7.

Mukhtar, H., Wang, Z. Y., Katiyar, S. K., and Agarwal, R. Tea components:
antimutagenic and anticarcinogenic effects. Prev. Med. 1992, 21: 351-360.

Munday, J. S., Thompson, K. G., James, K. A. C. and Manktelow, B. W. Dietary
antioxidants do not reduce fatty streak formation in the C57BL/6 mouse
atherosclerosis model. Arterioscler. Thromb. Vasc. Biol. 1998, 18: 114-
119.

Muramatsu, K., Fukuyo, M. and Hara, Y. Effects of green tea catechins on plasma
cholesterol level in cholesterol-fed rats. J. Nutr. Sci. Vitaminol. 1986, 32:
623-622.

Nagano, Y., Nakamura, T., Matsuzawa, Y., Cho, M., Ueda, Y. and Kita, T. Probucol
and atherosclerosis in the Watanabe heritable hyperlipidemic rabbit---long-
term antiatherogenic effect and effects on established plaques.
Atherosclerosis. 1992, 92: 131-140.

Nakashima, Y., Plump, A. S., Raines, E. W., Breslow, J. L., and Ross R. ApoE-
deficient mice develop lesions of all phases of atherosclerosis throughout
the arterial tree. Arterioscler. Thromb. 1994, 14: 133-140.

Noma, A., Okabe, H. and Kita, M. A new colorimetric micro-determination of free
fatty acids in serum. Cline. Chim. Acta. 1973, 43: 317-320.

Okubo, S., Toda, M., Hara, Y., and Shimamura, T. Antifungal and fungicidal
activities of tea extracts and catechins against Trichophyton. Jpn. J.

Bacteriol. 1991, 46: 509-514.

110



Ooshima, T., Minami, T. and Aono, W. Oolong tea polyphenols inhibit experimental
dental caries in SPF rats infected with Mutans streptococci. Caries Res.
1993, 27: 124-129.

Paigen, B., Morrow, A. Molmes, P. A. Mitchell, D. and Williams, R. A. Quantitative
assessment of atherosclerosis lesions in mice. Atherosclerosis 1987, 68:
231-240.

Paigen, B., Plump, A. S. and Rubin, E. M. The mouse as a model for human
cardiovascular disease and hyperlipidemia. Current Opin. Lipidol. 1994, 5:
258-264.

Palinski, W., Ord, V. A., Plump, A. S. Breslow, J. L., Steinberg, D., and Witztum, J.
L. ApoE-deficient mice are a model of lipoprotein oxidation in
atherogenesis: determination of oxidation-specific epitopes in lesions and
high titers of autoantibodies to malondialdehyde-lysine in serum.
Arterioscler. Thromb. 1994, 14: 605-616. ,

Palinski, W., Horkko, S., Miller, E., Steinbrecher, U. P., Powell, H. C., Curtiss, L. K.
and Witztum, J. L. Cloning of monoclonal autoantibodies to epitopes of
oxidized lipoproteins from apolipoprotein E-deficient mice. J. Clin. Invest.
1996, 98: 800-814.

Parthasarathy, S., Wieland, E. and Steinberg, D. A role for endothelial lipoxygenase in
the oxidative modification of low density lipoprotein. Proc. Natl. Acad.
Sci. USA. 1989, 86: 1046-1053.

Parthasarathy, S., Young, S. G., Witztum, J. L., Pittmann, R. C. and Steinberg, D.
Probucol inhibits oxidative modification of low density lipoprotein. J.
Clin. Invest. 1986, 77: 641-644.

Piedrahita, J. A., Zhang, S. H., Hagaman, J. R., Oliver, P. M. and Maeda, N.
Generation of mice carrying a mutant apolipoprotein E gene inactivated by
gene targeting in embryonic stem cells. Proc. Natl. Acad. Sci. USA. 1992,
89: 4471-4475.

Plump, A. S. and Breslow, J. L. Apolipoprotein E and the apolipoprotein E-deficient
mouse. Annu. Rev. Nutr. 1995, 15: 495-518.

Plump, A. S., Smith, J. D., Hayek, T., Aalto-Setala, K., Walsh, A., Verstuyft, J. G.
Rubin, E. M. and Breslow, J. L. Severe hypercholesterolemia and

atherosclerosis in apolipoprotein E-deficient mice created by homologous

111



recombination in ES cells. Cell. 1992, 71: 343-353.

Prasad, K., Kaira, J. and Lee, P. Oxygen free radicals as a mechanism of
hypercholesterolemic atherosclerosis: effects of probucol. Int. J. Angio.
1994, 3: 100-112.

Princen, H. M. G., Duyvenvoorde, W., Buytenhek, R., Blonk, C., Tijburg, L. B. M.,
Langius, J. A. E., Meinders, A. E. and Pijl, H. No effect of consumption of
green and black tea on plasma lipid and antioxidant levels and on LDL
oxidation in smokers. Arterioscler. Thromb. Vasc. Biol. 1998, 18: 833-
841.

Puhl, H., Wang, G. and Esterbauer, H. Methods to determine oxidation of low-density
lipoproteins. Methods in Enzymology. 1994, 233: 425-441.

Reaven, P. D., Khouw, A., Beltz, W. F., Parthasarathy, S. and Witztum, J. L. Effect of
dietary antioxidant combinations in humans. Protection of LDL by vitamin

E but not by [ -carotene. Arterioscle. Thromb. 1993, 13: 590-600.
Reddick, R. L., Zhang, S. H., and Maeda, N. Atherosclerosis in mice lacking Apo E:

evaluation of lesional development and progression. Arterioscler. Thromb.
1994, 14: 141-147.

Ree, J. H., Broek, W. J. A. A., Dahlmans, V. E. H., Groot, P. H. E., Vidgeon-Hart, M.,
Frants, R. R., Wieringa, B., Havekes, L. M. and Hofker, M. H. Diet-
induced hypercholesterolemia and atherosclerosis in heterozygous
apolipoprotein E-deficient mice. Atherosclerosis. 1994, 111: 25-37.

Regnstrém, J., Nilsson, J., Tornvall, P., Landou, C. and Hamsten, A. Susceptibility to
low-density lipoprotein oxidation and coronary atherosclerosis in man.
Lancet. 1992, 339: 1183-1186.

Rice-Evans, C. A. and Miller, N. J. Antioxidant activities of flavonoids as bioactive
components of food. Biochem. Soc. Trans. 1996a, 24: 790-795.
Rice-Evans, C. A., Miller, N. J. and Paganga, G. Structure-antioxidant activity
relationships of flavonoids and phenolic acids. Free Radi. Biol. Med,

1996b, 20 (7): 933-956.

Richmond, W. Preparation and properties of a cholesterol oxidase from Nocardia sp.
and it’s application to the enzymatic assay of total cholesterol in serum.
Cline. Chem. 1973, 19: 1350-1356.

Rimm, E. B., Katan, M. B., Ascherio, A., Strampfer, M. J. and Willett, W. C. Relation

112



between intake of flavonoids and risk for coronary heart disease in male
health professionals. Ann. Intern. Med. 1996, 125: 384-389.

Rimm, E. B., Stampfer, M. J., Ascherio, A., Giovannucci, E., Colditz, G. A. and
Willett, W. C. Vitamin E consumption and the risk of coronary heart
disease in men. N. Engl. J. Med. 1993, 328: 1450-1456.

Rosenfeld, M. E., Tsukada, T., Gown, A. M. and Ross, R. Fatty streak initiation in
Watanabe heritable hyperlipemic and comparably hypercholesterolemic
fat-fed rabbits. Arteriosclerosis. 1987, 7: 9-23.

Ross, R. The pathogenesis of atherosclerosis: a perspective for the 1990s. Nature.
1993, 362: 801-809.

Ross, R. and Fuster, V. The pathogenesis of atherosclerosis. n: Fuster, V., Ross, R.
and Topol, E. J. eds. Atherosclerosis and coronary artery disease.
Philadelphia: Lippincott-Raven Publishers. Chap. 1996, 25: 441-460.

Salah, N., Miller, N. J. Paganga, G., Tijburg, L., Bolwell, G. P. and Rice-Evans, C.
Polyphenolic flavanols as scavengers of aqueous phase radicals and as
chain-breaking antioxidants. Arch. Biochem. Biophys. 1995, 322: 339-
346.

Samman, S., Brown, A. J., Beltran, C. and Singh, S. The effect of ascorbic acid on
plasma lipids and oxidisability of LDL in male smokers. Eu. J. Clin. Nutr.
1997, 51: 472-4717.

Sano, M., Takenaka, Y., Kojima, R., Saito, S., Tomita, I., Katou, M. and Shibuya S.
Effects of Pu-Erh tea on lipids metabolism in rats. Chem. Pharm. Bull.
1986, 34(1): 221-228.

Sano, M., Takahashi, Y., Yoshino, K., Shimoi, K., Nakamura, Y., Tomita, I., Oguni, I.
And Konomoto, H. Effect of tea (Camellia sinensis, L.) on lipid
peroxidation in rat liver and kidney: a comparison of green and black tea
feeding. Biol. Pharm. Bull. 1995, 18 (7): 1006-1008.

Schwartz, S. M., deBlois, D. and O’Brien, E. R. M. The intima: soil for
atherosclerosis and restenosis. Circu. Res. 1995, 77: 445-465.

Serafini, M., Ghiselli, A. and Ferro-Luzzi, A. In vivo antioxidant effect of green and
black tea in man. European J. Clin. Nutr. 1996, 50: 28-32.

Smith, J. D. and Breslow, J. L. The emergence of mouse models of atherosclerosis and

their relevance to clinical research. J. Internal. Med. 1997, 242: 99-109.

113



Sparrow, C. P., Doebber, T. W., Olszewski, J., Wu, M. S., Ventre, J., Stevens, K. A.
and Chao, Y.-S. Low density lipoprotein is protected from oxidation and
the progression of atherosclerosis is slowed in cholesterol-fed rabbits by
the antioxidant N,N’-diphenyl-phenylenediamine. J. Clin. Invest. 1992, 89:
1885-1891.

Stampfer, M. J., Hennekens, C. H., Manson, J. E., Colditz, G. A., Rosmer, B. and
Willett, W. C. Vitamin E consumption and the risk of coronary disease in
women. N. Engl. J. Med. 1993, 328: 1444-1449.

Stary, H. C., Chandler, A. B., Dinsmore, R. E., Fuster, V., Glagov, S., Insull, W.,
Rosenfeld, M. E., Schwartz, C. J., Wagner, W. D., and Wissler, R. W. A
definition of advanced types of atherosclerotic lesions and a histological
classification of atherosclerosis. Arteioscler. Thromb. Vasc. Biol. 1995,
15: 1512-1531.

Stein, Y., Delplanque, B., Fesmire, J. D., Lee, D. M. and Alaupovic, P. Lack of effect
of probucol on atheroma formation in cholesterol-fed rabbits kept at
comparable plasma cholesterol levels. Atherosclerosis. 1989, 75: 145-155.

Steinberg, D. Low density lipoprotein oxidation and its pathobiological significance. J.
Biol. Chem. 1997a, 272 (34): 20963-20966.

Steinberg, D. Oxidative modification of LDL and atherogenesis. Circulation. 1997b,
95: 1062-1071.

Steinberg, D. A critical look at the evidence for the oxidation of LDL in atherogenesis.
Atherosclerosis. 1997c, 131 (suppl.): S5-S7.

Steinberg, D., Parthasarathy, S., Carew, T. E., Khoo, J. C. and Witztum, J. L. Beyond
cholesterol: modifications of low-density lipoprotein that increase its
atherogenicity. N. Engl. J. Med. 1989, 320 (14): 915-924.

Stensvold, I., Tverdal, A., Solvoll, K., and Foss, O. P. Tea consumption, relationship
to cholesterol, blood pressure and coronary artery disease mortality. Prev.
Med. 1992, 21: 546-553.

Stephens, N. G., Parsons, A., Schofield, P. M., Kelly, F., Cheeseman, K. and
Mitchinson, M. J. Randomized controlled trial of vitamin E in patients
with coronary disease: Cambridge Heart Antioxidant Study (CHAOS).
Lancet. 1996, 347: 781-786.

Stich, H. F. Teas and tea components as inhibitors of carcinogen formation in model

114



systems and man. Prev. Med. 1992, 21: 331.

Tangirala, R. K., Casanada, F., Miller, E., Witztum, J. L., Steinberg, D., and Palinski,
W. Effect of antioxidant N,N’-diphenyl-1,4-phenylendiamine (DPPD) on
atherosclerosis in apoE-deficient mice. Arterioscler. Thromb. Vasc. Biol.
1995a, 15: 1625-1630.

Tangirala, R. K., Rubin, E. M. and Palinski, W. Quantification of atherosclerosis in
murine models: correlation between lesions in the aortic origin and in the
entire aorta, and differences in the extent of lesions between sexes in LDL
receptor-deficient and apolipoprotein E-deficient mice. J. Lipid Res. 1995b,
36:2320-2328.

Terao, J., Piskula, M. and Yao, Q. Protective effect of epicatechin, epicatechin gallate,
and quercetin on lipid peroxidation in phospholipid bilayers. Arch.
Biochem. Biophys. 1994, 308: 278-284.

Thomas, S. R., Neuzil, J., Mohr, D. and Stocker, R. Coantioxidants make ¢ -

tocopherol an efficient antioxidant for low-density lipoprotein. Am. J. Clin.
Nutr. 1995, 62 (suppl.): 1357S-1364S.

Tijburg, L. B. M., Wiseman, S. A., Meijer, G. W. and Weststrate, J. A. Effects of
green tea, black tea and dietary lipophilic antioxidants on LDL oxidizablity
and atherosclerosis in hypercholesterolaemic rabbits. Atherosclerosis. 1997,
135: 37-47.

Wang, H., Cao, G. and Prior, R. L. Oxygen radical absorbing capacity of anthocyanins.
J. Agric. Food Chem. 1997, 45: 304-309.

Westhuyzen, J. The oxidation hypothesis of atherosclerosis: an update. Ann. Clin. Lab.
Sci. 1997, 27 (1): 1-10.

Wiseman, H., Plitzanopoulou, P. and O’reilly, J. Antioxidant properties of ethanolic
and aqueous extracts of green tea compared to black tea. Biochem. Soc.
Trans. 1996, 24: 390S.

Wu, Y.-J., Hong, C.-Y., Lin, S.-J., Wu, P. and Shiao, M.-S. Increase of vitamin E
content in LDL and reduction of atherosclerosis in cholesterol-fed rabbits
by a water-soluble antioxidant-rich fraction of Salvia miltiorrhiza.
Arterioscler. Thromb. Vasc. Biol. 1998, 18: 481-486.

Yamanaka, N., Oda, O., and Nagao, S. Green tea catechins such as (-)-epicatechiri and

(-)-epigallocatechin accelerate Cu2+-induced low density lipoprotein

115



oxidation in propagation phase. FEBS letter. 1997, 401: 230-234.

Yen, G-C., Chen, H-Y., and Peng H-H. Antioxidant and pro-oxidant effects of various
tea extracts. J. Agric. Food Chem. 1997, 45: 30-34.

Zhang, S. H., Reddick, R. L., Avdievich, E., Surles, L. K., Jones, R. G., and Reynolds,
J. B. Paradoxical enhancement of atherosclerosis by probucol treatment in
apolipoprotein E-deficient mice. J. Clin. Invest. 1997, 99: 2858-2866.

Zhang, S. H., Reddick, R. L., Burkey, B. and Maeda, N. Diet-induced atherosclerosis
in mice heterozygous and homozygous for apolipoprotein E gene
disruption. J. Clin. Invest. 1994, 94: 937-945.

Zhang, S. H., Reddick, R. L., Piedrahita, J. A. and Mawda, N. Spontaneous
hypercholesterolemia and arterial lesions in mice lacking apolipoprotein E.
Science. 1992, 258: 468-471. ;

Zhu, B.-Q., Sievers, R. E., Sun, Y.-P., Isenberg, W. M. and Parmley, W. W. Effect of
lovastatin on suppression and regression of atherosclerosis in lipid-fed

rabbits. J. Cardiovas. Pharm. 1992, 19: 246-255.

116



