50~55% 30% 8~10% %

inwvtro



( raetive oxygen)
(free radical)

()
(triplet state

oxygen °O,)

(reactive oxygen species ROS)(Chen et a., 1998)

()

'O, (singlet oxygen) O,- (superoxide anion) H,O, -OH
(hydroxy! radical)



O, + NO- ® ONNO
(peroxynitrite)(Berry et a., 1994) (O,)
(Fe*  cu™) (-OH)
(Halliwellet a.,1989 Liochev et d., 1994)

(electron transduction chain)

(peroxidase) cytochrome P-450

(Curnutte et al., 1987 Maly et a., 1990
Meer et d., 1990 Haliwell eta., 1993) William (1994)

Poyer et a., 1980
Nakayamaeta., 1984 , 1 9 9 §1997)
(Biaglow
et a., 1977 Cerutti et al., 1985 , 1994)












()

(Quin

()

1991)
Guitteridge

Carbonyl)
o | et a.SH 1994)+5S
DNA DNA
(cross — link) DNA ( )
(Saul et al ., 1986)
LDL

(Witztum et

(1993)
«( )

al









()

( DNA
) (Chen et al., 1993)
vitamin A, b-Carotene, vitamin C, glutathione  Uric acid
superoxide dismutase, catalases,
peroxidases  glutathione peroxidase/transferase
abumin, transferrin, ceruloplasmin,
ferritin - metallothionein
King
(1975)

(Hertog et
al ., 1992; 1993)
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()

OH (hydroxyl group)
(Harborne et al., 1989)

Ho
(1992) (1) smple phenol
phenolic acids, (2) flavonoids, (3) hydroxycinnamic acid
William (1994)

(1) flavonoids (anthocyanidins, anthoxanthins,
catechins, leucoanthocyanidins, flavanones, flavanonols,
flavones, flavonols  isoflavones ), (2) tannins (ellagic acid

gdlic acid), (3) phenylpropenoids (phenylpropenoic acids:
caffic acid, coumaric acid, ferulic acid sinapic acid
coumarins.  esculetin umbelliferone ), (4) lignans
(lariciresinol, isolariciresinol, secoisolariciresinol, matairesinol,
enterolactone  enterodiol ), (5) others (catechol, rosmarinic

acd  rosmariquinone )
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()
500 flavonoids

(Havsteen, 1983) Hertog (1993)

20 1

flavonoids

(Selway et al., 1986) (Sudhir et al., 1987)
(Sakankaet d., 1996) (Isao, 1990) (Brasseur et
al., 1989) (Yen and Chen, 1995) (Wang et
a., 1997)

()
Flavonoids  benzor-pyrone
flavonoids

(Igor et d., 1989)

ROO- + H-OH - ROOCH + H-O-
(flavonoid phenoxy! radicals)
‘OH + H-OH - H,O + H-O-
(delocalization)
(unpaired electron)
B

(Morel et d., 1994)
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()

200~500 (, 1999)

(Bankova, et d., 1992)

(Bankova et a.,
1998) (1999)
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(

(

)

)

(1999)

1 BC

15

8 %

51C



(

)

16

50~55%



(flavonoids, phenolic acid ) 20~609%30 %)
8~10% 5%

Marcucci  (1995)

(flavonoids)
30~40%
Flavonoids
C6-C3-C6
(1999 flavonoids (2) flavones:

acacetin, chrysin, pinocembrin apigenin  ; (2) flavonols:
gaangin, kaempferol, quercetin rhamnocitrin ; (3)
flavonones: isosakuranetin, pinocembrin  pinostrobin
flavonoids
caffeic acid, cinammic acid

benzoic acid, gdlic acid  diterpene

()

17



caffeic acid phenethyl ester (CAPE)
(Mirzoeva et a l996) Rao (1993)
orithine decarboxylase, lipoxygenase, tyrosine

proten kinase  arachiodonic acid

Grange (1990)
penicil |l in

(Krole t a1993),

3.

Debiaggi (1990) : chrysine
kaempferol Harish
(1997) HIV-1

4 .

Frankel  (1993) CAPE

Quercetin
azoxymethanol  N-nitrosomethylurea

(Vermaet d., 1988; Deschner et d., 1991)

18



artepillin C (3, 5 — diprenyl — 4

-hydroxycinnamic acid)

CD4 CD4/CD8 ( Ki mot o et
al ., 199 8)(1992
30~40 c.c.
6 .
CAPE H.O, TPA

(12-o-tetradecanoylphrobol - 13-acetate, )

DNA 5-lipoxygenase
xanthine/xanthine oxidase (Raoe t a 1993, Frankel
etal., 1993 Sudinaetal., 1993) (1999)

Meri nfd996)
(TG) AL(Tal ani ne

ami notransferase)

19
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)
(Whatman No.4)

Vitro
95%
DPPH

DMSO

32.11mg gdlic acid equivdent/ml

22

95%



()
Slmondla typhimurium TA98 TA100 TA102

()
Albumin, Bovine (BSA): Sgma
2- Cholegterol standard: Clonita
Gdlicadd: Sgma
Glutathione, reduced form (GSH): Sgma
2- Glycerol sandard: Clonitd
Retind: Sgma
1, 1, 3, 3-Tetramethoxypropane (TMP):
Sgma

a Tocopheral: Sgma

()
L(+) Ascorbic acid: Sgma

2, 2 - Azino- bis (3-ethylbenzthiazoline-6- sulfonic acid
(ABTYS): Sgma

Bacto-agar Difco

d-Biotine Sgma

Butylated hydroxytoluene (BHT): Sgma
CD19(Leu"" —3a/24) reagent: Becton Dickinson

CD3 PreCP: Becton Dickinson
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Cholesterol- HDL precipitant reagent:

Clonita

Cholesterol- LDL precipitant reagent: Randox
Cholesteral: Clonitd

Citric acid monohydrate Sgma

Copper (11) sulfate pentahydrate: Merck
GR

2- Deoxy- D- ribose Sgma
D-(+)-Glucose Sgma

L-Hidtidine Sgma

Magnesium chloride hexahydrate Merck
GR

Magnesium sulphate hexahydrate Merck
GR

Ethylenediamine tetra acetic acid, disodium st (EDTA):

Ferricchloride: Sgma

Ferrouschloride: Sgma

Fdin- Ciocdteus sphenol reagent: Merck
GR

Linoleic acid: Sgma

Magnesium chloride hexahydrate Merck

GR

Magnesium sulphate hexahydrate Merck

GR

Metaphosphoric acid (MPA): Wako

Myoglobin: Sgma

24



Nicotinamide adenine dinuclectide phosphate

Sgma
> Nicotinamide adenine dinucleotide, reduced form
(b- NADH): Sgma
Nutrient agar Difco
Nutrient broth No.2 Difco
Nitro blue tetrazolium (NBT): Sigma
Phenazine methosul phate (PMS): Sgma
1, 1- diphenyl- 2- picrylhydrazyl: Sgma
Phosphate buffer solution(PBS): FACSC
Potassium chloride: Merck GR
Potassium dihydrogen phosphate: Merck
GR
Potassum dihydrogen phosphate: Merck
GR

Potassium sodium(+) tartrate tetrahydrate:

Wako

2- 2 - dipyridyl: Sigma

3 (2- pyridyl)- 5, 6- bis (4- phenyl- sulfonic acid)- 1, 2, 4

triazine (ferrozine): Sigma

RBC lysing solution: FACSC

D Organon Teknika 41.2
mg/ml

Simultest™ CD4/CD8(Leu""-3a/24) reagent:
Becton Dickinson

Simultest™™ Control g/g, reagent: Becton
Dickinson
25



Sodium ammonium hydrogen phosphate tetrahydrate

Merck GR

Sodium carbonate: Wako

Sodium chloride: Merck GR

Sodium dihydrogen phosphate Merck

GR

di -Sodium hydrogen phosphate anhydrous
Merck GR

Sodium dihydrogen phosphate monohydrate:
Merck GR

Sodium hydroxide:

di- Sodium hydrogen phosphate anhydrous:

Merck GR

5,5 - dithio- big(2-nitrobenzoic acid) (DTNB):
Sgma

2- Thiobarbituric acid (TBA): Sgma

Trichloroacetic acid, 99% (TCA): Lancaster

Triglycerides Clonitd

()

95%

Acetonitrile Merck ,LC

Dichloromethane: Tedia , LC

Ethanol, 99.8%:

26



Hydrochloric acid: OSAKA

Hydrogen peroxide, 35%: Merck

Methanal: Merck ,LC

N Hexane: Merck ,LC

ortho- Phosphoric acid, 85%: Merck
() (HPLC)

1. Pump, modd LC 6200A, Hitachi, Japan
2. Photodiode array detector, modd LC 4200, Hitachi, Japan

()
Spectrophotometer, U-1100, Hitachi, Japan

()
Automatic andyzer, ARCO; Biotecnica Insruments, Italy

()
Flow Cytometer, Becton Dickinson FACSCalibur, Japan.
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Propdlis

Original| propolis Commerda propalis
Ethadlic Aqueous
extract extract
l antioxidetive
antioxidative activity
activ|ity
v
ROSscavenging Anti-mutagenicity Human test
L :?Ssm/egng 1. Immunal-performance
laency l_ CD4, CD8, CD4/CD8
totd T cdl, B cdl
2.Metd Ames tet
chdaing ability TAG TAID TAIR 2 Anti-oxidation

Totd antioxidative satus
Antioxidants conc
it A, C, Ethid, totd 9,
Anti-mutagenic effect v E phenols)

(1Q, MNNG
t-BUOOH)

Lipoprotein oxidetion

3.Blood Lipid regulaion
HDL, LDL, TG, CHO conc.
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| in vitro

() in vitro
1
Lingnert  (1979) linoleic acid Tween 20
0.1M pH6.5 ( 10
) 10mM linoleic acid emulsion 200m

2ml 10mM linoleic acid emulsion

37°C 15 0.2
mi 2ml 6ml 60% 234nm
A.QOA. A.QA.
@
A.O.A.=[DA234(c)-DA234] / DA234(c)"” DA234(c)

linoleic acid emulson  37°C 15

234nm DA234 linoleic acid
emulson 37°C 15 234nm

@
(1996) 2.99mM 2 -dG  0.1IM pH

29



7.4 14.4mM ascorbic acid 61.8nM H.0,

28mM EDTA 8.756mM FeCl 0.1ml
0.1ml 37°C 25
0.45mm HPLC

Lichrospher 100 RP-18 (5 nm) 250mm x 4mm(

Merck ) 10000A  ( 50mM (pH 4.6)
MeOH 888% 11.2% )
0.8ml/min 254nm 2
: 8-OH-dG (%)=9C x 100%? C
8-OH-dG S 8-OH-dG
2 DPPH
Shimada (1992)
ml
250 1mM DPPH 37°C
0 517nm
DPPH ©)
(%)=[1-A517/A517(c)] x 100%® A517
517nm A517(c) 517nm
©)

Fridovich (1984) Gryglewski (1988) Butacer (1989)
95%

30



0.4ml 0.2ml 0.6mM NADH 0.2ml

1.25mM NBT  0.2ml 0.25mM PMS 1
560nm 4
(%)=[1-A560/A560(c)] x 100% A560
560nm A560(c) 560nm
4)
Rinis (1990 0.6ml
0.24ml, 4mM  H,0, 20 0.36ml

HRPase- phenol red (HRPase: 0.5mg/ml; phenol red: 7.5mM)

10 10
610nm 5
(%)=[1-A610/A610(c)] X 100%™ A610
610nm A610(c) 610nm
3.
Dinis  (1994) 300m
1.11ml 30m 2mM FeCl, 30 60m 5mM
Ferrozine 1 30 10

562nm

(6)
(%)==[1-A562/A562(C)] x 100%" A562

31



562nm A562(c)
562nm

()

Maron Ames (1983) Salmonella
typhimurium TA98 TA100 TAI102
1
S 9
0.Iml  0.5ml
37°C 20 9.2ml|
10000 1ml
nutrient agar 37°C 48
70%
2.
D D
0.Iml  0.5ml
37°C 20 2ml molten top
agar glucose minimal agar plate ~ 37°C

32



Wang Lee (1996) S¢)
2-amino-3-methylimidazo-[4, 5f]-quinoline(1Q)(0.5ny/plate)
¢ N-methyl-N-nitro-N-nitrosoguani dine(MNNG)
(TA100: 10ny/plate; TA102: 0.5ng/plate)  1nmivi/0.1 ml

t-BuOOH TA98 TA100
TA102 Y 0.1ml
0.1ml 0.5ml 9 0.1ml
37°C 20 2ml molten top agar
glucose minimal agar plate 37°C 48

(Franciset al., 1989)

26 ( 21 13 13 )
2ml (32.11 mg gallic acid
equivaent / ml )

EDTA Heparin) 15ml| ( 12 hr)
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2500rpm 15 4£C

TBARs total antioxidative

status LDL oxidation
-20°C
()
1
Draper  (1990) 50m 2ml
15% TCA 10 m 1% BHT( ) 100°C
30 1 ml TBA (375mg /
75 ml-0.25N HCl ) 100°C
30 2500rpm 15
532nm TMP
MDA nmole/ L plasma
2.
Arnao(1990) Miller(1993) 20m
5mM (  1.35mM KCl 685 mM NaCl)
(pH7.4) pH 250m 10nmM myoglobin 250

600mMM ABTS  300m 335nM H,O,

3
("

37°C

735nm



%)=[1-A735/A735(c)] x 100%" A735
(

735nm A735c)
735nm
3. LDL
(1LDL
8ml 2500rpm, 15 , £C
3ml 0.5ml (0=1.097) NaBr 4°C,50000rpm
16 VLDL IDL
( 1) 0.5ml (d=1.283) NaBr
4°C, 50000rpm 20 LDL
(2) LDL
) LDL
LDL
LDL in vitro  LDL
LDL( 50nmg/ml)  37°C CuSO,
( 2nM) ( 0.2
0.5, 1.0, 2.0ng/ml) 234nm 3
; invivo LDL LDL(
Song/ml)  37°C cuso,  ( 2nM)
234nm 3
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Serafini (1998) Julkune (1985) 50m
0.5ml 1M HCI 37°C 30
0.5ml 2M NaOH ( 75% )
37°C 30 0.1m 30% MPA
(mataphosphoric acid) 3 14000 rpm 10
50 m 2ml 1ml Folin reagent
5ml 20% Na,CO, 20
735nm gdlic acid

mg gallic acid equivalent / ml plasma

o5.LDL

Lowry (1951) 10m 20m LDL
OmM 1IN NaOH 200m 100m
(25%Na,CO;: % NaK tartrate: 1% CuS0O,=8:1:1)

10 Folin reagent (Folin : H,O = 1: 19.5)
37°C 20 660nm
BSA LDL mg protein
/ ml LDL
6. VitA VitE
Arnaud  (1991) 200 m

100m 99.8% ethanol ( 0.125% BHT) 500m hexane
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4°C, 8500rpm 20 400m
200 100m
HPLC Lichrospher 100RP-18e
(250 mm © 4mm 1.D., 5, Merck)
(dichromethane acetonitrile methanol=20 70 10)

0.8ml / min Retinol  a-tocopherol 325nm
291nm 411 9.08
retinol  a-tocopherol VitA VItE

ng retinol / dl plasma mg a-tocopherol / ml

plasma
1. VitC
Zannoni  (1974) 100 100m 5%
TCA 10 4°C, 8500rpm 20

50m 100m 5% TCA 10m 85% 0-H3PO,
80m 1% 2-2 -dipyridyl  10m 3% FeCl;
2 Iml 532 nm
L(+)ascorbic acid Vit C mg

ascorbic acid / dl plasma

Riddles (1979) 50 m 550M
200m 0.1M pH7.4 sodium phosphate saline buffer(
0.15M NaCl) 200ul Ellman’ s reagent (10mM DTNB

37



0.IM sodium phosphate buffer ) 15
412nm GSH
nmM GSH

()
10 m control g / @ reagent 10m CD4/CD8 reagent

10 m CD19 reagent 50m
5 m PBS 30 2ml RBC lysing
solution 10 1500 rpm 5
2ml PBS 1500 rpm 5
iml PBS

totd Tcdl Bcdl CD4 CDS8

()

TG CHO 200m
TG CHO
HDL LDL
10 4000rpm 15

200m CHO
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in vitro SAS
ANOVA (analysis of variance)
Duncan’ s New Multiple Range Test in vivo

SPSS pair t test

39



| in vitro

(OE1~9)
(OW1-~9)

OE-1 > OE-3 >OE-2 > OE-8 >
OE-4 = OE-5> OE-7 > OE-9 > OE-6

(p <0.05)

OE-6 > OE3 =
OE-8 > OE-1 = OE-5 > OE-2 = OE9Q > OE-7 > OE-4
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Table 3. Solid contents of ethanolic and aqueous extracts of

various propolis

Solid content (mg / ml extract of propolis)

Sample EtOH ddH,0O
Taiwan 979 (OE-1) 9 (OW-1)
Che-Chiang (1) 762 (OE-2) 8.9 (OW-2)
Che-Chiang (2) 783 (OE-3) 9.1 (OW-3)
Hsin-Chiang 699 (OE-4) 8.1 (OW-4)
MengKu 699 (OE-5) 9 (OW-5)

Brazil (1) 319 (OE-6) 9.4 (OW-6)
Brazil (2) 664 (OE-7) 8.5 (OE-7)
Brazil (3) 752 (OE-8) 9.1 (OW-8)
Brazil (4 632 (OE-9) 89(OW-9)

41



Volpet (1993) digphorase-catalyzed reduction  xanthine

oxidase catalyzed oxidations

Takahama (1984) ErbenRuss (1987)

flavonoids
flavonoids (Krol et 4.,
1986) (linoleic acid)
()
linoleic
acid
(CL1~9) (Cs1~3)
(CP1~2) C
linoleic add

(conjugated double bond) 234nm

42



linoleic acid

in vitro
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Antioxidant activity (%)

100

80

(o2}
o
|

N
o
I

20

0- ¥ T T T T
103 104 105 106 107

Conc. (ng extract / ml EtOH)

Fig. 3 Antioxidant activity of ethanolic extract of original
propolis

OE-1: , OE-2: (1), OE-3: (2), OE-4: , OE-5:
OE-6: (1), OE-7: (2), OE-8: (3), OE-9: 4



Antioxidant activity (%)

100 -

20

0 T T T T
103 104 108 106 107

Conc. (ng extract / ml ddH,0)

Fig. 4 Antioxidant activity of agueous extract of original
propolis

OW-1: , OW-2: (1), OW-3: (2), OW-4: , OW-5;
OW-6: (1), OW-T: (2), OW-8: (3), OW-9: 4
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tnadi xoi tMA

100

80

60

40

20

0 I I I
102 108 104 108 106 107

Conc. (ng extract / ml EtOH)

Fig. 5 Antioxidant activity of commercia propolisliquid
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100

80 -
c -
©
©
X

[ 1)

S - -
- AL s
c ¥V cpy
< H o

20 88

0 T T T T 1
108 104 10° 108 107 108

Conc. (ng extract / ml EtOH)

activity

Fig. 6 Antioxidant activity of ethanolic extract of commercial
propolis capsules
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()

(7))
(H.0,) (*OH)

Fridovich  (1984) PMS NADH
NBT diformazan

560nm

NADH + PMS+H" ® NAD"+ PMSH,
PMSH,+ NBT® PMSH- + NBTH-
PMSH- + NBT® PMS+ NBTH:
NBTH + O« NBT+H'+0O;-
2NBTH- ® NBT + NBTH, (diformazan)

Robak  (1988) (xanthine- xanthine
oxidase system)
quercetin flavonoids Chen  (1990)
flavonoids

3, 4 -diphenolic group
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100

80
60
40 —
®-® o4
B8 4dH,0
20
0 - T |
103 104 10° 106 107

Conc. (ng extract / ml solution)

Fig. 7 Scavenging efficiency of ethanolic and aqueous extracts
of propolis on superoxide anion
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Rinkus  (1990) HRPx- phenol red assay
HRPase H,O,
(phenol red) phenol red radicals

coupling products 610 nm
HRPase
H,O,+ 2phenolred ——» 2H20 + 2 phenol red ra_dicds
coupling products
Krol  (1990)
H.0, luminol
3.
Niki (1992)
DNA hydroxylation
2 -dG 8 -OH

8-hydroxydeoxyguanine (8 OHdG) (Simic et a., 1994)
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eff

Scavenging

70 4

60 —

50

40

30

20

10

——

| | | |
103 10 105 106

Conc. (ng extract / ml solution)

Fig. 8 Scavenging efficiency of ethanolic and agueous extracts
of propolis on hydrogen peroxide
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‘OH:

FE-EDTA + O, « Fe-EDTA + O,
20, +2H ® H,0, + O,
F&"-EDTA + H,0,® F&"-EDTA + OH + -OH

photodiode array HPLC
8-OHdG 8-OHdG 2% 290nm
Stadler  (1994)
8-OHdG -OH
8-OHdG
8-OHdG
Shi (1991)

Yutig (1990) Van
Acker  (1996) myricetin, quercetin  rhamnetin
B
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8-OHdG formation (%)

100

80 -
60
40 -
@ o4
B8 ddH,0
20 —
0 T T T T T
104 10° 108 107 108

Conc. (ng extract / ml solution)

Fig. 9 Scavenging efficiency of ethanolic and agueous extracts
of propolis on hydroxyl radical
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4. DPPH

(peroxyl
radica)

DPPH
517nm

(Kurechi et al., 1980)

DPPH
Scheller  (1990) electron spin
resonance Spectroscopy DPPH
(1998)
DPPH
DPPH



100 —
80
60
40
@ o4
20 - B8 44,0
0 - T T T T
108 104 100 106 107

Conc. (ng extract / ml solution)

DPPH
Fig. 10 Scavenging efficiency of ethanolic and aqueous extracts
of propolison DPPH radical
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()

redox cycle
Fe?*
Fe™  ferrozine
562nm Fe’
Afanas EV  (1989) rutin - quercetin
Sugihara  (1999)
(1B 3,

4 -dihydroxy group (2)C 3-hydroxy  4-carbonyl group
(A  5hydroxy C  4-carbonyl group

(Dlinoleic acid 2
DPPH ©)
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Scavenging efficiency (%)

100

80

60

40

20

®-® i0oH
-8 dH,0

T T T T T T
10° 104 10° 100 10/ 108 10°

Conc. (ng extract / ml solution)

Fig. 11 Chelating efficiency of ethanolic and agueous extracts
of propolison ferrousion
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DNA (Cerutti, 1985;
Ames, 1989; Stich and Anders, 1989)
(Cerutti, 1985)

Ames

(Samonella/microsome reversion

assay)(McCann et d., 1976; Purchase et al., 1976; Brusck et al.,
1993) (9
TA98 TA100 TA102 frameshift(

) base pair substitution( )

()

typhimurium

TA98 TA100 TA102
70%
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Meresta (1985) 16
69
Grange  (1990)

(Pseudomonas aeruginosa)

Ames (1971 His"
revertants revertants
O TA98 TA100 TA102
()
1. t-BuOOH
TAL02 (Levin et a., 1982)

Taffe (1987) t-BuOOH
organic
akoxyl (RO-) peroxyl (RO;") Epe (1990)
t-BuOOH
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TA98, TA100 TA102

Table 4. Mutagenic activity of ethanolic extract of propdis in
Salmondlla Typhimurium TA98, TA100 and TA102

His" revertant per plate
Amount per plate  TA98 TA100 TA102
(mg) -9 49 -0 +0 -9 +9
0.01 45+3 354 348+33 3396 404+13 446+15
0.1 30+3 34+3 201+31 349+6 379+30 478+13
1 30t1 254 21444 2818 205+1 382+19

Sontaneous 3511 36+1  395+2 345+1 354421  488+42
revertants

Data are mean = SD of three plates.

The number of spontaneous revertants was determined without
sample.
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TA98, TA1I00 TA102

Table 5. Mutagenic activity of agueous extract of propolisin
Salmonela typhimurium TA98, TA100 and TA102

His revertant per plate
Amount per plate TA98 TA100 TA102
(mq) -9 +9 -9 +9 -9 +S9
0.01 274 38t6 3444 344+19 47846 37431
0.05 205 35 35748 3H1+12 450+12 412456
0.1 3H5+4 36+1 383+11 34448 403t48 4042

Soontaneous 25+2 5241  346+8 363+9 455+14 386+16
revertants

Dataare mean = SD of three plates.

The number of spontaneous revertants was determined without
sample.
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t-BUOOH TA102

t-BUOOH
t-BuOOH
t-BuOOH
t-
Kato  (1991)
phenolics quinones
t-BuOOH
2. MNNG

N-methyl-N" -nitro-N -nitroso-guanidine (MNNG)

(Mandell e dl., 1960)

(McCann et d., 1975) TA100
TA102
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t-BUOOH

Table 6. Effect of the ethanolic and aqueous extract of propolis
on the activity of tBUOOH toward Salmonella
typhimurium TA2102 in the absence of SO

Amount per plate His" revertant per plate
(mg) TA102
EtOH

Control 746+25%"
0.01 65633
0.1 566:+34°
1 380+26"
2 361+21°
ddH.0

Control 772+17°
0.01 677458
0.05 759+20°
0.1 728+8°

“The control number was determined without sample.
" Data within the same column bearing different superscript

letters in the same group were sgnificantly different (p<0.05)
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Francis  (1989) 18 flavone, isoflavone,
flavanone, flavanol  flavonol flavonoids
MNNG TA100
flavonoids
flavonols  flavanones flavonoids
(1) MNNG
) DNA
MNNG (Kada et d., 1984) Cizmarik
(1998) MNNG  TA100
TA100 TA102 MNNG

3 1Q
2-amino-3-methylimidazo(4,5f)quinoline (1Q)

N-hydroxylation N-O-acyl
(Aeschbacher et al., 1991)
S



Alldrick  (1986)

flavonoids  quercetin  myricetin O
1Q Lee (1994) TA98
19 flavonoids 1Q
flavonoids - (1) C4 keto
group, (2) aglycone, (3) C2 C3 , (4 C2
phenyl group (5) C4,C5 C7 -OH
1Q flavonoids
(@] cytochrome p-450 o-deethylase
N-hydroxy-1Q 2
IQ DNA

(Shanetd., 1986 Synderwine et d., 1988)

MNNG
aflatoxinB, (Bhattacharya et a., 1987;
Shetty et al., 1988) (Francis et ., 1988; 1988)

(Shetty et d., 1988)

~ flavonoids
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MNNG

Table 7. Effect of the ethanolic and agueous extract of propolis
on the activity of MNNG toward Salmonella
typhimurium TA100 and TA102 in the absence of O

Amount per plate His" revertant per plate

(mg) TA100 TA102
EtOH

Control 3962+218" 1275+96°
0.01 3726173 1103+135®
1.1 3334+53" 994+12°
2 324+10° 668+83°
ddH,O

Control 2069+95% 2136+17°
0.01 1517+110° 1597+219
0.05 1462+31° 1412457
0.1 1487+181° 1253+128°

“The control number was determined without sample.

""Data within the same column bearing different superscript

|etters in the

same group were significantly different (p<0.05)
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1Q

Table 8. Effect of the ethanolic and aqueous extract of
propolis on the activity of 1Q toward Salmonella
typhimurium TA98,TA100 and TA102 in the presence

of 9
Amount per plate His" revertant per plate
(mg) TA98 TA100 TA102
EtOH
Control 872+49"" 1414+56° 707+31°
0.02 768+47° 14414547 624+69°
2.1 80+ 2 369+4° 468+20°
3 41+4° 315+1° 450+ 75"
ddH.0
Control 1231+32° 1319+29% 609+25°
0.01 1048+15° 1232447
511+31°
0.05 975+69° 1410465 488+33°
0.1 867+26° 1154+88° ATT+40°

"The control number was determined without sample.
"Datawithin the same column bearing different superscript
letters in the same group were sgnificantly different (p<0.05)
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Alldrick  (1989) quercetin - rutin
invitro  invivo

flavonoids

( )

hydrolyzable tannins proanthocyanidins

(Bravo et d., 1994; SauraCalixto et a.,
1996)

polyphenols phenolics aglycones
free sample phenolic compounds, flavonoids(quercetin,

genigein)  phenolic acids (Jung
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et a., 1983; Wolffram et d., 1995; King et a., 1996; Manach et
a., 1997) b-glycosidase
glycosides (Williams et al., 1964;
Griffiths et al., 1982; Hackett et al., 1986)

aglycones

(Hollman et d., 1995; King et d., 1996; Hollman et d., 1997)

in vitro
Chopra (1995) rats
Doxorubicin(
cardiomyopathy
) credtine
phosphokinase  aspartate aminotransferase (

Doxorubicin )
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BMI

(foam cell)
(low density lipoprotein; LDL)

21 BMI=22 x (
BMI

70



Table 9. The characteristics of the subjects supplemented

withpropolis
Characterigtics Man (n=13) Femde (n=13)
Age 21+1 21+3
Height (cm) 174.13+4.9 161.25+4.8
Weght (kg) 68.44+5.42 53.11+7.5
Body mass index 22.61+2.15 20.37+2.28
(kg/m)

Vdues are mean+SD
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()

flavonoids flavonoids

(Sdah e d., 1995

flavonoids

Frie  (1990)

500 mmole/L

LDL

72

LDL

Viana et a., 1996)

(Sdija et d., 1995)
C

Siow (1999)
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Table 10. The contents of total phenolics and other
antioxidants in the plasma of subjects

Time

Week O Week 1 Week 4
Totd phenolics ~ 2.8021""  293:052  3.18+0.25"
(mg/ml)
Vitamin A 52.16+13.33% 51.34+12.02" 52.58+12.02%
(ny/d)
Vitamin C 2.04+0.05° 203+0.08  2.18+0.17°
(mg/dl)
Vitamin E 0.80+0.2  0.79+0.23F  0.85+0.17°
(mg/dl)
Thiol (nM) 495.4:60. 532.8:69.8 546.7+53.1°
Vaues are meantSD

"mg gdlic acid equivaent/ml plasma

“Vaues within the same row sharing the different superscript
letters were sgnificantly different.
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abumin (Pepper et d., 1995) albumin
-SH

LDL (Jurgen et 4a.,
1987; Steinberg et a., 1989; Esterbauer et a., 1989)
H,0O, myoglobin
MDA LDL

MDA
H,0, myoglobin

Lin  (1998)

26

LDL LDL
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LDL

Table 11. Totd antioxidant status, lipid peroxidation and
lag time for the LDL oxidation of the subject
supplemented with propolis

Time
Week 0 Week 1 Wesek 4
Antioxidant 36.12+3.7% 40.23+3.13 45.27+2.78
capacity (%)
MDA 1.80+0.29" 2.08+0.80° 2.16+0.54°
(mmole/L)

LDL (min) 55.82+2.52% 57.22+4211°  59.04+2.21°

Vdaues are meantSD

"Vaues within the same row sharing different superscript
letters were sgnificantly different.
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in vitro

LDL LDL
Nardini  (1995) caffeic acid
AAPH LDL De Whalley
(1990) flavonoids ( guercetin)  in vitro
LDL
E macrophage LDL

LDL
invitro invivo LDL
in vitro LDL
(Fuhrman et a., 1997; Cherubini et 4.,
1999)
()
LDL LDL-
cholesterol
LDL

L DL -cholesterol
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LDL

Table 12. Lag time for LDL oxidation in vitro

Conc.(ng/ml) Lag time (min.)
Control 74.4
0.2 91.8
0.5 1145
1.0 167.1
2.0 285.4

7



(high dengity lipoprotein; HDL)
lecithin
cholesterol acyltransferase(LCAT)
(cholesterol ester; CE) HDL
HDL LDL
(Bierman et a., 1988; Groff et al., 1990)
HDL-cholesteral 1mg/dL
2~3% 3~4%
(Lipid Research Clinics Program, 1984)
HDL-cholesterol
LDL-cholesterol/HDL-cholesterol
(Stehle et d., 1988)

polyphenols  condensed tannins
grape tannins (Tebib et al.,
1994; Tebib et a., 1994, Martin et a., 1997), tannic acid
(Yugarani et a., 1993) catechins(Muramatsu et al.,1986)
LDL-cholesterol HDL -chol esterol
polyphenols reverse-cholesterol
transport

(Regerat et dl., 1992; Tebibet al., 1994) Lin  (1997)
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GOT GPT
(TG) TG

Jonathan  (1998)
isoflav onoids
LDL- HDL-
LDL-cholesterol/HDL-cholesterol

()
T ( )
T
(subset) CD4 CDS8 T
CD4'T
: _
N (Th) CDS'T
T (TC)

(proe-forming protein)
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Table 13. Plasmal lipids of the subjects supplemented with

propolis
Time
Week 0 Wesk 1 Wesk 4
TG 74.24+4931%  70.23+31.28° 70.20+34.14°
(mgdl)
TC 170.3+35.96" 176+39.71% 181.2+43.842
(mg/dl)
LDL-C 80.31+24.75° 97.3:225%°  101.42+21.15°
(mg/dl)
HDL-C 66.66+16.42°  71.95+16.76" 76.04+17.74°
(my/di)
L/H 1.34+0.24° 1.36+0.2 1.35+0.19°
Vdues ae meat:D

"Theratio of LDL-cholesterol to HDL-cholesterol

“Vaues within the same row sharing the different superscript
|etters were Sgnificantly different.
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T CD4 CD8 B CD4/CD8

Bcdl CD4
CD4/CD8
Schwartz  (1982) invitro quercetin
CDS'T Kimoto  (1998)
artepillin C (3,
5-diprenyl-4-hydroxycinnamic acid)
CD, CD4/CDs (1992)
30 T NK

26
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Table 14. Immund status of the subjects supplemented with

propolis
Time
Week O Week 1 Week 4
B cdl 13681574  13.761528  14.2315.63
(% of lymphocyte)
Tota T cell 66.46.79  66.15+6.04 66.29+6.59
(% of lymphocyte)
CD, 45.85+10.13 46.9+7.04  47.26+8.46
(% of Total T cell)
CDg 43.63t7 43444652 43.33+6.59
(% of Total T cell)
CD, / CDg 1.11+04 1.12+0.31 1.14+0.38

Vdues are mea+SD
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DPPH

t-BUOOH, MNNG
IQ TA98 TA100 TA102
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