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Effect of Dried Leaf Powders and Ethanol Extracts of Persimmon, Green Tea and
Pine Needle on Lipid Metabolism and Antioxidative Capacity in Rats

Kim, Eun Sung - Kim, Mi Kyung
Department of Foods and Nuirition, Ewha Womans University, Seoul 120-750, Korea

ABSTRACT

The effects of dried leaf powders and ethanol extracts of persimmon, green tea and pine needle on lipid metabolism, lipid
peroxidation and antioxidative activity were investigated in rats. Forty-nine male Sprague-Dawley rats weighing 107.8+ 1.8g were
blocked into seven groups according to body weight. Rats were raised for four weeks with diets containing either 5%(w/w) dried
leaf powders of onc of three different Korean traditional teas, persimmon(Diospyros kaki Thunb), green tea(Camcllia Sinensis O.
Ktzc) or pine needle(pinus Koraiensis Sieb. Et Zucc), or cthanol extracts from equal amounts of each dried tea powder. Food intake,
weight gain, food efficiency ratio, and weights of liver, kidney and epididymal far were significantly higher in the green-tea-powder
group, and significantly lower in the pine-ncedle-powder and pine-needle-extract groups. Persimmon-leaf powder was found to
decrease plasma total lipid, triglyceride and cholesterol concentrations by increasing fecal total lipid, triglyceride and cholesterol
excretions. Liver cholesterol concentration was significantly lower in the green-tea and pine-needle-extract groups. Red-blood-cell
superoxide dismutase(SOD) and glutathione peroxidase(GSH-px) activities were significantly increased in rats fed green-tea extract.
Liver SOD activity was increased in rats fed pine-needle powder or cxtract, and liver GSH-px activity was incrcased in rats fed green-
tea powder. Plasma and liver thiobarbituric acid reactive substance(TBARS) concentrations were both decreased in rats fod dried
leaf powders or extracts of persimmon or green tea. It is belicved thar high vitamin E levels in persimmon leaf, and high flavonoid,
beta-carotene and vitamin C levels in green tea effectively inhibired lipid peroxidation. In conclusion, persimmon and green tea
leaves were effcctive in lowering lipid levels and inhibiting lipid peroxidation in animal tissue, while pine needles were effective in
lowering body weight gain. From these results, persimmon and green tea leaves can be recommended in the treatment and
prevention of chronic disorders such as cardiovascular disease, cancer and aging. As ethanol extracts from these teas were also
effective in lowering tissuc lipid levels and inhibiting lipid peroxidation, we recommend the use of discarded tea grounds for this.
(Korean J Nuirition 32(4) : 337~352, 1999)
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#(& : Diospyros kaki Thunb)g-e 8¢t Sa7
g, 449 59 AU AAYE, Aol AAAY, Fy 2
2 AR a7t oty dEA $1° dEOAE 1
ool AFHA AFHOR o] §Ho] fr}® 7o) &
L 2= astragalin, myricitrin® 22 flavonoid w24,
tannin. polyphenol®, 4*|, coumarin® &HIE, be-
tulic acid, oleanolic acid, ursolic acid®} Z-& #7144 2

2271 212, HE C, carotenee] T3&M, veld
B, G4, BERGE FiTcn g2iA oy, 72l o
g d3E #HYAA EEE flavonoide] angiotensin-
converting enzyme 4 A&3}4° WELFEE 9
hexane 28 9] FHo|9d4® IT-FEE 4 ghde] 32
Hol A9 A0 22 AgH 75 We I
ot g7 2o dig Q707 2 8E o] g}

=28 : Camellia Sinensis O. Ktze)= Hz& #
A BT 27 718 F¢0 F3u, 2hE e b 2E
W2l Ao =HEL g Ao 0, 28lags 235
= S4dte Er) QukT A2, H2d E3)) o
g B4jo] AFHEA Ao AR okg) Foto] G I3}
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AP 22 A En] U A9} Fape] A Ee] gig
A7 2R vt Zate] Juoe gud, A2 dH
4, caffeine, G54, UEAIGL T 4844 Ad, AF,
HIE}l $7]4 3} catechin, kaempferol, quercetin, my-
ricetins¢] flavonoidF7} ATH2.

£91(8Y : Pinus koraiensis Sieb. et Zucc)2] A&
Z & o-oinene, B-pinene, camphene 5¢ A{AHE.
quercetin, kaempferol 59 flavonoid®, +#|, B+,
carotene, HIEMR] C7} 10", €902 7+3d% o448,
AZAAE, ¢3/1A2E, I84A8 59 Az axr}
At dH A dem?, £49 71FAdd dd d72E A

WAl Bl A QI FEEL] Fveldy F AtE

CENP, EAE4 B A fAs 98 244 3

U E B4 2= A 28 2 5AE0] 9lu, a9
9] J22 gk 77 R}

ol thRdM AEAAE Y 5 Qs AR o E2E 4
ol At F4tsl vlEl 2 flavonoids® B E8 poly-
phenol®E £ 4 3ot Ao)dfe zbe] AskEso) 9
B AstEA] g YA R A2 2 84
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A Lo} o] £e] drEd o A gomg g B
o} FAE F7HAIZITH

Beta—carotene, HIE}R] C, B]E}Y) E<} & 3HAkg B
BNl free radical AAFe 2R ditslAE of W
WS ddtin 42X gow w3le) X P s Agdsh
g3 e Ad©,

Flavonoidse @& =+ v dde oz Aissias
dd MHEL 0.023~1.1ge2 vkt gEA Yo,
Superoxide anion radical, hydroxyl radical, peroxyl
radical?®} peroxyl nitrite®] scavenging®*?, Fes} Cus]
chelating® % opuz} 3ts} & o] FAS Frta| e
o =X A A74atale} Low Density Lipoprotein(LDI) 9]
AEE 18la®, cyclo~oxygenase$t lipoxygenased]
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A% 4575 SpragueDawleyE 52 3 49922 ¢
Yoted AP AR H 17U mPuAlE (ake) 2
HEAAT. Hg71 F AFe] 107.8+1.8¢9) HEL A
Zol 2 Y339 (randomized complete block design)
o 3 Tale]¥ TEom BRElY 4573 ARSslan 29

&5 3k vje]¥ 22319 stainless steel caged A AR
0}9\‘14—. Aolgt B2 AF-57 HEF sigch

Aol A& 4o]9] T4 8-S Table 15 2t 4
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FHO 2= 852 (corn oil, HT)S A}L8
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Table 1. Composition of experimental diets &/ kg diet)
Groups”

Ingredients GP NP SP GE NE SE
Corn starch 698 648 648 648 648 648 648
Casein 150 150 150 150 150 150 150
Corn oil 100 100 100 100 100 100 100
Salt mixture® 40 40 40 40 40 40 40

Vitamin mixture? 10 10 10 10 10 10 10
Choline chloride 2 2 2 2 2 2 2
Plant powder 0 30 50 50 0 0 0

Plant extract and 0 0 a o] 50 50 50
starch

1) C: Control group

GP : Powder of Gamyip(Diospyros kaki Thunb)

NP : Powder of Nokchaip(Camellia Sinensis O. Ktze)

SP : Powder of Solip(Pinus koraiensis Sieb. et Zucc)

GE : Ethanol Extract of Gamyip(Diospyros kaki Thunb)

NE : Ethanol Extract of Nokchip(Camellia Sinensis Q. Kize)

SE : Ethanol Extract of Solip(Pinus koraiensis Sieb. et Zucc)

2) AIN salt mixture(g/kg mixture) : Calcium phosphate, dibasic(Ca-
HPO,2H,O) 500, Sodiurn chloride(NaCl) 74, Potassium citrate, mo-
nohydrale(K,CoH;O;H,0) 220, Potassium sulfate(K;5Q) 52, Mag-
nesium oxide(Mg(Q) 24, Manganous carbonate(45 — 48%, Mn) 3.5,
Ferric citrate(16 ~ 17% Fe) 6, Zinc carbonate(70% Zn0) 1.6, Cupric
carbonate(53 — 55% Cu) 0.3, Potassium iodate(KIO,) 0.01, Sodium
selenite(Na,5e0;5H,0) 0.01, Chromium potassium sulfate(CrKk(SO.)
212H,0) 0.55, Sucrose finely powdered, to make 1000 gram.

3) AIN vitamin mixture(mg/kg mixture) : Thiamine HCI 600, Ribo-
flavin 600, Pyridoxine HCl 700, Nicotinic acid 3000, D-Calcium
Pantothenate 1600, Folic acid 200, D-Biotin 20, Cyannocoba-
lamine{vitamin B,;) 1, Retinyl palmitate(vitamin A) 120,000 retinol eqg-
uivalents, DL-o-Tocopheryl acetate(vitamin Ej 5,0001U vitamin E ac-
tivity, Cholecalciferol 2.5(100,000 U, powder form), Menadione
(vitamin K) 5.0, Sucrose finely powdered, to make 1,000gram.

Hom, Puld 5902 casein(edible acid casein,
Murry Goulburn Co-operative Co., Australia)g A&
St F71A T vEl2 AokR & AMESle] EFE AS
Zzp Aol R A8 4%} 1% FEO= Hold Mol FF8}
At
Aol HH e AFU 33 LAY Alze] &4
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FHollA o 7t AT ¥EE U4r] Yol 23
2*[7]‘ Aol Ao] 2%-2 At AFS717HEee] 9
Hold&F, AFENEE SAsm, A7) A
1S 2L 717k AoldATFLE W] 7 JETEe
2lo) E&(food efficiency ratio. F.E.R.)& Alxlslsict.

3) B Yoo 3 Ay

TES HAE 4°—l A e AR (metabolic ca-
ge)oll A 244 7b5%ke] W FRBFE, olg 2loje) g
3¢ el o] LAFE AL ] 9ste] Hojugs ¥

FRL,

_2,

01-
o,
IT.?EL

[UD Di‘ﬂ g

I'I O{\J OEJ. J[N'

=
©



340/7391, 35}, 419 AR As o P4k} 2

olZz] gkorth AL 1dd= &% 8ARE oA 8A7HA|
Al WS AT, 2 oA 8AHE T o
A SAAAE A Bae] ARSAA olE AF e
3 & A2 AH 3gAelE oA 8A1RE oF §A7A v
Al 127759 giabRelA Wg AFsiATh 12404 F
W AT WS T 1970 ¥oz ST o 717
Z B2 Aggle] B3, AHT A2 FAE 4T
F -20ToA WSt

Ag7)7ko] FuE 485E2 1247 AHAT] F die-
thyl ether® vHA1A A& § 10ml FAP1E o8t
AA A FdL HFsIt. olw) FAIE 3.8% sodi-
um citrate €9 0.1ml2 WH-E coatingsdted AHE8ISA
. AFHE e Fads AL WA 45 EDTA
(Ethylene Diamine Tetra Acetate)”} 2031 polys-
tylene Q42e|Hel @o} ice bathol] 2083t L& F
QAEF7](Sorvall, RT 6000B)2 2.800rpm, 4°ColA
3057 gAEE sl ofdl &) red blood cell(RBC) = 8
& Bagtn, ¥ G s EE AgrE
£ 2A317) $8) -70C deep freezers] EHSIS T

o}z 29 RBCE ice cold saline$ #7lste] 94+#=
712 2,800rpm, 4CHA 1087 942 =8k AlHARE
Mz #2814 washed RBCE €5t ©] RBCF cell
7} 0.9% NaCl -§ie] F58)7} 1: 1o] HEZF B3}
50% hematocrit suspension(RBC suspension)& -
& GAstE o) A& SA8k7] A7 - 70T deep -
cezerd] Ba3l).

HdS AFAT F ice bathHolH FA) HE || ice
cold salineoll ¥o] AH g b X2 EV|E AAT F
TAE &A4%t1 vlE -70°C deep freezerd] R#A3t] I
AEE g aAagA 24 ARSI 29 A%, WA,
Ba8A4L golx FAE FAs

4) Waters &

(1) ", 73, we) A3

Ho] 2AW »EE Fringsd9g ©]43le] spect-
rophotometer(Spectronic 301, Milton Roy)®& 3473
540nm SstH 3, 74 Be FAM FE= Bligh® Dy-
erdE o] &34t €, 2, Ay FHAY FE=
GPO-PAPE S 0|43 kit(FEAlh = ZAsAx, 24
2HE ¥EE 4HE o]E% kit(FEAPE o &ate]
Z7sl3ck. %9 HDL-Z¥ 268 =+ LDL(Low
Density Lipoprotein) 2 VLDL(Very Low Density

Lipoprotein)& HAAZ & FaHoR HDL-Z#H2H
29 =g A3} kit(ePrAH E S4590.

(2y &A1} 7+2] Thiobarbituric Acid Reactive Substan-
ce ShgF

79} Thiobarbituric Acid Reactive Substance(TB-
ARS) #& 1,1,4.4-tetramethoxypropanes X%
B0 3t Juminescence spectrometer(Perkin Elm-
er, LS50)% excitation 515nm, emission 553nmel|A]
A= Yagi™e] W& o 43l A8

7r¢] TBARS @32 Buckinghamy®& ©]-83lo spe-
ctrophotometer& 532nmel| A 8] A& w83l o,

(3) Y7ol 7ve) FAsA HL A

FAE A EAFA B AF e superoxide anios
A 73= superoxide dismutase(SOD)}+ hydroxyl rad-
ical® AASE 249l catalase$t glutathione peroxi-
dase(GSH-px) 9 A4S H@T g8z TN SH8}
At

AT catalase 42 Johnsson Hkan BorgH®ol
¢)&te] spectrophotometer® 550nmol4] EHF=E 54
8 & formaldehydeS EF8&H02 3l g TE&I4
o2RE g48 Aitstsc,

3t catalase 4L FATY] sl WX 7F 0.2g8
20802l 25mM KH.PO~NaOH buffer(pH 7.0)e ¥
TA B 7)1 ©] homogenate® 22 buffer® 608] 2|4
g & ice bath A#lelA ultrasonicator(Heat System-
Ultrasonics. Inc., Ultrasonicf Propessor W-385)% 15
=¥ 23] 9E-dl] sonication® F HHTolA S}t L W
WO 2 catalase 42 S5}

HET SOD &4¢ Floh 59 W¥oz FAsigivh
o] W2 xanthine®] xanthine oxidaseel 218 supe-
roxide® AA5kaL, o] superoxide?} ferricytochrome c
(Fe*™ & ferrouscytochrome c(Fe*H)E fHAA7|=H)
olu SOD7} &A3PH SOD7} superoxideol ths] ZAs}
o cytochrome ¢ #9557} 4TS Y& o] &8
Aolth B A e forriceytochrome ¢ o] &
Hie AXE 550nmelA 30% 7¥F g 387 8 eg
% ferriccytochrome c¢2] 98 50% 933l SODE]
%L lunite 2 3l £F SHAEE VERJATH

7 SOD 842 498 A= & JPFAM} T
o AT

YT GSH-px 842 Flohe] ¥H*L o] &a15=H,



o] glutathione(GSH)# 1,0.9) ¥H-& &31A)A 24
& GSHE 413t¥ glutathione(GSSGQ) 22 A& 7)1,
G8SGeE glutathione reductased] Z-&232 NADFPHS]
HE o} tir] 248 GSHE Hi=d), ojn #32 v
NADPHw HE #otA 338 u)x] ¢ 418l8 NADP
7t B 9 E 0] 8¢ Aoth. GSH-px® ¥4-2 Spe-
ctrophotometer2 365nmollA 30% HAS2 377 GSH-
px2 848 =3 unitdlz JEU T, o7]elA
lunite 152%9¢ 1.00M9) GSH7F HO.Y 28-2% GSSH
2 A9 A ok

r GSHpx 84 £3-2 21 SOD &4 44 A=t
g B4 o 8dle HETe U er 24
=, e A A¥Te} €8] t-butyl hydrope-
roxide th4l H,0:8 AHE-8FEAL, catalase?] 2HE-2 A
317] ¥13to] 1mM sodium azide® 37}sbgich.

Z A4Ee 4SS A8 AR HE T} 7k U
A %2 bovine serum albumin(Sigma)& EF-E9.2
2 3= Lowry 0.2 243513t}

2. Flavonoids® BFEY

Flavonoids?] §#2 7 To] dhg®»®.2 o) &gl Ak
stEth AFA 20 gi-5o] JE flavonoidse] 3 &
g $late) A= 1go) 50% viErE 60mlE 713l 80T
oA 1AzbEet BFEsidn, ¥ & 50% WEER
100mlE 835t AFHR 2 A7} A& AEEHeZ 3}
gt AlE o) diethylene glycol 10ml¢h A28 1ml
S s 2 EFT F 97)¢ IN NaOH 1mlE 7Iste] ot
Al 2 Egsta 37CAA 147 B g F 420nmoll Al
EFA=E =491, blank= A 549 Al 50% wiE
g€ £9& o &3yt dBEFEEW] FHE flavo-
noids FHE 482 0|E 94 AZsEd g
< FAAZAIA T F Az FYE 4

2R3

3o

:
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3. BN U RS FFEN
Beta—carotene(B-carotene)< Nilise] HE7o = 14

FAAIENE TS o] 88t EA&E L, vET CY

e Bl Ao 2l 2ABI[T. HIEE EE AOAC

A U WE¥e 2 TN AR E IS o] &

gle) 2% & a-tocopherol equivalent(o-T.E.=1Xo-

tocophero‘lJr 0.5 Pp-tocopherol+0.1 X y-tocopherol) &
gkste] VeI

4. 4N

2 A7 AR A9dTE 4g9TE By EFEL
ZAE ARt m, JYulR] B2 (one-way analysis
of variance)< & % a=0.05 %4 Duncan’s mul-
tiple range testell &ated 2 AP B 8 &
77353t} Flavonoidsel @41l viettle] 3+ 549
= duplicate® g8 Ha-& Tl LeRAS].

SRR

1. ql‘.i*%-."—%%gl £+2 9 flavonoids, B3} HEID &
2 99 e 2, B2, 49 geFERY
e

=2

Z7& 2 M7 oidel E14E flavonoidsst gH4ks] H]
EFRI) beta—carotene, HIEFY C, ¥ET B, 2489
22 Table 29 vehyigdet.

NS EFEEY] FE25E2 Ao 22.17%, FAF 22,60
%, €9 21.35%= A7IA TR &0l wlatH T

7t AzAE 1gd FrE] Ae % flavonoids®] &
ARl 15.9mg, ZAAE0] 31.3mg. £471E0] 13.9
mgolA i, FEEL ZUYFEFEC] 583mg, SHAFEE)
10.0lmg, £€9Y$FE2L 3.74mge s EX7EZ] fla-
vonoids®] ¥] 71 243, FE2E FME 5255
29| flavonoids #ako] 714 gkth, 2F A|29) & fla-
vonoids Fo4 AFEo] == flavonoidse] v-E-E A4t
sld e F flavonoidss] 36.67%7F &3 =&

Table 2. Extraction vields of ethanol extracts, contents of flavonoids, beta-carotene, vitamin C, vitamin E and crude fiber in plant powders

Groups

Constituent GP i GE NE SE
Extraction yields(%) - - 22.17 22,6 21.35
Total flavonoids{mg/g plant powder) 159 313 13.9 5.83 10.01 3.74
Beta-carotene(ug/100g) 3280.23 10045.97 3796.13 - - -
Vitamin C(mg/100g) 17.27 135.40 136.5 - - -
Vitamin E(a-T.E./100g)" 58.02 20.87 7.94

Crude fiber(%) 12.07 8.06” 10.67 - ~ -

1) o-T.E. : a-tocopherol equivalent=1 x a-tocopherol+0.5 X f-tocopherol +0.1 X y-tocopherol

2) Data were adopted from FThe data of Nutrient content in Foods ;.

3) Datum was adopted from Gang et al*.



342/748), 57}, 90 A Ast 2 gateh x5
flavonoidsi.e ™, xxke} £9-2 Zket % flavonoids<]
31.98%%} 26.91%7} 229 == flavonoids®E V}EFG
o " q@EREIdE dEddT == flavono-
ids? 2132, AEA= AP 5= flavonoids(26.91~
36.67%) & o=} ¢ '3—°ﬂ 3] 4= flavonoids(63.33
~78.09%) = EF8A Hl& RAojrt

FAE HERe] 3-8 dolrr) fE ATAIRUY
beta—carotene, BIE}Y C. BlebY Eo] §&L ZA8Y
}. Beta~carotene THE AXAIRE 10087 £4e) 3280.
23mg, =271 10045.97pg, £9°] 3796.13pg S 2 beta-
carotenes ¥X7} 713 =okvh v|ERY C9 g Ax
A& 100g% 2e] 17.2Tmg, ¥} 135.40mg, 90|
136.5mgo= =A17} 714 vletel C Tao] St} Hlg
Tl Ee) & AXAE 100gF 3ol 58.020-TE., =
= 20.870-TE., £9& 7.94a-T.E. 22 7o) 714
HIEHY] BE o] $hsistt.

259 P B0l 120%E 7 %2, 2 the
©2 £90°] 10.6%, 5217} 8.06% = = ict

AHHo g 7He vEd B =4R-E 71 Bo] &4
BFA L, %A= total flavonolds$t o-carotene, H|EMRI
C7t &mkor, &9 HE Cof gFo] =atr)

2. 48534 YT
= @ AlojE

1) Aoy, AT NS

AEEEY 3T ”é'? HoldH T, AF7EL AT
F7hgt o] E25H A4t Aol q &2 Table 39 vl
Art.

SHF BT AeldFFE 1Y AT H A AFE UERE
3 FH Zelzt g et £9F9 A AETH F
ﬂ?Ol EF q2TRY frejFo R Uit} ATy 32

=€ HWZPE Y= T2 H B21E2 A& 2oyt A @
9«1’9—14, FUTFE FETO] ALFEOE ¢ @& HHEE

Table 3. Food intake, body weight gain and food efficiency ratio

I1.t10

Groups Food intake  Body weight gain Food eﬂficiency
(g/day) (g/4 weeks) ratio
C "6.17£0.46  129.55+3.67° 0.30£0.01"
GP 15.60+0.49° 138.53+9.21° 0.32+0.01
NP 16.51+0.58° 163.87 £8.08° 0.35+0.01*
sp 13.37+£0.46° 104.62£3.92° 0.28+0.01"°
GE 15.5340.42* 129.03 1548 0.30£0.01"
NE 1545£0.80° 126.10+£9.43" 0.29-+0.02°
SE 11.63+0.72¢ 78.00+7.59" 0.24£0.01°

1) Mean -+ Standard Error(n=7).
2) Values with different alphabet within the column are significant-
ly different at @=0.05 by Duncan's multiple range test.
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Table 4. Organ weights

WE L RS EE 324 337-352, 1999/343

Groups Liver (g) Kidney (g) Spleen (g) Epididymal fat (g)

C V7.26+0.10" 1.78£0.08* 0.50+0.047> 3.02+0.20%
GP 7.5940.45% 1.75+0.08" 0.51+0.01° 3.31+0.46
NP 8.01+042° 1.79+0.06" 0.50+0.03*" 4.07 +0.26"
SP 6.25+0.17¢ 1.51+0.03" 0.450.02% 2.4410.26%
GE 7.2440.25* 1.71+0.06* 0.45140.02%= 2.78+0.20
NE 6.66+£0.31% 1.64+0.10* 0.4910.02*< 2.7040.19b
SE 6.05+0.27¢ 1.50£0.08° 0.424+0.02° 2.14+0.21¢

1)-2) See Table 3.

Table 5. Plasma total lipid, triglyceride(TG), total cholesteral, HDL-cholesterol concentrations and HDL : total cholesterol ratio

Groups Plasma total lipid Plasma TG Plasma total cholesterol Plasma HDL-cholesterol HDL : total'
(mg/100ml) (mg/100ml) (mg/100ml) (mg/100ml) cholesterol ratio

C "345.76+£26.78" 97.78% 5.54% 70.89+4.75" 22.10£3.07* 0.32+0.03"*
GP 253.05+13.71° 7319+ 9.40° 54.26+6.81 23.82+1.28* 0.42£0.05
NP 282.46+19.89 106.42£ 9.04° 65.69+£6.03 32.6416.28" 0.48£0.12
SP 266.08+£11.37° 91.70+ 4.46™ 55.61+4.44 20.41+1.74° 0.38+£0.05
GE 267.57+14.77¢ 75.54+ 598 549045.13 24.124£0.77* 0.48+0.06
NE 269.06t 8.32° 80.12% 7.94* 59.38+3.32 24.97+1.95% 0.38+0.06
SE 322.31+10.15* 96.99+19.04*" 61.10+6.81 32.14£8.52° 0.52£0.12

1)-2) See Table 3.
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3) Not significant at «=0.05 by Duncan's multiple range test.

Table 6. Liver total lipid, triglyceride(TG) and cholesterol concen-
trations

Groups Liver total Ii!)id Liver TG' Liver cholestt'erol
(mg/g wet weight) (mg/g wet weight) (mg/g wet weight)
C 53.33 £9.89M2 8.60+0.96 2.56+0.14"
GP 60.00£7.30 5.7041.18% 2.12+0.22%"
NP 43.33£9.55 6.181+1.24°F 2.08+0.19*
5p 56.67+8.03 6.33£0.94** 2.081£0.17*
GE 50.00+6.83 5.9340.86™ 1.98:0.25%
NE 50.00+6.83 5.32+0.89°° 1.87+0.23%
SE 36.671£3.33 4.634£0.92° 1.66+0.18°

1)-3) See Table 5.
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344/71%, 57, £949) AAE A3} 9 4k £

Table 7. Feces weight, fecal total lipid, triglyceride(TG) and cholesterol excretions

Groups Fecal eright Fecal total lipid Fecal TG Fecal cholesterol
(g dry weight/day) (mg/day) (mg/day) (mg/day)
C "0.3440.04% 2913 3.71¢ 0.24+0.03" 2.2940.29°
GP 1.01+0.17¢ 82.33+24.90° 3.10+0.40 10.02+1.68
NP 0.96+0.10° 96174 9.55° 1.78+0.20" 6.03+0.63"
sp 0.786£0.07 65.30+ 322 1.51+0.23" 5.1840.38"
GE 0.46+0.03" 62.83 4% 538 1.14+0.11%4 6.254-0.49"
NE 0.43+0.06° 43.07+ 5.94 0.71£0.15% 3.284+0.53+
SE 0.40+0.06" 47.20+ 4.35° 0.70+0.13% 3.224+0.56

1)-2) See Table 3.
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Table 8. Plasma and liver Thiobarbituric Acid Reactive Substance
(TBARS) levels

Groups Plasma TBARS Liver TBAR'S
(nmol/100ml plasma) (nmol/g wet liver)

C Y30.79+4.33* 48110.58°

GP 20.32+1.71° 3.51+0.22°

NP 23.55+1.57*° 3.6610.14°

Sp 22.0941.59* 4.12+0.20"

GE 2092+2.19" 3514016

NE 22.59+1.52" 3.70+0.20°

SE 22.56+1.03*" 5.0440.62°
1)-2) See Table 3.
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Table 9. Antioxidative enzyme activities of erythrocyte

B EEEEEEE 324) : 337-352, 1999/345

Table 10. Antioxidative enzyme activities of liver

Groups RBC catalase RBC SOD RBC GSH-px Croups Liver catalase Liver SOD Liver GSH-px
C  ™387.5+£149.13%% 10.73%1.63™ 0.086+0.010° C "5774+1141.33%% 11.89+10.97% 0.3125+0.02°
GP 15359+ 3434 13.074252* 0.099+0.007*° GP 6364+1238.01 2663+ 3.77° 0.3480+£0.02*°
NP  2064.7+473.70 12.89+2.04*  0.107+0.009"° NP 6348+ 596.77  15.30% 3.77°¢ (.3845+0.03°
SP 1515.8+102.20 13.6241.93*  0.098-+0.006™ sp 6150£1052.07  40.22% 5.95* (2947+0.02°
GE  17995+378.37 13.944+1.38"  0.10040.009*° GE 63094 93397  24.17+& 529 03165x£0.01°
NE  1705.9+382.60 17.5842.81° 0.123£0.016° NE 7831+1142.75  35.24--10.09* 0.3035+0.02"
SE 1412.5%£258.94 11.4641.31*  0.111+0.006™ SE 6642+ 791.85  60.69+£13.00° 0.3042+0.03°

1)-3) See Table 5.

4) Catalase activities are expressed as nmole formaldehyde utilized
as standard per mg protein. Superoxide dismutase(SOD) activities
are expressed as Units per minute per mg protein(1 unit will inhibit
the rate of reduced of cytochrome ¢ by 50% in a coupled system
with xanthine oxidase at pH 7.8 and 25T in a 3.0ml reaction
volume). Glutathione peroxidase(G5H-px) activities are expressed
as unit per mg protein(1 unit will catalyze the oxidation by H,0; of
1.0pml of reduced glutathione to oxidized glutathione per min at
pH 7.0 and 257).
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Fig. 1. Basic structure and numbering system of flavonoids.
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