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Effects of Green Tea on Weight Gain, Plasma and Liver Lipids and
Lipid Peroxidation in Pair Fed Rats
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ABSTRACT

We compared antiobese, hypocholesterolemic, antiplatelet and antioxidant effect of 10% green tea powder and 3%
green tea extract in rats pair fed 5% cholesterol diets. The final body weight was decreased significantly compared with
the control (p < 0.05). Plasma and liver total cholesterol were lower in group of green tea powder or extract, but not sta-
tistically different. HDL cholesterol was increased significantly in group of green tea powder compared with the control
or green tea extract (p < 0.05). Plasma triglyceride was significantly decreased in group of green tea extract compared
with green tea powder, and green tea powder compared with the control respectively (p < 0.05). Liver triglyceride was
significantly decreased in group of green tea powder or green tea extract compared with the control (p <0.01). Platelet
aggregations in the maximum and initial slope were not different among groups. Hemolysis was significantly lower in
group of green tea powder compared with the control (p < 0.05). Plasma TBARS production was decreased in group
of green tea extract compared with the control (p < 0.05). Na passive leak in intact cells was not different, but Na leak
in AAPH treated cell was significantly decreased in group of green tea powder than the control (p < 0.05). The leak in-
crease (ANa Leak) after AAPH treatment was significantly decreased in groups of green tea powder and extract com-
pared with the control (p < 0.05). Isotope excretion after *“C-cholesterol ingestion was significantly increased in group
of green tea extract compared with the control or the green tea powder (p < 0.05). Consumption of green tea in powder
or extract may give beneficial effects in weight control and plasma lipid profiles, impeding metabolic syndrome. More
studies are needed to clarify what component of green tea and what mechanism are involved in antiobese and hypoli-
pedemic actions of green tea. (Korean J Nutr 2008; 41(7): 602~611)
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Table 1. Composition of experimental diets (%)

Control Greentea Greentea
Ingredient powder exfract
Cholesterol based diet

Casein” 20.0 20.0 20.0
L-methionine® 0.3 0.3 0.3
Lard 9.0 9.0 9.0
Soybean oil 1.0 1.0 1.0
Choline chloride” 0.2 0.2 0.2
Vitamin mix® 1.0 1.0 1.0
Mineral mix” 3.5 3.5 3.5
Sucrose 20.0 20.0 20.0
Corn starch 39.3 343 36.3
Cellulose” 5 0 5

Cholesterol” 0.5 0.5 0.5
Cholic acid® 0.2 0.2 0.2
Green tea powder” 0 10 0

Green tea extract” 0 0 3

Total (%) 100.0 100.0 100.0

“Teklad, Harlan Madison WI, USA

® Junsei Chemical Co., Ltd.

“Mineral mixtuer (g/100g): CaHPO450.0, NaCl 7.4, KsCsHsO7 -
H20 22.0, K2SO4 5.2, MgO 2.4, Manganous carbonate (43—48%
Mn) 0.35, Ferric citrate (16.7%Fe) 0.6, Zinc carbonate (70% Zn)
0.16, Cupric carbonate (53—55%Cu) 0.03, KIO30.001, NaSeOs -
5H20 0.001, CrK (SO4)2-12H20 0.055, Sucrose 11.804

“Sigma Chemical Co., USA
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thek 200,000/ w2 2748 $- ADP (2 M) & F7k8lo] &
e A2, 33 HHESE YA E ARSIt davt &
& whole blood platelet aggregations Z43k= im-
pedance ' o=, Have] So we} FH= F A
Z7k9] A3 (ohm) 2] 5712 YEh} =t Chronolog agg-
regometer (model 500, Havertown PA, USA) & ARE-s5}

o] S5tk
g AT 2N
o] FFUAHE, HDL-ZHAES, 181 44
Hko] ARAR Moo= En-zyme assay kit (Asan phar-
maceutical Co., Ltd, Korea) & AF3I T & SdAHE
I FAA B o= FH 10 pls ARSI, HDL-24)
AEIES] A= 200 plbs ARESte] 7 WSO R gt
o). HDL-FE 2 &2 E8AY 200 wE ¥al vortex
i RS A8 1,000 X gollA 1087 94 &
T Akl 50 = 7 2 A48T ZH2E Color rea-
gentZ 1.5 m¥ 29L& & 37C water bathollA &Z#| A~
HE3} HDL-Fel| AHE-2 587, T4 103 ok
ato] WAAIZT) & FE S HDL-ZE 2 &2 500
nmeollA, 183 49X 550 nmollA spectrophotom-

ARG FHaHEY FAWL] 352 Folch 57

A 1 g 6 ml chlo-
roform/methanol mixture (2 : 1, v/v) & 2 ml =555
ol skt & 3,000 X gelA Aiielsisint sk
500 pl& # 3k clean benchollA Ak AZx3E & o37]9
50 ¢ Triton X-100/chloroform mixture (1 : 1, v/v) ¢}
450 1l chloroform= golA 500 W= vkso] 7FEA &
ol W8=2 &3zl ol 20~50 w2 ko] chlo-
roform& ¥TA7] F Asan kitg AFEEte] 719 A
HES SAslth 1t 472 359 20~50 wE
3tod chloroformS 3HAIZ] & 50  WiEEE-S YWl £
AlA Asan kit AHEste] S50

M0l Na leak

QYT gole] 2] :

Fols 1,000 X gollA 1087F A4 Eelste] plasmagt
buffy coat®E Aol 3 S 5819 cold isotonic cho-
line chloride washing solution (CWS) [150 mM choline
chloride, 10 mM Tris-4-morpholinopropane sulfonic acid
(MOPS) 4T pH 7.4] 5 Y1 HH3] 4lo] 94 Relsh=
& 53] REEste] Hoj=qleh. Ad7-E ] CWSE 3]
A5to] hematocrit 40~50%2] A& gdo] =7 24
8k & hematocrit= S3sFItE A+ €9 50 whE 5 ml
2] 0.02% acationox (metal free detergent, Scientific
Product, USA) Y& 710 = intracellular Na= 74313tk

Na leak :

TS AT g 7F 2 mlE 1 mMS] AAPH7| £9
AAY SR 2= 7+ 40 ml medium (150 mM cho-
line chloride, 10 mM glucose, 1 mM furosemide, 1 mM
ouabain, 10 mM Tris-MOPS, pH 7.4)°l @11, 12 tubes
o gFds}to] duplicate tube® 0, 10, 20, 30, 40, 5023+
HoF 3 dgo2 37 effluxE TUAATE Z) tube 5
Al Be]te] ASS thE tubeol] %7 T AS949] Na
L5 AAEFAZ 43399 Ouabain¥ furosemide
A spellA] st o8l Sefvtsi= Na-passive leak
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pane) dihydrochloride] o =Z5 S w] Agulke] £4)
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#g/(ml X min) X 60 min X gmole/23 pg X [44 ml —
(2 ml X het)/(2 ml X het)] = pmole/ml rbe/hour (mmole
/L rbc/hour)
Acationox-3< 5 mlZ X% 50 83T 99| in-
tracellular Na &4k
1g/(ml X min) X 60 min X pmol/23 g X 101/hct =
#mole/ml rbc (mmole/l rbc)

5T 8%

AgT- £9 JEE= Draper 579 autohemolysis &
HE R APAIT o E AQESA 20 W EHE 5 ml
PBS (phosphate buffered saline) o] #4171 & 1,200
X gollA 1021 A4 Felate] s AAsL B4
5 ml PBSe] iAHA e AT FA4FY 2 miE 4 ml 55
I PBSE 843te] 37°CoA 4417 wjoket 5 4]
HeEjato] TN FHEE FHTE blank® o] spec-
trophotometer 415 nmellA S35t S759 PBSe
A £8% AF7E] FHE Ao] glo] SFHEE YEr
=3

g% TBARS 2

% TBARS (thiobarbituric acid reactive substance) 5
2 AHE Yagi P 9% 0=, 1/12N 3419 10%
phosphotungstic acid® 3® 3yl |u-S TBAS} vk
SAIZ1 % nbutanolT 22 %71 TBARS (Thiobarbituric
acid reactive substance) & Spectrofluorometer (Kontron
Instruments SFM-25) 9] excitation 515 nm, emission
553 nmollq F&FZskA L, 1, 1, 4, 4-tetramethoxy pro-

panes FTEN 0T ARSI
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MC-cholesterol (NEN, Boston MA, USA) 0.2 xci&
2¥7k2] oA AFAIZ &, Tk 1LAAFE 697kA]2] ¥
= TRl AdollA HEAA FAE ST st
ZF A& 0.2 g¢& 20 ml scintillation cocktail (SCINT-A
XF, Packard) el ¥¢] A=2efA] 394zF ®#gt & Liquid
scintillation counter (Packard 2700PR) £ o]-&3lo] &4
AL 4vke] MmgL uAdy (ESCR)CZ B3t

I~

=
3, Az GEAX]S 023 paraffin &
Z =& 7H=9] microtomes ©]&

7 S 5~7 pm FAR AH3
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H WG E sto] Feradn] g 400n1&ollA a3t
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2 28] Avh= e (mean) ¥ 583} (SD, standard
deviation) & FEAISFA 1, 7+ A¥A7ES] H]WE one-way
ANOVAZE o] &3t &4 & p <0.05 <°ll4 Dun-
can’s multiple range testoll 2J&] z} 2o]o] W& ||+
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el ALEAF % (ADF], average daily intake), 19 33
T=A% (ADG, average daily gain) % Al2&&(FER,
food efficiency ratio) ©] Table 2¢1 Ve Stk A
ol QoA dizztoll vlal] 5af o] tha vl At
FEETol 7P sekod foA Aol gllek ey

Table 2. Effects of green tea powder or green tea extract on growth rate and feed intake

Control Green tea powder Green tea extract
Cholesterol based diet

Initial B.W. () 2133 +11.1 2131 +11.2 213.1 +12.1
Final B.W. (@) 316.1 +18.7 305.1 +23.6 2987 + 8.4
ADG" (g/d)* 37 £ 0.3° 33 £ 07% 30 = 0.2°
ADFI” (g/d) 158 + 6.2 158 + 6.3 158 + 68
FERY (g/d)* 0.22 £ 0.09° 0.20 = 0.04® 0.19 = 0.01°
LW/BW?Y (%) 44 + 02 45 + 0.4 41 + 05

"ADG: Average daily gain
¥F.E.R: Feed Efficiency Ratio

? ADFI: Average daily feed intake
“L.W/B.W: Liver wight / Body weight ratio Values are means + SD of 10 rats

*: Values in the same row not sharing the same superscript differ (p <0.05)
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Table 3. Effects of green tea powder or green tea extract on
plasma and liver lipids

Green tea Green tea
powder extract

Cholesterol based diet

Control

Plasma (mg/ml)

Total-cholesterol 199.4 = 52.7 185.1 = 47.1 186.7 = 42.3

HDL-cholesterol* 25.1 + 2.9° 319+ 39° 267 + 43%

Triglyceride* 749 £ 11.8° 627 £12.9° 557 £ 11.4°
Liver (mg/g)

Total-cholesterol 33.3+ 57 309+ 50 312+ 70

Triglyceride** 189+ 49° 71+ 15 78+ 1.6°

Values are means £ SD of 10 rats

«: Values in the same row not sharing the same superscript dif-
fer (p<0.05)

«x. Values in the same row not sharing the same superscript dif-
fer (p<0.01)

A2 =52k 2E 53 FEEel] ol s
] EH&ELOH H] &) ZFJ =2 FEE
011*1 oA oz gl
114 %%Eﬂiﬂl%% AL ZME & 5 s
J

Hemolysis, TBARSY4, HE7t2| Na leak

23} A F 2 S35 hemolysis, % TBARS 2343
9l A&uko] Na-leakel gt A#7} Table 4ol et
31tk Hemolysist =aF &9+ro] vzl vl3)] {24

aatlal (p <0.05) =2k FEErellA tha FHast
ﬁgb} Torglzq zfo]= 9lit) g% TBARSAAIL =x}
Pry FEETelA AAaEoY 52 FETRe] &
o4& Bt} (p<0.05). Intracellular Nas e 5af
ZuvolA ok = el o 27 2ol glslth
Ag5uke] Naleaks Nad] sZzleld 23| o]gsl
passive transportEE|Z intactZde QloixA AT 1F
of & o7} ot Ak A Q1 AAPHe =
=9 AT G FAp Fdaro] izl vlal] 724
o7 U Yepth (p <0.05). Intact 4875 AAPHE

Table 4. Effects of green tea powder or green tea extract on pla-
telet aggregation

r_{

o

s

F

Green fea
extract

Green tea

Control
powder

Cholesterol based diet

78+ 1.9 74+ 1.6 74+ 21
7.9 3.6 7.4+22 72+t1.4

Initial slope (Q/min)?
Maximum (Q)"

"Maximum aggregation is ohm at the point where aggregate
dissociated

?Initial slope ohm change for the first one minute of aggrega-
tion

Values are means = SD of 10 rafs

Table 5. Effects of green tea powder or green tea extract on erythrocyte hemolysis, TBARS and erythrocyte Na leak

Control Green tea powder Green tea extract
Cholesterol based diet

Hematocrit (%) 443 +£50 43.7 +3.4 434 +24
Hemolysis (%) * 128 =+ 1.6° 103 +1.1° 11.3 +1.6%
TBARS (umole/ | plasma) * 0.41 = 0.03° 0.38 = 0.039P 0.38 +0.01°
Intracellular Na” (Na mmole / | roc) 25 £05 2.6 0.4 2.8 *£0.6
Erythrocyte Na-Leak” (Na mmole / | rbc/hr)

Intact RBC 0.32 = 0.09 0.27 = 0.08 0.33 = 0.23

AAPH treated 0.65 * 0.06° 0.42 +0.14° 0.51 +0.20%"

A Na Leak** 0.33 = 0.03° 0.15 + 0.06° 0.18 = 0.09°

YIntracellular Na is for intact erythrocyte

?Na leak is erythrocyte passive Na efflux infto medium containing ouabain and furosemide

Values are means = SD of 10 rats

*: Values in the same row not sharing the same superscript differ (jp <0.05)
#+. Values in the same row not sharing the same superscript differ (p <0.01)
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leak#}o] (ANa-leak) & A4 CE FAFE Wl =54} #
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Table 59 43 351 27]-84 (initial slope) ¥}
-4 (maximum aggregation) ol JojA] Hx} Ed-of
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Table 6. “C-Cholesterol excretion

Greentea GCreentea
Control
powder extract
Total-feces” 95 08 9.6 +07 97 £13
Excretion (%)” 89 +07° 95 +1.4 315 +70°
Excretion (mg/50mg  4.46 + 0.3° 476 +0.7° 1572 + 3.5°

diet cholesterol)

) Average daily fecal weight after air dry, expressed in gram

2) Percent of total “C-isotope excreted for 6 days after ingestion
of 0.2 u Ci “C-Cholesterol

Values are means £ SD of 4 rats

«: Values in the same row not sharing the same superscript dif-
fer (p<0.05)
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AtEA|ZOA SRR e 52t 0% FElA
Z33 53 FET ARA 5% A7BIET R 5
At 283 HAp FEETS 6U7E E W] -
Ae & o] YTt (Table 6). 4333t 0.2 uCi 14C-Cho-
lesterol®l] th3l] 643t vl isotopeZFell thdt H]-&S
SAHEEEE tjETtel] & Afol= fIloy) Ak FEE0
49 31%9) wdES Bl MEST SEeHA g5
Aersitete A4 oS Btk (p<0.05).
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Fig. 1. Microscopic appearance of
liver and aorta tissues (< 400).
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%3814 9] neuroendocrine systems E35F 218914 2+
£ 7K ew Aysta ok Suzuki 5272 mouse A
HollA 1Y 400 mg HAFEES &0l BA AFA7=
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i’ﬂ ARG st 291S wiAgt S2f 2k o] gk
T A WA g RS v ¢ USItE 7w Eat A
BAFES 15.8 3o 7 & uf A5 300~350 139]
59 o1 AdF R AR 1.58 13 (5 g/kg/day), =
2FEEZ 520 mg (1,500 mg/kg/day) ol Fsh= A
8] W& Rl ARESE AR Uist SA5EE
2 ksl ot 355
S E A A 2 F ”O]“—Zﬁoﬂ ojst SAE& AF
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Sk}
S7/HAZIEE AT W
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< phosphodiesterases JA|8t1 WA HAE
sto 2 gAY dginE &
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