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Anti-atherogenic Effect of Green Tea Product through Hypolipidemic and
Anti-oxidative Action in Ovariectomized Rats
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Abstract

This study was carried out to investigate the effect of green tea product (GTP) on the risk factors of
atherosclerosis in ovariectomized (OVX) rats. Sprague-Dewley female rats (10 weeks) weighing approximately
279*2 g were divided into 4 groups: sham operated control group treated with high cholesterol diet (Sham-C),
OVX control group treated with high cholesterol diet (OVX-C), OVX-G 5% group treated with high cholesterol
containing 5% GTP and OVX-G 20% group treated with high cholesterol diet containing 20% GTP. Serum
TG concentrations was lower in OVX-G 20% group than in the OVX-C group, whereas ratio of HDL-
cholesterol to total cholesterol (%) was significantly (p<0.05) increased in the 20% GTP supplementation group
than in the Sham-C and OVX-C groups. Tumor necrosis factor-a levels were significantly (p<0.05) decreased
in the OVX-G 20% group. Hepatic TG levels were significantly (p<0.05) lowered in OVX-G 20% group than
in the other groups. Glutathione levels and antioxidant enzyme activities including glutathione-reductase and
Mn-superoxide dismutase in liver were significantly (p<0.05) higher in the OVX-G 20% group in the OVX-C
group. Fecal total cholesterol concentrations were increased in the GTP supplementation groups than in the
OVX-C group. From the above results, it is concluded that GTP may reduce the risk of atherosclerosis via
hypolipidemic action. Therefore, it may be used to possibly improve the hyperlipemia in menopausal women.
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Table 1. General composition of the green tea product used in this experiment (per 100 g)
Crude protein (g) Crude fat (g) Moisture (g) Crude Ash (g) Ca (mg)
30.07+0.28 8.22+0.10 6.13+0.02 5.13£0.01 201.89+9.57




Table 2. Composition
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of the experimental diets

(g/kg)

Experimental group

Sham-C" ovx-c? OVX-G5%” OVX-G20%”
Casein 200 200 184.95 139.8
Corn oil 50 50 4795 41.8
Coconut butter 50 50 47.95 41.8
Vitamin mixture 10 10 10 10
Mineral mixture 40 40 40 40
DL-methionine 3 3 3 3
Choline chloride 2 2 2 2
Corn starch h87 587 556.39 464.6
a-Cellulose 50 50 50 50
Cholesterol 5 5 5 5
Sodium cholate 2 2 2 2
CaCOs 1.009 1.009 0.76 -
GTP” - - 50 200

YSham-C: sham-operated control group. OVX-C: ovariectomized control group. JOVX-G5%: ovariectomized and 5% GTP supple-

mented group. YOVX-G20%: ovariectomized and 20% GTP supplemented group. 9GTP: green tea product.
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24e-d 03 mLe Hgeh o] Aol disulfide A1°F 2.7 mL

< 7hshed 208 WA F 412 nmelA FREE A5 o]
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A7t R @0 EAE o G4 AA F AaERA st} GTPZ Arlgk Aol & A A8 7o Azl

Table 3. Body weight gain and food efficiency ratio in the experimental groups

Group” Initial BW (g) Final BW (g) Weight gain (g/week)  Food intake (g/week) FER? (%)
Sham-C 260 4% 207 +6° 6.2+091° 115+5° 549+0.92°
OVX-C 2077 359+1° 136+1.44° 127+2° 10.7£1.06°
OVX-G5% 283 +£5P 374+9° 14.4+1.06° 13616 106+067°
OVX-G20% 283+5° 35446 11.9+063° 178+ 16" 6.97+0.77°

DRefer to Table 2. ?FER: Food efficiency ratio. IMean £ SE. “Values within column with same superscript are not significantly
different by Duncan’s multiple range test at p<0.05.

Table 4. Serum lipid concentrations in the experimental groups

Group” TG (mg/dL) TC (mg/dL) HDL-C (mg/dL) LDL-C (mg/dL) HDL-C/TC (%)
Sham-C 111.14£1.77%% 92.0+5.0° 52.9+4.4° 16.4%0.94™ 58.2+4.1°
OVX-C 120.1+£4.9° 123.7+4.7° 68.5+7.4%® 288+457 55.9+4.73
OVX-G5% 113.3%26® 1222499° 76.01+6.6° 229450 64.4+1.8%°
OVX-G20% 106.9+3.2° 132.92+6.2° 88.2+6.9° 20.7+5.38 68.45+3.3°

URefer to Table 2. ?Mean = SE. PValues within column with same superscript are not significantly different by Duncan’s multiple
range test at p<0.05. NS: not significant.
TG: triglyceride, TC: total cholesterol, HDL-C: high density lipoprotein, LDL-C: low density lipoprotein.
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Fig. 1. Effect of the green tea product used on serum
TBARS concentrations of ovariectomized-rats fed high
cholesterol diets for 6 weeks.

Data represent the meanstSE of ten animals, each values being
the mean of triplicate assays. Values sharing same superscript
are not significantly different by one-way ANOVA followed
Duncan’s multiple range at p<0.05. NS: not significant.
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TNF-a& sht obdel HoElE 52 o= 9& A%e F
et F23F cytokineo] tH37,38). Fig. 214 B whe}
7o) TNF-a £5E GTP 20% 5 A7} Aol & gk
T4 TNF-a8] Fx=7} fFo&Hoa 7F43e(p<0.05)
Sham-CE3 f-ARE o] 9l.om) GTP 5%F 71k Ao]
o ®lE Ao g F& £F(p<0.05)E Bk FH3)
o 27bSellE AbSEA 2B 29 o FHubgo] A FH o
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Fig. 2. Effect of the green tea product used on serum TNF-a
concentrations of ovariectomized-rats fed high cholesterol
diets for 6 weeks.

Refer to Fig. 1.
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skokeh. 7ke) TG FE+E Sham-CTll vl8} OVX-CiollAM
Z7}sted om OVX-CEell vlsl GTPE #H7hat Aol& Al
TS FellMe sk A¥2E 53] GTP 20%% 37t
g 2 AFe FollME Sham-CHEh F2 $5&
Bolch 7ke] & Y 2HE FEE OVX-Col Hl8) GTP
g = W TolA v aste S

v OVXT Zrell -2 &Ql 2pol= vhebubA] ebstrt
7+e] TBARS®| A =2 GTP% A7)e Aol 2 A FHke
oA OVX-Cioll #l &) #2914 2 2 (p<0.05) FHa3he A
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olelgh AFE-E GTPY H7b7h dadA A4 7k
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aks} odoFaql GSHe §ake Table 6|4 E%el
% AlFwe FoAH OVX-CEl vl
Zoteholeh. BE2A F vty €ge] B REe Fs)
= GSHE $217] AAA 93} st 8 454
& o7 GSH-px®) Z1A2H AZW B3 F 5

Table 5. Hepatic lipid concentrations in the experimental groups

Group” Liver (g/100 g BW) Lipid (9/ liver) TG (mg/liver) TC (mg/liver) TBARS (MDA nM)
Sham-C 3.07£0.147% 1394061 67.9+501° 38.1+2.89° 10.3+0.64%
OVX-C 5.09+0.16% 15.2+0.85 78.1+4.46° 51.4+248° 11.8+063°
OVX-G5% 4.34+0.13° 14.8+0.43 64.8+4.96™ 50.6+3.21° 9.0+0.58°
OVX-G20% 3.90+0.88° 142+0.37 465+1.66° 444+ 458" 85%0.75°

I"9Refer to Table 3. NS: not significant, TG: triglyceride, TC: total cholesterol, TBARS: thiobarbituric acid reactive substances.
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Table 6. Effect of the green tea product used on hepatic glutathione levels and antioxidative enzyme activities in experimental
groups

Groupl)
. Sham-C OVX-C OVX-G5% OVX-G20%
Glutathione (ug/g liver) 0.55210.0822% 0.406 £0.067° 0.646+0.038" 0.6950.078°
Catalase (umol/mg protein) 1.383+0.005° 1.714+0.077° 1.477+0.053 1.769+0.070°
GSH-reductase (Units/mg protein) 25.24+563" 10.77£057° 15.07£0.86™ 32.37+7.56°
GSH-peroxidase (Units/mg protein) 2.01610.293° 5.569 +0.466° 4.49340.284° 4.72540.290%
Cu,Zn-SOD (Nitrate Units/mg protein) 15.25+1.38" 17.48+1.85 21.06+2.92 21.49+2.62
Mn-SOD (Nitrate Units/mg protein) 2.673+0.113%® 2510+0.122° 2.995+0.170® 3.168+0.246°
9Refer to Table 3. NS: not significant.
£ I8 Bgdavi(42). uepi] B odFe] AxE £ o 7} Mn-SODell= 93 8¢ v A superoxideZHE Z4& 1
W AA 539 7hol A TBARSY & 7349} zhz=] e F3le Aoz naldh weld 5% GTPE A3 7o
GSH &=k Z7}= GTPe A7}t 84413 7152 A7) = v 8l 20% GTPE A 713k Alo] & Al-gube FollA] 343}
AL vl oz AlmEoh #4549 SAo] B 58 Bl GTP oo} 34tsl dof
7re] 34lsl & 49 catalase BAL OVX-CTe w]&) A Y s A e v RE Rer el
GTP 5%% 713 2lo] & Al 3e el folxoes B A7 AFEE vFe] & o dAaAA fF A

(p<0.05) F2 FFolgl ot 20%2] GTPE 713k FollA GTP7} 843} odoks E 3ibs} E4A19 A8 F414]7
+ OVX-C#3} -4k %014t} Catalase 842 Sham-C = ALE el GTPY A#7) A8t ~=d2g oAt

Tol vla) OVXZolA chis B2 BHE Rolth Catlasel o FABEAE 2 oz B olwl 9% A4 o s
24 Wold SOD 52 Axd Wgel o) 448 Hss  F IPetE T Qe Ao Amdn

4% A AAE Wolshe 7158 vhehith4d), B3 ol XA =g

At TodAste 24 LT Rl AnE R GTPZ A7} Aol & 43 g AAT) 12 M| w4,

bzt ol B4 A Ssf vyt o R 2R 2 04 e TG W £ 2 AHE TS Table 7914
TE glov] xuatstel] & AAE F2l7) = AAsE A B ule} 7o) 1o we] wjdwe zH T el §-2]AQ)

2.2 d#A 9leh44,45). GSH-red 42 OVX-Ci-oll H] o] Ho)x| ekgkort GTPE Hrlat Alo] & z|pute
3 GTP 20%5 A7k Ao]& Al TolA FH22 o pe wjdeke nyoh W 29 & A7 TG iih
(p<005) %2 FAE Bk GSHpx @42 OVXTel 7o) f24el #o] & ol ¥gtort GTP 20%% A7}
Sham*C{rLﬂl Ble] @A ¥ FESR OVX-CEe] 7} ?‘& Aolg Agte ZolA M v SR UrEP;%F}.
A B 8¢ Btk GSH-pxE AdF 224 AT o 2o & 2o Ay e s Sham cZel vl8) OVX-CZ
a2 AAFste} satsteae] FEIAAE SeEe dlA] T Polx = ARFE Wl 5% GTPE H71at —TLo]

G &g grH(46). Cu,Zn-SOD B4 2 7 Zhell #2144l OVX-CTol )3} _?r,]zqq_ ;z} 1= glgdont o e
Apol & RolA| ¢gkort GTP A7 Aol & AlgHk-2 Fo T B3om 20% GTPE A71gh Aol s Algike i“’ﬂ/ﬂ
A a2 A %S veblth Mn-SOD &4 2 OVX*C‘TL o] A 2 2.(p<0.05) ——7}3} A o2 veigon GTPY

o Blal GTP 5% % 715t Aol & Alge FollMe A7beFol ¥ &4E 3 ZU2HE wiAdsko] Eght} GTP
AHal zol= o} ik FU1stE Aol oy GTP— T Aol -2 ZAEo] o]’ AFE 293S 7}
20% A7F3E Aol Al Fu-e ToflA] H-2o]4 0 7 (p<0.05) Aol ode AR AlEsd

=2 A4S B9k ALE o] 83 AEA e super- ol el AFEE wlFe] B u GTP A7l W9 & A
oxideE A A3t £44l SODE 7R3 9le] WA= su- I TG 2 Za2dE wds A A e & x4
peroxidedl] 9§t €Abo 2 RE] WE =T gt} GTPY 413 Fxol TG 2 22288 FEg 227 A7 2

Table 7. Fecal lipid concentrations in the experimental groups

Group” Fecal weight (g/day) Lipid (%) TG (mg/day) TC (mg/day)
Sham-C 1.53+0.20°™° 10.15+1.89™ 38.4+2.05™ 92.4+536%%
OVX-C 1.15+0.20 6.04+0.83 38.4+258 79.9+1.13"
OVX-G5% 1.67£0.24 9.83%1.65 39.6+1.78 82.2+3.25°
OVX-G20% 1.95+0.34 14.42+2.78 40.6+4.99 103.0+9.19°

"®Refer to Table 3. NS: not significant, TG: triglyceride, TC: total cholesterol.
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