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Diet-Induced Hyperlipidemic Rats
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Abstract

The study investigated the serum lipid metabolism and enzyme activities of Korean teas for their preventative activity
against chronic disease and obesity. Male Sprague-Dawley rats were raised for 8 weeks on four experimental diets: normal
diet, hyperlipidemic diet, and hyperlipidemic diet to which green and black teas (2% each) were added. Various biological
actions, including lipid metabolism and enzyme activities of the serum, were investigated. Diet-induced, hyperlipidemic rats
fed with green and black teas, showed significant decrease in food efficiency ratio, triglyceride, total lipid, and phospho-
lipid compared to control, i.e. the normal and diet-induced, hyperlipidemic rats. Total cholesterol, LDL-cholesterol,
Al(atherogenic index), LHR, VLDL-cholesterol, ester-cholesterol, and free-cholesterol also showed a significant decrease.
However, there was no significant difference between the tea-fed, diet-induced, hyperlipidemic dieted groups. HDL-
cholesterol concentration was increased significantly in the tea-dieted and normal groups compared to the control. There
was a little difference in lipase activity between the normal and control groups, although green and black tea-dieted
experimental groups were both increased compared to the control. The contents of total lipid, triglycerides, and total
cholesterol were decreased in the normal and experimental groups compared to the control. The GOT, GPT, ALP and
LDH serum enzyme activities of the experimental groups were significantly reduced compared to those of the control

groups.
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1 31 tHHertog et al 1993). o|H ¥ =AE ¥]&3 &
| A5k Eeiolsd SR cateching A A3}, &
A% $4 7, 8% 2 8% Zo)28E A sKMuramatsu
et al 1986), 2345 AA <&(Kim & Rhee 1994), 37
2}-8(Sakana et al 1989), | 9A] =-8(Sakana et al 1992),
2oF&}-8(Cheng ST 1986), 34174 &4 3HHayashi et al
1990), FEAMo] B ke 27] 2 (Kada et al 1985)
o2 okg] 2go] HaEm ik ¥ut ohyet Alghs thd
o2 3 98 ZAHKono et al 1996, Green & Harari 1992)
9} Yang et al(2001)2 =31, 2 8xF 2 3l AFHE $97
A4 Ast £37F 93, Yang & Koo(1997)= =319 &
% ZYzEE A3t A s oEF e e
(—)-epicatechin gallate(ECG)<} (-)-epigallocatechin gallate(EG
CG)9] Ztg-olzlar 3l Muramastsu et al(1991)2 ==}
o] FH2HE Ap|de FHAHE F5 A 2 FF54Y
e Ro] WidE SXFo s dF AA FHE /A6,
Yamaguchi er al(1991)& =2H9] A#7F A% 2 cholesterol
o] FFE AAIIAY B2 HERAlY FFE vIA o]
AHE Barzie 2 dF cholesterol Aet &35 Vel
Aok siict. olofl Ag&e] A7et= dste] HRE 1d
o AREE T A StR ddidle 17 gt <)
Aol ol wat A} A7} ZvkElm e AF ol
(Namiki et al 1991). WehA e 32 S8 AR E 4
ASAT Hzele 2 i@ A AF LS
ofo]~ZY, IF, #AL &, W Fo] ¥ oge S4S A
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1. MySE

B A AT HPTEL 677 200510 gof A H
#(Sprage Dawley)Z that 2 FEAE oA Eohdol U
3 ZA(LEE 23T, % 50~60%, Bt 12417 )& 1
ZU3 1% AER AT 2AEF AP fEE
1% cholesterol, 0.25% Na-cholic acid® H7} ZA3 A
Table 194 B ule} Zo] 12 AHE 2ol & 433 A}
$ote] TAYSS $EIAG. TAEE K= GolL 457]
A T ALE 15v)2, DA S FET 1501e)e] P
£ A8t 3A8E f 5 d2ad FdTHe) vas
golstdt) axEZo] FLE F = o 4709 A

2k S3psk FAt 2GS KT Ao oA DY AL iAol e 9% 551

Azol 747} 1svjeld BRI 2, HA 4o] Z(Basal
dien?} 1A YE 4olE FEF YRFHLD), DAES §

2 g7 AHg3tsic.

2. Ag4o|

¥ 2ol Table 204 Hi= ule} Zo] HA| 2ol 2A
AIN-93Me] 712 24 31tk AHe3 Sak9 Fabe
20043 5~6EolA QAT A2 A 7 2HE FUEA
th A& P43 & fitz mill(The Fitz Patrick Company, A
£, HFIE 100 meshE FHE 5 JEF 3]st
WE wBehAA ALESIITE AF 2olel Ml AHE ca-
sein, choline chloride, cellulose, cholesterol: Sigma A}2] |
Z& AF88lg om, sucrosel= AOFALE, comn starchy FAF
AEL AL a1, vitamin mixture®} mineral mixture:
ICN BiochemicalsE AFS-ETE Jin ef al(2004)L 4%92] =
a2l BEE HArsig ot B Ao 2% A5 Y AH B
=3} 3k 2F 2o 100 mg 2] 9] cateching -f{(Khokhar &
Magnusdottir 2002, Graham HN 1992)3}31 Qlchy B33l &
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Table 1. Diet composition and number of rats in each
experimental groups

Diet(week)
Group
2 3 4] 5 6 7 8
Basal Diet  Normal diet Normal diet
HLD" Hyperlipidemic diet | Hyperlipidemic diet
HLD+ L . )
groen tea Hyperlipidemic diet HLD diet + green tea 2%
HLD+
g o .
black tea Hypertipidemic diet HLD diet + black tea 2%

Y HLD: hyperlipidemic diet.
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Table 2. Composition of normal diet and hyperlipidemic

diet withgreen and black teas (g/’kg)
Hyper- HLD+ HLD+
. Basal L .
Ingredient . lipidemic  green black
diet .
diet - tea tea
Casein 200 200 200 200
Com starch 425.7 367.3 367.3 367.3
Sucrose 212.8 208.7 208.7 208.7
Com oil 50 0 0 0
Beef tallow 0 100 100 100
AIN-93 min mix" 50 50 50 50
AIN-93 vit mix” 10 10 10 10
Choline cholide 1.5 1.5 1.5 1.5
Cellulose 50 50 50 50
Cholesterol 0 10 10 10
Sodium chloride 0 2.5 2.5 2.5
Green tea powder 20
Black tea powder 20
D AIN-93min mix, ICN Biomedicals, USA.
¥ AIN-93vit mix, ICN Biomedicals, USA.
F AF& SYskAdch
Aol f g _ 3 Y AF 3
(food efficiency ratio) Z A8 71719 Alo] A=

o Xéé}/\]ﬂ % ethyl ether
] gk 3 47T, 3,000
pmollA] 4 ZeEletdck g AFH & 7} Az, v, =,
A, 18 22 AldeR AAsle] dds Xﬂﬂ?ﬂ' 1=
& A E BEV1E HolAl BAE S43T E
212 o]9} H(1993)c)] Fdh] EA5} T} Total cholesterol
©- Enzymetic colormetic testo]] 2] R208 A]2K(cholesterol-R
Aok, GEAE Mg, da)es ANl T ARSI AL,
Triglycerdie= Enzymetic glyceril B}A7¥ o] 2] ¢j3}o
TG kit(Boehringer Mannheim, Tuttlingen, Germany)-S- A}-&3}
911, 912174 L-PL(L-phospholipid) kit A]2KSinyang, Iatron,
Japan)& Al&3sle] &3%%=(Hitachi-7180, Tokyo, Japan)oj A
278k 31, lipase B = &2 kit(Sigma Co A, Louis,
USA)He] olste] 505 nmo|l M FHEE SH3 & A5 &
A1 7] (Hitachi-747, Tokyo, Japan)& ©]-8-3lc] --3}3it}. Enzy-

Ad &

Hotrlo} aiEiEReTs

metic colorimetry HHH & ©]-8-3le] HDL-cholesterol kit(Boeh-
ringer Mannheim, Tuttlingen, Germany), LDL-cholesterol, VLDL-
cholesterol kit(Daichi, Tatron Japan)&- ©]-8-8}c] AB3}eE-A
7](Hitachi-7150, Tokyo Japan) 2 ¥ =% T3}t S99 3}
Z|5(Al:Atherogenic Index)+= Hagulund et al(1992))] <]%t
(total cholesterol~HDL-C/HDL-C)-& ©]-&3&}9 2.1, 604 o]
2] =Q1oM AERAE T e AHEIAE HuE LHR
(LDL-C/HDL-C)& |83} AAFstd Tt (Allved 1990). &3]
42 phospho-vanillin A] 2KSigma Co, Louis, USA) 2.2 dkA
AAX vErd A4S FFE 540 nmoll A SN
free cholesterol & ester-cholesterol 2 SigmaiKSigma Co,
Louis USA)E ©]-&-8lod 3= 505 nm(Hitachi-7180, Tokyo,
Japan)ol| 4 243199t} &3 Z9] Glutamic oxaloacetate tran-
saminase(GOT), Glutamic pyruvate transaminase(GTP), Lactate
dehydrogenase(LDH) %! Alkaline phosphatase(ALP)<}| A}&-3}
2}71'9»] kit A %k(Boehringer Mannheim, Tuttlingen, Germany)
9 o]l BT AER-A17|(Hitach-747, Tokyo, Japan)®

5. 4 Xzl

A¥ Aol BA Aele A ZFE AAE YEIA
5, SPSS Z2IUE o] g3kl AT 71e) fel4 AEL
p<0.05 =04 Duncan's multiple range testo] 2|3} z}
AT HoA e foAde AHEH

N
olN W&,

Alo] Eg—* Table 3|41 H&= dle} 2t) 78’21’ 2] %
7VERe 185.50+27.83 g, TIPS 195.82425.18 go]Qlom, =
A D Fakre) Wi g3 A5 St 44 172,66+
2631 g, 173.50429.25 go |tk A|F Z7}e t2o] =4}
I ZApre]] HlE] feA oz £ FUHE B tHp<0.05).
AT AT olle FEQ Aol HEE & gl
™ Z37FH FAHE o= HohE 2o E RolA] gk,
ol zte] WE AEI} AF Ft] GEE vAR] FgreS
el 3t} Tonooka et al(1991)2 3 Hoﬂ =2} ca-
techin® 2]o]2] 3~5% A A7) 7o) 302 Fo] =3} A
7hel Algo] fFolstA Holxl 21t 2% catechin F7FR 37
G ASEE A sAEY dE2EY Aoyt vk B
e, B AP AFE ZHlE W2 2}o]E Holx)
Hygth alo] Aj2eke AT 1833+

2o & A3 et TS 17.20£1.36 g,

ob FAE AGE

1.77 g, TR EZF F %=
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Table 3. Changes of food intake, body weight gain and food efficiency ratio during the experimental periods

Groupl) Basal diet HLD HLD+green tea HLD+black tea
Body weight gain(g) 185.50+27.837™ 195.82425.18° 172.66+26.31° 173.504£29.25°
Food intake(g/day) 18.33£1.77” 17.2041.36" 21.29+2.69" 21.97+2.10°
Food efficiency ratio 0.24+0.12° 0.27£0.19° 0.14+0.08" 0.18+0.13°
D See legends in Table 1.
? Values are meanstSD(n=15).
) Means with different superscripts within a column indicate significant difference(p<0.05).
Table 4. Organ weight of rats during the experimental periods ()
Group” Basal Diet HLD HLD+green tea HLD+black tea
Liver 10.95+1.507*Y 12.76+1.28° 10.88+1.53° 11.46+1.25°
Kidney 2.12£0.23 2.90+0.20 2.4240.23 2.43+0.19
Heart 1.110.13 1.5740.17 1310.17 1.300.18
Lung 1.48+0.16° 2.05+0.14° 1.79+0.24% 1.81£031%
Spleen 0.77+0.15 0.85+0.11 0.83+0.11 0.83+0.13
Testis 3.150.21 3.48+0.34 3.37+0.20 3.26+0.19

" See legends in Table 1.
? Values are meanstSD(n=15).

9 Means with different superscripts within a column indicate significant difference(p<0.05).

ﬂzﬁé—z— el Hap W Fofate 21.2942.69 g, 314
Z T A 3 FoT 21.97+2.10 go]dtt 4]

o] HHFL FYTH hRT Aolo] FelHQl s 2 B

T 4 ot vadd val APTe) feldoz B v
EPATHp<0.05). Lee et al(1992)°] AFHE & 3+ 719
Q% EA} AN FHe v G hE AT
REF 79 Aokl e 54 22 BrkEe] Aol
ko] A YT HuSROH, Jin et al2004)%

AFE71YE Hol L& L 4% 3 LDE A7 ZolA] 7}
7 R9Tha sel B Asst old AT Btk

AT, DABF FEACIE HAT DET, TAYE #
T Hold Fate} FAHE W g A4dTe] 11 4%, 4l
=}

2, 5, ¥, 2 13ko] A= Table 404 B wie} 2ok

IAZF FE Hole 4T 2T P 28

33T AR T vEle Frheknh 538 A e 1R
5 1= 2018 AF T ol 4w APzl v

oH oz Z7Hp<0.05)3tg om, A4, A4 A 2 ugz

e AAEF FE2)E AAS txto] @ vt

o Z7FIAAIRE 79134 Q1 xfo]= fIATh Kang et al(1996)

DR R DIRGE %
7] Ak BAFR Ba
g B ol

0]-21] T A+ Table 594

A4 70.0049.01 mg/dL, ,m]g
ZFL 75591045 mg/dL, 1AY

of Fel7t ool Hlste] %
amcﬂ 2 AR fA1G

JEHoE Ay P

Zaw o]oa 2 Aoz Hah

B 2L 58.33£14.70 mgdL, IAEZF 4% é}om] gi} o2

his

oJ5A) 7

m?L‘__%ﬁ,ro e Lo
ST
°wé§i

R o Tl o i

O

|
] 5.34+0.41 mg/dL, 717]3

.20+6.49 mg/dL, F1A|3

3 F9T2 60.46+8.07 mg/dLE thZT-ol Hlsl] Hx}Eo]
A48 (p<0.05) =Ake] A7 EF TEAR F
=gl g3} Y= Aoz selsly) cIx AL F
T = Aolg AF% =
38+19.84 mg/dL, AR EZE F5 2)o]d| [z HE
2 101.56+11.55mg/dL, 1A EF F% 2jold] &X}
%@l%—s— 100.13£12.36 mg/dLE ] 3t vjsle A8
o 8tA Zax(p<0.05)st3 Tt 2lutobd] Bdme
T F= HolE AHT vz
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o] 5.40+0.39 mg/dL, AP E §& =2}
0] 6.27+0.97mg/dL, TA|dZF F= 2lo]o] &} ¥
T 5.8420.46 mg/dLE FAFTT i3] H)Ske]
o] foJstA ~7}(p<0 05)stsich A EF dix
= ok x5 YEl LE =
T3 2}o @%“47} 3 A AR 4, glgto }XiH TE
of &< vx= Aoz AJZtEr}. o] Muramatsu ef
al(1991)2 A3} 3relM o] FEAA L F2) Eg
o5 HAsA 7HAsta, Kim & Kim(1999)% =3 Bt
o= =3} catechine] EHEo] A AL JAFoZA
S/4A| Aol FAEE 3g ol £vial sl & A7 2
o FAMSE A3e HAch

4. HDL-Cholesterol, LDL-Cholesterol, VLDL-Choleste-
rol, SWASIX| I AERX|5=

NFE =EHE Aol E Fal aAEFo] =E H4EE
% Zvl2HE, HDL-Z¥| 262, LDL-ZY 2~HE, 5497
3R R g AEAR 4 AIl= Table 694 Hi= whe}
2t). & S 2HE FHellA e 70.60+8.95 mg/dL, 11

é = 2olE AT dR2TFE 260473243 mg/dL,
2lojof =2} Wi goJo 77.06+5.75mg/dL,
2lolof] Fat Wg Folie 67.93+5.97 mg/dL
Higte] G ddato] /4

lo

>,
o

& Z cholesterol A3} Eo= 4
flavonoid®] g}gko] =9k =x} Ax 2
o] T E T ‘7%9}31 T84 Aol FEo] AlddlA &
e Aa Hert 28 gel matrixE A6l ©]E©)] chole-
sterol & H|E S 2 Jdas) gELE At 558 9
Asle ZAl0 Heo zeo] w4 S Z7AAH EF cholesterolS-
Astr e Aom dEA ok w13t 4 frof o
o] ¥ ARE-9] propionic acid”?} 3-hydroxy-3methyl glu-
taryl Co A reductase inhibitor= Z83}lcd €4 cholesterol-S-

Chung & Yo00(1996)+=
4 Holifst %

/\é A o] Al

Hotrlob REFRREEE

SET L S ol BE ol BAIRle] wAtd v
shiEol 9le flavonoid7t 84 A4l 28 €5 cho-
lesterol #AJ3}2 714 & Aoz AZrEt) HDL-cholesterol-&
AAFo] 12.80+3.55 mg/dL, 1A= F 5 2oj& A3k
glZTo] 11.04+2.99 mg/dL, TXPZ G Alojo] =3}
3 Fol P& 25.064339 mg/dL, TABZ G Hold] T3}
Mg FodiEE 25.0044.42 mg/dL 2 tlz2o] Wsle] HEAT
o} 46} 7 tHp<0.05). ©] A#2 B m S Bol
747}01] $-913} HDL-cholesterol®] 3I=& =11
Z cholesterol 3|+ W2 738 Ho] }9]
4347} e 735} el 37t e Aoz Yzhenh
Venter et al(1990)-2 HDL-cholesterol-2 3321 2] chole-
sterol S 7o B A4S dadsla 9= A ohlao] AdFEo
2 HDL-cholesterol Y 2}7} HDL-cholesterol®] -f-2] choleste-
rol% ester3}3}= lecithin cholesterol acetyl transferase(LCAT)
o] B3}l #5te] cholesterol] A EW A& A5k
el 2eS JERdtk 8192, Ross(1983)&
HDL-cholesterolo] F=7 8le} & 7o 7)del thal A7t
S3\= 6}051:} LDL-Cholesterol-& & Ab7-o] 22.99+3.14 mg/
dL, TA] T o] 2 423 gxTo] 85.23+11.88 mg/
dL, 31%1%3% %E olel] =Hap W Folr 14.66+2.91
mg/dL, TAEZ G5 Alolo)] &3} ‘*‘?‘a} FodFo] 11.6043.69
mg/dLZ 2ol Hsle] 3wt Aol FoshA F4a
31 EHp<0.05). EUAZAF= 723}‘3’%0] 4.51+£0.99, 1A€¥
= F& 2o & A#3 thRTo] 22.5944.46, F_Xl?féﬁ 5
Aol =2} W3 Fojio] 2.07x0.82, AAF F=2 ol
TAEE Foldol 17220228 23 10}04 R sy
A Fo] #-oHA ZA4sEd thp<0.05). £ 7 kx| 4~(athero-
genic index)E 212 43 BE AP TA dixTRHY &
ojF o2 v JeRGthp<0.05).
e B GATo] 1794026, TARE FE Aol
AH 3 )z 7.72+1.89, 1%1%3’“: F= Holdl =2 g
FAT 0.58+0.04, LAE S = 2old TA HE FAT

it

Table 5. Effect of green and black teas on the concentration of TG, PL and lipase in the serum of rats fed hy-

perlipidemic diets

Group" Basal diet ' HLD HLD+green tea HLD+black tea
Triglyceride(mg/dL) 70.00+9.01 27 75.59£10.45° 58.33x14.70° 60.46+8.07°
Phospholipid(mg/dL) 79.20+6.49° 113.38+19.84° 101.56+11.55° 100.13+£12.36°
Lipase(IU/L) 5.34+0.41° 5.40% 0.39° 627+ 0.97° 5.84+.0.46°

" See legends in Table 1.
? Values are means+SD(n=15).

® Means with different superscripts within a column indicate significant difference(p<0.05).
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0.46x0.020]Yt}. dixto] HAT Hls] FoJH o F(p<
0.05) 2 X & el 2e] M7 A AAFE 2+
b =0l He AeE AztEn, 28 Frd uaie
oAl Aol & UBhpR] ot TR At TSl 9
€ MAA e Ao A7 wapx 23 2k A
= ¥3 2 712329 cholesterol?] #|a} &3}t oha), &=
A Ao w2 FEYE B JAAA A EE A
%]+ LDL-cholesterol 3 HDL-cholesterole] 3 w5=Z 7}
MAAH e, =271 A o2 = LDL-cholesterol 43
Z Y371 HDL-cholesterol X5 Z7MA 71 028 Al a7
A8 Ao BIL USE THE AR AtgE
th ol de] 2= & A} 2R F=oke BAgle] Ak
Take) AF7E dizwel vlsl & S 28E, LDL-choleste-
rol, AR F, A A7 FH R e AREg B
o AEdA A%E AN F UES € T Ui

& o rf

0,

5. VLDL-Cholesterol, Ester-Cholesterol & Free-chole-
sterol '

DEXHE HolE B APl F=EE 4P 5

F= Aol goin B AW are] nlAE F 555

VLDL-cholesterol, ester-cholesterol, free-cholesterol F %=+
Table 794 E.Ex dp9} 2t} VLDL cholesterol FekollA] %
A2 13.68+2.30 mg/dL, DA PZ F5 2lo]2 A& )
Z7o] 14.9943.33 mg/dL, LA EZE F5 2lojo) Ha} W3t
FoAT-& 11.7383.04mg/dL, A EZF = 2ol T} g
FolTt2 12.0544.23 mg/dL 2, &) Blkd AgFo] f
9)&HA] 7+ tH(p<0.05). Ester-cholesterol-2- H4o] 58.35
£ 430 mg/dL, ZAEF FE AolE AFHI dHxETol
147.26+16.90 mg/dL, LA HF F= 2o]ol| =2} B T
T2 56.63£8.37 mg/dL, DA EH = 2ol T W F
o] 7L 52.3949.43 mg/dLE ) 2ol H|sted A T AE
o) Fo8kAl 7HAsITE Free-cholesterol-2 A Ad7-o] 55.55
+4.13 mg/dL, IAEF FEA ]S AAT tETo] 72.02+
10.09 mg/dL, DA EZF FE2]olo) 5a} M3 FofvS 54.84
£10.04 mg/dL, 1A 8F FEdolol &2 Wi g 26.19
£5.71 mg/dLE il viste] T3 Aol fost
Al 7433 tH(p<0.05). Hamilton RL(1983)2 &< = o5
£-9] cholesterol-& Al E4%0] 80% A =7| A ehaid
FHe)2l cholesterol ester®] chylomicron FEfZ M ZHuhA|Z

Table 6. Effects of green and black teas on the concentration of total cholesterol, HDL-cholesterol, LDL-cholesterol, Al

and LHR in the serum of rats fed hyperlipidemic diets

Groupl) Basal diet HLD HLD+green tea HLD+black tea
Total-cholesterol(mg/dL) 70.60+8.95”> 260.47+32.43" 77.065.75° 67.93+5.97°
HDL-cholesterol(mg/dL) 12.8043.55° 11.04+ 2.99° 25.06+3.39° 25.0044.42°
LDL-cholesterol(mg/dL) 22.9943.14° 85.23+11.88" 14.66+2.91° 11.60+3.69°
Al® 4.5120.99° 22.59+ 4.46" 2.07+0.82° 1.72+0.22°
LHR? 1.79+0.26" 7.72+ 1.89° 0.58+0.04° 0.46:0.02°

D See legends in Table 1.
? Values are meanstSD(n=15).

) Means with different superscripts within a column indicate significant difference(p<0.05).
9 Al(atherogenic index): Total cholesterol-HDL-cholesterol/HDL-Cholesterol.

) LHR: LDL-cholesterol/HDL-cholesterol.

Table 7. Effects of green and black teas on the concentration of VL.DL-cholesterol, ester-cholesterol and free-cholesterol

in the serum of rats fed hyperlipidemic diets

(mg/dL)

G’roupl) Basal Diet HLD HLD+Green tea HLD+Black tea
VLDL-cholesterol 13.68+2.307% 14.99+ 333 11.73+ 3.04° 12.05+4.23"
Ester-cholesterol 58.35+4.30 147.26+16.90° 56.63+ 8.37° 52.39:9.43
Free-cholesterol 55.55+4.13" 72.02+10.09° 54.84+10.44° 26.19+5.71°

Y See legends in Table 1.
? values are means=SD(n=15).

% Means with different superscripts within a column indicate significant difference(p<0.05).
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Table 8. Effects of green and black teas on the concentration of GOT, GPT, ALP and LDH in the serum of rats fed

hyperlipidemic diets

(IU/L)

Groupl) " Basal diet HLD+gfeen tea HLD+black tea
GOT 99.70+ 6.927*) 132.95+ 51.96" 81.26+ 13.74° 80.26+ 14.00°
GPT 4190+ 5.66° 49.61+ 9.54° 2626+ 4.44° 26.80+ 5.36°
ALP 310.25+ 10.05° 384.00+ 21.73* 153.60+ 23.82° 160.33+ 27.96°
LDH 1,153.18+536.10° 1,582.40:+187.74° 1,042.96£106.98° 1,094.66+263.82°

D See legends in Table 1.
? Values are means+SD(n=15).

® Means with different superscripts within a column indicate significant difference(p<0.05).
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