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ABSTRACT

Effects of Coenzyme Qio, Green Tea on Plasma and Liver Lipids,
Platelet Aggregation, TBARS and Erythrocyte Na Leak in Simvastatin
treated Hypercholesterolemic Rats

Yang-Hee Kim
Department of Nutrition Education, Graduate School of Education

Cheju National University

HMG CoA reductase inhibitor, statin is recognized as one of the most popular
drug lowering cholesterol in human. Statin therapy has been reported to deplete
coenzyme Qo which shares cholesterol biosynthetic pathway. Reduced form of
coenzyme Qio, ubiquinol is radical scavenging so that coenzyme Qio depletion
leads to loss of antioxidant capacity. We proposed to test whether dietary
supplementation of coenzyme Q19 or green tea can compensate the deplete state
of antioxidant by statin therapy.

We divided four groups of 10 Sprague Dawley rats each and fed 0.5%
cholesterol based control diet, plus 30 mg/kg simvastatin diet, plus 15 mg/kg
BW coenzyme Qo or 5% green tea powder for 4weeks. We examined plasma
and liver lipid profiles and oxidation related parameters such as platelet
aggregation, erythrocyte Na leak, hemolysis and TBARS production. Food
efficiency ratio was significantly higher in the group plus green tea compared
with simvastatin group (p<0.05). Plasma total and LDL cholesterol were
somewhat increased in statin group compared with control and coenzyme Qo or
green tea did not affect on these levels. Plasma triglyceride in simvastatin group
was decreased and showed a significant difference (p<0.05) compared with the
group plus green tea. Liver total cholesterol were not different between the
control and simvastatin group, but the group plus green tea was significantly

decreased compared with other groups (p<0.05). Liver triglyceride in simvastatin



group was decreased compared with the control and the group plus green tea
was significantly decreased compared with the control (p<0.05). Platelet
aggregation of both the initial slope and the maximum was not significantly
different, but the group plus green tea was lower in initial slope and higher in
the maximum compared with other groups. Hemolysis was increased in all
groups with simvastatin compared with control, but not statistically significant.
In present study, even high dose of statin did not show cholesterol lowering
effect, and depletion of coenzyme Qo after statin treatment may not occur in
rats. More study are needed to clarify the metabolic difference of cholesterol
between species. However, independent of statin therapy, coenzyme Qi and

green tea may be effective antioxidant preventing degenerative diseases.
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Figure 1. Pathways of cholesterol and coenzyme Qio synthesis
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Goli Y& lovastatin & simvastatin®] AW <] coenzyme Q08 WAL w3l st
A9 2T st olef L AE HE& & o
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Az o} At AA W AUAT wEE BN B BAEE A

o coenzyme Q109

coenzyme Qo &7

olX gt T EIAHANA Eo wpal A T 9F 2~3%% free radical ol@ta 4=

F4 HaE ABe] YA ZAo| AsH &S oAtk R BYRRY F

A5t wiitol AEAY AE AREES FAsH7] A Ho Asd 2EYA

Hc}? Na passive transporti= A}ee] AT = WE T A XE o A
Na-K ATPase ¢} Na-K cotransportE &3] U2+ Na effluxE xe+st Aej o] A
YUY E Naws 3tk 84 B 22 -azobis (2-amidino-propane)

dihydrochloride (AAPH)E A== AM¥Eo| AHestd MET otozg Eo7tA 7

23t 288 S 714 peroxyl radical(AOO S AAsle] A e A A=S AgAz]

d

g g8A4 Jh? aEs AAPHE Ad® HET72 49 Na effluxs 5743t
Al ¥tk Na-leak & Intact¥t €9 AAPH A#d A4 =45EH SHydes
Na®¢| Zfol& Hatw AP+ 2o FA4kst 7)o "ozl A9 wo] kA do| 4
o]d Aol AAPH Ao <3 peroxy radical?] 9&S @Wo] wro} H & Fo
Na-leak= S 7FshAl €t (Figure. 3) .
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Figure 3. Model of The Mechanism of AAPH induced Na-Leak in
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o] Fol A1 ot

Coenzyme Qo= 1975\l 912=F41 dlshe] Frederick Cranedll & & 479
nEZcglolo A e waEom® 195816l Folkers 5o 23] coenzyme Qo<
gax el Fx7} wrE AT Figure. 20 19 Coenzyme Q& A A Ao RE
714 QAE et 5 - A EAe] =AM HHEI o, coenzyme Qo A
o Alxute] Ao = AAHAEAY A ARA stF== 53] A, 1
nEZEgol etolyy £FA, =AA|, gola

Coenzyme Qo &= 9 wWHe &4 9o A& A= A 24
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A e
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A ool A] thAbel Al FujEA AL S ARl A oA mEZE=E e}
et e ATPS @48 Adstar, Alx9S IASIAA AE B 2 7s&
FAAZIM, A e Fag 7es @Retal dAd Aol A AR B
Uzt AgAzA F2a " =4 coenzyme Qo Al EZUol A ubiquinone(At s}
¥ o) ubiquinol(B9 ¥ ) ez =A== (Figure. 2) , 9% &2
ubiquinol& &4 A E LASHE A8& st DNA, A4, @l Fo gk 4ks)
A s v gatsiA Ao 98-S st Coenzyme Qo METFe] 1A A
I AagwEAS xFo HAztERE Had Bk oYz} intergral membrane
protein®] W&ES WAt LDLE=FE et ze] Asts Wxdvar B as gl

o ol&7 coenzyme Qiox VIEZE=Eoe] AAMEA L] FoAdEd ¥k ofy

oh, B bz de GL9d £2A%S A3 Qo] AEhe Ay moj @
o|9ell &= coenzyme Qe FHl~HE FA e, nds €34 ARAT, AT
sRAgE BdsY 5% ARG 2o A% A% dwsn a3
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O 4348 % 44

1. U=
DAFFE % Aol

S 8FHE AF 280 1 H3 9 Sprague Dawley 43 40mte]E 2lo] A4

o] stainless steel cagel X 473t &8 - AFS3AT. s& AFSAY WY
B 1247, 2% 20~25 T F% 40~60% = LdAEA FAHE=Z 243
A7 &2 =3 Aol AEFAoE FustAth

712 AF Aol AIN-76& FaL= ste] (Table 1) 3 o] Ax=HAT. &=

2 5YS 2+ sucrose?t corn starchE, @13 5902 = caseine, AW 3¢
22F FE (9%)9 UlFfF (1%)S AFE3A Y. 05% cholesterol® 0.2% cholate
Z {3 xa A olo simvastating® 2 30 mg/Kg BWe| simvastating 3 7}sf
93l coenzyme Qo F7Fol+= 30 mg/Kg BWe| simvastatin® 15 mg/Kg BW
coenzyme Qe 181 =2 7FolE 30 mg/Kg BWE simvastatin® 5% 9] =
A7V 5 H7rek AT T3 ZAELY A&S= 5%9 HAF4AE URT,
simvastatin® 1] 1L coenzyme Qo Hd7Fol A7} dth  Simvastating =€) A
oo Al coenzyme Qo G OFEOA ATkl Ha7EE 200600 = o A FH

stol AzE AT HEE AFEY/ SN ATt AFol ATt



Table 1. Composition of experimental diets (96)

Ingredient Control Simvastatin Stain+CoQ10 Statin+Green tea
Casein” 20.0 20.0 20.0 20.0
L-methionine” 0.3 0.3 0.3 0.3
Lard” 9.0 9.0 9.0 9.0
Soybean Oil” 1.0 1.0 1.0 1.0
Choline chloride” 0.2 0.2 0.2 0.2
Vitamin mix® 1.0 1.0 1.0 1.0
Mineral mix" 35 35 35 35
Sucrose” 20.0 20.0 20.0 20.0
Corn starch® 39.3 39.3 39.3 39.3
Cellulose” 5 5 5 0
Cholesterol” 05 0.5 0.5 0.5
Cholic acid” 0.2 0.2 0.2 0.2
Simvastatin” 30 mg/Kg B.W 30 mg/Kg B.W 30 mg/Kg B.W
Coenzyme Qi 0 0 15 mg/Kg BW 0
Green tea powderk) 0 0 0 5

Total (%) 100.0 100.0 100.0 100.0

a) Teklad, Harlan Madison WI, USA

b) Samlip Yugi Co.

¢) Jeil Jedang Co.

d) Junsei Chemical Co., Ltd.

e) Vitamin mixture(mg/100g) : Thiamine HCl 60.0, Riboflavin 60.0, Pyridoxine HCl 70.0, Nicotinic
Acid 300.0, D-Calcium Pantothenate 160.0, Folic Acid 20.0, D-Biotin 2.0, Vit. Bz 0.1, Vit. A 80.0,
Vit. D3 0.25, Vit. K 0.5, Sucrose 99247.15

f) Mineral mixtuer(g/100g) : CaHPOs 50.0, NaCl 7.4, K3CsHsO7 - HoO 22.0, K2SO4 52, MgO 24,
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, KIOs 0.001, NasSeOs - 5H20 0.001, CrK(SOg): -
Sucrose 11.804

12H20 0.055,

g) Samyang Genex Co.

h) Sigma Chemical Co., USA

i) Choongwae Pharm. Co., Korea
j) Yungjin Pharm. Co.,Ltd

k) Jeju Agri. Devel. Tech. Exten. Center
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2) Aol gAFN AF L ol
Hol gHAFE Aol FHAlA we HolHe W gox ANAUL, AFL

qol 4AZ A% AN AF WHE 2] flate] SAa] 10 el Aol g

AAG & ZA3GT o] FFH AT 4L olEult} v e A|lZbof| o] F
ol Atk Aol && (Food Efficiency Ratio, FER, ADG/ADFD)S A} 841 2o o
3 FAE Yeglls Aoz A Ad7| el tisia AAksd o

2. 448

A1y T8 Ad 16 AES dAA7| JdHEZ wFHAIZl F, cardiac
puncture o2 o] E°] = vacuum tubeo] XS AH AT A

B 4% Naleak, 87 838, 293 AEdele 24 42 34 AN

d

oty gl 1000 x goll A 1587 94 EEsle] @3S REsty, = 249
2HE, HDL-Zd2HE, SAAY 243 TBARS =4S 98] -20C W5

H st
FulEAg Ex dudlo] 5o = capillary tubeE AME3te] dnfEaTE &

YAFY7IZ 1000 x goll A 1583 4S ANTT + FASA
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% ZdzdHE, HDL-=2d2HE, 2891 AN A AF E4d=
commercial enzymatic kit (ASAN Pharmaceutical Co., Ltd, Korea)E A}-83}%t}.
F FU2EEY FAAY EYolE 84 10 ps AHEstal, HDL-Fd 2HE9
Aol A 200 well EZAIY 200 WS @il vortexste]l 10E7F Wxg AL
1000 x goll Al 10&7F 94 £8d & 42 A5H 50 s 7FA L 248k 7+
Z} enzymatic reagentE 15 ml¥ Y& F 37 C d2FxoqA = ZyHEH
HDL-Z# 28 &2 521, FAAES 1023t vjgste] AT F Fd 24
Z3 HDL-Z Y 2H =2 500 nmoll 4], A4A %S 550 nmoll 4] spectrophotometer &
FHEE 7 S SASAT. LDL-ZH2HELS 4S5 S 42 £ Fd 2
£, HDL-Zd 2 E3% 44 F28 ol g3te] A=A,

[LDL-cholesterol=T-cholesterol-(HDL-cholesterol+TG/5)]

M

(2) 7+ A4 & &4
7ve] ZH e S FAALe] BAL Folech 5% o WS b FAHset]
Fack  F g5 Auste] 15 ml conical tube Y7ol Wi 7FY=E ZA
Z+e W %o 10 m¢ Folch solution (chloroform/methanol, 2:1, v/v)= 4
overnight3l1t}. Whatman #12 o 3A]7] & of3w 7+ FE=H3 05% H.SO4 3
nE 5 Zd7ld Yi 5o FAT #2lE s5S A EE conical tubedl ¥
1 Folch solutiong F7}ste] FaFo] 10 mb F =5 93t o] =59 10 wEs
FAA BEA ) o]gedrt. 7 FFHUAHE S 9slo] FE 500 wlS A
2 tubeo] ¥ol dF W sk Al AL2oA A AFXAZ F 50 ple] Triton
X-100/ chloroform solution (1/1, v/v)< % 7}8te] vortex 3tal ©A] chloroform
450 pb& Hol F 500 w7t S A sl ske] oA vortex ST o] € 10 wWE

Bt EUsHES SAS= ol

i)

o2
ol
22

BN
Y

FN

ot

B FAsHES FHAY BN FE 10 @F WA Ad AxAA F

enzymatic reagent(ASAN Pharmaceutical Co., Ltd, Korea) 1.5 mE ¥ i 37 C

ol
O~

, &= ZY 2" ES 500 nmeoll A, T4

o=z A AAAZF HjEle] WA Z] T
- 550 nmel A ZH 7 ksS4 A (Fig. 5)
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‘ Liver tissue 1 g ‘

l

‘ Slice liver thin with scissors ‘

l

Leave in 10 m¢ Folch solution overnight.
Folch solution : MeOH:CHCl; (1:2)

|
‘ Filter the following day by gravity filtration using Whatman #1 ‘
|
‘ Mix with 3 m¢ Acidified water (0.5 % H2:SOs in H20) ‘
|
Separate phases using a separatory funnel. Keep the lower phase.
|
Adjust the volume of the lower phase to 10 m¢ with Folch
/ N
Take an aliquot of 10 4t 500 uf¢ overnight at room
temperature
| !
o Addition 50 pf Triton X-100
Addition 1.5 mé color ‘
/ chloroform solution
reagent
11, v/v)
| Vortex l Vortex
Incubation at T Y water Gt Addition 450 s chloroform
for 10min
l | Vortex
Spectrophotometer at 550 nm Take an aliquot of 10 0
!
Addition 1.5 m¢ color
reagent
| Vortex
Incubation at 37 C water
bath for bmin
|
Spectrophotometer at 500 nm
A% analysis] [Total-Z @ 2 ®| = analysis]

Figure 5. Analytical scheme of total cholesterol and triglyceride in the liver.
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(3) @43 $F (whole blood platelet aggregation)

S0 RS HAESE o83 impedance WO Z  Chronolog Platelet
Aggregometer (Chronolog 500-CA, Havertown, USA)E o] &3l SAH A A
g A A" 250 wE 750 wb A A Ea (09% NaChZ S AAA (1:4) da
I %= 200,000/ w= F=AT 3 20 w9l 1mM ADP (adenosine diphosphate)E

Hol A% ¥E 20 Mol HA 3ol S FESGOM, 33 WY FFAE A

impedance gaine S50 & Zolth o] WR WA AL AHEEte] e W
OE 429 EA4 stold SAstER, 2 A2l FHdM da9 S{ES &

23}

[

FAel Atk
(4) ¥+ Na leak =4

7k AEF A

HAEE 1000 x goll Al 1023F A8 A7l o = 33 F315 9 buffy coat
& Hojdlith. A¥+4E 50 ml conical tubedl A thgk 5u]2] cold isotonic choline
chloride (CWS, 150 mM choline chloride, 10 mM Tris-4-morpholinopropane
sulfonic acid (MOPS) 4 C pH 74)E Y1 HH3 Hold|lz& EE5oF T thA
1000 x goll A 1023F AR Al F AFds Hdr. o2 A CWS= 59 wb

)
e 4FTE dolErh AT 454 WA F 4ET pelletd CWSE 54

o

3ol hematocrit #te] 40 ~ 50%7F HA A 3 & A 33 hematocritik S =

st o] A¥ g 48 intracellular Na, NA-leak =74l A}-&3F30t}

u. Intracellular Na =74

AT+ &9 50 e 5 mel 0.02% acationox (metal free detergent, Scientific
Product, USA)S 99, 485U Na ¥% (intracellular Na)& AXFstach. b
3445 A (atomic absorption spectrophotometer, AA6701F Shimazu Corporation,

Japan)E ©]&3t] Na vX5 AU
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o} Na-leak =74

Na leak< Na-K ATPase(ouabain)®} Na-K cotransport(furosemide) = %€l Na
effluix® Aed Ao Teju2 Nade %se 2o, radical BAER
2,2'-azobis (2-amidino-propane) dihydrochloride (AAPH)E g3 24}
Intactdt AT 2HEH Sy es= Nadol xfols =t

AAPHE 8oz Axu 9to 2 S0]7A] peroxy radical (AOO )< AJA
dto] Ao e Hatst AA Az &A% zgds Aoz Intact
sk Ao Hls] AAPHZ A d A& 9 Na-leak & 5713t} (Figure. 3) .

Hematocrits 43 A &9 15 mE ZF 7 30 me] 1 mM AAPHHE 719
medium 4 (150 mM choline chloride, 10 mM glucose, 1 mM ouabain, 1mM
furosemide, 10 mM Tris-MOPS 37 C pH 7.4)¢} AAPH7} 371+ A %S medium
4 o Yol 42 3 1 0709 test tubed] EZA Huiste] 0, 10, 20, 30, 40 +tA o
2 37 T shaking water bathollA #lgste], SA] 45 £22 %7 Na effluxE
TEAZ 5, 4 CTolA A4 Zeste] AF5AS £330 Na leakd @ ol 335
£ B¢ EE medium¥ test tubesi= & ol R A3

B8 AEFHo Na 553+ atomic absorption spectrophotometer (AA6701F
Shimadzu Corporation, Japan)< °]&3ste] 54393 71&7] (Na pg/ min)E& 3
%, AAPHE A3 A&d+ 9 Intactdr A4 E5E S2u2 Naol 71=27] 9
Aolg olefel o] FaAe Y

AR

Al -
A I

[Na pg/ml] [60min] [pmole] [31.5-(1.5xHCT)]
[min] [hr] [23ug] [1.5xHCT]

= Na mmole/ ¢ rbc/hr

Intracelluar Na :

[ Na gl [umole] [101]
[me] [23u¢] [HCT]

= Na mmole/ Z rhc
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5 Ad+ &4
A3+ 28 AHALEE Draper 79 autohemolysis WHS o7k WA
Buckingham®'¢] W¥ & #1u3te] =Aslgr. A8 te 83L& heparin H 2 E &
AS Ad =4 200 xl A Phosphate Buffered Saline (PBS, pH 7.4) 5 méel]
2FA1 71t} PBS+ phosphate buffer (0.1M Na:HPO,, 0.02M HCD ¢} 0.89 % NaCl&
Foz Fste] Alzsslth. PBSOl 24bA1Zl 89S 1200 x golA 1027 €

A ekl ASds WY oE, A8 FEs BHA 5 mle] PBSE o] EARA|
1tk F e Alg el Z7] 4 me] PBSe SFTE ¥ tUs A A S
t §F & 37 CTollA 4AZF s et vl S A 33
slefglz ESo] AS He F 108 7+ 1200 x gol A A

i

vl 7

ol
K

1 m¥ Yo &9

M
)
Ol
ol
=l
o
o[)lv
12
o
i)
ol

A spectrophotometer® 415 nmol A TF =S =A3rt Ade nH: F HiEog
At A T

<9%§ @-buffer AN FYE/FFFE FAkle FREX100>

N

(6) ¥4 TBARS =74

g7 TBARS (thiobarbituric acid reactive substance) 3SF&2 YagiSZ)-‘ﬂ WS
o] &3sle] =AsF . dF 0.1 mlol 1/12N 3HAF 4 meef 1 phosphotungstic
acid 05 mE YL 587 WX 3 T 1200 x gollA 1087 44 Egsle] A=ae
e JAE 1/12N 34 2 m¢F 10% phosphotungstic acid 0.3 m
7

N s
ge H4e A @ W wEagh o W F dojd FAE FR4

ISS)

i

in

~ K
o

IS

-~

thiobarbituric acid (TBA) reagent 1 mlE 7}ste] & A& & F74& wa 95T

A A B A Z T ol 7)o n-butanolS 7Fbeke] # 43a 1200 x goll A 15%-%F

il

ARG T A=HS HeHrk 1,144 tetraethoxypropanes Z+=8 N0z 3}
o] AZdo 9= TBARSYS Spectroflurophotometer (Shimadzu RF-1501)%

excitation 515 nm, emission 553 nmoll A A= s} ¢}

us}
o
o
o3
i
)
ofo
:(!)L_t‘
(o}

R

=R
=
5
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Z 4
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Table 2. Supplementation effects of simvastatin, coenzyme Qio, green tea to cholesterol based diet on growth rate
and food intake

Simvastatin + Simvastatin +
Co Qo Green tea

Cholesterol based diet

Control Simvastatin

Initial BW(g) 278.2+14.7 278.5+15.8 278.7+13.6 278.4+13.4
Final BW(g) 363.3+26.8 350.6+29.3 361.8+29.1 369.6+18.1
ADG?(g/d) 2.87+0.62 2.42+0.91 2.80+0.78 3.07+0.56
ADFIP(g/d) 17.3+1.0 16.9+1.6 18.1+3.6 16.3+1.1
F.ER"" 0.17+0.04™ 0.14+0.03" 0.15£0.03* 0.19+0.04°
LW/BW" (%) 4.2+0.3 4.3+0.6 4.2+0.5 43405

UBW : Body weight, LW : Liver weight YADG : Average daily gain

YADFT : Average daily feed intake YFER : Food Efficiency Ratio (ADG/ADFI)

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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2. &9 & E¢AHE, LDL-Sd2AHE, HIL-SHAHE U SHXW

g% F FuzdHE, LDL-Fd4HE, HDL-Fd2HE, TAAY 52
(Table 3) o ARt E& T ZU=H=Y 4% 2 2w I 794 Aol7t
N o simvastating M 7FgE BE o] thxtl HlE A el simvasatin
of ost Zd~HlE A3l a9= Holx &It Coenzyme Qi Ik H7M%E F
S 2HE hol 9SS v XA E3} I, simvastatinet Bt} 2.3]H F ZFE 2H
E T 7R AT

=
= T 1
g4 LDL-=d2HEe] 495% 7 1

filo
of\

i

oA Aol UEUA] eFgkon
simvastating #7}st E+ o] iz HlE] =A YEFY ™, coenzyme Qo
=2F H7bel & 3ol YEhhA gk sk

g4 HDL-ZFd2HE X3 72 25 2 94 Hole flle, simvastatin
o] tr& ol Hl&] tih A yEEY Coenzyme Qo d7H 3 =2k 79
g7 HDL-Zd ~HZo] txEa, simvastatingtel]l  #H8] A =A YEY
coenzyme Q0¥ =2 7l mpE JgFow Ho Fr)

7 FAALS simvastatinwt o] 7H¢ SA UEE oW tiEzao] Hl & 9] A o
A= AWk 929% 743 Coenzyme Qo HA7bty Hzap HA7batel 4 =4
A2 simvastatinw ol B3] S7Fet o™, 53] A 72 simvastatina ol B
§ soHos =raArt (p<0.05).

Marinari  5™7¢]  AFH o] oaw  AHA nIZUXEE Holgt
simvastating Foigt A3 Ao FY2HETTS A4 wiHo HDL-Z# 2
2o 27189l o, Shalaby 579 AT A A% simvastating 65U <

g 1 2~HEE S albino swiss strain F¢ €3 T 2HE FE2 dx
g

I A F FY2HEL 0%, AL 35%, IDL-ZU2HEL 45%2 7HAs

dov, HDL-ZU 28 &S 21%=2 Z7tetgtn musga” =g deldA
5

oo
Mo
%
o
do
ol
o

simvastatin®] & ¥}¢} H-=Z+ oA Ao uZg Ay g

ofst Az 17/1E $5YH F Zd2dHE% LDL-Z3

sEE, FAAY B gasta, 3AAd A4des sdsgnn nnstg

filo
il

Z Aol Al simvastatin
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HDL-Ze el 29 FAA %= on] gl Wart gldva nad d7+7% 9
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Statins= HMG-CoA reductase®} ZAZ3st= HMG-CoA$t Fx7F AR,
HMG-CoA 4l HMG-CoA reductase®t w2 A3 o2 A mevalonate®] FdS
Asstct. 1 Ay FE2HE ARAES A

3alo] d Lo ZPAHE SIS

==

gxor FaAtta deix vk 4 A ARV P2 v statins

3 FHU2HE Fans vy 9% FZU2HE, LDL-FU2HES a95o=

rlr
mlu}
e

dxmH A HDL-Z e~ =S S7hA AT 28y B Ado A= simvastatin® 2]
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|

b hetbA] @itk FAAW AT dET v foHlAE o
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Z YUehA] gt Aoz AlmEn 2 AAE A HUhar e F ZuE 2
=, LDL-ZY2H &, T4AYo] gl x, simvastatin
o, o] A2 Az =HE Aolo 7|Qlste] FAVF FsE Aow AR HW, o=
=2 J7bel o go] mlAA ekt AZE e 5V 5% w3 AR
o] HDL-Zd&HEo] 7 =4 vetwval siled, & ddolM = 240
A= FARE & vlaldtel] vl HDL-Zd &~HEo] = A et

E A8 A3} simvastating A3 e Fol dETdd HlE F ZdsdHE,
LDL-Z@ =8 &0 = WEY, simvastatin A 2lol] wh& Fel~HE dstayts

el A 9ttt Coenzyme Qg A 7Fa- 3 3 H7bato] o 2+, simvastatinaoll

X
L
g
i
=
=

H & & Fu2HE, LDL-Zd 28 E0] =4 Y=, ol s24A 9 1F
d2eHE AolE AHFHTo| wel coenzyme Qo Sx7F dF FHAHE o

FEFS PAA XAt A7 Ho Atk Simvastatin® 8% SAALES dix2T
of Hla) wEAow, w2k Hrkdel Hlsj = FolHor vE Aow Hol A
AoM e FH2HE Aot ERRTE SAALS e o 2R d Aew A}

SR2R=
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Table 3. Supplementation effects of simvastatin, coenzyme Qio, green tea to cholesterol based diet on the
plasma levels of cholesterol and triglyceride

Simvastatin + Simvastatin +
Co Qo Green tea

Cholesterol based diet

Control Simvastatin

mg/dé
Total-cholesterol 171.6£69.6 182.9£52.5 194.6+60.7 199.4+46.7
HDL-cholesterol 26.95.1 25.7+6.2 28.4£5.6 29.8+4.3
LDL-cholesterol 130.1£68.1 143.9+59.2 149.0+60.5 150.6+44.8
Triglyceride” 73.4+15.8" 66.6+16.3" 85.7+20.7°" 94.8+295

Control: 0.5% cholestrol, Simvastatin: 0.5% cholesterol plus simvastatin 30 mg/kg BW
Simvastatin + Co Qi 0.5% cholesterol, simvastatin 30 mg/kg BW plus 15 mg/kg BW
Simvastatin + Green tea: 0.5% cholesterol, simvastatin 30 mg/kg BW plus 5% green tea powder
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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3. z7t9|

OB

Zd2HE A S4XY

el & Zeo2EHEY FAAY AW (Table 4 o AASAT. o) = =
AAHZES 49 2 FY2HEY 02 AFgS Bon, 2o simvastatina
of wls) =xk Hrbkwro] FoH e vHA yEhydtt (P<0.05). 1P FAAW w3 =
2} H7bato]l gzt HlE] fo Aoz A vER e (P<0.05), simvastatina® &=
ol vl WA uhEbsk

Agd SV mae] W nZeaEE Aol I

of
N
o
X,
s
>
e

mg/kg BWS 453 Fo3dls wf A2 ole dxa o= T2
7t foHd oz 7HAasth. Sayama %9 AP E s
o] wollM F FElzvlE 3 FAHAATC] txaol BE fFolHor i
&, Muramatsu 57 1% ZH 223 15% lardel 32k 7hElZ 1% 2
v FEATANA (Foll MY FARY ZU2HEY vEE PAsATL By
of Fak 7t mE YFE
e FEU2EEY Eue 2 S 2 Adwe] AxAy gdd vjaoesw
ole] AAMLE Wt Ta3% guE et & F o AZHUZHE Ao w
oo w& dF ZHUZHE FFo] Fobdl mel, HAHTIT S oA EH s
HEY dAS @5 o 235 vedn
ADR(adriamycin)& o] 3 f1F el 211 M coenzyme Qi 3 7F= ADRel o8 5
SEQE ATAAT gov, AP

M= coenzyme Qio°] 7+ T LHE FAY SAA FFS VAR FUTH

e R BAAHE FAE folHon

w A2 was AEULHE Aol g e dT FdsdHE A e
AAlst7] flske] FrolM el FHUlAHIE AREe AASH, elMe AW FH:=

AA st 7S 7Hx Ao =2 AR H T
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Table 4. Supplementation effects of simvastatin, coenzyme Qio, green tea to cholesterol based diet on the
liver levels of cholesterol and triglyceride

Simvastatin + Simvastatin +

Control Simvastatin Co Quo Green tea

Cholesterol based diet

mg/g fresh weight

Total-cholesterol” 12.2+3.7% 12.0+1.8% 11.4+3.2% 7.4+3.7°

Triglyceride® 15.2+3.0° 12.8+2.4% 14.9+3.3% 11.5+2.6

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 5. Supplementation effects of simvastatin, coenzyme Qio, green tea to cholesterol based diet on the

platelet aggregation

Simvastatin + Simvastatin +

Control Simvastatin Co Quo Green tea

Cholesterol based diet

Platelet Aggregation

Initial Slope(&/min) 7.7£1.8 7.6x1.9 7.5%1.1 6.8+1.8
Maximum(Q)? 10.3+2.2 11.3+2.0 10.2+2.1 12.0+2.8

Values are means = SD of 10 rats.
1) Initial slope ohm change for the first one minute of aggregation.

2) Maximum aggregation is ohm at the point where aggregate dissociated.
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5. HematocritQ} & 29

Hematocrite} A&+ €3 238 ZA3= (Table 6) o A|A3}3
Hematocrit= @ o] st &9 &4 & Yeld Floz Agdy BE oA
il

A YA ZolE HolAE &gkon) coenzyme

AYFL g8 7z 18 7 594 Aol gl oy}, simvastating #7E 2E
5ol thxol Hla] =4 Yelbsth Coenzyme Q¥ 2k H 7ol 93 &3 <
Al B3 vERA] gk

Ef
Simvastatin A 2] ol ™2} coenzyme Q1o /do] #HAHo] AU coenzyme Qio%

o] Zar il ol Qs Fits}t rjwo] "ojd Aolzta AHdou, va FFE

oANM A& HAkst whEo] Fxlxo] AAFHLSE Ao FUHETL B skl
T3 Novoselova SV& whoj] A 9] coenzyme Qios= WE 7 @ AEH] o] 4L %
gt A3 ol A free radicalsell theh W=7t SxIE o] A A AEsE wkgo] £
Aot Bkl o]y 3 AT ZAINES B coenzyme Qo] H eHA 3o 7] o
& AoR AAAY, & A= coenzyme Qo H7tel mhE AdT &9 AR
= yERUEA] kT

Morel 577& rat®] hepatocyte Bl Fhol| Al catechin, quercetin, 18] 3l diosmetin
o] MEH S FI+= catechin, quercetin, diosmetin =22 Z37F AAttar B s}
o] catechin® MEHRE THE =2 oz Ao Al Almurshed 57L&
CCL=E AtstA =S e Fo A 52 FH e &dwhgo] FolA o= A5
i &glen, Satoh 57V AT ate] AAPHE A2l § x4, 24, &4 F

=

ZES Hrubst 43, AAPHE &4% AdFubo] glo]

_29_



7F St A vEbstthal gk

2 23 A} simvastatin Ao W& HIF &S gxo M E=A e
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Table 6. Supplementation effects of simvastatin, coenzyme Qio, green tea to cholesterol based diet on the
hematocrit and hemolysis

Simvastatin + Simvastatin +

1 . )
Contro Simvastatin Co Quo Green tea

Cholesterol based diet

Hematocrit(%) 44.4+2.7 43.9+1.1 42.5+1.9 44.2+2 .4

Hemolysis(%) 7.5+1.1 8.3+1.1 8.1+1.8 8.2+1.7

Values are means = SD of 10 rats.
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6. Intracellular Na 2} Na-leak

Intracellular Na¥} Na-leak 23 ZA¥+= <(Table 7) o A|A|3}A T}
T4 Aoz gl e, simvastating A 2] 3
5o A& =4 vEtdt. 535, 53 FJkato]l 7HE =A UERS

Intracellular Na& zZ+ 71§ 7t

Na leakE H. W Intact ¢1 A% passive Na permeability:= thZato] 7F4 =4
WEFEL L, simvastatinato] 7Hd SEA YERSE O™ coenzyme Qo H 7 S H
7fte M= o w YEy AAPHA 2l¥l  JEfo 42 passive Na

permeability+= simvastatini©] ™ Z ¥ coenzyme Qo 3 7ol Hls] Feold oz
Sk (p<0.05), = HIbol MM E fFelAolA = FAIRE WA yEbsk
AAPHA g]o] ¢]3F Na passive leak®] =fol= z 15 7F £94 Aol7t IAIwH
simvastatin ¥} 52} H7bto] AAPHA glol osk 93d& 7 AA wtow
o} 2-o] thZE, coenzyme Qi 7 o] At}

Alxzete] 752 o8 7H FHASE =dE5d 98 ¥sE & dv. 1 F
phenazine methoslfate (PMS)+ radical A S 9l Al84+= 42 A 942
AA EHste] AZUIA NADH EA shol &4 2as AA4F®  wmeby
PMSE AHgste 4-F = AdALsrt A& allxa, oz s Az
£ 7 oA W, o]= passive K permeability S ZF7FA 7t 2 A=

PMSHAl A FEe] AAPHE AMgste] Ao HAF o dZe] &4 Fol

(

simvasatin * 2] ¢} coenzyme Quo, S| H717F MxT A4ks) 7] 5o ojuw gk o
o vA= AE ARk, simvastating 3 Fxab Hrbato] thE Bl
el AAPHA 2lell o3k d3ks vha A A ok

Saffari 579 in vitrod &AM Atgte] H&EF wS  t-butylhydroperoxide
(t-BHP)& 2F3h4 48 F90& ul, t-BHPAH gt} t-BHP EGCGE o] A e
@ ol A ARG FoHor Fasant. HEel A2 Ve HIEF
o A A3 FAEC FAS =AHE A tiEo| HE catalase, SOD, GSH-px
o &Aool HAa FEEwoAA M =A dEksva Ssith
AgoA = "7l AAPH Aol s Jds HA wik=d, o=t
A 9o Y A Ve e B u Hxo] olgle JtHzl T Aed

d= ol o3k &akst 2Fgol o3 Ao Ay oy

0.
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Table 7. Supplementation effects of simvastatin, coenzyme Qjio, green tea to cholesterol based diet on the

erythrocyte Na efflux

) ) Simvastatin + Simvastatin +
Control Simvastatin
Co Qo Green tea

Cholesterol based diet

mmole/ ¢ rbc
Intracellular Na” 1.98+0.39 2.09£0.42 2.25%0.72 2.60+0.67
Na Leak? mmole/ ¢rbc/ hr
Intact 0.24+0.11 0.14+0.1 0.20£0.08 0.20+0.05
AAPH" 0.26+0.11° 0.15+0.04" 0.26+0.07* 0.21+0.06"
A Na-leak 0.02+0.28 0.01+0.16 0.06%0.17 0.01+0.06

Values are means = SD of 10 rats.

*Values in the same row not sharing the same superscript differ (p<0.05)

1) Intracellular Na ; upper values are for intact red blood cells. (Na mmole/ [ tbc)

2) Na leak is Na efflux through passive sodium channel in red blood cells.(na mmole/ | rbc/ hr)
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7. 9 TBARSS| +=&F

s} g ks AEE 435k TBARS 34 A= (Table 8 °l
Al A 8} AT

g% TBARS A4 52 FoAolA+= &AW simvastatin 7©] tE H]nl
of wa ttix =4 yElydth.  Coenzyme Qi H7F¥ Iz Hubre 4
TBARS A4 & simvastatinw'? wxao] H3 FoHo= IExAtt
(p<0.05).

g% TBARS A4 A=E =

Z}

>

(it

o,
ol
o2

e < 7 249 st a%E dopr 7|
9)8 Aolth, Colquhoun 577 Ao Al 20 mg/daye] simvastating 3 & =<
FostAE W 24% 9] coenzyme Qo] FAE AT Haustg oy, 2 HAFPdA =
simvastatin®l] €] gt coenzyme Qo A&7t FE A UEFUA = 2T

A4 59 AT ADR Folol o3 43 A% nEZE=ol £ A9
A HBAeE FqFe dASA S7HEA S Y, coenzyme Qs 3 E
HarstE ko]l AstEtia B skt Mimnaugh 572 ADR tAREQ
semiquinone”]| 7} A& FHAikstE A S FI7HAI 7Y, coenzyme Qi Vitamin A, E,
C 22 @43l 7158 717 EHES 339 e o A% 1 5 o8 =FdA4
AAAtE Fgo] Atk k. Hino 5% Folkers 5™e] miel] ¢
3 ADR Fo] & dojut Bz8o thall coenzyme Qo & H°] o8 71X HE &
HE Blow A mEZE=gold A AFHLEE FEFe AstAH T Halst
Ak 2 AYPAAE coenzyme Qi FH7Fwro] R simvastatinwtol]  H] 3|
TBARS A4l Fodom SA v 9o AA353 Hls23h 43S Bdth

=zto] ok ¥ flavonoidsE free radicals® EHA O ® 2AEI Fe’st
Cu”2e F4% Adoled Byt ofye} ksl gae] 4L TR CEA A
Aapabstel LDLY 2tsts WA @t dejAd Aok e 59 %3 2%
W omA FES 747 5%4 FAA AFHAAA €4 TBARS w2 543 23 o
Zaol vl =2k Aol WA dEbte, kel o] TBARS %% o xo
=2k AF ol oA o R FHastel HArE Ao AdAAstE A oR oA
gt Basdth Sano 5% ATFAAME Hakel $A7F FHE Aol
g #9 3t Al A t-BHPO o3k A& 3qbskrt oJAlgds Bl el
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g7 g A Z(HUVEC)H A LDL AFstE G wdte] 238 Yang 5779 <A
A mE AR W gz vs AdadaEge gFel feHor gas

At st B AFo| M =2 H7bato] ) Z simvastatindtoll HE] oA o
% TBARS Aol #ads & 5 Uk

2 Ad 43 TBARS Aol dolA simvatatina™ o] tjZ=atol H]3] <+ =31 3}

T AaE HWslR &ge Aow AR, 18} coenzyme Qo F7FEH =
2k 7ol TBARS A 0] 8oz For 2 coenzyme Qi Sake €

4% Fu% ZAE 4 FRAAZA 5 AT £ Y AoE AEY

_35_



Table 8. Supplementation effects of simvastatin, coenzyme Qio, green tea to cholesterol based diet on the
production of TBARS in plasma

) ) Simvastatin + Simvastatin +
Control Simvastatin
Co Qo Green tea
Cholesterol based diet

umole/1

TBARS® 0.10+0.02° 0.11+0.01°

0.06+0.01° 0.06+0.02"

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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3 simvastatin Aol W& T FElzHE AstEdE B APolA YEUA
goko s wpzvtA R FH XA HUE AolE HolA = ZAoFE Ho T
2 AN = AEHHoRE  nFYzHE HoE FATeEA  AHKHE
lipoproteins®] A4 2 thAlel| simvastatinA 2] ¢ &S] conezyme Qi A H

Pk FRE GFS VA Roel FHRNNE JFS vNA R A0 A
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Figure 6. Microscopic appearance of liver tissue (x400)
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Figure 7. Microscopic appearance of aorta tissue (x400)
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B A eE nZd2HE g5 dFA simvastatin #2130 mg/kg BW)<}
coenzyme Quo, &b 77 AW AA diAL i SH, AT Tl mA = G
of tja} Lot ua izt (05 % FulZHE 4 0]), simvastatina® (Z# =8 &2
©]+30 mg/kg BW simvastatin), coenzyme Qi 7l (simvastatin 2o+ 15
mg/kg BW coenzyme Q), 5*F 7} (simvastatin 2 ¢]+ 5% S3}7}5F)o 2
Aste] in vivo AL 477 sttt Aa= g oksd the ) 7

1. SAH, AoldHAH, /AT FAYA Ao Z+ 253 Fod Hole flth
SimvastatinT < A FH &o] Hi SA|F> Srola e AFHFe =x Hrbao vl
2

3 2eol&&(FER)O] Fodoz okt (p<0.05).

N

2. Simvastatina*® % F Z#2HE3 LDL-Zd &2HES 2o Bl ohi
=%, coenzyme QoY HA H7beE oS v T7MAIZAY. HDL-ZFd&HE
< 2 2% 3 794 Aol gl ey coenzyme Qi b oy =2 kLo
2= simvastatinwtol] H]&] thA& =A YESTE Simvastating 9] @7 A A
e gzl vlE] tha Wk ou coenzyme Qeoltt Ik bl ols] F7ly o
S vl ge W FolHom gdtd (p<0.05).

3. 9] F FH2HELS simvastatint ¥ ) ZFAFolo] Aol glloy =3

bl A A AAsA, thE vlate] vlE] fFF oz gttt (p<0.05). IF F
A AL simvastatina©] thEwFol] B & %‘iﬂi’ii, = = i | P B = R L
ool Hlas] frojA oz ATt (p<0.05).

Simvastatini= @3 7ro A FTA A & ol a¥E B}, Hx HrbeE FFelA
Y 2HEY FAAAY A3 295 HAh

4 BRBEPEL 2 AF qol FoH AelE EhbA RRAT, AT o
o

6. Intact A&+ 2] Na passive leak®] simvastatini-ol A 7F& 9k, AAPH A €
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H-2 % 7} vrol Na passive leak Z717F 714 # Q).

ro

of o

7. TBARSAA 9loJA simvastatini< thZol Hl&] thh H% o coenzyme
Qo H7FE oyt =3k ARl A= o] simvastatine® ¥ W LS| A Fo] o2
x)}r’]' (D<O 05).

A9 A simvastatin A 2ol W& FUl2HE e Ea7F dF o=
S & 4 9] simvastatin A 2o 93 coenzyme Qi AL I F o
A &ge T dS Aoz AzHEAdY. Coenzyme Qi 52kl
ot I A4 VA Ede vEhdA @skey 538 Ag- ellA T w2
= Ao o] o] QlojAe AH VR BV E AHORE o
AR, 283 coenzyme Qi X } g4 TBARS S ayHo=z AAF
o =2ZH FAs 7l =& EHE FE&F AHolg AKX

Flr =2
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