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M 5 L, Rnasin (50 U-pL™")0.65 wl, dNTP(10
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HDL-C ¥k FZ i E LT IEHE X IRAL (P <0.05) , $i/R i
W, 254 FAIR ST AT 20 mg-kg ' 15 60021
A, B AKX TC,LDL-C(P <0.05) , AT {f.fH SI(40
mg-kg ™' +120 mg-kg ™' ,20 mg-kg ™' +60 mg-kg ') 5
FERAIAA L, TC \LDL-C BLRF#AR (P <0.05) ,HDL-C
B @ Tt (P <0.05) AT {Fi /] SI(40 mg- kg™' +120
mg-kg ™" ) X} HDL-C #4715 ¥ F AT 20 mg-
kg AR LA 5 25 5 (P <0.05) s 24288 , AT L]
SI(40 mg-kg ™' +120 mg-kg™",20 mg-kg™" +60 mg-
kg ™) 5 LI AT 20 mg-kg ™4 Ho ] .+ HDL-C
(P <0.05) ,AT {fiJf] SI(40 mg-kg ™' +120 mg-kg™")
R AT 20 mg-ke AR RIEAE TG (P <0.05) 5
251208 )5, AT{RHISI(40 mg-kg ™' +120 mg-kg™',
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Tab 1. Effects of atorvastatin( AT) combined with soybean isoflavones( SI) on serum lipid levels in rats
Time/ Group TC TG LDL HDL
week  /mg-kg™' /mmol -L™" /mmol - L™ /mmol - T,”! /mmol - T,”!
4 Normal 1.80 £0.29 1.10 +0.40 0.35 +0.06 0.70 +0.09
Model 2.61 +0.60" 1.19+£0.16 0.75 =0.22% 0.50 +0.07"
AT 20 2.10 £0.35" 1.17 £0.31 0.58 £0.11" 0.46 +0.08
AT 40 + ST 120 2.06 +0.28" 1.11 £0. 17 0.52+0.17" 0.63+0.10*%
AT 20 +SI 60 2.12+0.23" 1.16 £0.17 0.60 +0.16" 0.57£0.09"
AT 10 +SI 30 2.21 +0.54 1.17 £0.20 0.74 +0.28 0.46 +0.09
8 Normal 1.80 +0.20 1.09 +0.34 0.23 +0.05 0.67 +0.10
Model 2.78 +0.65" 1.63 +0.67% 0.84 +0.25" 0.42 +0.05"
AT 20 2.30 £0.34" 1.48 +0.33 0.67 £0.13" 0.38 +0.08
AT 40 +SI 120 1.78 £0.31°° 1.00+0.19*4 0.60 +0.08 0.79 +0.49 %%
AT 20 +SI 60 2.18 £0.27" 1.23 +0. 44 0.63+0.16" 0.77 £0.30" %
AT 10 +SI 30 2.34 +0.21 1.33 £0.50 0.73 +0.03 0.40 +0.06
12 Normal 1.76 £0.15 0.59 +0.20 0.27 +0.05 1.00 +0. 10
Model 2.96 +0.44" 1.11 £0.22" 1.02 +0. 15" 0.52 +0.09"
AT 20 2.31£0.27" 0.90 +0.18" 0.74 £0.19" 0.53 +0.16
AT 40 + ST 120 1.9+0.187 4% 0.69 +0.14*% 0.44 +0.10" 24 0.90 +0.09 "~
AT 20 +SI 60 2.0£0.14"4% 0.78 +0.22*% 0.59 +0.12*4 0.78 +0.13*4%
AT 10 +SI 30 2.26 +0.55" 0.93 0. 10 0.70 +0.26" 0.68 +0.11*%

TC: total cholestrol; TG: triglyceride; LDL: low density lipoprotein; HDL: high density lipoprotein. The Sprague Dawley rats were

fed with high fatty diet for 12 consecutive weeks as hyperlipidemia model. AT combined with SI were given once a day for 12 weeks.

xxs, n=12. ¥P <0.01, compared with corresponding normal group; “P <0.05, ™ P <0.01,compared with corresponding model

group; “P <0.05, “*P <0.01, compared with corresponding AT 20 mg-kg ™" group.

20 me-kg ™! +60 me-ke ") X LA TR 0T 151
FHSAIHH A T2 AT 20 mg-kg ™' (P <0.01) ,AT {i
JH SI(10 mg-kg ™" +30 mg-kg ") 5] AT 20 mg-
kg ™' Xf TC, TG, LDL-C 91 FIEA 2550 5esictt , 7H
HDL-C (1E B B4 T8 AT 20 mg-kg™' (P <
0.05) . $&7~ AT {1 ST 5 RESE = b 19 R B AU 3L
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HAE B ZFE, AT R SI(40 mg-kg ™' +120 mg-
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55 T8 AT 20 mg-kg '4H (P <0.05), AT {h
FH SI(10 mg+ kg ™' +30 mg-kg ") 5B AT 20 mg-
kg "' 4IAH L, A THE LDLR Al apoA-1 mRNA 3k (1
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Fig 1.

Oil red staining of liver frozen slices from normal, model and drug-treated rats. A: normal, x400.

B: model, x400. C: treated with AT 20 mg-kg™", x400. D: treated with AT +SI (40 mg-kg™" +120 mg-kg™'), x400. E; trea-
ted with AT +SI (20 mg-kg™' +60 mg-kg™'), x400. F: treated with AT +SI (10 mg-kg™' + 30 mg-kg™'), x400. Arrows refer

to the lipid sediments in liver.

1 2 3 4 5 6 bp

Fig 2. Expression of LDLR and apoA-1 mRNA in
rats. Lane 1: normal; lane 2: model; lane 3: AT 20 mg -
kg™'; lane 4; AT +SI(40 mg-kg™' +120 mg-kg™'); lane 5;
AT +SI(20 mg-kg ™" +60 mg-kg™") ; lane 6; AT +SI(10 mg-
kg™ +30 mg-kg™').

Tab 2. Effects of atorvastatin combined with soy-
bean isoflavones on LDLR and apoA-1 mRNA ex-
pression in rats

Group/mg-kg ™' LDLR: B-actin apoA-1: B-actin

Normal 0.923 0. 063 0.937 +0.052
Model 0.163 £0.015" 0.194 +0.021
AT 20 0.335 £0.019* 0.228 +0.031

AT 40 + ST 120 0.898 +0. 133744 0.930 +0. 15642
AT 20 +SI 60 0.613 £0.047%4% 0.892 +0. 118%42
AT 10 +SI 30 0.421 +0. 038" 0.752 £0. 121744

See Tab 1 for drug treatments. The semiquantitative RT-PCR
analysis of LDLR and apoA-1 mRNA were given in ratios of
LDLR: B-actin and apoA-1: B-actin, respectively. x +s, n =3.
*P<0.05, " P <0.01, compared with normal group; *P <
0.05, ®P <0.01, compared with model group; ““P <0.01,

compared with AT 20 mg-kg™" group.

A 4] LDLR 3 B3Rk 4 U 2w TR R 41
(P<0.05),AT {fiJf] SI (40 mg-kg™" + 120 mg -
kg ™',20 mg-kg™' +60 mg-kg ™) [ ik B
T AT 20 mg- kg "4 (P <0.05), AT {iLJ{] SI
(10 mg-kg ™" +30 mg-kg™') 5B AT 20 mg-kg ™'
AR, A LDLR 8 1Rk as, &t
K EUIFIEZH A LDLR f mRNA /K155 14 & it 52 F
TTPEAEAL , WM 25 (h A% LDLR K3k 0y EiR1E
AIRE EZIET mRNA JKF-

Tab 3. Effect of atorvastatin combined with soy-
bean isoflavones on LDLR protein expression in
rats

Group/mg-kg ™' LDLR: B-actin
Normal 1.293 +0.233
Model 0.163 +0.018"
AT 20 0.371 £0. 109"
AT 40 +SI 120 1.103 £0. 153%4#
AT 20 +SI 60 0.783 +0.147%%
AT 10 +SI 30 0.392 +0.031"

See Tab 1 for drug treatments. Western blot analysis of LDLR
protein expression was represented as ratios of LDLR: B-actin.
x+s,n=3. "P<0.05, compared with normal group; *P <
0.05, ¥P <0.01 , compared with model group; “P <0. 05,
24P <0.01, compared with AT 20 mg-kg™" group.
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Fig 3.  Western blot analysis of LDLR protein
expression in rats. Lane 1; normal; lane 2: model; lane
3: AT 20 mg-kg™'; lane 4 AT + SI(40 mg-kg™' +120 mg-
kg ') ; lane 5;: AT +SI(20 mg-kg™' +60 mg-kg™'); lane 6;
AT +SI(10 mg-kg™' +30 mg-kg™').
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KU LDLR mRNA F1 apo-Al mRNA i 3£ 3k, %}
LDLR mRNA fy{ig 23k 1 HI B 00 T 5 FH AH ] 57 &
N AT, fff LDLR 254 8 211 LDL L HAh &4 25
[ apoB il apok N HE [, MM N3 if 3¢ H+ LDL-
C TR BR , (o IE [ BRSPS T 25 )5 X apoA-
1 FERIFaR R Ve R R AT I (R B, 4
7 AT AR ST G i AR AR FH 1S 5 A AL 5 AR OC
B4 25 J5 FIE apoA-1 mRNA 7K i 2 10 2 At ik
JHFE G apoA-1, HE NI 2K apoA-1 5, £ /& I %
HDL /K-, A ) I8 [ B 1) 336 5552, A 5000 B =5 1
I R ATLAAR 4 35

AT LERFW] AT (hH SIS, 7T RE3E o 1 5
LDLR 7 £ A4 5 apoA-1 mRNA K3k Fp) i B iss
FEALIY KA A AT (R ST B O i 1l 45 95
s Al R I FH B A4 1 3 S g i
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Combined effects of atorvastatin and soybean isoflavones on

hypercholesterolemia and lipoprotein metabolism

HE Xu-Dong, WU Hong-Hai, LOU Yi-Jia"

(Institute of Pharmacology, Toxicology and Biochemical Pharmaceutics, College of Pharmaceutical

Sciences , Zhejiang University , Hangzhou 310031, China)

Abstract: AIM To study the combined
effects of atorvastatin and soybean isoflavones
on hypercholesterolemia and lipoprotein metab-
olism to provide scientific basis for the combi-
nation therepy. METHODS  The Sprague-
Dawley rats were fed with high fatty diet for 12
consecutive weeks as hyperlipidemia model.
The content of lipoprotein in serum, pathologi-
cal process and mRNA expression of low densi-
ty lipoprotein receptor and apoA-1 were detec-
ted by enzymatic analysis, frozen section, RT-
PCR and Western blot respectively. RESULTS
The combination of atorvastatin and soybean
isoflavones decreased the contents of total cho-
lesterol ( TC ), low density lipoprotein-C
(LDL-C) and increased the content of high
density lipoprotein-C ( HDL-C') , superior than
using atorvastatin alone (P <0.05). It inhibi-
ted the deposition of lipoprotein in liver. The
results of RT-PCR and Western blot test showed

the combination atorvastatin and soybean isofla-
vones (40 mg-kg ' +120 mg-kg™"', 20 mg-
kg ™' +60 mg-kg ') were better than atorvasta-
tin 20 mg-kg ' in regulating the expression of
LDL receptor (LDLR) and apoA-1 mRNA and
LDLR protein expression (P <0.05), combi-
nation of atorvastatin and soybean isoflavones
(10 mg - kg™ +30 mg-kg™') upregulated
apoA-1 mRNA expression better than atorvasta-
tin 20 mg-kg ' (P <0.05). CONCLUSION
Combination of atorvastatin and soybean isofla-
vones can prevent lipid metabolism disorders
through upregulation of LDLR and apoA-1 tran-
scription level and LDLR protein level.

Key words: atorvastatin; soybean isoflavones;
lipoproteins ; metabolism
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