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(# Z ] 80 W5/ ( Berberine, Ber ) XJ @ AR S AU s A AN LA BE AL 0O 520 AR PTRERIVE I, & % R
HETAEIE SR 2 7 S s MR S sh AL . 40 FUBTPY 22 R H SR BEHIL 3 i T R (G 2) | B A A s i+ Ber £[28 112
mg/(kg-d)]. B IR +AE# DUAFAH[30 me/(kg-d)]. 2 HJEI e 452 1007 B B (Total cholesterol, TC) . =t H il (Triglycerides,
TG) K% & 18 25 I [ B (Low density lipoprotein—cholesterol , LDL-C) . 5 % F i 2 14 IH [# 8% (High density lipoprotein—choles—
terol, HDL-C) /K- HE 44 01%¢ F Sk H S U578 1k ; SER PO E B PCR G = ki 5 AL — AL A& 1 (Inductible nitric
oxide synthase,iNOS) Al B 2& 1 BU%53H J 32 {4 (Scavenger receptor class—B type 1,SR-B1)JEH LML, 4R . 5EEHMLL,
FIEREAYZ TC TG A1 LDL-C KV 2 THiR; (P<0.05) , F= 3 ik pa st BB S (9 i e ORI PR A0 IR B, iNOS 1 SR-B1 mR—
NA ik B E T (P<0.05) ; 5 = IREERIAIAH H , =50 +Ber ARBRAL IV TC TG F1 LDL-C 17K i 35 F&AIK (P<0.05) , il HDL 7K
i TR (P<0.05) , F S ikoks NN BT CRRRER , L PR AR D 0L iNOS 1 SR-B1 mRNA ik i F K (P<0.05) . 4t
Ber FLAT I AR A AR AT I A AR A AT T, AT FIAIL] S5 3] iNOS A SR-B1 JEPIZRAHE
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Effects of Berberine on lipid metabolism and atherosclerosis in hyperlipidemic

rabbits and its mechanism
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[ Abstract ] Objective: To investigate the effects of Berberine(Ber) on lipids metabolism and atherosclerosis in hyperlipidemic rabbits
and to study the possible mechanism. Methods :The hyperlipidemic rabbit model was established by feeding high fat diet for 2 months.
40 New—-Zealand rabbits were randomly divided into control group,high fat diet model group,high fat diet and Ber treated group
[28,112 mg/(kg-d)], high fat diet and Fenofibrate treated group[30 mg/(kg-d)]. The levels of serum total cholesterol (TC), triglyc
erides (TG ) ,low density lipoprotein—cholesterol (LDL.-C) and high density lipoprotein—cholesterol (HDL.-C) were determined after 2
months, pathomorphological changes of aortic arteries was observed and inductible nitric oxide synthase(iNOS) and scavenger receptor
class—B type 1(SR-B1) mRNA expression in aortic tissue were quantified by quantitative real time PCR. Results;The levels of serum
TC,TG and LDL-C were obviously elevated (P<0.05) , apparent atherosclerotic plaque was observed in aortic arteries and iNOS and
SR-B1 mRNA expressions were obviously increased(P<0.05) in high fat diet group compared with those in control group. Serum TC,
TG and LDL-C levels were decreased (P<0.05) ,HDL-C level was increased (P<0.05),degree of aortic atherosclerosis was mitigated,
foam cells were reduced and iNOS activity and SR-B1 mRNA expressions were reduced (P<0.05) in high fat diet and Ber treated
group than in high fat diet model group. Conclusions:Ber can obviously reduce the blood lipid levels and aortic atherosclerosis in
the hyperlipidemic rabbits. The mechanisms may be related with the down—regulation of the iNOS and SR-B1 mRNA expressions.
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DURR YUK 40 AT B, 35 5 1L A5 N BEAE P R A 1Y) A
A 50 TN B AL e 2% BBl Ik ok A R 1 B R )
R, 758 —% b A & B (Inductible nitric oxide
synthase ,iNOS ) 7E S&AE JIVHC T TG P3G 5 | fE JE K 20%
FEIPE NO [t 54 B ZUR 1, Sk 3l fhkoks
R A ™ A F R T B 28 1 B I T AZ A (Scav—
enger receptor class—B type 1,SR-B1)J&VT4 & FLI)
— RS IR AR, WA B A 0 AE AL
LDL JE B IRZEM , eSS kR R A i e AR, A
SR FH e i Tk SR T = i Y ULSE Ber
I B VE AR s kR FEREAL R B VR VR T, -3l i
Kl iNOS A1 SR-B1 mRNA (1 FR 354580 H T g i)
YEFHBLEN, Al PRI 4 LR A

1 MBS

1.1 £¥BmHy

40 FUETEHHIT L R A, MEPE R 2.0~2.2 ke,
PR BE R 25250 sh i ho O 4t (B A 48 UE 5 . SCXK T
20070003) .
1.2 Zhh 550

Ber (U )11 755 03 A 47 1l it A5 BN ), 26 =97% , it 5
080626 ) ; i DU4F (Gl g 3 il 25747 FRAA ], 2l =98% , 4t
45 080527) ;iNOS A i 151 & (g st R 2B W T AR 9T
JIT) s RNA #EBURF RNAiso Plus | SZHF 266 5E 1 PCR 87 £
(TaKaRa 24#)) ; PCR 59 (_ B4 THEE ) .
1.3 FB%k
131 Zp2 KBERIHIVED 40 HUHT 8 22 btk K H A, PR
W%, B ROK BB, S i ehaE i SR 1 1 RS R
BLATA 5 20, RIS fal ik 2 (£ 2 ) | e PR R 20 | v i 1)
Fh+Ber 2128 112 mg/(kg-d) ], B IR AR DUREZ[30 mg/
(kg-d) ], FNRFRIBLIY M - 5F 10 ke FERRETRIIN 150 ¢ AR
fi 500 g Bl 1 kg W, SR Ber 41 | = IR ARl +AETE
DU AR 2R 7E 5 NS AU % 1 S Al _E 40 ST 15 45 F Ber 28 112
mg/ (kg d) FIAETE DURF 30 mg/(kg-d) , % LE 2 A IR FAFRE
132 iMfglE TR E 12 h ERELE IR,
B G BT | 2R FH 42 1 2 A A 20 WS 2 1 5w i I [ e
(Total cholesterol, TC) , = [t F& H i (Triglycerides, TG) | i %5
JEE I 25 11 H &% (Low density lipoprotein—cholesterol, LDL-C) |
Fe e [ = L (High density lipoprotein—cholesterol ,
HDL-C) /K-,
133 FEhBOREIEA AR A SR AL St #E £ 3
Tk, LA 4% 22 5 B [, Al U1 R HE Je ()5 T8
T AREE E B S A
1.3.4  SERFHENGE B PCR ks 3 2l ik 4141 iNOS il SR-
Bl FEHFEIL RGNS, Bbe Esh bk, 707 T BFE
% RNAiso Plus 12U U6 W 42 BUE RNA, 585t Bt e
ST TTEE Ao wd Ao FUIEL, BHOBEMEIEE JEC FEL VRS I 8 RNA
PSRN R SR 2 2XRT Buffer 10 pl, RT Enzyme Mix 1
wl, BEHLE ) 1 wl,RNA 5 wl,DEPC 7K 3 ul,¥85), R4

4:.25 °C 10 min,42 °C 60 min,85 °C 5 min, iNOS LA FiiF
319.5° ~AATACGAGTGGTTTCGG GAGC-3", FiF51¥.5 -
GGAGCACGGCGATGTTGA -3 ;SR-B1 JL P - iiE5| % .5° -
GAGAT CCTGAAGGCGAGAA-3" | FiiF54¥) .5 ~GATGTT-
GGGAATGACGAT GTAG-3" ;NS B-actin JEH _LIiF5 14,5 -
AGTGCGACGTGGACATCCG-3" , FiiE514 .5’ -TGGCTCT-
AACAGTCCGCCTAG-3" . SEMHE)GE B PCR W AKF (50
wl) :2xPCR Buffer 25 l, TS 14 (M JE 25 pmol/L) 45 0.6
ul,Sybr green 1 0.3 pl,cDNA 1 wl,DEPC 7K 22.5 pl, %],
JZRE S H9 .94 °C 4 min;94 °C 20 5,60 °C 30 5,72 °C 30 s,
PEER 35 K, RIS G H ahA iid ek 25 R DL Gk
TN A F=2-200 St R 45 Ah BAH R IE 5 4 =2 8] H A SE R
S EROE SV
14 %itsam

SERGHE R SPSS 13.0 G M- Ab B, FH I8 + AR
25 (x £5)F0R, AN BRI R 7 2550471, P<0.05 Sh 2
RAGIE L,

2.1 Ber &g ARt % ra

XF AR s L3R 1, 5 AL, SRR |
I+ Ber 21 = IR+ Ber 41 . = B+ AR5 DL A4
L3 TC TG\ LDL-C K-35 5.2 T (F {55398 103.031
58.53.124.028, P {H¥1 4 0.000), =i JI§+1% 74 Ber 4115
BE+3F v DURg 20 38 v] 8 2 & 3 HDL-C KF (F {EH 2N
12.283, PAE 4391124 0.000,0.004) . 5w R L, il +
{EFI & Ber 4G TC TG & LDL-C /K F-X5 B A (F B
W14 103.031.,58.53.,124.028, P £ 1440.000) , HDL-C 7K - 4l
SETFES (FAER 12.283, PAEH 0.022) ; B+ 7 5 Ber ZHL1M1L
i TC. TG J LDL-C /K- 5 2 FEAK (F {643 51k 103.031
58.53.124.028, P {H 4} 0.001.,0.000.0.000) ; = A5+ 4 U145
LU TE TG 7K BEAL (F (A4 58.53, P {H} 0.000),
HDL-C 7K B T1 55 (FAEM 12.283, P {9 0.000) . 271K |
AR Ber RCARTE U144 mT 8 32 10 i v B K B S A0 a0 v
TC TG . LDL-C 7K F-F 75, Horp LU & Ber MR SEH
22 Ber X ZARMLAH S F AR

Tk HE Yoz R lEl 1, W & 45 1w, Joik
JEITCR 5 v MR AR AR 2 1t A8 P B g R T D, 2 AR
FRE RN, 5 IsB A M L, m s+ IR DU
NG+ Ber ZH B2 5 A5+ 77 i Ber 20 1l 487 P B4R LS4 |
BRI A AR A MDE AL, $27 Ber X W0 M4
HEER BT ORR , s/ YL TR I T B, 77 Lk 3 ok R A8 A A B ik
FrR, H BT B Ber RO H B &,
2.3 Ber 3 £ #Hk iNOS F= SR-B1 2 B & A 89 % vk

T3k iINOS SR-B1 mRNA FikAEfb L 2, S¥ad
FHEL, B N8R ZH iNOS SR-B1 mRNA ik B . S5
RIZAAR LY, R +IE v DURRA = BE AR = Ber 41 K S HR -+
FI Ber ¥ AT B E 6= IR A &5 S1) iNOS SR-B1 mR-
NA ZEik88 s (F 2090 11.040,13.253, P {H4351°50.002 |
0.001.,0.001.,0.000.,0.001.0.003) , H: i =I5+ i Ber ZHAE
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FHECNBHE, 4275 Ber i3IS ISR &5 S0 E 8K iNOS
SR-B1 mRNA ik

3 3 i

Ber (Y RENRVE I 2 7E SE IR YT 2 BUBEIR
AR B IR R B , FEAE BE S 4 S 5256 Kl R
I PSR —2L A, HALRIA R T2 i b 7T
FMDURRERENR 25, nld L fe #F LDL S22 4R K 1k
TG B R 1 b 5 B (AMP —activated protein
kinase , AMPK ) S5 458 & FE LIRS, LA, A 5R 2
Ber 1] 3 12 #1042 5% 5 PR -6 AE 85 -1 (Activiated
protein—1, AP—1) Ji /> 3R SZ AL i 2 (Cyclooxygenase—
2,COX-2) W3R il i A% 5 N T NF-«B {5 5 il
FEAMA] IL-1B TNF-o 85 2N IR R A —E 1Y
PURAFHIOM, A, Ber £ rh 24 8 14 1) 2T,
PRTRAR, BHIRFay , O BRI ME A, A B H
W NIRRT 2 A FH LA 22 45 A R0 T Jig AT 3 ik ok
FEREAL 25, HAR FHPLHHEARRA T BT

i e R M SR A A 2 A IR I
SiE , 75 S sk i A P BE A o ORI TR 20 I FE
T 24 T BN ok o RE RS AL BEFUIE 1, TR I S 25 T

Ber, W%¢ Ber YRR FIBTSN DK FEREALAE T . 4551
7R, Ber XM IR EA S HIMIETG  TC LI LDL-
C AR EE T AR P RSERR B CAR, , Zh koo iE Al AL I
POV BUA M EVER IE Ber X AR IR & F: 5L
B4 I B T v 0 s B s R R AL A 7 AR A R A B B TR
YERT, Horp, iR +EGRI 2 Ber 1BARCR T N 3,
AT RE S HUATALE SR TALRIA DG, b sE bt
G BUEC AR Beor W BEE Insig—2 JEIH 23k
A L T P45 B, T 73 ) it Ber D JCUEAE I,

— AL A (Nitric oxide , NO) 1z ik 3k £ 4k 17F
PR AR TR EEAMEN  — LA S8 (Nitric
oxide synthase, NOS) KN A i NO ) ICHERE , 430
#2271 NOS (Neuronal nitric oxide synthase,nNOS) |
P Bz A9 NOS(Endothelial nitric oxide synthase,eNOS)
HNOS, TEXT IS KR BEAL R BF I 28R,
7 N B AN A5455 3 3 eNOS 2k T e TG PERFAR,
A HME NO 5 B 2l /b 5 (] 2 0 380 350 A
PN B 2 - LA L K% 5 W 2 L PN iNOSS {7 P4
SR RIRE NO & R R, -5 i BT R SO
A B NO B i EE fE A L A T I 2 2R
E L7 , IR S ks FEAE AL TR B2 1AL A
5 N1 NF-kB A5 5 INOS JE A 3k 16 TR 1Y

F1 AENEAEIMTFE TC.TG.LDL-C & HDL-C 7KF ( mmol/L,x +5,n=8 )
Tab.1 Levels of rabbit serum TC, TG, LDL-C and HDL-C in various groups ( mmol/L,x +s,n=8 )

51 TC LDL-C HDL-C
Wfref 134 +0.09 0.53 +0.05 1.20+0.56 0.27 £ 0.04
[t i 3273 £2.93 426 +0.36" 33.61 +2.68" 0.34+0.05
i + A DL 3112 1.77 232£0.21* 30.01 = 1.56" 0.61 +0.12*
R + IR i Ber 21 21.28 + 1.80™ 2.11 £0.44* 20.30 = 1.27* 0.47 +0.03*
AR + R Ber 20 25.52 +2.59" 249 +0.36* 24.95 +2.55* 0.40 £ 0.07

e, G AL, P<0.05;#, 5 IEEBIZH AR 1 , P<0.05

B. w2

A

| L U oS A Y

C.willg + JEWDURE D willg + IG5 Ber 2 E. #1ll8 + mif 4t Ber 21

1 Ber W EFNAKFERSFAIM ( HE, 100 % )
Fig.1 Effects of Ber on aorta pathomorphology of atherosclerotic rabbits ( HE, 100 x )

* 2 BerXf&FEFhEk INOS.SR-B1 EE mRNA RiZHIRM (x +5,n=8 )
Tab.2 Effects of Ber on iINOS and SR-B1 mRNA expression in rabbit ( x +s,n=8 )

mRNAF L MR [ k] P AR UL S + KGR Ber 2 HE + L Ber 41
iNOS 1 1.688 + 0.531 0.727 = 0.058* 0.533 £ 0.166" 0.683 £ 0.112"
SR-B1 1 1.304 = 0.372 0.372 + 0.140° 0.482 + 0.072* 0.697 + 0.058"

T #, SR IR A E, P<0.05
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513 AMPK DU & FERIGIVE R0, BF5E & 30 Ber R3E
I NF-xB 761 380E AMPK & 54080 kol REAE
FRAEFRO, BRI, 38 5 SER 0O & PCR A T & B
HRFEFMKN INOS mRNA eIk 4558 B R ekl
2 iNOS mRNARY A I T, 17 Ber 1] i & H00i|
EIBIRE S INOS mRNA 19355, f kAl W, Ber
£ 0] REIE T4 H] NF-kB 151k B4TE AMPK 1M P&
F Bk iINOS mRNA 31K, 187> NO G 1L, 4E
R Bk RERE ALY 2 R

SR-B1 J&— 5 % BR324k, v/ IR
Pt 1R o 7 v %% 2 g 2R 11 -5 A A TR B R 3 3
SR-B1 FZ] 12 5340 TR AL 4 {H 7 5% 4 it
AP T SR 4 1 I 40 R A A L A PR R P st AR v D
KL AZ R SR 5E & B LDL Al AE L4 Y
Rz G | I 240 Y R S i LA AR AR VR T AR il
1k, LDL, %4k LDL Al 7F SR-B1 454k Ei Ik 40 fif 5%
B, T8 B R A, A1 2 54 R BB B, ] s ] Wi 5
TR et FRUAZ AR UG B I AERE | XoF P R 400 i A
FEFRUS, R B G 1) v i i 2 A A il A o Rt vp 3 &
B, BRI E G RT LR A W LDL A7 I T
M RE | HS A A% 20 it B 5 T 038 P 6 | 5 I 4
M BN R 4SO O R BUS E FT E R A
IEHS K BRAG K ()3 8 R 2 R Bl ki A5 1E A
SEW LA LZ |, HORER B W ARG D iR A2 A
HATAH, EALLDL 55390, SR-B1 /51 F 4
i 5 BB 5 3 22 2 i R U AR A R AL 2 Bk
SR RERE £k 295 1) T AL A0S0 3 3 SIS A
PCR Kl % B BE 2 E sl ik SR-B1 mRNA £k
TGN, 10 Ber v] 25061 S AR IK 215 510 SR-B1
mRNA 35T+, 4278 Ber AJ LU i 4] SR-B1
ARG, I B X 4R Ak LDL B A AR, A
TV Y VA 20 BT 1, HE 2R sh Bk ok R Ak Ot E AR |

25 LA Ber 5 1035 1Y B A AT 30 bk o) A hif
FRIVERT , L AT BE-S5 30 = 8l ik iNOS FISR-B1
FEHN ARG K,

o
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