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ZAFIIEER IR EX HIEEN E #RE/NR
SHEEH B100 BEEBRIETRY S

Koo KEAER PR F &
(RIS KSR B, S WA K%, i 250014)

FE  RIAE Z A ERIRNT R X BUIR 5 15 E(apoE) B 2/ L& apoB100 Jla 4 AR R sy, 2 itk 8 it 11 E s
SR/ BRI IN 2% 55 JRAT il B AL AR i AR 100 6 S, RS I IR R ifL v apoB100 K- M AR AL 2R HMG-CoA 3 Jif i i
PE; Al SERT 2 & PCR 43 A P44 b & apoB100 fig 8z AR AH G HE (Rl ik s 8 11 5t IV 32 (Western blot) izl PPARa 25 3R
iy AL O Bkl R4 b e AR 8. S5 R BRSSPIl I & T T BRAIK AL LDL-C 1 apoB100 7KF, FRAKATZIZR
HMG-CoA i Jif i3 7 LA &2 apoB100. FAS. HMG-CoAR. ACAT2. LRP. LDLR F SREBP-1c 3P mRNA £k, BF T+
SR A7 PPARa 1) mRNA FHEE FFUKSE, BB AR AR I e AR, i 2Ae K & 1005 T T/ B i ol = e A s
% FE IR 5 1 IR 1 LA KBTI apoB100 f¥ mRNA K IE7KF, PRk PPARq 1) mRNA I H 57K, W2 AR 3t I vh g s AR
B G R ERAR B I TR AT AR apoB100 NGB AR, 6 Bl Bk s LR LA K IR 0 S S5 R A S A I R
PERT, 0FT 168 AT LA SR e T 28 1 i 6 1 ISR S8 38 [ H 8 T S S A i A4l

XKgER AR, BIEEM E L, apoB100, NEfX

ZRHES Q547, R151

% AN A1 G W 18 (polyunsaturated fatty acids,
PUFAS) & $5 5 11 2 ANl 2 A BLEXUBE Ho ik i KT
h 18~ 22 AN 1 I ELRENR TR . AR H kv 2
1 ASXUBE AL B AN 4324 n-3 R n-6 2 PUFAS.
n-3 & PUFAs REf& K o W JFK 2 (o linolenic acid,
ALA), 1t A5 Fl A6 LA AL Tl 440 — 1
1% .95 % (eicosapentaenoic acid, EPA)FI - %
7N (docosahexenoic acid, DHA). n-6 % PUFAs
BEA K R (linoleic acid, LA), FIf74: 0 v K
P& (y linolenic acid, GLA)F1{¢E VU4 (arachidonic
acid, AA). mFEENWAFE H & G ALA R LA,
T BRI, PR R 0T T DT TR

WEFTRIN, IR R T IR 2 0f I i LA RO M A5 928
W AN RN RN A, AN 2R A 1) PUFAS A] 4%
Je AR R, b n-3 R PUFAS 1] FAIK M35
&L PH [H B (total cholesterol, TC) #1 H wh = Jig
(triglyceride, TG)/K-FB. 20 {4 80 4£48, EPA
DHA S ™ 5 5 25 W& 1 Ti097 IR & 1
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IR A, BA AL ()7 2%, SR T A f i oK A
MEEZ, H A% A moar & ki el . ALA 1
AMNEJG, fielig i 4k EPA FI DHA, Hfi btk
ettt oz oA TR, JCHAEER TR
FEMANERRAF M S 45 n-6 & PUFAs [l FE A
A FE G I3 TC AR %5 FE s 22 1 (low density
lipoprotein, LDL-C)/K V116 S1, H LAYE AR
T G R AR I, JUILAE LD e . oK R
ZElekrmh S EEE.

# 5 25 11 B100(apolipoprotein B100, apoB100)
ST 40 i A B A G 2% B2 JTig 25 1 (very low density
lipoprotein, VLDL) 3 #& &1, & VLDL Hl
LDL (24588, X VLDL 20 26 73 Wb LA K
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iz HA | E AL RN RSk
apoB100 S M rh VLDL 1 LDL K~F-JF s, W]
51 BN K R R 25O i T 75, 3 T S BURAIE
g My TR R R, S IURIEWITE. BRI, AN
T A v i 107 PR A XS B A 40 B, L P R IR
Pi% T W 5 sk /> VDL 45 R 40 b, i AN R i
DTN T 30 VDL 145 BORH 43 W 3G e, - 33 B g 1
T 1) A 700 B2 5% 9 \VLDL 1) & R4 Wk 4R
n-3 &5 n-6 & PUFAs M apoB100 JiF &% (14X
(R B AN 8 A 4

NG 1 E B (apoE") /LA apoE 2k S35k
VLDL #1 LDL e A 5, ™ AL g e
AR S SO T 2 g MG A 1 IR AR, DR eAR
SEESAEFERN UKL PR N n-3 FREL n-6 %% PUFAS 1R fr
T, #itn-3 &M n-6 & PUFAs %} apoE* /s il
+r apoB100 fIg & (AR g, DU 06 v T
Ry R AR MR R 0 W R A i s, St S
AR

1 MR57E

1.1 XFE 5

Rotor-Gene 3000 Real-time PCR 1% (Corbett
Research); Z I fgbr 1 (Molecular Device); i
29 .0 ML (Beckman L7-65); 3 & 2 1 &% (Olympus
IX-71).

LKA O r A AR A B SR A R, o M
JRIR S lE 75 5 81.77%);  £IAL G R VF B oAb 2B
BHEEA A, LA &5 81%); i 25 0 [# BE (free
cholesterol, FC). TC. TG. LDL-C % i fIg &
[ fIH [# % (high density lipoprotein, HDL-C) 5 il i
Al AL P AR AR R A R AR 3G
apoB100 A& MMt 1) G (b 5t A= b 5 A YR A TR
/~dl); Bradford £t (10l 52 X 7 & (Tiangen); i
TR (PR TRA R A A): EPE( Ly
BRI AR A F); NADPH(AESEA W) T4
B2 71); HMG-CoA(Sigma): 5144 i (L i 1
W R A PR A w]); Trizol(Invitrogen); DNase |
(TaKaRa); Quant M-MLV Jx # 3¢l (Tiangen); Taq
% & I (Promega); 10 000 xSybergreen (Molecular
Probes); JHZL O 75 AKE (Amresco).

1.2 DRIXESS4E

7R FRURR 1 20 AN N 2958 73K it R 2148
BC S 5% s 5 7 BURR, S IS8 I il 204 o S
R n-6 PUFASIN-3 PUFAS {13514 1.28 11 68.26,

o 2 g LA RORE, AR - TR A BT A e AR
RIS R AL AL, TEWF 1. FTWidl EUR T 45°C Hit
T, —20°C % H{RAE.

Table 1 Fatty acids composition of the three diets

9/100g

Fatty acids Perilla seed oil group Safflower oil group Control group
SFAs 10.25 12.64 16.77
C14:0 0.44 0.44 0.73
C16:0 8.22 9.42 13.69
C18:0 1.27 1.70 2.10
C20:0 0.15 0.15 0.25
MUFAs 12.95 15.92 19.70
C16:1 0.39 0.39 0.66
C18:1 12.39 15.36 18.76
C20:1 0.18 0.18 0.30
PUFAs 77.05 71.46 63.53
C18:2 43.29 70.43 61.81

C18:3 32.73 0 0

C20:5 0.65 0.65 1.08
C22:6 0.39 0.39 0.64
Ratio n-6 1.28 68.26 35.98

ton-3

SFAs: Saturated fatty acids; MUFAs: Monounsaturated fatty acids;
PUFAs: Polyunsaturated fatty acids.

FTAT /N LA AR SR 22 RGE AR ERE U, 2
B2 WS HETE /N B (1R (26.01.0) g), BEHLZ M 3
4, WAl 12 2. il g R S g 9k
TAZT A BURR, 6 A T L A BRI
FFeE 6 JHak 13 B, REHESIEreE R, Bl
3 R — IR,

1.3 MAESH

PN 6 8 e, By B, B
Frifiy FC. TC I TG & &, H#EL#r LDL-C
HMIHDL-C &5, JrAT R AE 4 B om) & Al F 6] gk
1T, CE XM TC-FC {15115,

1.4 [;% apoB100 & E N E

G928 375 S LU I 2 AR T T 6 1R /) BRI
' apoB100 W &, 44 m) S Bk A Ul B HR A, A
340 nm W6 (A awo) -

1.5 RFAERREBEKX R B CoA(HMG-CoA)iXR[R
& N E

BCT1 6 J G /N EUIT41Z 2 g, 10 ml 2) 3¢ 2%

M (0.1 mol/L EERE, 0.05 mol/L KCI, 0.04 mol/L
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K,PO,, 0.03 mol/L EDTA, 10 mmol/L &% 7z,
pH 7.2)k E4)3%%. 12000 g 4°C B> 15 min, B -
i, 105000 ¢ 4C i 2.0 1 h. WTHEH] 0.5 ml
AP E . L 6°C ~8°C /min VAR R
—20°C, . UH R RORI A T S T % 1 i
th. HAKZEMPBERZ 1.0ml, A 1.0 ml H
M, AIEK. SR 3TC KM Lhe mN 2.0 ml A%
2210, 100 000 g 25°C jHE I .0 60 min. HL b3
W10ml, 2. FIH Bradford ¥:5E B E R A4 R
A . HMG-CoA & Ji il 7% 4 5E 2% Caruso
ST RMIEAT WS ) B8 SO RR S B B e
F144% 1 nmol NADPH i 7 1) & (nmol-min--mg-).

1.6 BERIETHEXEE mRNA 7K F4&

Trizol JEHEHAR &1 6 J8 )5 it/ BUF 22U
RNA, A /A 0 J5E 5L RNA ZHEE, Bk FE KA I
RNA JitfE, HIH S 5850 & & F 5k b cDNA.
Hi¥E GenBank 14K mRNA #1335 1413 2)
HEAT SZI 9 2 i PCR J V., Sybergreen % 4% 1|
HIGEE 1, B-actin A B EEN . FifT IRV
B 3ANEE. REAFER I E )R B DU 5K
FEDR, B E G B AR & . T A A
AN Er B 5 0 RAZAH B, DA DR 156 AL 1)
AR .

Table 2 Primers used for Real-time RT-PCR analysis

Genes Primers Oligonucleotide sequence (5'—3') Annealing temperature/('C) Length/bp
apoB100 F TCGAGCACAGATGACCAGAGT 59 201
R CTTAGAAGCCTTGGGCACAT
FAS F ACCCAAGCGGTCTGGAAAG 59 212
R CGGATGCCTCTGAACCACTC
HMG-CoAR F CGAGCCACGACCTAATGAAGA 59 255
R GCTCCCATCACCAAGGAATAAT
LPL F CTTCTTGATTTACACGGAGGT 59 229
R ATGGCATTTCACAAACACTG
ACAT2 F CCTTACTTTCTTACTGATGGGACA 58 147
R GGACCAGGAGACTATTCTTGCTA
LRP F GCGGATGCTGACTGTATGGAC 60 194
R TTGGGAGGGCAGATGAACC
LDLR F TACCTACCCCTCAAGACAGATG 59 196
R CAGCCCAGCTTTGCTCTTAT
SREBP1c F TGGCTTGGTGATGCTATGTT 59 257
R TAAGGGGTTGGGAGTAGAGG
PPAR« F TCTGTGGGCTCACTGTTCT 59 165
R AGGGCTCATCCTGTCTTTG
B-Actin F CCTCTATGCCAACACAGTGC 59 211
R GTACTCCTGCTTGCTGATCC

F: Forward primer; R: Reverse primer.

1.7 PPARa EB KT

WK1 6 F )G /N U427 100 mg,
HHiR B A, T Bradford v 5E & (A UK
Bk, A4S PVYDF i, 5% iR 956
E¥EA 2 h, PPARa —$i(1 : 100, Santacruz)4C
B E A, TBST YL/ 10 minx4 ¥k, HRP B
Uil HL(1: 10 000, Jackson)=WilEE 2 h, TBST
VEJE 10 minx4 %, ECL J2 W 2 min, 5% g,
WHRHGE . HRP RN Z GAPDH —Hiflf & 2 h
J&i TBST EJE 10 minx4 X, ECL J< ¥ 2 min, B¢

. BREAGERF. A QuantiScan 3.0 # A H
(R VAN 2 8 400 IR A, HH X 08 &
PPARw K% 1 5 N2 GAPDH K {H LUl & .
1.8 HARSZENR

BB 13 1) /N UL 2R, 4% TR
WIE E 48 h, HK/KIEBES 30%ER R BIE 12 h,
AUV (6~8 wm), PIAHEATIMA O Y,
IARFESGY, Hahd )G T 640 O N B,
1.9 FitFESR

SIS T A B OB S BR AN x £ s RoR,
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Ff] SPSS 17.0 ¥ A BEAT AL KEAS ¢ K5, P < 0.05
hESFG TR X.

2 IGZER

2.1 pRIFE#EK

FHOHM N BAEROIRES R, &4/ REEY
B A5 AF S B K T  n . &% IR SBE ZE T AT
K2/ BUR G s 35 22 (P > 0.05).
22 MRIMAETK

WETH 6 M, SN, I Ik
Wfr a2 A T IS LDL-C ZKSF(P < 0.05), 1M
T TP AL AE i 2 2 T T I TG A HDL-C
K, BEELT LDL-C /K F-(P < 0.05)(% 3). M
P X 3% FC. CE Ml TC /KPR A W2 1 5
Wi (P> 0.05).

Table 3 Serum lipids of three different diets mice

Perilla seed Safflower
oil group oil group Control group
¢(FC)/(mmol-L?) 5.65+0.96 6.37+1.36 6.03+1.55
¢(CE)/(mmol-L") 9.29+127  8.87+1.26 8.61+1.50
¢(TC)/(mmol-L*)  15.06+1.75  15.00+2.51 14.64+2.86
¢(TG)/(mmol L% 1.79+0.37 2.23+0.81* 1.56+0.58
¢(LDL-C)/(mmol-L?)  6.44+1.49*  6.68+1.35* 7.77+1.69
¢(HDL-C)/(mmol-L")  3.11+0.67  4.06:0.99*  2.82:0.74

Values are x + s, n=12. *P < 0.05, compared with the control group.

2.3 % apoB100 S =N E

I3 apoB100 & 45 K o 5o AR L,
TRE RIS 2% S5FF I T T 6 JH,  BE 3 PRI
I apoB100 7KF-(P < 0.05), il s I £1 4% i v £ -
KA R0 apoB100 (P > 0.05, & 1).

1.2}

Perilla seed oil ~ Safflower oil Control

Fig. 1 Serum apoB100 concentration
of different dietary intervention
Data are shown as x + s. *P < 0.05, compared with the control group.

2.4 BFHE HMG-CoA X R EE %N E

53 BT NEAOR A A SR I 5 HMG-CoA 3 J5 i i
PE, 2R SXTRRAAHLE, WIS Ik &
Ji7 BE % Y 25 30 ] HMG-CoA i J5 i 7% 7 ((30 585+
5934) ps (44 176+6 158), P <0.05), T INLrAe
R A I HMG-CoA 38 J5U G Ik k%, {HE
il (P> 0.05, K 2).

70000}
" 60 000
£ 50000}
< 40000} *
< 30000}
20000}

)

mg

min

(nmol
N
1S}
o
S
o o
:

HMG-CoA reductase activity/

Perilla seed oil ~ Safflower oil Control

Fig. 2 HMG-CoA reductase activities of
different dietary groups in liver
HMG-CoA reductase activity in mice liver microsomes was determined
in the presence of the perilla seed oil or safflower oil. Data are shown as
x + 5. *P < 0.05, compared with the control group.

2.5 REEIHEXEE mRNA FRik

k20 [ W] PUFASs 1 & apoB100 fif 2 [
AL, ASZIGEHE T 5 apoB100 AL AH G
(%) 3 DA 3 4T Real-time RT-PCR 2> #7, 45 % £ 9.
L AU G, R rRaAs g ok F o m DL 2 BRI
apoB100. FAS. HMG-CoA it J5i fi§ . ACAT2.
LRP 1 LDLR FE[X mRNA [k, [A i m L2
B % 5 X SREBP-1c ) mRNA /K, BE T+
SN T PPARa [ mRNA /KF-(P < 0.05, & 3).
MR RIS INZiAenl, Ael® 2 7+ It apoB100
(1) MRNA 7K~F, {2 2 MK PPAR« 1] mRNA 7K
(P<0.05). Pifl PUFAs T &1 Hixt LPL k3T
(P> 0.05).
2.6 PPARaEHFTIET

) 45 11 5 B 328 (Western blot) J5 32 23 #1 A [
PUFAs X & 1 il 6 Jil /N I E 41 21 b e s ] 1
PPARa I8 [ UK, SR EBR, IREh g
ke, AT RLR N BRI PPAR £ I 3RIE,
MR M ALk &, WFEBFIK PPARa R HRIE
(& 4).
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apoB100 FAS HMG-CoAR LPL

ACAT2 LRP

LDLR SREBP-1c PPAR«x

Fig. 3 Effect of different diets on hepatic genes mRNA level involved in apoB100 containing lipoprotein metabolism
Expression levels of mRNA are indicated as fold differences compared with mice fed the control diet. Data are shown as x + s. *P < 0.05, compared

with the control group. B : Perilla seed oil; [ : Safflower oil; [I: Control.

(a)
1 2 3

b o)
v § i

£ -

2O

2 204

*

22,

§§0.2

22 0

1 2 3

Fig. 4 PPARa« protein level was detected
with Western blot
(a) Liver protein was extracted for measurement of PPAR« by Western
blot. (b) Results of Western blot were quantified by QuantiScan 3.0
software, presented as PPARa/GAPDH (x + s). *P < 0.05, compared
with the control group. /: Perilla seed oil; 2: Safflower oil; 3: Control.

27 BFRARREESES R

AT A3 G, /N RUFALE & 5 &% %)
F, MO B h, HAREEY, SRER, SR
WAL, ok P2 /s BRUFF IR st 21 O B %
et A WY kb, O (K 5a), el
AT Zr O P g tagn ] Wi 2, LT
A A R el WLk er O Hth, HAEM
7 (K& 5b).

Fig. 5 Histopathological analysis of liver
The representative result of liver morphology after 13 weeks
intervention. Mice were treated with perilla seed oil or safflower oil by
daily oral administration for 13 weeks. Liver was removed and fixed.
Cryostat sections were prepared and stained with Oil Red O (red). The
nuclei were counterstained with Hematoxylin (blue). (a) Perilla seed oil
group. (b) Safflower oil group. (c) Control group.
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‘ 10 1, BAAIG 2 apoB100 Jg 2K 11K & e, TR i
3 i iR (RIS TS, R FT A B A B TR 2L, ) 0k

ARSI FH apoE™ /N UL IS S5 P T2 i
U B P IARE R, B A A FRURR S 058 KT
BZLALTM T, B89 n-3 B n-6 & PUFASs Xf &
apoB100 fIF & A A 1 51 .

SEORE, RIS TR TS 3 B
Ifi LDL-C # apoB100 7K~f-, ] HMG-CoA i& Jit
Wi 3% PR, BEIK FAS B I 45 B Al SREBP-1c.
apoB100. HMG-CoA i& Jilfilf mRNA Fik/KF, ¥t
B n-3 3 PUFAS fig i 11 il T T 1 e AR [ It 11
A UL S VLDL (45 i dls, X5 2 IE i ot
G5 R —Buh A, s I s g s [RRE
BAIC T M3 LDL-C ¥k JE, Jhim T apoB100 mRNA
KA, L B BRI A B 2
E5. WIEY], apoB100 B T & Bz 246,
FL7z FE Ao A R 1 e e A A T L A0 i P 5 12 11
H Ak AR 0, i 3 b apoB100 K F- AT fiE 5
apoB100 W& FEMRA X, A ER n-3 R
PUFAs 1] 4 5 57 & Ji ) apoB100 ) [ fii 1, 47
SRR 5 Rl L] apoB100 4, IRl
it 3 apoB100 ) B i, 5 2% 30 o BAK
apoB100 . ZIAeil K& okl FAS Al HMG-CoA
I JE IR 20 LS. HMG-CoA 388 J5 B G 1 I6 W S A
H, B n-6 2 PUFAS X fig I 19 A0 JH [ B2 1) 45
HRETCE R, (HARSLES it i i LDL-C /K
IR, 5Ok g R — 8, JLPLHI T Re
L LDL Wi bR k. Si4h, ARSZRIE% VLDL AR
i #H ¢ & A ACAT2. LPL. LRP #1 LDLR f#]
MRNA FKIEFAT T 047, &5 R38R Seiemhmi L,
BRI AT LLRRAIG VLDL 1) ia A3

PPARa & H 2 [ 45 N T 18 23 ok 1) e sk 1A 1
PUFAs & H B ZAK, A LUSGE PPARa IS E.
ARSI T HFIE PPARa mRNA FIEE 11 57K T 1)
KL, GRERERHMWREEEEAST
PPARa MRNA FIEE [1F/K T, 1 2146 R & ) i
F Ik PPARa MRNA FIE 1K P, $271 n-3 5%
n-6 & PUFAs %I PPARa MR 2 5. S {el
FHEG, B TFT I A B 0 - 440 B P9 IR 17 T AR O ]
(R R, R IO BE G 17 20, 3 5 44t L A i T A
SR Sk gk 1 4 L — 3.

R TR, IS SRR A e, B
FB#AK T apoE™ /NG LDL K7, S 4r{eihiAf
bl SR IR £ mT DL 3 B AT Gy e A0 O [

FEREAE B i T BT S AT S DR A T, IR
NBERE I A TR v i 2 1 e SR H G
P PLAR SR

s % X W
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Effect of Polyunsaturated Fatty Acids on The Metabolism of
apoB100-Containing Lipoproteins in Apolipoprotein E Deficient Mice"

ZHANG Liang, ZHANG Yan-Yan, YE Ling-Min, PAN Jie
(College of Life Sciences, Shandong Normal University, Key Laboratory of Animal Resistance Biology, Shandong Province, Jinan 250014, China)

Abstract To explore the polyunsaturated fatty acids (PUFAs) on the metabolism of apoB100-containing
lipoproteins in apolipoprotein E deficient (apoE™) mice, which exists similar symptoms with human type Il
familial hyperlipoproteinemia, two months old male apoE* mice were fed the perilla seed oil or safflower oil diet
and the control diet, respectively, for 6 weeks. Serum lipids, apoB100 and hepatic HMG-CoA reductase were
determined after 6 weeks intervention. The hepatic genes mRNA abundance involved in apoB100 containing
lipoprotein metabolism were detected with real time RT-PCR. The hepatic PPAR« protein expression was
determined by Western blot. The hepatic lipid accumulation was detected by Oil Red O staining after frozen
section. The results showed that the mice fed with the perilla seed oil diet decreased the serum LDL-C and
apoB100 and HMG-CoA reductase activity. The hepatic genes such as FAS, apoB100, HMG-CoAR, ACAT?2,
LRP, LDLR and SREBP-1c were decreased significantly compared with the control group. The mRNA and protein
expression of PPAR« increased significantly in mice fed the perilla seed oil diet, while decreased significantly in
mice fed the safflower oil diet compared with the control group. The mice fed the safflower oil diet increased the
serum triglyceride and HDL-C and the hepatic apoB100 mRNA level compared with the control group. The
hepatic lipid accumulation was decreased in the mice fed the perilla seed oil diet, and was increased in the
safflower oil diet compared with the control group. The results indicated that dietary perilla seed oil decreased
obviously the metabolism of apoB 100-containing lipoprotein, which was benefit for the atherosclerosis and the
fatty liver diseases, providing theoretical basis for the dietary of population and the human type Il familial
hyperlipoproteinemia.
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