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B F: B HOPUWE A E IR R R R A AL . A3k AR E R A = R, S
HRAE MR AE AR PRA3 as AL R IALZ | OUE IR R 4(0.83 g/kg) . AUEFI IR 2H(1.67 gke) . BUEH
I (5.00 g/kg) 5 4o ELEEE 6 FAJSAbAE, Rl EE (total cholesterol, TC). Tl =& (total glyceride, TG).
IR %% & B8 2 A I [E B2 (low  density lipoprotein, LDL-C) . 7 % & A5 8 A1 IH [# B (high density liptein cholesterol,
HDL-C). BRFEK G W BRI 22 Z e 4 A $R{E B (acetyl-CoA carboxylase, ACC), figif ML E (glucagon, GC), ik
1% % (insulin, INS) , 3-F23-3- It 3L-CoA if 5L (3-hydroxy-3-methyl glutaryl coenzyme A reductase, HMG-CoA)
T, SR G AAE, BIAARR HMG-CoA SNEAAEARIAH 3 25 5(P<0.05);, SHRIAIAAMIL, =ilE
%0 TG, LDL-C. TC & & 83 FH(P<0.01. P<0.05), GC., HDL-C. INS &% i 42 FH(P<0.05. P<0.01), %&
H HMG-CoA KV IE 325 . 538 WUR AT BEARBORR RUmL IR A, HoA B g i g JL/EHIBLG
ARSI GC. ACC KP4 K.
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Study on the effect of double protein on blood lipid in rats

YAN Wen-Jie'?, SONG Wei', HAN Di?, LI Hu?>, FENG Duo’, WANG Jing®’

(1. College of Biochemistry Engineering, Beijing Union University, Beijing 100023, China; 2. Institute of Food and
Nutrition Development, Ministry of Agriculture and Rural Affairs, Beijing 100081, China)

ABSTRACT: Objective To explore the effect and mechanism of double protein on blood lipid in hyperlipidemic
model rats. Methods The high-fat model was made by feeding high-fat diet. After the model was made, it was divided
into 5 groups according to blood biochemical indexes: Blank group, high-fat model group, double protein low-dose
group (0.83 g/kg), double protein medium dose group (1.67 g/kg) and double protein high-dose group (5.00 g/kg). After
continuous gavage for 6 weeks, the rats were killed and the total cholesterol (TC), total glyceride (TG), low density
lipoprotein (LDL-C) and high density liptein cholesterol (HDL-C) were measured. The content of acetyl-CoA
carboxylase (ACC), glucagon (GC), insulin (INS) and 3-hydroxy-3-methyl glutaryl coenzyme A reductase
(HMG-CoA) was determined by enzyme linked immunosorbent assay. Results Compared with the blank group,
the model group had significant differences in other indicators except HMG-CoA (P<0.05). Compared with the
model group, the content of TG, LDL-C and TC in the high-dose group decreased significantly (P<0.01, P<0.05),
and the content of GC, HDL-C and INS increased significantly (P<0.05, P<0.01). There was no significant
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difference in HMG-CoA levels among the groups. Conclusion The double protein can reduce the blood lipid

level of model rats and has the function of reducing blood lipid. The mechanism of action may be related to the

regulation of GC and ACC levels.

KEY WORDS: double protein; dyslipidemia; mechanism of action
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IR 55 2 4R AL M3 b i 2R A 3 AL, T i
IR [ o 2 R T ) S AR DG A i 35 1 S LA AR 0
HAIMUEMR AT REFBO™E MG R . Bz R, mig
SHRZAIRAE LR, BRI . w0 AR
A5 L WA A3 T AT X T 3 s ) s X2 X
2016—2017 4F- 20~74 & Z [0] i) 35928 £ )& RV T A TR 2%
A, Hoop S A R RO Rk 27.54%, 2018 4F K
BT 15 MK 49 FrgLER) 5943 & 5~6 % L&A1 T
MK, o 10.3%60 )L A Mg K F 13T A
P A0 S 1 ) T 25 M T I )L I A S 3 A B i
K, &0 R IEFBEZ T Z R R il s 2=
FCEAL, MR BT R . B, DS O A,
WO LGS D RE PR S T JF & st A R B B,
AFLP I E AR SRR 2.2%~4.4%, &4
A MEARERAN 3%, FLUHEAMEEANE %R
FERREN . LB A S S MR E AR, FJEEA
TERRYE S5 AR S Vs i, DR L AR o) 7 S Hp st 1
WRC . 7L 2R P LA A AR | A I [ S oy P ZHANG
S5 % BLFLTE 2 11 AT ARG ApoE™ B R1 /N FURH [ i
P, BB/ RS KO RERE (LS I, JFR e R A
9 AE AL AT R S B8 T /N B P9 IR R i A O
ABCAI il ABCG1 i fiZkik,
RGRANTHEEHNLEY, L&A RS &5k
40%, KEEAFBSA, B, B, M. BEL AR BE
B9 MR R KRR ., P ER . PHAR
2517 FhEERRY . KA B U AR SN ORI T
BIF= i, EIENERIA SR . KESBEEARSEE
FER, HF AR, BRFEEES S &R0, HEA S
Ak 90% A U gy SRk A A S HOK f A
SR EEIE | AR L AR B L R R s R TE 5R
i A ST R SR AR AR R T T, 45 R R
4 JAZM, 15%5 20%I01 K G2 AT BRI AIR [ B 3502,
10%M K GE AN, 3RS R R 12.5%5
25% WA 791 8 14 7L 375 2 11 T AR AR JR /N UL T s 7K SF
FLIH B 1 B R 43 B 2 1 S A FE T T g 7 5
CA RS, XSS P B 1, % s AR A 5h 4
AT AR AR 1 375 L 1 B/ ST A 2 SR Y (L B — 2 1 I s
B ER, CAVREN 0% EREIBEALSG

il

R H il = BE RO P, METIA 223 In i B e AT T
R, BRERWERIEA 25 g RKEEA, EEHA 6 FE,
fiH [& % (total cholesterol, TC)M k%% J& Ji§ 25 (1 HH & % (low
density lipoprotein, LDL-C)/K -4 B T, & ZIR#ARIA
[LEX T &

HISEEG 278 T % 88 00— 8 R AGR 2 R aUR, H
X 25k AR E ALK L . KEERAS ISR
[ 35 HLAT B ARG AR [ Bl OR, (0 3 — {2 5 P IRl
FH M ARG AT . AR LARLIE & AR E B
1A TEURE, RGN T % 1 A4 RURR, 1178 3% W AR AR
10 AR 7 R R it g 7K - 18 s i LA R FAR R GR i, % L
[7] 452500 22 ) WL EE P FASCR R AIE T — 2, DAL e
XUE SR UMEVE T . eI b — 2 XU ek
A8 AV E AL AT T, LA A 5 S AH G 7™ LT Ak 44t
T ek B2 AR R Al v 5 S8

1 RS

1.1 MR5RF
L1l %3

60 H K E R JF A (specific pathogen free, SPF)Z% ik
% SD (Sprague-Dawley) K, WIF b AR B A PR+ B
A BRA EI[FATIES A SCXK(5%)2019-0008], 35 Fdbat
B DR 2 o7 T S 327 g O (£ oo ) R AU O [3/F P i it
SR SYXK(5)2017-0038], &5 1 18] ) ¥ = R H5 1R BE
20~26°C, MXZIE 40%~70%.
1.1.2 KA BEE

WUEE 1 EAORIEE 5 B Al A T 5 s 3 R R
WFFE T Lt

TC R £ (No.211771) . H it =K (total glyceride,
TG) # I 3% 7] & (No.211101) . LDL-C # il ik #| &
(No.211581) . 1 % J% g & 1 IH [& B (high density liptein
cholesterol, HDL-C): 35 £ (No.211481)(Fa 2t @i A=
BHEABRA D, Z BT A R AL B IAT & (acety]-CoA
carboxylase, ACC) (No.ml067532)., JB# 5 Ifi. 4 2% (glucagon,
GO)K MR £ (No.m1302640) , 3-35 -3 H B 2E-CoA i J5
Jiff (3-hydroxy-3-methyl glutaryl coenzyme A reductase
HMG-CoA)K i 7] £ (No.ml1112658) . J# i % (insulin, INS)
il £ (No.m1260001) (b W B A P RHB A PR A B o

T1000 H,FRI-CREFE 0.1 g, H 3 AR IR 38 );
AU480 A=Ak 4 HT A (36 FH D 50 & R B A BR A A,
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TDL-40B &.0oHL( L= B2 {44 ); SPARK HftR s Hr
XA (i) 5 A BRA F .
1.2 XWHE

R IS HAERE & FRIER 20 go HAEFERI RIS
[ 3 At ZXPcHl vk H 8.3 g, 16.7 g,
50 g RUEA R A BTN, REEOKBHHEMIG EAZE 100 mL,
5 H B E AN 10 mL/kg, BMEFIE 0.83 g/kg. il
1.67 g/kg., FiRHEE 5.00 g/kgo SZIRYIFE % IREOR B AE, B
RUE E Z 1t sh = e B

60 H SD K, FiEMEAFERIER, AR ERL
SR R AL L 3 ARIE S ANARFEIY, A
B 12 R, 6 R—RAWIE, fd 2 %, Az
HAATAFRL, BARIE M, . & 3 AFFED
BT EIRARL, SRR 8 FA A SR, RST8]
Jei, S R R UEA IR BE SR o, 00 M 375 IALAE 4 T0idE AR, FAR
PRI A T o2 . AR RS HAEFERI & 20 g/60 kg,
R 2.5 £, 5. 15 fFE 3 MilyilEd, sdsE
FARHI £ [0.83 g/(kg' BW), 2.5 f5]. HifIE[1.67 g/(kg'BW),
548%). EFIR5.00 g/(kg BW)], 15 18)3 N 245 F 30E
HZiRY), 25 [ -S5E R 7E LI R B RGEEK, e
BRI AE A, SCHE R 42 d, Sl E AR
Y154 0.1 mL/A(kg BW). SZEIA R FR G309 H & 4 &=
PLRROK R, #ORAE 3 d BB 1k, I HARIE S 1 ks
WE R
13 MER

HEREREE 6 FG, LRAH, 5 MR E
W, MRS ARAR TR . 6 JRI45 95 K K RURREE,
BRI 5 Ah BE, 5 B A 4 25 R A LA A S 2 6 T 52 56 fif
FH, I B0 5 RO i 4 P, (8 P I A Ak A A A SRS
HLIAE 4 HHPR 9K, BEEE Gy e i (enzyme linked
immunosorbent assay, ELISA)K: zh#) L3 GC . INS Bk
SEFIAS I S B 414 ACC B2 HMG-CoA K,

1.4 EEALE

BAFBE R SPSS 22.0 AR, B4 LA 34 (B 55 1 fn 22
(x £ 8)F7% . ML Z [BEATROT FEAS ¢ K30 e g, Z2HREA

BHE )5 7243 M (analysis of variance, ANOVA)JEATELER,
5 L3 /> B 3 22 75 (least-significant difference, LSD),
KgAK N 6=0.05.

2 HR55H

21 ZFRASSMASEEXRAE R MBS

525 LML, B2 RIS 5 AL 4 T4 b iy 2K
POA I 3 25 59 (P<0.01), 3 16 3 A v I ) A IR 5 114 1
BERITEAR, R S, B A R IR 1.

F 1 ZHESEAA 4 A7 F 53 L (mmol/L, n=12)
Table 1 Comparison of 4 blood lipid levels between blank group
and model group (mmol/L, n=12)

4151 TC TG HDL-C LDL-C
23 10
2.07+0.24 2.03+0.47 1.03+0.08 0.31+0.05
i
55 LR

FERIN;  3.78+1.00## 2.99+0.94## 0.73+0.10## 1.60+0.61##

AR

W 5SRO, #3825 83 (P<0.05); #RNE SR B H
(P<0.01), T,

22 B—ER5WEBMNARMAERMATELE
RSOk A5 R B, FUHEN . KOs ENA
— S A P AR, RGN R P s
SEXFEED . KRG EE A AR A6 K LR A5
HEAT TR b . SE88 00 s U4 . AR ZLIE AR 4l
KOHBEALL SEEAL 5 M, WEAFEHR 5.00 gkg
HIEASR -8, fEEA S KGRNS5 E AP
TR MR G R —8 BRI 25 R I3 2 250K, M
(e P L 2 A AR A A R, B K A i R
M A K LDL-C /K F-(P<0.05), (EFHXF TC. TG LUK
HDL-C ¥JJC R0, AT AR PR 5] i I A A B AR
i, [HATHYFERRPEE A S, nE sl
YiliAg 4 WK Fobar g, IR S5 0 SR LR —
EH, RHBAEAAE—ENURER. HIKZ)E0IE
SIS 11 1 S 855 o B A R AL 26 A7 R 4T
AR FLE R 5 R E 0 B I SRR X IR AL

#2 B—ZEASVEBMNARIMARFEmmol/L, n=12)
Table 2 Effects of single protein and double protein on blood lipid in rats (mmol/L, n=12)

45 TC TG HDL-C LDL-C
25 R IR 2.04+0.16 2.01£0.27 0.95+0.04 0.25+0.03
5 I A TR e 2] 4.07+0.424# 3.55+0.44## 0.47+0.07## 2.36+0.15##
FLFEAY 3.77+0.25 3.44+0.39 0.47+0.10 2.30+0.12
RETEEAH 3.90+0.30 3.31£0.53 0.49+0.08 2.17+0.14*
XA 14 3.33+£0.31%* 3.08+0.60* 0.58+0.09%** 1.67£0.12%*

TR SEAILUH G, * 3R 22 5 3 (P<0.05); ** 88 E S B #(P<0.01), T,
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2.3 WNEBNARFENFM

S 1 18] 45 2H K SRR E R A, R SR A S R
JEIEH, AR BURSHARES | R ok . R/IMEAEA R
AR o = H— A T AR, #C S BRI I
HA S, BRI LA RARE LR EES . Bnsgs
BRI 30 HERBHI T IUE A 2P0 KRR | SR
REHORZS  HEMSF IO 50 . TR R SE R ik 3
AN IOBGE F 2l B, A e THUORRIER &K &
AT

#=3 WNEBNARAEENEM(E, n=12)
Table 3 Effects of double protein on body weight of rats (g, n=12)

ikl WA E2 S NN

25 X 2L 315.99+15.80 414.06+39.53
ke 322.01£17.97 455.22+41.74
Xt HE ] ’ ' ’ '
[6ilk=ecil 321.73+14.63 450.13433.40
skl el 322.08+16.23 450.03+39.06
[Rilk ! 313.88+21.28 448.92+39.80

24 WEAMAR TG. TC. HDL-C. LDL-C HY
A

HERIAMIL, 3 MPARMEAS T IEAG,
LDL-C /K-35 8 2 BEAI%, i 70 i 20 45050 f 47 (P<0.05,
P<0.01), E#HEH TC. TG /K¥F & & KK (P<0.01,
P<0.05), HDL-C /K- 5.3 - F+(P<0.05), 4R FHNE

M B EREL TC. TG, LDL-C /K, 31 HDL-C K,
B 25 R LR 4 eh AT e 7R U 1 A RO BRI
BRI o S5 A DIER R SCRR v A1, B— 2] H 250X
RERS FIRRAK TC RCR, X TG R /Nt A s P, 4
WL R B R R (A BRI TG, HAUR S5 &
H—E MR,

2.5 WEHAXAR INS, GC RIFME

Hes gL, BRI INS B EIRTHP<0.01); S
BIZAALEE, . R4 INS BE T (P<0.01), S5 4
L, BERIZ] GC B3 TRE(P<0.05), SHEFIZHARIL, =57
#H GC WHRTH(P<0.05), HEEERILZE 5. HIHATHI
T I REHR & K BUMSE INS K GC K.

FLali I P AR T 2 507 ¥ B INS K GC 6br, IS
FEbR Z R P M A RGN . (R 28 & S e 2 SR 5 2
A SCHRHEI, 368 b 15 3R % v IMOUWH 28 A 8 1 D IR T A
TR A BRiREL, SE AL AL IR 5 AL
FEEL B 5 2T B B A B D FARARR, R I S AR P
Sy AN, AR IR KE 20 (8 g AR e A L
R EA R — 2 5T . e i 2 KA irde A, B
SRR R IEANSE 50 4] oA 5 i iR /K A 7 — 3
T I LB, P IR T BE S ER S GC /KT . i
KU INS 5 g oS, b3 5 R B IR AR,
8.5 M REAE LKA AL GCo &S GC KA
A S5 I e 4G A, GC KPRy ek s BT BE S XUE
REAL I 7K - 9 VR FH AL

x4 WEBAXAR TC. TGy HDL-C. LDL-C EZ20E(mmol/L, n=12)
Table 4 Effects of double protein on TC, TG, HDL-C and LDL-C in rats (mmol/L, n=12)

215 TC HDL-C LDL-C
El=poyiiti| 2.0240.18 2.01+£0.27 0.96+0.04 0.2540.04
o I AR TR % e 24 4.10£0.33## 3.48+0.524# 0.48+0.07+## 2.37+0.16##
isnl=¢il 3.96+0.35 3.46+0.39 0.55+0.08* 2.25+0.14%*
a4 3.99+0.40 3.33+0.54 0.52+0.10 2.22+0.16*
e A 3.34+0.33%* 3.11+0.43% 0.59+0.11% 1.7040.17%*

*£5 WEAMARME INS, GC BRI (mU/L, n=12)
Table 5 Effects of double protein on serum INS and GC of rats
(mU/L, n=12)

415 INS GC
25 AR B2 3.12+0.62 6.84+1.60
L FE A 16.4122.404# 5.46+1.64#
X BR 2R
isilke] 17.40+3.00 4.83+1.86
R 2 20.90+1.98%* 5.48+1.30
TR 2 22.62+3.72%* 6.76=1.10%

2.6 WEBITKE ACC. HMG-CoA HIZZN

HMG-CoA A SRR PR . HMG-CoA i PERE
%, DUATLAAR Py AR T P 2R I, ol O T e i i 71
[FIE HMG-CoA i J5 it S fih 7T 2 e it g 25 9 9 32 22 /E
S, ACC 2R PR AR RHAAT M R ALE 2 —, tJEmrsE
% | BRI IR SR BLE . ACC {2 kg D7 2 )
ARG, PTG IER & . S MR KT S B e
P2, IS 2 P 2 1) G R S

Has gL, B4 ACC M B 2 THE (P<0.01).
SREREM, BREA ACC WM B EFRR(P<0.05); &
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] HMG-CoA ToHHEAR{L, Zdass Rk 6. mutn]
A, A SR AT AR OR BRI ACC K. {H 3 A4
FIELH X T HMG-CoA K TS50 .

n

#z6 WEBAIKRAFEE ACC. HMG-CoA KIS (n=12)
Table 6 Effects of double protein on ACC and HMG-CoA in rat
liver (n=12)

2 5] ACC/(pmol/L) HMG-CoA/(ng/mL)
23 FI%THRAL 65.35+7.87 4.06+0.20
L 75.03+7.13## 3.84+0.19
Xof R4
R &= 20 73.99+5.42 3.81+0.33
abilhse) 72.40+6.89 3.82+0.35
[ hei) 70.13+4.69* 3.92+40.29

F LI K PRSEHA B AT R ACC Y
mRNA FREEE MASTER . AP LBl
TR 19 1 R VE PRI A BEARIFE p-ACC B HFRE . AIKSE
55 HMG-CoA &AM, It H 5AZ7E IO ik
HAE AR S 16 45 R\ AUE FIRE LR S5 HMG-CoA /KF-
Ko ACC AKPATFREAR, FL SR A OCHE, it gl
JEKF-B ACC /KI5, —F KRR, 45404
FRAEI, R T AR B S R JRAFE ACC /KA .
3 %W

o0 70 B ZHOBUZR 1 AT R AR K BRI S A R . LA
HIZREN 3 N2 : (DRI TC. TG, LDL-C K, #2
L 7E HDL-C 7KF; ()i LiE GC K, B)REARIFAE
ACC JK o PRI HE DN AUEE, [ R AT AR K P LI AT BB 5 GC
ACC PN Ko

A HCH T R, HUARME R KA aT 5 LA
N ACC V& HEMEAE, HHRETE S INS BB ACC ZEHLIA
(TP o T BT IR R REFRARHLIA N ACC BTEHERY, TG
BIA RS IR IIR & 2B BAE, L ACC &R m AL
IR R A B A, ATIE 0 TR TG A4 Y B
HZAh ACC AKF-5RRMAHE . MEME . BRI . = IR R LA
YIS, S5 AL T K B A SCHR ISR 1 ek 1
KSR FIBLE AT RE 54255 INS . GC /K-, S ZE K
254k, M ACC BERRALREARILTE M 10, S A gt
HIZLIE B A7E R A A1 T K8 5% T HMG-CoA if i
WG A R VR, MR & R 10.2%, {HBEE K%
IR} V] 189 1K 78 7 %) HMG-CoA 340 S 75 4 P 41 1) 8 1
B33 ARSI R R HMG-CoA /K& 4190 i %
P25, AT RE R R FLE B R A AR TR T
S BUKEARR, 7T e MH HMG-CoA i8R EFY
o ALK IR S R TR, AT 2 e R B
V14 Jife 5 2 S o LA R R A, I D DR AT S UK

FLAR 1B e I 3R A K-, AT 5 | 1 PAY I A P 55 A
Ko MEREKA " AR BRI S 2%, BAARE A 5t
[N E P — 2

4 % B

AR YR S 56 3 ok v A R ST R AR AR R, AR T
XUEE (U A A2 i, A5 LR 4598 XU 7 R 4l
[5.00 g/(kg'BW)1HA BEACTLIR AR, [FIB AT LASE =) M i
KIFHEH GC. INS, ACC 7K, K £ 7K - Ay i AR (i 2
R R IR VE FAATL AR o AR [R) 0] 4 BUEE 1% R UM
KRS . EE OB A R, TSR FIRR S e 4tk
RAF, JCW B AR N, TR, Bl ssiE
HHOOUER [ R IS S5 S . T AU [ RIS 28 T RE 62
ITF & BRI . ARSI K B HMG-CoA R & LE Bk 7E,
5 DA SCHA — i A, ARG fRilE— 5 E

=0l BT (DX ACC 37 & Rt &
DA 336 P B R AR AR R A T A — B O, AR I 15
ACC M8 (i B TR L (2)%) HMG-CoA 284k JF K R AR,
Al 2 8 W RS ) A I 9k, A5 A DL FE SOk R
HMG-CoA ZEfbia# A A, HEMAJ5H ¥ A B A, vTRE
55 R e BB AS R V(B 554 O o (3) i I i 3% 14 I R A 784 1
VAR R, DA SORE e I RS AL 2 15 I 5 el i 5 28
I v AR 28 O o A L B ) s 2 75 %ot I A — 2 A TR
YEF . (4RI =z ANA AT 25 p Al A G A o 7 F AL,
WK AR R 1320k . R B e 3 1 2 RS A A b
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