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in Hyperlipidemic Rats
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of Heilongjiang Province, Heilongjiang Bayi Agricultural University, Daqing 163319, China)

Abstract: To explore the effect of corn and buckwheat complex on the regulation of lipid metabolism in hyperlipidemic
rats, 60 rats were randomly divided into blank control group, hyperlipidemic model group, positive group, corn group,
buckwheat group, and corn-buckwheat complex powder group. The intervention was carried out for 4 weeks. The rats and

their organs were weighed. Lipid levels, liver injury levels and antioxidant levels were measured, and histologic
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examination of liver pathology was performed. The results showed that compared to model group, corn-buckwheat complex
powder was able to lower the levels of TC (1.8 mmol/L), TG (1.38 mmol/L), LDL-C (0.62 mmol/L), and regress the levels
of HDL-C (1.27 mmol/L) significantly (P<0.05). In addition, the ALT and AST activity in these groups had experienced
varying degrees of reduction, with the corn-buckwheat complex powder group decreased significantly. Concurrently, the

serum of the corn-buckwheat complex powder groups exhibited increased activities of the total SOD and GSH-Px, while the

serum levels of MDA and CHE were decreased, a pattern that was also observed in the liver. The results of HE staining

indicated that the liver hepatocytes in the corn, buckwheat, and corn-buckwheat complex powder groups were more evenly

distributed and had less big vesicular lipid droplets. The corn-buckwheat complex powder group showed the greatest

improvement. The research indicated that corn-buckwheat complex powder can significantly regulate the level of lipid

metabolism in rats on a high blood lipid diet, and improve the antioxidant capacity of the liver and repair liver damage.

Key words: corn-buckwheat complex powder; lipid metabolism; liver injury; hyperlipidemia; antioxidan
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1= M AR SRR RRA 54908 1Y) SR R e Ak S I st
T, T E RS AT RN, Ekey 3.63
AN (20~79 %) = IE MUEE, 2945 390 J7 A (20~
79 ) FCF S NE MUAE s H I A0E, 29 05 ERAET- A %K
M4 9.3%7, 3 L, il IMUAE 283 MAET - FH M AR IR A
Rkt AR H PR HIM =8 (TG) . Il &
AE[EEE(TC) | R G & A [E P (LDL-C) | =%
BEAG TR FH BH [ A T e — I o A A SR AR AR, ek
AR TGS PN B2 DrRE, 453 LA £F I T A I 1 A
M, LA & e shivkoi e b i #24,. TC. TG,
LDL-C “5&48pn Tt a femis 2 S 3sh Jk e il
PR MR & A, B 52 S B8R AL sk
FEREAL A R 2L R P, BHAT, ImR L H i —LEpeis
W AT T AN DU, (2455 [ .0 L R
15, Rt R, Rk, 8 Hopth A sbask 45
A AR T T G 555 B E 2

FRE 7 D A&, SLHIR ZFh E ML, I
25 M E AT IAS B FE 00 R A%, IITTIR 2I 08 B AP LRE
RS EHP ., FREREMEIERE . r=aEe, 5
Holk . F2Fl . B T R E VR, ZEmA
FHEYE ST AT, AN, Tk EAA R AT
Yo, WFIT AR H oK MR B, TR AR Py AR [ s
REWFER B4 43, BERIMLAR /K-S, FEE P EEEER
B E LY TR A4, HA B ImAETIRER ZLat S5
PEARFAE100 G HRY ARG E T, 7T LLIS B E IR
HAM, PEEEFEOE. VETTHUASIRESE H T, ESR
FEAZ N FRAEREIAG « BT . VR E 7 A H
i, (BFEZE TR TS, HAE s RS & A= B AE,
IS8 I RV RSER A R RS AR ma e He Lu A9, EH i
TOAHSAFTIRGE . PRk, AT IFRZE R TR 7
e T = AR MLAE S B, 330 s Fe b b sa fuds
kR, X REEEA T B L 2R A, SRR IT & Bk X e
A MLAE I BRI B A SR, FE0A e SR il L, vl 2k
FOKFEAZ Z WA AR L 7 R B E B AH G4
T FHER AL SE B BEA, A R TR S 2R 5
AR IE

1 MR5RE
1.1 MRS

SPF M4 Sprague Dawley(SD) K 110 H,
A 180420 g, A==l IS SCXK(F)2020-0002,
KETCI LSRG BRI, AL g g
Y SR REE B IV T\ — AR B KA B PR 2R 5L
SR HEEm AR PR B AR TR BRITAE A
s MR LY AR (SOD) . A i (MDA) | Hih
ZHR(TG) . MiE SHFEEE(TC) . K& 2R 5% 2 i
(AST) . WEMRFE =B (ALT) | K% 3 545 11 (LDL-
C). &g 1 (HDL-C) i # & . CHE(JH [# pig
fif) . GSH-Px (A e H AR S e i) ik & s
HONAEY) TR

SPECTROstar Nano 2R BMGLAB-
TECH A #]; DHP-9012 HEHVEIRETF=A ARG A
Al HH.S11-2 /KisER it 7 A 47 BRSNS 7
KH23A 75 B0l Eppendorf 43 7] ; UV-7504PC
AR UL T bt T S A BR ST
I5HE] XSP-02 SeE i HASBEARE TS F
1.2 SEWFHE
1.2.1 FeEAvilgs ORI B B oK NFREE, 1 Ut
g, g RFEZE IR FIZ U 60 min, FFES X5
FE AL T, R FH B Oy R ML IR AT R Ok e b B, o
80 Hiffio R4 FN F AN HiE LB e ol oK SR 22
SHEOH, R
1.2.2 SZEGShPE Al R BRI\ —4&
BREAYHE AR PSR IR E, ENIRE 20~
25 °C, {B)E ] 55%~65%, 12 h B REIEFR . B i
SD K HUEMHEMETE 1 )H, 1 JEJEB 50 RREBENL Y
LRI (40 X)) S as XA (CG A,
10 H) . =y AR AL ZH M S5 i R i)k (85% Ll Amlkst,
0.2% N HLBLEMEE, 7.5% 3, 5% FE A B, 2% 8
[, 0.3% FANAEZEN); CG 4 MEFE 1 H falkl, 1a 3
A TR] 4% 20 A FR 43 1 il Aok IF A B SR R AR
b POKHFE B DL SR MARALAS . LR 4 8, &
NE A5 780 21 R BB & Jhk B i ) o 3 R IEL [ BE TC
IKAF o Wl Bl ) & v I B E R Y Y AR A Sl TC>
5.20 mmol/L; TG>1.7 mmol/L; LDL-C>3.4 mmol/L;
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HDL-C<<1.0 mmol/L, iR H A A5 —I0 45 & Bl i i
REREXEARL AT,
1.2.3 T AFEZELE M ELFIAITHELE B 10 Has (X
ZH IR BRI 40 U ARBLAL R, Horp 10 2y i R Ass
HUZH (MG ) 1ml M @ AR DB, gy 30 A sk AR %
MY E IR E BOFFT AI3EAE_L, 433K = 5552
¥z 2:1,2.5:1 F1 3:1 (bR SEIINE RS (E
K 22 5 IR BB I 1 45 65% FLRlARLEE, 0.2% P2
T S S B, 7.5% J% T, 5% 3B B, 2% AH [E R,
0.3% ZE BR8N, 20% EKFFE LK), ic N
YQGA. YQGB LI K YQGC =#H, T-¥i 4 JH )5, 435
M TC. TG. LDL-C & HDL-C /K3, EK. Frd
WnEEZ2 vh BB FRRE R p D IR W AN RIEEALT
HE, PR ] S R BRI TR, IR BB H

AN 22.49 mg/kg.
1.2.4 FREMAGSCIGENYIT4H BE iy EkFEE i
e, W3 60 L SD KB, it SD B iz 4
MEFE 1L 1SR 60 R EBHML R RS R 20
(50 R 52\ X4 (CG 4, 10 H), Hid 50 H
SD KEUCRA 1.2.2 U7 kA T84, B 50 Hs I ig
PR A B ML S AR ZH (MG, BHPEZR (PG), ok
H(YG) (FKEIRAYHIE: 65% FERNFAEL, 0.2% Pk
WA ENE, 7.5% FE1H, 5% F& B, 2% JHEEE, 0.3%
FEHIREN, 20% FoRMY), 373740 (QG) (GR37 AR M
45 65% FERIAFIEL, 0.2% P9 ELHR A S E, 7.5% 5%
T, 5% & OBy, 2% JIH [E BE, 0.3% 2% %05 R 44,
20% FEABY), EHCLH (YQG) (£ K FE 475 Tt BUHL (Y
i85 65% FERBAFEE, 0.2% P9 R SE S LE, 7.5% 5%
W, 5% B B, 2% 0 [E 5%, 0.3% 25 400 /& 40,
20% T KFER B EUH (B KRFIZEZE L@y 2.5:1))
HMRE 1R, idsdEa i, T 4 J&, FHMXEE
T S ERANLTT 0.6 g/kg/d UKL, BRAMFI S5 RK
BT LT i B SR 22 100 W13 R e A =R i g
VEFMIBTSE T . CG 4H 10 H I BUME 55 1F # 47]
Rk, FoAthZH Ak S = s AR

SE I A B H S50 s ) R IR L T3l
TEOL . AR BRI AR I B R SR, FEAE RN
(351 5 ) () FH ERL - JRSP-I) E R B4R B 1 22 S 06 SR B 44
. SR —REEEAREIK 12 h )5, SR Lk
JPRIE, HRUIMm £ 5], EA TS SRR PRI o PR B8 SE 3L I IE
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*

2 35]
2 50l =
g 33
= 254
oo 2.0
S 151
T o4
0.5
0

CG MG YQGA YQGB YQGC

o212 P AR TR IR 7 A5 A% S A 12 B8 i EA TR o
A NESR B A (DB TS . RARAS]
Lee’s 8T A UL FEARR BE, P04 BRSO A
(m, @) AR (GRARZ|ATTT, L, em), $Z2IRAZ0(2) AT
A

SRR (%) = % % 100 ® (D

o m SErEE R TR (2) s m- R BUA TR (2) .

Lee siB# = \/a;j 100
1.2.5 MUVEREARKN  fES2ieT gk, KRS E
16 h Je A7 E s liCR M. I M AsFEbR aY M AE T+
3500 r/min. 4 °C B5.0> 10 min, 2385 .75 T—20 °C {4
1E4 /. AW I % b TG. TC. LDL-C. HDL-C,
AST., ALT, MDA, SOD. CHE, GSH-Px ¥ .
1.2.6  JFIEREASK I F il e id o BRI 56 24
B, A= BRER K W =R, B4R T, FREE . ¥ PBS 4%
IR 91 R AR E L N BE B ATLH LR, fd A
H AR WL TR, i85 Al 10% P ZU5) 3,
3500 r/min Z5.0> 10 min, —20 °C {5-4F_ 35w, F T
JEFE AR o
1.2.7 JHELHZUREL) v RS, F58 o P
T 10% 45 21K TR [ 2 v P 51 78 BLIE A2, hIVEDR
REFE-HHLL(HE) Lt U] -, DG WA WS I
A
1.3 HIEAIE

>R A SPSS 28.0 AT AR E Jr 225347, SR
Fre/ N 2 2EBOR A T 2 H AR, Bl DS I E bR
22 (X+s) FIR, P<0.05 N FEPE2E R, P<0.01 ik i
2R
2 BEREHHR
2.1 EARFHRERMEIELH)

BB SFEER AL, 2:1.2.5:1 F13:1 1Y
b 1) YR A ) S v S A 2RY £ RN F B 4H 1L iE T TC,
TG. LDL-C & HDL-C #8#5/KF, &R anE 1 s,
5 CG ¢iAH L, HA4xPUZA Ay TC. TG #1 LDL-C ¥jF}
5, FEE R M 25 5 (P<0.05), 2 HH 25 M TSR AR 5 2
ST AN, 5 MG A B, AN TR IS B g TZH
PIARFRFEEEREAR T TC. TG Hl LDL-C &, Fhs T
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1.4+
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0.6
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[y HDL-C & & (mmol/L)
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oo
1
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A1
Fig.1
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1.2
1.0
0.8
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0.4
0.2

0

IM{ELDL-CH f#: (mmol/L)

CG MG YQGA YQGB YQGC
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Optimum mixing ratio of corn-buckwheat complex powder

H: 525 AR L, *RE =R EBFE P<0.05, **FRZEFWEE P<0.01; SE IR L, #2R 27 B3 P<0.05; #RR 2%

B P<0.01; K 2~ 5. F 1~F 2 [,

HDL-C &, YQGB 405 MG, YQGA Hl1 YQGC £
FH HE B 3 (P<0.05) , fiE 2 FEIK TC. TG
1 LDL-C & &, FEAMKE 2 CG /K. Hbifie
2.5 1 J& FBOKFEAZ E By B IR i dncid L, TS
22 EARFZERHEEMEARTREREREE
A

52 BRI 1A o e AN B ARk an 26 1 o,
5 CG AL, MG 4H A3 AR T e P R B K
B8 284 01, 5 B R B o 2 1 284 5 v it B AR £ AR
Ko 5 MG 4HAH, QG 45 YQG 4H 75 M &4 i i
(503.6 g F1 489.5 g) . A J5 & #4 i & (315.6 g Al
301.0 g) M Lee’s $8%0(3.06 Fll 3.02) 94 W34 5
(P<0.05), HoHh YQG ZH R i 5% (P<0.01), K HH
FOKFEZE S TT LA SEAT 8 A i1 55 M0 IERE AR B
SRS
2.3 ERFHRERMH I SAEMMAEX R AT 2E8I 200

AR R NESR R s b an 36 2 iR, 5 MG

ZHAR LY, H B A5 S g2l IS RO IEFE 55 . IRUIEFR 2. B
WEFS B .25 57 (P>0.05) 5 T HTAEFE S S B0 i
E225(P<0.05), ULHBH = MR B Be i o BUHIE 5t
L, XFHFRE = A5 0 . WINT BERFREZZ RO Z )5,
5w PR ALZA AR L, v RO B RS o i 25
[, 2 R oM i3 (P<0.01), 6B T oKk e & ks g
A 2SR 5 1 A R BUHPIE R B A8 1k
24 ERFZEEHXTEAEMEEA R ILEREBRIERRY
N

P K FE 2 B Wk I T T 10 AR L R R
4 J8Je, Mg 2s (4 . S HRRERIZH | BHPELE Fn T 0ZH
13&H TC. TG. LDL-C & HDL-C #5t5/KF. A[E
2H AR BB IMYE  TC. TG, LDL-C & HDL-C F5#5r7K
SPNE 2 . HIE 2 Al AL, 5 CG ¢aAH LY, T AT
TC. TG. LDL-C 21K Uiy AR T e prs 4 5, HDL-
C ZH K BRI IE B BT R bR 224K, 18R & g L iE < Bl
W, 5 MG 4, PG, YG. QG HIl YQG 41
KELTHE, TC. TG. LDL-C 41K BULTE G F+s

F1 FUKRAETE., FERNZEK(0=10)
Table 1 Changes in body mass and food intake of rats in each group (n=10)

417 MR AR (g) AR T (g) IR N (g) Lee’sHi4 TH R H AR (g/d)
2 H(CG) 188.4+17.8 458.5+41.6 270.1+23.8 2.85+0.08 50.35+1.34
IR (MG) 186.5+22.4 593.6+48.3" 407.1£25.9" 3.16+0.15 57.08+2.86
FEE(PG) 187.2+18.9 490.6+49.1" 303.4+30.2" 2.98+0.11* 58.71%1.65
FAA(YG) 188.2+19.1 541.8+42.6 353.6+23.5 3.1240.11 56.69+3.12
FFFE41(QG) 188.0+14.1 503.6+47.9" 315.6+33.8" 3.06+0.12" 57.82+1.97
FHAL(YQG) 188.5+16.6 489.5+56.5" 301.0+39.9" 3.02+0.10% 58.94+1.91

2 HHKRBENERIEE L (n=10)
Table 2 Changes in organ index of rats in each group (n=10)

4151 DR SR JAIE R 4 B HEHE AL JFREFE %L
2H(CG) 0.27+£0.02 0.15+0.02 0.58+0.05 2.87+0.40
= IRAS(MG) 0.22+0.01 0.13£0.03 0.54+0.06 3.32+0.38"
FAPE(PG) 0.28+0.02 0.14+0.02 0.60+0.05 2.98+0.23*
FHRAYG) 0.23+0.02 0.14+0.01 0.56:0.07 3.18+0.28
4 4(QG) 0.26+0.03 0.14+0.02 0.56+0.06 3.06+0.36"
A (YQG) 0.26=0.01 0.15+0.02 0.58+0.08 3.03+0.31%
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-
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w

2.5

2.01 {, IL

1.5- # g

1.0 1

MIE TG & (mmol/L)

0.5 1

0

8

YQG
1.8
1.6 #H

#H
P
1.2 dokp +
1.01 *ok
0.8
0.6
0.4

0.24
0

M3EHDL-C & (mmol/L) O

*
e
>

CG MG PG YG QG YQG
1.4
1.2+

*%k
1'0 b Ex **# **##

0.87 i
061 4t

0.4

MFLDL-C % & (mmol/L) ©

0.2

CG MG PG YG QG YQG
K2 KGR ROk R AE R BRI TC, TG,
HDL-C, LDL-C i 5%
Fig.2 Effect of corn-buckwheat complex powder on serum TC,
TG, HDL-C and LDL-C concentrations in
hyperlipidemic rats

FrRIBIFEAR, HDL-C Ifii&Hg BiHetnaFE, i YQG
ZH A 4 35 KA TC(1.80+0.21 mmol/L) . TG(1.38+
0.11 mmol/L) . LDL-C(0.62+0.08 mmol/L) & & (P<
0.01), PG 4H % & 35 Al TC(1.72+0.19 mmol/L) .
LDL-C(0.52+0.07 mmol/L) % & (P<0.01), YQG Fi
PG ZH % . 35 $%  HDL-C & & (1.27+0.15 mmol/L,
1.40+0.13 mmol/L)(P<0.01),

25 EAXRFEERHSIEMEARRMBES ALT,
AST BYS20a
KA FARAFLHEAE(AST)E T STHEARE

FLHEFL T (ALT) — e FH A6 10 AT I 463 495 70 i 0 Ja

gelol N 3 R, 5 CG4H M e, MG 4 ALT
(22.41£2.13 U/L) . AST(25.58+1.45 U/L) G J1 .34
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