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Abstract: The restorative effect of mixed grains on hepatic lipid metabolism disorders induced by a high-sucrose diet
(HSD) in C57BL/6J mice was investigated. Hematoxylin and eosin staining was used to observe pathological alterations
in the liver. Assay kits were used to measure serum lipid levels, liver function, and inflammatory cytokines. The mRNA
expression levels of factors related to hepatic lipid metabolism and inflammation regulation were determined using qRT-PCR.
Comparison of treated and model groups revealed that diabetes-modifying mixed cereal grains (MCG-Dm) significantly
reduced the body weight and liver index of HSD mice and decreased hepatic fat accumulation. MCG-Dm intervention
significantly improved glycolipid levels and liver functions (triglyceride, total cholesterol, low-density lipoprotein-cholesterol,
high-density lipoprotein-cholesterol, fasting blood glucose, aspartate aminotransferase 1, and alanine aminotransferase levels
to 1.11 mmol/L, 4.25 mmol/L, 0.36 mmol/L, 0.97 mmol/L, 7.72 mmol/L, 452.5 pg/mL, and 654.5 pg/mL, respectively).
Additionally, intervention with MCG-Dm led to a reduction in the hepatic mRNA expression levels of Srebpl (67.88%),
Acc (34.38%), Fas (50.99%), Scdl (59.88%), Ppary (72.57%), Cd36 (75.46%), and Apob (41.18%) and increases in the
expression levels of Pparo (2.32-fold), Cptl (2.20-fold), and Aco (3.95-fold), thereby promoting lipolysis and reducing lipid
accumulation in the liver of HSD mice. Furthermore, MCG-Dm mitigated liver damage and decreased the levels of TNF-a
and IL-6 in the serum by suppressing the mRNA expression levels of Nfich (46.74%) and Ikk2 (46.48%) and increasing that of

1kb (2.21-fold). These findings indicate that MCG-Dm ameliorates hepatic inflammation and lipid metabolic disorder induced

by a long-term high-sucrose diet, potentially contributing to the development of mixed-grain diet formulations.
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By ikin. MW B S HER L 04 A 9 5
e 7K B8 8 B 58 A A8 AN S A2 18 1 T )
RIR R A

EHRVNE SREA4E. ZWRMR. EHR.
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T 2R RHLE

1 MR5REE

1.1 AR5 EF

F KR FIR A B YR 5 B35 [E Doobo £ i A7 R
AT, HpE@EREABY (MCG) % HBANE 7
BRI B YIRS, WkEK (30%), HiKEE
(15%), FikEK (8%), i y- BEETREEK (7%),
- BETIRRARK (6%), FEEK (6%) M
B, BT AEMIREE NI BE R SGE RRE
BERY (MCG-Dm) HKFHEK (40%), i K
F (20%), #MFE (10%), fhEE (10%) KB,
41 52 /N FRR R R : HSD 4kl (TD.98090), & [EH
DooYeol Biotech A H]; #7AZK - 4L (Hematoxylin-
Eosin, HE) J 5 & (C01055), L3 < KR4E
MEARER AR MIRIAIEH T -a (TNF-a, MM-
0132M2). H /i~ & -6 (IL-6, MM-1011M2). P &
TR &l (ALT, MM-0260M2). K 4 & g ¥ & i
(AST, MM-44115M2) ELISA X7 &, L8 %5k
WAHRAR; HiM=# (TG, A110-1-1). & JIH [ FF
(TC, A111-1-1) 1= % B Jig 25 & JH [& % (HDL-C,
A112-1-1) FUIL % FE i 85 A I [& % (LDL-C, A113-
1-1) A&, F R FCAT s & RNA $2IL
A& (R1200-50T), RHREAMEEARAF
FastKing gDNA Dispelling RT SuperMix. SuperReal
PreMix Plus (SYBR Green), Jbil KIRAEILEHGH
PR
12 MHE5u4

FA2004 ¥ KV, &g 5k 5 18 7 Bl 22 8
H IR A 7] 5 Eppendorf 5424R ¥4 ¥R B5 0y ML, 15
Eppendorf /A 7] ; %%7] Axioskop 2Plus 1, fiH
Carl Zeiss /A 5] ; Allegra 64R =A% 2081, EH
Beckman Coulter A 7 ; Biotek Elx 808 4= H SR X,
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2 [H BioTek 2y 7] ; ProFlex £ F PCR 7 #1%¢, £ H
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{% A Quant StudioTM 6 Flex PCR 1, & [& Thermo
Fisher B A #] o
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2020-0005.
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ERE PRI MCE R REIR A B YA (Model+MCG-Dm).
I /N BRI AIN-93G 1k}, #ERIZH K K891
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%56 do ARBNYSLEE T S OB I MR L F B sh Wit
P G2 (GLMC-IACUC-2023014).
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ST 56 d 4R )5, 256 12 h 5, AL,
A58 R 1 B A0 & 25 18 If B (Fasting Blood Glucose,
FBG) /K", Bl )5 At A 3 ¥ & I8 i 1 9 &F &=
(Zoletil, 0.2 mL/10 g) JFREE, FH 2 RIME T
K RS MREAS . 7E 3 000 r/min, 4 C4ME N E
O 10 min, YIS & o 4% IR AR £ 100 BH I 52 i
J&™ AST. ALT. TNF-a fl IL-6, A IfijE TG, TC.
HDL-C 1 LDL-C 7K,

153 FIELLLR R F IR
0=10% FFIE[E 2 FFIEREA S, CBERLK, A
A, BHSREN VIRV A (4 um), 3547 HE Jefo.,
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Table 1 Composition of experimental diet

27

285/
(g/1 000 g diet) Model Model  Model

Normal Model W +MCG +MCG-Dm

ERIEH 397.5 200 12.0 120 12.0
&8 200.0 200.0 120.0 120.0  120.0
A 1320 200 120 120 12.0
AR 100.0 645.6 381.4 3814 3814
K 70.0 500 60.0 60.0 60.0

a- B A 50.0 99 593 593 5.93
RAA MR 350 350 21.0 21.0 21.0

RAAE 100 100 60 60 6.0
DL- & & — 30 1.8 1.8 1.8
L- PLABER 3.0 — — — —
BB — 545 — 40 24 2.4 2.4
i 6 B AR, 25 25 15 1.5 1.5
fxT(%ié;ﬁ”\ 0.014 0014 0006 0006  0.006
1% FLiF B — 6.0 6.0- 6.0 ""6-j0
& KR (WR) — — 400 @ — —
BABH (MCG)  — — a0 —

LB Sk I iR o

# (MCG-Dm) - - 400

£: Normal : AIN-93G 4d#F; Model : HSD 43#; WR :
4 40% H & K &9 HSD 49 #F; MCG : 4 40% R4 54 49
HSD #14t; MCG-Dm : 4 40% B4 BLE-48 Jk o S R 2R 69
B4 G HSD 424,

1.5.4 QqRT-PCRIFAMIAFLL4% ¥+ 40 % B -FmRNA &
ERF

K H qRT-PCR % 73 it 23 WD FF it T Tl S5 25 47
SHFE A Srebpl Ace Fas. Scdl. Ppara. Cptl.
Aco. Ppary. Cd36. Apob. Nfkb. Ikb F1 Ikk2 1]
mRNA 7K F. #E B RO 2H 2 (20 mg), A
Trizol i7f] (1 mL) $EEUHIEH LIS RNA, FEE
H4[FE . {# 1] Fast Quant RT cDNA X7 & 3¢5,
% % SuperReal i 7 & % 5K & 77 PCR Jx B /& &
(95 ‘CHiAE 1 15 min, 95 ‘CAEME 10 s, 60 ‘CIB-K 30's,
40 MEHF). BARMNEE 3 ANER, Pl B-actin
KNS HEAT I, SR 2% it SR b % 3

O E R vy
1.6 #HFEWREMGIT 2T

AWFFR A AR EEE =X, HFLHEH £
FrifEZE (SD) FRon o R Z T 25041 (One-way
ANOVA) Al Duncan % 5 M 7= £ 56 PF Al 25 241 °F 13
B2 ER. 24 P<0.05i, IWNZERTE. f§
Fil SAS 9.1 4iit#Ffl (SAS Institute Inc, Cary, NC,
USA) #7047

2 ZR548

2.1 BAAWMHSD/INREFEL . A
B AR AT 4R 28 R

B3 2 T 50, % 2H /0N BRI A 46 44 o & 0 BH B 22
5 (P>0.05). ME5F56d J5, Model ZH AR &1y
92900mg, %% Nomal ZHH/IN 126 % (P<<0.05). WR
4. MCG 2HF1 MCG-Dm 4H./)> A4 5 5 ) 45 Model
H 5 5 F B 7.93% 7.59% K 12.41% (P<<0.05).
BB S AENERE AR R, TS BUH i 2 1
. AwFsedr, 5 Normal ZHAHLEL, Model 2/ B
JHF U 5 2 0 U 458 3 G i (P<<0.05). T WR
4. MCG 40 f1 MCG-Dm 2H /)~ § 59 AT E i & 5
Model 4 AH EE U 73 51 B % 1 8.69% 11.59% Al
16.67% (P<<0.05), {EXJHJHIEFa 2K FEAK U A
BE (P>0.05), Hifen, BEFRAEKFRAK
WEL % i % AR A1 s I ILSRE /) SR A 5 = A0 BT O 25
Ji S R A AR, K. Bk #EE. K
AR A AR T T A] 2 B AR R N R ) A i
JHIE o

R 2 BYERIHSDIMREREST L,
BT A R = A0 4 33 AR 38 B 00 =2
Table 2 Effect of body changes, liver weight and

relative liver index in cereal samples treated HSD mice

W E

s FIRRE  AFREdRd
4 %0% %56k /mg /100gHFF)

Normal 223 +1.10 25.7+1.1 1.09£0.06" 4.24+0.28"

Model 23.0+0.9 29.0+1.8 138+0.11' 4.77+0.50"
l\fgfﬁl 2.1+1.0 267+08 126+0.09" 4.74+038"
Nl{zgi}: 217408 268+1.6 122+0.06° 4.57+036"
odel 20306 254515 L1501 453056

i RTHIEA A £SD, FRFHATERR
% (P<0.05).
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Table 3 Serumlipid and FBG levels in HSD mice after intervention with various cereals

F8477K-F /(mmol/L)
28 7|
TG TC HDL-C LDL-C FBG
Normal 0.82 £ 0.08" 3.51 036" 1.21+£0.11" 0.26+0.08  5.73+1.12"
Model 1.63+0.12° 5.93 £0.31° 0.74 £0.13¢ 0.54+£0.14°  9.17+1.32°
Model+WR 1.56 £0.19" 5.58 £0.28" 0.79 £0.16% 0.51£0.11°  8.85+1.42°
Model+MCG 1.31 £0.05° 470 £0.17° 0.85+0.19° 042+0.12° 828+0.97"
Mode+MCG-Dm  1.11 £0.07° 425+0.14° 0.97 £ 0.09" 0.36+0.07°  7.72+0.83°

E: F RTHAEAFME £ SD, RARFEERTEFEE (P<0.05).

1000 a

800 | ab . .
600 |-
400 | %
200 .
0

Serum levels / (ug/mL) &

S o (& G S
$06° V\oé e\)(\ﬂ oée\XN\C \)N\CGD
A
§[\0
Group
b 2s500r
=)
£ 2000 a b
2 : b b
= 1500 c
° 1000H
2
E  500H
AY o ™ CG <>
s o N Y
$0 }A woé@\ oée\)(§[\ e\)( @CG

Group
B 1 B&aHx HSD /MNRmi% ALT (a)
FAST (b)) 7KFHFMT
Fig.1 Effect of mixed cereals on the serum levels of ALT (a)
and AST (b) in HSD mice
E: RRIFHRFTEARF (P<0.05). FTHF.

2.2 SEAAYMHSD/NR METG. TC.
HDL-C. LDL-CF1FBGH & "

W2 3 At ~, 5 Model 41 A1 B, MCG 41 Al
MCG-Dm H /MR If7E+ TG TC. LDL-C. Glucose
I3 A BARAR 2R 1.31 F11.11.4.70 F14.25.0.42 F10.36
PL & 8.28 A1 7.72 mmol/L (P<<0.05), {H WR #411
HEZR (P>0.05).MCG flMCG-Dm 43 7] T »
/N R E B TG. TC. LDL-C Al FBG 7K *F- 43 il B#
fik 20.10% A1 32.02%. 20.66% F1 28.30%. 22.32%
F131.69% LA K 9.69% A1 15.80%, 1fif HDL-C 7K “F-

52

43 5 T 2 0.85 A110.97 mmol/L, #4017 1.17 /%
127 6 (P<0.05). Ji "o f it w, k.
TR, HEE . KR A AR T B R HFD
FESHIIEREN BN TG, TC. LDL-C KF, 42
f51 HDL-C 7K P F i B i &, 428 JH i Jig 7 35 7K 5P
T 25% & A K F R K B i 10 i HFD Dk} & BT
/NBRIMLE TC. TG A1 LDL-C /K P b, FFBEA% I
& HDL-C /K°F (P<0.05)"" . Wang 2" W 70 th 275,
e Fl e R A M ] R 2 BRI HEFD K BRUMLIE 1 TC A
LDL-C /KF, s H 7 e K-F o SR8 2H A 4
WETCR I, R IRERE K HE U e B 5 B 1 e 15 2= Kt
R 3T3-L1 g4t TG &8, (Lg%
PERIH, A0 ™. R R R,
M 78 MCG #1 MCG-Dm ] LLBH 2 2403% HSD /) U
JUE I o A U 17 VO
2.3 EA A4 AHSD/N R ALTfRAST A
- 84 % el

WK 1 Frs, Model 407N BRIMLIE 1 AST F1 ALT 7K
- B T4 18347 A1 846.7 ug/mL, %% Normal £ 52T
216 F1 1.65 i (P<<0.05). 5 Model ZHAfiLk, MCG 2
1 MCG-Dm 4/ RIMLE AST 7K P43 5 B 19.10% Al
2253% (P<<0.05), ALT /K T % 5 B A% 19.93% 0l
22.65% (P<<0.05). WR T T &R X HSD /) R i i
(1) AST # ALT /K — & IBGEEER, (HESGit %
#Z53E Y (P>0.05). Matsumoto 25" [ HIF 5% & 3N,
KR A DR SR AR E B 10 J8 J5, AT B B R
SUTTIE AST A ALT ZK°F, B RERE K BRATIRE KT
R BRI RE T 3 PRI HED 175 S NAFLD K BRIl
T ALT A1 AST /KF,  oiest HAFTh Y. i K 4
M E B A SRE e TR St mT B B AR AR PR
BRUME T ALT A1 AST ACF, XEURE SAREK,
FRKFZE MR A B VNG & 7T LUK AST #1 ALT
K, SRARA T HSD WA i B T 4 i 534 o
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2.4 RABYITEAERE/NR DL R E
7R AY B 5 e

ik 2 Frs, Normal /N R AFHA SR IE
W, GHEWIAEYE . SOAEMRIE 5 ERFEAL . Model
ZH 7N BB R 1) Fr %8¢ Normal 20 HS 30 B & 795 B e A2
JHF 48 B T 2 AN U, 448 B e I L & AR OB FE AR
LR AT LR T S, R R R . XS
A A e T v R LA R T 5 NASH /) BRUFFH 2R
RIS CARIT, B2 UM KA, HEF AL,
EAAHN, HE KBRS gY. 5
Model 21/ Et, WR 41, MCG 41 #1 MCG-Dm 41 /)»
ST B0 F v i 07 238 1k AR JORE B SRR, T4 I IR
ST IEH. W7 EE 1% BRI 6N B35
3% HFD TR B SO/ BRUFF AR ZE 2300 ) i 7 27
ERIR Ve IR A S ™ . DL RS R ERIBERY

T IR A D IR o3 SRR RN S ik P i 7 7 12 () e

bk pm 20 pm
& 2 BREAYIT HSD /J\LB&H:FHrgH R TR S 2R L B 22 M
(HE#f, x40)
Fig.2 Effect of mixed cereals on histopathologic changes in
the liver of HSD mice
Z:a % Normal, b 4 Model, ¢ 4 Mode+WR, d %
Model+MCG, € # Model+MCG-Dm.

2.5 SEA A AHSD/N R % TNF-aF1IL-6
KRy e

RVEN 725 T T IE 20 T 4 i 97 T R0
JELF e fb KA EERF 22— 3 i,

Model 4 /)5 B I IE {2 % Kl F TNF-a 1 1L-6 4
151.30 pg/mL A1 52,6 pg/mL, %% Normal 41/ 5 i #
Tt 5 Model ZHEE, WR ZHLA1 MCG ZH 113 1 1L-6
K3 R A 39.02 pg/mL A 33.2 pg/mL(P<<0.05),
{H TNF-a 7K °F %2 7 6 48 iF % & Lo MCG-Dm 41
/N BR LS B TNF-a F1 1L-6 7K °F ¥ %8 Model 41 &
Z K % % 97.95 pg/mL Al 21.28 pg/mL (P<<0.05).,
Wang U HE IR, M TR BT A
A% HED KRR IMLIE 1 TNF-o £ IL-6 [RIFRIEKTE, (&
IRRIE RN . T Ji R A R iR, K. &
K M KRG ERA FRTHnT 535 k> HED 75
SR JRE /N BROBFE 2H 23 TL-18. TNF-o F1 IL-6 1)
mRNA FKIEKF, FEARFJORE K PR ZH AT
FAL R, R EEREKSE I RE B . AR R 5 R Kt
B 3T3-L1 g 4uHeH TNF-o il IL-6 5331,

a 200

&l

£ 150}

RS

2 100}

[}

B

E 50

|l

Q

2 0

o o * cG o
O &\N wo™ o wee”
6@
NS
Group
b
g 60 |- a
)
b

S a0t c
5
& 20 ¢ :
£

. ]
Q
@

& o

Group
B 3 B EHx HSD /MR M % TNF-a (a) #0
IL-6 (b) 7KFHIFM
Fig.3 Effects of the mixed cereals on serum levels of

TNF-a (a) and IL-6 (b) in HSD mice

2.6 A BITE EL é’\/ RSrebpl. Acc.
FasFaScdl timRNA % 35 A F & 7

JFF IR JIE 7 4 1% 52 SREBPs & H: R ACC. FAS.
i i Tk 4 Bty A 2B ADEE 1 (SCD1) 25 A1 /9 1
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Fig.4 Effect of mixed cereals on the mRNA levels of
Srebpl (a). Acc (b). Fas (¢). Scdl (d) in HSD mice
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Fig.7 Effects of the mixed cereals on mRNA expression of

Nfich (a), Ikb (b) and Ikk2 (c) in the liver of HSD mice
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