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A RENERIMNUEMIER, FEXZEMEE GRS
ARRIGFERS, fE Rt b, A g —
5 1R 7T 22 IR 1 Bk ADW e 48 3% 3ok 5 o A Qi 2 B AT
AL IR, HRTH PR B L R HETE P 4 T AL,
X T T R A R A TR B G A LA S 32 IR B IR RS R
FIF B EA 5 BRI R X

1 ARG %
L1 ¥ 55

SDHEME R BRIE T B F R L E L, Shvrn]
W5 SCXK(757)2018-0048, S5 4 I8 7 7 HH EE 2 k2%
IR ZE RS S AT, TEMAESA
201905A031; /INFEJE 2 Ik ADWGGPLPH (41 /% 95%)
T-GenScript/EHRHE A 7] (FF50); HRP linked i 4T
%lgG. HRP linked 471 R IgG. Tween-20. ZHifZLf#
7+ Metformin T Beyotime E#)H A 2~ 7] (_LifE); P53
PR T 25 [ GeneTex =W A T, P21HLARM T 35 [
Santa Cruz/E¥)aw]; HEMarker. 657K GRHA
FI G T Vazyme EVEHE AR (M), A IiEEEA
(bovine serum albumin, BSA). Compound CJ&F3&H
Sigma-AldrichA &]; % 4 % % i (alanine aminotransfer-
ase, ALT). A5 ¥ % F¥(aspartate aminotransferase,
AST) T 5 5t i i AE YWt i B, PVDFJEE G T 3% [
Thermo Fisher Scientific/A &]; T-AOC, GSH-Px, MDA,
SOD, CAT, IL-6, IL-10, IL-1p, TNF-o, MMP3i# 7] &
T RiEREEAEM R AR A 7], TaKaRa RNABGHE
M5 HEAEMBRALR); pA-ILREH M il &
T g R AR A R A ] HAR R o [ = 4
Hrak.
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(1) ZhWor L 54078 24 19 H T4 27 R4 SD
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B TEFRIA BRI S B S AT, 1
T B RFFN25CL IBERNS55%, T KRA T
R DL EIRHK. Bra K A% e /4, Bl
RAMH, Sl O EXTIRZH (Con-9), 21 H Xt HEZH
(Con-21), 21 H W& 22 i IR Z4H (L-AOP), 21
W v ) & 2 IR RS P K4 (H-AOP).
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(1.5 mg/kg). it EFEZMIFIENENL(6.0 mg/kg), H4 )
CF AR AR EARE YUK SN EE21 AR, S
WA A4 5, NS 12 h, R MLRFE &, 3500
t/min. 4°CES.C 15 min5 73 B ML7E, PRA7ET—80°CUKAH.
PRUTE A B T S 2% B AN 2, AR E R K e
2. RPN S, FRBE. HB R S e TR 4
10%4E /R S IRIERH, RAFIEACUKAE, HTIEEE,
Y RE R AE T —80°CUKAE, HI T 5 BE48 452047

(2) A ASMER. BUE & TR 0501 0%48
IR MR R R BRI ZH 4, BEAT TR ACKS - 40 (he-
matoxylin-eosin, HE)J4£f, F {5 & s W4 HE L (4
MLy

(3) AT AL EF g e (. BT AR 2 ER, 31T M
A, SR IAT B KA AR . IS MR AR R
AEF R A B, DR mdds, iR E20
min, JINGE MY TAEWR, 37CRE IR, PBSHEL,
Ji 7K, e3E 27 e g A AR

(4) EACRLBFRARI & . BUK BRI, RAF1:4(V/
V) EEBIINANAEFEE K, 2500 r/min 0210 min, HL_L
TERA ;4 2344 HE B () AR A (mL)=1:9 1) L 451
INAE R K HIEA 252, 2500 r/minf 10 min,
BB W, 4 ) & v B A B 28 BRI o2 T-
AOC, GSH-Px, MDA, SOD, CATH & &.

(5) 375 9 RE KT HOI s . 4% BB 7 &5 1l B 1530k 4T
EeAE, W KB MiE +I1L-6, 1L-10, IL-1B, TNF-a,
MMP3 & 5.

(6) FFNEZ$RE DR 7l e . BUE R AFHEZH S, 4208
TaKaRa RNAIRFI &L, $#2HUSRNA, 1% HEIRF 0B RNA
Wi sk yeDNAJG, P& & vt B BT 98 e e
BRI, WL EEPCRIZRM: (1) 95C 30s 14§
. (ii) 95°C 10 s+60°C 30 s 40/MEHR. (iii) 95°C 15s
+60°C 60 s+95°C 15s 1/MEIF. & E&PCRII YT HI I
*1.

(7) FEZhaefabrille. BOKR IS, W 0 3Rk i
AR S U R, AALTRIAST & &.

(8) Western blotZ>#r. FREGE & AT SRR
H, K FHBCAH A G &I e & E PR L. A&
I3 B0 2% (1) b JE T TR N - SR TR T e vk S P Dk

F1 MTEREPCRIIGIY
Table 1 Primers for quantitative polymerase chain reaction
R 1IE/RIGIFEI(5'—=3")
F: GTAGCCGCCCCACACAGACAGCC

1L-6
R: GCCATCTTTGGAAGGTTC
.y F: ATGACCTGAGCACCTTCTTTC
i R: TGCACATAAGCCTCGTTATCC
i F: GCTGGAGGACTTTAAGGGTTAC
i R: GATGTCTGGGTCTTGGTTCTC
F: AGTCTTCCAATCCTACTGTTGCT
MMP3
R: TCCCCGTCACCTCCAATCC
. F: GCGTGGAGCTGAGAGATAAC
-a
R: TGAAGAGGACCTGGGAGTAG
F: ACTTTGGTATCGTGGAAGGACTCAT
GADPH

R: GTTTTTCTAGACGGCAGGTCAGG

REARES B IF R EPVDF. ARJEEPVDEE T —3
(FRELL BN 1:1000) & 1, 7ERRIRK R4 CHER. 5ERK
J&, FTBSTIAWIHEYEPVDFIE. FRAPVDF S £ A
N F LR R LB A 1:5000) == iR B A1 h, 2 )5 H
TBST#H WG VEPVDFIR. )5, WECLE GilE i1t
HARE AR 26 AL, 485 W PVDFRE AT 252, H
H 322 R R G A8, 5 FImagel 1.40
WA E A B RIE K

(9) Compound CHIHIAMPK. 4HepG24H i} 7%
T L180%3 A FERS,  FHIHREE 1 B/ EDTA T VR 248 i v
th; F& 4 10%fR 4 35 FIDMEM(High Glucose)ks 7%
RE B A R B 29 9 1% 10° /N /mL ) B 32 mL/AL
BT T6fLH, E37°C. 5% COM FRiF£24 h, il
N TE H20 pmol/LIIComp C, 24 h)& $BUE A HET
Western blot L5

(10) siRNAT-HAMPK. 4HepG24iiJfiks 7% £ 2
80% L& I, FH iR (A B/EDTA R WK 4 i 4k,
EH 10%05 4 3% FIDMEM(High - Glucose)$ 77 /i it
BRI 4 01 x10°AN/mL B, 4%2 mL/ALE
FTF6fLtid, 7E37°C. 5% CO,%&M Fi7524 hE Y
80% L& i, I Lipofectamine 300037324741 fitg
e FTUTERIsiRNA 51 WL2R2.

(11) Metforminf¥iFAMPK. 44 3% 7% £ £180%
TCG BRI, FH AR B/ EDTAVA OIS 4B oy 1k, & H
10%JIA 45 1L i FDMEM(High  Glucose)$s 77 T B 1%
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Table 2 siRNA sequences for silencing
B BRI —3)
F: GGAUCCAUCAUAUAGUUCAJTAT
si-AMPK-1
R: UGAACUAUAUGAUGGAUCCATAT
F: GAGUCUACAGUUAUACCAAJTAT
si-AMPK-2
R: UUGGUAUAACUGUAGACUCATAT
F: CGGGAUCAGUUAGCAACUAJTAT
si-AMPK-3

R: UAGUUGCUAACUGAUCCCGATdT

LR 29 J91x10° N /mLAE R #2 mL/ALE T T6
LR, fE37°C. 5% CO,%6MF Fi5F724 h, M
NI E 300 pmol/L H,O, T-Hi2 h/a W 3555 37 1K,
¥ #:10% FBS DEME(High Glucose)}7#7k, MetZH I
NZIRE 20 pmol/Lff Metformin T 148 h)5 #E B &

31T Western blotSZ5.

(12) $dE 5. SR FSPSS17.0% 143847 54 /3 4T,
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BORF ¢ K5, [ ZHAN IR R B ] LR B SR TR 3R 5 22
IR, J7EFE AR, T5 EA YRR, P<0.058%
FIE, POOLNESNEE, P>0.05 ALREER.
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Bl 1 RIS VLR 2 4 K RUFFIEHH (A) SOD, (B) T-AOC, (C) MDA, (D) GSH-PxFI(E) CATI¥RAM. 4 **fR21 H #xf
ZH(Con-21)59 H # %} 1B 41(Con-9)AH Lt A 2 5 35 11 22 F:(P<0.01); *fXFE Con-215Con-9# b7 1. 35 1 22 7(P<0.05); ##HEH
JR B KT TR ZH 5 Con-2 1 AH LA A 55 3 1 22 33 (P<0.01); #RER ZZMRTRG 1 kT 4L 5 Con-2 L #H EL 42 35 7 22 7 (P<0.05)

Figure 1 Effects of wheat germ-derived active peptide on (A) SOD, (B) T-AOC, (C) MDA, (D) GSH-Px and (E) CAT in the liver of aged rats. Note:
** represents a highly significant difference (P<0.01) between the 21-month control group (Con-21) and the 9-month control group (Con-9); *
represents a significant difference (P<0.05) between Con-21 and Con-9; ## represents a highly significant difference (P<0.01) between the wheat germ
peptide intervention group and Con-21; # represents a significant difference (P<0.05) between the wheat germ peptide intervention group and Con-21
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NF&(P<0.01), MDA 2% FFH(P<0.01), RHKEE
SRR, KRR DU RE /0722 55, 22 IR TS PERR T
i), SOD, T-AOC, GSH-Px, CATI& /&% L7+
(P<0.01), MDAfE &3 FF#(P<0.01), 2B IRIEE
JoR AT DA 2 SRS K BRI s AL RE 7).

2.2 NERIRZEIEPEON 2 5 K BT BES ASP i i

LA R Wb R R (senescence-associated  secre-
tory phenotype, SASP)HIHES & CoppéZs A'17E2008
SRR, AR I 2 A TT DLE I S W R IESE 2
Foh AR PR SR S AT LA B o KUK, T X B[R]+
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AR I e A Y @it qRT-PCRAR:
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K SRAFAERIIL-6, IL-1p, MMP3, TNF-o/KV-&2% ET+
(P<0.01), IL-107K~F 23 T F#(P<0.01), £ IR M
BEF-TiUE, Z# K RAFIE N IL-6, MMP3, TNF-a/K 1 i
= FB&(P<0.01), IL-10/K°F &3 ETHP<0.01). FHZE
PR K PT DA 0 A 2 A U H 1 98 o R - S5
TR, BRAR T 3B SRE KT LA R B S Y
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Bl 2 RIS VR 2 8 K BRI (A) IL-6, (B) IL-1B, (C) IL-10, (D) MMP3I(E) TNF-affj 5. 4 **{0321 H #xt e 41
(Con-21)59 H # %+ HE 2H (Con-9)#H Lt A A% 55 38 P 22 7 (P<0.01); *fRK Con-215Con-9H Lt A & 3 1 22 5 (P<0.05); ##RKEZNR
PR ok T4 Con-2 U AT A I 35 1R 22 57 (P<0.01); #A R ZE RIS Ik T Fi 415 Con-2 1A FUAT I 35 11 22 57 (P<0.05)

Figure 2 Effects of wheat germ-derived active peptide on (A) IL-6, (B) IL-1p, (C) IL-10, (D) MMP3, and (E) TNF-a in the liver of aged rats. Note:
** represents a highly significant difference (P<0.01) between the 21-month control group (Con-21) and the 9-month control group (Con-9); *
represents a significant difference (P<0.05) between Con-21 and Con-9; ## represents a highly significant difference (P<0.01) between the wheat germ
peptide intervention group and Con-21; # represents a significant difference (P<0.05) between the wheat germ peptide intervention group and Con-21
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B 3 SEMVEIE T 2 KR A IR S, B)FFEAZURASRIREN . (OB A EF R Je (o b) 1. v +=AR 3821 H it
B ZH(Con-21) 159 H X HEZH.(Con-9) A LA A 12 25 14 72 57 (P<<0.01); ##AR 22 IR IS TR IR T T34 5 Con-2 LAH HUA IR R 5 1 72 57

(P<0.01)

Figure 3 Effects of wheat germ-derived active peptide on the (A) liver index, (B) liver tissue morphology of aged rats, and (C) liver B-galactosidase-
stained sections. Note: ** represents a highly significant difference (P<0.01) between the 21-month control group (Con-21) and the 9-month control
group (Con-9); ## represents a highly significant difference (P<0.01) between the wheat germ peptide intervention group and Con-21
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(DNA-damage response, DDR), fE#3%/KGFIiEPS3,
SEAMMFEE, FUIPSIHREREZ 104 M bs Y.
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Bl 4 RS PRI 26K BHIEH AMPK, SirtI MIPS3IS2M. JE: **+4L3&21 H X 2 (Con-21) 59 H X HE2H (Con-9)4H
FUA IR 35 1 22 57 (P<0.01); *AX 3K Con-215 Con-9AH LLAT B35 1 22 53:(P<0.05); ##HRFRAZ IR YE VKT Tl 4L 5 Con-2 1 HH LEAT
B EZE 5 (P<0.01); #RAR A IR YSIE PERK T4 5 Con-2 URH EUAT (2. 25 15 22 57 (P<0.05)

Figure 4 Effects of wheat germ-derived active peptide on AMPK, Sirtl, P53, and P21 in the liver of aged rats. Note: ** represents a highly
significant difference (P<0.01) between the 21-month control group (Con-21) and the 9-month control group (Con-9); * represents a significant
difference (P<0.05) between Con-21 and Con-9; ## represents a highly significant difference (P<0.01) between the wheat germ peptide intervention
group and Con-21; # represents a significant difference (P<0.05) between the wheat germ peptide intervention group and Con-21

VEIEVERR TR, p-AMPKAISirt 1A X %5 & B 1
ETHP<0.01), PS3MN R AL BE T (P<0.01). X
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iR KR AR 2. SR AMPK 5 A& Sirt1 2 [8]f#) 1 F
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2.5 NERFEEEKATH,0,% S % HepG241 i
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7 B 25 3 T K6 5 2 Hep G2 41 il i AMPK J% Sirt1 14
o, 5 R ANESARTR, SXHBAM L, H,0,i5 95
HepG241 Jitd 1 p- AMPK FI Sirt 1 A % 263 2 3 25 1 T[4
(P<0.01), {EFMRIFTENEILT TS, p-AMPKAHISirtl AH
X kB E M ETHP<0.01), 5ahWit st ss B2

R T B IIEAMPKE 75 N Sirt1 1 L3 5,
AWK T AMPK A F]Compound C. AMPK¥4
i 7Metformin A &2 siRNAJTERAMPK 314, WIEISB

fias, 53¢ R4 A ., Compound CHIHI AMPKIE 14 J5 p-
AMPKFISirt 1 475 214 5 5 3 M N B (P<0.01), P53
R iA w2 ETH(P<0.01), F U AMPK[BEER 1L 1
N J5 Be s T RSt FRIA, RN BiRPS3ERIA. 18
siRNAJTERAMPK MR IA J5, 45 R ESCHrR, X g
AR, siRNAVIER4LAMPK, p-AMPKAISirt] #i%f %
KB B EH M FRE(P<0.01). R AMPK R IA B 47404
Ja, B AL AMPK R AR H I T B, R Sirt1 .52
FE SR PR B, TIP3 AR e ik & ) H I B
L THP<0.01).

Metformin & — ) 72 i F I AMPK B35 77, 7T LA
T R LK B 1-AMPK 5515 518 % 22 5 I AH OC 19 9%
a5, ZEMetformin T-TH, 0,75 5115 2 HepG24H
WG, 45 3AanEISDETR, AMPKFIBERR 1L 2% LA Sirt]
Lk E R EWMNP<0.01), P3N RILERE T
(P<0.01). FiRgERT LR, /NI ZEEMEIKRE 0% I8
T AMPK/Sirt 15 5388 2% 2% fif 2 0% K B A 4473

543



VE 5 5 /N IR T R JERE 5 AMPK/SIRT 18035 oK BT 8 22 45 3 O A FTL AR BF 7

iz
1.4 1.2
w12 i1 ##
B0 e
*® k08
R 08 =
. 2 R o6
' = 04 & 04
I3-actin| — — — —‘ 202 @ 0.2
0.0 0.0-
Ctl  H,0, 10 40 cri Mo, M0 4o G o 0
AOP AOP (umol L") AOP (umol L)
B Ctrl Comp C
12 1.6 4
X 3 1.2 1w 0.81
E G5 # 1.0 &
B e R E 06
sirt 1 w0 £ @ 081 &
i 04 2061 £ 041 55
2 044 B nad
P53 T 02 0.2 0.2
0.0 0.0 0.0-
B-actin Ctrl Comp C Ctrl Comp C Ctrl  CompC
a N —
Ctrl_si-RNA
—_— 2.0
1.0
AMPK {‘% 0.81 ﬁ : ’Hﬁ 0.8
B os; e 12 K os
sirt 1 | - & o, =08 =
3 04 3 & 04
T %) *%
Q 0.21 & 04
P53 i
0.0- 0.0 0.0
g-actin Ctrl siRNA Ctrl siRNA Ctrl siRNA
O
\X i3
ctl H0, ¢
P AVPK 12 2 o
% os 7w 2 o L
AMPK [T 2 os W24 X
#® ) 0.8
= I 2.0 #®
TS i £ G oo
g # m 0.
Sirt 1 < @ s g
o 04 5 12 £ 04
P53 % 02 0.4 ? 02
B-actin E’ 00 00 00
Ctl  H,0, Met+H,0, Ctl  H,0, Met+H,0, Ctl H,0, Met+H,0,

B 5 /NEIRZE PERGE . AMPK/SIRT /P53 2506 HTHEREE B3 05 (AL S0 IE. Ac 2RISR MO0 328 40 - AMPK A Sirt 1
Fd; B: Comp CHII AMPKX Sirt1 I KI52; C: siRNAYTERAMPKX Sirt1 7235 [RI5200; D: W06 5EE 40 f - AMPK X Sirt 1 %
IR RSN T QR S IR ZH (Cel) R EEA B 2 25 1 22 53t (P<0.01); R S0 IR 2 (Crl) LA B 25 1% 22 37 (P<0.05); ##HREE S
TR (H,0,) HH ELA A 25 1 22 5 (P<0.01); #RFR S5 B 41 (H,0,) 41 LA B 5835 1 22 57 (P<0.05)

Figure 5 Wheat germ-derived active peptide improve liver aging damage through AMPK/SIRT1/P53 pathway. A: Effects of wheat germ-derived
active peptide on AMPK and Sirt] of senescent cells; B: effect of Comp C inhibition; C: siRNA silencing of AMPK on Sirtl expression; D: effect of
activated AMPK on Sirtl expression in senescent cells. Note: ** represents a highly significant difference (P<0.01) compared with the control group
(Ctrl); * represents a significant difference (P<0.05) compared with the control group (Ctrl); ## represents a highly significant difference (P<0.01)
compared with the model group (H,0,); # represents a significant difference (P<0.05) compared with the model group (H,0,)
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Wheat germ peptides improving liver aging damage in rats through
the AMPK/SIRT1 pathway

WANG Fang'”, LUO Tao', CHEN HuiLin', KIYOSHI Itagaki’, SONG HaiZhao', XIONG Ling',
WANG LuanFeng1 & SHEN XinChun'

1 College of Food Science and Engineering/Collaborative Innovation Center for Modern Grain Circulation and Safety/Key Laboratory of Grains and
Oils Quality Control and Processing, Nanjing University of Finance and Economics, Nanjing 210023, China;
2 Harvard Medical School, Boston 02115, USA

Wheat germ, as a byproduct of wheat flour processing, is extremely abundant in resources but has yet to be fully and reasonably
utilized. This study focused on the wheat germ active peptide ADWGGPLPH obtained in the early stage using naturally aged SD rats
as the animal model of liver aging damage and 9-month-old rats as controls. Wheat germ-derived active peptides were continuously
administered by gavage until the age of 21 months. The effect of wheat germ-derived active peptides on liver aging-related damage in
naturally aged rats was examined, and its molecular mechanism was preliminarily explored in conjunction with the H,0O,-induced
aging HepG2 cell model. The wheat germ-derived active peptide ADWGGPLPH could increase the activity of antioxidant enzymes
such as superoxide dismutase, total antioxidant activity, glutathione peroxidase, and catalase in the rat serum and liver while reducing
malondialdehyde levels, improve oxidative stress levels in rat liver, reduce interleukin (IL)-6 and IL-1 levels in the serum and liver
and [, matrix metalloproteinase-3, and tumor necrosis factor-alpha levels, and increase the secretion of anti-inflammatory factor IL-
10, improving the inflammatory environment in the liver of aging rats. After treatment with wheat germ-derived active peptides, the
liver structure was significantly improved, fat vacuoles were reduced, cells were arranged neatly, and alanine aminotransferase and
aspartate aminotransferase levels were significantly reduced. Wheat germ-derived active peptides can effectively improve the
abnormal structure and growth status of cells in the aging liver, reduce the loss of liver quality during aging, reduce the expression
levels of aging marker proteins P53 and P21, alleviate the degree of liver aging damage, and slow down the aging process of the liver.
By using inhibitors, activators, siRNA, and others, wheat germ-derived active peptides can regulate aging-related processes by
activating the AMPK/Sirt] signaling pathway. This study is significant for the development of a healthy aging dietary structure and
comprehensive utilization of wheat germ resources.

wheat germ, active peptide, senescence, AMPK, liver
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