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[ Abstract | Objective; To explore the protective mechanism of Ginseng Radix et Rhizoma, Notoginseng

Radix et Rhizoma and Chuanxiong Rhizoma ( GNC) extracts on cardiac aging in diabetic mice by observing the
activation of AMP-activated protein kinase ( AMPK) /mammalian target of rapamycin (mTOR) pathway, changes
of cardiac pathomorphological and related senescent proteins. Method: C57BL/6 male mice, SPF level, were
randomly divided into normal control group and high-glucose group. The mice in high-glucose group were
intraperitoneally injected with streptozotocin (STZ) and fed with high-fat diet. After successful modeling, they were
randomly divided into model group, low-dose GNC group (0. 819 g-kg '), high-dose GNC group (1. 638 g-kg™')
and metformin group (150 mg-kg™'). The drug was administered by gavage once a day for a continuous period of
9 weeks. 4-week-old male C57BL/6 mice were normally fed for 1 week as a youth group. General conditions of
mice were observed. Hematoxylin-eosin ( HE) staining combined with transmission electron microscope ( TEM)
was used to observe the cardiac pathomorphology in mice. Von Kossa staining was used to determine the degree of
calcium salt deposition in cardiac micro vessels. Western blot was used to detect the activation of signaling pathways
in myocardial tissue of mice, as well as the expression levels of matrix metalloproteinases-2 ( MMP-2) , tumor
suppressor p53 (p53), and phospho-tumor suppressor p5S3 (p-p53). Result: As compared with the normal group,
the blood glucose in the model group increased (P <0.01), as compared with the model group, the blood glucose
in each administration group decreased significantly (P < 0.05, P <0.01). The results of three pathological
morphology experiments ( HE, TEM, and Von Kossa) showed that as compared with the normal control group, the
mice in model group showed cardiomyocytes hypertrophy, disordered arrangement of myocardial fibers, focal
dissolving and necrosis, mitochondria swelling, degeneration, crest fracture, vacuolar alteration, disordered
microvascular structure of the heart, uneven staining, and a large amount of calcium deposition in tunica media and
intima. As compared with the model group, the pathomorphological changes of mice in each administration group
were improved in varying degrees. Compared with the normal group, the expression levels of MMP-2, p53 and
p-p53 protein in the model group were significantly increased (P <0.05, P <0.01), the protein ratios of p-liver
kinase B2 (LKB1) /LKB1, p-AMPK/ AMPK were significantly decreased (P < 0.05, P <0.01), and the
average gray level of p-mTOR/mTOR and p-p70S6 kinase (p70S6k) /p70S6k protein was significantly increased
(P<0.05, P <0.01), while the protein ratios of p-mTOR/mTOR, p-p70S6k/p70S6k were increased ( P <
0.01). As compared with the model group, the expression levels of MMP-2, p53 and p-p53 protein in each
administration group were significantly decreased (P <0.05, P <0.01), the protein ratios of p-LKB1/ LKB1, p-
AMPK/AMPK were significantly increased (P <0.05, P <0.01), while the protein ratios of p-mTOR/mTOR and
p-p70S6k/p70S6k were decreased (P <0.05, P <0.01). Conclusion: STZ combined with high-fat diet can
induce cardiac aging in mice, and GNC can improve cardiac aging in diabetic mice, which may be related to the
inhibition of AMPK/mTOR pathway related protein expression.

[ Key words ] AMP-activated protein kinase ( AMPK ) /mammalian target of rapamycin ( mTOR)
pathway; diabetes; Ginseng Radix et Rhizoma, Notoginseng Radix et Rhizoma and Chuanxiong Rhizoma ( GNC)

extract; high glucose; heart aging; p53; senescence
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it Ak Y (HRP) bric th F 4 e e Bk M (Ig) G
(b BB ARAR A AL LS ZB-2301) ;
fb2% & St HRP Ji% 4 ({8 [E Millipore 2 &), it %5
WBKLS0100)
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2.3.1  iHEARIN  3E R g5 25 A), A 3 R
1 /N B BB HIL I AR 1
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AW R RIWRE O 8 T KR R OK , Z 5
53 3 Harris 55 R ALY YL 0, R P H O
B K, “HAEM U KT R TR ER IR B A, 70
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2.3.3 AL (TEM) W5/ BLC I 2H 2L il 45
MU 2.5% I E , B R ER 22 vhv i (PBS) I
VEJE R 1% SR 18 5 o 22 5 FT PR JBE K, 34 S0 B
JRELHE . B RS, VI AL60 nm K /INAY i Fr o 7 B IR
BG40 10 min, % CO, By ZE/KIEYE 3 W, IR
MGG 30 min, £ CO, BYXLZEKIEGE 3 1K, U)
h PR RGBS H T AR T W B JIE 4 21
A B A IR A I
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ERUCRFREE BN E 5, R A0 I A 2 vk ) 4 i
e SR J5 B e K 5 Z 5 TE AT H 2% T8 TR
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5% BB A FR BN /K I WAL B 2 ming 2 5 2B T
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o I BCA YLD FE LA FERE , Z R IMACS x
Loading buffer J& %] ,100 °C Z i 7 min, SDS-PAGE
HLUK B2 T 5, T 5 % AR W3 k3 54 5% BSA 2 I £f
M2 h,im—3t 4 Cal i, TBST ¥E¥% 3 W, in =¥,
FMFE 1.5 h, TBST Pk 3 K, 10 min/K . i N
2 %0t HRP W), JE47 B 6 334, Image J 14
PEAT UG 2 A, 15 A R B R A 3R A

2.4 ZEitor bt SR SPSS 20,0 H 4 X 52 56 %L
P HEAT G BT, SE B B ST & £ s Ko A [
K | One-way ANOVA 5{ LSD #: 4, L) P <0.05
hESAGIFE L

3 #R]

3.1 XPHERAE/ANRUMBE S 5 E A, IE
WA/ RUMBETC B A8, 25T AT, 5 OE R 4
P, MRS 40 | A 4 24 2 Y IR X W 3 O (P <
0.01) ;254 1 fl ok B2 v, 1E W 21 A0S AU 28 /) BRI
WEAE BE A TR, 45 45 25 41 09 100 W {1 22 18 B AR 25 9
T G, 5 IE R H R, RV b B T
(P<0.01), SHEAIZ HH, GNC K | 5 57 & 41 A
IR o A B R BE (P <0.05,P <0.01),
W1,

Table 1 Effect of GNC on glucose of diabetes mice(x +s, n=10) mmol-L !
20 5 it/ gokg ™! R T3 M s THi6 k5 TH9 MG IR B

7 4F - - - - - 5.82+1.03

% - 5.79 £0.93 6.19 £1.06 6.35+1.71 6.18 +1.36 6.18 +1.36

FEA - 25.43 £4.17" 25.79 £6.13 26. 14 £6.47 25.19 +7.58" 25.19 £7.58"

GNC 0.819 25.29 +5.05" 21.41 £6.13 21.56 £7.29 19.32 £9. 86> 19.32 £9. 86>
1.638 26.70 +4.81" 20.21 +5. 84 20.28 £7.01 18. 87 +7.20% 18.87 +7.20%

AR 0.15 26.34 £4.09" 19.32 £6.92 19.06 +5. 06 10. 41 £2.52% 10. 41 £2.52%

T SIEWAREY P<0.01; 5HEIH LY P <0.05, VP <0.01,

3.2 B PRI /N BRLC I 2H 20 BB 25 2 8 AL ) 5
Wi AR 2 /N B0 LA M HE 21 SO A R R
FEAR, 4 IR 5/, TR A IR o O LA 40 A 45

W) RV, R 15 S AR AR, IR A
N BROC B 2H U0 BUE 2522 R A AT . S IER 4L
B, B2 /) B0 2 2 b0 JULER B RS R 2L

.41 -
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Bl 1 GNCx#ERFENROHEARFRERSFHZN(HE, x300)
Fig.1 Effect of GNC on pathomorphology of cardiac tissue in
diabetic mice( HE, x 300)
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T WAL B G 5 5 10 8 A e, BRI 4 /N B i 41 40
PO WILEF 2K b CHES 2500 KRRV R IR B8 . L/
KEIEW R, WU 2 8% XU AR %5, B
W R B R . AR A, SRR i K AR 0
WA WP, O AR B L 22
AW ECEIRIE s SRR L, 45 45 25 410 E e AR 1
ARFRER ., WK 2,3,
3.4 NP DRI /IS B JUE Bl i 4 4 R TR R 1 5
M) 35 AR 2RI 5 /0N B 2 2 0 ol 4 285 4 e
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.42 .

B2 GNCHBERFMBRLONABMBRENLTHEMW
(TEM, x25 000)
Fig.2 Effect of GNC on ultrastructure changes of cardiomyocytes

diabetes mice( TEM, x 25 000)

E F

B3 GNC X HERBRNMNBR LN EBREHNILTHNEMW
(TEM, x 15 000)

Fig.3 Effect of GNC on ultrastructure changes of myocardial fibers
in diabetes( TEM, x 15 000)

AE A PO B A /DN B JUE 20 2PN AR L A8 45 A
ORI ET IR B rb A 5 5 2T 4 8] AR H A 40 4
TRWURLTLAR , 04 BB 46 €, IE I A 45 A B IR
SRR PURR , 4% 2 2 4 /0N B U Bl O N 4 9
RETT A WA 0ol i 52 HE % ol i, A 495 A6 B AT DR 3 4
Mo WK 4.
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\ ! T %2 GNC XTHER R /RO EE R ) MMP-2,p53 1 p-p53 EA &
| LT 1 8T ; BRI (25, n=5)
.‘ . Table 2 Effect of GNC on protein expressions of MMP-2, p53 and
' . } ) j\ p-p53 in cardiac tissue of diabetes mice(x s, n=5)
Ve N e -
A B L I v A o
5 #H - 0.12 0. 09 0.52 0. 16 0.92 +0.39
: . [ i - 0.22 £0. 10 0.59 £0. 13 0.98 +0.26
iR - 2.08 £0.67"  1.05+0.33%  1.38 +0.44%
c D GNC 0.819  1.67+0.317  0.56 £0.15%  1.26+0.24
1.638  1.07 £0.32Y  0.63£0.23>  1.03 +£0.25%
THOMAR 0. 15 1.13 £0.21%  0.69 £0.19%  1.04 £0. 19>
T HEHALEY P<0.05,7 P<0.01; S#AA LR P<
0.05," P<0.01(F£3 ).
E F

B4 GNCHHERFMNBROEMODESENREENZ I (Von
Kossa, x500)

Fig. 4 Effect of GNC on deposition of cardiac microvascular

calcium salt in diabetes mice ( Von Kossa, x500)

3.5 GPHE R /N R0 IE 4 40N 5 E B ) MMP-2,
p53,p-p53 XKW M 5 A A, IEE AN
B0 I ZH 21 MMP-2, pS3, p-p53 H KK+ T
W 4T 22 8 X 5 1E R 4L e, R4 MMP-2,
p-p53/p53,p53 EH LB B FE (P <0.05,P <
0.01) ; SHEALA b, GNC IG5 771 & 20 A — H XL
A O JiE 4 2L MMP-2, p-p53/p53, p53 4 1 £ ik
5 BRI (P <0.05,P <0.01) . WK 5,% 2,

w2 S ..o

p-ps3 W SR G e -

PS3 W W S D W e 53 KDa
GAPDH B Shn S N - -

A B C D E F

B 5 /MROEHR S MMP-2,p53 1 p-p53 | B KRBk
Fig.5 Electrophoresis of MMP-2,p53 and p-p53 in cardiac tissue of

53 kDa

36 kDa

mice

3.6 XHBEFRE /N BULO I 4141 ) AMPK/mTOR {3 &
WA AR A AL, TE R D RO BE
HAPKEHRIIMEASAKR, ZERILGEITFE S
TEH AL A, B AL A BLO IR 4 rp p-LKBI,
p-AMPK % 11 3 35 8 & [% {%, p-LKB1/LKBI,
p-AMPK/AMPK {f B % F& ik (P <0.05,P <0.01),
p-mTOR , p-p70S6k & 4 £ ik I & F+ &, p-mTOR/

mTOR , p-p70S6k/p70S6k i 3 15 (P <0.01) ; 54
BRI L5, GNC AL = ) et 41 A — F XUIR4H. p-LKB1/
LKBI1,p-AMPK/AMPK %5 {4 7 35 B & 7+ 75 (P <0. 05,
P <0.01),p-mTOR, p-p70S6k/p70S6k & [ 3 ik I i
FEAE (P <0.05,P <0.01), WK 6,33,
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Fig.6 Electrophoresis of AMPK/mTOR signaling pathway protein
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in cardiac tissues of mice
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#3 GNCHERBMNROHEALRHN AMPK/mTOR FSEREAREHNEM (x5, n=5)
Table 3 Effect of GNC on protein expression of AMPK/mTOR signaling pathway in cardiac tissues of diabetes mice(x s, n=5)

25 5 /g kg ! p-LKB1/LKBI1 p-AMPK/AMPK p-mTOR/mTOR p-p7086k/p70S6k
THAE - 1.18 £0. 67 1.52 £0. 34 1.02 +0.27 1.32 £0.29
EH - 1.12 £0.53 1.49 £0.23 1.12 £0.26 1.20 £0. 17

iR - 0.48 +0.07" 0.85 0. 33% 1.98 +0. 54% 2.18 +0. 64%

GNC 0.819 0.67 0. 19 1.26 £0.41% 1.16 +0. 14" 1.36 +0.24%

1.638 0.79 +0.22% 1.17 £0.23% 1.43 £0.31% 1.53 +0.38%

UK 0.15 0.72 +0. 18% 1.29 +0.35% 1.24 +0.29% 1.34 +0. 19%

i PR AZ BB 7 1 43 A B DA UG 5 8 IR O o0 I 2 JH A Ui T RS AR U BRI A 4 A 2R L L

A1) 2 99 AL 1) 0 TR it X6 44T 2E 2% 0 I AR ik
Dt kAT | R AH DG 1 e R L, H T
F LA [ K IBE IR O N 2 A5 B R 245 9175 5 1) b
PRIR O NEZ AL AL, STZ J2& M\ 55 55 B 2 B — Fb
A L) DNA F 3L A6 9y J5 R B i 200 B 1) — S0 Ak LIt
Ve —Fhbi A R br o /E B (0 i 5 A 3
R E T STZ @ S A S B E Y 2
(GLUT2) iz iR ik A JE 5 1 B 4l i, ] 42 fiff ik A B
Y Bl SR8 e DNA W 24, 386 i o ik S Ak K F-, 30
B I 2R N, e T ECRE UE Y . STZ A M AR i
MBEFS i 25 455 AR JR) 401 A, %o o0 I L JHF U 4 8 1
BRI R m B He R w H T W R
2y, CRENINEE TN, B 2B R
STZ &4 v g ) Aok 80 R o -, J2 ] & 2 2808 PR 30
YR R R R AR A 7 221 R AR SE B R ] STZ
I S K v O Rk M R AR AT OB PR s /N B I 2
AR Y il 4

K B 55 0k W0 J0E 22 Ak 09 R AiE 32 2k 0 BILIE
K20 ) S5 £ AR A 4 B P B Ak B R L0 L
411 S 45 1) E A2 35 AR / &F ik B R ZE K 0 IR 7S
FITOHE (5 M2 BRI i i B ) B 240 b
AR AR, 0 L) B £F 4k 4k (B TR ZE R AR
) AT B0 WA AE 3 0 = AT K D) RR R Lo
R K LA A T TR LR AT A
SzUE ) B HE e, TEM 454 Von Kossa 3 & W1
ZEE B /N BRC IE 2 200 R S22 A8 4k, 45 R kB
T ARG RN IE 4/ B0 LN B HES B0 A L, 41
TR 5T 2D O WILER 4 53 A A5 38 5 OB AR I 3 2
TTHES e To W 24 JC 2 WAL B4, o0 U f M 4 g
EIS), A ER VIR, P4 Z 18] 22 R A K, 7R KB
[i) 75 AR P AT 1 B IE AL/ A B R, Bl iR LI
TR 2%, A VE g R IR B %ot IR 2 5 X R 8 S 0 UL 4 i
RE I, O WILET 2 HEZ ZE L, kb 5 1 TR BE , R 4R i

.44 .

RIS R A RS SR OB, DL MU B 2 1l
AR 4 R B R 9 /N BRC JIE 2 A5 Y i A5 R B s GNC
AP v 790 2 A R ORI — A O L AR IR K L0
JUUE JRE o0 UL 2 Wi 24, 2 b AR U 225 e Ak W7 24, 0 Ik
ol 65 655 5 VT R ) AT AN [) B 3 L 42 7R GNC 1]
TR PR /0N B IR Ak, 15T 4O IR P A

MMP-2 ZE.0 L VR Y el )3z, @ B B it
P2, 2 R0 LT 2 41 B A0 35 5 1 B A0 A il o
KA FE B, MMP-2 53 2 3K Rl 3R .00 JIE 20 270 p IE
B I 1 I 4%, AR i = 3 e 5 A 1 i % AP
WA S A TE 8 9 ) BT 45 4, i J O JILEF 4k i R0
S Ak 252 5 T SR B S B S 0 U R e 30 0
FHY o p53 JF— B R A L, A S
T 3 R AN L R S 1 T B v 0 A
0, R 3 S 410 ) 200 A4 o U8 5 S 4 L DNA
P05, A2 ol 40 SR 0045 B8 A Gy B, R 0 e 5 S R
P pS3 Bl R Ak a5 R I R S DY g K 0k
Sk BEL ¥4 40 6 ) 300 R0 AR 1 R T, 4 A0 B A 2 I R,
i pS3 A MR E M Bk, p53, p-p53 AT LUfE
KRNI E R AR R . FEASHIE ST R, /N B A S
KIEEZ IR EY) MMP-2, p53, p-p53 & 1 EKIAV B
BE OANEA SR STZ A S I ME fe ik S
INEO IE AL, GNC 4 A — | XUACA v MMP-2,
p53,p-p53 [WHR 1R A BRI 4] ¥ A B 2 M T,
PR GNC XA PR 9 71 B I 1k B AT — 2 1 AR 40
EH .

ATTF O I 2 A 0 I R R AE & A R T H
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