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[(HZE] BRI REBEER O J7 % MKR /IS BUBE PRI O U 88 i A 36 25 L 109 205 AV I BORH DG LR 3 0 ) R X it
% 1 Ak 25 O (AMPK) /XS HE 25 1 O1(FoxO1)/ [ 48 Jif 73 A 4 it 36 7% (CD36) {5 5 38 % K Mg B U AR iR Ve T . ik« i
B8 J i MKR HEPE /N B 50 K, o I AnDRE M 3% 4 F J5 37 LUBE IR 4 08 35 (STZ) M8 i v 39 3 G e 25 5 M ek W 55 g A R s 00 UL
95 (DCM) AR, Bl HL 23 Ry BT 21, 7 VA W 67 0 7 (66 o 5 F 21 (14.43 .28.86 g-kg™!) , - HIXUAN41(0.25 g-kg") . R Ak FVB
FUE N IE R Ao 25 4140 50 45 > TR AR ARUAE 3k K R T e 35 1) 4 U o W 6 00 1 T 8 2 247, 4 81 A0 4% 41/ B2 1 1l % (FBG)
Kot T Be , JRR B HIR 3Kk I it o 00 2 e B 28 (FINS) (I B /K, 95 R 25 -F 21 (HE) 22 8 W 880 LA ZUB 2 AL O e 8 W 5% 0
JE B SR D0 RR B 5 S2 I 98l E i BB A B4 X S (Real-time PCR) A& I .0 ILZH 21 AMPK \FoxO1.CD36 mRNA 7 ik ; & H %72 Bl
5 1% (Western blot) k5 Il AMPK i #2 1t (p)-AMPK .FoxO1.p-FoxO1.CD36 & [ Y A /K V. SR 525 4 i, B4 /)N
FUFBG .FINS /K- 2 3 T 5 (P<0.01) s H il =R (TG) & JH [ B (TC) K% FE A 45 (A IH [ B2 (LDL-C ) K - 7F i (P<0.01) 5.0
T RE 5 1M1 53 % (EF ) B K 4 4 73 B (FS) M . 2 R B (P<0.01) s HE 4 €8 1] JL.Cx ILZH 20 AL A0 M P A FIE R A0 mL ) B 344 5 5 il £ O
G ] 0L/ RO LA 2032 20 B T AR DX, O AT 00 4/ AR T 2R 4E s AMPK 19 mRNA 3£ 35 % 8 F# 4K, FoxO1.CD36 ) mRNA &
Ik L E TS (P<0.01) 5.0 IL4H 2 p-AMPK/AMPK 35 8] i F# I, p-FoxO1/FoxO1 & CD36 & [ A K F W E & (P<0.01) ., 5
BRI L, 25 25 41 FBG 1 3 BEIL (P<0.01) , FINS . 1M fif 7K *F- (TG . TC .LDL-C) ¥ Bl] . F [% (P<0.05, P<0.01) , . ) BB 4F- 5%
(P<0.05, P<0.01) ;.0 WLZH 2095 B 25 KR TR U0 B B0 BH 2 20 3% ; AMPK mRNA 335 & 53 8 3% 7+ /& (P<0.01) ,FoxO1.,CD36
mRNA 3k & % F i (P<0.01) ;7 B0 L4121 p-AMPK/AMPK Z& 11 2 35 7K F 2 1 &8 7} 7 (P<0.05) , p-FoxO1/FoxO1 ) / &
FH TP (P<0.01),CD36 & [1 5K V3 T (P<0.05,P<0.01) . £5i% : 22 HBEAHEF 0 Jr XF MKR /b R 2 B DCM G JIE L A7 fR 4
YERD, AL 7T BE 5845 AMPK/FoxO1/CD36 15 5l I AH ¢ .

[RR] AHREREE 0T MR IR, MKR/NER ;I BRI A2 330 (AMPK) /X S HE 4 5 O1(FoxO1)/H 4
3 AT 36 7 (CD36) 15 51 %
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Zuogui Jiangtang Shuxin Prescription Ameliorates Lipid Deposition in Diabetic
Cardiomyopathy of MKR Mice by Regulating AMPK/FoxO1/CD36 Signaling Pathway
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[Abstract] Objective: To investigate the ameliorative effects and related mechanisms of the Zuogui Jiangtang Shuxin

prescription (ZJSP) on glucose and lipid metabolism disorders in MKR mice with diabetic cardiomyopathy (DCM ), with a focus
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on elucidating its regulatory role on the adenosine monophosphate-activated protein kinase (AMPK )/forkhead box protein Ol
(FoxO1)/cluster of differentiation 36 (CD36) signaling pathway and lipid deposition. Methods: Fifty 8-week-old male MKR mice
were fed a high-fat diet for four weeks and then intraperitoneally injected with streptozotocin (STZ) while maintaining a high-fat
diet to establish a DCM model. The mice were randomly divided into the model group, the low-dose(14.43 g-kg"')and high-dose
(28.86 g-kg') ZISP groups, and the metformin group (0.25 g-kg"'), with age-matched FVB mice as a normal control group. Each
group received intragastric administration of normal saline or corresponding concentrations of ZJSP at equal volumes. After four
weeks, fasting blood glucose (FBG) and cardiac function were measured. Blood was collected from the eyeballs under anesthesia
to detect fasting insulin (FINS) and blood lipid levels. Myocardial tissue morphology was observed by hematoxylin-eosin (HE)
staining, and lipid deposition in the heart was assessed using oil red O staining. Real-time quantitative polymerase chain reaction
(Real-time PCR) was used to measure the mRNA expression levels of AMPK, FoxO1, and CD36 in myocardial tissues. Western
blot was employed to detect the protein expression levels of AMPK, p-AMPK, FoxO1, p-FoxO1, and CD36. Results: Compared
with the control group, the model group showed significantly increased levels of FBG and FINS (P<0.01) , elevated levels of
triglycerides (TG) , total cholesterol (TC) , and low-density lipoprotein cholesterol (LDL-C) (P<0.01) , and significantly
decreased left ventricular ejection fraction (EF) and fractional shortening (FS) values (P<0.01). HE staining revealed marked
cardiomyocyte hypertrophy, disarray, and widened intercellular spaces in myocardial tissues. Oil Red O staining showed extensive
red deposition areas and fine lipid droplet accumulation in the myocardial tissue. AMPK mRNA expression was decreased, while
FoxO1 and CD36 mRNA expressions were significantly increased (P<0.01). The p-AMPK/AMPK protein expression ratio in
myocardial tissues was significantly reduced, while the p-FoxO1/FoxO1 protein expression ratio and CD36 protein expression
levels were significantly increased (P<0.01). Compared with the model group, all treatment groups exhibited significantly reduced
FBG (P<0.01), decreased FINS and blood lipid levels (TG, TC, LDL-C) (P<0.05, P<0.01), improved cardiac function (P<
0.05) , noticeable amelioration of myocardial histopathological morphology and lipid deposition, increased AMPK mRNA
expression (P<0.01), with significantly downregulated FoxO1 and CD36 mRNA expressions (P<0.01), elevated p-AMPK/AMPK
protein expression levels in myocardial tissue (P<0.05) , significantly decreased p-FoxO1/FoxO1 ratios (P<0.01) , and
downregulated CD36 protein expression levels (P<0.05, P<0.01). Conclusion: ZJSP exerts a protective effect on the heart in type
2 DCM of MKR mice, and its mechanism may be associated with the regulation of the AMPK/FoxO1/CD36 signaling pathway.
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activated protein kinase (AMPK)/forkhead box protein O1 (FoxO1)/cluster of differentiation 36 (CD36) signaling pathway
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BE e S5 sh 4 b RAIE Sh A i Aok KB R
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B JE = B 2l 18 B 2 51 s At o f8 B R AL e S
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R A BRA R, AR LS NG22051302)9 g
B () A ] e 250k R A R A 7 T it
5 HH22052405)18 g B AR (Wl g = 0] Ml Hp 251K R
RS F] L = s R L 415 CK22052402) 12 g % & (i
[T T O S S /A= N Rl 1L I | 1 A2
HQ22042901)12 g A= #u 3% (W pg — WA h 251K 7 A FR
N MR L S HH22053001) 15 g % % (H R
U ST Qe < /A= I Rl 1V B B 1 =2
CK22050904)6 g L& (zz M i P fE 25 A PR v
PR 2R S 2204190032)9 g0 ASHIF ST P A
o 2GR R T R B 2R AR — e B B b 24
Br, It R AR HAR Y E . WA ITEWT
ORI 8 %5 i ZE K B S L AT A 0.5 h, AR IE
245 TN 6 175 H A8 K, 4R SR AE 0.5 h, & IF 2 IR B
BTS2, 1 UE S B TR R KV v 4 i R
HWE N2 gmL (AR, 2 KEEE
T4 cCURFE NARAE 25 o 3R R — W XUNK Fr « FLA%
0.5 gx20 J, 3¢ [ ifg it 5% 52 ) 25 47 BR 23 A, [ 24
¥ H20023370.
1.4 A5 HAR-PFaOHE)REaRAH &R
FKFERARAT 525 G1120) ;32T O YL o] &
(VLI GER AR A BR A )L 585 G1261) 5 Bk A
W % (STZ, 35 [ Sigma /A 7], 1855 S0130) ; H il =ik
(TG) . B A [E EE(TC) AR B2 B £ 1 )AL [5 B (LDL-
C) i & (ra mt g 2 9 TR E 2 o, 4k 5 4000 Ky
A110-1-1 A111-1-1 A113-1-1) ; 25 I8 &% & (FINS)
WA & (R WA A R A A, S CSB-
E05071) ; AMPK . # & 1k (p) -AMPK . FoxOl. p-
FoxO1.CD36 8-l 3 & 1 (B-actin) B i F ALY
fitt (HRP) - 111 3 Ht e 5 9 3K 42 1 G (IgG) (H+L) (i
DU P28 s AR W BB A BRAA ] L 54300 2 A7339
AP1345 A2934 AP0892 ,A19016 . AC038.AS014);
YL RNA $ B £ 30 5 5 3R A Wi X
Ji (RT-PCR) Easy™ | 5 i} ¢ ;52 5 PCR (Real-time
PCR) EasyTM-SYBR Green [ ( il #B 4 br £k 4 £ A
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(ZG-H) A FEREE O TR B4 (ZG-L) . 5%
8 H[Al % FVB /N BUVE R 1E 7 41 .
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X HEFT K TC . TG .LDL-C, ELISA izt 7 £ #6: il 23
JiE g &% 2 (FINS) .

243 HE WL OYLfs  HUMJE 8O WEFR BT i, 6
O NEA ZUE T 4% 2 B B R W e, 24 1
WS Y R HE M2 O 4 (o, F W il F W4 i,
2.4.4 Real-time PCR £ Il .0» WL 41 41 AMPK.,
FoxO1.CD36 iy mRNA ik  RNA £ : QHGE
) AL SUH AR S VR R K 4l BRI 5 Sk A
cDNA, fit # PCR J2 i {& % , #£ 1T Real-time PCR £
W SN 54 : 95 °C T AE 1 30 s; PCR ) : 95 °CAF
£ 5 5,60 °Cil J/ZE i 30 s(HIG FR 40 ¥) 51 9 )7 51 WL
LT REERZEYHAME L0 (NCBD Ei#E
H i 5 51, 32 JH primer5 8433519, th 2B T
A TR 1) e A IR A R A s 1 ] .

x1 sl9F7
Table 1 Primer sequences
519 JPHI(5"-3") K JE /bp
AMPK 1# CACTGGATGCACTCAACACAAC 122

T i TCACTACCTTCCATTCAAAGTCC

FoxOl  Liif TTTCGTCCTCGAACCAGCTC 119
T i TACACCAGGGAATGCACGTC

CD36 i CAAAACCCAGATGACGTGGC 130
Fif TTCCTCGGGGTCCTGAGTTAT

B-actin [ }if CCACCATGTACCCAGGCATT 146

T if CAGCTCAGTAACAGTCCGCC

2.4.5 i H P B B (Western blot) & .0 JILZH
41 AMPK .p-AMPK .FoxO1 .p-FoxO1.CD36 % 4 %
KK BTEGL IEZH 21 0.025 g, B vk 1574 Wi 2 46 2%
IR (PBS) Pk 4140, in A S 6 9% DT 3€ 5 (RIPA ) 24
ffe W WFEE ZH 208 . VK b 2% 10 min J5 2500 (4 °C,
12 000 r-min”, 15 min) , #& B2 H A, & H & # %
(BCA) i€ &, & WL uk 5% M AL 22 )5, n A
AMPK ,p-AMPK .CD36 ,FoxO1(1:1 000),p-FoxO1
(1:500),B-actin(1:10 000) — 7 4 °C i W7 7 , Uk
5, BT (1:10 000)37 °CHFE 1 h, ¥ 5k fb 2% & ek
(ECL)Ab 2 KOG W i 52 iUAR , Image T X %45 JK B2
T 7 RS g R R VE DO e v g

2.5 GiitefJgrE R SPSS 25.0 # 44 4k BAS 5 1
SCHECHE TR x £ s TR, ZREAR TR
T IE A M M Ty 2 5 1 W)k R B DRV T 22 0 i,
e /N 35 25 5 1k (LSD) A 56 0F 47 2 18] HL 5% 5 AN i
JE 5 25 75 0E 2K ] Dunnett-T3 656 ; A5 2 1F 25 PE 0,
FHAES AL, P<0.05 %R EREHHFE L,

3 #R

3. Z2 T BREBEEF O J7 6 25 41 /N BR 2SI I W 1 5 )
AR A 250, 5 OE R 4L e, 45 AR 4L /N RS

1 7K P 2 3 TR R (P<0.01) , 2% 38 15 41 22 1)

MAEKF-2F XSG ¥#E L. 4y TH4fE, 5

RERVZH 85, ZG-H . ZG-L 41/ BU2S 16 1004 3 F %

(P<0.01), W2,

F2 APEKBESFOANEHENREEMENZNE (X+s,n=8)
Table 2 Effect of Zuogui Jiangtang Shuxin prescription (ZJSP)

on fasting blood glucose in each group of mice (¥+s,7=8) mmol-L"'

415 Flit /g kg 2Tl d 25 4 8 )R
ERA 4.83+1.03 4.90+0.94
70 2] 15.99+1.41%  16.11£1.75%
7ZG-H#4l 28.86 16.01+1.43% 9.86+1.21>
ZG-L 4 14.43 16.03£1.50  12.21+1.67>Y
Met 21 0.25 15.93£1.29  9.33+1.24>%

TF 5 0F % A8 P<0.05, 7 P<0.01; 5 B8 41 L 47 P<0.05,
YPp<0.01(F£3-F 7))

3.2 ZEVAREMEES O T X 45 41N B FINS 7K SF- 1 52 1

5OE W 41 bR, B R 4] FINS UK OF B % T i
(P<0.01); 5B 20 L1 48, FH 25 40 FINS 7K °F- 34 1 &
TR (P<0.05,P<0.01), JH 25 2H 41 0] b 35 22 = o gt it

F3 AFMESTOH X EHNRFINS KEH I (X+s,n=8)
Table 3 Effect of ZJSP on FINS in each group of mice (x+s,n=8)

25 51 Fl 4t /g kg FINS/mU-L"
A 33.99+0.95
TR 4] 41.74+2.84%
ZG-H# 28.86 36.96+1.34"
ZG-L 4] 14.43 37.29+2.58%
Met2H 0.25 38.99+2.90%

3.3 ZEHBEREER O T A4 /NR TG TC .LDL-C /K
RS 5 IE R 2 A B2 TG . TC .LDL-C /K
F 5 25 Tt = (P<0.01) s 5B L5, ZG-H . ZG-L
20 TG .TC .LDL-C 7K *F- B 8. 'F B (P<0.05, P<0.01) ,
Met 41 TG . TC /K F- Bl & T [ (P<0.05, P<0.01) , A
ZG-HAMRE MW E . k4,

3.4 A7 U BB EF O R 25 2/ B0 ST I 43 4R
(EF) 58 % s B0 (FS) M52 259 T ¥ 4 J8 J5 17
0 B B PEAG N R T g EF 5 FS, 45 SR R,
5IE# 4 g, AN BREF {6 & FS A 1 3 F %
(P<0.01) ; 5B A4 5, ZG-H . ZG-L 2 1 Met 21
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x4 EEBEBEFOLFITEZHMR TG.TC.LDL-C /K F § & I
(x £ 5,n=8)

Table 4 Effect of ZJSP on TG, TC,LDL-C in each group of mice

(X+s,n=8) mmol-L"
an Ft/gkg! TG TC LDL-C
IEH 4 1.39+0.11 3.72+0.32 1.38+0.18
BRI 24 2.03+0.15”  5.98+0.32>  1.830.15%
ZG-H#4 28.86 1.45+0.16"  4.86£0.42%  1.53+0.18"
ZG-L# 14.43 1.70£0.27Y  5.16+0.57%  1.55+0.15%
Met 4 0.25 1.82£0.16°  4.56+0.59"  1.75£0.25

i) EF i A1 FS A B & F+ & (P<0.05, P<0.01) . WL
F5.KE 1,

3.5 ZEVAREREET O R A5 AN RO AL BUB & 52
U T S AN W ST R S o e I R

x5 EAPEKBESFOANEHNREFSFSH#IE (x+s,7=8)
Table 5 Effect of ZJSP on EF, FS in each group of mice (x+s,

n=8) %
21 5] il /g ke EF FS
ERA 85.69+0.98 48.86+1.12
H A 25 55.18+11.322  24.66+6.37%
ZG-H4 28.86 77.64+6.13"  40.67+5.53"
ZG-L 4 14.43 71.51+7.68% 35.57+5.94%
Met 4 0.25 78.68+6.13" 41.61+5.19%

Fy R4 5 55 0 2 PR BT 2 /N B UL A AT
A A B R AL L 28 1 40 3R 90 O 1 2 i A AR 1, T
WLEE 3 o WA 2% 5 SR B A HO A, 4% T 24 21/
SO LA B AE R CHICLAR 2 L 2 VE 4 i 3 1 A AN [
PR Al . DL 2.

WA IEH 4B, B4 ;C. ZG-H4 ;D. ZG-L4 ;E. Met 4 (¥ 2-[K 4 7))

1 EVAREHEET O 77 39 & R B A 0 3 B 89 72 0E

Fig. 1 Effect of ZJSP on echocardiogram in each group of mice

B2 ZABRESOHNEHEMNROCNARRESHME (HE,*200)

Fig.2 Effect of ZJSP on myocardial tissue morphology in each group of mice (HE, x200)

3.6 e VABRMEET O O X 45 4N BROC LA ZUSs Bt
B 24 O e @ m , & 4L/ BUD L4 4L
R BB e 2 (0, i Rl 0. 4R
7N, 5 IEH 2 P, AR A /) RO LA M AT L) 2
ZL A PLAR X S, JF T D020 /N IR T SR AR 5 SR A L

B, 254 /N B O LA M 20 (2 0 B O [ A
Wl B T R A B SR D R e VA R T 0 O
F A K~ B UIRIA YT 4L 4 O %5 {0 . 3 08 55 , %
B 22 U5 A 7 O B — FOBUIIXS o0 LR J5 T AR
MCEER . WLIE 3,

.

B3 ZREEFOANZENROINARERTRE LI GHZ0,%200)
Fig.3 Effect of ZJSP on lipid deposition in myocardial tissue in each group of mice (oil red O, x200)

3.7 ZEVAREBEET O X 4% 41/ B AMPK  FoxO1 .

CD36 mRNA EiLkfIm  S5IEH 4 i, B4

AMPK mRNA # ik & & & ik (P<0.01) , FoxO1,
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(P<0.01), W36,

F6 APAMEESFLOANEHNR AMPK . Fox01,.CD36 mRNA &
ERI N (X£s5,n=8)
Table 6 Effect of ZJSP on AMPK, FoxO1, CD36 mRNA in each

group of mice (x+s,n=8)

417 i /g-kg'  AMPK FoxO1 CD36
% 4 1.07+0.10  0.98+0.31 1.13+0.20
AR 2] 0.47+0.06>  2.17+0.29%  2.54+0.32%
ZG-H 41 28.86 0.99+0.14Y  1.20+0.13%  1.85+0.09"
ZG-L 4 14.43 0.75+0.14%Y  1.17+0.24%  1.68+0.44"
Met 41 0.25 0.94+0.10Y  1.00+£0.20Y  1.65+0.42%

3.8 FE T FEMEET O 7 X 4% 4H /N BL p-AMPK/AMPK |
p-FoxO1/FoxO1.CD36 & [ AHXF Rk fsEm  5iE
B2 A IR /N B0 WLZE 21 p-AMPK/AMPK 5=
ik i F FEAK (P<0.01) ,p-FoxO1/FoxO1 M CD36 % ik
KPR 2 TR (P<0.01) ; SRR L #5, # FH 25 41/
RO LA 21 p-AMPK/AMPK 6 3k 0 14 W] & FH 55 (P<
0.05,P<0.01),p-FoxO1/FoxO1.CD36 % 4 3 ik 7K F
B i R RF#(P<0.05,P<0.01), WK 4. %7,

x7 EVFAKEEEFOCHNEHNR p-AMPK/AMPK, p-FoxO1/
FoxO1.CD36 & B 183 RIZHI M (3+s,n=8)

Table 7 Effect of ZJSP on relative expression levels of AMPK,
p-AMPK,FoxO1,p-FoxO1,CD36 in each group of mice (x+s,n=8)

a3 7l p-AMPK p-FoxO1 CD36
/g kg /AMPK /FoxOl1 /B-actin
IEHE A 1.11£0.12 0.54+0.06 0.21+0.04
R 0.33+0.05%  1.60+0.24>  1.04+0.04%
ZG-H#H 28.86 1.00£0.11  0.73+0.08"  0.64+0.12"
ZG-L 4] 1443 0.85+0.05"  0.84+0.42"  0.88+0.14"
Met 41 025  2.45+0.82"  0.81£0.20Y  0.66+0.07"

. =
oo |

A B C D E
4 HBHEMNF AMPK,p-AMPK,FoxO1,p-FoxO1,CD36 & H %
KK
Fig. 4 Electrophoresis of AMPK, p-AMPK, FoxOl1, p-FoxOl1,

CD36 protein expression in each group of mice
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REREAR M > . NSy EEEM RS NS B
Rg, Al FAK TG S LDL /KF, 46 /N i 48 N BE B | Bl 3%
O F A5 12 BT 20 R i35 O E BF S0 = FS
O T RE , FLRB DL AL B 5 A Hh ok v T
) b #8522 W AT AR LA L IN'S B i B 7K SF , ok 35 4 2
BT 5 3 BT S B R /N BE O A TR M
AT B O LSS A8 B0 WLET 2 Ak, 38 o AL 45 77
G0 S o DL R R A2 A B AT O O T R
IMRE PR T A AL IR A RE B L A 0 AL 44
P12, AT Bl i DCM .

AW 5T 1 #37 DCM /N FRUBL AL IR A R3] h
245 52 5 J2 VA BB T 0 5 B03E DCM Y AR AL, LA
19 3% 7 7E I IR 57 35 DCM H 1 13 1 48 43t 52 56 4
it o WFST B, DCM B 2 B hy B () 155 i 95 10 75 e
5 e AN 2, AR AT B T B SR . AR B ST E
ST, 245 A B ET 0 7 T 4 FR S AN AL AT IR DCM
N LG 25 8 I B A FINS 7K F | i AE ik 3% Ho0 2
B8, #2220 = EF M A% FS, [ HE 2 225 53 1
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B, 32 ERRAE A O UL 40 B B R 08 5 5 51 R 1 i T 45
B Z2 FE FRUCAR . 22 IR R VU AT 5] & B8 #4k ,
B DCM 35 B & A3 R ik 1 3 2R R 22—,
25800 WU A LG D) BEAS 2777, i #E DCM IR
2 PEJEFE B, AMPK/FoxO1/CD36 {5 5 i 4 2 54 4
P AE . AMPK J& —F % 0 e IR Z (5 5
T L ERBPRETT G AL BE S 5 R 2R
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B L AMPK 1) 38006 mT ek st HLAA R i 3K
AMPK 75 0] 8 75 A B0 L 40 i 2 K R o
FE2 . FoxO1 ¥ K 4 ifd i i A i 1 17 258 %, 2 =
FOBE R BRI IR EN R E X EEMN N
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41 FoxO1 7 78 13 B & 15 , FoxO1 iy 1 Ji 375 4k nf [
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£ 4 H b FoxO1 1 Bl 2k 7E FLAR IR W v i 1
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