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SE RN AFAESISHAER R, BT RN, b A F
AL A XA 5 NLRP3 JERE/IMATE P52 0 S RE E
P — R AR AR I, 59— T e R 1
B 00 o 2o 8 T Ak, DA R % TL-18/1L-18 1 43
W BRI LR AR A WE-NLRP3 {5 S e 25
RO BRI e A e Je , WA e — 38 Z [l B 43 F
VRN T 53 A8 SRR iR A B B

AR 2 ——X — e ELRE AR Bish ik
RAk G O WL A 5 223801 1) 908 ) 22 i 74
RTS8 a b EE EO LE A 3 CUMS
N A SR p RN ZRRE (A [ IE-NLRP3
SERIRTE LA , RGARHT RO BRI B 53T
Seht, ZFRACAR P R i R P $ A 51
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TGL-16 B0 HL (M A g8 A BRA ) |
IMS-20 il K HL (7 235 BE L 28 4 PR W), HH-
W-600 7K 5 (MM AZ 38 53 T A 25 il 1 A R 2
H]) ,GNPI160 fH i 55746 ( L LA A s ki &
ABRAF]) ,DYY-6C HLIKAL (AL S —E YR
HBRE) ,Cmax plus FEFRAY (32 E Molecular 2y
Al) AX- TN HE (i S ST R AR AR,
9000F MarkII % (fERETP EARA A ) ,CX21
W38 YR A ( H AR Olympus 23 A ) |, Nikon 1F
B YOI W55 ( H 7R Nikon 2AH]) .

3-MA ( £ [E Abmole A Fl), F NS R &R
(HY-B0468 , 5% [ MCE /A F]) ,CKMB ELISA i{
& (ELK2693 , BLREAE WA FR 2 7] ) , LDH 5
B (A020-2, N5 AE R A BRAF]) , AST
K& (C010-2-1, B st @AM A BRA R ) |, cT-
NI ELISA 7] £ ( ELK6263 , 5% I 3 3 4 21 4y

BHE AR ), KR IL-18 ELISA {5 & (3t
. ELKI1272 ) . 5-HT ELISA it # & (it =
ELK7830) .DA ELISA i #| & (#it*7: ELK7879)
(PA A &3 H E ELK Biotechnology 2 ]
$2 4t ), GAPDH (Hlt 5. ab181602 ), p62 (#it .
ab314504) .—$t NLRP3 (k5 :ab263899) (LA -3
Hi[E abcam 2 ] #2L) , Cleaved caspasel (it 5
AFA005 VTIOR3 R R Y 9E hoty ) IL-18 (415 2 sc-
12742 , 25 [H Santa A 7)) , TLR4 (#t*5;19811-1-AP) |
IL-18 (#1t5:10663-1-AP) (LA ¥l =8\ F] 4
HE)  Beclin-1(#L5: #3495) \LC3 (L5 . #12741) .p-
p6S (L5 :#3031) p-IKBa (#E5:#2859) (LA ¥y
F[E CST 2wl 4t ) | p6s (#E5-: 10745-1-AP, 5 [
PTG A7) FIER (5. 720050244 , 75 MRERE 5 /R 24
WARRAF]) .

40 H SPF %% SD K, Mt , 8 ~ 10 J&, i &
(200 £20) g, FHEDUE S84 W H AR B A R )
PRAL[ S5 ) R AT HIE S . SYXK () 2022 -
0124) ], i shscsett g b B R 2= s i S 5
TEHIZE 5L St (A4S : CMUKT2024166) .

2 FHik

2.1 ORI E F IR R AR E A
# ( chronic unpredictable mild stress, CUMS) £
BRBRERIET

VEHR 40 L SPF Zhfir: SD K B AT (200 =
20) g] , ZoENMERFR 7 d )5, R BELE 3K
HRN R 4 DS B (n =10) 25 X R 181
COAUERINA T CUMS B AR (Z GBI )
FERTHH(FHERYL) 3-MA T4l (3-MA 41)
RS OO BRZE R4 hm A 2 05 1 o, o s L 2442
Z 41 28 d B MEAS AT TR AN 3 ( chronic un-
predictable mild stress, CUMS) 7%, 1% 7 K H 7 #h
BEHLZL & 0 3 (R 1), BAR 5 B A 45 4
30 min BB FE{E 24 h 4 C¥/KIEK 10 min G
12 h Je2 5 min JE 24 h HUK 24 h 557 FOARE]
PN (S

Table 1 Stimulation methods for CUMS modeling
&1 CUMS E&EERIH T %

s A] B1K PN ERIPN 4K E RN ENN ENIDN
Hi—JH Ay vk e B TR A Rk F B ok
g S Ao T A5 Rl Je e iy ok Tk Rk
= & BT S 3] Tk J R TR kL ok A
S0 A S TR HE R A Ak ok Tk W
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SRR R)E 72 h, ot & TS g
A8 MO LB LA JF CUMS & &8R, HAk
PRAENT . G RIRV A K 4367 T T2 K R 3
B MAUG BN #EFT 2 S (RS ~6 &)
BRI 8 5 9 AR & (isoproterenol, I1SO,
5 mg-kgd™") TIES PO BRE Bl ) 2 27 S AR
FRA: J R AR v 510
2.2 h¥I4E%

25 20 525 BN ) 45 WG o T 58 S T TR it S
PG B2 R R IR 77 250 B A B AV B H 45
TEHRRA T KR E ; PEE R M 3-MA 4T
RN G, o3 ) ) IR AR 4 T A N 25 TR
B (A9 10 mL-kg '), HARZG 5 &
K 0.5 g-kg ' 3-MA 4% IR 15 mg-kg ' IE &
TES3-MAZKIE W, 7E55 1 RAGERLH] 15 min P
DTS, B H [ I (B) B 45 2 F R T 7 d,
2.3 WEKREBENESRZX

K HIROMAL B35 VAL AR FEAT Sy, BAK it
FLHG 3 BB 1) TG NI (24 h) - B8 CE PR
1% FENRIA I 2) A B 2R (24 h) P —R
BHCRNZEEK , IET 12 h PEAT RO B TR 3)
ERMR A 25K 24 h 5, B 35 S E T TR
B PR AL RERA TR S5 28 IR K4 — i, At TR OF
(KEFE0.01 @) M5E 2 h PRI FE =, TR O 47
fegR AKX (1) A,

| o WK AR
WK AR 22 = S e o+ Fe KL
100% (1)

2.4 GSEIBiFIKER LR

Joi FH Bk B Porsolt 5 38 i Uk 55 5 PFAk A AR IR
A, EEREE N BRI AR (SE 45 cm, B
30 cm) , EARE 25 cm AYTEIRZK (20 £1) T,
AR L B T /K JESER AR 5 min TEUKAT N
IR E R - B AR R 2 W 0 5B By (B
TR KT ), P9 BTE F shRIK SRR BT K
FIATAT R B8 T AU 1 A 34 ) UL 8 3 3R AT B8 4%
53T
2.5 MmMFOCAMBRGIREYESKRN

KIKZ25)5 60 min , 18 1o JE Ik 2 4l R R 42
Sl REA, MFEZ 4 C# % 30 min J5, U
6 000 x g &5 .0 JJHEAT AR 250> 10 min, 73 25 3515
MEAL 5y, >R BELISA B 6o 28 Wz BRI 22 22 it
G3HT O U A s 35 - WL WL (CK) LR
P - [5] T8 (CK-MB) LR i & (LDH) K

I 1R R A L % # il (aspartate aminotransferase
AST) BTl 15 4 7K, LA O WUILES 8 (1 1( cTal)
MR AR,
2.6 #HEZBFERMENFURENE

[R5 R A LT FEAS LR 12 000 x g 15 18 5 0
(4 C,10 min) J& , {5 AR R A 0 B0 A7 T
-80 C., KU ELISA JEAG I B S 1 22386 5 5-
Pt (5-HT) . £ EL 1% ( dopamine, DA ) , LA J 42
P T IL-18 (M,
2.7 BDALEE - REFSEEEARIEK
3 E

K R 5 T B 3 2 2 4, R R
$71% RIPA 24 2% R P2 BB R 1, & Z W]
TR (bicinchoninic acid assay ,BCA) & J& , Bt
30 pg E R PEFT SDS-PAGE Hi 7k (1R TR %1
10% 43 B e, 80 V 18 4% E1 & PVDF fiit) , fu ¥
B30 S5 A6 I 1 Wi s i 4 (LC3B  Beclin-1 ,p62) |
NLRP3 & 4iF /N A i 1% 25 11 ( NLRP3 . cleaved-
caspase-1 | IL-18 IL-18 ) | TLR4/NF-«xB =2
(TLR4 p-IkBa ,p-p65) . KM ECL L2 &t &
%4 ( Bio-Rad) {2 5 , Image Lab 6. 0 #{4-E47 JK &
HE R,
2.8 NF-«xB p65 1%\ 7% % % (i

O LSO 5 U0 R 2 — V2000 1 il et ), b
It B 5 (Fr RN % i, pH 6.0,
95 C 20 min) , 5% BSA £} P AR5 RN 5, B
F37 C1hJ5,4 CHEH NF-«B p65 —Hiid &,
AN — 415 DAPLAZ LR 23017, £ 2k T Alad-
din™ DABCO Hi ¥ K, WG R A W5 T
SISV A1 Bf 2 o7, 4% 5 LB i Image T 1. 53e kA
FE T,
2.9 HESITHW

BT 52 0 K0H % ) SPSS 26. 0 HEAT20Hr, 1t
PR LU BT £ AnifE 25 (x £ 5) R, A L
2t Shapiro-Wilk 1E & VERT 5 M Levene J7 2= 55 1%
KI5, VeI B 2 ANOVA B4 LSD ¥ (7 2%
F5) 8% Welch & 1E (7 ZA5%) , P <0.05 - B
Bt gk,

3 #R
3.1 FBERMIOOER KRR KRB
HIEA

SR Sk s WU A R 2 R B ) M K A S
FEI 23 [N FRZH A% 39. 22% (P <0.01) ,37R1g
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0. 01,Compared with the model group.

FETERi A I WE-NLRP3 S5E/IMARRIRR P 7 1Y BLL " O L 357
PER O S AR T BT . PFE R A 250 - "
WA I 3-MA 41T BUR , 5 A 88 K U Rk 0| *
Pl 2 43 AR 52 28 % BRZAL 9 61. 2% F1 72. 87%
(B P<0.01), SRR, JT3 I & 3-MA 2 SLI
Py A B dnb A WL AR R R PRk 2 (1B 1) 100 F
w 100 501
B 80f N 0 - - :
EE 60 N Bhkamé%Mhmnm%Emmwwm3_MA
B x **—P <0.01,Compared with the control group;**—P <
3
E

20+
0 Duzlll-heart mociel 3 MA
Blank control Danlou tablets

** —P <0.01, Compared with the control group;*—P <
0. 05 ,Compared with the model group.
Fig.1 Effect of Danlou tablets on the preference rate of
sugar water in the rats of '"dual — heart' model group

1 FRERXMTO"RBEA KR RIEKREFENZIT
3.2 FBERMTABEREH TR

SR IR 3K e AR 20 A R R S 9 DK R 1

A ] 50 R ZH 9 K (22892 £7.28 ) s(P <0.01) .
FYEE R Je 3-MA T T\ 35 4 66 98 30 T DK 7 1L ik 1]
A (122.55+4.19)s }(102.75 +5.84)s (¥ P <
0.01 vs BRI ) , FRWIPIEE i S 3-MA Al & XU
OB BSR AR (K 2)

Fig. 2

forced swimming test in rats of the ''dual-heart' model

Effect of Danlou tablets on immobility time in

group(x +s)
B2 AZEAIIL"ERA KRS
=M (x +5)
3.3 PAERFWL"EER KR ONBRGIREY
HIZFEIE N

523 P B AR B, AR 2 R R T O L
T 5L R AGA54RAE . AST (6.6 1% ) .CK (5.0 %) .
CK-MB (4.5 1%) .LDH(4.2 %) } cTnl (4.3 f%)
TEPEY BT (34 P <0.05) . FFEH Tl 1
WA AR XTI 1.2 ~ 1.4 5 (B P <
0.05),5 3-MA A {3 —2, #en P R B0 iL
PRI VE R AT REVS B A mE e s AR T (&1 3)

it ik 7 L B 18] B9

10°
A Ar B 40+ C 6 X
: ~ 1 "
~3F g 30t —
LE] i _ 4r #i
é 2+ g 20 ## % #4
: > 5 o
I i e I N
0 Dualhealt model 3-MA Dual-heart model 3-MA 0 Dual-heart model 3-MA
Blank control Danlou tablets Blank control  Danlou tablets Blank control Danlou tablets
D 700 . E 1000
gx L L # _ 800 | *ok
T‘.‘ 400 | é 600 -
2 # &0
= 300 | % 400 -
2 200 &
100 | 200 I
0 0
Dual-heart model 3-MA Dualhcartmodel 3_
Blank control Danlou tablets Blank control Danlou tablets

A—Activity of CK; B—Activity of CK - MB; C—Activity of LDH; D—Activity of AST; E—Content of troponin.
—P <0.01,Compared with the control group; *—P <0.05,"—P <0.01 ,Compared with the model group .

0.05,""

"—P<

Fig.3 The effect of Danlou tablets on myocardial enzyme activity and troponin content in rats with '"dual-heart' model

(x =s)

B3 AERWWL"EBEXROCHBEERNSEOREHTIM (x £5)
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3.4 FERIFTL” B K FR 0L 5 E 5 0% 5

ELISA #6720 1375 TL-18 7K TH
%(291.22 +29.56)pg-mL "' (P <0.01) ,5-HT F1 DA
We B 3 R [ ZE (99.06 £ 25.33) ng - mL™" Al
(83.03+29.97)ng-mL"" (¥ P <0.01), F}ZEHT

A 400 B 500
* ok —

300 | T 7400
AA 'é

@ 20300
20 -
=

m|200
L w

100 100

0 1 1 1 0

Dual-heart model 3-MA
Blank control Danlou tablets

Dual-heart model 3-MA
Blank control Danlou tablets

A—Contents of IL - 18; B—Contents of 5 — HT; C—Contents of 5 — HT; *"

il 3 K IL-18 & (216.751 + 36.36)pg-mL ™’
(P<0.05), A B 42 F+ 5-HT [(205.93 =
42.13)ng-mL~" ] F1 DA[ (145.9 +20.34)ng-mL "' ]
HKF-(¥) P < 0.05) , KHIPFEE Al s ph 2858 5 -
TR SAE AT 1T DIRE (& 4) .

C 400
72300
200 -

)
2
3

100 |

0

Dual-heart model
Blank control Danlou tablets

—P < 0.01, Compared with the control

3-MA

group; *—P <0.05,**—P <0. 01 ,Compared with the model group.

Fig.4 Effects of Danlou tablets on the contents of IL-18 and monoamine neurotransmitters 5-HT and DA in serum of

rats in the ""dual-heart" model group(x xs)

4 PFERIFIO"ERIA KR MFED IL-18 T8 R E LB 5-HT . DA SERIZME (x +5)

3.5 AERF“VWL"KRBESEEHEXESR
7y 0EA|

Western blot 43 i 7~ , B 41 i 5 p62 £

Tk L EEMK (P <0.01) ,Beclin-1 }2 LC3-II/T

EHRISWENRE (P <0.01), PFERM
A 12
1.0
08 "
06 "
04
3 |
0
et e o bl

Beclin-1

LC3

GAPDH

A—Protein expression of p62; B—Protein expression of Beclin —1; C—Protein expression of LC3II/LC3 1 ;*

3-MA T 5, p62 # 1 Rk AKEA B B i
Beclin-1 1 LC3 & H ik K V-2 01 B AR H 2 A
Bt L (P <0.01) , R W@ i [ mgs
PR« RO R (L S)

B 10
0.8
T 06
3
m 04
0.2 i
0 Dual-heart model 3-MA
Blank control Danlou tablets
10 **
T
08 s
S 06 A
04 -
02
0 Dual-heart model 3-MA
Blank control Danlou tablets

*—P<0.01,

Compared with the control group; *—P <0.05,**—P <0. 01 ,Compared with the model group.

Fig.5 Effects of Danlou tablets on the expression of autophagy-related proteins in the hippocampus of ''double-heart' rats
5 AERMWL"KREEABHEXEARIEZNZIG
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H

3.6 FERIWA" KR NLRP3 KAE/NEE  FFEE A S 3-MA AT Bl 3R SAE 1 A FEAR
BB IR =ML (34 P <0.01) , $&78 PFEE Fy ol 67 ) 458 H Wi

FEAYZH 5 ) NLRP3  cleaved caspase-1.1L-18 P, BELIKT NLRP3 485 /MA(E 5S-G #oh 28 40
T IL-18 FEHF B K RE (¥ P<0.01), (E6),

A RN o
& & &7

08
06 u
04 L
éb & Q\Y’/

Oy‘ﬁ Qﬁ“@?

A—Protein expression of NLRP3; B—Protein expression of Cleaved caspase 1; C—Protein expression of IL-18; D—Protein

C 12

IL-18

GAPDH

expression of IL - 18; ** —P <0. 01 ,Compared with the control group;**—P <0. 01 ,Compared with the model group.
Fig.6 Regulation mechanism of Danlou tablets on the NLRP3 inflammasome pathway in 'double-heart' rats
6 FAERIFW" KR NLRP3 SEAE/MAIE B B R H

3.7 BEREX“IL" KRB\ S TLRA/NF-kB  “ XU R 4] p65 M 14 A9 ALK F428 1 %) IR
ESHSHIREE LW BTN, A p-p65 Rk AR LA —2, F

SR IRAA G, X0 BRI R R S rf p- 27 K 3-MA Ab BRI ] LASI ] p65 17 4i iy
p65 K TLR4 WY& HKF B T, [N p-IkBa Hhfi, FiRZER W, PFEE R v] o 9% NF-«B
M KRR, PR3 B & 3-MA Ab BLAE6S 100 4% W e AR W SR S (P T)
EREARBEL, O, AR L KR

A—Blank control group; B—Dual-heart model group; C—Danlou tablets group; D—3-MA group.
Fig.7 Regulation of Danlou tablets on the TLR4/NF-xB signaling axis in the hippocampus of ''dual-heart' rats
B7 AZEAXMWL”KRiEDH TLR4/NF-«B {5 S5 SHAIEE
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R A BRI O R BAL G Y B 2 AR
2B O BB B2 LR, AT R R
P o OFR AR B BRI R, vl
SLIOT HPA fh RS eh 2 R 4, (e ik ) LAS I8 e A
B et i a3k, 3 I35 A 22 N 43 b — SR I
LRI . R EINARAE 5 4 I BB T 338G fin 0 il
I B A2 JE LA S ERAG O LA BB 118 90 i %
oA 5 AT UL, AT A R B IR < R
A TR A8 P RFRIDRG o BT 1) A A
[R]85,

SR, AL GE 0 B YR YT J7 58 F e J 014 1l £5 )&
TVESREAR , 2052 BRF 2590 B AR T4 2ot
ROERAF A, MBI F, B2y 3T B —
PR B A I bk =220 5 B 220 P TR 9
PR R I B AR R R AR N SR 5
1 S PR 7RI S I 5 ERRERRLAR [ R AR 2
Tl B o JULH L 1 5 2 A B A AL R 3 e
75 T

VERPERIRNA 22 3007 1), M R (& INE R/
HE /B AR/ N ) ik 22 50 g AF 32 30 B 2t
1E ARG A AR I R AT i R A0 48
i AR 1B B AT O A R R AR TR O
8 AR A RIS R IEA L AR A, O L
SR I ) A% O AR 22— 2 HTLEH 5 5 e e
W, B0 U 5 P B (40 AST, CK ., CK-MB
LDH) S U WU EL H 1(cTal) K& BEA M, 48
WFSE 7, P18 AT I 3 A A B A A K B
T RO WU 3 B 25 0 3 PR K OF ) B Hoi
T R S JUL A L B 235 4 i il /0 e L 75 1 400 A
T=/3KRFE, FLEE R D AL 2L 005, (AR ER
&, Tl VERO MR« SAhn i T8 b, HAKF-
FREE— AR UE T FEEE RGO WU I A A% 0 T
RUVE . A2 RO ™ B e LB i -5 B0 ARAE:
AT B« RAE — SRS P 25 398 Jo 2 A AL ] AR
HARHET O ARSCVEE DR R B, P BT TS i
5 IL-18 KV I 3 B AR, [) s B 558 5k (5-
HT) MZ EL % (DA) KT8, IL-18 1B M 4
PR 7, AT 0% T HPA Bl 30 i (5 52 2 12 AL il
PRS2 5-HT & 5 1T DA BB R Gu ) pe
1300 5 Zh ALk = R PR R G B DA OC . 1 o Xf
IL-18/5-HT/DA i [F] 2085, Fe &R I A K
Pt (R AR bR 75 ) 2 T R iR 38 9if DK L I

(] (A7 R4 SR bR ) A, X 38R HHT AR AR
ARS8 T BELIBT 46 i XoF BfLJie 28 4o 22356 o R G2 1)
i

VIS AE A it 229 BRAIL A 5 1 W O A7 B R A
S BTG AR OG . I ST R I SIS AR A K
BRI 5 DX W R S 4 2, R A AR AR
LC3-1I/LC3-1 BT &, FRRl AR 22 Tt S H T
I8 140 3 S8 T R e 2R A A S B T i 2
o I RE Z 40, B 1 T NLRP3 SAE/IMAN
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Exploration of the ''dual heart' effect mechanism of Danlou
tablets based on mitochondrial autophagy NLRP3
inflammasome pathway

GAO Tingting ,FAN Jing, YIN Shimeng, YANG Baisong "
( Department of Cardiovascular Medicine, The Air Force Hospital of Northern Theater PLA, Shenyang
110042 , China)

Abstract: Objective To explore the mechanism by which Danlou tablets improve the comorbidity of cardiovascular disease and
depression (" dual heart" disease) by regulating the mitochondrial autophagy NLRP3 inflammasome pathway. Methods Rat
model of chronic myocardial ischemia combined with chronic unpredictable mild stress ( CUMS ) was constructed and
randomly divided into blank control group, model group, Danlou tablets group (0.5 g-kg™'),and 3-MA group (autophagy
inhibitor, 15 mg - kg ™' ). Depression like behavior was evaluated through sugar water preference experiments and forced
swimming tests. ELISA was used to detect serum myocardial injury markers (CK,CK-MB,LDH,cTnl) ,neurotransmitters (5-
HT,DA) , and inflammatory factors (IL-18) levels. Western blot was used to analyze the expression of autophagy related
proteins ( LC3-II/1, Beclin-1, p62 ) and NLRP3 inflammasome pathway ( NLRP3, cleaned-caspase-1, IL-18, IL-18 ) in
hippocampal tissue. Results Danlou tablets intervention significantly ameliorated anhedonia in the model rats(61.2% increase
in sucrose preference rate) and behavioral despair (53.5% decrease in Forced swimming without moving time) , reduced
myocardial injury markers (38.6% decrease in CK-MB and 33. 8% decrease in cTnl) , while downregulating serum IL-183
levels (25.5% decrease) increasing 5-HT (107.8% ) and DA (75.7% ) levels. Research has shown that Danlou tablets
inhibit excessive autophagy activation,reduce the LC3-II/I ratio, and lowered the expression levels of NLRP3 inflammasome
pathway NLRP3 and downstream cleaved caspase-1,IL-18,and IL-18,block TLR4/NF-«B signaling transduction,and reduced
p65 nuclear translocation. Conclusion Danlou tablets can attenuate myocardial ischemic injury and depression like behavior by
regulating the mitochondrial autophagy NLRP3/NF-«B inflammatory axis. Its " dual heart" protective effect may be related to
the interaction between inhibition of neuroinflammation and monoamine neurotransmitter imbalance, providing a theoretical
basis for multi-target treatment of psychosomatic comorbidities with traditional Chinese medicine.

Key words: Danlou tablets ; chronic myocardial ischemia ;chronic mild unpredictable stress; NOD like receptor thermal protein

domain associated protein 3 ; mitochondrial autophagy



