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Ginseng adventitious root ameliorates myocardial ischemic injury by regulating
NLRP3 inflammasome pathway
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Abstract: Objective To investigate the effect and mechanism of ginseng adventitious root on myocardial ischemia (MI)-induced
myocardial apoptosis and cardiac fibrosis. Methods High-performance liquid chromatography and inductively coupled plasma mass
spectrometry were performed to detect the primary constituents of ginseng adventitious root. An MI model was established by
subcutaneously injecting isoproterenol to male C57BL/6 mice. Electrocardiographs were used for the diagnosis of MI; Hematoxylin-
eosin staining and Masson staining were used to evaluate the pathological changes; ELISA was used to detect the levels of inflammatory
factors in serum; qRT-PCR and Western blotting were used to detect the expressions of apoptosis, fibrosis, nucleotide-binding
oligomerization domain-like receptor pyrin domain containing 3 (NLRP3) inflammasome and nuclear factor-kB (NF-xB) related
factors in cardiac tissues. Results Ginseng adventitious root markedly alleviated the pathological changes of myocardial morphology
caused by MI, reduced the area of myocardial fibrosis, improved ST segment elevation and suppressed excessive inflammation.
Furthermore, ginseng adventitious root significantly inhibited the expressions of transforming growth factor-p1 (TGF-B1), NF-xB and
NLRP3 inflammasome pathway related proteins (P < 0.05, 0.01, 0.001). Conclusion Ginseng adventitious root may ameliorate MI-
induced injury partly by inhibiting the activation of TGF-B1, NF-kB pathway and NLRP3 inflammasome. Ginseng adventitious root
has the potential to alleviate myocardial ischemic injury.
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JULEH L 9 T AT LET A A A S et T S8 RE S o LR I
J U JULA A ) SR BRI, SORE S Co JULBR I 5| RS 437
i) EERERE R U2 590N K-1p
(interleukin-1B, IL-1B)+ IL-18 F#% A F-«B (nuclear
factor-kB, NF-kB) %5 44 K12 51 A O H T 4
HEANE BT R ILET 4 3 AL 14 (Rt $RER T
R U T AE YT Lo VLR I %) B 2L SR

LI TR, SO 7 KB E T EE ER
PE RS TR — KR IR S & TR A G5 M i pE
%Ak & H 3 (nucleotide-binding oligomerization
domain-like receptor pyrin domain containing 3,
NLRP3) R AR5 A R L JLE 2R 160,
NLRP3 RAENMER—FARNZEAEEY, |
NLRP3. T AHKPE £ 5 (apoptosis-associated
speck-like protein, ASC, fLfF—> Caspase HI
FHGF A RO TR R A& 2R 3 H /K e g-1 1
& (pro-cysteine-requiring aspartate protease-1, pro-
Caspase-1) ZH /U7 U L4049 23 2 33 98 R i sy DRI 5
NF-«B 130, Mg NLRP3 . pro-IL-18 1 pro-
IL-18 [{J7K P81, NLRP3 % P /MA{E i pro-Caspase-
1 ¥4k N Caspase-1 cut, #RJ5 pro-IL-1B il pro-IL-18
I3 AEAL R A IL-1B A1 IL-181), IL-1B8 Al IL-

18 BT I A AR . AT, dIPRETS. 4R
AR A R A A A K F-B1 - (transforming
growth factor-B1, TGF-B1) ¥, K JAERMCLIR
120210, B S4B S AN s MO UL R I 5 5
(RCo LA R AR LT 4R AL IR s e S A F B

1 #H

1.1 =

40 A SPF 2tk C57BL/6 /MR, 8 JEWE, 145
& 20~22 g, WEPUNES SR,
YFAMIES SCXK (i) 2019-0002, & H%iE% 5
20220429Abzz0100018945. Eh¥iaF: TR (22+
1D C. MXHERE (55+£5) %S, shifpseis
UM R 22 B Ae 322 2 e (LS 2018-045).
1.2 7h%

NS M oK 5 e A e A R A 74
fit, SN SR ER RS N UNEHE NS
Panax ginseng C. A. Mey. IANERR . IXLEAERUK H
WX ATEF AR NSO, 53724 NS 20 434n i,
R e it — BT MASAEN,  SEIR B R
BAAERMAIRHL, HAMRIEA AR 2R,
BARE A, IREEFEANSAERIITEAZR.
1.3 #m5iRH

R AE IR T--0. (tumor necrosis factor-o, TNF-
o). IL-6. IL-1p. IL-18 ELISA iX#& ('S5 A
EMC102a.96.EMC004.96.EMC001b.96 . EMC011.96)
W E BRI A ] s BCA R AR e k7 & (it
5 E162-01) W BT IR A B A 7 5
FA'E EIEZ Gisoproterenol, 1SO, b5 15627). —
i CEPLRD AlexaFluor 700 (L5 A-21036). T
CGEHi) Alexa Fluor 800 (Hit'5 A32735) WHEH
Sigma A#]; TRIzol k7 (5 DP424) MH LR K
RADFEARGIRAT; RiEsAHE Gt K1691)
T H = EFEE KA A ; SYBR Green Mix (#it*5
RR820A) 4 [ H A Takara /A 7]; B kB2 41 fiusf-2 (B-
cell lymphoma-2, Bel-2) $itff (#k5 3498). Bel-2 #H
xR X HEH (Bcl-2associated X protein, Bax) ik (it
5 2772). Caspase-3 Ptk (Hb'5 9665). ALK
HAESEH (thioredoxin interacting protein, TXNIP) #i
& (5 14715). Caspase-1 Fiifk (b5 24232). IL-
1B fifk (L5 12242). Caspase-1 cut Ptk (L=
89332). IL-18 fiifhk (k5 57058). NF-«B Hufk (it
5 8242). p-NF«B #ifk (L5 3033). %K T«B
#IA T Cinhibitor of NF-kB, IxkB) Fifk (L5 9242).
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p-IkB itk G5 9246) I H3EE CST A#); NLRP3
Pk (iS5 BA3677) W H EBUE L8R Y) THEATR
il TRRJR (collogen-I, Col-D Fiifk (it 14695-
1-AP) W H B =S AEVHAREGIRAR; 1T BRI
(collogen-11I, Col-IID #Hifk (4it5 ab184993). TGF-
Bl bk (L5 ab215715) MY HFEE Abcam A]; H
T -3- W R I S ( glyceraldehyde-3-phosphate
dehydrogenase, GAPDH) #if& (#t'5 BK7021D) [ H
BN FERVEVRHAABR A .
1.4 Y5

1260 B /5 ZCBUAH t il 23 B A (36 E e iR R
ATFD; ICAP-Q F I HLIEFL & 56 B T4 i sk A
5119670DP #! % Tjjfe i #7{X . NanoDrop 2000 %Y/
TR AZ R A 11 52 41X . A37834 7 Mini Amp PCR 1.
QuantStudio3 SEI 721 & PCR R4 (L EFEER
RAFD; BX3 B B4 (H A BME A ); ETH-
256 RO E M (3EE iWorx A F]D; NU-C200R-E
BRI 250l (3EE NUAIRE A #]); Licor Odyssey
CLX-0657 B AL AMEOE UG 240 (35 LI-COR
/yi]); Power Pac TM HC 043BR71015 % 85 (4 HLyk
HEIRS (£ Bio-Rad 2]
2 Fk
2.1 ASTERERIGIE

BANSA AT, 1T 80 B, MASA
TEMFI R 100, F 70% 0% 2 L IS 2 h, 3E,
IR . BRI 70% 20 2L, FIAIRE 2h. &
2 I, HTRAGH/IASACHRIERY) .
22 ABTERPASEFIEHNES

KA HPLC Bl NS A ER TR FEANS B
& . Sepax Bio-Cs taitif: (300 mmX4.6 mm, 5
um), FEENFNHEE (A) -B4iK (B), BAEEVLM:
0~12min, 52%A; 12~14min, 52%~57%A; 14~
17 min, 57%~65%A; 17~62 min, 65% A; 62~
65 min, 65%~100%A; 65~83 min, 100%A; 83~
85 min, 100%~52% A. #&FViE 0.5 mL/min; #F
B35 °C; #HFEE S uL.
2.3 iCAP-Q RIIHEMBEFEFHBILSUNEA
SRERWTRESER

ASAERBIMS TR, 7] iCAP-
Q R HLBRE &S B TS SR A S A g i
MICERE &
2.4 HPIEERHIE. HEMGZ

40 A C57BL/6 /NS5 ynt REZH L 455704 26 1

ASAERME. SFIE (500, 1000mg/kg) 4. %
Y25 ig MR ZGW, STRRAABIRIA ig XWAK, 1
Wid, ES28 do 245 27, 28 K, FRXTHRL A,
HARKHNRIES: 2 d &6 24 h sc 1 K 1SO (100
mg/kg), LA O WL I s X AR ZH /N B se A2 B3R K.
INBRAE T IRIEST ISO 48 h J&,  JBRIEEAT I 425256
2.5 LR EREN

HIVES ISO 48 h J5, HH 2% =R LBEREE/)N
B o O L RO T R 2 o /D BB IR N S B T
frE, AR ELOEOEE,
2.6 IDAEELARIBZF TN

PRI /N SR BRI o0 25 03, 72 vK L3
BUNRCOBERTE BE, CORFHZ. B ERR E R R I
S, TR R O SUE 4%% B RS 2
24h, RJEHAEEIE, PR 4um WY R, ol
1T Masson FIFHAR KL (HE) Jett, DUELOME
LR YA LA o 3 FH OG5 B S WL 5 s B AR AL,
i Tmage-Pro Plus BuA& 5 AF 0 B - 440 X 358
2.7 ELISA MEMES IL-1p. IL-6+ IL-18 1 TNF-a
K

{5 FH ELTS A 3 71) 500 7 2% 26 /0> BRIV H TL- 1B
IL-6. IL-18 il TNF-a /KT
2.8  Western blotting I E/DE2HR X ERFRIX

H PBS R BERSH DR LE, HES 1%
A 1) 70RO R A ) R ) RIPA 2R 2% pPiR
AT ZE, 4 °C. 13 500 r/min #0> 30 min, 11
BCA & HW e A S e E i T Es. HE
FERE 8%~ 15% | e BTt - 58 DA 04 Tk e vt s
Hiyk, ¥ % PVDF i, =ik NH %4 MiEAEA
PHWrERE LSS 2 h J5, 230N Bel-2 ik,
Bax $iff. Caspase-3 Hif&. TXNIP $ifA. Caspase-
1 $itfk. IL-1p Uik, Caspase-1 cut HifAk. IL-18 $i
. Col-IIPLfk. NF-«xB Hifk. p-NF-«xB Hifk. kB
Pufk. p-IkB Fifk. NLRP3 $if&. Col-Ififk. TGF-
B1 ILiAFI GAPDH ifk, 4 CHE LR ; HAHNK
P PR L 1 h, 585 Odyssey % 24t
WEZ 2% K A -
2.9 qRT-PCRNEDLAFALHEXERRIA

o HR ) B U B P AR 2 /N BRI AL 2 A
RNA J& R cDNA, #17 qRT-PCR 7341, Col-I.
Col-Ill . TGF-B1 . %: i 4 J& 55 H B 2 (matrix
metallopeptidase , MMP2 ). MMP9 . # % & H
(fibronectin, Fn) 5I¥IFHI WL 1.
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Table 1 Primer sequences Table 2 Contents of ginsenoside in ginseng adventitious
S S| (5°-3) roots
Col-1 F: TAAGGGTCCCCAATGGTGAGA J et B ¥/ (mg g )
R: GGGTCCCTCGACTCCTACAT Re; 1.09
Col-I11 F: CAATGGCACGGCTGTGTGCG Rg 0' 40
R: CACTCGCCCTCCCGTCTTTGG 82 ’
MMP2 F: AACGGTCGGGAATACAGCAG Re 3.30
R: TGGTAAACAAGGCTTCATGGG Rbi 4.72
MMP9 F: TGGTAAACAAGGCTTCATGGG Re 0.86
R: TGGTAAACAAGGCTTCATGGG Rb: 10.69
TGF-p1 F: CCACCTGCAAGACCATCGAC Rd 0.96

R: CTGGCGAGCCTTAGTTTGGAC

Fn F: ATGTGGACCCCTCCTGATAGT
R: GCCCAGTGATTTCAGCAAAGG
F: AAGAAGGTGGTGAAGCAGGC
R: TCCACCACCCTGTTGCTGTA
210 BitFESH

ffiH SPSS 22.0 BAFRATSG M, 45 HR LA
X SN, Z AN HTR A BB T 20 k.
3 #R
31 ABFERTHMASEEESE

mE 2 i, ASAERPFER T IASE
# Rgi~ Rgaw Re. Rbi. Re. Ry FIRd. ABAE
RH Rgi+ Rev Rby Fl Rb, (& &R, H Rgi+
Re MR E KT 03%, Rby MR ESECKT
0.2%. I (PHEZGH) 2020 FERIE, NS
Rgi+Re I E /S HAMKT 0.3%, Rby &4
MET 02%, RHASAERPTASBESENE
(P EZ ) 2020 FERGTE o
32 ABTERPHWEERLRZSE

KH iCAP-Q A1 B A 55 2 1M it S
ENSAERTD 74 FooEEE, R3FHTE
BOLRNEE, Hd Na. Mg. P. K. Ca. Mn. Fe.

GAPDH

K3 ASTERFTHNEETESE
Table 3 Contents of major elements in ginseng

adventitious roots

TR FiESE/(ug g™
Na 121.358 7
Mg 37.993 9
P 32.3254
K 2 558.894 8
Ca 242312
Mn 2.562 7
Zn 5.958 8
As 0.029 1
Hg ARK

Ni Al Zn (& 5 - As 1 Hg & & BT Oh
[ 24 80 ) 2020 SRR BRE &5 & .
33 ASRNERIOAER M/ OBERNS BE 5 8
ZppA

W 4 fior, SRHIRALERE, BRI RO
JRE. B E. OUERENE TR B T
(P<0.01. 0.001); SR LE, NSAREREH]
BN R OISR RO B e S B B
ik (P<<0.05.0.01). 5 2H/NR AR SIS T R 22 5% .

®4 ASTERIDOMGRMNROBER S BEFEHEIFNE (X£s,n=10)

Table 4 Effect of ginseng adventitious roots on cardiac and renal indexes in mice with myocardial ischemia (X + s, n = 10)

2H 53 FE/(mg-kg ™) /g OIS /g o IEFE AR &g [=iE{E
xof — 24474165  103.10£10.00  4.21+0.21 283.60+23.17 11.61+0.78
iRt — 2284+1.76  116.10£7.91"  5.10£0.40"*  333.20%30.69" 14.60+0.88"*
ASAER 500 2284+1.44  113.50+5.38 4.99+0.39 317.50%20.01 13.95+1.20

1 000 2371+130  106.30+8.38* 4.49+0.32# 317.80+£26.19 13.404+0.77*
HXHRA LS “P<0.01 P<0.001; SHAALLLE: *P<0.05 *P<0.01.
“P<0.01 "P<0.001 vs control group; *P<0.05 *P <0.01 vs model group.
3.4 ASAERIFOALUERIL/ R OB E R R0 NN

P 1 P, R TRAE /N BRSO L T SR IR
BRI /NG ST BRI, 2R BTN LLSR I .
SERALE, ASAERFEMELNR ST B

35 AL ERITOANERI RO BER AR E N
W 2-A Fizr, HE Gyt iR B4l /N B O
WEZE A IE S, AR TR ZH /N BRUU) HE O LT 4 HE 51 AN R
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El1 ASAERIOAERM )R L E B0

Fig. 1 Effect of ginseng adventitious roots on electrocardiogram in mice with myocardial ischemia
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p<0.001; SEEMAHE: *P<0.05 #P<0.01 ##P<<0.001,

500 1000
ASAER (mg-kg™)

A-F O AL HE Jet (X200); B~D-%20F4141 Bel-2. Bax fll Caspase-3 cut 2 [A3EIE (n=4);
TR,

}\’Qri1ﬁ 500 mg kg!

ASAER 1000 mg-kg™!
e e

19><104

3.7X10*

3.7X10* GAPDH
ZL:I_'_ij
1

XHEE A 500 1000
NS ARER/(mg-kg™)

x4 *P<<0.05

Caspase-3 cut/
GAPDH

1000

“P<0.01

A-HE staining of cardiac tissue in each group (x 200); B—D-expressions of Bcl-2, Bax and Caspase-3 cut proteins in cardiac tissues of each group (n =

4);"P<0.05 “P<0.01

**P<0.001 vs control group; P <0.05 *#P<0.01

##P <0.001 vs model group, same as below figures.

B2 ASRERIDOALERMD RO AR HI R0

Fig. 2 Effect of ginseng adventitious roots on cardiac injury in mice with myocardial ischemia

. TR AR DA K R A IR, NS A ER
FIE AN U B AR B B s . Wl 2-B~

D fin, SxtHRAE, OIS GIETE
SHEH Bel-2 B7KF 2 FRIK (P<0.05), MM T
{558 H Bax fl Caspase-3 cut KV EHm (P<
0.05); SEAALK, ASAEREAEL Bel-2
FHARIEAKFEETE (P<0.05), Caspase-3 cut 25
5K 3 G (P<<0.05), ABAEREH
w20 Bax B ARIL/KFREFIK (P<0.05. 0.01).

3.6 ASTERITOALER MR REAE R BB S0
o LSRR I 5| A 0 LA 45 5 L7 A o UL R 98 i
AP T R . i 3 s, SR,
REARYLH /N R LIS T IL-18 IL-6. IL-18 Fl TNF-a 7K
PR TR (P<0.01); SEMALLE, ASAE
&L IL-1B. IL-18 Al TNF-a 7K B & B#A%
(P<<0.05. 0.01), ASAEREAEH IL-6 /KT
E K (P<0.001). K ASAEREEH BIRE O

JULAGR I /] Bt R I S B o
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3 ASTERIOAUEM N R IE R LR T A FHEM (X+s,n=4)
Fig. 3 Effect of ginseng adventitious roots on levels of inflammatory factors in serum of mice with myocardial ischemia
(Xts,n=4)

37 ASAERIHOHUERM N ORRAHE LIS Col-1II. TGF-BI. Fn If) mRNA Fik/KF (P<0.05.

il 4-A FizR, Masson Jeti 5 LRI, S5 0.01, 0.001), =iflE K ASA E MR E BRI O ILE
YLLLEL, AERYZE /N RO IR £ A0 TR S 35 3 o, I/ RO EH 2 MMP2. MMP9 1f] mRNA ik /K
MASASER AT LRI/ RO AELF R P (P<<0.05. 0.01). 1K 4-H. 1R, &FEK
o K 4-B~G P, SHAEMASAEREE  ASAEREZ BGOSR RO EH L+ Col-
BEARGCo UL /N BRC IE PR EF AL IR T Col-I. 1. Col-IIT 2R 3R IAKF (P<<0.05. 0.01).
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S <
% i) 30 ﬂzd 5@ 15 é b
g ﬁ 2 E¥ 8 ﬁ
E 0 S Hit Q
TE IE ;5 wi S E
o= o SES
0 0 1
X HAL 500 1000 X MR 500 1000 X AL 500 1000
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E F G i
dokk
5 1l Z < 1 40
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X 4 X Z X 304
g ~
® — K c K #it
= = 4
S 4 o R 4 s =
IE B w = E 10 Hit
0 &~ 04
PR BERL 500 1000 X AR 500 1000 SR A 500 1000
ASAER(mgkg ™) ABAER (mgkg™) ABAER (mg-kg™)
25

o 25 » -
[a] # A 5
= =
: 2 :
= = woo#
< 5
© 5
O 0
SRR RS 500 1000 iR A 500 1000
ASAER/(mgkg™") ASAER/(mgkg™")

A-F O EA L Masson Jeff, (X200); B~G-FHOMFH L Col-I. Col-lII. MMP2. MMP9. TGF-f1 Fl Fn [f) mRNA Rik (n=4); H. -%
YLOHFAZ Col-1 Al Col-I A FRIE (n=3~4),
A-Masson staining of cardiac tissue in each group (x 200); B—G-expressions of Col-1, Col-1II, MMP2, MMP9, TGF-S1 and Fn mRNA in cardiac tissues

of each group (n = 4); H, I-expressions of Col-I and Col-III proteins in cardiac tissues of each group (n =3—4).

El 4 ASRERIDOALERM RO AR LT 4L B RN

Fig. 4 Effect of ginseng adventitious roots on cardiac fibrosis of mice with myocardial ischemia
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38 ASFERINCAERM /N OATZELR TGF-p1
#0 NF-xB @ HEXERRIENEN
TGF-B1 1 NF-xB 3 B 78 0o UL SR 1L 15 & 100
SYh RIEEEEEH . N THEASAERZ
é@ﬁ? i TGF-B1 F1 NF-«B 8 % Rk 42 0o UL SR 11
S5, K Western blotting Il 5& 7 o IiEZH 21
14: TGF-B1. p-NF-«kB 1 p-IxB & /K. WK 5
7, 550 R A LU, SRS ZH /N B JIE 42X TGF-B1
p-NF-xB #l p-IkB & HRBKFHREFmE (P<

0.05. 0.01); GBI, ASAEREHEL
p-NF-xB HEARIENKFRBEFHHFIL (P<0.01), A3
ANEMEFEL TGF-B1. p-IkB & AFRE KT BE
B (P<<0.05). RWIASAEMREL T TGF-B1
FNF-xB 18 6 SR8 Co LR I /)N BRI Co I 21 44k
3.9 ASTERINOAERMI/ R OBEZEZ NLRP3
RAE/NMABERHE X EARIZRIFN

WK 6 frzr, SxHHRAIEE:, BN RO
ZHZ{ NLRP3. TXNIP. Caspase-1. Caspase-1 cut.

NE-cB [— - w— ] o510t pIkB - 0 10°
B e [ R s o R 11 1
GAPDH |s— s s | 7 < 10" GAPDH|"~-.|3~7X1°
z 2.5 . o 25 25
° *
g 20 % 20 g 20 .
o 15 # £ 1s S 15 #
= 1.0 g 1o e £ 1.0
S 05 Z 05 =05
o
0 0 0
X AL 500 1000 X AR 500 1000 S BIR 500 1000

ASAER/(mg-kg™)
&5

ANZRER(mg-kg™)

ABAEMR (mg-kg™)

ASTERILCA SR I /N CBELAZE TGF-p1 F1 NF-kB BEIHAEOARILNEN (Xts,n=4)
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