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Inhibition of doxorubicin-induced cardiomyocyte apoptosis by a
new iridoid from the Tabebuia avellanedae
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(1. School of Pharmacy, Henan University of Chinese Medicine, Zhengzhou 450046, China; 2. Henan Engineering
Technology Research Center for Chinese Medicine Development, Zhengzhou 450046, China)

Abstract: A new iridoid was isolated from the Tabebuia avellanedae, its anti-myocardial injury activity was
determined, and its mechanisms underlying inhibition of inflammation, regulation of oxidative stress and inhibition
of apoptosis were explored. The dried inner bark of the Taubebuia avellanedae was extracted with boiling water,
separated by liquid-liquid extraction, and purified by silica gel/ODS/Sephadex LH-20 column chromatography
coupled with high-performance liquid chromatography (HPLC) to obtain avelladoid I (Avd I). The structure of Avd I
was identified by nuclear magnetic resonance spectroscopy (NMR) and high-resolution mass spectrometry (HRMS).
Cardiomyocyte injury model was established by 1 ug-mL" doxorubicin. After treatment with 1-40 pmol-L™" of Avd
I, the cell viability was evaluated by methyl thiazole tetrazolium (MTT) assay, and the lactate dehydrogenase
(LDH) was measured. The inflammatory factor levels of interleukin-6 (IL-6), interleukin-14 (IL-1f) and tumor
necrosis factor- o (TNF-a) as well as the oxidative stress levels of lactate dehydrogenase (LDH), superoxide
dismutase (SOD), malondialdehyde (MDA) and glutathione peroxidase (GSH-Px) were detected. DCFH-DA
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staining was employed to observe the level of reactive oxygen species (ROS), AnnexinV-FITC/PI double stainings

were performed to detect the apoptosis level, JC-1 single staining was used to measure the mitochondrial

membrane potential level, and the Incell-Western assay was conducted to determine the apoptosis-related protein

expression levels. The results showed that the cardiomyocyte injury was improved by 1-20 pmol-L™" of Avd 1, and

the IL-6 and IL-18 levels were decreased to near normal cell levels by 1 pmol-L" Avd I. The ROS level was

strongly reduced and the SOD level was highly increased by 1 pmol-L" Avd I. In addition, 1 pmol-L" Avd I

significantly decreased the apoptosis level, the B-cell lymphoma-2 associated X protein (Bax)/B-cell lymphoma-2

(Bcl-2) ratio and the cleaved cysteinyl aspartate specific proteinase 3 (cleaved caspase 3)/cysteinyl aspartate

specific proteinase 3 (caspase 3) ratio. Therefore, Avd I could stimulate the cardiomyocyte proliferation, reduce the

LDH level and inhibit inflammation levels through regulating the mitochondrial apoptotic pathway.
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Fhy i X 51 S A R R SR R ) 2 s A
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ALk U ), 2040 65 A IR-460, 424163 A UV-
1600 (& A i 1E fir, H A); B 30 g 5t 44 SEPA-3000
(HORIBA, Ltd., HA); ek 28 KA EKIEIRHE B 7
ST HEHL KT S R s B b B vk N 24, H A,
BT RAE (il —1E R A IR A R, 8 BE
VEbL (T WO Z AW RHEA IR 2 \); ELIE 1T 44 il 5% 7%
% (Thermo Fisher Scientific, 3% [&); NIKON ECLIPSE
TS100 58] & 2 Bt (JE JE, H A); Arium 611VF 8488 4f
JKAX (Sartorius Stedim Biotech, f [¥); Centrifuge-5810
TUBLO ML B I AE 2% (Eppendorf AG, {5 [E); AB204-
N B J5 5y 2 — K5 % 53 Ht K- (METTLER TOLEDO, ¥
Yy, AR IR P B P A (EHRIRE A A SR A RS
#]); iMark M 5 1 (Bio-Rad Laboratories, & [E); BD
FACSAria [T =0 40 M2 4% « Aria H il T F 35 (Becton,
Dickinson and Company, 3% [#); Odyssey CLx X{ 21 4}
Wt 1% & 8t (LI-COR Biosciences, 3 [H); fif: Ji8 63-
210 pm (K ARk U4k, H A); ODS 63-212 um
(Wako Pure Chemical Industries, Ltd., H 4%); Sephadex
LH-20 (Pharmacia Biotech AB, Fii §); silica gel 60 F,,
2 2 T \RP-18 F254S {# 2 JZ HT i (Merck KGaA,
8 [E); C18-AR- 1 5 um i # (Nacalai Tesque, Inc.,
H &) =& b8k 8 657 (FeCl3-k3[Fe(CN)6] =1:1) K&
1% T 7 B — R it R Y €0 371 4y S50 =5 | ;71 % DMEM
R 7R3 (IL*5 2383696, Gibeo Life Technologies, 5% [H);
i 2F 37 (fetal bovine serum, FBS, #it'5 20010502, Hi/H
VUZE55 A=) TREHE 55 BT); R - methyl thiazole tetrazo-
lium (MTT) ($1t 5 43 %l 4 1190017, 715F055, b 51 24 74
FIRME A PR A D), V5 FH #h 88 2 32t & (doxorubicin,
DOX, #t5 2112E1, IR JT R 25\ A BRA A, F A
i (resveratrol, RSV, it 5 R26J10S94040, L i Y5 4=
MIBRHEA PR 2 7)), FLE M ZE S (lactate dehydrogenase,
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LDH) 7 & (b5 A020-2, B 5% & BB W) TR 50
FIN); 41/ % -6 (interleukin-6, IL-6)+ 141 i/t & -
(interleukin-14, IL-18) it J& SR FEIK ---o (tumor necrosis
factor-a, TNF-a) 71 & (#t*5 7 %1 5 MM-0190R 1.
MM-0047R1.MM-0180R 1, IT. 75 i 4 5l 45 BR 28 7));
PE f B Annexin-V J# Tk 955 & (k5 0020694,
Becton, Dickinson and Company, 3¢ [&); DMSO. ji§ 4
% (reactive oxygen species, ROS) &l {55 £ . JC-1 2k
LA 55 H A7 3257 45 Triton (6549 0 4 1121E0316
20210915.20210914\No.1111J021, 23 E BHEA R A
a); AL DR B H K 3 (cleaved cysteinyl
aspartate specific proteinase 3, cleaved caspase 3, #t 5
96618, Cell Signaling Technology, 3% [E); ¥ It & & &
F 7K fif B 3 (cysteinyl aspartate specific proteinase 3,
caspase 3). B ik [ 40 A 7 -2 AH ¢ X & H (B-cell
lymphoma-2 associated X protein, Bax). B it I 41 fig
J&d-2 (B-cell lymphoma-2, Bel-2) (k5 43 5l 24 ab13847
ab59348. ab32503, Abcam Plc, 7% [E); f-Actin (fit 5
ACO004, B0 % W2 o AR A IR A F)); FHif =
PO E PR =0 (35 7379 9 C80911-11.C80816-10,
LI-COR Biosciences, & [); H 4857 N E 7= 8l ik 0 11
A it (3 2 K 27 2 ) 7
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K10 kg #65 (o AL B 9 B HTIB K2 3 I (BRI
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PR % BOR B, R IE O R S BR AR T R
(% 3.5 L, $2H03 K) #EAT MR AL, 159 31 1E C ke #B AL
2.3 g\ LR LG HRA 48.6 g+ IE T BEHBAL 103.7 g A/K &R
£7.190.0 g. HLZFR LHEHRAL47.0 g SRV AR, LRk IR
A A 7] EE A5 A S0 - R (1002 0—10: 1) BEAT
Ve, W AR 4515 2 4 N4 5 Fr 1~Fr4. Fr4 (4.3 g)
28 ODS HE il F HEE-/K R S8 (1:3—2:01) BTN, 9
JE 45153 5 4SBT Fr 4-1~Fr 4-5. Fr 4-2 (690.2 mg)
2 Sephadex LH-20 A3 23 DL 100% H B 55 B 3 i 43 21
10 /N7 Fr 4-2-1~Fr 4-2-10. Fr 4-2-8 (156.5 mg) &
ik JE A €38 FH AN [ Le A5 10 S0 - HH B (30:0—10:1) 34
ATV, IR 4515 2 3 A4y Fr 4-2-8-1~Fr 4-2-8-3,
Fr4-2-8-1 (9.4 mg) K H = &fiAH, LA COSMOSIL 5C18-
AR-IDEAR G T A, FH 45% AR i 3l AH 4l 46 45 3]
avelladoid I (Avd I) 1.8 mg (¢, = 52 min).

& Avd TN B PRI, VT & 4055 e E
[a]?* =33.62 (¢ 0.10, MeOH); UV (MeOH) /__ (log ¢)
258 (0.49), 194 (0.26) nm; IR v, (KBr) 3 360, 2 943,
2840,1705,1607,1512,1259,1170,1 119, 1 026, 986,
772 cm’'; HR-FAB-MS m/z 335.113 9 [M—-H] " (C,,H,,0,
TH5{E 335.113 1); "H A1 °C NMR # 45 L% 1.

MBS R S ARTE  HIc2 AR O LNk, T
FAbgh Y. 14 10% FBS [# 7 B DMEM i 5 £
TR, B = =R — IR EE IR R, O A K ) 4
JL T SE5 . 4 HOC2 20 M B2 R T 96 FLAR , 2 i 241 g
NI 4x10°, L 200 uL. FEFH24 b5, o
N4 IEH 20 (normal control group, NC) UL DMEM
o A IR AL B M, % 52 b R BT ZH (doxorubicin
group, DOX) PL% 1 pg-mL" DOX [¥] DMEM 7= #i# % 9%
VAL BN B, B2 P 4 (resveratrol group, RSV) LA
% 1 ug'mL" DOX A1 10 pmol-L™" RSV [¥] DMEM 75 ¥
B 3% W Ak P2 40 B ; avelladoid 1 41 (avelladoid 1 group,
Avd I) PL % 1 pg'mL" DOX, 1.5.10.20.40 pmol-L"
Avd 1] DMEM = b5 55 77 AL PRA0 i, 5557 24 h, R4
WE 42 AL F R s WO E LDH, B 41 % B
3N FLIEAT MTT U 2 A1 Incell-Western SZ56 .

5 HOC2 40 f #3: B T 24 FLAR, 20 41 f % B N 4
ZT2x10° 4, LI mL, AR EIANE L. B
24 hf5, pHS A EEE. Ko, AdITAS T 5
1 pg'mL"' DOX 5 1 umol-L" Avd I [f] 55 77 3£ 1% 7% 24 h,
W g E 3% WO F U %E TL-6.IL-18. TNF-a.SOD MDA .
GSH-Px 7K.

H HOc2 41 f#2 0 T 6 FLAR, #2020 i 25 15 Dy g =2
TF8x10°4~, f L3 mL. M 24 h /5, s HE 2 [F BB
HAE, 24 h GRS, F T =00 e FR bR 2e 5 .

MTTERMARIESN G AR NG, &
LI 2 10% MTT #3757 78 200 L, 4 h J5 A i
FRACKL I 490 nm AR WO BE (A4), THEAHMTE 77 . 4R
TP (%) = (A gy A yy1) X100%

40 B 2 SiE B F TL-6.\ IL-18. TNF-a B 7K 465 %
FH B BX % % W B ¥ (enzyme linked immunosorbent
assay, ELISA), #% I ELISA 12k 7 % 1t B 5 A6 0l 4 g 48
Jit (Kl IL-6\ IL-18 TNF-a [F1 7K F, F£1E 450 nm A4S I
ODH -

4 Bt 35 LDH. SOD. MDA . GSH-Px 7K 3 #& i
o WRORE mt 2 A AR W) TOFE B JC BT LDH. SOD. MDA,
GSH-Px il 77 & 5t W AT 4

DCFH-DA IREEMMZBAE ROSKFE /4457
AbFREE S, WAL, PBS Ve — i, &R EN
10 umol L' ) DCHF-DA ¥Rt T i 5 41 [ %5 FE
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T TE 1x10°4N, 37 °C 6 1% 7% 20 min, &7 5 min %%
VR ST AN MR . FH S TR B A A L UK, LAVK PBS
W EE I IR R T 1< 1034, FHIR 2R Ak 47 K
W, 1 FH Aria B T AR 332047 45 SR 47

AnnexinV-FITC/PI BUEREMMAHBDATIKE 7
MR ARG, WEARRE IR LIS, 14/ PBS ¥Ed 4
Ml —l, ISP E R, FEFLINA 0.25% i H il
200 pL FEAT AL, {3 WS 2% 1B VE 4K, 1000 r-min™
B0 S min AEAN I . PBS Pk — 3, f# H 1xbinding
buffer Vi 5 41 f 2% B B2 T+ 1x10°A4S, B HL 100 L 41
M FE 2 5 mL i 40 4, I\ AnnexinV-FITC/
PIBFG = IR B 15 min. £E8 NN 400 pL 1xbinding
buffer, 1 h P58 FH i 24 M A A7 R0 M, 458 Aria H fix
TAE AT S5 R W7

JC-1 IR AR MMM LR KRB ALK FE &
MG R G, WEMM. PBS ¥k —lE, H
1xAssay Buffer #i B JC-1 R &1 H & i |& W E AN
10 pg-mL", &8 FEAS FII 500 pL JC-1 8%F TAEWL,
37 °C it Y £ 7% 15 min. FE A ff Fl 1xassay buffer ¥
WK, E F 1xassay buffer 5 41 B ik & N & = F+
1x10° AN, 5 0 =40 B AN 3k A7 Rr ), {6 Y Aria FEL i T
VESE AT 45 R HT

Incell-Western AN 4APATHXER oS4
AR S, 3 B, BALINN 150 pL 10% H %,
R [ 5E 20 mine &FALAIIA 150 puL 0.1% Triton-x-100
SEIRVESR, Vel S IR, B S min. BEFLINN 150 L
P, = dE A 1.5 he HALHRE, BN 50 pL—
PR BEW (1:200), Bt 4T caspase 3. cleaved caspase 3+
Bax.Bcl-2.p-actin—$1 4 °CF H il % . #3147 PBST
Yok, Ve 5 IR, B 5 min. &FLIIA 50 uL —PiHE R
W (1:500), EiRPEIRMFE 1 ho 3% PBST ik 4 1%,
PBS ¥ i 1 WK, B S mino. 5€ &M BRI T, 3E47 XL
&N % R 4t (Odyssey CLx, 3£ [H) 700 nm 5
800 nm XL id & & M 5 43 #r, 4% A Image Studio T4k 4K
4 (Odyssey CLx, 32 H) #7485 R 70 H7 .

G F oM AT SLIR AR Y AT £ bRk 2
(X £ 5) o, Z 5 Ml i SPSS26.0 e i+ 1 Ab #, %
FRR R T E0H, P<005REERFHEEN, P<
0.01 R 2 A M B 21 .

HR
1 Avd IRZEHERE

& Avd T8 5 6 IR Wk, 3 T &0
HRFABMS m/z 335.113 9 [M-H]™ (it 514 335.113 1,
C.H,,0,), g Hr1:UE C,H,, 0, AAMEIREIRFTE

F2 5L (3360 cm™) AL (1 705 cm™) 2EH. '"H NMR
i SR A AABB R 4805 B A5 T [6, 7.96 (2H, d,
J=8.6) fil, 6.91 (2H, d, J = 8.6)], ~MHEAILA(E 5
0,,3.85 (s), &5 & HMQC i n b & W ik A7 75 — N E A
W H IS E S [6,3.96 (d,9.6) 15 3.87 (d,9.6)], ~ A1
FILE(E 5 [0,2.76 (m) 5 2.04 (m)] A1 [5,1.99 (m) 5
1.63 (m)], =i &k H B A A 5 [6,5.60 (d, 5.5),
5.50 (m) A15.27 (m)], —~ MR HEE(E T [6,2.64 (dd,
5.5,10.3) 12.54 (dd, 5.8, 13.1)]. "C NMR (¥ 1) 45 &
HMQC & M 5L 2] 17 M5 5, B3 1D BE RS 5
(6.165.9), 6 75 FF i Wk A5 5 (6.163.6, 131.7, 131.7,
122.1, 113.7, 113.7), 9 MR Wi % AE 5 (6.98.7, 90.2,
86.1,78.0, 77.1, 52.5, 43.6, 38.7 F128.0) F1 1 /> H 45 %
W5 5 (6.55.5), 45 & B 1 # HMBC {5 5 fl'H-'H
COSY 15 5, 5 3CHRPX} Lk, & Bl 5 catalpin triacetate
K AR — B, HENAL A9 Avd TN I Bk s 2R 4k &
Y. A2 ALTET catalpin triacetate fJ C-3.C-8 F1 C-4'
PR ORI, 10 Avd T AN & 2Bk 345 5, I C-
3 F1 C-8 {7 2 BLHUAR; 4k, HMBC 3 iR 6, 3.85 (H-
4'-OCH3) 5 5.163.6 (C-4") i FEH KRR, TR KA
) C-4'fr A — M HAEEEI . 6B Avd T AH XS 4
HY3# 1 NOE 1 # %€, NOE 1 i 7k H-5 5 H-9 5 NOE #H
%, 3£ H H-5.H-6 55 H-10a = # 8] ELA# 45 NOE #15¢, it
4h, H-1 5 H-3 A NOE 5%, H H-1 5 H-108 NOE #
R, e T AN SE AR RN P 1 TR o BRI A E 1
& W N 2a,6-dihydroxyoctahydro-2H-4, 5-dioxacyclo-
penta[cd]inden-1-yl 4-methoxycyclohexa-1, 3-diene-1-
carboxylate, fiv 4% 4 avelladoid I (Avd I). H'H NMR
F1°C NMR %4 W3 1, 2 HMBC, 'H-"H COSY .NOE
FHRAE S WA 1.

< == > NOE

—— HMBC e 'H.'H COSY

Figure 1 The structure of avelladoid I (Avd I) and the key
HMBC, 'H-'H COSY and NOE corrections of Avd 1. A: Structure
of Avd I; B: Key HMBC and 'H-'H COSY corrections of Avd I; C:
Key NOE corrections of Avd I
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Table 1 'H NMR (600 MHz) and "C NMR (150 MHz) spectro-
scopic data for Avd I (6 in ppm, in CDCl,)

No. o, (mult, J in Hz) O
5.60 (d, 5.5) 98.7
3 5.50 (m) 90.2
4a 1.63 (m) 28.0
4p 1.99 (m)
5 2.54 (dd, 5.8, 13.1) 43.6
5.27 (m) 78.0
Ta 2.04 (m) 38.7
B 2.76 (m)
8 86.1
9 2.64 (dd, 5.5, 10.3) 52.5
10a 3.96 (d, 9.6) 77.1
105 3.87(d, 9.6)
I 122.1
2! 7.96 (d, 8.9) 131.7
3 6.91(d, 8.9) 113.7
4 163.6
5’ 6.91(d, 8.9) 113.7
6’ 7.96 (d, 8.9) 131.7
7 165.9
4'-OCH, 3.85(s) 55.5

2 Avd I %t DOX i 5 89 HO9c2 /0 Bl 40 B 48 BB 5E 11
LDH 7K 3 & % 5iE B F 7K F B 520

5 NCHH b, DOX ZH 40 ffvif /3 ¥ 3 F#AIK (P < 0.01),
LDH J% % iE R 17K &2 & (P < 0.01 B¢ P < 0.05),
ERER AR EE, 1~20 pmol-L™ Avd 148 40 3% /1 8 3%
e (P <0.01) (Y [FIBS, A7 4 f B3 LDH /K1 &3
FEAK (P < 0.01 5, P < 0.05). &M RORE N1~
20 pmol L, AW H NG &, ¥JLL1 pmol- L' Avd 1
AT IS . S, 1 pmol- L Avd 1 7] &

A 150+
5
B
g
s w O gy
S 100 s
3
4 ok
=
:,:.; 50
-
iG]
o]
0 1 T T T T T T T
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Eis &0
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0 0
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F EAKIL-6 (P < 0.05) AIL-18 (P < 0.01) /K £ ik
IEH AR, &R WK 2,
3 Avd I ¥ DOX i 5 #9 H9c2 /1 Bl 4 f2 ROS 7K 3
SOD.MDA .GSH-Px 7k £ H £

5 NCH A LL, DOX 4 41 i ROS 7KV # 2 3& Ft &
(P < 0.01), SOD /K *F (P < 0.01) fil GSH-Px /K *F (P <
0.05) H B 2 FEAK; 5 DOX AL, 1 pmol-L™" Avd I
A A R4 A B DOX 5 5 ¥ 48 il 9 ¥ ROS 7K°F (P <
0.05), & 2 $2 & 41 fg *F SOD /K °F (P < 0.01), 45 %
L 3.
4 Avd I3 DOXESHI Hc2 (AN HAEE T- 7k F ANk
(AR PE ALK SE RS20

5 NCH b, DOX 40 41 g I8 77 AR & 2 T+ &
(P <0.01), H 20 B 2 R0 4 158 H A7 7K 1 B Sk 25 1% B AIC
(P<0.01); 5 DOX 4L L, 1 umol-L™" Avd T 7] #% & 2
R AR HOc2 Ur L AT B 1 3 T2 /K °F (P < 0.01), 5 T+ &
HOc2 /U LA i P 1 2R A JE Fi 57 7K SF- Fr) e 3, HLE
EWER, SR NE 4.
5 Avd I X} DOXE A0 HOc2 1 4R BB &kl (A B T 18
B B 200

5 NC 21 Ee %, DOX 4 48 7K ~F 1% ¥ 3 7t 15 H9c2
o JUL 200 0 P ) 0 T2 3 2% 5 £ 25 1 Bax/Bcl-2 5 cleaved
caspase 3/caspase 3 [FJ L% (P < 0.01). 5 DOX AL,
1 umol-L" Avd I 7] ¥ Bax/Bcl-2 LA J cleaved caspase 3/
caspase 3 [ Hb R BEAK B 500 1 /KF (P < 0.01), 45
W5,
6 Avd IFVEYE BIREHEN

Avd V)& T 4- 2 FE IR IGBERE AT A2, EnT Rk H

B 150+

#
.- sk
-_'] 100
B #
= wo#
= o
. |l |l| m ﬂ
C 1 1 T T 1 1 T T
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Figure 2 Effect of Avd I on cell viability, lactate dehydrogenase (LDH) and inflammatory factor levels in doxorubicin (DOX)-induced

HO9c2 cardiomyocytes. A: Cell viability was determined by methyl thiazole tetrazolium (MTT) method; B-E: The levels of LDH, interleukin-6

(IL-6), interleukin-1/ (IL-1f) and tumor necrosis factor-a (TNF-a) in cellular supernatants. n = 3, X 5. P < 0.05, "P < 0.01 vs NC group;

*P<0.05,"P<0.01 vs DOX group. NC: Normal control group; DOX: Doxorubicin group; RSV: Resveratrol group
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Figure 3 Effects of Avd I on DOX-induced antioxidant effects in H9c2 cardiomyocytes. A: Flow cytometry detection of reactive oxygen
species (ROS); B: Quantitative analysis of ROS level based on the flow cytometry images; C—E: The levels of superoxide dismutase (SOD),
malondialdehyde (MDA) and glutathione peroxidase (GSH-Px) in the cell supernatants. n =3, ¥ £ s. P < 0.05, "P < 0.01 vs NC group; "P <
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Figure 4 Effect of Avd I on apoptosis and mitochondrial membrane potential levels in DOX-induced H9¢c2 cardiomyocytes. A: Flow
cytometry detection of apoptosis; B: Quantitative analysis of apoptosis level based on the flow cytometry images; C: Flow cytometry detection
of mitochondrial membrane potential (MMP); D: Quantitative analysis of MMP level based on the flow cytometry images. n=3,x+s. P <

0.01 vs NC group; “P < 0.01 vs DOX group
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Figure 5 Effect of Avd I on key protein expression levels of the mitochondrial apoptotic pathway in DOX-induced H9¢2 cardiomyocytes.

A: The protein expression of Bax, Bcl-2, cleaved caspase 3 and caspase 3 were measured by incell-Western analysis, with f-actin as the

loading control; B: Bax/Bcl-2 ratio; C: Cleaved caspase 3/caspase 3 ratio. n = 3, X £ 5.

P <0.01 vs NC group; P < 0.01 vs DOX group.

Bax: B-cell lymphoma-2 associated X protein; Bcl-2: B-cell lymphoma-2; Cleaved caspase 3: Cleaved cysteinyl aspartate specific proteinase 3;

Caspase 3: Cysteinyl aspartate specific proteinase 3
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