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Effect of aqueous extract of Anchusa italica on heart failure induced by verapamil
in zebrafish by regulating oxidative phosphorylation, glycolysis/gluconogenesis
and natriuretic peptide system

TIE Xiaolu!, HUO Shixia"-%3, LI Zhijian" %3, ZULIPIKAER Wusiman? 3, ZHANG Yun*

1. College of Pharmacy, Xinjiang Medical University, Urumgqi 830011, China

2. Uygur Medical Hospital of Xinjiang Uygur Autonomous Region, Urumgqi Xinjiang Uygur Autonomous Region 830049, China

3. Key Laboratory of Evidence-Based and Translation, Xinjiang Hospital preparation of Traditional Chinese Medicine., Urumqi
Xinjiang Uygur Autonomous Region 830049, China

4. Biology Institute, Qilu University of Technology (Shandong Academy of Sciences), Jinan 250103, China

Abstract: Objective To investigate the effect and possible mechanism of aqueous extract of Anchusa italica (AIAE) on heart failure
in zebrafish. Methods Zebrafish of AB wild type and Tg (cmlc2: EGFP) were used as research subjects. The control group, model group
(200 umol-L! verapamil hydrochloride), digoxin group (positive drug, 10 ug-mL™"), and AIAE groups (0.1, 0.5, 2.5 mg-mL"") were set
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up. After administration, the pericardial area, venous congestion area, distance between sinus venosus and bulbus arteriosus (SV-BA),
heart rate, fractional shortening (FS), left ventricular ejection fraction (LVEF), and blood flow velocity changes of zebrafish in each
group were detected. Acridine orange staining was used to observe myocardial cell apoptosis, and hematoxylin-eosin (HE) staining
was used to observe pathological changes in cardiac tissue. The content of N-terminal pro-brain natriuretic peptide (NT-proBNP) in
the natriuretic peptide system was detected by kit method. The mRNA expression levels of brain natriuretic peptide (bnp) and atrial
natriuretic peptide (anp) were detected by real-time fluorescence quantitative PCR (QRT-PCR). The related signaling pathways of AIAE
in anti-heart failure were predicted by transcriptome sequencing (RNA-seq), and the expression levels of related genes in the signaling
pathways were detected by qRT-PCR. Results Compared with the model group, the pericardial area, venous congestion area, SV-BA
distance, NT-proBNP content, bnp and anp mRNA expression levels were significantly reduced (P <0.05, 0.01, 0.001), the number of
cardiomyocyte apoptosis was reduced, the heart rate, FS, LVEF and blood flow velocity were significantly increased (P < 0.05, 0.01,
0.001), and the heart wall thickness was restored to different degrees in the AIAE groups. RNA-seq results suggested that AIAE may play
a role in regulating oxidative phosphorylation, glycolysis/gluconeogenesis and other energy metabolism-related pathways. gRT-PCR
results showed that ATAE could regulate the abnormal expression of cox6al, pckl and other genes in this pathway (P < 0.05, 0.01, 0.001).
Conclusion The AIAE plays an anti-heart failure role by regulating oxidative phosphorylation, glycolysis/gluconeogenesis and other
signaling pathways, inhibiting the activation of NP system and inhibiting cardiomyocyte apoptosis.
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Table 1 Primer sequences
FE SIMFE (5°—37)

HibE RS E L13A (rpll3a) F: TCTGGAGGACTGTAAGAGGTATGC R: AGACGCACAATCTTGAGAGCAG
bnp F: TTCAGCACCAGACCG R: AGGCTGGAAACACTCAC
R E Canp) F: TGCTGCTCCTGGTTTGGC R: GCTGTCTTCATAATCTACGGCTC
YAt zR c SULETTLEE 6AL (cox6al) F: GGTGAAAATGCAGCCAAGACC R: GAGCGTCTTGTTGCCATCAC
ZEREALE R EERZ O HE V1 (ndufvl)  F: ACGTTATCCGAGCTATCGCC R: AGTGACGAATCAAGCCCTGAA
ATPase H'%iz VO I/ #E ¢ (atpévOca)  F: CAGCCTCCTGTCGGTTTTAGT R: ACCCATCACTGCGAAGAAGG
Y 3R ¢ S LER3E 5B1 (cox5hl)  F: GAGCTGTGGTTTTGCGTCAC R: TGTGGGAATACCCCCGGA
neola F: GCTATCTGGGCAAAGGTGTCT R: CTGGCTAACCAGACCAGGTG
pkma F: GCCAGCGGCATCATCATACTC R: CCACGAGCTTTACCGACATCC
MR LRSI AL G a (gpia) F: TATCGGCTTGTCCATCGCTC R: GACTCCATGTCCCCCTGTTG
-3 BRI S (gadph) F: TCCTGAGCTCAATGGCAAGC R: GGCAGGTTTCTCAAGACGGA
R L HEA T 1a (pfkla) F: AGGTATGAACGCAGCCATCC R: CCAGCCCTTGATAACCCTCG
pkir F: TGTCAGGATGGGTGCTCGTAT R: GGACCGATGGTGCAGATGAT
aldoaa F: TTAACGTGGTCGAGGCTGAT R: CGTGAGGCATCTTGACTCAGTT
pgm2 F: AGCACTGCTTTCACAGGGAG R: TTATCTGCAAGCGCGAAGGA
LA 3a2a (aldh3a2a) F: TATCTCAGCGTTCAGCTCATT R: AACTGTGTTGAGTTTGCGCTC
R AR I PO R RV 1 (pekD) F: CCTCTGCCACTCAAGAAGCC R: CCTCCTCTTTAGCGATGCGT

2 AIAE FREIAHRERENDD &I T RMBF RN
20
Table 2 Effect of different concentrations of AIAE on

mortality and malformation rate of zebrafish

My FREBEWRE/(mgmLY)  ETIR% WEER%
of e — 0 0
AIAE 0.1 0 0

0.5 0 0
2.5 0 0
5.0 0 20
25.0 0 100
50.0 100 100

TR MBI N 0, FHI 2.5 mg'-mL' A AIAE
XTBE S 0 B K A RIS . R AR S0 ik
2.5, 0.5, 0.1 mg-mL"EALHREIRE.
3.2 AIAE shUOh=RBHS&EOEER. FREKFIMm
. SV-BA EEEHIFM
WE 1R, SxIRAAE, O i A
OB TR i kIR LTI AR B2 SV-BA I 2535 &0 25 4% hin
(P<<0.001). SHERIHAALL, HbumE4F0 AIAE 4H
O TR S B LTI AR S SV-BA. B 2535 W 2 s/

(P<<0.05. 0.01. 0.001).
3.3 AIAE SO NWEBEW D& DZE, FS. LVEF &
I AR Y 2 e
W 2 fror, SxPRAML, O s
O#F . FS. LVEF. [y fE 53 K (P<0.001);
SRR AL, B 0.5 mg-mL ' ATAE 240 F 46 b5
Ah, HAh ATAE 409003 . FS. LVEF. L% )
BEWI (P<0.05. 0.01. 0.001),
3.4 AIAE XU HZIBRS & O 4R AT RS20
WK 3 fror, SxPRAML, O3
OV T2 E RN SERAM, Hhs
2N ATAE 20 VL0 B T2 5508 BA B skl
3.5 AIAE XU HZIBNR D &0 E AP RIBRI 20
WK 4 fior, S5XBAMLL, O s A g
O I EEJE FE U] AR, SR AL, AIAE 40
Ik R JEE R B AR JEE
3.6 FISMBKFRZiH NT-proBNP 2. bnp X anp
mRNA TIETHIER
WK s fior, S5xTBAMLL, O s A g
NT-proBNP & &% EH N (P<0.001), bnp K anp
mRNA FIE/KF- 2 5 (P<0.001). 540 /)3
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Black dashed line represents pericardial area of zebrafish, red dashed line represents the area of venous congestion; *#*P < 0.001 vs control group;
*P<0.05°P<0.01 "™ P<0.001 vs model group.

1 AIAE hOBER. S#RMETR. SV-BA lEEMEM (X £s5, n=8)
Fig. 1 Effect of AIAE on pericardial area, venous congestion area, and SV-BA distance (X *s, n=38)
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A-atrium, V-ventricle; a-short axis of ventricle, b-long axis of ventricle; #*P < 0.001 vs control group; "P<0.05 P <0.01 ™ P <0.001 vs model group.

E 2 AIAE shUHFBWM D &OZE, FS. LVEF RIIFRIRENSEN (X +s, n=7)
Fig.2 Effects of AIAE on heart rate, FS, LVEF and blood flow velocity in heart failure zebrafish (X x5, n=7)
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Fig. 3 Effect of AIAE on apoptosis of heart failure zebrafish cardiomyocytes
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Fig. 4 Effect of AIAE on cardiology in heart failure zebrafish
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Fig. 6 Results of GSEA
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