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Abstract: Objective To investigate the inhibitory effect and mechanism of alkannin (ALK), a representative component of

Lithospermum erythrorhizon, on HL-60 cells of acute myeloid leukemia. Methods HL-60 cells in logarithmic proliferation phase
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were selected, and inhibitory rate of cell proliferation after treatment with ALK and shikonin (SK) was detected by trypan blue method;
Hoechst 33258 staining was used to observe the cell morphology; Apoptosis rate was detected by flow cytometry; Systematic
pharmacological methods was used to screen the common targets of ALK and acute myeloid leukemia (AML) and the key targets were
analyzed. The binding ability of compound with target was verified at the molecular level by an o-phthalaldehyde (OPA) fluorescence
probe and differential scanning fluorescence analysis in vitro. The protein expressions of apoptosis pathway marker cystein-asparate
protease-3 (Caspase-3), cleaved Caspase-3, B-cell lymphoma-2 (Bcl-2) and Bel-2 associated X protein (Bax) were detected by Western
blotting. Results ALK inhibited the proliferation of HL-60 cells in a dose-dependent manner. Under fluorescence microscope after
Hoechst staining, HL-60 cells treated with ALK showed apoptosis morphology, such as cell shrinkage, chromatin color deepening,
chromatin fragmentation, etc; Compared with control group, apoptosis rate induced by ALK was significantly increased (P < 0.001),
Bcl-2 protein expression was significantly decreased (P < 0.01), Bax and cleared Caspase-3 protein expressions were significantly
increased (P < 0.01, 0.001); A total of 96 common targets of ALK and AML were obtained through systematic pharmacological
screening, and the higher degree targets in protein-protein interaction (PPI) network were protein kinase B (Akt), cystein-asparate
protease-3 (CASP3), cytochrome C (CYCS), thioredoxin reductase (TXNRD), etc. Gene ontology (GO) function and Kyoto
encyclopedia of genes and genomes (KEGG) pathway analysis showed that the treatment of AML with ALK was mainly related to the
positive regulation of RNA polymerase II promoter transcription, apoptosis, and signal transduction regulation, involved molecular
functions include protein binding and oxidoreductase activity, signal pathways mainly including cancer-related signal pathways. The
results of covalent docking showed that ALK formed a covalent bond with cysteine at the active site of thioredoxin (Trx). Molecular
results showed that ALK could bind to glutathione (GSH) and Trx. Western blotting results showed that ALK could significantly down-
regulate the expressions of Trx, Akt, and p-Akt (P < 0.05, 0.001). Conclusion ALK induced apoptosis of HL-60 cells, which is
related to the inhibition of the Trx/Akt pathway.
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Fig. 1 Effects of alkannin and shikonin on proliferation of
HL-60 cells (X £s,n=3)
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Fig. 3 Effects of alkannin and shikonin on apoptosis of HL-60 cells (X + s, n =3)

3.4 [R5 HL-60 AT HAXEHFRIEN
A1)

WK 4 fror, SXTER4IEE, 0.5. 1. 2 pmol/L
Fil R 4b3 24 h 5, 4 cleaved Caspase-3 25 H &
EEE L (P<0.001); 1. 2 pmol/L il 7 AbHE
24 h J&, Bax EHFXKTFEZE LR (P<0.01.
0.001), Bel2 RIAEE T (P<0.01). FKHFT-R
TR] LUd i S e 1 A A R IA T 155 HL-60 20 A
JAT,

3.5 FRTH AML $850) PPI [(EEHDR2 K 54

B SREUI B R TR AML (R RS0 f RS 42,
23] 96 NT-RTEH AML FOVETESE S LK 5. %
ACHERE i A% 2 String B PEAS 2L AU ELAE R R
%, It Cytoscape FJRRAL K73 5 A I OCHETT A
FEH Akt. 4t E C (cytochrome ¢, CYCS).
Pt R R & 2 R B2 H g -3 ( cystein-asparate
protease-3, CASP3). it Sk & 34 J5 ¥ ( thioredoxin
reductase, TXNRD) %5 (& 6).



¢EH 2023628 B54% B4 Chinese Traditional and Herbal Drugs 2023 February Vol. 54 No. 4

=
=EN

Caspase-3 A
HHXF A

Caspase-3 | -.- | 3.5X10*

Bax| —— --| 2.1X10*

- [
B-actin | D D S D I 43X10*

X 05 1.0 20
B[+ 7/(umol - L")

cleaved
Caspase-3

|2.6><1o4

cleaved Caspase-3
BAMMREE

- 1143 -
6
1.51 Uﬂ_‘zﬂ ok
T ® 4
1.094 — = e
=
I
0.5 w2
%
0 r - : @0
X 05 1.0 2.0 M 05 1.0 2.0
B[ 7*/(umol - L") Fif - 5%/(umol - L")
407
kdkck
] g 1.5
30 X
#®
20 = 1.0
=
ddkck {E[
10- ddkck HE{ 05 sk
QU
3 3k
0- m o0
X 05 1.0 20 SR 05 1.0 20

Fif 4 7/(umol- L") Fif 4 7/(umol- L")

4 PI-RTX HL-60 ZRAATHXERRIENEM (XLs,n=3)

Fig. 4 Effect of alkannin on apoptosis-related protein expressions in HL-60 cells (X £ s, n=3)
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9 QSAR FUMMFTHERRELEN @RES, A MFTS Trx E54H 3D [E (B) 73D surface & (C)
Fig. 9 QSAR predicted sulfhydryl consumption structure of alkannin (red part, A), 3D diagram (B) and 3D surface diagram
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Fig. 10 Binding rate of alkannin with GSH
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