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Effect of lupeol-3-pyridine quaternary ammonium salt on breast cancer MCF-7
in vitro and in vivo
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Abstract: Objective To study the effect and mechanism of a quaternary ammonium salt derivative of lupeol pyridine on breast cancer
in vitro and in vivo. Methods The target compound was obtained by esterification, acylation and salt forming reactions. The water
solubility of lupeol and lupeol-3-pyridine quaternary ammonium salt were determined by ultraviolet spectrophotometry at 305 nm.
Breast cancer MCF-7 cells were treated with lupeol and lupeol-3-pyridine quaternary ammonium salt (0, 1.25, 2.5, 5, 10, 20, 40 umol/L)
for 24, 48, 72 h, and the cell proliferation inhibition ability was measured by MTT assay. MCF-7 cells were treated with 7, 14, and 28

kS HHER: 2024-08-13

ESWB: BRILEUE TR S SRR 7B E  (2020-KYYWF-0024)

&R REE, B, WEuds, WA RRZGBIMREA . E-mail: zyx99813@163.com

HBIEEE: ML, 5, WL, BIEEE, W RN RSB . E-mail: buming@gmu.edu.cn
£, L, B, PR, BT RORA LM . E-mail: wangming_qy@163.com



<2730 FEIOFF1UH 2024FE N1 H AR &GwHA  Drugs & Clinic Vol. 39 No. 11 November 2024

umol/L lupeol and lupeol-3-pyridine quaternary ammonium salt for 48 h, and the apoptosis was detected by flow cytometry (AnnexinV-
FITC/PI method). The mitochondrial membrane potential was detected by JC-1 staining, and the reactive oxygen species (ROS) level
was detected by DCFH-DA staining. At the same time, apoptosis, mitochondrial membrane potential changes and ROS levels were
observed under confocal laser microscopy. Western blotting was used to detect the expression of proteins related to mitochondrial
apoptosis pathway in MCF-7 cells. The tumor bearing model of 4T1 mice was established, and the control group and lupinol-3-pyridine
quaternary ammonium salt (20 and 40 mg/kg) groups were set up to compare with the control group, and the anti-breast cancer activity
of lupinol-3-pyridine quaternary ammonium salt in vivo was observed. Results Lupeol-3-pyridine quaternary ammonium salt
derivative was synthesized and the structure was confirmed by 'H-NMR, ¥*C-NMR and HR-ESI-MS. UV spectrophotometry showed
that the water solubility of lupeol-3-pyridine quaternary ammonium salt was significantly higher than that of lupeol. MTT assay showed
that lupeol-3-pyridine quaternary ammonium salt had a significant inhibitory effect on breast cancer MCF-7 cells (P < 0.01, 0.001),
and the inhibition rate was concentration-time dependent. Flow cytometry and laser confocal microscopy showed that lupeol-3-pyridine
quaternary ammonium salt could effectively induce cell apoptosis, significantly decrease mitochondrial membrane potential, and
significantly increase the level of reactive oxygen species. Lupeol-3-pyridine quaternary ammonium salt could significantly up-regulate
the expression of Bax, Cyt C, Bax, cleaved Caspase-9, and cleaved Caspase-7 proteins, and down-regulate the expression of Bcl-2
protein (P < 0.01, 0.001). Lupeol-3-pyridine quaternary ammonium salt significantly inhibited tumor growth in vivo without causing
obvious toxicity. Conclusion The water solubility of Lupeol-3-pyridine quaternary ammonium salt significantly increased, and
improved the anti-breast cancer activity in vivo and in vitro. The study has expanded the new idea of anticancer research of lupeol.

Key words: lupeol; quaternary ammonium salt derivative; solubility; breast cancer; mitochondrial; Bcl-2; Cyt C
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Fig. 1 Synthetic route of lupeol-3-pyridine quaternary ammonium salt
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13.5,13.1; HR-MS m/z: 575.457 7 [M—I]*.
22 WEYRAEENE

SR FH B A 93 o e BV s o) s & T RO O e
i -3- ML ZRA 3h (KA M o A B P e SRR
7 I~ 3 i 2R R (IR FEAG B 433 0 0.01. 0.02.
0.05. 0.22. 0.35. 0.40 mg/mL. ¥ 5 = B A1
7 -3k 2R Ry VS R T 3 mL ZE TR, O
DAZETR/KAE SRR . R AR LA Y66 B THAE 305
nm FIEFIEE (A). S8 mE 2 8w, PEE
g -3- bk W 2= 4z 2R B @ 2 9 (0.306 527 £0.016)
ma/mL, BOP 5 B ERA AR S Tk 59 5 (P<
0.001), 5BA P Fpl 52 B R AT AR 01 Jd &2 BE-3- ik g



EI9BRE 1 2024411 A AR & 5l A&

Drugs & Clinic

Vol. 39 No. 11 November 2024 « 2733

0.4

FkKk

0.39

0.2

VAR EI(mg mL ™Y

0.14

0.0 T T
PR EEE 5 2 RE-3-n e Tk

5P SR R TP <<0.001.
**P<<0.001 vs lupeol group.
B2 FRERESHEEE--METEDABENEER
( X+s, n=3)
Fig. 2 Determination of the solubility of lupeol and lupeol-
3-pyridinium salt ( X +s,n=3)
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Fig. 3 Inhibitory rate of lupeol-3-pyridine quaternary ammonium salt on the proliferation of breast cancer MCF-7 cells ( X

+s,n=3)
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