
1 
 

3-Pyridinylidene derivatives of chemically modified lupane and ursane triterpenes as 
promising anticancer agents by targeting apoptosis 

 
Oxana Kazakova1#*, Codruța Șoica2,3#, Marat Babaev1, Anastasiya Petrova1, El’mira 

Khusnutdinova1, Alexander Poptsov1, Ioana Macașoi2,3, George Drăghici2,3, Ştefana Avram2,3, 

Lavinia Vlaia2,4, Alexandra Mioc2,3, Marius Mioc2,3*, Cristina Dehelean2,3, Adrian Voicu5 

 

1Ufa Institute of Chemistry UFRC RAS, pr. Oktyabrya 71, 450054 Ufa, Russian Federation 
2Faculty of Pharmacy, “Victor Babes” University of Medicine and Pharmacy, 2nd Eftimie 

Murgu Square, Timisoara, 300041, Romania 
3 Res. Ctr. Pharmacotoxicol Evaluat, Facculty of Pharmacy, “Victor Babes” University of 

Medicine and Pharmacy Timisoara, 2nd Eftimie Murgu Sq., Timisoara 300041, Romania; 
4Res. Ctr. Drug Formulation and Technology, Facculty of Pharmacy, “Victor Babes” University 

of Medicine and Pharmacy Timisoara, 2nd Eftimie Murgu Sq., Timisoara 300041, Romania; 
5Faculty of Medicine, “Victor Babes” University of Medicine and Pharmacy, 2nd Eftimie Murgu 

Sq., Timisoara 300041, Romania 
# Authors with equal contribution jointly sharing the position of first author 
* Corresponding authors: obf@anrb.ru, marius.mioc@umft.ro 

Abstract 
Cancer persists as a global challenge due to the extent to which conventional anticancer therapies 
pose high risks counterbalanced with their therapeutic benefit. Natural occurring substances 
stand as an important safer alternative source for anticancer drug development. In the current 
study a series of modified lupane and ursane derivatives was subjected to in vitro screening on 
the NCI-60 cancer cell line panel. Compounds 6 and 7 emerged as highly active with GI50 values 
ranging from 0.03 µM to 5.9 µM for compound 6, while compound 7 recorded GI50 values 
between 0.18 – 1.53 µM. Thus, these two compounds were further assessed in detail in order to 
identify a possible antiproliferative mechanism of action. DAPI staining revealed that both 
compounds induced nuclei condensation and overall cell morphological changes consistent with 
apoptotic cell death. rtPCR analysis showed that both compounds induced up-regulation of pro-
apoptotic Bak and Bad genes while down-regulating Bcl-XL and Bcl-2 anti-apoptotic genes. 
Molecular docking analysis revealed that both compounds exhibited high scores for Bcl-XL 
inhibition, while compound 7 showed higher in silico Bcl-XL inhibition potential as compare to 
the native inhibitor ATB-737; suggesting that compounds may induce apoptotic cell death 
through targeted anti-apoptotic protein inhibition, as well.   
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Figure S1. NMR spectra of compound 4 
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HMBC spectrum of compound 4 

 
HSQC spectrum of compound 4 
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COSY spectrum of compound 4 

 
NOESY spectrum of compound 4 
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Figure S2. NMR spectra of compound 5 
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Figure S3. NMR spectra of compound 6 
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HMBC spectrum of compound 6 

 
HSQC spectrum of compound 6 
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COSY spectrum of compound 6 

 
NOESY spectrum of compound 6 
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Figure S4. NMR spectra of compound 7 
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HMBC spectrum of compound 7 

 
HSQC spectrum of compound 7 
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COSY spectrum of compound 7 

 
NOESY spectrum of compound 7 
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Figure S5. NMR spectra of compound 8 
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Figure S6. In vitro antitumor activity of compound 1 against human cancer cells of 
60 lines at a concentration of 100 μM 
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Figure S7. In vitro antitumor activity of compound 2 against human cancer cells of 
60 lines at a concentration of 100 μM 
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Figure S8. In vitro antitumor activity of compound 4 against human cancer cells of 
60 lines at a concentration of 100 μM 
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Figure S9. In vitro antitumor activity of compound 5 against human cancer cells of 
60 lines at a concentration of 100 μM 
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Figure S10. In vitro antitumor activity of compound 6 against human cancer cells 
of 60 lines at a concentration of 100 μM 
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Figure S11. In vitro antitumor activity of compound 7 against human cancer cells 
of 60 lines at a concentration of 100 μM 
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Figure S12. In vitro antitumor activity of compound 8 against human cancer cells 
of 60 lines at a concentration of 100 μM 
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Figure S13. In vitro anticancer activity of compound 6 against 60 human cancer 
cell lines in concentrations 0.01 ‒ 100 μM 
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Figure S14. In vitro anticancer activity of compound 7 against 60 human cancer 
cell lines in concentrations 0.01 ‒ 100 μM 
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