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Abstract:

5

❖ They evaluate how 3-acetylation modulates the in vitro activity of ursolic acid in 

melanoma cells alone or in combination treatments with quercetin.

❖ Anti-proliferative studies on A375 cells and adult human dermal fibroblasts included 

analyses on cell cycle distribution, caspase activity, phosphatidylserine translocation, 

cell morphology and Bax/Bcl-2 protein expression , scratch and Transwell assays

❖ In summary, 3-O-acetylursolicacid maintains the potency and overall apoptotic 

mechanism of the parent molecule with a more aggressive influence on the 

morphology of A375 melanoma cells but the 3-acetylation suppresses its anti-

migratory properties. We also found that ursolic acid can act in synergy with quercetin 

to reduce cell migration.



❖ Ursolic acid and 3-O-acetylursolic acid have shown 

similar GI50 on A375 cells (26 µM vs. 32 µM, 

respectively) significantly increased both early and 

late apoptotic populations, activated caspases 3/7 (48–

72 h), and enhanced Bax whilst attenuating Bcl-2 

expression.

❖ Also found that ursolicacid can act in synergy with 

quercetin to reduce cell migration.
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Introduction:

▪ Pentacyclic Terpenes

▪ ursolic acid on melanoma cells has cytotoxic effect and also suppresses 

the migration of malignant melanoma cells  

▪ In the case of ursolic acid ,the anti-proliferative effect was improved 

when a hydrogen acceptor group was introduced to positions 3, 11, 

17 and 28 like acetyl or aminoalkyl groups
7
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▪ It seems that 3-O-acetylursolic acid is scarce in nature as it has been seldom isolated. 

▪ Some of its reported sources are the aerial roots of Ficus macrocarpa (Moraceae), the 

leaves of Carrisa Spinarum L. (Apocynaceae) and the aerial parts of strumpfia maritima 

Jacq.

▪ Another way to increase the apoptotic and anti migratory effects of ursolicacid is by 

combination with a synergic drug.
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✓ Quercetin is a secondary metabolite that is known for its anti-migratory 

activity and shown synergistic activity with sulforaphane. 

✓ Many studies suggest that ursolic acid and quercetin not only can be used as 

cancer chemosensitizers to standard chemotherapeutic drugs but also as 

chemoprotective and radioprotective thus protecting normal cells. 

✓ Their combination would, therefore, provide notable advantages in 

anticancer treatment. 
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HOW ?



• They here aim to contribute to the current knowledge 

of the effects of pentacyclic triterpenes acids on 

melanoma cells

• by studying the antimigratory activity and pro-

apoptotic mechanisms of its 3-acetyl derivative

• as well as the effects of combinatorial treatments of 

ursolic acid and quercetin on cell proliferation and 

2D/3D migration.

Therefore
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Material and methods:

Cell Lines 
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Sulforhodamine B (SRB) Assay 



Results 1:

▪ 3-O-acetylursolic acid and 

ursolic acid showed a 

significant time and 

concentration-dependent 

suppression of cell 

proliferation at 32.4 ± 1.33 µM 

and 26.7 ± 3.61 µM, 

respectively.

▪ They are comparatively non-

toxic to HDf-a 
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Cell Cycle Analysis



Results 2:

▪ Cell cycle distribution in 3-O-

acetylursolic acid-treated cells 

showed a pronounced reduction of 

G1 population  with a concomitant 

elevation of cell population at S 

stage  compared to untreated cells

▪ Treatment of A375 cells with 

ursolic acid progressively 

increased the values of cell counts 

in sub-G1 phase 
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Apoptosis Induction Analysis by Flow Cytometry 



Results 3:

▪ Cellular exposure to 3-O-acetylursolic acid for 24 h led to an 

increase in the number of AnnexinV-positive/ PI-negative 

cells,which was concomitant with a decrease inthe number of live 

cells  

▪ Additionally, the percentage of double-positive population 

Annexin V-positive/PI-positive was significantly increased 
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Caspase-3/7 Activity Assay 
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Result 4:

▪ the changes in caspase-3/7 were 

assessed to evaluate whether the 

anti-proliferative activity associated 

with effects on caspase-mediated 

apoptosis pathway

▪ Both compounds promoted 

caspase-3/7 activity when 

compared to control
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Phase-Contrast and Fluorescence Microscopy
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➢ The percentage of green-stained cells were elevated and indicating that  both 

compounds promoted cell death (Figure 5 upper row)

➢ Additionally, phase contrast images (Figure 5 lower row) show that untreated cells grew 

to near confluence and were able to spread regularly in the slide, whereas cells treated 

with 3-O-acetylursolic acid displayed several apoptotic features such as cell shrinkage 

and membrane blebbing over the incubation period
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Result 5:



Western Blot Analysis
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➢ Following 48 h treatment, ursolic acid and its acetate caused an 

alteration in the expression of Bax and Bcl-2 on A375 cells, leading to a 

significant change in Bax/Bcl-2 ratio.

➢ Bcl-2 was almost downregulated with simultaneous upregulation of 

Bax protein in comparison to their respective controls.

Result 6:
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Scratch Assay for Anti-Migratory Activity
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Result 7:

▪ The anti-migratory properties were evaluated using scratch assay where a scratch 

was first created in a monolayer of B16-F10 melanoma cells and the cells were 

treated with the test drugs.

▪ Notably, 3-O-acetylursolic acid did not inhibit melanoma migration,suggesting that 

the presence of the acetyl group diminishes the anti-migratory properties of 

theparentmolecule. 

▪ therefore further tested the in vitro anti-invasive properties (3D migration) of ursolic

acid and quercetin in a Matrigel-coated Transwell model. 



➢ Due to the lack of anti-migratory activity of 3-O-acetylursolic  

acid , we only tested the combination of ursolic acid with 

quercetin in cells exposed to ‘fixed ratios’ as follows: 1, 1/2, 1/4, 

and 1/8 of their IC50s

➢ . All combination treatments down to 1/8 IC50s significantly 

suppressed 3D cell B16-F10 melanomacellsmovement

Result 7:
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Transwell© Assay for Anti-Invasive Activity
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Boyden chamber system 
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Result 8:

A: Representative microscopy images (10×) showing invasive murine melanoma B16-

F10 cells after treatment with quercetin and ursolicacid (48h) usingTranswell© 

invasion assay.

B: Quantitative data of the 3D invasion experiment. Data are presented as the mean ±

SD (n = 3), (**) p < 0.01; (***) p < 0.001.

A B
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Discussion :

✓ The above-presented results evidence for the first time that the 3-

acetylation of ursolicacid changes the phase at which A375 cells arrest 

their cell cycle

✓ The blockage at the S-phase results in dramatic morphological changes 

during the apoptotic phase not seen with ursolic acid, which arrests the 

cell cycle at the sub-G1 phase instead.

✓ Ursolic acid has been reported to inhibit melanoma migration and 

angiogenesis but we found here that 3-O-acetylursolic acid is devoid of 

any significant effect on B16F10 cell migration, suggesting that the 

hydroxyl group is likely to be essential for the anti-migratory effect of 

ursolic acid on these cells
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inhibition of topoisomerase II

changes the expression of cyclins and CDKs 
involved in S phase progression

may be the cause of the dramatic changes in cell 
morphology compared to ursolic acid-treated cells, 
higher cell shrinkage and membrane blebbing

The S-phase arrest induced 

by 3-O-acetylursolic acid



In summery:
3-acetylation of ursolic acid maintains the 

potency and overall apoptotic mechanism of the 
parent molecule with a more aggressive influence 
on the morphology of A375 melanoma cells due 

to their arrest at S instead sub-G1 phase

They also demonstrate here that ursolic acid can 
act in synergy with quercetin to reduce cancer 

cell migration

However, no anti-proliferative synergistic 
effects were found between the triterpene acids 

and quercetin
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