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Abstract 

As one of the most aggressive types of skin cancer, melanoma, remains a challenging malignancy to treat, necessitating continued 

research for more effective therapeutic approaches. This study examined the impact of oleanolic acid and doxorubicin individually 

and in combination on the viability of cells, morphological changes and antiangiogenic properties. Oleanolic acid, doxorubicin 

and a combination of both were used to treat melanoma cells - A375. The viability of the cells was assessed using MTT assay, 

and phase-contrast microscopy was used to observe morphological changes. To assess apoptotic alterations in the nuclei, 

Hoechst 33342 staining was applied to the nuclei. The antiangiogenic potential was evaluated using the hen's egg 

chorioallantoic membrane as a biological model. Cell viability was significantly reduced by both oleanolic acid and doxorubicin 

while cell morphology revealed distinct changes in shape and adherence, which are common to apoptotic processes. Apoptosis 

was confirmed as the underlying mechanism by the presence of condensation and fragmentation of the nuclei. It should be 

noted that the combination of oleanolic acid and doxorubicin had a more pronounced effect on cell viability and morphological 

changes associated with apoptosis. Furthermore, the assessment of antiangiogenic potential demonstrated that oleanolic acid, 

along with doxorubicin, was capable to inhibit the formation of new blood vessels. According to this study, both oleanolic acid 

and doxorubicin exhibit promising anti-melanoma properties, including a reduction in cell viability and induction of apoptosis. 

These effects are enhanced by their association, indicating a potential synergistic effect. A valuable insight has been gained 

into the therapeutic potential of combining oleanolic acid and doxorubicin in the treatment of melanoma in the present study. 

Efforts should be made to elucidate the underlying mechanisms of action of this combination as well as evaluate its safety and 

efficacy in preclinical and clinical settings to improve therapeutic outcomes. 

 

Rezumat 

Fiind unul dintre cele mai agresive tipuri de cancer de piele, melanomul rămâne o afecțiune malignă dificil de tratat, necesitând 

cercetări continue pentru abordări terapeutice mai eficiente. Acest studiu a examinat impactul acidului oleanolic și al doxorubicinei 

individual și în combinație în ceea ce privește impactul la nivelul viabilității celulelor, modificărilor morfologice și proprietăților 

antiangiogenice. Acidul oleanolic, doxorubicina și o combinație a ambelor au fost folosite pentru a trata celulele melanomului - 

A375. Viabilitatea celulelor a fost evaluată folosind testul MTT și a fost utilizată microscopia cu contrast de fază pentru a observa 

modificările morfologice. Pentru a evalua modificările apoptotice ale nucleilor, a fost aplicată colorarea Hoechst 33342. 

Potențialul antiangiogenic a fost evaluat utilizând membrana corioalantoică a oului de găină ca model biologic. Viabilitatea 

celulară a fost redusă semnificativ atât de acidul oleanolic, cât și de doxorubicină în timp ce morfologia celulară a evidențiat 

modificări distincte de formă și aderență, care sunt comune proceselor apoptotice. Apoptoza a fost confirmată ca mecanism de 

bază prin prezența condensării și fragmentării nucleilor. Combinația de acid oleanolic și doxorubicină a avut un efect mai 

pronunțat asupra viabilității celulare și asupra modificărilor morfologice asociate cu apoptoza. Mai mult, evaluarea potențialului 
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antiangiogenic a demonstrat că acidul oleanolic, împreună cu doxorubicina, a fost capabil să inhibe formarea de noi vase de 

sânge. Potrivit acestui studiu, atât acidul oleanolic, cât și doxorubicina prezintă proprietăți anti-melanom promițătoare, inclusiv o 

reducere a viabilității celulare și inducerea apoptozei. Aceste efecte sunt sporite de asocierea lor, indicând un potențial efect 

sinergic. În studiul de față s-a obținut o perspectivă valoroasă asupra potențialului terapeutic al combinării acidului oleanolic 

cu doxorubicina în tratamentul melanomului. Trebuie depuse eforturi pentru a elucida mecanismele de acțiune de bază ale 

acestei combinații, precum și pentru a evalua siguranța și eficacitatea acesteia în medii preclinice și clinice pentru a îmbunătăți 

rezultatele terapeutice. 

 
Keywords: oleanolic acid, doxorubicin, synergism, melanoma 

 

Introduction 

The melanoma is one of the most aggressive types of 

cancer, and it has a heterogeneous aetiology. Among 

the noteworthy attributes of this particular cancer are 

its escalating incidence rate, coupled with its pronounced 

aggressiveness and high fatality [5]. Thus, melanoma 

is responsible for over 80% of skin cancer deaths 

globally due to its high invasion and metastasis rates, as 

well as its ability to develop resistance to conventional 

treatments [12]. A major characteristic of melanoma 

is that, unlike other solid tumours, it primarily affects 

people between the ages of 25 and 50. Additionally, 

the female sex is more affected under the age of 50, 

whereas the male sex shows a higher incidence after 

the age of 55 [22]. In the early stages of melanoma, 

surgical intervention is the predominant method of 

treatment. However, some patients may experience 

relapses as a consequence of this therapeutic strategy 

[36]. For patients with advanced stages of cancer, 

conventional treatment involves chemotherapy as well 

as the use of RAF and MEK kinase inhibitors and 

immune checkpoint inhibitors. It is important to note 

that the main problem in this case is a failure to 

respond to treatment [25].  

On a large scale, doxorubicin (DOX) is one of the 

most widely used conventional chemotherapy agents. 

In spite of this, its application in the treatment of 

melanoma is limited due to a number of disadvantages 

[18, 23]. The therapeutic efficacy of this treatment is 

limited, due to the ability of melanoma tumour cells to 

develop resistance to it. Consequently, it is sometimes 

necessary to combine doxorubicin with other chemo-

therapeutic agents, and this therapeutic strategy is 

associated with an increased risk of toxicity [23]. Second, 

DOX is known to cause high levels of toxicity, particularly 

cardiotoxicity and myelosuppression [2, 38].  

Since there are many disadvantages associated with 

anti-melanoma therapy, as well as toxic reactions, 

natural compounds have received considerable interest. 

Over the centuries, phytocompounds have proven 

their therapeutic effectiveness, having been used in 

a variety of pharmaceutical forms since ancient times. 

There is a growing interest in establishing doses and 

biological mechanisms for natural compounds that 

are potential anti-tumour agents [9]. In recent years, 

triterpenes have received increased attention because 

of their chemical diversity and their potential as anti-

tumour agents. Several reports have described the 

molecular mechanisms by which phytocompounds are 

able to modulate targets such as oncogenes, cytokines, 

inflammatory enzymes, antiapoptotic proteins and 

transcription factors that induce apoptosis [17]. The 

preclinical studies conducted have revealed that both 

natural and synthetic triterpenoids are effective in 

inhibiting and preventing the growth of melanoma 

and other neoplasms [30].  

The pentacyclic triterpenoid compound, oleanolic acid 

(OA), has a wide distribution in the plant kingdom. 

Oleanolic acid garners significant scientific interest 

owing to its notable biological efficacy against a 

spectrum of diseases [7]. The activity of OA has proven 

useful for treating a variety of neoplasia by altering 

several biological mechanisms, including inhibition of 

signalling pathways that are crucial for cell proliferation 

and survival, induction of apoptosis and stimulation of 

reactive oxygen species in cancer cells [1]. Oleanolic 

acid also has the advantage of being able to be used 

in conjunction with conventional therapies in order 

to enhance the therapeutic response and to reduce the 

accompanying toxic effects [32]. In terms of the 

therapeutic potential of OA for treating and preventing 

melanoma, there are not enough studies to demonstrate 

the effectiveness and the associated biological mechanisms. 

Accordingly, the purpose of this study was to evaluate 

the cytotoxic potential of oleanolic acid, doxorubicin 

and the combination of these two agents in human 

melanoma cells - A375, focusing on their impact on 

cell viability, morphology and nucleus structure. Further-

more, the antiangiogenic potential of the samples was 

evaluated in ovo, at the level of the chorioallantoic 

membrane. 

 

Materials and Methods 

Reagents 

In this study, oleanolic acid (OA), doxorubicin (DOX), 

dimethylsulfoxide (DMSO), phosphate-buffered saline, 

MTT [3-(4,5-dimethylthiazole-2-bromide)-yl)-2,5-di-

phenyltetrazolium)] kit and penicillin-streptomycin 

mixture were provided from Sigma-Aldrich, Merck 

KgaA (Darmstadt, Germany). Ultrapure distilled water 

and Hoechst 33342 were supplied from Invitrogen l 

Thermo Fisher Scientific, Inc. (Waltham, MA, USA); 

and the culture medium and supplements - Dulbecco’s 

modified Eagle Medium (DMEM), fetal bovine serum 

(FBS) and trypsin-EDTA from PAN-Biotech GmbH 

(Aidenbach, Germany). 
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Cell culture 

The cytotoxic potential of samples (OA, DOX and 

the combination of OA and DOX) was evaluated using 

A375 (CRL-1619) cell line, purchased from ATCC 

(American Type Culture Collection) in frozen vials. 

A375 cells were cultured in specific medium - DMEM 

(Dulbecco’s modified Eagle Medium) containing 10% 

FBS (foetal bovine serum) and 1% antibiotic mixture 

(penicillin-streptomycin). The cells were incubated 

in standard conditions (37ºC and 5% CO2) during the 

experiments. 

Cellular Viability Evaluation 

To assess the impact of the compounds (OA, DOX 

and the combination of OA and DOX) at the level of 

cell viability, the MTT method (tetrazolium colorimetric 

assay) was applied, adapted as described in the literature 

[15, 21]. Initially, the impact was assessed for OA 

(10, 25, 50, 75, 100 µM) and DOX (0.05, 0.1, 0.5, 1 

and 5 µM) individually and subsequently cell viability 

was determined for OA (25, 50 and 75 µM) in 

combination with DOX (0.05, 0.1, 0.5, 1 and 5 µM). 

Cells were cultured in 96-well plates and allowed to 

attach to the plate. Upon reaching the desired confluency, 

cells were stimulated with OA, DOX, and the combination 

for 24 hours. After the incubation period with the test 

substances, the culture medium was changed with 

100 µL/well of fresh medium and a volume of 10 µL 

of the MTT kit-1 was added to each well, then the 

plate was incubated for another 3 hours. After this 

time interval, 100 µL of kit 2-solubilization buffer 

solution was added to each well and stored at room 

temperature in a place away from light for 30 minutes. 

Finally, absorbance was measured at 570 nm using 

Cytation 5 (BioTek Instruments Inc., Winooski, VT, 

USA.) Using the absorbance of the samples, cell 

viability was calculated and compared with control 

cells (unstimulated). Data obtained was expressed as 

percentage (%) of viable cells normalized to control 

cells.  

Cellular Morphology 

A375 cells were cultured in 12-well plates to determine 

the impact on cell morphology. The cells were stimulated 

with the concentrations of OA, DOX and OA+DOX 

previously tested in the cell viability analysis after 

they reached an adequate confluency, approximately 

90%. The morphological characteristics of the cells 

were evaluated using Cytation 1 (BioTek Instruments 

Inc., Winooski, VT, USA) by photographing them 

after 24 h of treatment.  

Immunofluorescence staining 

An immunofluorescence method was used to determine 

the cytotoxicity of samples by staining the nuclei 

with Hoechst 33342. A mixture of OA 50 µM and 

DOX 0.5 and 1 µM, and respectively, OA 75 µM and 

DOX 0.1 and 1 µM, was used to stimulate the cells 

grown in 12-well plates. The concentrations were 

selected based on the results obtained in the previous 

tests for evaluating cell viability and morphology. 

After 24 hours of stimulation with the compounds of 

interest, Hoechst 33342 solution (dilution 1:2000 in 

PBS) was added, and the plate was washed with PBS 

solution 3 times. Representative images of cell nuclei 

morphology were taken with Cytation 1 (BioTek 

Instruments Inc., Winooski, VT, USA). 

Chorioallantoic Membrane Assay (CAM assay) 

OA, DOX and their combination were evaluated at 

the chorioallantoic membrane level of the hen's egg to 

determine their effect on angiogenesis. Thus, disinfected 

and incubated until the 4th day when approximately 

7 mL of albumen were extracted through a small hole 

made in the eggshell. On the fifth day, a window was 

cut into the top side of the egg to facilitate observation 

of the vascular plexus. 

The experiment began on the seventh day of incubation 

with the application of a ring to the chorioallantoic 

membrane and the addition of samples in a volume 

of 10 µL daily for five days [26]. A microscopy and 

photographic examination of the blood vessels inside 

the ring was conducted on each day during the experiment 

in order to compare them with those outside the ring, 

as well as with the control blood vessels stimulated 

with water. 

The images were taken and analysed using the Discovery 

v.8 stereomicroscope and the ZEN core 3.8 software.  

Statistical analysis 

Results are expressed as means ± SD (standard 

deviation), the one-way ANOVA test, followed by 

Dunett`s multiple comparison post-test being applied. 

The software used the statistical analysis was GraphPad 

Prism version 9.4.0 for Windows (GraphPad Soft-ware, 

San Diego, CA, USA, www.graphpad.com). The 

statistically significant differences between data are 

marked with * (*p < 0.05; **p < 0.01; ***p < 0.001; 

****p < 0.0001).  

 

Results and Discussion 

Despite significant advances in the treatment of 

melanoma, there are several challenges and problems 

associated with its management. Treatment resistance, 

limited treatment options for advanced stages of the 

disease, increased cost of treatment and toxic effects 

associated with conventional therapies are some of the 

most important factors to consider [13]. Exploring the 

potential of natural compounds as adjunctive therapies 

in melanoma treatment offers hope for a holistic approach 

to complement established medical interventions [14]. 

Unlocking the therapeutic potential of triterpenoids 

in melanoma treatment shows promise in targeting 

this aggressive cancer through natural compounds [44]. 

Oleanolic acid, a naturally occurring compound, holds 

potential for innovative approaches in melanoma 

treatment, offering new avenues for research and therapy 

[43]. As conventional treatment has low efficacy and 

increased toxicity, as well as the therapeutic potential 

of natural compounds, the present study was conducted 
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to evaluate oleanolic acid's antimelanoma potential 

both alone and in combination with a conventional 

chemotherapeutic drug, doxorubicin. 

To assess the impact of the compounds on the viability 

of A375 cells, they were initially subjected to individual 

treatment with OA (10, 25, 50, 75, 100 µM) and DOX 

(0.05, 0.1, 0.5, 1, 5 µM) for 24 hours. According to 

Figure 1, viability decreases in a dose-dependent manner 

after treatment with OA and DOX, respectively, with the 

most potent effect observed at the highest concentrations 

tested. Thus, in the case of OA, cell viability reached 

values of approximately 92% and 86% at concentrations 

of 75 and 100 µM, and in the case of DOX, viability 

values were approximately 88% and 77% at concentrations 

of 1 and 5 µM. It is important to note that OA (10 and 

25 µM) and DOX (0.05, 0.1 and 0.5 µM) increased 

cell viability compared to unstimulated control cells 

(Figure 1). 

 

 
Figure 1. 

Graphical representation of the impact of OA (10, 25, 

50, 75, 100 µM) and DOX (0.05, 0.1, 0.5, 1, 5 µM) 

on the viability of A375 malignant melanoma cells 

after 24 h of treatment 
Data are normalized to control (untreated cells) and presented 

as mean values ± standard deviation. For statistical analysis, 

One-way ANOVA followed by Dunett's test for multiple 

comparisons was applied (* p < 0.5; ** p < 0.01; *** p < 0.001) 

 

Previous studies have examined the antimelanoma 

potential of oleanolic acid as well as its derivatives 

in A375 cells. Accordingly, George and colleagues 

tested concentrations of up to 200 µM of OA in A375 

cells, and their study indicated that this compound has 

a highly cytotoxic and antiproliferative profile, especially 

at concentrations exceeding 50 µM [10]. Additionally, 

Ghosh et al. showed that OA extracted from Phytolacca 

decandra causes a significant decrease in cell viability 

in A375 cells. Furthermore, the researchers concluded 

that oleanolic acid's cytotoxic effects are a result of 

caspase-3-mediated activation of cell apoptosis [16]. 

Moreover, diverse oleanolic acid derivatives have 

demonstrated potential as therapeutic agents for 

melanoma. A study conducted by Bednarczyk-Cwynar 

and colleagues demonstrated that four semi-synthetic 

OA derivatives reduced A375 cell viability in vitro 

[1]. In a similar manner, Macasoi et al. evaluated the 

cytotoxicity of an oleanolic acid derivative conjugated 

with Rhodamine B at the level of several tumour cell 

lines, including A375. It was found that the OA 

derivative was strongly cytotoxic, even at nanomolar 

concentrations, due to a mitochondria-dependent 

mechanism, resulting in a marked decrease in cell 

viability [26].  

OA has garnered significant attention for its potential 

synergistic effects when used in conjunction with 

conventional chemotherapy. This emerging field of 

research suggests that combining oleanolic acid with 

standard chemotherapy treatments may lead to enhanced 

therapeutic outcomes in cancer patients [45]. To assess 

the potential synergistic effect between the triterpene 

compound and the chemotherapeutic agent, cell viability 

was also determined after combining OA (25, 50, 75 

µM) with DOX (0.05, 0.1, 0.5 and 1 µM).  

 OA potentiated the cytotoxic effect of DOX in A375 

malignant melanoma cells. The results showed that 

the cell viability rate for the combination of the two 

compounds is reduced compared to the rates obtained 

with individual treatments. The effect was dependent 

on OA and DOX concentrations. Thus, OA at a 

concentration of 25 µM produced a decrease effect 

on cell viability (approximately 70%) when it was 

combined with DOX at a concentration of 1 µM. At 

the 50 µM concentration, OA associated with 0.5 and 

1 µM DOX reduced cell viability to approximately 

66% and 61%, while at the 75 µM concentration, OA 

significantly reduced cell viability following association 

with all concentrations of DOX- 0.05 µM (75%), 0.1 

µM (74%), 0.5 µM (63%) and 1 µM (43%) (Figure 2). 

The use of doxorubicin in the treatment of melanoma 

is limited due to its resistance to the treatment and 

toxicological profile. To date, doxorubicin has been 

evaluated in various combinations in vitro for its 

antimelanoma properties [41]. A study conducted on 

A375 cells examined the potential therapeutic effects 

of cold atmospheric plasma technology and doxorubicin. 

As a result of the study, a decrease in cell viability 

was detected as a result of the synergistic effect of the 

association [46]. In a similar manner, doxorubicin was 

associated with hyperthermia and evaluated at the 

level of the human melanoma cell line A375. In the 

presence of this combination treatment, cell viability 

significantly decreased, but in a manner that was dependent 

upon the concentration of the drug and the duration 

of the thermal treatment [37].  
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Figure 2. 

Graphical representation of the impact of OA (25, 50, 75 µM) associated with DOX (0.05, 0.1, 0.5 and 1 µM) on 

the viability of A375 malignant melanoma cells after 24 h of treatment 
Data are normalized to control (untreated cells) and presented as mean values ± standard deviation. For statistical analysis, 

One-way ANOVA followed by Dunett's test for multiple comparisons was applied 

(* p < 0.5; ** p < 0.01; *** p < 0.001; **** p < 0.0001) 

 

Subsequent of the analysis of the effects on cell viability, 

the next step in determining the cytotoxic profile of 

the compounds involved evaluation of the impact on 

cell morphology. During the evaluation of agents' 

cytotoxic profiles, microscopic scrutiny of cellular 

morphology yields valuable insights into both the 

potential mechanisms of action and the specific modes 

of cell death elicited by these substances [33]. 

As part of this study, the cells were stimulated with 

OA and DOX at the previously assessed concentrations. 

OA and DOX do not significantly reduce cell confluence, 

but induce morphological changes, such as the rounding 

of cells and their separation from the plate, especially 

at high concentrations of OA (100 µM) and DOX (5 

µM) (Figure 3). 

 

 
Figure 3. 

Morphology and confluence of A375 malignant melanoma cells after 24 h of treatment with 

OA (10, 50, 100 µM) and DOX (0.05, 0.5, 5 µM) 
Arrows indicate morphological changes at the cellular level; Scale indicates 200 µm 

 

Previously, Bednarczyk-Cwynar et al. evaluated the 

effect of OA on the morphology of human melanoma 

cells - A375. During a time interval of 24 hours, they 

investigated similar concentrations to those used in 
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the present study. The results of the study indicated 

that OA had a substantial impact on cell morphology, 

causing dose-dependent changes such as loss of 

connections between cells, decrease in confluency, 

alterations characteristic of apoptotic cell death [10]. 

In addition to melanoma cells, oleanolic acid was also 

evaluated in terms of its effect on morphology in 

other types of tumour cells. Thus, Peng and colleagues 

examined the impact of oleanolic acid from the 

Pyrus ussuriensis on human hepatocarcinoma cells. 

Researchers have found that OA leads to significant 

apoptotic-like changes in the shape of cells [32]. In 

a similar study, Hassan and colleagues investigated 

the effect of oleanolic acid obtained from Monotheca 

buxifolia at the level of hepatocarcinoma cells, HepG2. 

Based on the findings, OA causes a significant decrease 

in cell confluency, resulting in major changes in cell 

shape, similar to those observed in the current study 

[20]. As a similar approach, Coricovac et al. examined 

betulinic acid (BA), a compound also belonging to 

the family of pentacyclic triterpenes like oleanolic 

acid in malignant melanoma cell line A375. BA at a 

concentration of 50 µM induced morphological changes 

of a significant order, including round floating cells, 

reduced confluence and cellular debris, clear signs of 

triterpene-induced cytotoxicity [11]. Bociort et al. 

evaluated lupeol as an anti-melanoma agent, noting 

that the compound induced morphological changes 

in A375 cancer cell lines at concentrations of 30 and 

50 mM. As a result of these concentrations, rounding 

of cells was observed, which indicates the onset of 

cell death [3]. 

As for the combination of the two compounds, the 

concentrations that induced the greatest decline in 

cell viability were chosen (OA 50 µM + DOX 0.5 

µM; OA 50 µM + DOX 1 µM; OA 75 µM + DOX 

0.5 µM and OA 75 µM + DOX 1 µM). Similarly, in 

this case, the morphological changes observed were 

the rounding of the cells and the detachment from the 

plaque, which were most apparent at OA 75 µM + 

DOX 1 µM concentrations (Figure 4). 

 

 
Figure 4. 

ViscosiMorphology and confluence of A375 malignant melanoma cells after 24 h of treatment with different 

combinations of OA and DOX: 

OA 50 µM + DOX 0.5 µM; OA 50 µM + DOX 1 µM; OA 75 µM + DOX 0.5 µM; OA 75 µM + DOX 1 µM 
Arrows indicate morphological changes at the cellular level; Scale indicates 200 µm 

 

Furthermore, doxorubicin has been reported to be 

cytotoxic in numerous cell lines, proving its effectiveness 

as a chemotherapeutic agent. As part of their study, 

Diana Salvador and her colleagues investigated 

doxorubicin alone and in conjunction with hyperthermia 

in melanoma cell lines and also examined the 

morphological effects. In the A375 cell line, DOX 

produced cellular stretching and flattening, while hyper-

thermia produced the same effect, along with some 

rounding of the cells. Nevertheless, the associated 

treatment increased the number of cells in suspension 

as well as the roundness of the cells [37]. According to 

previous studies, oleanolic acid may act synergistically 

with a variety of cancer chemotherapeutics. OA combined 

with 5-fluorouracil was investigated by Jianteng Wei 

and colleagues on the pancreatic cancer cell line 

PANC-28. The results indicated that OA potentiates 

the effects of 5-fluorouracil, and that the cytotoxic 

effects are more evident when these two compounds 

are combined [42]. There is intense research being 

conducted on the potential of pentacyclic triterpene 

compounds in combination with other recognized 
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chemotherapeutics that are currently being used in 

therapeutics. The effects of ursolic acid have been 

studied both individually and in combination with 

paclitaxel, a taxane-derived chemotherapeutic agent 

used in the treatment of various cancers, on TE-8 and 

TE-12 cell lines, esophageal cancer lines. In accordance 

with the results obtained, most of the changes leading 

to the inhibition of cancer cells were also revealed 

by their association [28].  

As a result of the observation that the two 

compounds in combination have a major impact on 

malignant melanoma, the next step was to examine 

the structure of the nucleus of the cell. The 

application of Hoechst 33342 is a technique that is 

used in various fields such as cell and molecular 

biology or pathology, in order to study the structure 

and behaviour of cell nuclei. A key advantage of this 

method is its specificity for DNA, emitting blue 

fluorescence, as well as its economic value - it is not 

an expensive procedure. Moreover, the method can 

be applied to live or fixed cells and is also used for 

analysing cell cycles and monitoring condensation. 

Due to its additional ethyl group, Hoechst 33342 is 

more lipophilic and thus more permeable than 

Hoechst 33258 [24]. Hoechst 33332's binding to 

DNA induces minimal cytotoxicity, a feature that is 

exploited and a major advantage of the method in 

experimental studies [6]. 

It was chosen for this study that the combination of 

OA and DOX be administered at concentrations of 

OA 50 µM plus DOX 0.5 and 1 µM and OA 75 µM 

with DOX 0.5 and 1 µM. Control cells nuclei show 

normal morphology (they are round or oval) and show 

no signs of fragmentation or condensation. As shown 

in Figure 5, the nuclei show frequent irregularities in 

their shape (highlighted by arrows), they are degraded, 

condensed and fragmented and also apoptotic bodies 

are observed -indicating the presence of cell death by 

apoptosis (especially for OA 75 µM + DOX 0,5 µM; 

OA 75 µM + DOX 1 µM) (Figure 5). 

 

 
Figure 5. 

Hoechst 33342 cell nuclei morphology highlighting after 24 h treatment of A375 malignant melanoma cells with 

OA 50 µM + DOX 0.5 µM; OA 50 µM + DOX 1 µM; OA 75 µM + DOX 0.5 µM; OA 75 µM + DOX 1 µM 
Arrows indicate nuclei showing morphological changes; Scale indicates 100 µm 

 

OA has previously been evaluated in MCF-7 breast 

carcinoma cells for its effect on nuclear structure. 

According to the results of the study, oleanolic acid 

causes strong chromatin condensation and the formation 

of apoptotic bodies, which were also observed in the 

present study [34]. In addition, derivatives of oleanolic 

acid were evaluated from the perspective of their 

impact on the nucleus. As shown by Macasoi et al., 

RhodOA (oleanolic acid-rhodamine B derivatives) 

induced condensation of nuclei in the same cell lines 

as in the present study (A375); RhodOA exhibited 

the greatest effect at a concentration of 100 nM [26]. 

An important indicator of the type of cell death 

incriminated is the structure of the nucleus. Therefore, 

activating the pathways involved in cell apoptosis can 

result in morphological changes, particularly at the 

nucleus level. They are characterized by chromatin 

condensation, nuclear contraction and the formation 

of apoptotic bodies [27]. These changes were observed 

both in the present study and in the other studies 

discussed, suggesting that combining oleanolic acid 

with doxorubicin causes an apoptotic-like effect. 
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Angiogenesis, the growth of new blood vessels, is a 

critical hallmark in the cancer process, as it provides 

tumours with the nourishment they need to thrive and 

spread. Comprehending and therapeutically addressing 

angiogenesis presents a promising approach in melanoma 

treatment, given that interference with the tumour’s 

vascular supply can effectively deprive it of essential 

nutrients and impede its advancement [35]. 

The chorioallantoic membrane, with its remarkable 

transparency and robust angiogenic properties, serves 

as an invaluable model for advancing our understanding 

of angiogenesis in various research studies [29]. As a 

final step of the study, CAM from chicken eggs were 

used to evaluate the effect of OA (50 µM), DOX (0.5 

µM) and their combination on angiogenesis. In terms 

of the effect of OA on blood vessels, a reduction in 

the number and a decrease in their diameter were 

observed when compared with the control. The 

concentration of 0.5 µM of DOX had no significant 

effect on the vascular plexus, even after 5 days of 

application of the sample, as the formation of blood 

vessels was similar to the control group. However, 

the combination of the two compounds resulted in 

the appearance of meshes in the network of vessels 

and a significant reduction of blood vessel formation 

compared to untreated areas. Additionally, none of 

the applied samples caused irritating effects at this 

level, no signs of coagulation or haemorrhage were 

noted (Figure 6). 

 

 
Figure 6. 

Representative stereomicroscopic images of CAM for the antiangiogenic effect of OA 50 µM, DOX 0.5 µM and 

the combination of the two after 5 days of treatment 

 

Various studies have investigated the antiangiogenic 

effects of triterpenes, including oleanolic acid, at the 

level of the chorioallantoic membrane. As a result, 

Sohn et al. conducted one of the first studies evaluating 

the effects of ursolic acid and oleanolic acid on the 

vascular plexus. Based on the findings of the study, 

both compounds possess significant antiangiogenic 

properties [39]. Additionally, Caunii et al. studied the 

effects of oleanolic acid at the level of the vascular 

plexus of the chorioallantoic membrane, emphasizing 

its importance in inhibiting blood vessel formation [8]. 

The exact mechanisms underlying the effects of oleanolic 

acid on angiogenesis are not fully understood, but some 

research suggests that it may modulate various molecular 

pathways involved in angiogenic processes. These 

pathways may include vascular endothelial growth 

factor (VEGF), fibroblast growth factor (FGF) and 

various signalling cascades [31]. Doxorubicin showed 

anti-angiogenic effects in certain situations. By interfering 

with the growth of new blood vessels, doxorubicin 

can help reduce the blood supply to tumours [4]. In 

addition, the association of doxorubicin with other 

compounds of natural origin increased the antiangiogenic 

activity of the drug and prevented the development of 

treatment resistance [19, 40]. All the aforementioned 

investigations substantiate the findings of the current 

study. Nonetheless, to the best of our knowledge, no 

prior research has been conducted concerning the 
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synergistic interaction between oleanolic acid and 

doxorubicin as a potential therapeutic approach for 

this cell type. This aspect constitutes the novelty of 

the present study. 

 

Conclusions 

Since melanoma is on the rise in incidence and 

mortality, the main objective of the present study 

was to evaluate the anti-melanoma potential of oleanolic 

acid in combination with doxorubicin. As part of this 

research, oleanolic acid, doxorubicin and their association 

were evaluated in vitro on human melanoma cells - 

A375, to determine their effects on viability, morphology 

and nucleus structure. Additionally, the antiangiogenic 

effect of the compounds was evaluated in ovo using 

the chorioallantoic membrane. Results of the study 

indicate that both compounds are cytotoxic in vitro, 

but their association causes a more profound reduction 

in viability and induces morphological and nuclear 

changes characteristic of cell apoptosis. Further, the 

association between OA and DOX caused a visible 

reduction in the formation of blood vessels and a 

thinning of their walls at the level of the chorioallantoic 

membrane vascular plexus. As a result of these studies, 

oleanolic acid was found to increase the antitumour 

activity of doxorubicin synergistically through its 

association with this drug. Further studies are required 

to determine the biological mechanisms and safety 

profile. 
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