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IN VITRO EVALUATION OF THE NATURAL BIOACTIVE 

COMPOUND APIGENIN  

ON EXPERIMENTAL MODELS OF MALIGNANT 

MELANOMA: ANTIPROLIFERATIVE,  

PRO-APOPTOTIC, ANTIANGIOGENETIC AND 

IMMUNOMODULATORY POTENTIAL 
 

I. INTRODUCTION. AIMS OF THE STUDY. 
 

Phytotherapy is one of the current research topics for the  21st century, numerous studies in the 
literature attesting to the therapeutic properties of compounds from vegetal origin (1). The latest 
statistics show that over 60% of current medication is sourced from natural compounds, the effectiveness 
of these substances being proven both for the treatment and prevention of various diseases. 83% of the 
new active molecules admitted in the therapeutic management of cancer are derived from bioactive 
compounds (2), (3). 

According to the latest WHO statistics, cancer is one of the leading causes of death worldwide (10 
million deaths) and cardiovascular disease (17.9 million deaths), chronic respiratory disease (3.8 million 
deaths) and diabetes (1.6 million deaths). deaths) fall into the category of the most common causes of death, 
along with cancer (4).  

The purpose of anticancer treatments is to ensure the healing, or to obtain new palliative 
treatments against this pathology. Recent research aims to develop a strategy to eradicate this disease, 
which acts targeted on cancer cells, with the aim of stimulating antiproliferative and / or pro-apoptotic 
and / or antiangiogenetic processes. Developing treatment methods target the tumor microenvironment, 
with the activation / inhibition of molecular targets that are key factors in the evolution, progression and 
resistance of malignant cells (5). 

The most common types of skin cancer are: basal cell carcinoma (the most common, but also the 
least dangerous); squamous cell carcinoma (has a high ability to spread in the body and high risk of 
superinfection) actinic keratoses (represent precancerous lesions) and melanoma. Less common may be: 
Merkel cell carcinoma, Kaposi's sarcoma and sebaceous gland carcinoma. (6) Melanoma is the most 
aggressive form of cancer, due to its high metastatic capacity (7).  

One of the most common inconveniences in cancer therapy is the appearance of numerous side 
effects, chemotherapy not being sufficiently selective in eradicating the malignant process. At the same 
time, the rapidity of the installation of drug resistance contributes to the failure of treatment and to the 
increase in the number of deaths due to this disease. (8), (9). 

Among the natural compounds with anticancer properties (preclinical/ clinical experimental 
studies), respectively their derivatives can be mentioned: resveratrol, curcumin, quercitin, kaempferol, 
apigenin, daidezin, miricetin, genistein, lignin, hydroxycinnamic and hydroxybenzoic acids, 
epigallocatechins, sulforaphane, ß-sitosterol, campesterol, stigmasterol, oleanolic acid, ursolic acid, 
artemisinin, amentoflavone, carnosol, vinca-alkaloids, taxanes, epipodophyllotoxins, irinotecan, 
topotecan, anthracyclines, berberine, amentoflavone, eupatilin, lycopene, lutein, fucoxanthin, 
canthanxantin, hypericin, gingerol (3), (10). 

Some examples of phytocompounds with in vitro activity on different cell lines include: 
artemisinin (Artemisia annua L.) inhibits the multiplication of breast cancer cell lines [MDA-MB-231 
and MCF-7], pancreatic cancer [Mia PaCa-2], prostate cancer [PC-3], lung cancer [A459] (11); 
quercetin (Allium cepa L.) has antimelanoma effect on murine melanoma cell line [B16 – BL6]; 
amentoflavone (Biophytum sensitivum L.) inhibits the metastatic process on murine melanoma cell line 
[B16F10]; fucoxanthin (Fucus luminaria L.) inhibits the development of melanoma cell lines [SK-MEL-
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28 and B16F10]; daidzein and genistein (Glycine max L.) have a synergistic effect on skin line 
carcinoma [A431] (2); Epigallocatechin gallate (EGCG) (Camellia sinensis L.) exerts a cytotoxic effect 
on breast cancer cell lines [MDA-MB-231 and MCF-7] (12). Polysaccharides (PGL) from Ganoderma 

lucidum L. inhibits the development of murine melanoma [B16F10] and colon cancer [HCT-116, SW 
480 and AH-130], (13), berberine (Tinospora cordifolia L.) is active on  human cervical carcinoma cell 
line [SiHa] and oral cavity carcinoma [Kb] (14); boldines (Peumus boldus L.) inhibit the development 
of breast cancer cell lines [MCF-7 and MDA-MB-231]; thymokinone (Nigella sativa L) suppresses 
tumor development of human lung cancer cell line [A549] (2); (Solanum lycopersicum L.) has anticancer 
action on various prostate cancer cell lines [LNCaP, CaP and PC3] (15), gingerol (Zingiber officinale 
L.) acts antiproliferative on lung cancer cell lines [A549], gastric [HGC], breast [MDA-MB-231] (16); 
ursolic acid (Rosmarinus officinalis L.) decreases tumor angiogenesis on melanoma cell line [SK-MEL-
2] (17); curcumin (Curcuma longa L.) inhibits the development of human melanoma cell line [A375 
and C8161] (18), resveratrol (Vitis vinifera L.) suppresses the development of colorectal cancer cell line 
[LoVo], breast cancer cell line [MCF-7], ovarian cancer cell line [CAOV-3 and OVCAR-3], cervical 
cancer cell line [HeLa and SiHa], gastric cancer cell line [SGC -7901] (19). 

Antitumor properties of natural compounds have been attested by numerous in vivo studies. 
Amoung the natural molecules with therapeutic effect on animal experimental model, there cad be listed: 
xenograft berberine (Coptis chinensis L.) [human gastric cancer cell line BGC-823 and SGC7901 
inoculated into albino mouse strain] (20), sulforaphane (Brassica oleracea L.) on experimental animal 
model [murine melanoma cell line B16F-10 inoculated in mouse strain C57BL / 6], apigenin (Matricaria 

chamomillia L.) on experimental animal model [LNCaP prostate cancer cell line inoculated in the strain 
of TRAMP C57BL / TGN mice] (21), gingerol (Zingiber officinalis L.) on experimental animal model 
[HGC gastric cancer cell line inoculated on albino athymic mice] (16), ursolic acid (Rosmarinus 

officinalis L.) on CAM model [SK-MEL-2 human melanoma cell line inoculated on CAM model] (17), 
curcumin (Curcuma longa L.) on experimental animal model [A375 human melanoma cell line 
inoculated in BALB / c albino mouse strain] (18). 

 Certain natural compounds have also been included in clinical trials. There can be mentioned some 
examples: homoharingtonin (Cephalotoxus fortune L.) is approved for the treatment of chronic myeloid 
leukemia. The first combination antigen-anticancer treatment is IgG4 kappa and calicheamicin 101 
(Micromonospora echinospora L.) studied in non-Hodgkin's lymphoma. The compound IMGN-901 
(HuN901-DM1) 235, a conjugate of maytansine (Actinosynnema pretiosum L.) and the antibody huN901, 
has also been evaluated for the treatment of multiple myeloma and lung cancer (22). In the review made 
by Chinembiri et al. there are mentioned clinical studies showing the effect of curcumin in the colorectal 
cancer, prostate cancer, breast, pancreatic and biliary cancer. It is known that brentuximab vedotin has 
been approved for the treatment of anaplastic lymphoma and Hodgkin's lymphoma since 2011 (10), and 
the compounds of marine origin (aplidine (plitidepsin) - non-Hodgkin's lymphoma; bryostatin-1- ovarian 
cancer, salinosporamide A-multiple myeloma, solid tumors, lymphomas and zalypsis-Ewing sarcoma) are 
used in treatment regimens for various cancers (23). 

Many compounds are currently included in various clinical trials. Among which: genistein for prostate 
cancer (24); desmodium (a mixture of triterpenes, saponins, alkaloids, polyphenols, flavonoids and 
tryptamine derivatives for breast cancer (25); quercitin for prostate cancer (26); isoquercitin for kidney cancer 
(27); resveratrol for colon cancer and gastrointestinal tumors (28), (29); phenols (hydroxytyrosol, 
procyanidins, hesperidin, eriocitrin, curcumin, resveratrol, punicalagin, ellagic acid), methylxanthines 
(theobromine and caffeine) for breast cancer (30); epirubicin and vinorelbine for breast cancer (31); 
vincristine for chronic lymphocytic leukemia (32); irinotecan (semisynthetic derivative of camptothecin) for 
colorectal and metastatic cancer (33).  

The process of angiogenesis is closely related to the evolution of cancer processes, and among 
the species with anti-angiogenic qualities can be specified the following: Vitis vinifera L. (resveratrol), 
Camelia sinensis L. (epigalocatechin-3-gallate), Silybum marianum L. (silymarin), Genista tinctoria L. 
(genistein) (34), Taxus brevifolia L.(taxol) (35), Curcuma longa L.(curcumin) (36), Panax ginseng L., 



3 
 

(ginsenosid-Rg3) (37), Magnolia officinalis L (magnosaline) (38), Rabdosia rubescens L. (oridonine) 
(39), Scutellaria baicalensis L. (baicalin), Allium hirtifolium L., (quercitin), Artemisia annua L. 

(artemisinin) (40), Zingiber officinalis L. (gingerol) (41), Glycyrrhiza glabra L. (glabridin, 
isoliquiritigenin) (42), Glycine max L., (genistein, daidzein) (43). 

The main objective of this phD thesis is to elucidate the complex mechanism of anti-melanoma 
action of flavone apigenin on the A375 human melanoma cell line, by various in vitro tests, while 
determining the effect of apigenin on dentritic cells and implicitly on the immune system. Secondary, 
tests were performed on other human melanoma (SK-MEL-24) and murine (B164A5) cell lines, 
respectively on the human cervical cancer cell line (HeLa). 

Flavonoids are among the most significant classes of pharmacologically active compounds. They are 
present in the chemical composition of many medicinal plants, fruits and vegetables and are subclassified 
according to: the number / place of grafting of the phenyl radical, the presence / absence of the double bond 
at position 2-3, the nature of the substituents, the number nuclei in the molecule in: flavones, flavonols, 
flavanones, flavanonols, isoflavones, biflavonoids, neoflavonoids, chalcones, aurons, catechins and 
anthocyanins (44). 

Apigenin belongs to the subclass of flavones, and from a pharmacological point of view it is 
characterized by a variety of properties, among which we can mention: vasoprotective, anti-
inflammatory, hypotensive, antiviral, antibacterial effects, and in the last few years, specialized studies 
have evaluated and confirmed various in vitro and in vivo studies, its antitumor effects on different cell 
lines (45),(1). 

Chamomile - Matricaria chamomilla L. (synonym Matricaria recutita L.) is highlighted as 
one of the most important sources of apigenin. It belongs to the Asteraceae family and has an 
apigenin content in the range of 5010-5320 mg / 100 g dried product. (46), (47). Remarkable 
quantities can also be found in: Petroselinum crispum L. (1200-1350 mg/100 g dried product) (47), 
Apium graveolens L (108 mg/100 g dried product) (48), Rosmarinus officinalis L (43.8 mg/100 g 
dried product) (47), Camelia sinensis L (41.4- 175.7 mg/100 g dried product), Origanum vulgare 

L. (15.6- 19.4 mg/100 g dried product) (47), Piper nigrum L (4.98 mg/100 g dried product) (48), 
Capsicum annum L (3.5 mg/100 g dried product) (49). 

 
 

II. MATERIALS AND METHODS 

 

II.1. Study I: Evaluation of the antiproliferative, proapoptotic, antiangiogenetic and 

immunomodulatory potential of apigenin on A375 human melanoma cell line. 

 

II.1.1. The evaluation of the antiproliferative potential of apigenin (Api) on A375 human 
melanoma cell line was performed using the MTT method. This type of assay it is widely used for the 
determination of cell viability and consists of the reduction of the yellow tetrazolium salt [3- (4,5-
dimethylthiazol-2-yl) -2,5-diphenyltetrazolium bromide or MTT] to purple formazan crystals. The 
process is performed by viable cells. (50).  

II.1.2. Cell cycle analysis by flow cytometry following in vitro Api incubation for A375 human 
melanoma cell line. The principle of this method is based on the simultaneous determination of the 
physical and chemical parameters of each analyzed cell in a system, at the same time performing the 
sorting of the cells for their use in subsequent tests. Thus, in order to determine the cell distribution 
following incubation with Api on A375 human melanoma cell line, the cellular DNA content and the 
phases of the cell cycle were evaluated, by means of flow cytometry analysis. (51).  

II.1.3. The evaluation of the anti-migratory effect, by the “Scratch Assay” method after incubation 
with Api, in vitro, for A375 human melanoma cell line. By this method, the antimigration potential of 
Api was determined in vitro on A375 human melanoma cell line. The method is based on the evaluation 
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of the ability to inhibit cell migration and metastasis, the growth and development of A375 melanoma, 
cells being evaluated compared to the control line. (52). 

II.1.4. The determination of the caspase 3 activity by colorimetric method, after incubation with 
Api, in vitro, for A375 human melanoma cell line. To highlight the presence / absence of caspase-3, a 
colorimetric method was used to determine the activity of this enzyme. Determination of caspase-3 
expression was an important factor in the present study because caspases are key factors in the apoptosis 
process. (53). 

II.1.5. The evaluation of the apoptosis phenomenon (early / late and necrosis) by the Annexin V-
PI technique, following incubation with Api in vitro for A375 human melanoma cell line. The evaluation 
of this phenomenon was performed using the Annexin V-PI combination, which provides information 
necessary for the evaluation and differentiation of cells in the early apoptosis phase (Annexin-V-
positive, PI-negative), or late (Annexin-V-negative, PI - positive), viable cells (Annexin-V-negative, PI-
negative), or necrotic cells (Annexin-V-positive, PI-positive). The Annexin V-PI association does not 
perform the coloring of viable cells, either in early apoptosis, but only in necrotic cells, or in late 
apoptosis, because they have a compromised membrane, allowing PI to penetrate inside the cells and 
thus react with nucleic acids. forming a red fluorescence (54). 

II.1.6. The evaluation of cytotoxicity by determining the amount of LDH, after incubation with 
Api, in vitro, for A375 human melanoma cell line. The principle of this method is based on the release 
of the cytosolic enzyme LDH into the medium, which will later be quantified as an enzymatic reaction 
that produces formazan. The amount of formazan produced is directly proportional to the LDH secreted 
into the environment and is an indicator of the cytotoxic effect. (55). 

II.1.7. The evaluation of the bioenergetic profile, using the extracellular flow analyzer (Seahorse 
XFe24), of A375 human melanoma cell line, after incubation with Api. The changes of the bioenergetic 
profile of the cell line of interest provides information on the antiproliferative and cytotoxic action of 
the flavone in this study. Thus, by measuring the specific parameters during the experiment [(a) basal 
respiration, b) Leak stage, c) maximum respiration, d) adenosine triphosphate (ATP) turnover, e) reserve 
capacity - an image can be made regarding modification of the cellular energy prolil following 
stimulation with Api (56), (57). 

II.1.8. The evaluation of the antiangiogenic profile of Api using the technique of normal and 
tumor chorioallantoic membrane with A375 human melanoma cells. Evaluation is performed on both 
normal CAM and tumor CAM (A375 human melanoma cell line). The method used requires the use of 
fertilized chicken eggs (Gallus gallus domesticus). In the first stage, the effect of Api on CAM in normal 
development was followed to determine the tolerability of Api on normal tissues and the antiangiogenic 
potential, and in the second stage A375 human melanoma cell line was inoculated on normal CAM to 
develop tumors. On these areas with tumor development, treatment was applied with: a) Api 30 µM, b) 
Api 60 µM, c) DMSO 1% - used as a control solution and the evolution was followed for a period of 
several days (58) (59).  

II.1.9. The evaluation of the immunomodulatory potential on human dendritic cells following 
incubation with Api, by analyzing the effect on cell differentiation, morphology and proliferation using 
XTT technique and fluorescence microscopy. The immunomodulatory potential of Api in dendritic cells 
was assessed by XTT analysis and fluorescence microscopy. The XTT method is based on the reduction 
of the yellow tetrazolium (sodium 3´- [1- (phenylaminocarbonyl) -3,4-tetrazolium] -bis (4-methoxy-
nitro) benzene hydrate from sulfonic acid or XTT) to formazane of orange color by viable cells through 
NADH produced by mitochondria; thus a water-soluble orange product called formazan is formed (60).  

Regarding the highlighting of the CD morphology, fluorescence microscopy was used in which 
the DAPI solution (4', 6-Diamidine-2-phenylindole dihydrochloride) (Roche diagnostics, Mannheim, 
Germany) and the phalloidin solution Alexa Flour 488 were used as reagents. The DAPI method 
involves the blue fluorescence labeling of the exposed nuclear material, and a purple-fluorescent 
coloration is visible by the use of the phalloidin-Alexa Flour reagent. These types of reagents are also 
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used to highlight the phenomena of apoptosis, staining cells that have alterations in the cell membrane.  
(61). 

II.1.10. Evaluation of the immunomodulatory potential on human dendritic cells, following 
incubation with Api, by analyzing the effect on some cytokines (IL6, IL10, tumor necrosis factor α, 
(TNFα)). This analysis was performed by fluorescence microscopy, a technique described above (61). 

 

II.2. Study II: Evaluation of the antiproliferative, cytotoxic and anti-angiogenic 

potential of apigenin on human melanoma cell line SK-MEL-24 

 

II.2.1. In the first stage, the antiproliferative activity of Api on the human melanoma cell line SK-
MEL-24 was evaluated using the MTT technique, a method used in the previous study. This analysis 
was performed following the same protocol (62), and SK-MEL-24 human melanoma cells were 
stimulated with different concentrations of Api  [0.3, 1, 3, 10, 30 and 60 μM] (63). 

II.2.2. The evaluation of the cytotoxic effect of Api on the human melanoma cell line SK-MEL-
24 was performed using the LDH method, also used in previous tests. (63). 

II.2.3.Evaluation of the antimigratory potential of Api on the human melanoma cell line SK-
MEL-24 was performed using the Scratch assay method. Stimulation of melanoma cells was performed 
with Api [30 and 60 μM] (63). 

II.2.4. Evaluation of the anti-angiogenic potential of Api by the CAM method with tumor 
development. Two Api concentrations [30 and 60 μM] were tested for this analysis, and 0.5% DMSO 
was used for the control line. The method used was represented by the method developed by Ribatii et 

al., but with slight modifications  (58), (64). 
 
II.3. Study III: Evaluation of the cytotoxic and anti-angiogenic potential of apigenin 

on murine melanoma cell line B164A5. 

 

II.3.1. Evaluation of the antiproliferative activity of Api on the murine melanoma cell line 
B164A5, by means of MTT analysis. The same protocol was followed as in previous studies. Different 
concentrations of Api [1, 3, 10, 30 and 60 μM] were tested on the murine melanoma cell line B164A5 
for a period of 72 h (65). 

II.3.2. The cytotoxic potential of Api on the murine melanoma cell line B164A5 was evaluated 
using the LDH technique, following the protocol related to the LDH method. (65). 

II.3.3. Using the CAM assay method, the anti-angiogenic potential of Api was evaluated on the 
murine melanoma cell line B164A5. The method is described above (58) (59). 

 

II.4. Study IV: In vitro evaluation of apigenin and apigenin-7-O-glycoside on human 

cervical cancer cell line HeLa. 

 

II.4.1. Evaluation of the antiproliferative activity of Api and Api-7-O-glycoside on the human 
cervical cancer cell line HeLa. The method was performed by MTT analysis, the protocol being 
described above (66). 

II.4.2. Evaluation of the pro-apoptotic potential by the DAPI method and the Annexin V-PI 
technique. The DAPI colorimetric method was used to highlight the nuclei, being tested two 
concentrations of Api (aglycone), respectively Api-7 (heteroside) [10 µM and 30 µM]. The same 
concentrations of Api and Api-7 were tested by the Annexin V-PI method (66). 
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III. RESULTS 

 

III.1. Study I 

 
III.1.1. The results obtained after the evaluation of Api [0.3-60 µM] on A375 human melanoma 

cell line proves the presence of the antiproliferative effect of the highlighted phytocompound, the effect 
being detected starting with the concentration of 30 µM, and the IC50 value being reached at the 
concentration of 33.02 µM Api (62). 

III.1.2. Following the analysis of the cell cycle by flow cytometry, it was shown that at both 30M 
and 60 µM, Api induces cycle arrest in G2 / M phase and leads to an increase in the percentage of A375 
cells in this phase, from 18,946. ± 1.91% (control line) at 33,423 ± 0.15% at a concentration of 30 µM, 
respectively at 33,653 ± 0.96% at a concentration of 60 µM (62). 

III.1.3. The recorded results demonstrated that both 30 µM and 60 µM Api led to a significant 
inhibitory effect on cell migration of A375 human melanoma cells compared to the control line. The 
changes recorded were as follows: Api 30 µM-24 has produced a change in the migration path of 
melanoma cells [from 550.84 µm to 418.90 µm], and in the case of Api 60 µM-24 h [from 575.05 µm 
to 537.59]. The values of the induced cell recovery rate were 23% for Api 30 µM and 6.84% for Api 60 
µM. The apigenin-induced cell migration inhibition rate was 77% for Api 30 µM and 93.16% for Api 
60 µM. Another change produced was on the cell shape and morphology after applying Api 60 µM (62). 

III.1.4. At 72 h post stimulation with Api 30 μΜ an increased activity of the enzyme caspase-3 
was detected, but the phenomenon was different in the case of incubation with Api 60 μΜ, in which 
case the activity of caspase-3 did not increase, possible effect due to the presence of cytotoxic effect at 
this concentration and incubation time. At the same time, the values of caspase-2 and p53 protein were 
monitorised, but their expression was not recorded. The phenomenon installed in the case of this analysis 
is called Hormesis phenomena, by increasing the biphasic response (low doses - obtaining therapeutic 
effect, high doses - obtaining cytotoxic effect (62). 

III.1.5. Following the use of the Annexin V-PI technique, it was highlighted that after the 
incubation with Api 30 μΜ, as well as with Api 60 μΜ, the phenomena of early and late apoptosis and 
late necrosis were installed, respectively. In the case of Api 30 μΜ, the phenomenon of early apoptosis 
(8.5 ± 1.8% of cells) was mainly observed, while in the case of Api 60 μΜ, it mainly induced the 
phenomenon of late apoptosis (12.25 ± 2.9% of cells). (62). 

III.1.6. Following the quantification of the amount of LDH to evaluate the cytotoxic effect 
induced by Api on A375 human melanoma cell line, the following results were recorded: at 72 h after 
Api stimulation, the amount of LDH released was different depending on the concentration tested. The 
cytotoxicity rate for Api 30 μΜ was 20.75%, and for DMSO, the cytotoxicity rate was 1.12%. With the 
increase of Api concentration to 60 μΜ, the cytotoxicity rate on the A375 melanoma line did not 
increase, but a similar value has been reached, namely, 19% (62).   

III.1.7. The results obtained after recording the parameters observed in the case of determining 
the bioenergetic profile, showed that in terms of basal respiration, the cells remained unchanged, and on 
basal rates a dose-dependent increase was observed (basal respiration for Api 30 μΜ is 137.9 ± 31.4 
pmol / min vs. Control 266.07 ± 20.8 pmol / min, and in the case of Api 60 μΜ the basal respiration is 
22.2 ± 5.5 pmol / min vs. Control). In the Leak stage, there was a decrease in OCR due to the blockade 
of ATP production after the injection of oligomycin. At the highest applied Api dose [60 μΜ], a decrease 
in Leak stage (34.9 ± 7.1 pmol / min vs. Control 135.01 ± 14.6 pmol / min), and maximum respiratory 
rate (12.4 ± 5.3 pmol / min) was observed. vs Control 46.5 ± 5.9 pmol / min. In this experiment the 
maximum respiration was lower than the basal respiration due to the tumor cells moving to a glycolytic 
state.The maximum respiration for Api 30 μΜ was 53.3 ± 6.9 pmol / min, in exchange for Api 60 μΜ 
values of 12.4 ± 5.3 pmol / min were obtained. Turnover of ATP decreased after stimulation with Api, 
an effect observed in both tested concentrations, but also in DMSO. (ATP turnover for Api 60 μΜ, was 
22.1 ± 8.3 pmols / min vs. Control, and in the case of Api 30 μΜ a value of 12.65 ± 6.5 pmol / min was 
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recorded vs. Control 131.05 ± 7.1 pmol / min). Thus, following the stimulation with Api, there was a 
change in the bioenergetic profile in the case of A375 human melanoma cell line, a more pronounced 
phenomenon in the case of Api 60 µM. From what is known from the literature, these would be the first 
data regarding the effect of Api on mitochondrial respiration, as well as on glycolysis in A375 human 
melanoma line. Regarding the changes on the reserve capacity, Api considerably reduces the reserve 
capacity of A375 tumor cells (Api reserve capacity for 30 μΜ is -9.8 ± 5.8 pmol / min vs. Control -219 
± 24.5 pmol / min, and in the case of Api 60 μΜ -84.6 ± 31.4 pmol / min vs Control). Regarding ECAR 
values, Api treatment produced a significant dose-dependent decrease in ECAR, indicating that Api also 
induces a deficiency in cellular glycolytic activity (Api 30 μΜ -11.4 ± 2.8 mpH / min vs. Control 65.04 
± 1.5 mpH / min, and for Api 60 μΜ -45.1 ± 7 mpH / min vs Control) (62). 

III.1.8. In normal CAM, stimulation with Api 30 µM produced a significant inhibition of the 
angiogenesis process, compared to the control line, and Api 60 µM caused an irritative and fibrotic 
process involving a significant number of capillaries around the injured area (62). 

In the case of Api testing on CAM with tumor development, it was found that both Api 
concentrations produced an impairment of tumor angiogenesis, affecting the migration of cancer cells 
and reducing the number of capillaries. (62). 

III.1.9. Evaluation of the effect on dendritic cells (CD) was performed in the presence, or absence 
of lipopolysaccharides (LPS), after incubation with different concentrations of Api and DMSO. Post-
activation with LPS, vehicle-incubated CDs expanded, but this cell expansion was significantly diminished 
by incubation with 30 µM Api and 60 µM Api, respectively. At very low doses of Api [1µM] there was 
no change compared to the control sample. Another aspect was the change in the metabolic activity of CD, 
a phenomenon observed in the case of high doses of Api, both after 24 h from the application of Api, but 
even more pronounced after 48 h from the stimulation with Api. The appearance of CD was also altered, 
with LPS stimulation being observed, a typical clustered aggregation in the control line, but this 
phenomenon was not present in the case of stimulation with high dose Api [60 µM]. (62). 

The morphology of CD was also modified, following the stimulation with Api 60 µM, CD adopting 
a round shape, and in the case of stimulation with LPS, no standard development phenomena on CD were 
highlighted. In the case of Api 1µM and 30 µM, no changes in CD morphology was visible compared to 
the control line. In contrast, in the case of 60 µM Api incubation, CD morphology was affected. By adding 
LPS, under normal conditions CDs were activated. In this case, following the application of Api 30 and 
60 µM, CDs did not develop following activation by LPS (62). 

III.1.10. Cytokine secretion was analyzed to see if the reduced activity of LPS-stimulated cells 
produced certain functional consequences. Following the application of high doses of Api, the secretion 
of cytokines was strongly blocked, and the application of DMSO caused a significant increase in IL-6 
and TNF-α secretion, possibly due to the increase in membrane permeability. IL-6 and IL-10 secretion 
was almost completely blocked with 30 µM and 60 µM Api stimulation, and TNF-α secretion was 
reduced by approximately 60%. Low doses of Api did not cause any effect compared to the control 
group  (62). 

 
III.2. Study II 

 
III.2.1. Following the MTT analysis, the cell viability on the human melanoma cell line SK-MEL-

24 was diminished, the highest doses of Api being responsible for the most significant  antiproliferative 
effect on melanoma cells (at 30 µM - cell viability was 75.08 ± 5.5% vs. Control and for 60 μM - cell 
viability was 62.9 ± 5.4% vs. Control) (63). 

III.2.2. In the case of LDH analysis, the tested Api concentrations were 30 µM and 60 µM, as 
they recorded a significant antiproliferative effect on the SK-MEL-24 cell line. Following stimulation 
with Api, a significant cytotoxic effect was observed, depending on the dose of Api tested. The 
cytotoxicity rate for the 30 µM concentration was 9 ± 1.1% vs. Control (1.6 ± 0.7%), respectively for 
the concentration of 60 μM was 11.1 ± 2.4% vs. Control  (63). 
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III.2.3. During the dose range, Api led to inhibition of SK-MEL-24 human melanoma cell 
migration, depending on the dose tested. In the case of the 30 μM concentration, the migration inhibition 
rate was 6.2%, and in the case of the 60 μM concentration, the recorded value was lower, of 3.4%. (63). 

III.2.4. The CAM method showed that both concentrations of Api produced changes in tumor 
growth and development (human melanoma cell line SK-MEL-24), the tumor area becoming less 
compact and the appearance of blood vessels underwent changes, forming a dense vascular network, of 
the wheel spokes type converging towards the tumor cells, these aspects being installed 24 h after 
stimulation. After 48 hours, the area of the tumor cells was limited, the number of capillaries was also 
reduced and the percentage of blood vessels in the peritumoral areas, which acquired an irregular 
appearance. No major differences were observed between the two Api concentrations tested, but in the 
case of Api 60 µM a higher decrease in neoangiogenesis and tumor cell development was observed. 
(63). 

 
III.3. Study III 

 
III.3.1. Following MTT analysis, Api was shown to have antiproliferative effects on murine 

melanoma cell line B164A5, depending on the dose of compound used. Cell viability after Api application 
was 76 ± 1.7% vs. Control in case of 30 μM concentration, and in case of 60 μM concentration a cell viability 
of 57.8 ± 1.8% vs. Control (65). 

III.3.2. The values recorded from LDH analysis demonstrated the cytotoxic effect of Api on 
murine melanoma cell line B164A5. The cytotoxicity rate at the 30 μM concentration was 13.3 ± 1.7%, 
and at the 60 μM concentration the cytotoxicity rate was 15.1 ± 1.8%, the values being reported to the 
control group. (65). 

III.3.3. Following CAM analysis with tumor development with B164A5 murine melanoma cells, 
after application of Api [30 and 60 μM- 48 h], the following aspects were observed: tumor areas were 
reduced, cell agglomerations were decreased, and a lower cell density was observed around the 
application ring. Following stimulation with a concentration of 30 µM, the capillaries became thinner 
and uneven, and in the case of a concentration of 60 µM, the blood vessels showed an irregular 
appearance. In both tested concentrations, cell migration was decreased, but the number of cells was 
reduced especially at the highest dose [60 µM] (65). 

 
III.4. Study IV 

 
III.4.1. Through the MTT method, it has been shown that both Api and Api-7-O-glycoside affect 

cell viability on human cervical cancer cell line HeLa. The dose range used was [0.3; 1; 3; 10; 30 µM]. 
The IC50 value was reached at the concentration of 12.08 µM for Api, respectively at the concentration 
of 18.28 µM for Api-7-heteroside. It can be seen that aglycone was more active compared to the 
conjugated form, but glucose (elemental conjugate) did not produce significant changes in the 
proliferation of human cervical cancer cells HeLa (66). 

III.4.2. Through the DAPI method, the pro-apoptotic potential of the studied natural compounds was 
highlighted. Condensation of the nuclei and their decreased number are the result of impaired cell membrane 
integrity, events visible after incubation with Api and Api-7-O-glycoside, the human cervical cancer cell line 
HeLa (66). 

Regarding the pro-apoptotic potential on the human cervical cancer cell line HeLa, following the 
analysis of Annexin V-PI, it was shown that both Api and Api-7-O-glycoside induced early apoptosis, 
late apoptosis and necrosis, but most often the phenomena of early apoptosis can be observed. After 
incubation with Api [10 µM] the percentage of viable cells was 79 ± 2%, and for Api -7- O-glycoside 
[10 µM] a value of 84 ± 3% was obtained. In the case of Api stimulation [30 µM], the percentage of 
viable cells recorded was 67.5 ± 2.5%, and for Api-7-O-glycoside [30 µM] a percentage of 72.5 ± 2.5% 
viable cells was determined. (66). 
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IV. CONCLUSIONS 
 
As a result of the studies performed, the following aspects can be concluded: 

1. Api exerts antiproliferative effects (dose and time dependent) on A375 human melanoma cell line, 
the IC50 value being recorded at a concentration of 33.02 µM. 

2. Following the determination of the effect of Api on the cell cycle, both tested concentrations [30 
µM and 60 µM] led to the cycle arrest in the G2 / M phase, to the inhibition of DNA and enzyme 
synthesis and affected the cell division process of A375 human melanoma cell line. The following 
percentages recorded were: 18,946 ± 1.91% (control line), 33,423 ± 0.15% [Api 30 µM] and 33,653 
± 0.96% [Api 60 µM]. 

3. The antimigratory effect of Api was detected both at the concentration of 30 µM and at the 
concentration of 60 µM, through the Scratch assay analysis. In order to extrapolate this effect in 

vitro, further in vivo tests are needed to confirm a potential antimetastatic effect. 
4. Api [30 µM-72h] produced the activation of the enzyme caspase-3, but in the case of the 

concentration of [60 µM-72h], this mechanism was not visible, obtaining a cytotoxic effect. 
5. Following the Annexin V-PI analysis, the following phenomena were recorded: following the 

incubation of the A375 cell line with phytocompound in a concentration of 30 µM, early apoptosis 
phenomena were mainly detected, and in case of higher concentration [60 µM], a higher number 
of events associated with late apoptosis occurred. Necrotic cells represent a low percentage in this 
case. 

6. The cytotoxic effect induced by Api [30 µM and 60 µM] was present, but manifested itself in a 
reduced manner and without significant differences between the two tested concentrations. 

7. After incubation with the studied phytocompound, only in the case of the concentration of 60 μΜ, 
changes were detected on the energy profile of A375 human melanoma cell line. The recorded 
changes can be used for further studies of Api as an active antitumor agent on mitochondrial 
respiration. 

8. Regarding the effects of Api on the process of normal angiogenesis, the lower concentration produced 
a stronger inhibitory effect, while Api 60 µM, produced irritation, inflammation and fibrosis in CAM. 
On tumor angiogenesis (A375 human melanoma cell line), Api 30 µM led to a decrease in the number 
of blood vessels inside the application ring and aspect of capillaries, as well as a decrease in tumor 
areas. In the case of Api 60 µM the limitation of tumor growth was more pronounced, as well as the 
number of interconnected capillaries, but the vascularization did not change as in the case of Api 30 
µM, a process possible due to the irritative effect on normal CAM. 

9. Following the incubation of dendritic cells with phytocompound [30 µM and 60 µM] different 
events occurred: the expansion of dendritic cells was significantly diminished and the 
morphological changes were visible only in the case of high dose of Api. Also, the specific activity 
of lipopolysaccharides that activate the function of dendritic cells and initiate the inflammatory 
process has been diminished. The concentration of 60 µM produced the change of the morphology 
of the dendritic cells, these adopting a round shape, and in the case of low doses of Api [1µM and 
30 µM] these changes did not occured. 

10. Following in vitro tests to evaluate the effect of Api on the secretion of IL-10, IL-6 and TNF-α, 
cytokine secretion was strongly blocked by high concentrations of Api, but low doses of Api did 
not produce any effect. Considering the doses and the incubation time, Api does not lead to the 
stimulation of the immune system, although this event would have been a desideratum of this study. 

11. Regarding the studies performed on the human melanoma cell line SK-MEL-24, Api [30 and 60 
µM] affected the cell viability, registering cell viability values of 75.08 ± 5.5% vs. Control [Api 30 
µM] and 62.9 ± 5.4% [Api 60 μM], vs. Control. The cytotoxic effect generated by the same doses 
of natural compound led to dose-dependent values, so that at the concentration of 30 μM, the values 
were 9 ± 1.1% vs. Control (1.6 ± 0.7%), and in the case of the concentration of 60 µM they were 
11.1 ± 2.4% vs. Control. Following the CAM analysis, it was shown that Api led to the inhibition 
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of cell migration (human melanoma cell line SK-MEL-24), the values recorded for the rate of 
inhibition of cell migration being 6.2% [Api 30 µM] and 3.4 % [Api 60 μM]. There were no 
significant differences between the two tested concentrations, only a pronounced effect in the case 
of Api 60 µM. Both concentrations of phytocompound led to limited growth and migration of SK-
MEL-24 tumor cells, also inhibited tumor angiogenesis and contributed to the reduction of blood 
vessels inside the ring. 

12. The experimental study of Api on the murine melanoma line B164A5 showed the antiproliferative 
and cytotoxic properties of this flavone at both tested concentrations [30 and 60 μM], but the effects 
were stronger at the higher dose of Api. Tumor angiogenesis was also affected in both 
concentrations used, depending on the dose tested. These results may represent a new direction of 
research for further studies on murine models. 

Given the results presented above, it can be concluded that the antiproliferative effect of Api was more 
pronounced in A375 human melanoma cell line, compared to human melanoma cell line SK-MEL-
24 and murine melanoma cell line B164A5. Also, after incubation with this phytocompound, the 
cytotoxic effect was more visible in the case of the A375 human melanoma cell line. 

13. Regarding the in vitro anticancer activity of Api and Api-7-O-glycoside, the results showed that in 
both cases the proliferation of human cervical cancer cells HeLa was affected, but a more intense 
activity was observed in the case of aglycone (Api) compared to heteroside (Api-7). IC50 values 
were obtained at 12.08 µM for Api and 18.28 µM for Api-7-O-glycoside, respectively. Regarding 
the pro-apoptotic effect, it also manifested itself in both cases, and the phenomena was dependent 
on the dose of Api, respectively, Api-7-O-glycoside. 

Along with the previously presented studies, other groups of researchers have highlighted the 
antitumor activity of Api on other human melanoma [518A2, A2058, C8161, RPMI-7951] and murine 
cell lines [B164A5, B16F10, B16-BL6]. The present results complement the data on the 
antiproliferative, pro-apoptotic and antiangiogenic activity of flavone on A375 human melanoma cell 
lines and SK-MEL-24. Following the tests performed, Api does not contribute to the stimulation of 
dendritic cells, so it is not a research direction that deserves to be exploited. 

In short, the mechanisms of action by which Api inhibits the tumor process include inhibiting cell 
proliferation, cell cycle arrest, decreasing cell migration, manifesting the cytotoxic effect, stimulating 
apoptotic processes, inhibiting tumor angiogenesis and affecting the bioenergy profile. 

There is also currently an increased number of studies on the mechanism of action of this 
phytocompound on various experimental animal models of melanoma. Regarding clinical trials, there 
are currently no ongoing studies with Api for the management of melanoma cancer. 

The results obtained during this phD thesis provides a complete and complex picture of the action 
of the phytocompound in vitro on selected cell lines, respectively in vivo on experimental models of 
normal and tumor angiogenesis. All this information is new and completes the existing data in the 
literature on the topic of interest, contributing to the elucidation and understanding of the complex 
mechanism of action of Api on experimental models. 
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