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Introduction 

 

In the recent years there is a growing industrial interest in the recovery and 

reuse of waste from production processes in the food industry. Industrial and 

agro-industrial by-products and waste can be recovered and valorised, 

transforming them into new materials and products with high added value. 

Industrial and agro-industrial waste are enhanced through their reuse in the 

preparation of innovative materials and components. 

In fact, to date the deficiency of natural resources, climate change, food loss 

and waste are decreasing the availability of food and raw materials. Decline 

of natural resources worldwide, degradation in land, water and biodiversity, 

poses questions about the ability to meet food and material demands for the 

next future. Consequently, finding the balance between the increasing 

demand for resources and sustainable supply is the challenge of the present 

and the future. 

Food supply chains start with agricultural phase, continue with 

manufacturing, retail and end with consumption. Throughout this cycle, food 

is lost or wasted because of a variety of reasons, i.e., technical, economic or 

social problems.  

In the twentieth century, the prevalent policy was to increase food production 

but not to improve the efficiency of the food production system. Food loss or 

waste were not considered a problem. Only in the 21th century, the increased 

demand for food, the depletion of natural resources, the restrict energy 

demands and the minimize of economic costs have led to this problem.  
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Food processing industries generate an impressive amount of waste, 

consisting especially of the organic residues of processed raw materials. Most 

of these materials, defined waste, could represent an added value. The same 

term “waste” indicates a wide variety of products coming out of the 

production system. In fact, lately, the new term “waste by-products”, 

indicating products that can be reused, is gaining popularity. The possibility 

to recover by-products from production processes is very wide and varied 

and depends on the type of process under consideration. For example, 

vegetable by-products and plant residues, due to their content of polyphenols, 

glucosinolates, proteins, pectin, phytochemicals and plant enzymes, may be 

used to generate innovative products such as dietary fibres, food flavours or 

food supplements. 

Thus, in recent years, the concept of circular economy has become more and 

more established. Circular economy is a term that defines an economic 

system designed to be able to regenerate itself, therefore guaranteeing its eco-

sustainability. The principal aim is the waste reduction and the reuse of 

resources.  

Wineries constitute one of the most important agro-industrial sectors world-

wide. Grapes are one of the most cultivated fruits worldwide, with the 

production of more than 60 million metric tons per year. Vitis vinifera is the 

most commonly cultivated species for wine production, and according to the 

FAO, around 80% of its production represents 78 million tons that has been 

used in the wine sector. Winemaking process generates an ample variety of 

solid and liquid by-products, including vine shoots, grape marc or grape 

pomace, wine lees, spent filter cakes, vinasses, and winery wastewater that 
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must be treated, disposed of or reused properly, in order to avoid negative 

environmental impact. Large quantities of scraps are composed of rejected or 

inedible plant tissues with a high amount of water content and organic matter. 

Therefore, special attention has been given to more advantageous and 

sustainable options by both the scientific community and the producers, 

aiming at maximum utilization of all raw materials and by-products derived 

from the wine industry, ultimately reducing to a minimum the disposal of 

waste streams. 

Since ancient times and particularly in Mediterranean countries, wine has 

been closely associated with the diet, and its regular consumption has been 

associated with health benefits. Epidemiological and clinical studies around 

the world, over the past twenty years, have pointed out that the moderate 

intake of alcoholic beverages produces positive effects on antioxidant 

capacity, lipid profile and the coagulation system. Several studies have 

focused their attention on the components of red wine (mainly polyphenols 

and especially resveratrol) since the so-called “French paradox” was first 

described. Although the chemical constituents of grapes and wine may vary, 

similar beneficial effects have been observed in different varieties of red wine 

related to their higher polyphenolic content. Among food industry wastes, 

grape wastes are partially used in cosmeceutical and nutraceutical fields. 

However, little is known about the potential use of grape seeds. In fact, if the 

use of pulp and skin of grapes is already widely spread, the properties of 

grape seeds are not well characterized yet. Grapevine (Vitis vinifera L.) is a 

plant rich of bioactive compounds that are principally distributed in berry 

skin, stem, leaves and seeds, rather than in the pulp of the berry. Among the 
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substances accumulated in grapes, the most important and biologically 

interesting ones are surely polyphenols. About 70% of the polyphenols 

contained in grapes are present in the grape seed.  

Polyphenols are the most abundant secondary metabolites present in the plant 

kingdom. They represent a large and diverse group of molecules including 

two main families, the flavonoids and the non-flavonoids. Plant polyphenols 

belong to different groups: phenolic acids, phenolic diterpenes, volatile oils, 

flavonoids and stilbenes. All of them are characterized by multiples of phenol 

units.  
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Figure 1.1 Structures of polyphenols. Polyphenols are classified by the number of 

phenol rings in flavonoids and non-flavonoids. The figure shows basic skeleton structure 

of polyphenols. Image from: [1] 

 

Polyphenols are known for their anti-inflammatory, antimicrobial and 

antioxidant activities and are of interest in nutraceutical and cosmetic fields 

[1-3]. Moreover, some of them can also have cytotoxic effects and therefore 

they can be studied to develop new molecules with pharmacological activity.  

Polyphenols present in higher quantities in grapes are mainly flavonoids 

(anthocyanins, flavanols and flavonols), stilbenes and phenolic acids [4]. 

Anthocyanins and flavonols are mainly found in the skin [5] whereas 

flavanols and hydroxycinnamic derivatives (among the most common ones 

we find coumaric acid, caffeic acid and ferulic acid) have been found in 

higher quantities in grape seeds [6]. 

Anthocyanins are the main polyphenols in red grapes, whereas flavan-3-ols 

are more abundant in the white variety [7]. 

Anthocyanins belong to the flavonoid family. These molecules consist of a 

benzene molecule fused with a pyran molecule, linked with a phenyl group 

that can be in turn linked to several substituents. 

Anthocyanins are polyhydroxylated polyaromatic compounds capable of 

reacting with oxidants such as molecular oxygen and free radicals thus 

reducing the damage that these molecules can cause to cells and tissues [8].  

Flavan-3-ols are derivatives of flavans that possess a 2-phenyl-3,4-dihydro-

2H-chromen-3-ol skeleton. These compounds include catechin, epicatechin 

gallate, epigallocatechin, epigallocatechin gallate, and proanthocyanidins [9]. 
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However, the effects of polyphenols are often limited by their poor 

bioavailability [10]. Moreover, in vivo studies the dosage of single molecules 

of polyphenols did not have the expected effect. This can be due to the limited 

absorption but also to the lack of a synergistic action among the various 

molecules composing an extract [11]. 

For this reason, bioactive phytochemicals taken through diet represent a 

promising opportunity for the development of more effective strategies for 

the prevention or treatment of cancers that can be utilized as complementary 

to traditional medicine.  

For thousands of years, different cultures have used phytochemicals for 

treatment of various diseases, nevertheless their active ingredients or 

mechanisms of action often are not well characterized. Grape seed extract are 

hopeful bioactive molecules that have demonstrated anticarcinogenic effects 

in vitro and in vivo analysis and exhibit no toxicity in vitro [12,13].  

Phytochemicals can act also as protective agent against oxidative stress. 

Flavonoids are in particular described as the molecules with a strong 

bioactivity in brain functions with positive effects on synaptic plasticity and 

neuronal activity. Among the bioactive phytochemicals, Ginkgo biloba is one 

of the most used worldwide [14]. Ginkgo biloba fallen leaves are treated as 

waste to be incinerated, polluting the air, soil and rivers. In addition, the 

leaves have become a problem for local businesses and governments in the 

plantation area to dispose of [15]. Therefore, its recovery to produce 

nutraceutical extracts may be a solution to this problem. Ginkgo biloba has 

been widely used in the treatment of cardiovascular and cerebrovascular 

diseases, liver cirrhosis and acute and chronic renal disease. More recently, a 
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standardized extract of Ginkgo biloba, EGb 761, has been found to have 

neuroprotective effects in several central nervous system and 

neurodegenerative diseases [14]. EGb 761 (EGb) is a standardised extract of 

Ginkgo biloba leaves that contains a well-defined concentration of flavone 

glycosides and terpene lactones (24% and 6%, respectively). In fact, EGb 

contains 6% terpenoids (in which 3.1% are ginkgolides A, B, C, and J and 

2.9% is bilobalide), 24% flavonoid glycosides, and 5% to 10% organic acids 

[16]. The flavonoids act as free radical scavenging, whereas terpenes lactones 

protect mitochondrial membranes from free radical damage [17]. EGb has 

been described to have antioxidant properties playing an important role as a 

free radical scavenger [18]. It has been demonstrated that the antioxidant 

activity, as a “radical scavenger”, is due to its superoxide dismutase-like 

activity that enables it to scavenge hydroxyl radicals [19]. Ginkgo biloba also 

has the capacity to regulate the oxidative stress. The levels of glutathione, 

malondialdehyde, superoxide dismutase and nitric oxide, increased after a 

treatment with EGb [20]. These properties determine beneficial effects in 

neurodegenerative diseases as Alzheimer [21,22] or Parkinson [23]. However, 

the mechanism of the action of EGb protection against oxidative stress-

induced apoptosis remains to be fully elucidated. 

In fact, oxidative stress is one of the main causes of neural damage. EGb 761 

exerts neuroprotective action mainly acting as free radical–scavenger. In fact, 

EGb 761 is able to reduce the endogenous and the induced levels of ROS [24]. 

This activity is linked to the chemical structure of the flavonoids that allow 

to not only to react and directly scavenge, the hydroxyl radicals but also to 

inhibit the formation of new hydroxyl radicals [25]. 
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It is well known that oxidative stress determines the activation of the 

apoptotic processes, thus playing a crucial role in most of neurological 

diseases. 

 

The evidence mentioned above prompted us to explore the protective effect 

of EGb 761 against oxidative stress-induced apoptosis in neuroblastoma 

cells.  
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Aim 

 

The main aim of this study was to analyse the anti-cancer potential of grape 

seeds global semipolar extracts of two Italian grape varieties Aglianico (red) 

and Falanghina (white) in cancer cell lines. Many studies have shown that 

extracts from different cultivar can have different efficacy. It is believed that 

this difference is due to a different chemical composition.  

The use of natural extracts represents a new resource for the treatment of 

cancer, which can be used alongside the already established chemotherapy, 

radiotherapy and surgery. 

One of the major advantages of natural products is represented by the low 

intensity of side effects, which are usually milder than those associated to the 

use of chemotherapeutics. 

Initially, we tested the efficacy of the two grape seed extracts on 

mesothelioma cell lines. Malignant mesothelioma is a rather rare and 

aggressive cancer of the mesothelium, the epithelium lining vital organs such 

as the lungs and heart and body cavities such as the peritoneal cavity. The 

worldwide incidence is 2.2 cases per million population [26].  

We used three mesothelioma cell lines, MSTO-221H and NCI-H2452, 

sensitive to standard chemotherapeutic treatment, and IST-Mes2, insensitive 

to chemotherapeutic treatment. 

Usually, phytochemicals anticancer activities are exerted by inducing 

programmed cell death (apoptosis). Apoptosis can be executed through the 

intrinsic or the extrinsic pathway. The extrinsic pathway is activated by the 

bond of death receptors and their ligand, as the receptor FAS and his ligand 
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FASL. The intrinsic pathway is regulated by B-cell lymphoma-2 (BCL-2) 

family proteins. BAX (Bcl-2- associated X protein) impairs mitochondrial 

membranes determining cytochrome c release, and this activity is inhibited 

by binding of BCL-2 to BAX. Unbalance between BCL-2 and BAX favours 

BAX activity, determining the onset of apoptosis. Therefore, we decided to 

analyse gene and protein expression of regulatory genes of these pathways.  

Once the most promising and effective extract was chosen, we analysed the 

transcriptional pathways modulated following treatment. 

Afterward, we wanted to understand if the anticancer effects were restricted 

to mesothelioma only or also to other tumours. 

Therefore, the effect of grape seed extract was tested in breast cancer. Breast 

cancer is the most common tumour in women, and one of the three most 

common cancers worldwide [27] and its morbidity shows an increasing trend 

year by year [28].  

We used a cell line of breast cancer, MDA-MB-231, frequently used as late-

stage breast cancer model. This cell line is ER, PR, and E-cadherin negative 

and expresses mutated p53 [29]. 

Subsequently, we tested the biological effects of grape seed extract on 

medulloblastoma cells. Medulloblastoma is the most common paediatric 

brain tumour and is currently treated by surgery, radiotherapy, and 

chemotherapy [30]. Although this multi-modal treatment is the most effective, 

the aggressive nature of this therapy results in a number of serious 

neurocognitive side effects. We used two different cell lines, DAOY HTB-

186 and D283 Med HTB-185, which have a higher degree of stemness than 

the former. 
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The industrial characterization of the PhD pushed us to try to understand how 

to industrialize the process of production of the extract, to understand the 

common points with the industrial processes already widely developed for 

the production of other derivatives from grape seeds, and the economic 

feasibility of the project. Following this route, we have analysed the 

biological effects of grape seed oil, a commercial product derived from grape 

seeds. 

In the second chapter of this thesis, I have analysed the antioxidant potential 

of flavonoids present in a standardized Ginkgo biloba extract. In fact, 

oxidative stress occurs in the cell when the antioxidant defence in unable to 

balance the rate of the reactive oxygen species generated [31].  

When present in excess, oxidants elevate the intracellular levels of reactive 

oxygen species (ROS) and damage cell membrane, proteins and DNA.  

We chose to analyze Ginkgo biloba protective effects in neurons that are 

particularly prone to production of ROS and highly susceptible to redox 

stress, because of their high lipid and metal ion content combined with their 

high metabolic rate and relatively low concentrations of antioxidants [32]. 

Neuronal cell death induced by oxidative stress is especially dangerous 

because adult neurons are post-mitotic cells with limited capacity to 

proliferate or be replaced. Therefore, in neuronal cells, reduction of oxidative 

stress could inhibit apoptosis potentially preventing neurodegeneration. 

I have analyzed the protective effect of EGb 761 on oxidative stress-induced 

apoptosis in SK-N-BE cells with the aim to unravel the molecular pathway 

in which EGb 761 acts as antioxidant. SK-N-BE is a human neuroblastoma 
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cell line, commonly used as cellular model for research studies aimed to 

analyze the role of oxidative stress in neurodegeneration [33-35].  
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Chapter 1 
 

Polyphenols from grape seed extract 
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Materials and Methods 

 

2.1. Cell culture 

Human malignant mesothelioma cell lines MSTO-221H (MSTO) and NCI- 

H2452 (NCI) were grown in RPMI supplemented with 10% FBS, glutamine 

(2 mM), sodium pyruvate and antibiotics (0.02 IU/mL-1 penicillin and 0.02 

mg/mL-1 streptomycin). Human mesothelioma cells Ist-Mes2 (Mes2) were 

cultured in DMEM, supplemented with 10% FBS, glutamine (2mM), 1% 

nonessential amino acids, and antibiotics (0.02 IU/mL-1 penicillin and 0.02 

mg/mL-1 streptomycin). 

Human mesothelium cell lines, Met5-A, were grown in RPMI supplemented 

with 10% FBS, glutamine (2 mM), sodium pyruvate and antibiotics (0.02 

IU/mL-1 penicillin and 0.02 mg/mL-1 streptomycin).   

Human breast adenocarcinoma cell line MDA-MB-231(MDA) were 

maintained in RPMI 1640 medium supplemented with 10% FBS.  

The human mammary epithelial cell line, MCF10A cells, were cultured in 

DMEM/Ham's F-12 supplemented with 100 ng/ml cholera toxin, 20 ng/ml 

epidermal growth factor, 0.01 mg/ml insulin, 500 ng/ml hydrocortisone, and 

10% FBS. 

Human medulloblastoma cell lines, DAOY HTB-186 (DAOY) and D283 

Med HTB-185 (DAOY) were routinely maintained in complete growth 

medium Eagle’s Minimum Essential Medium supplemented with 10% FBS 

with 2 mM glutamine and 100 U penicillin/0.1 mg/mL streptomycin.  
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2.2. Plant material  

Two Vitis vinifera cultivars were used in this study: Aglianico del Taburno, , 

and Falanghina del Beneventano. Berries were collected from a nine-year-

old vineyard (145 m a.s.l., Castelvenere, Benevento Province, Southern Italy) 

during the 2015 growing season. The whole berries were frozen immediately 

in liquid nitrogen. Three independent pools (biological replicates) of about 

100 berries were used for the analyses. 

 

2.3. Extract preparation 

To obtain peel and seed semipolar extracts from Aglianico and Falanghina, 

each tissue was first isolated, minced with liquid nitrogen and then 

lyophilized. The powder was homogenized with methanol/chloroform (1:4) 

using TissueLyser (Qiagen). Aqueous phases was then recovered after a 5′ 

centrifugation (12,000 rpm) and lyophilized again. The powder was then 

dissolved in DMSO (Sigma) at a concentration of 500 mg/ml and stored at 

−20° C. The extracts were designed as follows: Aglianico grape peel, AGP; 

Aglianico grape seed, AGS; Falanghina grape peel, FGP; Falanghina grape 

seed, FGS. 

 

2.4. Cell proliferation assay 

To evaluate the effects of peel and seed semipolar extracts from Aglianico 

and Falanghina on cell proliferation, approximately 1 × 104 cells were plated 

in 48-well plates and treated with different concentrations of either peel (up 

to 1000 μg/ml) or seed (up to 500 μg/ml) extracts for 24, 48 or 24+24h 

(24+24). In the case of the 24+24 treatment, cells were treated twice: after 
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overnight incubation and again after 24 h. Then, cells were fixed with 3.7% 

formaldehyde for 10min, washed with PBS, and stained with 0.5% crystal 

violet for 10 min. A microplate reader (Cytation3, ASHI) was then used to 

measure the absorbance of each well at 595 nm. All the experiments were 

performed in triplicate. Through these experiments, we selected the optimal 

concentration (350 μg/ml) and extract source (seed) to be used in subsequent 

experiments. 

 

2.5. Colony forming assay 

For colony assay, cells were seeded in six-well plates at a density of 500 

cells/well and incubated at 37°C in a 5% CO2 humidified incubator. The 

culture medium was replaced every three days and cells were grown for 

14days. Then, cells were treated with 350μg/ml of Falanghina (FGS) or 

Aglianico (AGS) seed extracts for 24 h and grown for additional 14 days 

using media without seed extracts. Colonies were finally stained with crystal 

violet and counted. Representative plates were photographed using phase 

contrast microscope (Leica, Milan, Italy). All the experiments were 

performed in triplicate. 

 

2.6. Wound healing assays 

Approximately 1.5 × 105 cells were plated in six-well plates. After overnight 

incubation, cells were treated with 350 μg/ml of FGS or AGS extracts for 24, 

48 and 24 + 24 h. Wounds were created in confluent cells using a 200 μL 

pipette tip. To analyse cell migration, at least 10 representative images for 

each scratch were taken in different scratched area of cells at different time 
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points of incubation. Images were focused on the centre of the wound field, 

photographed and measured using ImageJ software. The influence of FGS 

and AGS on wound closure was compared to scratched cells at time zero 

hours. All the experiments were performed in triplicate. 

 

2.7. Apoptosis detection by flow cytometry analysis 

Approximately 7.5 × 105 cells were plated in 100 mm plates. After overnight 

incubation, cells were treated with 350 μg/ml of FGS or AGS extracts for 

either 24, 48 or 24 + 24 h and stained with propidium iodide and annexin V 

(Annexin V FITC assay, BD Biosciences, Franklin Lakes, NJ), according to 

the manufacturer’s guidelines. Flow cytometry was performed using a 

FACS-canTM flow cytometry system (Becton Dickinson, San Jose, CA). All 

the experiments were performed in triplicate. 

 

2.8. RNA extraction and expression analysis of apoptotic pathway genes in 

MM cells 

RNA was extracted using Trizol (Life Technologies) following 

manufacturer’s instructions. For RT-q-PCR assays, 200 ng of total RNA from 

each sample were retro-transcribed using the High Capacity cDNA Reverse 

Transcription Kit (Applied Biosystem). RT-q-PCR reactions were performed 

by means of a 7900 HT Real Time PCR (Applied Biosystem). Gene specific 

primers for the selected genes: BAX: (Forward 5′-TTTGC 

TTCAGGGTTTCATCCA-3′, Reverse 5′- CTCCATGTTACTGTCCAGTT 

CGT-3′); (BCL-2: Forward 5′-GTTCCCTTTCCTTCCATCC-3′, Reverse 5′-

TAGCCAGTCCAGAGGTGAG-3′); FAS: (Forward 5′-CCCTCCTACCT-
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CTGGTTCTTACG-3′, Reverse 5′TCAGTCACTTGGGCATTAACACTT-

T-3′); FASL: (Forward 5′-CCTGAAAAAAAGGAGCTGAGGAA-3′, 

Reverse 5′-GGCATGGACCTTGAGTTGGA-3′); GAPDH: (Forward 5′-

CAAGGCTGTGGGCAAGGT-3′, Reverse 5′-GGAAGGCCATGCCAGT-

GA-3′); MDM2 (Forward: 5’-AAGGTGGGAGTGATCAAAAGGA-3’; 

Reverse: 5’-TAGAAACCAAATGTGAAGATGAAGGT-3’); JUN 

(Forward: 5’-TTTTGCAAGCCTTTCCTGCG-3’, Reverse: 5’-

TCTTCTCTGCGTGGCT-CTC-3’); DHCR24 (Forward 5’-GCTGGACT-

CTCCCCGTGTT-3’; Reverse: 5’-TGCCTGTGCCCATGATCA-3’) 

DHCR7 (Forward: 5’-CGCAGGACTTTAGCCGGT-3’,Rev: 5’-TGGCT-

TTGGGAATGTTGGG-T-3’);  HMGCR (Forward: 5’-CCTTTCCAGA-

GCAAGCACATTA-3’, Reverse: 5’- TTTCCCTTACTTCATCCTGT-

GAGTT-3’); ACAT2 (Forward: 5’-TGTGGCTCCGGAAG-ATGTG-3, 

Reverse: 5’-GCCTGCTGCCAAGACATGT-3’); FASN (Forward: 5’-

CTGCTGCTGGAAGTCACCTATG-3’, Reverse: 5’-CGGAGTGAA-

TCTGGGTTGAT-G-3’); FDFT1 (Forward: 5’-GGAAGGTGATGCCCAA-

GATG-3’, Reverse: 5’-ACTGGTCTGATTGAGATACTTGTAGCA-3’); 

HMGCS1 (Forward: 5’- TGCTGTCTTCAATG-CTGTTAACTG-3’, 

Reverse: 5’-ACCAGGGC-ATACCGTCCAT-3’). 

Primers were designed at exon-exon junctions using Primer express 2.0 

(Applied Biosystems). Target expression level was performed as previously 

described [36] using GAPDH as housekeeping gene. All the experiments were 

performed in triplicate. 
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2.9. Cytochrome c release 

To determine the cytochrome c release from mitochondria to cytosol, 

cytosolic fractions were isolated after FGS and AGS extracts treatment. 1 × 

106 cells were resuspended in 100 μL of ice-cold plasma membrane 

permeabilization buffer (200 μg/ml digitonin, 80 mM KCl in PBS), and 

incubate on ice for 5 min. Lysates were centrifuged at 800 X g for 5 min at 4 

°C, and the supernatants (cytosolic fraction) were then collected. All the 

experiments were performed in triplicate. 

 

2.10. Western blot 

Protein extracts were prepared as previously described [37]. For each lane, 20 

μg of total cell lysates were separated in 4–15% Tris–glycine gels (BioRad) 

at 100 V. Proteins were then transferred to PVDF membranes, probed with 

the specific primary antibodies, followed by secondary antibodies conjugated 

with horseradish peroxidase according manufacturer’s indications. Primary 

antibodies used for Western blot include PARP (Cell Signaling, #9542), 

BCL-2 (Abcam, ab182858), BAX (Santa Cruz Biotechnology, sc-493) and 

Cytochrome c (Abcam, ab133504), MDM2 (Santa Cruz Biotechnology, sc-

965), Phospho-c-Jun (Ser243) (Cell Signaling, #32994), p53 (Cell Signaling, 

#2524). β-Actin (Cell Signaling, #3700) was used as loading control. All the 

antibodies were used at working concentration indicated by manufacturers. 

Protein bands were detected by Clarity western ECL (BioRad) and quantified 

with ImageJ software. All the experiments were performed in triplicate. 
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2.13. Statistical analysis 

Analysis to evaluate the difference between control and treatments was 

performed using Graph Pad Prism 9.0 (GraphPad Software, San Diego, CA, 

USA). For each experiment, overall significance of the differences among 

means was evaluated using the One-Way ANOVA, while differences of each 

treatment with the control was evaluated using the Dunnet’s multiple 

comparison test with Bonferroni post hoc correction. 

Statistically significant difference compared to untreated cells are: *p ≤ 0.05, 

**p ≤ 0.01, ***p ≤ 0.001, ****p ≤ 0.0001. 

All metabolomics data have been statistically validated using an ANOVA 

with Tukey’s t-test analysis. 

 

2.14. Micro-Array analysis 

MSTO-211H (1,5 x 106) were treated with 350 ug/ml of AGS for 24+24 

hours then RNA was extracted using Trizol (Life Technologies) and 

following manufacturer’s instructions. Total RNA samples were quantified 

with a spectrophotometer (NanoDrop 1000, Thermo Fisher Scientific, 

Waltham, MA, United States).  

Expression profiling was performed using 100 ng RNA and the Affymetrix 

Human Clariom S Assay. 

(Affymetrix/Thermo Fisher Scientific), which interrogates over 20000 well-

annotated genes. Total RNA was converted in labelled ssDNA and used to 

hybridize microarray. All the procedures including wash and staining of array 

were performed following Affymetrix instructions.  
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After laser scanning .CEL files from array were used for data analysis. 

Primary data analysis was performed with the Transcriptome Analysis 

Console software (Thermofisher version 3.1.0.5) including the Robust 

Multiarray Average module for normalization.  

 

2.15. Pathway and network analysis by IPA. 

The list of differentially expressed genes in the MSTO cell line, containing 

gene identifiers and corresponding expression values, was uploaded into the 

IPA software (Qiagen). The “core analysis” function included in the software 

was used to interpret the differentially expressed data, which included 

biological processes, canonical pathways, upstream transcriptional 

regulators, and gene networks.  

 

2.16. Oil preparation  

The industrial process for the production of grape seeds oil includes a first 

phase of mechanical separation of grape seeds from the remaining residues 

of the wine making process. In 100 kg of grapes, 80% is represented by pulp, 

12% skin, 4% seeds and the remaining part by stems, and after wine making 

process, skin and seeds are combined. After separation the grape seeds are 

dried, at 1.5 atm, at about 60/70° C for about 2 hours. With this process the 

percentage of water in grape seeds changes from 50 to 10%. At this point the 

grape seeds pass into a hopper from which oil and a waste product, called 

flour, comes out. For 100 grams of grape seeds you get about 17 grams of oil 

and 83 grams of flour.  
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The grape seed oil is dissolved in DMSO to a final concentration of 0.9%. 

Cells are treated with the oil for 48 hours. 0.9% DMSO is added to the control 

cells.  
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Results 

 

3.1. Seed rather than peel extracts determine cancer growth inhibition 

First of all, we determined that the vehicle with which the extracts, DMSO, 

were prepared did not affect the viability of the treated cells. 

Treatments of MSTO, NCI and Mes2 cells with hydroalcoholic semi-polar 

peel extract did not affect MM cell viability, also when used at high 

concentration (1000 μg/ml) (Fig. 3.1).  

 

 

Figure 3.1 Effect of hydroalcoholic semi-polar peel extract on MSTO cells. The same 

results were obtained with NCI and Mes2 cells. The bars represent the average ± 

standard deviation (n=3). Statistically significant difference from the control: **p<0.01, 

***p<0.005, ****p<0.001. 

 

On the contrary, extracts from seeds determined cell growth inhibition in a 

concentration and time-dependent manner (Fig. 3.2 a, b). In particular, 

Falanghina grape seed extract (FGS) at 350μg/ml was able to significantly 

decrease MSTO cell viability up to 30% (ANOVA p-value <0.0001). At the 



  

 27 

same concentration, Aglianico grape seed extract (AGS) decreased MSTO 

cell viability up to 40% (ANOVA p-value < 0.0001).  

 

Figure 3.2 Extracts from seeds determined cell growth inhibition in a concentration and 

time-dependent manner on MSTO cells); untreated cells:-. The bars represent the 

average ± standard deviation (n=3). Statistically significant difference from the control: 

**p<0.01, ***p<0.005, ****p<0.001. 

 

Since AGS at 350 μg/ml resulted closer to the half minimal (50%) inhibitory 

concentration (IC), we decided to use this concentration for subsequent 

experiments. Following 48 h of treatment, MSTO cell death was higher than 

that observed after 24 h. Moreover, a stronger effect was evident when the 

48 h treatment was performed by adding the extract twice, every 24 h (24 + 

24 h) (ANOVA p-value < 0.0001). (Fig. 3.2 b). Similar results were obtained 

with NCI and Mes2 cell lines (Fig. 3.3). 
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Figure 3.3 NCI and Mes2 cell viability: a, b) treatments with FGS and AGS extracts; c, 

d) time course treatment with FGS and AGS extracts (350 µg/ml); untreated cells:-.The 

bars represent the average ± standard deviation (n=3). Statistically significant 

difference from the control: **p<0.01, ***p<0.005, ****p<0.001. 

 

These experiments indicated that seed extracts were more effective than peel 

extracts. For this reason, subsequent assays were carried out only with seed 

extracts. 

 

3.2. FGS and AGS impair mesothelioma tumorigenic properties affecting cell 

proliferation and migration 

To evaluate the anticancer potential of FGS and AGS, cell migration and 

invasive ability were analysed on MSTO, NCI and Mes2 treated 

independently with the seed extracts of Falanghina and Aglianico. The 

colony formation assay indicates the cellular self-renewal ability and their 

long-term proliferative potential. Our results showed that this ability was 

strongly impaired by seed extracts of both varieties in all the cell lines 
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analysed. In fact, after colonies growth, a 48h treatment with 350 μg/ml of 

FGS or AGS almost completely inhibited colony formation in MSTO (67% 

and 90%, respectively; ANOVA p- value < 0.0004) as well as in NCI (51% 

and 84%, respectively; ANOVA p-value < 0.0001 and in Mes2 cells (48% 

and 88%, respectively; ANOVA p-value < 0.0003) (Fig. 3.4). 

 

 

Figure 3.4 Colony formation assay after FGS and AGS treatment (350 µg/ml); 

untreated cells :-. Representative plate images after crystal violet staining are shown. 

Histograms report average of colony number. The bars represent the average ± 

standard deviation (n=3). Statistically significant difference from the control: **p<0.01, 

***p<0.005. 

 

To measure the cell migration capability in vitro, we also performed a wound 

healing assay treating scratched cells with FGS or AGS extracts. MSTO cell 

migration was significantly inhibited by both extracts in a time-dependent 

manner reaching a gap of about 120% (FGS; ANOVA p-value < 0.0001) or 

170% (AGS; ANOVA p-value < 0.0001) compared to the wound gap in the 

untreated cells. In particular, the wound gap was maximum after 24 + 24 h 

treatment with 350 μg/ml FGS or AGS extracts (ANOVA p-value < 0.0001) 
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(Fig. 3.5). On the contrary, in the untreated cells the wound gap was closed 

at the end of the treatment.  

 

 

Figure 3.5 Wound healing assay. The wound closure rate was measured by detecting the 

closure distance at three different time intervals on MSTO cells untreated (-) or treated 

with 350 µg/ml of seed extracts. Representative micrographs at phase contrast 

microscope are shown. (h) Quantification of open wound area. 

The indicators represent the average ± standard deviation (n=3). Statistically significant 

difference from the control: **p<0.01, ***p<0.005, ****p<0.001. 

 

Similar results were obtained with NCI and Mes2 cells (Fig. 3.6). 
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Figure 3.6 Wound healing assay on NCI (a) and Mes2 (c). The wound closure rate was 

measured by detecting the closure distance at three different time intervals on untreated 

cells (-) or cells treated with 350 µg/ml of extracts; representative micrographs of the 

cell migration from three independent experiments are shown. b) and d) Quantification 

of open wound area. The indicators represent the average ± standard deviation (n=3). 

Statistically significant difference from the control: ***p<0.005,  ****p<0.001. 

 

Taken together, these results revealed that grape seed extracts from both 

varieties determined a comparable inhibition in cell growth and migration. 
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3.3. FGS and AGS induce apoptosis in mesothelioma cell lines 

To confirm whether the loss of viability was due to apoptosis, we analysed 

cell cycle perturbation and the downstream signalling triggered by grape seed 

extracts. MSTO treatment with FGS determined a growing apoptotic 

induction during time. It reached about 20% at 24 + 24 h treatment (Fig. 3.7 

a, b). AGS treatments on MSTO cell lines resulted in apoptotic increase of 

about 35% after 24 + 24 h treatment (Fig. 3.7 c, d) (ANOVA p-value < 

0.0051). 

 

 

Fig 3.7 MSTO apoptosis analysis by Annexin V-FITC/PI after treatments with 350 

µg/ml of FGS (a) and AGS (c) extracts at three different time intervals; untreated cells :-

.Q2 and Q4: early and late apoptotic cells; Q1: necrotic fraction; Q3: live cells. 

Histograms reporting a data summary of the apoptotic index after FGS (b) or AGS (d) 

treatment represented in (a) and (c). Bars represent the average ± standard deviation 

(n=3). Statistically significant difference from the control: *p<0.05, **p<0.01, 
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***p<0.005, ****p<0.001. 

 

The, NCI and Mes2 cell lines showed only slight modifications in apoptosis 

compared to MSTO. Interestingly, Mes2 cells that did not undergo apoptosis 

after combined drug treatment with piroxicam and cisplatin [37], resulted 

more sensitive to both extracts (Fig. 3.8), suggesting that grape seed extracts 

act as broad regulators of apoptotic induction. 

 

Figure 3.8 NCI (a, c) and Mes2 (e, g) cells were exposed to 350 mg/ml of FGS or AGS 

for the indicated time and analyzed by flow cytometry analysis (Annexin V-FITC/PI). 

Histograms reporting a data summary of the apoptotic index for NCI (b, d) or Mes2 (f, 
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h). The bars represent the average ± standard deviation (n=3). Statistically significant 

difference from the control: *p<0.05,**p<0.01, ***p<0.005, ****p<0.001. 

 

3.4. FGS and AGS activate specific pathways involved in apoptosis 

To better investigate the molecular mechanism involved in the apoptotic cell 

death following FGS and AGS treatments, we focused our attention on the 

apoptotic pathway involved. We first analysed the expression levels of BCL-

2 and BAX after FGS and AGS treatments at 24, 48 and 24 + 24 h by q-PCR. 

As reported in Fig. 3.9, the BAX/BCL-2 ratio suggested a time-dependent 

apoptotic induction in all MM cell lines analysed. The highest BAX/BCL-2 

ratio was observed at 24 + 24 h treatment.  

 

 

Figure 3.9 Quantitative analysis of mRNA expression levels of Bax and Bcl-2 in MM 

cell lines. The bars represent the average ± standard deviation (n=3). Statistically 

significant difference from the control: *p<0.05, **p<0.01, ***p<0.005, ****p<0.001. 
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Then, we investigated if grape seed extracts could activate the extrinsic 

pathway by measuring expression levels of Fas and FasL, two markers of 

extrinsic apoptosis induction. Our results provided evidence that Fas was not 

modulated by FGS and AGS in the cell lines analysed. Furthermore, we were 

not able to detect any expression of FasL (data not shown). These findings 

indicated that intrinsic but not extrinsic apoptotic pathway is triggered by 

FGS and AGS treatments. 

 

3.5. FGS and AGS extracts induce protein expression of cleaved PARP and 

BAX and cytochrome c release 

To gain more insight into the molecular mechanism involved in the apoptotic 

cell death, we also investigated the effect of FGS and AGS extracts on PARP 

cleavage as well as on BAX and BCL-2 protein expression. PARP protein is 

very important for cellular function and survival, and it is a well-known 

caspase enzyme substrate [38]. Immunoblots clearly showed that, in MSTO 

cell line, both seed extracts induced PARP cleavage and increased ratio of 

BAX/ BCL-2 (Fig. 3.10), confirming that both extracts are able to induce 

apoptosis. 
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Figure 3.10 Analysis of cleaved PARP, BAX, BCL-2 and of cytochrome c (cytosolic 

fraction) on MSTO cells treated with FGS (a) or AGS (b) (350 µg/ml); untreated cells:-. 

-Actin protein expression was used as loading control. Histograms report the relative 

expression level. Statistically significant difference from the control: *p<0.05, 

**p<0.01, ***p<0.005, ****p<0.001. 

 

Similar results were obtained with NCI and Mes2 cells (Fig. 3.11). 
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Figure 3.11 Analysis of cleaved PARP, BAX, BCL-2 and of cytochrome c (cytosolic 

fraction) on NCI (a, b) and Mes2 (c, d) cells untreated (-) or treated (350 µg/ml) with 

FGS or AGS at three different time intervals. -Actin protein expression was used as 

loading control. Histograms report the relative expression level. Statistically significant 

difference from the control: *p<0.05, **p<0.01, ***p<0.005, ****p<0.001. 

 

To further investigate the mechanism of grape extracts-mediated apoptosis, 

we examined the cytochrome c release from mitochondria. Indeed, the 

apoptotic cell death through the intrinsic mitochondrial pathway is known to 

induce mitochondrial membrane permeabilization and the subsequent 

cytochrome c release. As shown in Fig 3.10, treatment with grape seed 

extracts induced cytochrome c release in MSTO cell lines. Similar results 

were also obtained in NCI and Mes2 cells (Fig. 3.11). All these findings, 

together with earlier observations, suggest that FGS and AGS may directly 
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induce mitochondrial membrane damage and, as consequence, cellular 

apoptosis.  

 

3.6. Metabolomics and transcriptomic analysis of grape peel and seed 

samples 

Cell treatments with seed extracts were very effective, whereas those with 

peel extracts did not affect cell viability. 

To better investigate on the metabolite content of Aglianico and Falanghina 

seeds a metabolomic analysis and a transcriptomic analysis was performed. 

Analysis of metabolite content [39] identified a total list of 100 negatively and 

241 positively charged ions specifically present or over-/down-represented 

in seed over peel metabolomes of Aglianico, Falanghina, or in both varieties. 

The number of compounds that were consistently over- and down-

accumulated in seed vs peel tissues was 108 and 154 in Aglianico and 76 and 

130 in Falanghina are reported in Table 1.  

 

Table 1. Number of statistically significant (p-value ≤ 0.05) over- and down-accumulated 

metabolites in Aglianico and Falanghina peel and seed extracts.  

     

 AGS/AGP FGS/FGP AGS/FGS AGP/FGP 

Over-accumulated 108 76 69 39 

Down-accumulated 154 130 123 198 

 

 

Subsequent analysis indicated that Aglianico and Falanghina seed 

metabolomes resulted highly enriched in several secondary compounds, 
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particularly phenylpropanoid precursors and proanthocyanidin. The results 

can be visualized in the heatmap (Fig. 3.12) [39]. 

 

 

Figure 3.12 Metabolites have been classified in higher- (a) and lower-represented (b), 

according to the detected values. Red squares of different shades represent the relative 

values for each metabolite, expressed as fold on the level of the internal standard. Data 

are present as average ± standard deviation. Gray squares indicate no detectable 

expression of the corresponding metabolite. 

 

According to metabolomic analysis gene expression analysis [39] confirmed 

an increased expression in seeds of genes involved in the phenylpropanoids 

and flavonoids biosynthesis.  
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3.7. Microarray analysis 

Microarray results allowed to identify the major molecular pathways 

involved in the response to AGS treatment. Surprisingly, AGS treatment 

deregulates the cholesterol biosynthesis pathway, and instead, as we 

expected, it deregulates a pathway involved in apoptosis, which includes the 

MDM2, JUN, and p53 genes. 

 

 

Figure 3.13 Top Canonical Pathway results from IPA  

 

Enriched canonical pathways detected using IPA. A total of 67 enriched 

canonical pathways were identified by applying the ‐log (P‐value) are shown 

in Fig. 3.15. The ‘superpathway of cholesterol biosynthesis’ was the highest 

ranking signalling pathway with a ‐log (P‐value) of 2.5. Taking Z‐score >2 

as the threshold of significant activation.  

In addition, the IPA analysis showed that genes deregulated within the class 

"Diseases and Disorders" are categorized as belonging to cancer, cell death, 

proliferation and cell viability.  

A deeper bioinformatic analysis of cholesterol biosynthesis genes and of 

those involved in apoptosis, allowed to build a functional network including 
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a subset of genes in common or having a connection between the two 

pathways.  

 

Figure 3.14 Integrated Network. Biosynthesis and apoptosis pathway genes united in a 

single network linking them together. 

 

Specifically, the cholesterol biosynthesis genes chosen were: DHCR24, 

DHCR7, HMGCR1, ACAT2, FDFT1, HMGCS1, and FASN. All these genes 

encode proteins involved in the long pathway leading to cholesterol or fatty 

acid biosynthesis.  

DHCR24 and DHCR7, encode for enzymes involved in the last stages of 

cholesterol formation. DHCR24 is also capable to reduce the activity of p53, 

directly by reducing its activation, but also indirectly, by increasing the 

interaction between MDM2 and p53, thus leading to the ubiquitination of the 

latter.  
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The expression of these genes connecting the two signalling pathways was 

biologically validated in all three mesothelioma cell lines by q-PCR. Gene 

expression analysis confirmed that is downregulated after the treatment with 

grape seed extract (Fig. 3.15) 

 

 

 

Figure 3.15 Quantitative analysis of mRNA expression levels of genes of cholesterol 

synthesis in MM cell lines. The bars represent the average ± standard deviation (n = 3). 

Statistically significant difference from the control: *p < 0.05, **p < 0.01, ****p < 

0.001. 

 

Among the genes responsible for apoptosis activation, we selected MDM2, 

JUN and p53. Validation by q-PCR confirmed the results of transcriptomic 

analysis. In fact, MDM2 and JUN are downregulated, while p53 is 

upregulated (Fig. 3.16) 
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Figure 3.16 Quantitative analysis of mRNA expression levels of genes of apoptotic 

pathway in MM cell lines. The bars represent the average ± standard deviation (n = 3). 

Statistically significant difference from the control: *p < 0.05, **p < 0.01, ****p < 

0.001. 

 

The modulation of gene expression found in the MSTO cell line was also 

confirmed in the other two mesothelioma lines tested, NCI and Mes2.  

 

3.8. AGS and grape seed oil determine growth inhibition in mesothelioma 

and breast cancer cells. 

During the stage carried out in the company, I have studied the grape seed oil 

production process in order to compare this process with the extraction 

protocol set up in our laboratory and analysed the resulting product by 

comparing the biological activity of the oil with the extract. 

For this purpose, MSTO cells were treated with 0.9% grape seed oil in DMSO 

for 48 hours. The results obtained have shown that grape seed oil is capable 

of reducing the viability of mesothelioma cells, but less than Aglianico 

extract (Fig. 3.17). 
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Figure 3.17 Bioactivity of grape seed extracts and grape seed oil on human 

mesothelioma cells, MSTO, and human mesothelium cells, Met5-A. The bars represent 

the average ± standard deviation (n = 3). Statistically significant difference from the 

control: *p < 0.05, **p < 0.01. 

 

At this point we tried to understand if the biological activity of Aglianico 

semipolar extracts and grape seed oil was due to the activation of particular 

pathways specifically activated in mesothelioma cells or if they could be 

activated in other tumours as well. Both treatments were therefore initially 

tested using a breast cancer cell line (MDA-MB-23). In addition, it was 

verified that the extract had no effect on non-tumour cell counterparts (MCF-

10A). 

As showed in Fig. 3.18 both AGS and grape seed oil, are able to reduce cell 

viability, also in different tumour cell line. However, the treatment with grape 

seed oil is less effective than AGS treatment in reducing viability.  
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Figure 3.18 Bioactivity of grape seed extracts and grape seed oil on human breast cells, 

MDA, and mammary epithelial cells, MCF10A. The bars represent the average ± 

standard deviation (n = 3). Statistically significant difference from the control: *p < 

0.05, **p < 0.01. 

 

3.9. AGS and grape seed oil bioactivity on mesothelioma and breast cancer 

cells. 

To determine if the reduction in viability was due to apoptosis, we analysed 

cell cycle perturbation and the downstream signalling triggered by grape seed 

extracts and grape seed oil. As shown in the Figure 3.19 MSTO treatment 

with oil does not determined apoptotic induction, as detected for AGS. 

 

 

Figure 3.19 MSTO apoptosis analysis by Annexin V-FITC/PI after treatments with AGS 

or grape seed oil; untreated cells:-.Q2 and Q4: early and late apoptotic cells; Q1: 
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necrotic fraction; Q3: live cells. Histograms reporting a data summary of the cell 

population (b) and apoptotic index after treatment represented in (c). Bars represent the 

average ± standard deviation (n = 3). Statistically significant difference from the 

control: **p < 0.01, ***p < 0.005, ****p < 0.001. 

 

Also, in MDA cells treated with AGS the apoptotic process is activated, 

meanwhile the treatment with the oil does not determine apoptotic induction 

(Fig. 3.20). 

 

 

Figure 3.20 MDA apoptosis analysis by Annexin V-FITC/PI after treatments with AGS 

or grape seed oil; untreated cells:-. Q2 and Q4: early and late apoptotic cells; Q1: 

necrotic fraction; Q3: live cells. Histograms reporting a data summary of the cell 

population (b) and apoptotic index after treatment represented in (c). Bars represent the 

average ± standard deviation (n = 3). Statistically significant difference from the 

control: ***p < 0.005, ****p < 0.001. 

 

Therefore, we also compared gene expression of genes after oil treatment and 

after AGS treatment in MSTO cells. As shown in Fig. 3.21, oil treatment 

modulates gene expression in the same direction as AGS treatment but with 

lower efficacy. 
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Figure 3.21 Quantitative analysis of mRNA expression levels of genes of cholesterol 

synthesis and apoptotic pathway in MSTO cell lines. The bars represent the average ± 

standard deviation (n = 3). Statistically significant difference from the control: ***p < 

0.005, ****p < 0.001. 

 

At this point we analysed the expression of genes present in the integrated 

network in MDA cells after treatment with AGS or Oil. While the modulation 

of genes responsible for the apoptotic pathway is the same that we found in 

mesothelioma cells, in breast cancer cells the cholesterol biosynthesis 

pathway did not result modulated. 
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Figure 3.22 Quantitative analysis of mRNA expression levels of genes of cholesterol 

synthesis and apoptotic pathway in MSTO cell lines. The bars represent the average ± 

standard deviation (n = 3). Statistically significant difference from the control: ***p < 

0.005, ****p < 0.001. 

 

3.10. AGS bioactivity on medulloblastoma cells 

To find out if the extract could be also active in other cancers, we have tested 

the effect of the extract on two medulloblastoma cell lines. The analysis of 

two cell lines, DAOY and D283, has shown that, also in this case, AGS is 

able to reduce viability and to induce apoptosis. 
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Figure 3.23 Bioactivity of grape seed extracts and grape seed oil on human 

medulloblastoma cells, DAOY (a) and D283 (b). Apoptotic cells after AGS treatment in 

DAOY (c) and D283 (d). The bars represent the average ± standard deviation (n = 3). 

Statistically significant difference from the control:*p<0.05, **p<0,01 ***p < 0.005, 

****p < 0.001. 

 

Subsequently, we analysed also in these cells the expression of genes present 

in the functional network previously identified. The analysis by q-PCR 

showed that in all cell lines, the genes that regulate apoptosis have the same 

modulation found in mesothelioma cells. Cholesterol biosynthesis, however, 

does not seem to be modulated in the same way, in fact, while it is 

downregulated in DAOY cells, as well as in mesothelioma cells, it does not 

occur in breast and D283 cancer cells. This allows us to hypothesize that the 
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inhibition of cholesterol biosynthesis is a pathway specifically activated only 

in some tumours.  

 

 

Figure 3.24 Quantitative analysis of mRNA expression levels of genes of cholesterol 

synthesis and apoptotic pathway in medulloblastoma cell lines. The bars represent the 

average ± standard deviation (n = 3). Statistically significant difference from the 

control:*p<0.05, **p<0,01 ***p < 0.005, ****p < 0.001. 

 

3.11. Protein expression analysis  

Modulation of apoptosis by genes present in the pathway has been confirmed 

also by protein expression analysis by means of western blot. As shown in 

Fig. 3.25 MDM2 protein expression is decreased, as is the expression of 

phosphorylated c-JUN protein, the active form of c-JUN protein. 

Furthermore, p53 protein expression was found to be increased in all tumor 

lines tested. 
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Figure 3.25 Protein expression levels of MDM2, phosho c-JUN and p53 after AGS 

treatment analysed by Western blot analysis. Histograms report the expression of 

MDM2, phosho c-JUN and p53 normalized expression. β-Actin was used as loading 

control. The bars represent the average ± standard deviation (n = 3). Statistically 

significant difference from the control:*p<0.05, **p<0,01 ***p < 0.005, ****p < 

0.001. 

 

Finally, the molecular apoptotic pathway activated after AGS treatment in 

the other tumoral lines was investigated by q-PCR. Fig. 3.26 indicates that in 

MDA cells, there is modulation of BAX and BCL2 genes similarly to that 

found mesothelioma cell lines. Surprisingly, in medulloblastoma cells, BAX 

and BCL2 genes are not modulated in the same direction, but the expression 

of death receptor gene FAS, is modulated. 
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Figure 3.26 Quantitative analysis of mRNA expression levels of Bax, Bcl-2, Fas, p21 

and p53 after AGS treatment. The bars represent ± the average ± SD of independent 

experiments (n = 3). Statistically significant difference compared to untreated 

cells:*p<0.05, **p<0,01 ***p < 0.005, ****p < 0.001. 
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Discussion 

 

The development of alternative and more effective therapies in malignant 

mesothelioma is deemed urgent since to date the standard therapeutic 

modalities, including chemotherapy, surgery and radiotherapy have yielded 

un- satisfactory outcomes. The main objective of our research was to evaluate 

the anticancer efficacy of semi-polar extracts from peel and seed tissues of 

two Italian grape varieties, Aglianico and Falanghina, and to determine the 

mechanisms of action using different human mesothelioma cell lines. Our 

results suggest that Aglianico and Falanghina peel extracts do not exert 

proapoptotic effects on MM cells. This agrees with previous studies reporting 

only chemopreventive or adjuvant effect of peel extracts, mainly for the 

presence of resveratrol [40]. Additional studies are needed to validate if our 

peel extracts could act as adjuvant on MM cells when combined to 

chemotherapeutics. Our data also point out seeds as potential source of 

phytochemicals with anticancer activities in MM. Indeed, they were able to 

induce apoptosis in different MM cell lines, including those insensitive to 

standard chemotherapeutic treatments [37]. Semi-polar seed extracts from 

both Aglianico (AGS) and Falanghina (FGS) affected tumorigenic properties 

of human mesothelioma cells in a time- and dose-dependent manner, with 

Aglianico showing the strongest effect. Colony formation assay showed that 

FGS and AGS reduced the capacity of mesothelioma cells to form colonies, 

indicating that these extracts impair cellular self-renewal ability and 

proliferative cell rate. In addition, as assessed by a wound-healing assay, FGS 
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and AGS displayed the capacity to significantly inhibit cell migration 

capability. 

We provided evidence that cell viability reduction after FGS and AGS 

treatments was due to apoptosis. Indeed, we found that FGS and AGS trigger 

a time–dependent increase of the BAX/BCL-2 ratio and of cytochrome c 

release in all mesothelioma cell lines analysed, with the highest threshold 

reached after the 24 + 24 h treatment. BAX and BCL-2 are two members of 

the BCL family with an opposite role in regulating mitochondrial function 

and cytochrome c release. Alterations of mitochondria homeostasis represent 

one of the main pathways involved in apoptosis. In non-apoptotic cells, BAX 

is mainly located in the cytosol, while BCL-2 is found in the mitochondrial 

membranes. Upon apoptosis induction, BAX translocates into mitochondria 

triggering permeabilization of mitochondrial outer membrane with 

cytochrome c release. The apoptotic factors are then released into the 

cytoplasm and transferred to the nucleus, where they induce apoptosis. The 

pro-survival BCL-2 acts as antiapoptotic protein by preventing mitochondrial 

outer membrane permeabilization and inhibiting the transfer of apoptosis-

inducing factors to the nucleus. BAX/BCL-2 ratio regulates the 

mitochondrial intrinsic apoptosis pathway with subsequent cytochrome c 

release in the cytoplasm. 

Several studies described the anticancer activity of grape seed standardized 

extracts against different human cancer cell lines such as breast, colon, lung 

and skin [41] due to the presence of specific metabolites residues (gallate 

esters, pyrogallol) [42-44]. Our in vitro study showed, for the first time, the 

effectiveness of complex semi-polar extracts from Aglianico and Falanghina 
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seeds, suggesting that a specific combination of active compounds 

characterizes a grape variety and influences its biological activity. Other 

studies using semipolar fractions extracted from mature red grape seeds 

showed that they affected cell viability and enhanced Flouracil toxicity of 5-

FU in Caco-2 cells [44]. Therefore, to gain a first clue about the source of this 

bioactivity, we exploited high-resolution metabolomics to investigate the 

composition of the compounds accumulated in the peel and seed extracts of 

the two grape varieties. Overall, resulted highly enriched in proanthocyanidin 

molecules, which were present at very low levels or totally undetected in the 

peel samples of both varieties. Interestingly, Aglianico seeds displayed 

higher total proanthocyanidins. This finding agrees with the stronger 

inhibitory effect of Aglianico compared to Falanghina seeds on MM cell 

lines. Transcriptional data confirmed these results indicating that 

proanthocyanidins represent the main class of compounds accumulated in 

seed extracts. 

With respect to the detected bioactivity of AGS and FGS extracts, 

metabolomics data suggest that phenylpropanoids, particularly 

proanthocyanidins, are responsible or at least greatly contribute to the 

anticancer activity; in this context, we cannot exclude that additional 

compounds may take part in this process, and future fractionation studies will 

be carried out to unravel the molecules whose accumulation is mostly 

associated to the bioactivity. 

This is the first study indicating that grape seed semi-polar extracts are 

effective in MM cells. Moreover, studies on the molecular mechanisms 

identified that apoptotic intrinsic signalling pathways is involved. Our 
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findings will provide the reference for future analyses to identify the 

metabolic fraction/s mainly responsible/s for this bioactivity, thus to produce 

more effective extracts; in addition, this study will allow planning more 

detailed in vivo experiments relevant to the treatment of MM and possibly 

for clinical applications. 

Analysis of transcriptomic pathways showed that the main pathways 

involved by AGS treatment were those of cholesterol biosynthesis. This 

result was extremely surprising, while we expected a major involvement of 

pathways related to the cell death of cancer cells. Cholesterol plays a 

fundamental role in the cellular structure, in fact it is an indispensable 

component of the cellular membrane, so its deficiency can cause serious 

dysfunction in the cells. p53 protein plays a key role in controlling the 

initiation and development of cancer by regulating cell cycle arrest, 

apoptosis, senescence, and DNA repair. MDM2 protein is a major negative 

regulator of p53 that inhibits the activity of p53 and decreases its protein 

stability [45]. The dysregulation of the p53-MDM2 pathway, involving p53 

mutations or deletions and/or MDM2 amplification and overexpression, is 

the most commonly observed molecular modification in various human 

cancers [46-48]. c-JUN, the protein encoded by the JUN gene, blocks p53 

activity, its over expression represses p53 expression and accelerates cell 

proliferation [49]. The connection between the two pathways is represented by 

the DHCR24 gene. This gene encodes for an enzyme involved in the long 

chain of cholesterol synthesis. This enzyme, 24-Dehydrocholesterol 

reductase catalyses the reduction of the delta-24 double bond of sterol 

intermediates during the final steps of cholesterol biosynthesis. Therefore, a 
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reduced expression of DHCR24 induces a consequent reduction of 

cholesterol synthesis [50]. On the other hand, the same DHCR24 protein 

blocks the activity of p53. DHCR24 acts in two different ways, in fact it is 

able to directly reduce the activation of p53 [51], preventing the acetylation of 

this protein, that in turn stabilizes and increases the activity of p53.  

At the same time DHCR24 is also capable of preventing the binding between 

p53 and MDM2. This binding promotes the elimination of p53 by 

ubiquitination. It is reported that overexpression of DHCR24 reduces p53 

levels [52]. Thus, in our case, a reduction in DHCR24, MDM2, and JUN leads 

to an over expression of the onco-suppressor p53, a very common mechanism 

of action observed in treatment with natural products against cancer [53]. What 

is very interesting is that the effect of grape seed treatment is the same even 

in Mes2 mesothelioma cells that are resistant to standard chemotherapy 

treatment due to the lack of p21.  

The extraction protocol from grape seeds developed in the laboratory allowed 

us to obtain a very small amount of extract. During the period in the company, 

I was able to study the process of industrial production of another product 

obtained from grape seeds, grape seed oil, an oil marketed and used in 

cooking. This allowed me to see what the commonalities were between the 

laboratory extraction protocol and the industrial process, and how the latter 

could be adapted to obtain a product as similar as possible to the laboratory 

extract but on an industrial scale.  

Having studied the production process, we investigated the biological effects 

of grape seed oil on cells and compared with effect of AGS. We have seen 

that oil is capable of reducing viability in both mesothelioma and breast 
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cancer cells, but that unlike AGS this reduction in viability is not due to 

induction of the apoptotic process.  

Modulation of gene expression in the integrated network is also less effective 

than treatment with AGS. These results could be due to the fact that the oil 

we used is a commercial product produced from grape seeds of different 

cultivars, as we have previously seen different cultivars such as Aglianico 

and Falanghina have different biological effects. Therefore, it would be 

appropriate for future research to use an oil produced only from Aglianico 

seeds.  

Results obtained with medulloblastoma cells have confirmed that treatment 

with AGS reduces viability and induces apoptosis also in other tumour types, 

leading us to suppose that the mechanism of action is also valid for other 

tumour types and not linked to some typical feature of a single tumour type. 

This assumption has been validated by modulation of gene expression of the 

apoptosis pathway in medulloblastoma cells. In fact, while the cholesterol 

synthesis pathway is only modulated in certain tumour types, the pathway 

leading to p53 activation is conserved in all cell lines tested. Further 

confirmation is the modulation of protein expression level in all the lines 

analysed, where there is a reduction in p53 inhibitors, MDM2 and JUN, and 

an increase in p53 itself.  

The expression of BAX, BCL2 and FAS genes in the different cell lines 

highlights even more the central role of p53. In fact, if the apoptotic process 

is triggered by different pathways in different cells, all of them converge in 

the activation of p53. 
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Chapter 2 
 

Polyphenols from Ginkgo biloba extract 
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Materials and methods 

 

4.1. Cell Culture and Chemicals 

Human neuroblastoma cell line, SK-N-BE(2) (CRL-2271, ATCC®, LGC 

Standards S.r.l., Milan Italy) were cultured at 37 °C in a 5% CO2 humidified 

incubator in either RPMI-1640 medium (Euroclone spa, 20016 Pero, MI) 

supplemented with 10% fetal bovine serum (FBS), glutamine (2 mM), 

sodium pyruvate and antibiotics (0.02 mg/mL streptomycin and 0.02 IU/mL 

penicillin). 

Ginkgo biloba L. extract EGb 761 (EGb) was a gift from Schwabe (Schwabe 

Pharma Italia Srl, Egna, Italy). EGb stock solution contained 250 mg/mL of 

extract was dissolved in dimethyl sulfoxide (DMSO). Hydrogen peroxide 

(H2O2) (Sigma-Aldrich, St. Louis, MI, USA) was used as oxygen stress 

inducer. 

 

4.2. Cell Proliferation Assay 

For each experiment, approximately 1.5 × 105 cells/well in 6-well plates were 

plated and treated as described and untreated cells were used as control. To 

identify the H2O2 concentration able to determine about 50% of viability 

decrease, SK-N-BE cells were treated with 25, 50, 75, and 100 mM of H2O2 

for 24 h. When specified cells were treated with 25 μg/mL EGb for 24 h, the 

medium was replaced before H2O2 treatment. 

To evaluate the effect of EGb on cell viability, cells were treated with 10, 25, 

and 50 μg/mL for 24 h. To estimate the protective effect of EGb cells were 

treated for 24 h with 25 μg/mL of EGb, then insulted with 75 µM of H2O2 for 
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additional 24 h. EGb was dissolved in DMSO. Untreated samples were 

exposed to 0.1% DMSO and were used as control. 

For each experiment after treatment cells were collected and counted with 

Trypan Blue solution. (T6146, Sigma-Aldrich, St. Louis, MI, USA). 

All the experiments were performed in triplicate. Data are expressed as the 

mean ± SD. 

 

4.3. Propidium Iodide and DAPI Staining Assay 

In 6-well plates approximately 1.5 × 105 cells/well were plated and treated 

with EGb and H2O2 as previously described. After treatment cells were 

stained with 10 mg/mL of Propidium Iodide (PI) (Bioshop, Burlington, ON 

L7L 6A4, Canada) and DAPI (4′,6-diamidine-2′-phenyl indole dihydro 

chloride, Roche, Mannheim, Germany). Representative images were taken 

using fluorescent microscope (DMI8, Leica, Instruments, Germany) and 

florescence was quantified using Leica Application Suite X software (Leica, 

Milan, Italy). All the experiments were performed in triplicate. Data are 

expressed as the mean ± SD. 

 

4.4. Mitochondria Membrane Potential Measurement 

Mitochondria membrane potentials (MMP) were measured by JC-10 (Sigma-

Aldrich, St. Louis, MI, USA) following the manufacturer’s instructions. Loss 

of MMP was indicated by a progressive JC-10 dislocation from mitochondria 

to the cytosol. Cells were photographed using fluorescent microscope 

(DMI8, Leica, Instruments, Germany). Red (540/570 nm) and green 

(485/534 nm) florescence was quantified by Leica Application Suite X (LAS 
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X) (Leica, Milan, Italy). All the experiments were performed in triplicate. 

Data are expressed as the mean ± SD. 

 

4.5. RNA Extraction and q-PCR 

RNA extraction and q-PCR were essentially performed as previously 

described. Brefly, Total RNA was isolated from each sample with Trizol 

(Thermo Fisher Scientific, Waltham, MA USA), as indicated by 

manufacturer. For each sample to analyse, cDNA was than obtained starting 

from 200 ng of total RNA using High Capacity cDNA Reverse Transcription 

Kit (Applied Biosystem, Thermo Fisher Scientific, Waltham, MA USA). The 

described selected genes using gene specific primers BAX: Forward 5′-

TTTGCTTCAGGGTTTCATCCA-3′: Reverse 5′- CTCCATGTT-

ACTGTCCAGTTCGT-3′; BCL- 2: Forward 5′-GTTCCCTTTC-

CTTCCATCC-3′; Reverse 5′-TAGCCAGTCCAGAGGTGAG-3′; p53: 

Forward 5’-TCTGTCCCTTCCCAGAAAACC-3’; Reverse 5’-CAAGAA-

GCCCAGACGGAAAC-3′; GAPDH: Forward 5′-CAAGGCT-GTGGGC-

AAGGT-3′; Reverse 5′-GGAA GGCCATGCCAGTGA-3’. 

All primers were selected using a specific software (Primer express 2.0, 

Applied Biosystems, Foster city, CA, USA) and all of them specifically 

covered the exon-exon junctions. The analysis of gene expression was done 

as described in [37] and GAPDH gene was used as internal control. q-PCRs 

were done using the 7900 HT Real Time PCR (Applied Biosystem) and for 

each experimental condition a triplicate was performed. Data obtained are 

expressed as the mean ± SD. 
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4.6. Western Blot 

For each experimental condition and from each sample total, protein extracts 

were obtained, as described in [54]. For the analysis, 20 μg of each sample 

were loaded on Tris–glycine gradient gels (4% to 15% gels (Bio-Rad 

Laboratories, Inc., Hercules, CA, USA) and separated at 100 V. To probe 

proteins with specific primary antibodies antibodies, they were transferred to 

PVDF membranes (Biorad Laboratories, Inc., Hercules, CA, USA). All the 

secondary antibodies used were horseradish peroxidase conjugated. All the 

antibodies were used as indicated by manufacturer. The following primary 

antibodies were used for Western blot: PARP (Cell Signaling, #9542), BCL-

2 (Abcam, ab182858), BAX (Santa Cruz Biotechnology, sc-493), Acetyl-p53 

Lys382 (Cell Signaling, #9542). As the internal control we used β-Actin (Cell 

Signaling, #3700), which was used as the loading control. To detect protein 

levels, Clarity western ECL (Bio-Rad Laboratories, Inc., Hercules, CA, 

USA) was used. The quantization was then obtained using ImageJ software 

vJ1, an open source tool. For each experimental condition a triplicate was 

performed, and results are expressed as the mean ± SD. 

 

4.7. Statistical Analysis 

To perform calculations on sample size the on line available software 

GPower was used. Sample size was determined using as parameters: 1 − β = 

0.80, α = 5%. For each experiment, statistical analysis was done using Graph 

Pad Prism 9.0 (GraphPad Software, San Diego, CA, USA) to analyse the 

significance of the differences between control and treatments. We evaluated 

the differences among means applying the one-way ANOVA. Bonferroni’s 
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multiple comparison test with Bonferroni post hoc correction was used to 

analyse the differences of each treatment respect to the control. 

Statistically significant difference compared to DMSO treated cells are: * p 

≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001, **** p ≤ 0.0001. 
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Results 

 

5.1. EGb Protects SK-N-BE Cells Against Oxidative Stress Induced 

Apoptotic Cell Death 

We first determined, in a dose-response curve at 24 h, the amount of H2O2 

that had lethal effect on SK-N-BE human neuroblastoma cells. Oxidative 

stress induced cell death was around 50% when cells were treated with 75 

µM H2O2 (Fig 5.1).  

 

 

Figure 5.1 H2O2 affects SK-N-BE cell viability. Cell viability decrease after treatments 

with different concentration of H2O2. The bars represent ± the average ± SD of 

independent experiments (n = 3). Statistically significant difference compared to control 

cells: * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001, **** p ≤ 0.0001. 

 

To verify if 75 µM H2O2 was able to induce apoptosis on SK-N-BE cells, 

untreated and H2O2 treated cells, without fixation and permeabilization, were 

stained with Annexin V - FITC and PI. The analysis by fluorescence 

microscopy confirmed that H2O2, at this concentration, induced apoptosis 
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(Fig 5.2 a). Indeed, a strong increased number of stained Annexin V - FITC 

and PI cells were present when cells were treated with H2O2 (Fig. 5.2 b). 

 

Figure 5.2 Representative images of DAPI, Annexin V-FITC and PI triple fluorescence 

staining showing cellular apoptosis after H2O2 treatment. DAPI: blue; Annexin V: 

green; PI: red. Histograms reports quantification of fluorescence of DAPI, Annexin V, 

and PI. The bars represent ± the average ± SD of independent experiments (n = 3). 

Statistically significant difference compared to control cells: * p ≤ 0.05, ** p ≤ 0.01. 

 

To ascertain that EGb did not induce cell death, SK-N-BE cells were treated 

with various concentrations of EGb for 24 h. Results showed that EGb at all 

used concentrations did not reduce cell viability (Fig 5.3). 
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Figure 5.3 Effects of EGb on cell viability. Cell viability after treatments with different 

concentration of EGb. The bars represent ± the average ± SD of independent 

experiments (n = 3). Statistically significant difference compared to control cells: ** p ≤ 

0.01, *** p ≤ 0.005. 

 

To determine whether EGb played a role in protecting SK-N-BE from H2O2-

induced cell death, cells were pre-treated for 24 h with EGb (25 μg/mL) and 

then challenged with H2O2 (75 µM) for the following 24 h. Analysis of cell 

vitality revealed that the oxidant sensitivity of SK-N-BE cells was completely 

reverted by pre-treatment with EGb (Fig 5.4). 
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Figure 5.4 Cell viability after treatments with 25 mg/mL of EGb, 75 mM of H2O2 or a 

combination of them. Cells treated with DMSO were used as control. Fluorescent 

microscopic image of DAPI/PI stained cells; DAPI: blue; PI: red. Histogram reports 

quantification of fluorescence of DAPI and PI. The bars represent ± the average ± SD of 

independent experiments (n = 3). Statistically significant difference compared to control 

cells: ** p ≤ 0.01 

 

Concomitant addition of EGb and H2O2 or addition of EGb 24 h later H2O2 

treatment did not result in a reversion of lethality. Results were confirmed by 

analysis with PI and DAPI staining, as shown by fluorescence microscopy 

analysis. Indeed, a comparable number of the PI positive cells were present 

in untreated, EGb treated and EGb- H2O2 treated cells, where a higher number 

were present in presence of H2O2 alone.  
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5.2. EGb Protects SK-N-BE Cells Against Oxidative Stress Induced 

Apoptosis 

To confirm that EGb could protect cells against apoptotic cell death induced 

by oxidative stress, we first analysed the presence of poly(ADP-ribose) 

polymerase (PARP) cleavage, an hallmark of apoptosis. As expected, PARP 

cleavage increased after H2O2 treatment, although the cells were completely 

protected from oxidative stress-induced apoptosis in presence of EGb (Fig 

5.5). Then, to study the protective mechanism of EGb against oxidative 

stress-induced apoptosis, we investigated the molecular signalling pathway 

involved in the apoptotic cell death analysing p53 expression. 

 

 

Figure 5.5 EGb protects SK-N-BE from apoptosis. Western blot analysis of protein 

expression of cleaved PARP, Acetylated-p53/K382, BAX and Bcl2 in SK-N-BE cells 

after treatments (a). expression of Acetylated-p53/K382, cleaved PARP and BAX/Bcl2 
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ratio normalized expression is reported in the histograms (b). β-Actin was used as 

loading control. The bars represent ± the average ± SD of independent experiments (n = 

3). Statistically significant difference compared to control cells: * p ≤ 0.05, ** p ≤ 0.01. 

Cells treated with DMSO were used as control. 

 

The tumour suppressor protein p53, modulating cell homeostasis, has a 

determinant role in cell fate. 

Oxidative stress, leading to post-translational modifications of p53, allows it 

to regulate genes that can activate cell survival or cell death processes [25].  

Gene expression analysis, by q-PCR, revealed that p53 was not modulated 

by oxidative stress as well as by EGb (Fig 5.6). 

 

 

Figure 5.6  Quantitative analysis of mRNA expression levels of p53, BAX and Bcl-2 in 

SK-N-BE cells after treatments. Histograms report the expression of p53 and BAX/Bcl2 

ratio. The bars represent ± the average ± SD of independent experiments (n = 3). 

Statistically significant difference compared to control cells: **p ≤ 0.01. Cells treated 

with DMSO were used as control. 

 

It is known that increased p53-acetylation at lysine 382 (K382) promotes 

p53-dependent pro-apoptotic activity in cancer cells [55]. Thus, we analysed 

by western blot analysis whether these post-translational modifications of 
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p53 could account for the apoptotic reduction observed in presence of EGb. 

Results clearly demonstrate that K382 acetyl-p53 was strongly increased 

following H2O2 insult, however p53-acetylation was inhibited in presence of 

EGb (Fig 5.5). 

Oxidative stress activates the mitochondrial intrinsic pathway of apoptosis 

[56]. p53, interacting with members of the Bcl-2 family, directly participating 

to the activation of the intrinsic apoptosis pathway [56]. We focused our 

attention on the ratio between two members of the Bcl-2 family, BAX and 

BCL-2, which are markers of cell susceptibility to intrinsic apoptosis. Protein 

expression analysis evidenced an increased BAX/Bcl-2 ratio in H2O2 treated 

SK-N-BE while pre-treatment with EGb restored a normal ratio (Fig 5.5). 

These results were also confirmed by gene expression analysis, by q-PCR of 

the corresponding genes (Fig. 5.6). 

 

5.3. EGb mitigated the H2O2 induced decrease in mitochondrial membrane 

potential 

Increased BAX/Bcl-2 ratio suggested that mitochondria are involved in 

apoptosis. Indeed, it is well known that, during intrinsic apoptosis, the 

mitochondrial membrane potential (MMP) collapses, triggering other 

downstream events in the apoptotic cascade. Thus, we investigated by JC-10 

assay the change of MMP following H2O2 or EGb treatment of SK-N-BE 

cells. Results showed that untreated cells displayed intact, well-polarized 

mitochondria marked by a red punctate fluorescence. On contrary, H2O2 

treated cells showed a reduction of the red fluorescence and an increase of 

the green one, indicating loss of MPM because of the progressive JC-10 
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dislocation from mitochondria to the cytosol. On the contrary, EGb treatment 

restored the fluorescence to the values of untreated cells. (Fig 5.7). 

 

  

Figure 5.7 EGb reduces the decrease of mitochondrial membrane potential. 

Fluorescence analysis of mitochondria in control or EGb treated cells with or without 

H2O2. Histogram reports quantification of fluorescence of Red (540/570 nm) and green 

(485/534 nm). The bars represent ± the average ± SD of independent experiments (n = 
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3). Statistically significant difference compared to control cells: * p ≤ 0.05). Cells 

treated with DMSO were used as control. 

 

5.4. EGb exhibits intracellular anti-apoptotic effect 

To verify whether EGb acts as antioxidant into cells, or if it was able to 

directly scavenge H2O2 in the culture medium, SK-N-BE cells were treated 

for 24 h with EGb, then the culture medium was replaced and cells were 

challenged with H2O2. Results showed that that EGb determined antioxidant 

protection on cell viability independently by its presence in the culture 

medium. In fact, pre-treatment with EGb was per se sufficient to attenuate 

the H2O2-induced cell death in SK-N-BE cells (Fig 5.8).  

 

 

Figure 5.8 Intracellular effect of EGb. Cell viability analysis of SK-N-BE with or 

without EGb in the medium after H2O2 oxidative insult. The bars represent ± the 

average ± SD of independent experiments (n = 3). Statistically significant difference 

compared to control cells:  *** p ≤ 0.005). Cells treated with DMSO were used as 

control. 

 

Moreover, in these conditions we observed a reduced cleavage of PARP 

protein, a reduced amount of K382 acetyl-p53 and a reduced BAX/Bcl-2 ratio 
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(Fig 5.9), confirming that EGb was able to protect SNKBE cells by apoptotic 

cell death exerting an intracellular antioxidant action. 

 

 

Figure 5.9 Protein expression analysis of cleaved PARP, Acetylated-p53/K382, BAX 

and Bcl2 in SK-N-BE cells after treatments by Western blot analysis (a). Histograms 

report the expression of Acetylated-p53/K382, cleaved PARP and BAX/Bcl2 ratio 

normalized expression (b). β-Actin was used as loading control. The bars represent ± 

the average ± SD of independent experiments (n = 3). Statistically significant difference 

compared to control cells: * p ≤ 0.05, ** p ≤ 0.01). Cells treated with DMSO were used 

as control. 
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Discussion 

The incidence of neurological disorders—the most dreaded maladies of older 

people—are expected to increase over the next few decades due to prolonged 

life expectancy [57]. To date, more than 1 in 10 individuals over 65 years are 

affected by neurodegenerative diseases and the numbers will continue to 

increase with age. Until now, no effective treatments have been described to 

cure these diseases and the costs for their management represent one of the 

leading medical and societal challenges faced by society [58]. For these 

reasons recent investigations have been focused to understanding their 

pathogenesis and to the development of novel therapeutics. Ginkgo biloba, a 

plant that has been used for thousands of years, is considered one of the more 

promising natural drugs. The extracts, obtained from Ginkgo biloba leaves, 

have been recently used also in clinical studies. 

Most of the studies on the EGb concern its neuroprotective effects, against 

ageing. Standardized Ginkgo biloba extracts (EGb) have been used for 

treatment and prevention of different neurological disorders as Alzheimer’s 

disease [21,22], Parkinson’s disease [23,59], cerebral vascular deficit, and 

dementia [24,60].  

Indeed, the brain is especially sensitive to the effects of ageing. This tissue 

being primarily composed of postmitotic cells—neurons and 

oligodendrocytes—is more vulnerable than proliferating cells to 

macromolecular damages, especially to DNA [61]. DNA damages in neurons 

accumulate from development throughout life. To escape this process, 

postmitotic neurons adopt selective mechanisms aimed to specifically repair 

genes actively transcribed [62]. 
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Oxidative stress is one of the main causes of neural damage. EGb exerts 

neuroprotective action mainly acting as free radical–scavenger In fact, EGb 

is able to reduce the endogenous and the induced levels of ROS [63]. 

Moreover, EGb can directly upregulate antioxidant enzymes such as 

superoxide dismutase and catalase [64]. This activity is linked to the chemical 

structure of the flavonoids that allow to not only react and directly scavenge 

the hydroxyl radicals, but also to inhibit the formation of new hydroxyl 

radicals [65]. It is well known that oxidative stress determines the activation 

of the apoptotic processes, thus playing a pivotal role in most of neurological 

diseases. EGb can act on multiple cellular pathways with the final goal to 

balance the existing apoptotic machinery. In fact, EGb prevents 

mitochondrial membrane damage reducing the release of cytochrome c from 

the mitochondria, upregulates the antiapoptotic protein Bcl-2-and inhibit 

PARP cleavage [66]. 

The neuroprotective effect of EGb 761 has been reported in different 

neuronal cell lines in which it acts by inhibiting oxidative stress induced 

apoptosis [67-69] or the activation of mitochondrial intrinsic apoptosis [67,68] . 

A recent in vivo study reported that EGb 761 protected from brain injury by 

suppressing neuronal apoptosis [14]. Moreover, some studies reported the 

protective effect of Ginkgo biloba extract in people affected by 

neurodegenerative diseases [70,71]. 

In this study we analysed the protective effect of EGb on oxidative stress-

induced apoptosis in SK-N-BE cells with the aim to unravel the molecular 

pathway in which EGb acts as antioxidant. Human neuroblastoma cell line 

N-type have neuronal morphology [72] and have been commonly used as 
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model for research in neuroscience and in particular in studies related to 

oxidative stress and neurodegenerative diseases [33-35,73]. 

Our results demonstrated that the standardized extract EGb 761 significantly 

protected neuroblastoma cells from oxidative stress blocking apoptosis in a 

p53-dependent pathway. Interestingly, according to previous studies we 

found that EGB was able to inhibit p53 acetylation at lysine 382. It is known 

that p53 activity depends on the acetylation of specific lysine [74]. In addition, 

the acetylation of the C-terminal K382 lysine is crucial for p53 activation [75] 

since it results in the activation of PUMA promoter—a member of Bcl-2 

family [76]. PUMA, promoting BAX multimerization and mitochondrial 

translocation, induces apoptosis [77]. Accordingly, our results show that EGb 

protects against mitochondrial membranes depolarization with a consequent 

reduction of BAX/Bcl-2 ratio. These results were supported by reduction of 

PARP cleavage with increased viability. 

Previous studies reported that Gingko biloba extracts in cancer cells is able 

to induce apoptosis in a p53-dependent pathway by increasing the levels of 

p53 acetylation that, in turn, determines cell cycle arrest and apoptosis. On 

the contrary, our results demonstrated that the standardized extract EGb 761 

significantly protected neuroblastoma cells from oxidative stress blocking 

apoptosis in a p53-dependent pathway. These results claim the different 

activity of EGb when used as neuroprotective or as anticancer drug [78]. 
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Conclusion 

 

During this PhD period, my studies have demonstrated that hydro-alcoholic 

extracts of Aglianico and Falanghina grape seeds induce reduction of key 

tumorigenic characteristics of mesothelioma cells, such as viability, 

proliferation, and migration capacity. All the analysis performed determined 

that treatment with both extracts induces apoptosis in different mesothelioma 

cell lines via the intrinsic apoptosis pathway, by modulating proteins that 

regulate mitochondrial membrane permeability and by promoting 

cytochrome c leakage into the cytoplasm.  

More interestingly, transcriptome analysis identified that the cholesterol 

biosynthesis pathway is the pathway most affected by Aglianico extract 

treatment and that it is linked to the p53-mediated apoptosis induction 

pathway. 

AGS treatment also reduces cell viability and induces apoptosis in different 

tumour cell lines such as breast cancer and medulloblastoma cell lines. Also, 

in these cells a key role is represented by activation of the onco-suppressor 

p53 and by downregulation of its inhibitors, MDM2 and JUN. 

As a continuation of the work, it would be important to test the efficacy of 

Aglianico extract also in vivo using a mouse tumour model. If the efficacy 

will be proved that it would be appropriate to fractionate the extract to 

identify the more active fraction responsible of the biological activity. 
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Neurodegenerative disorders include a range of conditions that share 

common degenerative pathways, although they manifest clinical differences. 

Increased oxidative stress has been described in almost all neurodegenerative 

disorders. In neurons, imbalance between the accumulation of free radicals 

and antioxidant defences seems to be the link between cell death and 

progression of neurodegenerative diseases. Oxidative stress can trigger 

apoptosis in neuronal cells and excessive death of one or more populations 

of neurons, resulting in a neurodegenerative disease [79]. 

Our data suggest that EGb 761 blocking the onset of p53-dependent apoptotic 

pathway induced by oxidative stress, could be considered as antioxidant 

nutraceutical to be potentially used for the prevention and treatment of 

neurodegenerative diseases. This hypothesis could be strengthened with a 

larger number of randomized clinical trials. 

These studies unravel two possible uses of polyphenols. In fact, if grape seed 

extracts are able to induce apoptosis in cancer cells, on the other hand 

polyphenols of different origin, as those extracted from Ginkgo biloba leaves, 

are able to reduce the effects of oxidative stress and could prevent 

neurodegenerative diseases. 

Polyphenols of natural origin are many and can have very different actions. 

This is the reason why they represent a good future perspective for the 

treatment of many diseases and disorders. Moreover, they are safe and have 

a very low toxicity, so, it is easy to test their efficacy in pre-clinical and 

clinical studies.  
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