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Περίληψη 

Χριστοδούλου Παναγιώτα 

Προσδιορισμός των χημειο-προστατευτικών επιδράσεων συγκεκριμένων φυτο-

ενώσεων σε φυσιολογικά κύτταρα έναντι των δυσμενών επιδράσεων της 

χημειοθεραπείας για τον Καρκίνου του Μαστού »  

( Υπό την επίβλεψη του καθηγητή Ιωάννη Πατρίκιου) 

 

Η Αμυγδαλίνη, είναι ένα γλυκοσίδιο που χρησιμοποιείται στην παραδοσιακή κινεζική 

Ιατρική, το οποίο μπορεί να απομονωθεί κυρίως από τους πυρήνες του βερίκοκου, των 

κερασιών, των αμυγδάλων και των δαμάσκηνων. Παρόλο που οι αντικαρκινικές ιδιότητες 

της Αμυγδαλίνης είναι γνωστές, η επίδρασή της στα φυσιολογικά κύτταρα δεν έχει 

διερευνηθεί διεξοδικά. Ο στόχος της παρούσας μελέτης ήταν να διερευνήσει και να 

αποκαλύψει τον πιθανό προστατευτικό ρόλο της Αμυγδαλίνης κατά τη διαδικασία 

χημειοθεραπείας έναντι των κυτταροτοξικών επιδράσεων στα φυσιολογικά ανθρώπινα 

κύτταρα και ιστούς. Συγκεκριμένα, δοκιμάστηκε σε συνδυασμό με Σισπλατίνη, ένα 

ισχυρό χημειοθεραπευτικό φάρμακο που χρησιμοποιείται ευρέως για τη θεραπεία του 

καρκίνου του μαστού. Συγκεκριμένα, ανθρώπινα αθανατοποιημένα μη καρκινικά 

κύτταρα μαστού MCF-12F, ανθρώπινα κύτταρα ινοβλαστών (FBS), ανθρώπινα 

καρκινικά κύτταρα μαστού MCF-7 και MDA-MB-231 υποβλήθηκαν σε αγωγή με 

Σισπλατίνη σε διαφορετικές δοσολογίες και διαφορετικά χρονικά διαστήματα με την 

απουσία ή παρουσία Αμυγδαλίνης. Η επίδραση της θεραπείας με Αμυγδαλίνη και 

Σισπλατίνη στα φυσιολογικά (MCF-12F, FBS) και καρκινικά κύτταρα (MCF-7, MDA-MB-

231) διερευνήθηκε με τη χρήση 3- (4,5-διμεθυλοθειαζολ-2-υλ)-2,5-διφαινολικου 

βρωμιούχου τετραζολίου (ΜΤΤ), με κυτταρομετρία ροής με διπλή χρώση Αννεξίνης V / 

PI, με την τεχνική ανοσοστυπώματος, με την μέθοδο αλυσιδωτής αντίδρασης 

πολυμεράσης πραγματικού χρόνου και με την ανάλυση του Combination Index (CI). 

Όταν τα φυσιολογικά κύτταρα (MCF-12F και ινοβλάστες) υπέστησαν προ-θεραπεία με 

Αμυγδαλίνη ακολουθούμενη από θεραπεία με Σισπλατίνη (24 ώρες Αμυγδαλίνη + 24 

ώρες Σισπλατίνη), η βιωσιμότητα των κυττάρων αυξήθηκε (̴22%, p <0.001) όπως 
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φάνηκε από τη χρήση της μεθόδου ΜΤΤ . Με τη χρήση κυτταρομετρίας ροής, το 

ποσοστό θετικών κυττάρων στην Αννεξίνη V / ιωδιούχο προπίδιο μετά από συνδυαστική 

θεραπεία (Αμυγδαλίνη + Σισπλατίνη) βρέθηκε να είναι σημαντικά χαμηλότερο: 1) όταν 

έγινε μονοθεραπεία με 15μM Σισπλατίνη μόνο ή σε συνδυασμό με 10 mM Αμυγδαλίνης 

(από 16% μειώθηκε σε 10% , p <0.01) και 2) όταν έγινε μονοθεραπεία με 20μM 

Σισπλατίνης μόνο ή σε συνδυασμό με 20μM Αμυγδαλίνης (από 23% μειώθηκε σε 9%, p 

<0.01). Επιπλέον, τα επίπεδα του αγγελιαφόρου RNA (mRNA) στα προ-αποπτωτικά 

γονίδια PUMA, p53 και BAX βρέθηκαν σημαντικά μειωμένα στη θεραπεία με το 

συνδυασμό Αμυγδαλίνης και Σισπλατίνης (~ 83%, ~ 66% και ~ 44%, αντίστοιχα) σε 

σύγκριση με τη μόνο-θεραπεία Σισπλατίνης  (p <0.05, p <0.01, p < 0.001 αντίστοιχα), 

ενώ τα επιπέδα του αγγελιαφόρου RNA στα αντι-αποπτωτικά γονίδια  BCl-2 και Bcl-XL 

αυξήθηκαν (~ 44.5% και ~ 51% αντίστοιχα), σε σύγκριση με τη μονοθεραπεία 

Σισπλατίνης (p <0.05, p <0.001 αντίστοιχα). Η μελέτη σχετικά με τον προσδιορισμό του 

(CI) έδειξε ότι η Αμυγδαλίνη θα μπορούσε ενδεχομένως να θεωρηθεί ανταγωνιστής της 

Σισπλατίνης,  σίφωνα με τη βαθμολογία 2.2 και 2,3 (>1) που καταγράφηκε για τα MCF-

12F κύτταρα και τους Ινοβλάστες αντίστοιχα. Αντιθέτως, για τα καρκινικά κύτταρα 

μαστού τα MCF-7 και MDA-MB-231, η Αμυγδαλίνη και η Σισπλατίνη έδειξαν 

συνεργιστική δράση αφού καταγράφηκε βαθμολογία CI 0.8 και 0.65 (<1), αντίστοιχα. 

Συμπερασματικά, τα ευρήματά μας αποδεικνύουν ότι όταν η Αμυγδαλίνη 

χρησιμοποιείται σε συνδυασμό με χημειοθεραπευτικούς παράγοντες και ειδικά με 

Σισπλατίνη μπορεί πιθανώς να προστατεύσει σημαντικά τα μη καρκινικά (φυσιολογικά 

κύτταρα του μαστού) κατά τη διάρκεια χημειοθεραπείας, δείχνοντας έτσι μια ισχυρά 

πιθανή επιλεκτική χημειοπροστατευτική ικανότητα και δράση. Σήμερα, οι 

χημειοπροστατευτικοί παράγοντες είναι πολύ περιορισμένοι και οι εφευρέσεις που 

σχετίζονται με τέτοια χαρακτηριστικά έχουν μεγάλη σημασία στην Ιατρική. Τα 

αποτελέσματά μας πιθανό για πρώτη φορά να παρέχουν επιστημονικά νέες ιδέες για 

την Αμυγδαλίνη ως φυσικό ισχυρό χημειοπροστατευτικό παράγοντα και δυνητικά ικανό 

να συμβάλει στην καλύτερη ποιότητα ζωής για τους ασθενείς με καρκίνο. 

Χημειοθεραπεία, Σισπλατίνα, Αμυγδαλίνη, Φυτοχημικά, Χημειοπροστασία 
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Abstract 
 

Christodoulou Panayiota 

Determination of the chemo-protective effects of specific Phyto-compounds in normal 

cells against the adverse effects of Breast Cancer chemotherapy” 

(Under the supervision of Prof. Ioannis Patrikios) 

 

Amygdalin, a naturally occurring glycoside used in traditional Chinese medicine, can 

mostly be isolated from the kernels of apricot, cherries, almonds and plums. Even though 

the anti-cancer properties of Amygdalin are well known, its effect on normal cells has 

not been thoroughly investigated. The aim of the present study was to investigate and 

unveil a possible chemo-protective role of Αmygdalin against the cytotoxic effects of 

chemotherapy for normal human cells. Specifically, it was tested in combination with a 

strong chemotherapeutic drug used for breast cancer treatment, known as Cisplatin, 

cisplatinum, or cis-diamminedichloroplatinum (II). Human non-cancer immortalized 

breast cells MCF-12F, human fibroblasts cells, human breast cancer MCF-7 and MDA-

MB-231 cells were treated with Cisplatin in a dose- and time-depended manner in the 

absence or presence of Amygdalin. The effect of Amygdalin and Cisplatin treatment on 

normal (MCF-12F) and cancer (MCF-7, MDA-MB-231) breast cells as well as in 

fibroblasts (FBS) was investigated using 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyl 

tetrazolium bromide (MTT) assay, Flow Cytometry with Annexin V/PI double staining, 

Western Blotting, Real Time-PCR and by calculation of Combination Index (CI). When 

MCF-12F cells and fibroblasts underwent pre-treatment with Amygdalin followed by 

Cisplatin treatment (24 hrs Amygdalin + 24 hrs Cisplatin), the cell viability was increased 

(22%, p < 0.001) as indicated using MTT assay. Using Flow Cytometry, the proportion 

of Annexin V/PI positive cells following combination treatment was found to be 

significantly lower:  1) when 15μM Cisplatin treatment was used alone or with 10mM 

Amygdalin when in combination (from 16% reduced to 10%, p < 0.01) and 2) when 20μM 

Cisplatin was used alone or with 20μM Amygdalin when in combination (from 23% 

reduced to 9%, p < 0.01). Moreover, the levels of PUMA (pro-apoptotic gene), P53 and 
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BAX mRNA were significantly downregulated (~83%, ~66% and ~44%, respectively) 

compared with Cisplatin alone (p < 0.05,  p < 0.01,  p < 0.001 respectively), while the 

mRNA levels of B-cell lymphoma 2 (BCl-2) and B-cell lymphoma-extra-large (Bcl- XL) 

were upregulated (~44.5% and ~51%, respectively), again compared with Cisplatin 

alone (p < 0.05, p < 0.001 respectively ) after 24h of combination treatment. The study 

on the Combination index (CI) assay indicated that Amygdalin could be possibly 

considered as an antagonist to Cisplatin with a score of 2.2 and 2.3 (>1) for MCF-12F 

and Fibroblast cells respectively.  In contrast, for the breast cancer MCF-7 and MDA-

MB-231 cells, Amygdalin and Cisplatin indicated a synergistic effect with a CI score of 

0.8 and 0.65 (<1), respectively. Concluding, our findings suggest that when Amygdalin 

is used in combination with chemotherapeutic agents and especially Cisplatin can 

possibly significantly protect the non-cancerous (normal breast cells) as well as the 

fibroblasts during chemotherapy treatment; thus indicating a strong potential selective 

chemoprotective ability and role. Nowadays, chemoprotective agents are very limited 

and inventions associated with such characteristics are of major importance and medical 

need. Our results, for first time, possibly provide scientifically new insights of Amygdalin 

as a natural strong chemoprotective agent and potentially able to contribute to a better 

quality of life for cancer patients. 

 

Chemotherapy, Phytochemicals, Amygdalin, Chemoprotection, Cisplatin 
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INTRODUCTION 

1.Cancer 
 

Cancer is a major public health concern and in the last years, it has become the second 

leading cause of death worldwide, led only by heart diseases. Cancer Research 

projections about cancer incidence are increasing, estimating that people in United 

Kingdom have 50% possibility to experience cancer in their lifetime (Cancer Research 

UK, 2019). Cancer is characterized by the uncontrolled growth and proliferation of cells 

from specific area to the entire body and surrounding tissue. It can lead to metastasis 

making trillions of cells and tumor formation. Tumor is a mass of abnormal/cancerous 

cells that interrupt physiological cells cycle and normal cells cannot age, die, and then 

be replaced. Tumor cells extent and penetrate the surrounding tissue preventing cell 

death. The term “cancer”, according to National Cancer Institute (NCI) refers specifically 

to a malignant (cancerous) tumor, mass of cancer cells that can invade nearby tissues 

and exhibit metastasis from the site of origin to the entire body. There are various cancer 

types caused by different underlying mechanisms, responding differently to treatments 

and no single treatment can be used for all different types. There are several types of 

cancer such as Carcinoma, Sarcoma, Blastoma, Lymphoma, Leukemia, Central 

nervous system cancers, etc. Carcinoma begins in tissues of epithelial origin that line or 

cover internal organs (Blackadar, 2016). It is the most diagnosed type of cancer and 

originates in the skin, lungs, breasts, pancreas, and other organs and glands. Sarcoma 

is a type of cancer that split in two categories. First, there is the connective Sarcoma 

that begins in the bones and take place in connective tissue and second, there is the 

soft Sarcoma that take place in tissues. Blastoma is a type of cancer that creating by 

malignancies in precursor cells, and it is developing cells of a fetus or child. Leukemia 

is a type of blood cancer that starts in blood-forming tissue, such as the bone marrow, 

leading to an increase of abnormal blood cells that can enter the blood. Lymphoma and 



 

2 
 

multiple myeloma are types of cancer that begin in the blood cells. Both are commonly 

growing up in lymphatic tissues and affect the immune system. It typically affects 

children rather than adults. Central nervous system cancers begin in the tissues of the 

brain and spinal cord (Filbin and Monje, 2019).  

There are different grades and stages of tumors, depending on the level of severance, 

invasion, and abnormality (size, shape, location etc.) of cancer cells as well as the visible 

characteristics under microscope. There are four different cancer stages that 

characterize the tumor size and its ability to spread and metastasize.  There are three 

grades of cancer that characterize the cancerous cells and whether the cancer is 

growing slowly or not (Rakha et al., 2010).  

It is estimated that in 2020, there will be approximately 1.806.590 new cancer cases in 

the United States (US) (912.930 females and 893.660 males), that means approximately 

4.950 new cases each day.  The estimated number of deaths will be 606.520 

corresponding to more than 1.600 deaths per day (Siegel et al., 2020). The estimated 

number of deaths in males will be approximately 321.160 while in females will be 

285.360 (Figure 1). In Cyprus (our homeland), for the year 2017, the 19% and 27% of 

women and men deaths respectively were due to some type of cancer (State of Health 

in the EU, 2017). Up to 2015, the overall 5-year relative survival rate for all cancers 

together was 67%. For all stages combined, the highest percentage of survival is 98% 

for prostate cancer, 92% for melanoma of the skin and 90% for female breast cancer 

(State of Health in the EU, 2017). In each gender, the types of cancer and their incidence 

differs. In men, prostate, colorectal and bronchus cancer types are the most common 

accounting for 43% of all cases. In women, breast, colorectal and lung cancer types are 

the most common, accounting for 50% of all cases. Breast cancer is found to have the 

highest estimated new cases (30%) and the second highest estimated deaths in US, 

2020 (World Cancer Research Fund, 2020). 
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Figure 1. Global cancer incidence and mortality in 2018 

(The Union for International Cancer Control (UICC)): cancer burden rises to 18.1 million 

new cases and 9.6 million cancer deaths in 2018. 
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1.1 Breast cancer 
 

Breast cancer is the most frequently diagnosed cancer among women worldwide and a 

major public health concern (World Cancer Research Fund, 2020). The term "Breast 

cancer" describes the morbid presence of a tumor in the wider breast area. Most breast 

cancer cases begin in the lobules (milk glands) or in the ducts that connect the lobules 

to the nipple (Feng et al., 2018). The various forms of the disease are the result of 

Darwin's theory of evolution, that refers to the microenvironment of multicellular 

organisms (Pepper et al., 2009). Thus, the disease results from the uncontrolled and 

unnatural proliferation of cells in the tissues forming a neoplastic tumor in the breast 

area. 

 

1.1.1 Occurrence 

The frequency of breast cancer is rapidly increasing, as it affects about one (1) in eight 

(8) women (American Cancer Society, 2019), with reported new cases of about 2.1 

million per year, and nearly 627,000 deaths, according to the latest World Health 

Organization (WHO) statistical results in 2018. In 2020 in the US, the estimated new 

cases will be 276.480 (30%) and 42.170 deaths (15%) (U.S. Breast cancer Statistics, 

2020). Since 2004, the incidence rate was slightly raised by approximately 0.3% per 

year. Declines in the fertility rate in a continuous effort as well as increase in obesity 

seem to have a role in this incidence rate (Siegel et al., 2020). In European countries, 

breast cancer incidence rate seems to be the highest worldwide while mortality rate is 

estimated to be increased in both European and Asian countries in 2020. In many cases, 

the prognosis for survival is extremely optimistic with approximately a 90% five-year 

presumptive survival, while in other cases the disease is aggressive (American Cancer 

Society, 2019). Up to date, there are more than 3.5 million breast cancer survivors in the 

US (Siegel et al., 2020). The global prevalence of breast cancer is projected to reach 

3.2 million new cases annually by 2050, with increasing life expectancy, increased 
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urbanization, and the adoption of a Western lifestyle (Momenimovahed and Salehiniya, 

2019). All of the aforementioned facts denote the seriousness of the disease and the 

magnitude of the effects of breast cancer, its social impact, and the immediate need for 

preventive and curative measures. 

 

1.1.2 Risk Factors 

The etiology of breast cancer is multifactorial. Apart from demographic, hormonal, 

environmental and lifestyle risk factors, it is well documented that inherited genetic 

predisposition factors contribute to breast cancer susceptibility and are responsible for 

familial breast cancer development. Family history of breast cancer in women, especially 

for the first-degree relatives, increases the risk of developing the disease (Pepper et al., 

2009). In Epidemiological studies it is indicated that women with a first-degree family 

history have approximately 2-fold increased risk of breast cancer compared to those 

without family history (Ren et al., 2019). In addition, most inherited breast cancer cases 

are associated with mutations in BRCA1 & BRCA2. Inherited genetic variations in 

BRCA1 & BRCA2 breast cancer susceptibility genes, account for 15%-20% of all familial 

breast cancer and 5%-10% of all women breast cancer. The incidence of these breast 

cancer mutations varies between the populations and countries. Mutations in other 

genes are also associated with increased risk of breast cancer, including TP53, PTEN, 

STK11 and CDH1 (Mehrgou and Akouchekian, 2016, Lima et al., 2019). 

 

1.1.3 Screening 

Breast screening in general is the diagnostic process of looking for signs of the disease 

and aims to detect breast cancer early, for more successful treatment and possible 

recovery. The most common breast cancer screening tests include mammography, as 

well as magnetic resonance imaging (MRI) for women at high risk (Lehman et al., 2005). 

Mammography is a low-dose x-ray imaging of the breast that can find and locate non 

visible tumors due to their size (2017). Early detection, using mammography, reduces 
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breast cancer mortality and increases treatment options. It is currently considered the 

best early diagnostic way for detection (Mango et al., 2018). In contrast, the MRI is a 

procedure that uses strong magnets instead of radiation to make a series of detailed 

pictures of areas inside the body. Recent scientific evidence suggested that MRI can 

locate breast lesions that are usually missed by mammography. This method approach 

is used in women that have been already diagnosed with breast cancer with the aim to 

determine the extent of breast cancer progression and/or spread. breast cancer is 

considered potentially curable if diagnosed in an early stage (Houssami and Cho, 2018). 

However, if diagnosed when in an advanced or metastatic stage it is treated as a chronic 

disease, requiring continuous treatments in order to provide a greater life expectancy 

and the highest quality of life possible. 

 

1.1.4 Treatment 

When breast cancer is detected at an early stage, the first treatment option is surgery, 

following chemotherapy, radiotherapy, hormone therapy and/or targeted therapy. 

Combination of treatments is used to ensure reduced risk of recurrence. Metastasis of 

breast cancer is treated primarily with systemic therapies including chemotherapy, 

hormonal therapy, targeted therapy, and more recently immunotherapy. The 

effectiveness of chemotherapy treatment against cancer is depending on the tumor size, 

the number of lymph nodes, the status of hormone receptor (HR) and human epidermal 

growth factor receptor-2 (HER2). One of the major issues in breast cancer treatment is 

the development of drug resistance due to genetic alterations.  Currently, for this reason, 

as well as the toxicity of the available conventional treatment agents, pharmaceutical 

and nutritional industries begin to seriously consider natural phytochemicals that 

potentially have protective and preventive properties against tumors (Zhang et al., 2015). 

Future well designed scientific studies focusing on phytochemicals as chemotherapeutic 

and/or chemo-preventive agents will contribute the most to this highly popular life-

threatening disease. Our study aims and focuses on this specific scientific marathon with 

the wish to further contribute to the quality of life of all those patients and potentially for 

safer and more effective treatments of breast cancer and the cancer in general. 
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1.1.5 Breast cancer Subtypes  

Breast cancer is considered a heterogeneous disease due to its molecular and clinical 

diversity, consisting of a variety of recognized biological subtypes with different 

morphological characteristics and clinical behavior (Carey et al., 2006). A gene 

expression technique, known as DNA microarray, detected various subtypes of the 

disease by classifying 496 genes - expression models (Kimbung et al., 2015). 

Histological features were also identified and classified using immuno-histochemical 

markers (Kwan et al., 2009). The prognosis and treatment depends on the subtype of 

the disease, although their morphology is often associated with molecular deviations of 

the disease (Sotiriou et al., 2003). It has also been showed that tumors of the same 

histological type of exhibit different clinical behavior. 

There are three different classes of breast cancer based on the appearance or no of 

Estrogen Receptors (ERs), Progesterone Receptors (PRs) and the oncogene human 

epidermal growth factor receptor 2 (HER-2/neu) (Carlson et al., 2009). The 60% of all 

breast cancer cases is caused by HR+ type which express progesterone receptors 

and/or estrogen receptors (ER/PR) (Buzdar, 2009).  

1.1.5.1 Histological Subtypes 
Histopathology is based on morphological features such as cell size, shape, and 

arrangement. 

1.1.5.1.1 Non-specific type - Classic Ductal Carcinoma (Ductal) - The majority (75%) 

of cases in aggressive cancer are aged> 40 years. In 80%, intrauterine carcinoma 

(Ductal carcinoma in situ) occurs, where it coexists with positive hormonal receptors and 

HER2/NEU protein overexpression (Feng et al., 2018). 

1.1.5.1.2 Lobular Carcinoma – counts for the 5-15% of invasive carcinomas, express 

positively ER and have low HER2/NEU expression (Joensuu et al., 2013). Tubular, 

mucinous, cribriform, and papillary carcinoma (American Cancer Society, 2019) are less 

common (Joensuu et al., 2013). 
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1.1.5.2 Molecular Subtypes 
Based on the molecular profile, breast cancer can be classified into Luminal Subsets 

and Basal-like. Luminal and basal cancers differ in many factors including mutations, 

copy number changes, expression of genes and survival, with Luminal breast cancer to 

be more heterogenous. Luminal breast cancer can be further divided into luminal A and 

B subtypes (Hu et al., 2006, 2012) (Badve et al., 2011). (Figure 2).  

Congenital breast cancer subtypes include: 

1.1.5.2.1 Luminal A with ER + and / or PR + and a negative human HER2- receptor, 

is characterized by slow growth and better prognosis. It represents approximately 60% 

of breast cancer cases and it has very low frequency of P53 mutations (Poudel et al., 

2019). 

1.1.5.2.2 Luminal B with ER + and / or PR + and HER2 +, is diagnosed clinically, 

with the presence of the Ki67 protein as a biomarker. It represents approximately 20% 

of all breast cancer cases. Luminal B breast cancers have a higher grade, worse 

proliferative index and they are more aggressive compared to the luminal A subtype; 

and they exhibit higher frequency of P53 mutation (Hashmi et al., 2018). 

1.1.5.2.3 Triple-negative / basal-like or triple negative with ER-, PR- and HER2- 

are mainly characterized by BRCA1 gene mutations. Prognosis of this type is not easy 

due to the loss of expression of several proteins. They represents approximately 15% of 

breast cancer cases and they are associated with a high frequency of P53 mutations 

(Lehmann and Pietenpol, 2014). 

1.1.5.2.4 HER2-enriched with ER-, PR- and HER2 + are characterized by rapid 

growth having the worst prognosis. They are now treated with targeted therapies with 

improved results (Kwan et al., 2009). About 85% of all breast cancers are positive in 

human receptors (ER +, PR +), 20% with HER2 and about 15% triple negative (Hubalek 

et al., 2017). 
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Figure 2. The breast tumor intrinsic subtypes based on Patient outcome.  

Luminal breast cancers generally give a clear and rich patient prognosis compared to 

basal cancers that are associated with meager prognosis. Luminal Breast Cancer can 

be further sub classified into luminal A and B subtypes (Dai et al., 2015) 

 

2.Types of Breast Cancer Treatment 
 

2.1 Surgery 
 

Surgery is the oldest and most successful treatment method. If it is possible to safely 

remove the tumor and leave no cancerous remnants and a complete cure can be 

achieved. There are different types of surgery for breast cancer and the most common 

are mastectomy and breast-conserving surgery (Czajka and Pfeifer, 2020). Mastectomy 

is the complete removal of the breast while breast-conserving surgery is used to remove 

the area of cancer in the breast. 
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For surgery to be considered the most correct choice, two fundamental questions must 

be answered: [1] is the tumor located at a single site and point? If it is diffuse, surgery 

may or may not be beneficial. [2] Can we remove the tumor without damaging vital 

organs and without functional problems? Lung or kidney cancer can be removed 

because these two organs are duplicated, but the surgeon cannot remove the entire liver 

or vital parts of the brain.  

There are two surgical approaches: 

• During the one-step procedure, after the diagnostic biopsy, the tumor is surgically 

removed while the patient remains under general anesthesia. After the operation, 

the possibility of applying another treatment is considered.  

• In the second approach, only a biopsy is performed. If the biopsy shows the 

presence of cancer, then the patient and doctor plan the final treatment. If surgery 

is chosen, the appropriate operation is performed. 

 

2.2 Radiotherapy 
 

Radiation therapy is another form of topical treatment (that is, treatment that treats a 

tumor at a specific site). It is performed by emitting high-energy x-rays or other types of 

radiation to destroy the tumor cells, thus seizing the uncontrolled proliferation and 

tumorigenesis. Radiation therapy is performed for several consecutive days followed by 

scheduled rest days, for several weeks (Darby et al., 2011). External radiotherapy is 

usually used and performed after breast surgery. This lowers the risk of tumor relapse. 

Radiotherapy can be divided into two main types, external beam radiation therapy 

(EBRT) and internal (brachytherapy) radiation therapy. 

Internal radiotherapy, called breast brachytherapy, is a direct radiation to the breast 

tissue in the area that tumor has been removed through a device that contains 

radioactive seeds. Brachytherapy depends mainly on the size of the tumor and the 

location as well as other factors related to the patient. Internal radiation therapy can be 

intracavitary interstitial (Krug et al., 2017). 
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Intracavitary is the most common type applied for women with breast cancer and 

includes a device that goes into the breast as a small expandable tube. Interstitial type 

of approach includes several small tubes, called catheters, placed in the breast area 

where tumor has been removed, for several days (Hennequin et al., 2016). 

External beam radiation therapy is the most common type of radiation therapy for breast 

cancer and is divided into whole breast radiation, accelerated partial breast irradiation, 

chest wall radiation and Lymphnode radiation. All of them are performed by the use of a 

machine outside the body focusing on the area of tumorigenesis (Connell and Hellman, 

2009). 

Radiotherapy, both internal and external, is associated with several possible side effects. 

Possible side effects associated with internal radiation therapy are breast pain, infection, 

redness at the site of treatment, damage to breast fatty tissue, weakness in the ribs and 

seroma (fluid in breast). External beam radiation short-term side effects include swelling 

in the breast, skin changes such us redness, and fatigue. Long-term side effects include 

breast changes, breast feeding problems, damage of the nerves to the arm called 

branchial plexopathy, lymphedema, and damage to other organ such as heart and lungs 

(Yang and Ho, 2013). 

Radiotherapy can be considered as a valuable therapeutic approach for specific type of 

tumors, but it is well understood that severe side effects are often associated with it. 

Often, as a result of possible damage of normal cells and tissues can affect the overall 

quality of life and wellbeing of the patient. 

 

2.3 Immunotherapy 
 

Immunotherapy is a relatively new technique and approach applied as a cancer 

treatment. Immune system plays an essential role in protecting the body against cancer. 

In recent years, cancer immunotherapy is one of the primary fields of scientific research 

interest and indicates well promising results (Stanculeanu et al., 2016).  



 

12 
 

Active specific immunotherapy aims to direct the immune system against an antigen 

expressed by tumor cells, creating an immune response that will destroy/kill the 

established tumor (Barrueto et al., 2020) 

The most important cells of the immune system are the white blood cells, including 

lymphocytes, which act as the defense system against foreign organisms, such as 

bacteria and viruses. A special type of lymphocyte, the T cells that are produced by the 

thymus gland, against the exogenous invaders as well as tumors are the natural killer 

cells. Another type of lymphocytes are the B lymphocytes that are producing antibodies 

in response to the stimulus of an exogenous protein. The monocytes, another type of 

leukocytes, interact with T and B cells, further promoting the body's defenses (Kruger et 

al., 2019). 

There are various forms of Immunotherapeutic agents including monoclonal antibodies, 

vaccines, cytokines and adaptive T cells that are in variable stages of preclinical and 

clinical development. In the last decades, cell surface receptors have been discovered, 

referred to as immune checkpoint inhibitors which when they are activated, they 

suppress T cell functions (Neophytou et al., 2020). 

Checkpoint inhibition is an alternative to traditional cancer therapies as well. The ligand 

biology of inhibitor immune checkpoints, signaling mechanisms and the ensuing T cells 

suppression of the tumor microenvironment (TME) has benefit the pre- and clinical 

advancements for the use of agents that can block checkpoint molecules such as 

Nivolumab, Ipilimumab and Pembrolizumab (Lehmann and Pietenpol, 2014, Barrueto et 

al., 2020). Inhibitory immune checkpoint molecules include CTLA-4, PD-1, PD-L1 and 

TIM-3, ligands that belong to B7 family and are expressed by subsets of tumor 

associated macrophages and dendritic cells are promising targets for immune 

therapeutics (Neophytou et al., 2018). In clinical trials, antibodies against these 

molecules have been tested for their potential as mono- or in combination with other 

therapies against human cancer. Human anti-CTLA-4 mAb Ipilimumab has been 

approved by the Food and Drug Administration (FDA) for metastatic melanoma 

treatment and anti-PD-1 mAbs Nivolumab and Pembrolizumab have been approved for 
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melanoma treatment and metastatic solid tumor treatment, respectively (Barrueto et al., 

2020). 

In Breast cancer, immunotherapeutic strategies include the use of monoclonal 

antibodies to target antigens on tumor cells (HER-2, EGFR), VEGF, and numerous 

cancer vaccine construct. The best results have been showed to be from monoclonal 

antibodies used in combination with conventional chemotherapy rather than from their 

use as a monotherapy (Weiner et al., 2012).  

 

2.4 Hormone therapy 
 

Hormone therapy is effective in cancers in which hormones promote abnormal cells to 

grow, for example in certain types of breast and prostate cancer. By blocking the effects 

of hormones, treatment can reduce the growth of tumors. As with other anti-cancer 

therapies, side effects such as bone thinning, fatigue and digestive problems may occur 

(Fait, 2019). 

Hormonal therapy is used in breast cancer when cancer cells have receptors for 

estrogen (ER+), progesterone (PR+), or both. It can be used after surgery and 

radiotherapy to reduce recurrence risk and improve survival (Lonning, 2012). 

The two most common types of hormonal therapy used in breast cancer are anti-

estrogen drugs and aromatase inhibitors. 

Aromatase inhibitors are drugs used to stop or blocks aromatase enzyme action. 

Aromatase makes estrogen in areas of the body other than ovaries and Aromatase 

inhibitors are used to lower estrogen levels in the body (Fabian, 2007). The most used 

are Letrozole, Anastrozole and Exemestane (De Placido et al., 2018) 

Selective estrogen receptor modulators (SERMs) are important molecules responsible 

to inhibit estrogen action in the breast cells. They can block ER, and therefore they block 

estrogen attachment to the cell, so the cell cannot response to any growth and multiply 

signal. In this mechanism of action, SERMs can antagonize ER and can inhibit various 

aspects (Patel and Bihani, 2018). ER are present in many tissues in the body, such as 

liver, bone, and uterus, but each of them has different structure and form, depending on 
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the type of cells. SERMs are selective for breast cells and that means, if they block the 

activity of ER in breast cells, they cannot inhibit estrogen’s activity in other different cells 

such as bones. 

There are three different SERMs and these are Tamoxifen, Evista and Fareston. 

Tamoxifen is the most used SERM and is a first line treatment for ER+ in breast cancer. 

Many studies have shown that Tamoxifen is more efficient as a treatment in combination 

with aromatase inhibitors, in different timepoints (Peng et al., 2009). For example, a 

previous study has shown that women taking aromatase inhibitors for 5 years and 

continued their treatment with tamoxifen for another 5 years had more survival benefits 

and reduced recurrence risk. Also, Tamoxifen is the first line hormonal therapy for pre-

menopausal women diagnosed with HR+ breast cancer. Another main beneficial effect 

of Tamoxifen is the ability to improve bone density, leading to a lower risk of 

osteoporosis. Also, for pre-menopausal women, Raloxifene can be also used as a 

treatment choice, it was approved in 1997 for osteoporosis treatment and prevention, 

and still remains an option in the medical field (Lee et al., 2020). For pre-menopausal 

woman, it is used as a standard treatment but the combination of ovarian suppression 

and either Tamoxifen or Aromatase inhibitor is suggested for increased cancer 

recurrence. Before, it was mostly used for therapy on post-menopausal women who 

either had osteoporosis or were at high risk for invasive breast cancer (Kligman and 

Younus, 2010, Bakkum-Gamez et al., 2011, Pinsky et al., 2018).  

SERMs, as a type of hormone therapy, can produce adverse side effects including 

stroke, chest pain, fatigue, dizziness, abnormal vaginal bleeding, or blood clots (Peng et 

al., 2009). However, despite its adverse side effects, it remains a main cancer treatment 

therapy and option for cancer patients. 

Another FDA approved steroidal drug is Fulvestrant which is Selective Estrogen 

Receptor Degrader or Downregulator (SERD) drug. SERDs along with older drugs like 

SERMs and aromatase inhibitors are used to treat ER-sensitive or PR-sensitive breast 

cancer. SERDs prevent ER signaling by causing ER degradation, SERMs prevent ER 

signaling by binding to ER and causing an inactive complex, and aromatase inhibitors 

prevent ER signaling by inhibiting estradiol synthesis. Fulvestrant is used for the 

treatment of ER+/HER2- metastatic breast cancer and it acts by binding to ER and 
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destabilizing. In simple words, it inactivates completely and destroys ER (Patel and 

Bihani, 2018). 

 

2.5 Targeted Therapy 
 

Up to date, there are various breast cancer targeted therapies. Breast cancer targeted 

therapy includes substances or drugs that aim to inhibit/block cancer cell growth. 

Targeted therapies are less toxic to normal cells compared to chemotherapy or radiation 

therapy. The most common types of targeted therapies are monoclonal antibodies, 

Tyrosine kinase inhibitors, Cyclin-dependent kinase inhibitors (CDK) and PARP 

inhibitors (Wilkes, 2018).  

The most efficient breast cancer targeted therapy is the use of monoclonal antibodies. 

Monoclonal antibodies are proteins of the immune system that can target cancer cells in 

a specific area. They can be used alone or in combination with other treatments such as 

chemotherapeutic agents. They block the action of HER-2 protein overexpression that 

stimulates the growth of breast cancer cells. The recombinant antibody Herceptin or 

Trastuzumab is the FDA approved drug for the treatment of HER-2+ breast cancer 

(Gajria and Chandarlapaty, 2011). The mechanism of action of Trastuzumab is to block 

the activity of HER2 leading the immune system to be stronger and destroy cancer cells. 

Previous studies have shown that in many cases, Trastuzumab can be combined with 

Pertuzumab (Swain et al., 2015). Pertuzumab or Perjeta is a monoclonal antibody that 

can inhibit the growth signaling in cancer cells and it is used to treat adverse patients 

with HER2+ breast cancer that have metastatic, locally advanced or early-stage HER2+ 

breast cancer. Other examples on this category, are Ado-trastuzumab emtanise and 

Sacituzumab govitecan (Fenn and Kalinsky, 2019).  

Tyrosine kinase inhibitors is a very important category for targeted therapies as they 

include drugs that can inhibit tumor growth. Lapatinib is a tyrosine kinase inhibitor 

specific for HER2+ breast cancer because it can block HER2 protein inside the tumor. 

Neratinib and Tucatinib are included in this category as well and can be used at the first 
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stage of HER2+ breast cancer and in advanced stage of breast cancer that cannot be 

removed by surgery, respectively. 

Cyclin-dependent kinase inhibitors could block the cyclin-dependent kinases (CDKs), 

proteins, that help cancer cells to grow up. They are the best way to treat HR+/HER2- 

breast cancer in combination with hormone therapy and include Palbociclib, Ribociclib, 

Abemaciclib and Alpelisib (El Sayed et al., 2019). Palbociclib is a drug used to treat 

ER+/HER- breast cancer in combination with letrozole, while Ribociclib and Abemaciclib 

are drugs used to treat HR+/HER2- breast cancer, if they are used in combination with 

fulvestrant. 

Mammalian target of rapamycin (m-TOR) inhibitors can block the m-TOR protein leading 

to inhibition of cancer cells growth and prevention the development of new blood 

vessels. Example of m-TOR inhibitors is Everolimus, a drug used in advanced 

HR+/HER2- breast cancer in postmenopausal women (Masoud and Pages, 2017).  

Triple negative cancers that lack HER-2 may respond to agents like PARP1 inhibitors 

and can have Her-1 as the potential target. Up to 20% of triple negative breast cancer 

cases have been associated with BRCA-1 mutations and are sensitive to poly (ADP-

ribose) polymerase inhibitors as well as alkylating agents that induce DNA. Olapavib has 

been reported as the most successful PARP inhibitor against BRCA-mutated triple 

negative breast cancer. When administered alone 54% of the patients had partial 

responses vs 88% when combined with Carboplatin (Neophytou et al., 2020). However, 

further effort is needed to identify novel targets of triple negative breast cancer. 

 

2.6 Chemotherapy 
 

Chemotherapy is one of the main treatments of cancer therapy together with surgery, 

radiotherapy and Immunotherapy (Yin et al., 2016). For many years, cytotoxic 

chemotherapy was the only option in the medical treatment of cancers including breast 

cancer. Common drugs used in cancer chemotherapy such as Fluorouracil (5-FU) and 

Doxorubicin, act by inhibiting DNA replication thereby affecting rapidly dividing cells 

(Saurel et al., 2010). However, conventional chemotherapeutic agents are non-selective 
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leading to healthy cells apoptosis and therefore cause toxic side effects. Given that 

breast cancer is the most commonly occurring malignancy among women worldwide 

and the cytotoxicity of most available conventional therapeutic agents are supporting the 

absolute need for novel more effective and more tumor selective therapeutic agents for 

this disease. 

The deregulation of apoptotic pathways as well as an improper cell cycle progression 

leads to resistance to cell death and to aberrant proliferation respectively and are 

considered prominent hallmarks of cancer. The overexpression of anti-apoptotic 

proteins including members of the Bcl-2 and Inhibitors of Apoptosis Protein (IAP) families 

is often detected in human cancers and confers resistance to apoptosis, while the 

deregulation of proteins implicated in the cell cycle machinery such as P21 and P27Kip1 

also contributes to the progression of cancer (Hanahan and Weinberg, 2011, Vermeulen 

et al., 2003). Furthermore, survival pathways such as the PI3K/AKT pathway are often 

aberrantly activated in tumor cells rendering them independent of survival signals 

(Vivanco and Sawyers, 2002).  

The discovery of compounds that specifically target these pathways is of great 

therapeutic significance, not only for the efficient eradication of cancer cells, but also for 

the specific targeting of cancer(s) without affecting and toxify normal cells. 

 

2.6.1 Different Types of Chemotherapeutic agents are 
available today.  

 

2.6.1.1 Alkylating Agents 
 

Alkylating agents are chemical molecules used in cancer treatment due to their ability to 

bind covalently to DNA strands inducing DNA damage. There are many subtypes of 

alkylating agents such as nitrogen mustards (chlorambucil and cyclophosphamide), 

alkylsulfonates (busulfan), nitrosoureas (carmustine, lomustine and semustine), 

ethyleneimines (thiotepa), triazines (dacarbazine) and Cisplatin (Zwelling et al., 1979, 



 

18 
 

Damia and D'Incalci, 1998, Scott, 1970). They are mostly active in the resting phase of 

the cell and they attach an alkyl group to the guanine base of DNA nucleotides, at the 

7th nitrogen atom of the purine ring (Povirk and Shuker, 1994). The mechanism of 

alkylating agents binding the DNA results to the blocking of DNA replication. However, 

as there is no specificity, side effects are appeared including myelosuppression, nausea 

and vomiting, and alopecia (D'Incalci and Sessa, 1997). The severe side effects of 

alkylating agents are further found to be associated with teratogenic and leukemogenic, 

causing secondary dysplasia’s such as myelodysplasia and even acute leukemia 

(Sperling et al., 2017) . 

 

2.6.1.1.1 Cisplatin 
 

Cisplatin, cisplatinum, also called cis-diamminedichloroplatinum(II), is a metallic 

(platinum) coordination compound with a square planar geometry (Cisplatin), used as a 

major treatment against several cancer types including breast, ovarian, and lung (Dasari 

and Tchounwou, 2014). It is one of the most potent chemotherapeutic drugs used in 

clinic for cancer patients due to the fact that decreases cancer cell growth. Cisplatin 

forms intra and inter-strand adducts with DNA, and thus it is a potent inducer of cell cycle 

arrest and apoptosis in most cancer cell types (Holditch et al., 2019). Cisplatin as 

anticancer agent is attributable to the kinetics of its chloride ligand displacement 

reactions. These reactions lead to DNA crosslinking activities such as replication 

inhibition, transcription and other nuclear functions, and lead to cancer cell growth arrest 

and inhibition of cancer cell proliferation (Dasari and Tchounwou, 2014, Zwelling et al., 

1979). The efficacy of Cisplatin depends on the cells ability to repair the damaged DNA 

(Mirmalek et al., 2016). Therefore, the signaling pathways that regulate apoptosis have 

a key role in the way the cells respond to Cisplatin (Eastman, 1990).  

Upon Cisplatin treatment or other chemotherapeutic drugs, severe side effects such as 

nausea, vomiting, fatigue, fertility issues, hair changes, memory loss etc. Persistent 

nausea and vomiting can lead to dehydration (dry mouth and skin, confusion and 
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dizziness, dark urine color), weakness, weight loss, nutritional impairment and physical 

injury such as esophageal tears and fractures (Tortorice and O'Connell, 1990).  

Nowadays, it is well known that Chemotherapy mediated toxicities are usually related to 

the generation of reactive oxygen species (ROS) that lead and promote oxidative stress 

in the cells. 

 

2.6.1.2 Anti-metabolite Agents  
 

Anti-metabolites obstruct the building and replication of DNA leading to apoptosis. Their 

use in chemotherapy is quite common, as well as their combination with other drugs 

(Peters et al., 2000). They can be sub-classified as purine and pyrimidine 

antimetabolites and folic acid antagonists (Parker, 2009, Scott, 1970). They slow the 

synthesis of pyrimidine and purines that are used by the cells to build new DNA 

molecules in the S phase of cell cycle (Parker, 2009) . There are highly toxic causing 

side effects including dose-limiting myelosuppression, immunosuppression, pulmonary 

toxicity and severe neurotoxicity (Mihlon et al., 2010).  

Antifolates are included in the class of Antimetabolites that can block the activity of folic 

acid. They were the first medication in this category, that entered the clinics 65 years 

ago.  Folic acid is also known as vitamin B9 and is involved in many amino acid 

biosynthesis such us, serine, methionine, and purine synthesis (El Sayed et al., 2019). 

The mechanism of action of antifolates is to stop the cell division and block protein 

synthesis with most of them to inhibit the dihydrofolate reductase. Some available drugs 

in this class are Pemetrexed, Proguanil and the most commonly used, Methotrexate. 

Methotrexate is a drug that interferes with folate activity and more specifically it can block 

the activity of dihydrofolate reductase leading to cell death, and produces anticancer and 

antibacterial properties (Raimondi et al., 2019). As they are used to target fast dividing 

cells, antifolates drugs can produce adverse side effects such us hair loss, irritated skin, 

headache and serious problem with bone marrow (Albrecht and Muller-Ladner, 2010). 
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2.6.1.3 Anti-microtubule Agents 
 

Anti-microtubule agents block cell growth by stopping mitotic division leading to 

apoptosis (Yue et al., 2010). Most microtubule targeting agents bind microtubules and 

impact tubulin stability: Vinca alkaloid site (destabilizing), taxane site (stabilizing), 

colchicine site (destabilizing) and laulimalide side (stabilizing) (Bates and Eastman, 

2017). Vinca alkaloids examples are Vincristine, Vinblastine and Vinorelbine and 

taxanes (i.e Paclitaxel and Docetaxel). Vinca alkaloids are the first widely used class of 

microtubule directed agents and are cell cycle-specific in the M phase, inhibiting tubulin 

polymerization and prevent mitotic spindle formation (Mukhtar et al., 2014, Dumontet 

and Jordan, 2010). In contrast, the action of taxanes is associated with microtubule 

stabilization rather than disruption (Singh et al., 2008, Altmann and Gertsch, 2007). 

Paclitaxel and Docetaxel bind to microtubules, polymers of tubulin leading to microtubule 

stabilization (Yue et al., 2010, Francis et al., 1995). Both Vinca alkaloids and Taxanes 

cause neurotoxicity in the form of sensory neuropathy. 

 

2.6.1.4 Topoisomerase Inhibitors 
 

Topoisomerases are enzymes that play crucial role in human cell homeostasis. They 

participate in vital biochemical processes such as synthesis and translation of DNA. 

Inhibition of these enzymes is a method of a therapeutic approach against cancer. More 

specifically, topoisomerase inhibitors are anticancer agents designed to interfere with 

the action of topoisomerase I and II (Li and Liu, 2001). They interfere with the processes 

of transcription and replication by causing DNA damage, induction of DNA replication, 

inhibition and failure to repair strand breaks; therefore, they lead to cell death. Examples 

of topoisomerase I inhibitors are Irinotecan and Topotecan which are derived from 

alkaloid Camptothecin. Examples of topoisomerase II inhibitors are Doxorubicin, 

Etoposide and Mitoxantrone. Severe adverse effects cost by these drugs include 

myelosuppression, cardiotoxicity and mucositis (Nitiss, 2009, Nitiss and Wang, 1996). 
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2.6.1.5 Antitumor Antibiotics  
 

Antitumor antibiotics are drugs made from natural products and alter the DNA inside the 

cancer  cells (Scott, 1970). These drugs act during multiple phases of cell cycle and are 

considered cell cycle specific. Despite their toxicity, their anti-carcinogenic action is one 

of the most profitably treatment against cancer. There are several types of these drugs 

including bleomycin, daunorubicin, enediyne, doxorubicin, mitomycin C, actinomycin C, 

actinomycin D, mithramycin, pentostatin and other natural products. (Greentree, 1988, 

Minotti et al., 2004, Shao, 2008, Scott, 1970).  

 

 

 

Figure 3.Types of Chemotherapeutic Agents.  
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Chemotherapeutic agents can be categorized depending on the mechanism of action 

and their characteristics (Christodoulou et al., 2019). 

2.6.2 Natural Extracts as Anticancer Agents 

2.6.2.1 Natural extracts 
Natural extracts from various sources, such as plants, marine and animals have been 

used for centuries in traditional medicine. It is estimated that over 60% of the approved 

drugs and new drug developments for cancer and infectious diseases are from natural 

origin (Herranz-Lopez et al., 2018). 

New techniques, as well as analytical advances have paved the way for the 

characterization and synthesis of millions of new drug candidates. The use of 

computational libraries as well as the in-silico approaches allow and help in the search 

of new drug development including cancer. In addition, the shift from “monotherapy” “one 

drug-one target” to the more dynamic holistic approach employs new strategical thinking. 

Although synergy and combinational treatment is challenging and difficult, the need for 

multitargeting approach seems without a doubt the best and more effective one.  

For many years, nature is one of the main sources of different medicinal compounds. 

Toxicologists used the term to mention to a biphasic dose response to an environmental 

agent (Howitz and Sinclair, 2008). In simple words, low dose of an agent leads to 

stimulation or beneficial effect while a high dose of this agent leads to inhibitory or 

toxic effect. This helps to the developmental advances in some organisms that used 

inorganic compounds as a source of nutrients (Barrajon-Catalan, 2019).  

Today, xenohormesis gives us a chance to expose and realize the advantages from 

natural compounds and to obtain new drugs out of nature. This is the basis of 

xenohormesis hypothesis that results out of the combination of the prefix xeno- (for 

stranger) and hormesis (a protective response induced by mild stress). Xenohormesis 

phenomenon is based on how certain molecules such as plant polyphenols can have 

long life-effect in consumers of natural plant based products (Howitz and Sinclair, 2008, 

Menendez et al., 2013). Various polyphenols found in plants that activate biochemical 

pathways in mammalian cells can lead to the confirmation of their benefits on health. 
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These molecules include resveratrol, catechins and isoflavones (Ruiz-Torres et al., 

2017, Grochowski et al., 2017) 

It is true that there are some compounds that can produce damage to the cells, leading 

them to activate several pathways that can promote protection of the cells in return. 

These molecules are called hermetins and the process is characterized as hormetic. 

Hormetin is defined as any condition that may be potentially hormetic in physiological 

terms (a characteristic of many biological processes, namely a biphasic response to 

exposure to increasing amounts of a substance or condition), by entreating one or more 

pathways of stress response (SR) within a cell.  

Furthermore, there are some other environmental situations and conditions that can 

‘push’ plants to produce specific chemicals useful for them, for use in case where their 

existence is found under specific detrimental conditions and severe stress (Silva et al., 

2019).  

Natural extracts have been used for many years by many people and civilizations as 

the main treatment for different diseases. Today more than 75% of the global 

population is using natural plant extracts for treatment or prevention in several 

diseases (Kuruppu et al., 2019). 

To date, the use of synthetic chemotherapeutic agents is the most efficient way to fight 

cancer despite many advances over the past decade in the adjuvant therapy of cancer. 

Yet, multiple issues remain unresolved including the adverse side effects caused by 

chemotherapeutic drugs as well as the severe results associated with the toxicity of the 

normal non- cancerous cells. However, an alternative therapeutic approach that uses 

natural extracts (but with a lack of information about the composition of the remedy) is 

mentioning reduction and possible prevention of those side effects (Firenzuoli and 

Gori, 2007). 

Chemoprevention corresponds mostly to a preventive treatment that involves the use of 

phytochemicals or natural bioactive compounds to prevent toxic side effects on the 

normal cells promoting therapeutic efficacy against the tumor cells. Up to date there are 

limited data concerning specific dietary phytochemicals as chemopreventive agents. In 
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our lab, we have already researched on one specific phytocompound, annonacin as a 

potential chemopreventive candidate with positive results (Yiallouris et al., 2018). 

Numerous other in vitro and in vivo studies on specific phytochemicals have 

demonstrated strong antioxidant, anti-inflammatory and anti-cancer activity by regulating 

specific signaling pathways and molecular markers (Figure 4). Thus, resulting in the 

inhibition of the occurrence and progression of cancer (Li et al., 2016, Priyadarsini and 

Nagini, 2012). In fact, phytochemicals have multiple molecular targets including reactive 

oxygen species (ROS) generation and signaling, xenobiotic-metabolizing enzymes, 

cyclooxygenase (COX-2) and lipoxygenase (LOX) pathways, transcription factors and 

proteins involved in cell cycle, apoptosis, invasion and metastases, and angiogenesis 

(Hun Lee et al., 2013, Kotecha et al., 2016, Yin et al., 2016). 

 

2.6.2.1.1 Carcinogen inactivation/ Detoxification of enzymes 
 

Carcinogen activation and detoxification seem to control DNA damage. Carcinogen 

activation is catalyzed by cytochrome P450 (CYP) enzymes (phase I), while phase II 

enzymes are responsible for detoxification.(Yin et al., 2016, Priyadarsini and Nagini, 

2012).  

Aryl hydrocarbon hydroxylase receptor (AhR) is a transcription factor which becomes 

activated when a ligand is bind, and when carcinogen binds to the receptor nuclear 

translocation takes place, AhR dimerizes and phase I enzymes are induced.  

Curcumin, EGCG and resveratrol  are known as chemopreventive phytochemicals as 

they  affect nuclear translocation and dimerization of AhR, reduce the function of Phase 

I enzymes while at the same time support the function of phase II enzymes by nuclear 

factor erythroid 2-related factor 2 (Nrf-2) signaling pathway (Li et al., 2016).  

 

2.6.2.1.2 Antioxidant activity and anti-inflammatory effects 
 

Oxidative stress occurs when ROS levels inside the cell become uncontrolled by 

exceeding the self- antioxidant capacity of the body (Priyadarsini and Nagini, 2012). The 
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role of antioxidants is crucial during the development of cancer. Low levels of ROS are 

required for signal transduction while excessive levels can induce damage to all cellular 

components such as proteins, lipids, carbohydrates and nucleic acids (Priyadarsini and 

Nagini, 2012) . Excessive amount of ROS is known to play a key role in initiation, 

progression and development of various cancer types (Yin et al., 2016, Kotecha et al., 

2016). Chronic inflammation that seems to be induced by oxidative stress is linked with 

the hallmarks of cancer. When carcinogenesis begins, ROS have a key role in the 

development of DNA mutations, and they cause DNA damage through the production of 

oxidative modifications in cancer tissues. Therefore, they lead to increased cancer cell 

division, inhibiting apoptosis (Priyadarsini and Nagini, 2012, Li et al., 2016). Following 

the initiation stage, the ROS-induced promotion of malignant cell expansion is derived 

by regulating apoptotic genes and transcription factors including NF-κB, Nrf2, AP-1 and 

HIF (Kotecha et al., 2016). The progression stage is non-reversible and includes the 

secretion of metastases-related proteases and invasion beyond the instant primary 

tumor origin. 

Based on pre-clinical and clinical studies, Nrf-2 activation seems to control antioxidative 

stress response and is required for the anti-inflammatory response (Li et al., 2016, Yin 

et al., 2016). Many phytochemicals express their antioxidant activity and inhibit pro-

inflammatory mediators COX-2 and LOX by damaging NF-κB and activator protein-1 

(AP-1) and by inhibiting nitrogen oxide (NO) synthase induction. Nrf2 controls phase II 

detoxifying the antioxidant genes via binding to the antioxidant response element (ARE) 

region in the promoters of its target genes. Nrf2 regulated the genes for the proteins that 

regulate glutathione (GSH), antioxidant enzymes, drug metabolism enzymes and other 

stress response proteins (Li et al., 2016, Priyadarsini and Nagini, 2012, Yin et al., 2016). 

In several published research studies, some identified phytochemicals seem to be 

involved in Keap1-Nrf2 signaling pathway, expressing their antioxidant and anti-

inflammatory activity. Furthermore, Keap1-Nrf2 signaling pathway is crucial for 

reduction/oxidation regulation and protects the cells from xenobiotic and oxidative 

damage (Li et al., 2016).  
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Therefore, dietary phytochemicals show their anti-cancer effects through Keap1-Nrf2 

pathway and they consist a source of evidence that antioxidants can prevent ROS-

induced cellular damage,  showing that high levels of dietary endogenous/exogenous 

antioxidants can reduce cancer progression (Li et al., 2016, Yin et al., 2016).  

 

2.6.2.1.3 Cell proliferation and cell cycle arrest 
 

Excessive cell division and impaired apoptosis induce carcinogenesis and cancer 

progression. Phytochemicals have a role in cancer prevention as they contribute to 

decreased cell proliferation and cell cycle arrest. Decreased cell proliferation is achieved 

by signal transducing protein kinases and polyamine biosynthesis inhibition. Cell cycle 

arrest is induced at G0/G1 and G2/M checkpoints. In addition, they mediate cyclin-

dependent kinases (CDKs) inhibition, and therefore downregulate cyclins and CDKs and 

upregulating  p21 inhibitor (Priyadarsini and Nagini, 2012, Yin et al., 2016, Kasala et al., 

2015a). Therefore, phytochemicals seem to have a critical role in the molecular 

pathogenesis of cancer and can affect the effectiveness of chemotherapy, as they 

induce cell cycle arrest and apoptosis.  

 

2.6.2.1.4 Apoptosis induction 
 

There are three distinct phases of apoptosis including initiation, effector, and destruction 

phases (Kasala et al., 2015b, Yin et al., 2016, Priyadarsini and Nagini, 2012). The 

initiation phase is affected by a multiprotein complex called death inducing signaling 

complex that transduces downstream signaling cascades leading to apoptosis. Death 

inducing signaling complex comprises ROS, ceramide signaling, over activation of Ca2+ 

pathways, and Bcl-2 family proteins such as Bax and Bak (Priyadarsini and Nagini, 

2012). The effector phase includes the commitment of cell to die by the action of 

mitochondrion. The last phase includes evets that take place in the cytoplasm and 

nucleus. The cytoplasmic events involve the activation of caspases and the nuclear 

events involve chromatin condensation, nuclear envelope breakdown and DNA 
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fragmentation. At the end, the cell fragmentation forms apoptotic bodies that are 

phagocytosed by surrounding cells or macrophages.  

Phytochemicals induce apoptosis via activating death receptor signaling, altering 

expression of Bcl-2 family proteins that control mitochondrial release of cytochrome c, 

activating caspases and inducing downregulation of anti-apoptotic proteins (Yin et al., 

2016) . In esophageal and pancreatic cancer cells, curcumin blocks Notch signaling 

pathways inducing programmed cell death and blocking cell cycle progression (Li et al., 

2016, Kotecha et al., 2016). Notch signaling upregulates NF-kb which in turn increases 

the expression of target genes including IL-8, Bcl-2, cyclin D1 and vascular epithelial 

growth factor (VEGF) (Li et al., 2016). Therefore, NF-κB has an important role in cancer 

as it is involved in cell proliferation, invasion, metastasis, angiogenesis, inhibition of 

apoptosis, and chemo-resistance in various types of cancer (Kotecha et al., 2016, Yin 

et al., 2016, Chung et al., 2013). 

 

2.6.2.1.5 Angiogenesis inhibition 
 

Angiogenesis is the growth of new blood vessels from existing vasculature. Unusual 

angiogenesis results in either poor vascularization or abnormal vasculature. Cancer cells 

or tumors promote uncontrolled angiogenesis able to be metastasized by the secretion 

of proangiogenic factors like VEGF (Priyadarsini and Nagini, 2012). Several in vitro and 

in vivo studies have showed that combination of curcumin and EGCG caused 

angiogenesis inhibition, cell proliferation suppression  and induce apoptosis, therefore 

synergistic growth inhibition of premalignant and malignant cells (Chung et al., 2013). 

Thus, all these molecular mechanisms show that phytochemicals can be served as a 

novel treatment in preventing cancer initiation and progression. However, future studies 

including clinical trials are required to investigate more in depth the cytoprotective role 

of dietary phytochemicals on various cancer types (Li et al., 2016).  
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Figure 4.Natural extract and their mechanism of action as anticancer agents.  

The effect of natural extract or biological and agents to reverse, suppress 

or prevent carcinogenic progression (Christodoulou et al., 2019). 

 

2.6.3 Potentially effective Chemopreventive Phytochemicals 

There is limited research discussing chemopreventive abilities or efficacy of any 

phytochemical, with most of them reported as anti-cancer agents without supportive 

scientific evidence or findings.  

As I have already discussed, existing chemotherapy drugs in the market for the 

conventional medicine are associated with severe side effects and toxicity producing 

ROS and oxidative damage. Chemotherapeutic drugs increase the levels of ROS inside 

the cell expressing their anticancer effect leading to apoptosis. However, despite cell 

death ROS reaction with biomolecules resulting in mutagenesis as well as ageing. On 
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the other side, antioxidants control the activity of ROS inside the cell suggesting their 

key role in cancer and other diseases. 

Antioxidants prevent ROS-mediated cell damage by offering their electrons to help ROS 

neutralization. The interactions between chemotherapy and antioxidants are mediated 

through promoting or inhibiting oxidative stress (Perumal et al., 2005). 

Even though the antioxidants are considered important agents for cancer therapy and 

prevention there is a debate on the ideal dose that has to be applied when is used for 

therapy prevention, or when used for protection of normal cells.  

Literature has reported that combination of chemotherapy and antioxidants can protect 

normal tissue without significantly affecting cancer cells. In contrast, a recent review 

reported that combination of antioxidants with chemotherapy protects normal tissue, 

enhance the cytotoxicity, do not prevent chemotherapeutic effect and increases overall 

survival and treatment response (Conklin, 2005). 

 

2.6.3.1 Curcumin 
 

Curcumin is a bright yellow chemical usually isolated from the Curcuma longa plants. It 

is the principal curcuminoid (phenylpropanoid) of turmeric (Curcuma longa), a member 

of the ginger family, Zingiberaceae and it has been showed to be associated with strong 

anti-cancer properties (Ooko et al., 2017). It  is a usual herbal entity  in Ayurveda, the 

traditional Indian medicine (TIM)  and the traditional Chinese medicine (TCM) for the 

treatment of diseases such as rheumatism, fever, intestinal disorders, trauma, and 

amenorrhea (Corson and Crews, 2007). Curcumin has been showed beneficial in all 

stages of carcinogenesis. Curcumin therapeutic abilities are considered to be the result 

of the NFκb inhibition thus inducing anti-inflammatory, antioxidant and antitumor effects. 

Furthermore, curcumin is found able to act on multiple molecular targets to inhibit all 

stages of carcinogenesis including signaling pathway, cell cycle progression (cyclin D1), 

cell proliferation (EGFR), cell survival pathways (β-catenin), transcription factors (AP-1), 

metabolism related molecules (HIF-1), invasion and metastasis (CCL2 and MMPs), 
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apoptosis related molecules (caspases and Bcl-2), and p53 upregulation (Chikara et al., 

2018). 

 

2.6.3.2 Resveratrol 
 

Resveratrol is a plant compound found mostly in red wine and grapes. Polygonum 

cuspidatum (Ko-jo-kon) roots are the most common source of resveratrol mainly 

cultivated in China and Japan (Yin et al., 2016). 50–100 mg/resveratrol are found in 

grapes and seem to induce the cardioprotective properties of red wine (Kotecha et al., 

2016). During the last two decades, an increasing research interest has been expressed 

on the antioxidant, anti-inflammatory and anti-carcinogenic health benefits of resveratrol. 

It mediates its anticancer effects by regulating xenobiotic-metabolizing enzymes, 

inducing cell cycle arrest, inhibiting NO synthase, upregulating pro-apoptotic p53, Fas, 

and Bax, downregulating antiapoptotic proteins and inducing stimulating caspase 

activation. It inhibits NF-κb signaling by blocking IkB kinase activity and furthermore it 

suppresses VEGF and inhibits angiogenesis (Priyadarsini and Nagini, 2012).   

 

2.6.3.3 Epigallocatechin-3-gallate (EGCG) 
 

Epigallocatechin-3-gallate (EGCG), the most common plant compound (catechin) in 

green tea, and research has shown that has a role in human health and disease. 

Numerous health benefits linked with green tea consumption refers to EGCG. Despite 

green tea it can be found in fruits and nuts and human studies have reported its anti-

obesity and anti-diabetic properties (Mielgo-Ayuso et al., 2014). EGCG regulates several 

cellular signaling and metabolic pathways including induction of cell death through 

apoptosis, and suppression of growth, invasion, and metastasis of cancer cells (Wu et 

al., 2019). In general, EGCG exerts anti-carcinogenic activities via inhibiting MAPK, AP-

1 and cell transformation, and EGFR phosphorylation, it causes induction of cell cycle 

arrest ( G0/G1) and suppression of DNA methyl transferase activity (Chung et al., 2013). 
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2.6.3.4 Triptolide 
 

Triptolide, is an epoxy diterpene monomer and is the main bioactive component of 

Tripterygium Wilfordii, showing anticancer effects in vivo and in vitro. More specifically, 

published literature has shown strong anticancer activity of triptolide against polycystic 

kidney disease (PKD) in mice and in pancreatic cancer. However its therapeutic potential 

remains unclear (Corson and Crews, 2007). Triptolide induces Ca2+ release by a 

polycystin-dependent (PC2) mechanism. It inhibits cell proliferation and attenuates 

overall cyst formation by restoring Ca2+ signaling in autosomal dominant PKD cyst cells 

suggesting PC2-dependent Ca2+  release as a promising therapeutic strategy for 

ADPKD (Leuenroth et al., 2007). It is well-known that Triptolide inhibits cell growth and 

cell cycle progression by inducing apoptosis, and its activity depends on its 

concentration and the type of cells that treats. 

 

2.6.3.5 Annona Muricata 
 

Annona Muricata is one of the many plant extracts known for its anti-cancer and anti-

inflammatory effect. It belongs to Annonaceae tree family with low and bushy branches, 

grown in tropical areas in Africa, America and Asia. Its scientific name is Annona 

Muricata, but it can be also called Graviola, Soursop or Brazilian paw, custard apple and 

guanabana. A. Muricata as a phytochemical contains acetogen ins (ACGs), phenols and 

alkaloids (Moghadamtousi et al., 2015). ACGs are known as toxic to cancer cells limiting 

their growth and protective to healthy cells showing their selective toxicity. Alkaloids are 

known to promote anti-depressant effect (dopamine biosynthesis) cytotoxic effect 

against cancer cells a neurotoxic effect through apoptosis. Phenols are known for their 

strong antioxidant effect and the most important phenolic compound are Quercetin and 

gallic acid. Therefore, A. Muricata has been reported to promote selective cytotoxicity 

and cancer cell death (Qazi et al., 2018).  
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A.Muricata selectively inhibits growth of cancer cells by different mechanisms. In terms 

of apoptosis, loss of MMP and activation of caspases blocks PI3K pathway. EGFR 

inhibition blocks RAS pathway and JAK signaling inhibition blocks STAT pathway. All 

these lead to increased cell death, cell cycle arrest and disruption of normal metabolism 

through downregulation of HIF-1A, GLUT1 and GLUT4 in cancer cells (Torres et al., 

2012). 

Graviola regulates inflammation by inhibiting NF-κB pathway which is activated by TLRs 

and pro-inflammatory cytokine TNF-a and IL-1. In addition, it increases ROS generation 

via upregulation of enzyme systems such as catalases and it seems to kill cells that are 

resistant to cancer treatment by regulating multidrug resistance protein (MRP) family 

(Qazi et al., 2018). Therefore, published literature has reported that A. Muricata-derived 

compounds are linked to a variety of effects against cancer including induction of 

apoptosis, selective cytotoxicity, anti-inflammatory activity and cell proliferation inhibition 

(Rady et al., 2018). Furthermore, Graviola-leave extract is believed to promote selective 

cancer cell death through inhibition of sodium (Na)/potassium(K) ATP and SERCA 

pumps; but future studies and clinical trials are required to conclude whether this 

approach can be considered as a possible future novel treatment for cancer (Yiallouris 

et al., 2018).  

 

2.6.3.6 Silymarin 
 

Silymarin, a flavonoid antioxidant isolated from seeds or milk thistle (Silybummarianum), 

it is well-known for its beneficial effects in liver disease as it enhances liver’s renovation 

rate. It consists of three different phytochemicals , Silybin, Silidianin and Silicristin. (Zi et 

al., 1998). Each of them has various roles and in various cell lines and in terms of cancer, 

they have shown to induce cell cycle arrest(G1 and G2 checkpoints), cell growth 

inhibition(ERK1/2 inhibition) and apoptosis (cyclin dependent (CDK) cascades and 

MAPK/JNK pathway regulation). (Zi et al., 1998). Silymarin is inexpensive and available 

to be used in different studies. Studies in breast and prostate cancer cells have shown 

the anti-angiogenic effect of Silymarin by reducing VEGF and its anti-metastatic effect 
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by inhibiting MMP-9 gene expression. Further studies in breast cancer, have reported 

that combination of chemotherapy (Doxorubicin) with Silymarin can enhance 

chemotherapeutic treatment and can reduce the toxicity to normal/healthy cells. 

(Ramasamy and Agarwal, 2008). These suggested that Silymarin cannot only act as 

antioxidant, anti-cancerous, cell growth and angiogenesis inhibitor, but it seems to be 

able to reduce or treat the negative side-effects of Doxorubicin. (Lovelace et al., 2015). 

 

2.6.3.7 Chrysin 
 

Chrysin is a natural polyphenolic component in the class of flavones that is mainly 

dominant in vegetables, fruits, and nuts, with outstanding safety profile and smaller 

amount of toxicity. It has been lately attracted major attention in the field of 

chemoprevention. Chrysin is a hydroxylated flavone found in honey, propolis and  other 

type of plants  such as Pelargonium Crispum, PassifloraIncarnata, OroxylumIndicum 

etc. (Salonen et al., 2017).  

Chrysin has been tested in various cancer cell lines and has shown to inhibit cell 

proliferation and induce apoptosis. It has been also demonstrated to have inhibitory 

effect against aromatases, antioxidant, anti-inflammatory and chemopreventive role in 

various cancer and rats cell lines (Kasala et al., 2015b).Its anti-cancer activities aim to 

inhibit cancer cell growth, proliferation, and progression, and include activation of 

apoptotic pathways and regulation of multiple signaling pathways. In Chemotherapy, 

Chrysin seems to have a role in induction of apoptosis and inhibition of tumor cells, when 

combined with chemotherapeutic drugs including Doxorubicin and Cisplatin (Kasala et 

al., 2015b). 
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Figure 5. Candidate phytochemicals structures.  

Representative chemical structures of some chemopreventive phytochemicals. 

Resveratrol, curcumin, triptolide, silibinin, amygdalin, annonacin, epigallocatechin-3-

gallate and chrysin are some the major phytochemicals showed anticancer activity 

(Christodoulou et al., 2019). 

 

2.6.4 Amygdalin  

 

2.6.4.1 Sources of Amygdalin 
 

Amygdalin (D-mandelonitrile-β-gentiobioside) is a cyanogenic diglucoside that is mostly 

found in the pits of numerous fruits and plants, belonging to the Rosacea family such us 

Prunus armeniaca (apricot) and Prunus Persica (peach) (Yamshanov et al., 2016). It is 
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also known as vitamin B17 or laetrile. Even if it is usually called Vitamin B17, there is no 

proof that Amygdalin is truly a vitamin. Prunus seeds are one of the most common 

sources of Amygdalin. In addition, it is found in seeds of apricots, bitter almond, cherries, 

peaches, nectarines, plums, sweet cherry, and apples. Moreover, olive seeds, grape 

seeds and buckwheat seeds are sources of Amygdalin as well. These seeds are also 

rich in proteins, polyunsaturated fats and other nutrients (Del Cueto et al., 2017, Garcia 

et al., 2016).  

 

2.6.4.2 Anticancer activity 
 

Mounting evidence are supporting Amygdalin (also well known as ‘’laetrile’’ ) as an anti-

cancer agent, inducing cell cycle arrest, apoptosis and cell proliferation inhibition (Lee 

and Moon, 2016, Makarevic et al., 2014a, Guo et al., 2013, Saleem et al., 2018). As a 

result, Amygdalin the cyanogenic diglucoside has gained high popularity in cancer 

patients in combination with and in place of conventional therapy. However, Amygdalin’s 

benefit is still controversial (Cassiem and de Kock, 2019).  

In literature, studies in various cancer types including lung, prostate and colorectal 

cancers, have reported the anti-cancer properties of Amygdalin inducing block and 

inhibition of cancer cell growth as well as apoptosis(Chang et al., 2006, Park et al., 2005, 

Chen et al., 2013). Amygdalin exhibit synergistic effect when combined with other 

compounds such as hydrocyanic acid (an antitumor substance) and benzaldehyde (an 

analgesic compound); together able to induce cell death in cancer cells (Song and Xu, 

2014). Even though many studies have reported the anti-cancer effects of Amygdalin on 

several different cancer cells, the chemoprotective (protect from the side effects due to 

chemotherapy) potential of Amygdalin  has never before been investigated (Milazzo et 

al., 2007).  

 

2.6.4.3 Experimental trials 
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In general, Amygdalin has multiple beneficial effects on many systems and diseases, 

including the digestive system, urinary system and respiratory system (Makarevic et al., 

2014b). Amygdalin has proven to have antifibrotic activity in chronic kidney disease, able 

to promote reduction of bladder cancer growth by downregulating Cyclin depended 

kinase 2 (CDK2) and Cyclin A, able to induce apoptosis in human cervical cancer cells 

in vivo and able to affect prostate cancer cycle in vitro (Guo et al., 2013, Chen et al., 

2013, Makarevic et al., 2016). Furthermore, Amygdalin showed antitumor activity against 

breast cancer cells mainly through oxidative stress in vitro; and it caused differential 

inhibition in MCF-7 and T470 cell proliferation (Abboud et al., 2019). In 

neurodegenerative diseases, such as Parkinson disease, Amygdalin is reported with a 

key role supporting N6F-induced neurite outgrowth, thus able to protect the cells from 

neurotoxicity through calreticulin expression (Cheng et al., 2015). 

 

2.6.4.4 Amygdalin’s selective toxicity 
 

Amygdalin can be broken down by an enzyme called β-glucosidase. When it is broken 

down, it releases hydrogen cyanide, benzaldehyde, and glucose.  Benzaldehyde is a 

pain killer that can be converted to benzoic acid by oxygen, within normal/healthy 

tissues. Hydrogen cyanide can induce cyanide toxicity and therefore kill the cancer cells. 

(Blaheta et al., 2016). 

On the other side, another enzyme, called rhodanese which is present only in normal 

tissues, seems to have the ability to detoxify cyanide and therefore protect the normal 

tissues. Rhodanese enzyme can convert toxic cyanide (present within B17) into 

thiocyanate which lowers blood pressure and acts as a precursor of vitamin B12. These 

two enzymes, β-glucosidase and rhodanese, seem to contribute and explain 

Amygdalin’s selective toxicity, and can control the growth and metastasis of cancer cells. 

However, there is not much in the literature about the benefit of amygdalin in normal 

cells and therefore, there is a need for further investigation (Walaa Fikry Elbossaty et 

al., 2018). 
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Figure 6. Mechanism of action of B17  

(Singh, et al., 2019) 

 

3. Cell Death 
 

Nowadays is widely accepted that natural extracted phytocompounds have the ability to 

lead the cell to death/survival pathways (Kumar et al., 2016). Cell death and cell division 

are the most crucial pathways found in all living organisms (Coller and Desai, 2017). 

These two pathways have to be in a perfect balance in order to generate the proper 

numbers and types of cells for the needs of the organism. The view that some cells die 

as a normal part of both development and homeostasis was established fifty years ago 

were the exact function of regulation and mechanism is a subject of many researchers 

yet (Castedo et al., 2004).  

Cell death can be classified according to immunological, morphological, enzymatic and 

functional criteria (Majno and Joris, 1995). The most common cell death types are 

apoptosis, necrosis, autophagy and necroptosis (Figure 6). However over the course of 

the decade new atypical cell death pathways are descripted such as, pyroptosis, 
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ferroptosis and the breakthrough discovery of “Anastasis”,  which is the return from a 

death pathway (Galluzzi et al., 2018). 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Schematic illustration of Cell Death types.  

Twelve different pathways to cell death and the underlying molecular mechanisms. The 

most common cell death types are apoptosis, necrosis, autophagy, and necroptosis. 

Also are descripted some atypical new cell death pathways such as, pyroptosis, 

ferroptosis (Galluzzi et al., 2018). 

 

  

3.1 Types of Cell Death 
 

3.1.1 Apoptosis and Necrosis 
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PCD or apoptosis is a controlled and energy-dependent cell death process. It plays an 

essential role in various processes including normal development and homeostasis of 

multicellular organisms. In embryonic development, apoptosis ensures proper 

organogenesis by removing cells that are not necessary and acting against cell 

proliferation (Elmore, 2007). In adult tissues, it suppresses the proliferation of neoplastic 

cells acting as a defensive mechanism.  Induction of cell death via apoptotic pathways 

maintains genomic integrity and responds to DNA damage (Hanahan and Weinberg, 

2011). Evasion of apoptosis which means to avoid cell death has been defined as a 

hallmark of cancer. Cancer cells tend to avoid cell death leading to autoimmune and 

degenerative diseases (Plati et al., 2011).  

In contrast, Necrosis is the uncontrolled cell death resulting from external stimuli such 

as infection or trauma. The type of stimuli and/or the degree of stimuli along with the 

physiological environment of tissues determines whether the cells die from apoptosis or 

necrosis (Galluzzi et al., 2018). Apoptosis can be triggered by several stimuli including 

hypoxia, radiation, ischemia, drug exposure, infection, high temperature and immune 

reactions. During apoptosis, the morphological changes that have been observed under 

light microscope are cell shrinkage and pyknosis (Savill and Fadok, 2000, Kurosaka et 

al., 2003). Cell shrinkage shows a dense cytoplasm and tightly packed organelles while 

pyknosis shows dense nuclei the most apoptotic characteristic feature, dense chromatin 

(Hirsch et al., 1997, Zeiss, 2003). During necrosis, the morphological changes that have 

been observed are cell swelling and karyolysis. Cell swelling shows swollen 

endoplasmic reticulum, loss of membrane integrity realizing cytoplasmic contents into 

the surrounding tissue, and ruptured mitochondria while Karyolysis shows chromatin 

dissolution (Zhang et al., 2018). As apoptotic cells maintain membrane integrity, are 

phagocytosed in a quick way by macrophages or surrounding cells without any 

inflammatory reaction (Burz et al., 2009). At the beginning, necrosis was considered a 

passive, energy-dependent cell death but following studies suggested that it may also 

be highly regulated cell death process and some others have mentioned that is not an 

appropriate term to describe cell death mechanism (Majno and Joris, 1995, Trump et 

al., 1997, Kurosaka et al., 2003). Main apoptotic pathways are divided into extrinsic 

(death receptor) and intrinsic (mitochondrial) (Elmore, 2007). Extrinsic pathway is 
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activated by receptor-mediated interactions at the cell surface between pro-apoptotic 

ligands (Kang et al., 2002). Intrinsic pathway is activated by non-receptor-mediated 

internal signals that disrupt the integrity of mitochondrial membrane (Moubarak et al., 

2007, Vanden Berghe et al., 2004, Saelens et al., 2005). The mechanism of these two 

pathways is described in figure 7. 

 

 

 

 

Figure 8. Extrinsic and intrinsic apoptotic pathways.  
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Apoptosis works though two naturally occurring processes, intrinsic and extrinsic 

pathways. Both processes lead to PCD by activating cell signaling cascades. Extrinsic 

pathway (receptor-mediated) begins outside of the cell and is triggered by a death ligand 

such as TRAIL that binds to a death receptor such as DR5 while intrinsic pathway 

(mitochondrial) begins inside the cell with intracellular stress such as oxidative stress 

and ischemia. Activated caspase-8 is an initiator caspase can induce apoptosis through 

two main ways, (1) by activating Caspase 3 (extrinsic pathway), (2) by inhibiting 

mitochondrial function (bid cleavage) and therefore releasing Cytochrome c (intrinsic 

pathway). Cytochrome c is controlled by a family of proteins, called Bcl-2, that can 

prevent (Bcl2l – Bcl2-like, BclXL-Bcl2 related protein long isoform) or promote (Bid, BAX-

Bcl-2 associated X protein, Bak-Bcl-2 homologous antagonist) its release. When it is 

released, it binds with Apaf-1 (apoptotic protease activating factor-1) and 

dATP(deoxyadenosine triphosphate). Apaf-1 binds to pro-caspase 9 forming 

Apoptosome protein complex that activates pro-caspase 9. In turn, Caspase-9 activates 

Caspase-3, leading to PCD (Loreto et al., 2014). 

A group of cysteine proteases called caspases control the two main apoptotic pathways. 

They are expressed in an inactive proenzyme form and when they become active, they 

initiate protease cascade through activation of other procaspases. They are synthesized 

as zymogens and their inactive proenzyme form consist of an N-terminal pro-domain 

and two subunits, the small one of about 10kDa and the large one of about 20kDa. Up 

to date, there are 14 identified caspases and 10 are present in mammals. These 10 

caspases are divided into three groups depending on their activity, the initiators, 

effectors, and inflammatory caspases. The initiators are Caspases 2, 8, 9 and 10, the 

effectors are Caspase 3, 6 and 7 and the inflammatory are Caspase 1, 4 and 5. 

Additional Caspases such as Caspase-11 and Caspase-12 have been reported to 

control apoptosis, Caspase-13 was identified in cattle and Caspase-14 is highly 

expressed in embryonic tissues and not in adult tissues. Upon a pro-apoptotic signal, 

initiator Caspases are recruited by death -inducing signaling complex and they become 

active, then they activate effector Caspases by cleaving aspartic acid residues and 

therefore the N-terminal domain is removed by the separation of the large and small 

subunits. Once Caspases become active, they can express their proteolytic activity by 
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cleaving key regulatory proteins including Caspase Activated DNase (ICAD) leading to 

DNA fragmentation and amplification of apoptotic signaling pathway. It also important to 

make note that apoptotic programmed cell death can also be characterized as Caspase-

Dependent (CD-PCD) or Caspase-Independent (CI-PCD)(Constantinou et al., 2009). 

 

3.1.2 Necroptosis 

Necroptosis is a programmed form of necrotic cell death in a caspase-dependent fashion 

and is triggered by ligands of death receptors and stimuli such as environmental stress 

caused by injury, inflammation or/and infection (Dhuriya and Sharma, 2018). 

Necroptosis morphological features are the same as necrosis including cell swelling and 

ruptured plasma membrane (Choi et al., 2019). During Necroptosis, intracellular 

components are released through the ruptured plasma membrane resulting in the direct 

activation and modulation of inflammatory responses. (Liu et al., 2019). Therefore, 

inflammation seems to have a key role in the pathogenesis of necroptosis-related 

diseases. Receptor-interacting protein kinases 1 and 3 (RIPK1 and RIPK3) initiate 

necroptosis and mediate the activation mixed lineage kinase domain-like (MLKL), 

executor of necroptosis. Ponatinib and Pazopanib are FDA-approved chemotherapeutic 

drugs and have been identified as RIPK1 and RIPK3 inhibitors while Necrosulfonamide 

has been identified as MLKL potent inhibitor (Liu et al., 2019). 

 

3.1.3 Autophagy 

The last type of cell death is autophagic cell death (ACD) that describes cell death with 

autophagy and not cell death by autophagy. Autophagy used for vesicles that are 

derived from lysosomal containing cytoplasmic particles, including organelles, in various 

stages of disintegration captured under electron microscopy (Glick et al., 2010). To be 

more specific, published literature reported that the roles of autophagy in cell death can 

be divided into autophagy-mediated cell death where autophagy activates apoptosis, 

autophagy-associated where autophagy goes with apoptosis, and autophagy-
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dependent cell death where the autophagy pathway is not dependent with apoptosis or 

necrosis. The morphological changes under transmission electron microscope are the 

absence of condensed chromatin and autophagic large-scale cytoplasm vacuolization 

(Tanida, 2011). ACD is characterized by the accumulation of autophagosomes and 

autolysosomes in the cytoplasm.  

 To date, autophagy is a key process to recycle damaged or nonessential organelles 

and various cell components. Autophagy is an adaptive response to stress such as 

nutrient deficiency. It is also involved in tumor suppression, antigen presentation, toxic 

misfolded proteins, and elimination of intracellular microorganisms. There are three 

autophagy forms defined from the degradation approach via lysosomes. In 

macroautophagy, the “auto killer” called autophagosome encapsulates the cargo and 

finally fuses with lysosomes(Mizushima, 2007). Post fusion of autophagosome, the 

material is ingested into metabolic substrates (Li et al., 2012).  

 

3.2 Chemical Agents Contributing on Cell Cycle Control 
 

3.2.1 Caspase-dependent programmed cell death (CD-PCD) 

There are two caspase-dependent apoptotic pathways, the intrinsic and extrinsic.  The 

extrinsic pathway begins outside of the cell and is induced by death ligands that bind to 

the extracellular surface death receptors. Examples of death ligands are Fas, TRAIL, 

TNF and examples of death receptors are DR4 and DR5.  (Suliman et al., 2001, 

Ashkenazi and Dixit, 1998, Chicheportiche et al., 1997, Peter and Krammer, 1998, 

Rubio-Moscardo et al., 2005). Death receptors are transmembrane proteins and when 

they bind to death ligands, their intracellular cytoplasmic domain called death domain 

(dd), aggregates(Guicciardi and Gores, 2009, Boldin et al., 1995). Death adaptor protein, 

FADD (Fas-associated DD protein), has two domains, the DD, and the death effector 

domain (DED). DED binds to the same domain in Procaspase-8, forming a Death 

Inducing Signaling Complex (DISC) (Wajant, 2002, Hsu et al., 1995). DISC mediates the 
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Table 1. Members of the Bcl-2 protein family 

The Bcl-2 protein familycan be classified into anti-apoptotic, pro-apoptotic and BH3-only 

categories based on their function and their composition in BH3 domains.        

3.2.2 Survivin 

Caspases can be inhibited by IAPs, a group of proteins that regulate cell proliferation 

and migration, apoptosis, and innate immunity and inflammation. They are characterized 

by Baculovirus IAP Repeat (BIR) domain, which mediates protein recognition and 

protein – protein interactions (Salvesen and Duckett, 2002).  Survivin, the smallest 

member of IAPs, regulates cell proliferation and cell death as it is involved in apoptosis 

inhibition and cell cycle control (Altieri, 2008). In embryonic development, it acts against 

apoptosis by promoting cell growth and proliferation in developing tissues (Shiozaki et 

al., 2003, Lehner et al., 2001). Survivin expression is minimal in normal tissues while in 

cancer tissues is higher, considering as a poor prognosis predictor (O'Connor et al., 

2000, Altieri, 2010, Waligorska-Stachura et al., 2012, Xu et al., 2012, Kelly et al., 2011). 

Its expression has been associated with chemo-resistance and apoptosis upon 

radiotherapy (Waligorska-Stachura et al., 2012). NF-kb (p50 and p65 subunits) 

upregulates the expression of Survivin, at a transcriptional level. NF-kb is activated by 

p-AKT activation which in turn phosphorylates IκΒ (Van Antwerp et al., 1998, Kim et al., 

2003, Pise-Masison et al., 2009, Asanuma et al., 2005).. 

Survivin is implicated in tumorigenesis through different mechanisms such as inhibiting 

apoptotic pathways, regulating cytokinesis, cell cycle progression, cellular proliferation 

and angiogenesis (Gyrd-Hansen and Meier, 2010, Jha et al., 2011). In apoptotic 
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pathways, it prevents the process of Caspase-9 and effector caspases (Caspase-3 and 

Caspase-7), therefore leading to inhibition of apoptosis. In early mitosis, surviving forms 

chromosomal passenger complex (CPC) in cytokinesis, controlling cytokinesis timing. In 

cell proliferation, it promotes cancer cell transition by removing p21 from p21/CDK4 

complex in cell cycle(Bolton et al., 2002, Wheatley et al., 2001, Sampath et al., 2004, 

Gassmann et al., 2004) . This activates CDK2 and Cyclin E activation as well as cell 

cycle (G1/S)(Suzuki et al., 2000, Ito et al., 2000).  A study has reported that upon DNA 

damage and upregulation of p21 gene by p53 tumor suppressor gene, Survivin 

interacted with p53 and therefore inhibited p21 expression (Tang et al., 2012). In 

addition, survivin has been also reported to interact with an X-linked inhibitor of 

apoptosis protein (XIAP), acting synergistically against apoptosis by targeting Caspase-

9 and Caspase-3, leading to chemo-resistance (Dohi et al., 2004). The major findings 

concerning Survivin are summarized in Figure 9. 
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Figure 9. Major findings concerning Survivin mechanism of action and regulation. 
(Altieri, 2008, Ghosh et al., 2008)  

A) 

B) 



 

47 
 

A, B) Survivin has been implicated in the regulation of mitosis and in checkpoint control. 

It has also been found to participate in inhibiting apoptosis in association with XIAP. 

YM155 is a prominent Survivin inhibitor currently used in clinical trials. Survivin in 

association with XIAP has also been implicated in the promotion of cell invasion and 

metastasis. Recently, FOXO transcription factors have been found to control Survivin 

transcription and Survivin has been associated with P21 transcription regulation. 

4. Amygdalin as a Novel Chemopreventive Agent 

during Chemotherapy 
 

4.1 Objective and Hypothesis 
 

According to a previous study, Amygdalin regulates the apoptosis and adhesion in 

breast cancer cell line (Lee and Moon, 2016). However, despite their anti-tumor activity, 

previous research study reported that Amygdalin is safe for physiological non-cancerous 

cells without any damage effects on them (Park et al., 2005). On the other hand, it is 

well known, that chemotherapy and chemotherapeutic drugs is one of the major methods 

and strategies used to treat/destroy cancer cells metastasized to different tissues of the 

body apart from the primary tumor. Despite their positive effect on cancer cells, 

conventional chemotherapeutic agents found in the market such as Cisplatin, 

dangerously affect normal cells and healthy body tissues as well. In other words, 

chemotherapy is non-selective and by chemotherapy both normal as well as cancerous 

cells are affected leading to a variety of toxic severe side effects, even death (Florea 

and Busselberg, 2011, Su et al., 2014, Dasari and Tchounwou, 2014). 

To sum up, Amygdalin regulates apoptosis and inhibits tumor cell growth in breast 

cancer cells. In addition, as a phytochemical compound, it seems that it does not affect 

physiological non-cancerous cells. As published studies have shown, chemotherapy can 

affect both normal and cancer cells during treatment, leading to severe toxic side effects.  
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We hypothesized that Amygdalin may possibly act as a chemoprotective agent for 

normal cells when it is combined with a chemotherapeutic agent, Cisplatin, leading 

possibly to the reduction of the adverse side effects produced by chemotherapy. 

The research objectives in this study are first, to investigate the effect of Amygdalin and 

Cisplatin on cell viability using both normal and cancer cell lines, individually. Next, to 

identify the optimal (time, concentration) combination treatment dose for normal cells 

that could be led to the chemoprotective abilities and properties of Amygdalin. In 

addition, to evaluate the role of Amygdalin in normal and cancer cells and to explain its 

potential mechanism of action that may lead to the protection of normal cells. 

To our knowledge this is the first time that the chemoprotective efficacy of Amygdalin in 

combination with a chemotherapeutic agent Cisplatin are thoroughly and systematically 

investigated.  

 

4.2 Investigation strategy approach- Aims. 
 

4.2.1 Specific Aim 1: Investigate the antiproliferative effect of Amygdalin and 

Cisplatin in normal and cancer breast cell lines as well as in Fibroblasts. 

We assessed the effect of Amygdalin and Cisplatin using the colorimetric MTT (3-(4,5-

Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide for) assay to investigate first how 

Amygdalin can affect the cell viability of Normal (MCF-12F) and cancer (MCF-7, MDA-

MB-231) breast cell lines as well as Fibroblasts (FBS) and second the concentration of 

Cisplatin that reduce cell viability by 50%. The cells were treated with Amygdalin and 

Cisplatin individually, in a dose- and time-dependent manner and then the concentration 

of Amygdalin that is selectively cytotoxic to cancer cells (not in normal cells) was 

selected and used for subsequent experiments. The concentration of Cisplatin that has 

more than 50% cell viability was also selected to clearly evaluate the effect of 

combination treatment in normal cells. 
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4.2.2 Specific Aim 2: Investigate the effect of Amygdalin in Combination with a 

chemotherapeutic agent Cisplatin in normal breast cells. 

We performed the MTT analysis to assess cell viability in normal MCF-12F breast cells 

using a combination treatment of Amygdalin and Cisplatin in different time points. The 

results of Amygdalin and Cisplatin independently have indicated the concentrations that 

we used for the combination treatment. Combination treatment was applied in MCF-12F 

cells using 10 mM of Amygdalin and 15μM of Cisplatin in 24, 48 and 72 hrs. The cells 

were pre-treated with Amygdalin for 24 hrs and then the pre-defined ideal concentration 

of Cisplatin was added for additional 24, 48 and 72hrs. The best combination treatment-

dose was selected for further experiments.  

 

4.2.3 Specific Aim 3: Evaluate the chemoprotective effect of Amygdalin through 

the inhibition of apoptosis pathways in normal breast cells as well as in Fibroblasts. 

 

We evaluated the effect of combination treatment promoting cell death by assessing the 

level of pro- and anti- apoptotic proteins and genes in normal MCF-12F breast cells. To 

determine the pathways implicated in the induction of apoptosis western blot analysis 

was used while to assess the transcriptional changes that take place and may cause 

apoptosis RT-PCR analysis was used. Alterations in mRNA and protein expressions 

were assessed to assume whether combination treatment by Cisplatin and Amygdalin 

promotes normal cell survival through inhibiting apoptotic pathways. In addition, we are 

quantifying the synergism or antagonism between Amygdalin and Cisplatin using 

Combination Index assay. Also, we detect and quantify the apoptotic fragment in a 

population of cells treated with Amygdalin and Cisplatin using Flow cytometry. 
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5. Experimental 
 

5.1 Material and Methods 
 

5.1.1 Cell Culture and reagents 

Amygdalin was purchased from Sigma-Aldrich (St. Louis, Missouri, USA), and dissolved 

in water (stock 1M). Cisplatin 1 mg/ml Concentrate for Solution for Infusion was 

purchased from Accord. 

MCF-12F, MCF-7 and MDA-MB-231 cell lines were purchased from American Type 

Culture Collection (ATCC, Rockville, MD). Fibroblasts extracted from pancreatic tissue 

were a kind gift by University of Cyprus. MCF-12F and Fibroblast cells were culture in 

Dulbecco's modified essential media with Ham's F-12 nutrient mix (DMEM/F12) 

containing 5% Chelex-treated horse serum purchased by Sigma-Aldrich. The tissue 

culture medium also contained epidermal EGF (10 μg/500 ml), cholera toxin (50 μg/500 

ml), insulin (5 mg/500 ml) and hydrocortisone (250 μg/500 ml) along with antibiotic and 

antimycotic reagents. MCF-7 and MDA-MB-231 cells were culture in Dulbecco's 

modified essential media with high levels of glucose (DMEM high glucose) containing 

10% Fetal Bovine Serum and 1% antibiotic purchased by Sigma-Aldrich.  Cells were 

grown in T-75 flasks and incubated at 37°C in a humidified chamber at 95% O2/5% CO2. 

Cell culture flasks as well as serological pipets were purchased by ThermoFisher 

Scientific. Cells were subculture by washing with Phosphate buffered saline (PBS) from 

Sigma-Aldrich and using trypsin from Gibco, Invitrogen (Carlsbad, California, USA). Bcl-

2, p-P53, P53, Bax, GAPDH, Caspase-9, antibodies were purchased for Cell Signalling 

Technology (Danvers, Massachusetts, USA). b-Actin and Caspase-8 were purchased 

from Santa Cruz Biotechnology Inc. The reagents used for cell culture DMEM, FBS, HS, 

antibiotic/antimycotic and trypsin were purchased from Gibco, Invitrogen (Carlsbad, 

California, USA). 
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Materials Suppliers 

Amygdalin Sigma-Aldrich 

Cisplatin Accord 

DMEM/F12 Sigma-Aldrich 

DMEM high glucose Sigma-Aldrich 

EGF Sigma-Aldrich 

Cholera toxin Sigma-Aldrich 

Insulin Sigma-Aldrich 

Hydrocortisone Sigma-Aldrich 

Cell culture flasks ThermoFisher Scientific 

Serological pipets ThermoFisher Scientific 

Trypsin Gibco, Invitrogen 

FBS Gibco, Invitrogen 

HS Gibco, Invitrogen 

Antibiotic/Antimycotic Gibco, Invitrogen 

PBS Sigma-Aldrich 

Antibodies Cell Signalling Technology 

and Santa Cruz 

Biotechnology Inc 

Cell lines American Type Culture 

Collection 

 

Table 2: Materials and Suppliers 

PARP (CST 9542, 1:1000), PUMA (CST 4976, 1:1000), Bax (CST 2772, 1:1000), BcL-

2 (CST 15071, 1:1000), P53 (CST 9282, 1:1000), p-P53 (CST9286, 1:1000), GADPH 

(CST 5174, 1:1000), Caspase -9 (CST 9502, 1:1000), antibodies were purchased from 

Cell Signalling Technology (Danvers, Massachusetts, USA). 
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Cell Line ER PR Her2 P53 Gene 

Cluster 

Tumour 

Type 

MCF-12F - -  + BaB F 

MCF-7 + +  +/-WT Lu AC 

MDA-MB-231 - -  ++M TNB AC 

 

Table 3: Cell lines 

AC: adenocarcinoma, BaB: Basal-B, F=fibrocystic disease, Lu=luminal, TNB= triple 

negative, ER/PR/HER2/P53 status: ER/PR positivity, HER2 overexpression, and P53 

protein levels and mutational status (M= mutant protein, WT=wild type protein) are 

indicated (Neve et al., 2006). 

 

5.1.2 MTT assay 

For cell viability assessment, MTT (3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyl 

tetrazolium bromide, M2128 from Sigma-Aldrich) cell proliferation assay was carried out. 

After trypsinization and counting with a hemocytometer, MCF-12F and MCF-7 cell were 

seeded in 96-well plate. Once adhesion was verified (after about 18hrs since seeding), 

cells were incubated with 10mM of Amygdalin and after 24hrs were added 15μM of 

Cisplatin for another 24hrs. After cell treatment with 20μL of MTT dye for 4hrs and then 

incubated with 150μL of DMSO (dimethyl sulfoxide, D8418 from Sigma-Aldrich), 

overnight, absorbance at 595 nm was measured with a microplate reader. 

 

5.1.3 CDNA  

The total RNA from each cell population was isolated by using of using Trizol (Invitrogen, 

Carlsbad, CA, USA) and RNAeasy mini kitb250 and the concentration as well as the 

purity was measured by using the absorption in λ=280nm and 260nm/280nm, 
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respectively. The cDNA of each sample is synthesized by primeScript 1st strand cDNA 

Synthesis kit, Takara as indicated in table 3 for mixture 1 and 2. The mixture 1 was 

incubated in 65 Celsius degrees for 10 minutes and then in ice for 3 minutes before the 

adding of mixture 2 to final volume of 20μl. The last step was the incubation of the 

mixtures in specific temperatures in PCR machine. For Real-Time PCR, cDNA was 

diluted 1:10 and the mixture seen in table 5 (5 μl SYBR PCR Master Mix 2X, 1 μl cDNA, 

3 μl ddH2O, 1 μl primer pair mix was prepared.  (Tables: 3, 4, 5).  

5.1.4 Real-time RT-PCR 

For analyzing of mRNA expression real time PCR was performed by using KAPA SYBR 

FAST qPCR kit. For each sample, the volumes in table 5 were used. After the 

preparation, the samples were incubation for 35 cycles in specific temperatures as 

indicated in table 6, in RT-PCR machine. The program was applied by Bio Rad CFX96 

Real-Time System was 50C 2 min (1 cycle), 95C 12 min (1 cycle), 95 C 20 s, 59 C 

60 s, 72 C 30 s, 40 cycles, 72C 10 min (1 cycle) 

The PCR products were normalized to those obtained from GAPDH mRNA amplification. 

The sequences of each primer are listed in table 7. The statistical analysis of the results 

was performed with Student’s t-test. 

5.1.5 Protein extraction 

In each well of 6 well plate that the cells were growth and treated, the medium was 

removed, and 1 ml of PBS was added to wash the wells and then was aspirated. After 

that 150μl were added fore lysis of the cells. RIPA contains 3 mL sodium chloride (5 M), 

5 mL Tris-HCl (1 M, pH 8.0), 1 mL nonidet P-40, 5 mL sodium deoxycholate (10 %), 1 

mL SDS (10%) 100 mL solution. The homogenized samples were transferred to 

Eppendorf in ice for 30 minutes with frequent vortex. After the ice incubation the samples 

were centrifugated. The supernatant from each Eppendorf was isolated and transferred 

in a new tube and stored at -80 0C. 

 



 

54 
 

Components  Volumes 

Mixture 1  

RNA 1000ng 

Primer random hexamers 2μl 

Dntps 1μl 

Mixture 2  

RTase 1μl 

1μl RNase inhibitors 1μl 

1μl prime script buffer 4μl 

1μl RNase free water 4μl 

 

Table 4. The components and the corresponding volumes in cDNA synthesis. 

 

Temperature  Time 

30oc 10 minutes  

42oc 60 minutes 

70oc 15 minutes 

 

Table 5. The different thermal steps and the time points that were used in the 
protocol of cDNA synthesis in PCR machine. 

 

Components  Volumes 

cDNA 1μl 

SYBER green KAPA 5μl 



 

55 
 

RNase free water 3μl 

 

Table 6. The components and the corresponding volumes for each sample in real 
time PCR  

 

Cycles  Temperature  Time 

1 95oc 2 Minutes 

40 95oc 2 Seconds  

60oc 20 Seconds  

60oc 1 Seconds  

- 4oc ∞ 

 

Table 7. The different incubation temperatures and time points in the protocol of 
real time PCR. 

 

 

Primer  Sequences  

GAPDH F 

GAPDH R 

5’-GTCTCCTCTGACTTCAACAGCG-3’ 

5’-ACCACCCTGTTGCTGTAGCCAA-3’ 

hBAX F 

hBAX R 

5’-ACATGGAGCTGCAGAGGATG-3’ 

5’-CCAGTTGAAGTTGCCGTCAG-3’  

hBcl-xL F 

hBcl-xL R 

5’-AGAGCCTTGGATCCAGGAGA-3’  

5’-TCAGGAACCAGCGGTTGAAG-3’  

hP-53 F 

hP-53 R 

5’-CCTCAGCATCTTATCCGAGTGG-3’ 

5’-TGGATGGTGGTACAGTCAGAGC-3’ 
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hPUMA F 

hPUMA R 

5’-ACGACCTCAACGCACAGTACGA-3’ 

5’-GTAAGGGCAGGAGTCCCATGAT-3’ 

hBcl-2 F 

hBcl-2 R 

5’-GGATAACGGAGGCTGGGATG-3’ 

5’-GGCCAAACTGAGCAGAGTCT-3’  

Table 8. The sequences of primers that were used for real time PCR.  

 

5.1.6 Western blotting 

To determine protein level a Western blot analysis was performed. For the preparation 

of samples for western blotting, the protein levels in each sample were measured using 

Bradford method. A 96 well plate was used and standard amounts of BSA and 0.15 M 

NaCl were added. Then 2 μl of each unknown sample and 18 μl of 0.15 M NaCl were 

added and mixed with 200 μl of Bradford reagent. The plate was placed on a shaking 

table, 150 rpm for 5 min and it was read in absorbance 595 nm. The experiments have 

been done 3 times and, in each experiment, we had 3 replicates of each sample. The 

protein extracted as indicated previously and mixed with 10μl of Laemmli 4x (62.5mΜ 

Tris-HCl pH 6.8, 10% glycerol, 1% SDS, 355 mM β-mercaptoethanol and 0.005% 

bromophenol blue) in a final concentration 1x. The protein mixtures were incubated in 

98oC for 5 minutes and for another 5 minutes in ice. For the next step, 40μl of the 

prepared samples and 20μl of protein ladder (known molecular weight), was loaded in a 

polyacrylamide gel 12,5% and run for 60 minutes in 120V in the presence of running 

buffer 1x. The developed gel was transferred in a small container containing the transfer 

buffer. At the same time a PVDF membrane was incubated in methanol for 1 minute and 

then transferred in the transfer buffer, as well.  

At first a sandwich-like structure was created using the black side of the transfer caseate 

1 sponge, 1 Whatman paper, the gel with proteins and ladder, the PVDF membrane, 1 

Whatman paper and finally the sponge, again. The transfer caseate was placed in the 

wet transfer apparatus with transfer buffer 1x. The run was performed for 90 minutes in 

350mA. After completion of the proteins transfer from the gel to the PVDF membrane, a 
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blocking solution of 5% skimmed milk was used for 1 hour in room temperature. After 

wash-out of the blocking solution by the use of TBS-T 1x (3 washes of 10 minutes) the 

primary antibody was introduced to the membrane for an overnight incubation at 4oC. 

The excess primary antibody was washed-out with TBS-T 1x (3 washes of 10 minutes) 

and the secondary antibody was introduced to the membrane for another 60 minutes in 

room temperature. The excess antibody was washed-out by the use of TBS-T1x as well 

(3 washes of 10 minutes). Finally, the developed membrane was ready for visualization. 

MCF-12F were treated with Cisplatin or Amygdalin alone or in combination for 48 hrs. 

The proteins were extracted and separated by the use of 10% sodium dodecyl sulfate-

polyacrylamide gel electrophoresis, electro-blotted in nitrocellulose membranes, and 

probed with antibodies against Bcl-2, p-P53, P-53, Bax, Caspase-8 and Caspase-9. The 

bands of the proteins were visualized using Chemidoc (Biorad).  

Densitometry data occurred by western blots were used for quantification of the bands. 

Generally western blot is a reliable qualitative and quantitative technique, that requires 

samples properties and integrity, standard protocols, and antibody specificity to be 

considered. The intensity values from the densitometry analysis of Western blots were 

normalized against GAPDH or b-Actin controls, using ImageJ analysis software. The 

intensity values were expressed as a fold change compared to control. 

 

5.1.7 Flow cytometry 

Annexin V/Propidium iodide staining. Cells were seeded at a concentration of 1 Χ105 

cells per well of a 60-mm plate and treated with Cisplatin or Amygdalin as indicated. 

Annexin V/Dead Cell Apoptosis kit used for staining as described by (Life Technologies). 

The Attune NxT flow cytometer by Invitrogen is used to measure and evaluate the cell 

viability, death, and apoptosis. All the results are analyzed by Flow Jo analysis software. 

The cytometer software detects the early apoptotic cells by the annexin-V positive/PI 

negative cells while the cells were positive on the annexin V /PI positive were identified 

as late apoptotic or dead cells. With the same way, the annexin V-negative/PI negative 

cells were referred as viable cells. 
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5.1.8 Statistical Analysis 

All the results were presented as Mean ± Standard Error between the lowest and highest 

points of measurement. Unpaired T-test assay were taken place to find the differences 

in continuous variables for two-group. The P-values are presented as two-tailed with 

confidence intervals 95 %. To perform the statistical analysis two different samples, 

positive control and negative control were assessed. The statistical test and analysis 

were conducted using Prism software version 5.0 (GraphPad, San Diego, California, 

USA). For drug interaction The Chou-Talalay method (Combination Index) was used to 

evaluated the effect of combination treatment based on concentration-effect data (Chou, 

2010). This method for drug combination is based on the median-effect equation that 

comes from the mass-action law principle that links single entity and multiple entities, 

and first order and higher order dynamics. For combination index equation software 

results CompuSyn  program is used (Chou, 2010). 
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5.2 Results 
 

5.2.1 Assessment of cell viability of Amygdalin, Cisplatin, and 
combination treatment on normal and cancer breast cells as well 
as in Fibroblasts 

To determine the effect of Amygdalin and Cisplatin treatment on normal (MCF-12F) and 

cancer (MCF-7, MDA-MB-231) breast cells as well as in Fibroblasts (FBS), we used 

MTT Assay to assess the cell viability in a dose-dependent manner treatment at different 

time-points. At first, the effect of Amygdalin and Cisplatin was assessed separately. 

When the ideal concentration (Cisplatin 15μM, Amygdalin 10mM) for both treatments 

was specified, a combination treatment using Cisplatin and Amygdalin together was 

performed to evaluate the difference in cell numbers.  

 

5.2.2 Cisplatin reduces cell viability in normal and cancer cells.  

MCF-12F, MCF-7, MDA-MB-231 and FBS cells were all treated with 1, 10, 15, 20 and 

30 μΜ of Cisplatin and cell viability was assessed in 24, 48 and 72hrs. Cisplatin affected 

all cell lines by reducing the number of the cells in a non-specific manner. As shown, in 

the Figure 9– Ai, ii, breast cancer cells were affected more by Cisplatin than breast 

normal cells as well as in Fibroblasts. However, both cell lines were significantly affected 

by Cisplatin (the chemotherapeutic drug).  

 

5.2.3 Amygdalin affects cell viability in normal and cancer breast 
cells as well as in Fibroblasts. 

Further, MCF-12F, MCF-7, MDA-MB-231and FBS cells were treated with 10, 25, 50, 75 

and 100mM Amygdalin for 24, 48 and 72hrs.  In all cell lines the viable cell number 

decreased as the concentration of Amygdalin increased. However, there was no 
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significant difference when 10mM of Amygdalin treatment was used since the cell 

viability rate was showed to be >90% in all time-points. Therefore, there was no 

statistically significant effect reducing cell survival in any of the following cell lines MCF-

12F, MCF-7, MDA-MB-231 and FBS when 10mM concentration of Amygdalin was used 

(Figure10– Bi, ii).  
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Figure 10. Effect of Cisplatin and Amygdalin in breast cell lines as well as in Fibroblasts.  

A) MTT assay was employed for the cytotoxicity evaluation (% cell viability) of increasing 

concentrations of Cisplatin (1,10,15,20 and 30 μM) in i) MCF-12F, ii) MCF-7, iii) MDA-

MB-231 and iv) FBS for 24, 48, 72 hours and B) the increasing concentrations of 

Amygdalin (10, 25, 50, 75 and 100 mΜ) in i) MCF-12F, ii) MCF-7, iii) MDA-MB-231 and 

iv) FBS for 24, 48, 72 hours treatment. The number of * indicates how statistically 

significant is the difference each bar (* (0.05) <** (0.01) <***(0.001)). 
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5.2.4 Combination treatment shows a chemoprotective effect in 
breast normal cells. 

Combination treatment was applied in MCF-12F cells using 10 mM of Amygdalin and 1, 

10, 15, 20 and 30 mM of Cisplatin in 24, 48 and 72 hrs. The cells were first treated with 

Amygdalin for 24 hrs and then Cisplatin was added for 24, 48 and 72hrs (Figure11 Ai, ii, 

iii). The cells were then pre-treated with 10 mM of Amygdalin for 24 hrs and with the pre-

defined “ideal” (as previously aforementioned) Cisplatin concentration, 15 μM for 24, 48 

and 72 hrs. The concentration of Cisplatin was based on the cell viability that was >50% 

when treated with the single agent. The results demonstrated that the combination 

treatment increased the viability of the cells in all time-points compared to Cisplatin 

treatment alone (Figure11 B). The most significant increase in cell viability (~22%) was 

found to be in 48 hrs of combination treatment (24 hrs Amygdalin + 24 hrs Cisplatin).  
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Figure 11. Effect of Cisplatin alone and in combination with Amygdalin in normal breast 
cells, MCF-12F.  

Cells were pre-treated with 10 mM of Amygdalin and then Cisplatin (1, 10, 15, 20 and 

30 μM) was added for A) i) 24 h, ii) 48h, and iii) 72h. The MTT assay was applied to 

measure viability of cells under these conditions. B) Amygdalin (10 mM) reduces the 

cytotoxicity of Cisplatin (15 mM) and increases survival at all time points with the pick at 

48 hours of total treatment. The results represent the mean ± SEM of three different 

replicates and are representative of at least three different experiments. The number of 

* indicates how statistically significant is the difference each bar (* (0.05) <** (0.01) 

<***(0.001)).  

 

5.2.5 Combination Index 
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is used to describe the improvement of tumor response while antagonism is used when 

the effect of combination is less toxic than the result of individual effects.  

The results of Combination Index assay are based on the theory of Chou-Talalay. 

CompuSyn is a computer program for quantitation of synergism and antagonism in drug 

combinations and the determination of IC50 and ED50 values. When this specific assay 

gives CI=1 means the substances that react have additive effect, CI<1 means the 

substances that react have synergistic effect and CI>1 means the substances that react 

have antagonistic effect (Table 8) (Chou, 2010). 

 

 

 

 

 

Table 9. IC50 values of different cell lines 

IC50 values of breast cancer (MCF-7 and MDA-MB-231) and normal (MCF-12F) cell 

lines as well as in Fibroblasts (FBS), and the effect of Cisplatin and Amygdalin alone 

and in combination in breast cell lines at 48 hours. The data are expressed as the mean 

(±SE) of the results from three separate experiments. 

The result 2.2 and 2.3 from Combination index assay is >1. Thus, Amygdalin 

antagonizes Cisplatin which means protection of normal cells (MCF-12F) as well an in 

Fibroblast. On the other hand, the result 0.8 and 0.65 means that Amygdalin and 

Cisplatin have synergistic effect on breast cancer cells MCF-7 and MDA-MB-231 

respectively. 

Cell line Cisplatin (μΜ) Amygdalin (mΜ) Combination Index 

(CI)* 

MCF12F 23.8 ± 1.83 85.4 ± 1.78 2.2 

MCF-7 21.7 ± 1.73 64.5 ± 1.86 0.8 

FBS 23.9 ± 1.95 93.8 ± 1.44 0.65 

MDA-MB-231 18.6 ± 1.69 69.9 ± 1.52 2.3 

 

 

 

 

*for combination of 15μM Cisplatin and 10 mΜ Amygdalin 
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5.3.6 Detection of apoptosis using combination treatment by 
Flow Cytometry.  

Annexin V/PI staining was employed for the evaluation of the apoptotic effect of 

increasing concentrations of 15 and 20 μM Cisplatin with or without 10 mΜ Amygdalin 

for 48 hours treatment. Zebra plot diagrams of the % of live (Q3), early apoptotic (Q4), 

late apoptotic (Q2), and necrotic cells (Q1) in each stimulation (Annexin V-positive, early-

stage apoptosis, Annexin V/PI- positive, late-stage apoptosis). To assess the level of 

apoptosis induced by Cisplatin, Amygdalin and combination treatment, flow cytometry 

with Annexin V/PI double staining was performed. As disclosed in Figure 12, the 

proportion of Annexin V/PI positive cells following combination treatment (Cisplatin 

15μM + 10mM Amygdalin and Cisplatin 20μM + 10mM Amygdalin was significantly lower 

compare with Cisplatin treatment after 48 hrs (24hrs pre-treatment with Amygdalin + 

24hrs treatment with Cisplatin), in MCF-12F, compared to Cisplatin treatment. Cisplatin 

treatment with 15μM had 16% Annexin V/PI positive cells while combination treatment 

had 10% Annexin V/PI positive cells proportion of Annexin V/PI positive cells. In addition, 

Cisplatin treatment with 20μM had 23% while combination treatment had 9% which show 

a significant 14% reduction which means that combination treatment has increased the 

number of live cells by 67% when compared with Cisplatin treatment.   
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Figure 12.The effect of Amygdalin in the apoptotic fragments produced by 
Cisplatin in MCF-12F cells. 

A) Annexin V/PI staining was employed for the evaluation of the apoptotic effect (% 

compared to control) of increasing concentrations of 15 and 20 μM Cisplatin with or 

without 10 mΜ Amygdalin for 48 hours. Zebra plot diagrams of the % of live (Q3), early 

(Q4), late apoptotic (Q2) and necrotic cells (Q1) in each stimulation. B) Bar diagrams 

depicting the changes. Data of three independent experiments are shown. The results 

represent 4 experiments, in each experiment, we had 3 replicates of each sample. 
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5.2.7 Amygdalin and Cisplatin regulate apoptosis-related 
proteins.  

To evaluate if the chemoprotective effect of Amygdalin on breast normal cells involves 

apoptosis, we determined the expression levels of apoptotic proteins in MCF-12F cells. 

Combination of Cisplatin and Amygdalin reduced the levels of pro-apoptotic BAX, p-P53, 

P53 and PUMA, mediators of apoptotic responses. In contrast, the levels of anti-

apoptotic BCl-2, a known inhibitor of the Mitochondrial Outer Membrane 

Permeabilization (MOMP) process, were increased (Figure 13 A). Furthermore, PARP, 

a DNA-repair enzyme that is cleaved during apoptosis, did not express its cleavage form 

during combination treatment (Figure 13 B). In addition, the cleavage form of Caspase-

9, a target of pro-apoptotic proteins released from mitochondria, was absent in 

combination treatment while in Cisplatin treatment was expressed (Figure 13 C). These 

results indicated that the combination treatment downregulated apoptosis compared to 

Cisplatin treatment.  
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Figure 13. Effect of Amygdalin and Cisplatin on the levels and localization of apoptotic 
proteins in normal cells.  

A) The combination of 10 mΜ Amygdalin and 15 μM Cisplatin reduced the protein levels 

of Bax, p-P53, P53, PUMA and increased the protein levels of BCl-2 following 48 hours 

of treatment in MCF-12F. B) The expression of cleaved form of PARP is shown under 

Cisplatin treatment. In treatment of Cisplatin alone there was expression of cleaved form 

of caspase-9 protein while C) in treatment with combination Amygdalin (10mM) and 

Cisplatin (15μM), the expression of cleaved form of caspase 9 protein was reduced. The 

intensity values from the densitometry analysis of Western blots are shown on the top 

of each blot and were normalized against GAPDH using Image J software. The results 

are representative of at least three independent experiments. 

A) B) 

C) MCF-12F 

MCF-12F MCF-12F 
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5.2.8 Effect of Amygdalin and Cisplatin on mRNA expressions of 
pro- and anti- apoptotic genes  

Real-time RT- PCR analysis of the mRNA levels of pro- and anti- apoptotic genes was 

performed in order to estimate the relative levels of expression of these genes. The 

mRNA levels of the pro-apoptotic genes, PUMA, P53 and BAX as well as the mRNA 

levels of anti-apoptotic genes, Bcl -2 and Bcl - XL were assessed, and the control cells 

were set as 1.00.  

After combination treatment for 48hrs on the MCF-12F cells, the levels of PUMA, P53 

and BAX mRNA were significantly decreased ~83%, ~66% and ~44%, respectively 

(Figure 14 Ai). In contrast, the mRNA levels of Bcl-2 and Bcl- XL were increased ~44.5% 

and ~51%, respectively (Figure 14 Aii). Further, combination treatment did not exhibit 

any chemoprotective effect on mRNA expression levels of pro- and anti- apoptotic genes 

in MCF-7 cells (Figure-14 Bi, ii).  
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Figure 14. The effect of Amygdalin and Cisplatin on the mRNA expression of 
proapoptotic and antiapoptotic genes.  

A) In MCF-12F the mRNA expression of (I) pro-apoptotic genes PUMA, P53 and BAX 

was decreased in treatment with combination of Amygdalin (10mM) and Cisplatin 

(15μM), comparing with Cisplatin (15μM) treatment. (II) The expression of mRNA of anti-

apoptotic genes Bcl-2 and Bcl-XL was increased in combination of Amygdalin (10mM) 

and Cisplatin (15μM), comparing with Cisplatin (15μM) treatment.  B) In MCF-7 the 

mRNA expression of (I) pro-apoptotic genes PUMA, P53 and BAX was increased in 

treatment with combination of Amygdalin (10mM) and Cisplatin (15μM), compare to 

Cisplatin (15μM) treatment. C) In MDA-MB-231 the mRNA expression of (I) pro-

apoptotic gene P53 was increased in treatment with combination of Amygdalin (10mM) 

and Cisplatin (15μM), comparing with Cisplatin (15μM) treatment. (II) The expression of 

mRNA of anti-apoptotic gene Bcl-2 was decreased in combination of Amygdalin (10mM) 

and Cisplatin (15μM), comparing with Cisplatin (15μM) treatment. The results represent 

the mean ± SEM of three different replicates and are representative of at least three 

different experiments, ∗P value < 0.05, ∗∗P value < 0.01, ∗∗∗P value < 0.001. 
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5.3 Discussion 
 

Cancer is the second leading cause of death worldwide and a major public health 

concern.  The most widely used cancer therapies are surgery, radiotherapy, 

immunotherapy, and chemotherapy. Chemotherapy is one of the main cancer 

treatments and evidence show that sometimes it cannot differentiate normal and cancer 

cells leading often to severe side effects such as vomiting, nausea and hair loss. 

Damage to normal cells shows non-specific cytotoxicity and the need of targeting cancer 

cells without affecting normal cells. However, the effective therapeutic outcome of these 

cancer therapies remains very limited, possibly highlighting the need for alternative or 

adjuvant therapies. 

Chemoprotection is a promising interventional that aims to help the reduction of 

chemotherapeutic side effects in the body. Combination of chemotherapy with 

chemoprotective agents aims to permit selective killing of cancer cells and protection of 

healthy cells, therefore, reducing the adverse side-effects caused by anti-cancer drugs 

(Maier et al., 2010). An example is N-Acetylcysteine (NAC), supplement form of 

cysteine, that has shown to prevent apoptosis and reverse cytotoxicity from healthy cells 

to cancer cells, two hours after Cisplatin treatment. NAC acts by preventing Cisplatin 

binding into receptors inside the cell and at the mitochondria, therefore, blocking 

apoptosis initiation. NAC could be used in brain cancer to protect organ damage as it 

cannot cross the blood-brain barrier, without affecting the activity of Cisplatin to kill 

cancer cells (Muldoon et al., 2015). Another example is Amifostine, a drug used to 

reduce the toxicity against healthy cells, caused by drugs such as Cisplatin and DNA-

binding ones, using extracellular conditions and again without affecting the anti-cancer 

activity of these drugs. Amifostine is the first radio-protective drug that has been 

approved and used in clinical practice. In general, chemoprotection has an emerging 

role in cancer treatment and consists a medical promise in both clinical practice and 

literature (Lirdi et al., 2008).  

Phytochemicals from dietary plants and other plant sources are becoming increasingly 

important sources of anticancer compounds for cancer chemoprevention or alternative 
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chemotherapy. More specifically, phytochemicals seem to be involved in cancer 

chemoprevention and treatment due to their relatively safe cytotoxicity profile (Jagtap et 

al., 2009, Duthie, 2007). Studies have shown a number of isolated phytochemicals to be 

associated with decreased cancer cell proliferation, induced PCD, slow metastasis 

progress and inhibit angiogenesis (Sadeghnia et al., 2014, Shu et al., 2010). 

Consequently, strategies that include phytochemicals may help in reducing the side 

effects of chemotherapy improving quality of life and overall safety. The last decade, 

studies are in progress to identify the potential of combinational strategies using one or 

more natural products along with an effective chemotherapeutic agent to enhance 

conventional cancer therapy (Krzyzanowska et al., 2010, Kaminski et al., 2011, 

Saldanha and Tollefsbol, 2012). Amygdalin, a naturally occurring glycoside used in 

traditional Chinese medicine, can be easily isolated from apricot stones, cherries, 

almonds, and plums. Previous studies have showed that Amygdalin’s antitumor 

mechanism includes induction of apoptosis, inhibition of cell cycle related genes, and 

inhibition of cell proliferation (Song and Xu, 2014). Even though the anti-cancer 

properties of Amygdalin are well known, its role in normal cells has not been 

investigated. 

In this study, we focused on investigating the chemoprotective and therapeutic action of 

Amygdalin and understanding its potential when combined with a conventional 

chemotherapeutic agent, Cisplatin. To determine the differential cytotoxicity towards 

normal and cancer breast cells as well as in Fibroblasts, the effect of varying 

concentrations of Cisplatin and Amygdalin, separately, was evaluated on MCF-12F, 

MCF-7, MDA-MB-231 cell lines, as well as Fibroblasts. Cells were treated with 

increasing concentrations of Cisplatin 1, 10, 15, 20, and 30μ M for 24, 48 and 72 hours. 

After, treatment, cell viability was assessed by MTT assay and it has been observed that 

as the concentration of Cisplatin increases, the cell viability decreases. Also, as the time 

of treatment increases, cell viability decreases. Therefore, both time and concentration 

affect cell viability results for all cell lines. The effect of Amygdalin on cell viability in the 

same normal and cancer cell lines was assessed by MTT assay. The Concentrations of 

Amygdalin that were used are 10, 25, 50, 75 and 100mM and the timepoints were the 

same as before. The results have shown that the higher the concentration the higher the 
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decrease in cell viability. As the time of treatment increases, cell death increases. The 

results show that cisplatin affected all cell lines by reducing the number of the cells in a 

non-specific manner. The effect of Cisplatin treatment is more significant in breast 

cancer cells than in breast normal cells as well as fibroblasts. However, both cell lines 

were significantly affected by Cisplatin (the chemotherapeutic drug).  

It is important to note that Amygdalin treatment of 10mM in both normal and cancer cells 

did not show any statistically significant difference in cell viability and the rate was more 

than 90% in all time-points. This shows that this specific concentration of Amygdalin 

does not affect cancer and normal cells suggesting Amygdalin as a safe 

chemoprotective agent. 

The IC50 of Cisplatin was determined to be 23.8μM on MCF-12F and 21.7 μM on MCF-

7, while the IC50 of Amygdalin was 75.4 Mm on MCF-12F, and 64.5 mM on MCF-7 after 

24, 48 and 72hrs of treatment, respectively. Based on these results the concentration of 

Cisplatin and Amygdalin to use for the combination treatment were chosen. The 

concentration of Amygdalin was chosen to be 10mM (the lowest one) as we found that 

this concentration does not affect cell viability in any cell lines, in 24hrs. The 

concentration of Cisplatin was chosen to be 15μM for all cell lines as we wanted to have 

more than 50% cell viability to clearly evaluate the effect of combination treatment in 

normal cells.  

This is in agreement with previous findings reporting phytochemicals such as Amygdalin, 

Curcumin and Sulforaphane with low-toxicity against normal cells (Ravindran et al., 

2009, Sharma et al., 2011). Curcumin is found effective, able to kill tumor cells and not 

normal cells in various tumor cells types through diverse mechanisms. It controls growth 

of tumor cells through multiple cell-signaling pathways and can induce cell death in 

lymphocytes (Ravindran et al., 2009). The effect of Sulforaphane alone or in combination 

with Gemcitabine on HeLa cells was evaluated and found able to induce dose-

dependent selective cytotoxicity while in normal cells  shows a safe cytotoxicity profile 

(Bryant et al., 2010).  

Cisplatin is a well-known and widely-used chemotherapeutic drug but is associated with 

many side effects including nausea, vomiting and nephrotoxicity, showing a non-specific 
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cytotoxicity leading to normal cells damage (McWhinney et al., 2009, Gopal et al., 2012). 

Our results showed that Cisplatin treatment induced significant decrease in cell viability 

on both breast cancer and normal cells as well as in Fibroblasts confirming its non-

specific cytotoxicity that probably might be considered responsible contributing to the 

known and reported side effects. 

Considering the non-specific cytotoxicity of Cisplatin, a low dose combination treatment 

using 15μΜ Cisplatin and 10mM Amygdalin was investigated on MCF-12F for 24,48,72 

hrs. The cells were pre-treated with Amygdalin for 24 hrs and then the pre-defined ideal 

concentration of Cisplatin was added for additional 24, 48 and 72hrs. Cell viability 

between Cisplatin and Combination treatment was assessed to find the best time-point. 

The most significant increase in cell viability was ~22% in 48 hrs of combination 

treatment which means (24 hrs pre-treatment Amygdalin and 24 hrs Cisplatin treatment). 

Flow cytometry confirmed the chemoprotective effect of Amygdalin by significantly 

increasing the cell viability when used in combination treatment compared to Cisplatin 

alone (Figure 12). Cisplatin treatment with 15μM had 16% proportion of Annexin V/PI 

positive cells while combination treatment had 10% proportion of Annexin V/PI positive 

cells. In addition, Cisplatin treatment with 20μM had 23% while combination treatment 

had 9% which means 67% increase of live cells. But more importantly, our results 

showed Amygdalin was able to decrease the cytotoxic effect of Cisplatin on breast 

normal cells. Therefore, therapeutic approaches using combination treatment of 

Cisplatin with phytochemicals such as Amygdalin may broadened the horizons on 

controlling the side effects associated with this specific drug; and possibly introduce 

novel approaches and protocols for normal cell protection during chemotherapies. This 

will resolve the against time for development of cytoprotective agents (for non-cancerous 

cells and tissues) during chemotherapies by the pharmaceutical companies that goes 

on for decades. Toxicity because of chemotherapies is a common phenomenon and can 

be often life threatening. At the same time, previous studies reported that Cisplatin 

combined with other agents (honey bee venon, Thiazolo[5,4-b] quinoline, 

Epigallocatechin gallate) on various cancer cells can act in a synergistic manner 

https://en.wikipedia.org/wiki/Tilde
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(Alizadehnohi et al., 2012, Gonzalez-Sanchez et al., 2012, Karaca et al., 2013, 

Mazumder et al., 2012). 

Combination Index is the simplest way to assess pharmacological drug interactions and 

in our case was used to quantify synergism or antagonism. Synergism is used to 

describe the enhancement of tumor response while antagonism is used when the effect 

of combination is less lethal than the sum of individual effects. Our results show that the 

combination index for MCF-12F and for Fibroblast cells was 2.2 and 2.3 respectively 

which is more than 1 (>1) and shows antagonism (Table 8). Therefore, Amygdalin 

antagonizes Cisplatin which means protection of normal cells (MCF-12F, FBS). On the 

other hand, the results 0.8 and 0.65 for MCF-7 cells and MDA-MB-231 cells, means that 

Amygdalin and Cisplatin have synergistic effect against cancer cells.  

As our results indicate (Figure 14) the level of mRNAs of pro-apoptotic PUMA, P-53, 

BAX were significantly decreased while the mRNAs of anti-apoptotic Bcl-2 and Bcl-xL 

were increased. PUMA gene expression levels are reduced by 83% in combination 

treatment compared with Cisplatin treatment. P53 expression levels are reduced by 66% 

and BAX are reduced by 44% when compared with Cisplatin treatment. This means that 

in the presence of Amygdalin along with Cisplatin there is increased expression of anti-

apoptotic genes and decreased pro-apoptotic genes expression. Our results show firstly 

that Cisplatin treatment when compared with control, reduces the expression of anti-

apoptotic genes by almost 50% which shows apoptosis induction. Secondly, the 

expression of both anti-apoptotic genes was increased by 44.5% and 51%, respectively, 

in combination treatment compared with Cisplatin treatment in MCF-12 normal cells 

which shows apoptosis reduction. This specific observation and finding supports the 

main rational of the mechanism of action through apoptotic pathway. In addition, the 

results produced by RT-PCR in breast cancer cells (MCF-7) show the mRNA expression 

levels of pro-apoptotic genes and as it has been observed, the mRNA expression levels 

of these genes were increased in combination treatment when compared with Cisplatin 

treatment, suggesting the synergistic effect of Amygdalin along with Cisplatin in cancer 

cells. On the other hand, the mRNA expression levels of anti-apoptotic genes, Bcl-2 and 

Bcl-xl are decreased in combination treatment compared with Cisplatin suggesting again 
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the synergistic effect of Amygdalin along with Cisplatin in cancer cells. These results 

suggest the possible synergistic effect of Amygdalin with Cisplatin and highlight its anti-

cancer activity.  

A similar pattern of pro and anti-apoptotic expression is obvious in protein levels as well. 

Furthermore, the proteins expression of PUMA, P-3 p-P53 and BAX (Figure 13) were 

decreased as well when a combination of Cisplatin with Amygdalin treatment was used 

vs the absence of Amygdalin. On the other hand, proapoptotic proteins Bcl-2 and Bcl-

xL exhibited an increase tendency in the presence of Amygdalin. Another serious effect 

when a combination treatment was used was the resulting reduced levels of cleaved 

form of caspase 9 and PARP indicating inhibition of the apoptotic pathway. PARP, a 

DNA-repair enzyme that is cleaved during apoptosis, cleaved form is not detectable 

during combination treatment. In addition, the cleavage form of Caspase-9, a target of 

pro-apoptotic proteins released from mitochondria, was absent in combination treatment 

while in Cisplatin treatment was expressed. There is an increase in both full length and 

cleaved form of the protein. These results indicate that combination treatment 

downregulated apoptosis compared to Cisplatin treatment. In combination, the full length 

is no longer needed for the cell to initiate apoptosis. For positive control, which means 

30μΜ of Cisplatin, there is no band, and this is due to an excessive degradation of all 

proteins including structure proteins like GAPDH. 

Considering the previous alterations both on mRNA and protein expressions, we can 

possibly conclude that the combination treatment of Cisplatin and Amygdalin promotes 

normal cell survival selectively, though inhibiting the apoptotic pathways only of the 

normal cells and probably by an interaction with caspase 9. These observations and 

finding support our primary and main hypothesis and are compatible with other studies 

that indicate similar mechanism of action of Amygdalin, in different cell lines or in animal 

models (Makarevic et al., 2014a, Chang et al., 2006, Chen et al., 2013, Kwon et al., 

2003, Su et al., 2014). 

Amygdalin as a cyanogenic diglucoside can be enzymatically hydrolyzed producing 

Benzaldehyde, Glucose and the cytotoxic molecule, Hydrogen Cyanide (HCN). The 

enzyme responsible for this reaction is called β-glucosidase, also known as 
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carbohydrate activating or hydrolytic lysosomal enzyme (Zhou et al., 2012). Previous 

studies have shown that within a cancer cell the presence of amygdalin can ultimately 

result in the formation of Hydrogen Cyanide, cell poisoning and death (Jaswal et al., 

2018). (Li et al., 2018) 

LI Yun-Long et al study, confirmed the presence of HCN and β-glucosidase in cancer 

treatment by using monoclonal antibodies to target Amygdalin and β-glucosidase, 

showing positive lysis of cells. HCN consists of an efficient defense compound, highly 

toxic electron transport chain blocker, and an ATP synthesis inhibitor. When it enters the 

cell, in oxidative phosphorylation, it blocks the reaction of cells with oxygen by binding 

to the iron of mitochondrial oxidase system. This results in increased anaerobic 

glycolysis as normal cells lack oxygen, leading to increased acid content and metabolic 

acidosis. Cancer cells are abundant low-oxygen conditions such as anaerobic glycolysis 

and β-glucosidase is most active in acidic conditions caused by transformation of 

glucose to lactate(Milazzo et al., 2007, Li et al., 2018).  

On the other side, normal cells contain an enzyme called rhodanese that acts on laetrile 

and prevents the release of toxic cyanide inside the cells. Laetrile without releasing toxic 

cyanide, acts as a source of body energy like glucose (Newmark et al., 1981). Cancer 

cells do not have rhodanese and HCN can kill cancer cells by acting non-specifically on 

cell cycle. It was postulated that this action is selective against cancer cells because 

normal cells convert the cyanide to thiocyanate via rhodanese. This explains the chemo-

protective role of Amygdalin against healthy cells and its synergistic role in cancer cells 

(Li et al., 2018). 

Studies have demonstrated the anti-cancer activity of amygdalin in various cancer types 

and degrees. Amygdalin inhibits cancer cell growth, proliferation, invasion, and 

metastasis (Kwon et al., 2003, Song and Xu, 2014). In lung cancer, the anti-metastatic 

effect of Amygdalin was suggested as it could downregulate factors that promote 

metastasis including integrin β1 and β4, FAK, ILK and β-catenin, and therefore leading 

to inhibition of AKT-mTOR signaling pathway. In bladder cancer, Amygdalin was 

suggested to inhibit adhesion and migration, and proliferation of bladder cancer cell lines 

(Tang et al., 2019). They expression levels of integrin α and β, FAK and ILK, CDK2 and 
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Cyclin A, were decreased, arresting cell cycle progression (G0/G1) and reducing 

adhesion and migration of cancer cells. In renal cell carcinoma, Amygdalin suggested to 

inhibit the growth and proliferation of renal cancer cells, by acting on cell cycle and 

reducing its activation by reducing the levels of Cyclin B, E- and N-cadherin, and CDK1 

(Zhang et al., 2017).   

As previously discusses, published literature suggests that the anti-cancer activity of 

Amygdalin is mediated through apoptosis. It seems to upregulate the expression of pro-

apoptotic proteins such as BAX and Caspase-3 and downregulate the expression of 

anti-apoptotic proteins such as Bcl-2. It blocks cell growth and proliferation by arresting 

cell cycle (G0/G1) (Shi et al., 2019).Even if there is an indicative proposed selectivity of 

Amygdalin against cancer cells, further research is required to assess the selective 

ability of Amygdalin to kill cancer cells and reduce the toxic side-effects linked with 

conventional chemotherapeutic treatments. The pharmacological mechanisms of 

Amygdalin should be assessed in terms of dosage optimization to reduce toxicity, and 

its combined use with chemotherapeutic drugs to assess the cyto-protective as well as 

the anti-cancer effect (Saleem et al., 2018). 

Through our findings it is our belief, and we are proposing that the cyto-protection effect 

of amygdalin on normal non-cancerous cells is most probably among others, a result of 

promoting an effective anti-apoptotic gene expression. Upon Cisplatin treatment, 

Cisplatin binds to the N7 reactive center of purine residues leading to DNA damage, cell 

division blockade and apoptotic cell death in both normal and cancer cells. p-P53 is 

activated leading to apoptosis through downregulation of Bcl-2 anti-apoptotic protein and 

upregulation of Bax pro-apoptotic protein. Pro- and anti-apoptotic Bcl-2 family proteins 

activate MOMP process which in turn activates apoptosis. MOMP results in the release 

of cytochrome c from the mitochondria into the cytosol, triggering caspase activation and 

subsequent apoptosis. 

When explaining the results of this study, some limitations should be examined such as 

the fact that we could have done more techniques to further investigate our research 

hypothesis. For example, Microarrays, a laboratory tool used to detect the expression of 

thousands of genes at the same time, could be used. This was not possible in our 
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institute and it was difficult to achieve it in another university/research laboratory as the 

budget was limited. Another limitation to consider, we could not examine the combination 

treatment either in vivo or in human blood samples due to ethical and budget issues.  

Breast cancer is one of the most lethal malignancy among women worldwide which 

makes it a major public health concern. Breast cancer treatment options even if they 

increase the possibilities to overcome the disease, they can cause adverse side effects 

and damage to the normal tissues/cells. Therefore, this highlights the need of therapies 

that aim to fight cancer but at the same time to avoid side effects to the patients. 

Understanding the potential mechanism of action of Amygdalin could lead to a proposed 

cancer therapy that could combine firstly Amygdalin with Cisplatin, and following 

Amygdalin with additional chemotherapeutic drugs, leading to reduced adverse side 

effects and an improved quality of life for the cancer patients. In addition to reduced 

adverse side effects, Amygdalin, as a promising phytochemical compound, could be 

used to improve the anti-cancer activity of Cisplatin and open the horizons to a new 

combinational cancer therapy.  
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Figure 15. Potential mechanism of action of Amygdalin and Cisplatin in normal breast 
cell against Breast cancer.  

Upon Cisplatin treatment, DNA damage is induced followed by activation of p-P53 

leading to apoptosis. p-P53 may induce apoptosis through downregulation of BCl-2 anti-

apoptotic protein and upregulation of Bax proapoptotic protein leading to MOMP and 

activation of Caspase-9.  
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5.4 Conclusion 
 

Conclusively, Amygdalin a cyanogenic diglucoside can decrease the cytotoxic effect of 

Cisplatin in breast normal cells and exhibits suggestive chemoprotective role against 

breast normal cells when is combined with Cisplatin reducing cell apoptosis through 

modulation of Bcl and Caspases pathways. Also, the results of this study show that 

Amygdalin and Cisplatin may have synergistic effect against cancer and highlight the 

anti-cancer activity of Amygdalin.  

These important and novel results provide new insights that combination treatment of 

Amygdalin with Cisplatin or possibly with some other chemotherapeutic agents, could 

serve as an alternative approach for chemoprotection. Future studies and especially 

clinical trials will further serve and support our findings for a possible use during 

chemotherapies and thus for better quality of life of cancer patients in general and 

especially breast cancer.  

Therefore, therapeutic approaches using combination treatment of Cisplatin with 

phytochemicals such as Amygdalin may broadened the horizons on controlling the side 

effects associated with this specific drug Cisplatin and possibly introduce novel 

approaches and protocols for normal cell protection during chemotherapies. 
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6. Future work 
 

6.1 Evaluation of the in vivo efficacy of Amygdalin cancer 

treatment In vivo experiments 
 

Our research could expand in the future by using in vivo experiments using animals to 

assess the efficacy of Amygdalin in cancer treatment. Previous studies have shown that 

they treated mice with amygdalin using 200, 100 and 50mg/kg body weight (Albogami 

et al., 2020).   

Our thought based on this previous study is to use 24 female mice, divided randomly 

into four groups (n = 6) and treated orally for two weeks. First, the control group will be 

treated with saline solution, a second group will be treated with amygdalin in different 

concentrations, a third group will be treated with Cisplatin in different concentration, and 

fourth group will be treated with Combination treatment of Amygdalin and Cisplatin. 

Another 24 adult female mice will be divided randomly into four groups (n = 6), first will 

be injected with MDA-MB-231 (this cell line is commonly used in mice as it induces easily 

cancer) and then will be treated orally for two weeks: a control group will be treated with 

saline solution, a second group will be treated with amygdalin, a third group will be 

treated with Cisplatin, and fourth group will be treated with Combination treatment.  

This idea aims to identify the effect of combination treatment in normal and cancer cells 

in vivo.  

6.2 Investigation of the effect of Amygdalin in nanoparticle 

formulation.  
 

Amygdalin is an aromatic aminoglycoside with a molecular weight of 457.43g/mol, 

consist of benzaldehyde, hydrocyanic acid, and glucose. Most of the biologically active 

constituents of extracts, such as flavonoids, tannins, and terpenoids, are highly soluble 

in water, but have low absorption, because they are unable to cross the lipid membranes 

of the cells. Nano systems can deliver the active constituent at a sufficient concentration 

during the entire treatment period, directing it to the desired site of action. 
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It has been known that Amygdalin is a water-soluble compound with poor bioavailability. 

The liposomal delivery system has drawn attention as one useful approach to increase 

dissolution and subsequently absorption in the gastrointestinal tract because of its 

biocompatibility and ability to encapsulate hydrophilic molecules in the Aqueous phase.  

In this context we aim to design and use a liposomal delivery system using Amygdalin 

to increase the bioavailability and permeability in lipid membranes directing it to the 

desired site of action.  
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